
ENGINEERING ABSTRACTS
Section 3 . S h ip b u i ld in g  a n d  M a r i n e  E n g i n e e r i n g

Compiled, and published by The Institute of Marine Engineers in co-operation with The Institution of Naval Architects.

Volume XVI, No. 1, January 1953 

Annual Subscription : 25s., post paid

Neither The Institute of Marine Engineers nor The Institution of Naval Architects is responsible for the statements made or the
opinions expressed in the following abstracts.

PAGE
A pproxim ate Form ulas fo r C alculating W etted Surface

Area . . .  . . .  . . .  . . .  . . .  . . .  . . .  8
A sph alt-carrying Tankers .. .  . . .  . . .  . . .  . . .  13
B. and W. Turbo-charged Engine .. .  . . .  . . .  .. . 12
Calculation o f W elding Stresses . . .  . . .  .. . . . .  16
Condensation o f Steam  .............................................................  5
D esign o f T ransatlantic L iners .. . . . .  . . .  . . .  7
Effect o f P itch  and Blade W idth on Propeller Perform ance 7
F innish  Ferryboat .. .  . . .  .. .  . . .  . . .  . . .  9
G ear M anufacturing by H ot R ollin g .. .  . . .  . . .  16
Heat T ran sfer to Sprays o f W ater in Steam ... . . .  16
Investigation o f C orrosive N ature o f F lu e  G a s e s .................. 5
Italian T w in -screw  M otorship .. .  .. .  .. . .. . 14
Longitudinal Strength o f  Sh ips ...............................................11
M ain  Engine Seatings and Bedplate under Static Bending

Tests ..........................................................................................  1
M odern T ram p  Sh ip  . . .  . . .  .. .  . . .  .. .  . . .  8
M otion o f Ships at Sea .. .  . . .  . . .  .. . .. . 9
M ultiple-engine Propulsion U nits .. .  .. .  ... . . .  3
M u lti Radial-engined Plant .. .  . . .  . . .  . . .  . . .  3

Steam  A ir  Heaters for M a rine  Boilers

In  this paper various difficulties experienced w ith gas air 
heaters are commented on and a case is made out for the use 
of a steam air preheater in conjunction w ith an economizer. 
T h e practical results are recorded o f three years’ use of steam 
a ir preheaters fitted in five ships. In  conclusion, suggestions 
are made for the further development o f steam air preheaters in 
conjunction w ith a split feed system.— Paper by W. J. S. Glass, 
read at a meeting of the Institute of Marine Engineers, 11th 
November 1952.

Ocean C o in g  T u g

T h e ocean going tug Du Guesclin, built by the D e Bies- 
bosch Sh ipyard  and Engineering C om pany, D ordrecht, for 
the U nion  des Remorques de l ’ocean, Paris, and based at St. 
Nazaire, is classed w ith Bureau Veritas and is capable o f per
form ing harbour as well as deep sea service. She is also 
equipped w ith salvage and fire extinguishing apparatus and can 
provide 60 tons o f fresh water to other craft. T h e  principal 
particulars are: length overall 1 19 ft . 8in., length b.p. 109ft. 
10 in ., breadth m oulded 25ft. 7in., depth 14 ft. l l in . ,  gross 
tonnage 3 10  tons, net tonnage 63 tons, and service speed 12  
knots. L ife  saving appliances include two lifeboats (one with 
m otor) slung under W elin M aclachlan davits. Steering gear 
is o f  the electro-hydraulic type. There is also an electrically 
driven capstan w hich develops a pull o f 3 tons. It is o f interest 
to note that the capstan m otor is installed in the engine room. 
N avigational appliances include radar, direction finding appara
tus and radio. T h e  propelling m achinery consists of a Crosslev 
Diesel engine type C R L  8, having eight cylinders and develop
ing 1,500  b.h.p. at 320 r.p.m . On account o f its low height 
and centre o f gravity, the engine is especially suited for this 
type o f tug. In  norm al service, the engine develops 1,200  b.h.p. 
at 259 r.p.m. and on trials w ith  the engine running at 90 r.p.m ., 
a speed o f 3 '7  knots was attained. On fu ll power a speed o f 12

PAGE
Need fo r Im proved Engine A ir F ilters . . .  . . .  .. . 4
N ew  Lightw eight M arine Diesel .. .  .. .  .. .  .. .  4
N ew  M otor Coaster . . .  . . .  . . .  . . .  . . .  . . .  5
N ew  O il T anker .. .  .. .  . . .  .. .  .. .  .. .  13
Ocean G o in g  T u g  .. .  . . .  .. .  .. .  .. .  . . .  1
Oil Additives Relieve B oiler Slaggin g  .. .  .. .  . . .  14
One-class Passenger L iner . . .  . . .  . . .  . . .  . . .  12
Operating Problems with T ransatlantic Liners .. .  .. .  6
Perform ance o f F irst  W erkspoor-Lugt Engine .. .  . . .  4
Pneum atic Control Equipm ent . . .  . . .  . . .  . . .  15
Real Fuel Consum ption o f Sh ips’ M achinery ...................  2
Re-engining o f Freighter . . .  . . .  . . .  . . .  . . .  8
Repowering A rgentine T u g  . . .  . . .  . . .  . . .  . . .  10
Residual Resistance by D irect Com putation .. .  . . .  7
Sh ip  M odel Correlation . . .  . . .  . . .  . . .  . . .  15
Single-acting Tw o-stroke Diesel Engine .. .  . . .  . . .  4
S ix  Recent A tlantic L iners . . .  . . .  . . .  . . .  . . .  11
Steam  A ir  Heaters fo r M arine Boilers . . .  . . .  . . .  1
Synchronizing M arine Engines .. .  . . .  . . .  . . .  11
Turbo-charged T w o-stroke Diesel P lant .. .  .. . . . .  3
Vertical Spindle B oiler Room  F an s . . .  . . .  . . .  . . .  2

knots was recorded in a depth o f w ater o f 36 feet.— Shipbuild
ing and Shipping Record, Vol. 80, 23rd October 1952; pp. 540- 
542.

M a in  Eng ine  Sea tings and Bedplate under Static B en d ing  Tests
T h is  paper gives the results o f an investigation into the 

flexure o f the bedplate and seatings o f the triple-expansion 
steam engine of a standard type o f 10 ,000-ton d ry-cargo ship 
while subject to static bending tests. A  brief review is made 
o f publications dealing w ith the subject. N o  reference has 
been found to either experim ental investigations o r theoretical 
analyses o f the problem. D etails are given o f the instrum enta
tion and testing technique used in the investigation. Gauge 
readings were recorded fo r eleven different conditions o f loading 
of the ship. T h e  results show that the vertical deflexion o f the 
bedplate is approxim ately twice that calculated fo r the flexure 
o f the ship girder over the same length, and that there is no 
evidence of sliding movement between the bedplate base and 
the seating. It is shown that the com paratively large deflexion 
o f the bedplate is due to the local changes of section in w ay 
o f the engine seating. T h is  effect is dem onstrated b y  the 
m athem atical solution of an analogous problem , that o f a 
composite beam subjected to end loading and a uniform  lateral 
elastic restraint. T h e vertical deflexions o f the bedplate under 
service conditions are estimated from  the results o f the 
investigation. A ssum ing true alignm ent in the light condition, 
the central deflexion o f the bedplate in a typical loaded con
dition is estimated to be 10  0 /1,0 0 0  inch sag in still water. 
D u rin g  the passage o f the ship through a standard L / 2 0  wave 
there w ill be superim posed a deflexion of + 1 3  7 / 1,0 0 0  inch 
so that the actual central deflexions w ill be from  3 '7 / 1 ,0 0 0  inch 
hog to 23-7 /1,0 0 0  inch sag. Provided that there is no uneven 
w ear-dow n of the m ain bearings the additional bending stress 
in the crankshaft is small. D eflexion o f the bedplate causes 
uneven load distribution and consequent unequal w ear-dow n 
between the m ain bearings however, and it is probable that
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this is the m ost serious effect o f the flexure, resulting in high 
crankshaft bending stresses.— Paper by A. J. Johnson and. J. E. 
Richards, read at a meeting of the North-East Coast Institution 
of Engineers and Shipbuilders, 14th November 1952.

Vertical Spindle  Boiler Room  Fans
T h e  upper regions o f the boiler casing in a m odern steam

ship are frequently congested, particularly when high-efficiency 
watertube boilers, having superheaters, economizers and air 
preheaters are installed. Room  m ust be found somewhere in 
this locality fo r the forced and induced draught fans and the 
necessity to provide crossbeams or brackets to support them is 
often an em barrassm ent to the designer. T h e  owners of a class 
o f advanced steamships now building at Dundee have adopted 
a new approach to the problem. Here the forced and induced 
draught-fans are o f vertical-spindle pattern w hich can be secured 
to the boiler room  or engineroom casing and require the m ini
m um  o f trunking. T h e  two forced draught fans to be installed 
in each vessel have a designed rating o f 10 ,500  cu. ft. o f air 
per m inute (at 10 0  deg. F .) against 8in. S .W .G . T h e  impellers 
have backw ards-curving blades w hich provide good non-over- 
loading characteristics. T h ey  are driven by 1 9 / 1  8 h.p. A llen 
totally-enclosed fan-cooled m otors and the running speed is 
variable by series and shunt field regulation between 1,2 2 5  and 
12 0  r.p .m ., the latter figure being used when lighting up  the 
boilers from  cold. T h e  impellers and casing are made o f zinc- 
sprayed m ild  steel. Pow er is transmitted through a flexible 
coupling and the shaft is carried in ball and roller bearings. 
These fans are secured against the side o f the engine casing 
at boat deck level, where they draw w arm  air from  the upper 
regions o f the engine room. T h e discharge trunking leads it 
through air preheaters before it passes to the two Foster W heeler 
m ain boilers. T h e  induced-draught fans are o f sim ilar design 
and have a capacity of 14 ,000 cu. ft. o f a ir per m inute (at 280 
deg. F .)  against 12  5 S .W .G . T h is  output absorbs 4 1 h.p. 
and the fans are driven by 45 b.h.p. 1 ,5 2 0 /6 0 0 / 12 0  r.p.m . 
totally-enclosed fan-cooled motors. In  this case the impeller

A 10,500 cu. ft. per min. forced draught fan. The motor 
is rated at 19/18  h.p.

has “ self-cleaning”  curved radial blades. Both  im peller and 
casings are o f aluminized m ild steel. C om parison o f the illus
trated drawings w ill show that the induced draught fans differ 
in  having water-cooled M ichell shaft bearings and cooling discs 
as it w ill be appreciated that the uptake gases m ay reach 300 
deg. F . These fans are bolted to the forw ard  bulkhead of the 
boiler casing at alm ost the level o f the casing top. T h e  inlet 
cones are im m ediately above the gas outlets from  the hot 
passes o f the air preheaters; the ducting is therefore desirably 
short and simple.— The Marine Engineer and Naval Architect, 
Vol. 75, September 1952; pp. 411-413.

Real Fuel Consum ption  of S h ip s ’ M a ch in e ry
It  is generally accepted that in  an y com parisons between 

the fuel consum ptions o f m arine Diesel m achinery and geared 
turbines of, say, between 7,000 b.h.p. and 10 ,000 b.h.p. per 
engine, the steam m achinery consum es 50 per cent m ore fuel 
than the Diesel plant. T h e  figure is based upon the em ploy
ment o f the m ost efficient turbines, w ith  a boiler pressure of 
450 to 5001b. per sq. in. and steam tem perature o f 750 deg. F . 
to 800 deg. F . These conditions appear to represent the 
m axim um  attainable com m ercial efficiency o f steam m achinery 
at sea in  service, and in a recent report o f Pam etrada it was 
stated that higher boiler pressures and steam temperatures do 
not lead to any im proved econom y when capital cost and 
higher m aintenance charges are taken into consideration. T h is  
com parison of fuel consum ptions is based upon average results 
on trials, w hich are usually taken as being from  0-371b. to 
0-391b. per s.h.p. hr. fo r Diesel engines and 0-551b. to 0-581b. 
per ’s.h.p. hr. fo r steam plant, fo r all purposes. T h e  quoted 
results, however, have little practical relevance. W hat is im 
portant, and in fact, what alone m atters to the shipowner, is 
the average fuel consum ption over the tw enty-five years o f the
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life o f the ship. T h e  trial trip results are determined by fu ll- 
pow er tests. A  very large proportion o f the ships at sea 
operate at about 80 per cent o f fu ll output continuously as 
an average figure over the years. It is at this proportional load 
that the Diesel m achinery is at its highest efficiency and the 
specific consum ption at 80 per cent is alw ays somewhat lower 
than at 10 0  per cent. W ith steam plant, however, the efficiency 
falls substantially when the output is reduced to 80 per cent 
and the extent o f this reduction is not by any means fu lly  
realized. Secondly, the consum ption o f all steam plant increases 
w ith  age and an average figure o f 1 per cent per annum  has 
been given as representing the generally accepted reduction in 
efficiency. Com bine these tw o figures and we m ay expect that, 
over the life  o f a geared turbine ship built today, w ith m achinery 
o f the highest efficiency, the fuel consum ption fo r all purposes 
w ill range from  0-611b . to 0-641b. per b.h.p. hr. or more. 
T h is  was borne out in  some figures published relating to the 
fuel consum ptions o f tw o P. and O sister cargo liners, one 
with Diesel and the other w ith  steam m achinery. W hereas the 
trial trip  figures had been 0-3771b. per s.h.p. hr. and 0 .58151b . 
per s.h.p. hr. respectively, after tw o years’ service the corres
ponding consum ption had been assessed at 0-3631b. and 0-621b. 
per s.h.p. respectively.— The Motor Ship, Vol. 33, December 
1952; p. 336.

M u lt i  R ad ia l-eng ined  Plant

T h e  N ordberg M an ufacturin g  C om pany, o f M ilwaukee, 
have evolved an interesting proposal fo r a 16,000 s.h.p. single
screw Diesel electric vessel w hich w ill occupy very little head 
room  and yet provide am ple facilities fo r maintenance. T h e 
N ordberg 12 -cy lin d er radial engine put forw ard  in the scheme 
is o f the tw o-cycle loop-scavenged type w ith a bore of 
14  inches, a stroke o f 16  inches, and a m axim um  rating of 
2 ,12 5  b.h.p. at 400 r.p.m . Large  numbers o f this type have 
been built fo r stationary duties, either in straight Diesel form , 
as gas engines, or as dual fuel units. In  one works alone o f 
the A lum inium  C om pany o f Am erica at Port Levaca, Texas,

the past quarter o f a century. Hence the com pletion o f  the 
trials o f the first ship to be p ropelkd  b y  a large tw o-stroke 
exhaust gas turbo-charged unit is an event o f the first im por
tance. T h e  vessel in  question is the 17,000 ton tanker Dorthe 
Maersk (length b.p. 496 feet, beam 68ft. 3in. and draught 
29ft. 6in.), built at the Odense Steel sh ipyard fo r A . P. M oller. 
In  it is installed a six-cylinder Burm eister and W ain turbo
charged engine o f the poppet-valve class w ith  a cylinder 
diameter o f  740 mm. and a piston stroke o f 1,600  m m . These 
are the dimensions o f a num ber o f standard unsupercharged
B . and W . six-cylinder engines w ith  a norm al output of 
5,560 b.h.p. at 1 1 5  r.p.m . W hen turbo-charged, the engine is 
designed fo r a continuous output o f 8,460 i.h.p. (m .i.p. about 
8 0 kg. per sq. cm .), corresponding to 7,500 b .h.p., w hich  is 
35 per cent greater than the rating of the corresponding un
supercharged engine. T h e  weight is 25 per cent less, whilst 
the engine is 20 per cent shorter and the fuel consum ption 
8 gr. per b .h .p ./hr. low er ( 15 0  gr. per b .h .p ./hr. or 0 331b.). 
B oth  the hull and the engine were well under construction 
before it w as decided to em ploy turbo-charging, and the hull 
design is not suitable fo r utilizing the fu ll pow er econom ically, 
so that in this ship the output w ill be lim ited to 7 ,300  i.h.p. 
or 6,530 b.h.p. at 108  r.p .m ., the corresponding m .i.p. being 
7 45 kg. per sq. cm . T h e  fu ll rated output of this six-cylinder 
engine (7,500 b.h.p. at 1 1 5  r.p.m .) is slightly higher than the 
norm al output o f a non-turbo-charged eight cylinder engine 
o f the same dim ensions, this being 9,200 i.h .p . (m .i.p. =  6 5 kg. 
per sq. cm .), corresponding to about 7 ,380 b .h.p.— The Motor 
Ship, Vol. 33, November 1952; p. 298.

M u lt ip le -e n g in e  Propulsion  U n its
A n  interesting and h igh ly econom ical arrangem ent o f 

m arine power has recently been dem onstrated b y  R . A . L ister 
(M arine Sales), L td . T h is  power arrangem ent com prises four 
of the new L ister Freedom  six-cylinder m arine engines, each 
of w hich has an individual rem ote-control clutch, driv ing a

Twelve-cylinder radial Diesel-electric installation

there are no less than 194  o f these units. E ach  Diesel-alternator 
set consists o f a 12 -cy lin d er radial engine w ith governor and 
control gear superim posed on the alternator. In  the sketch 
seen above, eight of these units provide propulsion pow er; one 
is fo r auxiliary power and the rem aining unit m ay be used for 
either duty. It  is claim ed that the flexibility o f arrangem ent 
thus makes engines o f this type particularly adaptable to vessels 
having their m achinery spaces aft.— The Marine Engineer and 
Naval Architect, Vol. 75, November 1952; p. 495.

Tu rbo -ch a rge d  T w o -stro k e  D iesel Plant
T h e  influence w hich the application o f turbo-charging to 

tw o-stroke Diesel engines w ill have on the design o f such 
m achinery is likely to be greater than any other im provem ent in

single propeller shaft through S .L .M . oil-operated reverse- 
reduction gearing (designed and m anufactured by M odern  Wheel 
D rive, L td .) , and giving  a total o f 2 16  b.h.p. at 1,800  r.p.m . 
T h is  four-engine drive arrangem ent, in addition to saving space, 
increases the availability o f the craft in  w hich  it is fitted, 
because o f greater reliability. E ach  engine m ay be isolated from  
the transm ission— an arrangem ent w hich ensures substantial 
econom y in fuel, lubricating oil and general wear and tear, when 
only reduced power is required. In  addition, in  the event of 
breakdown o f any o f the m ain engines, the dam aged unit 
m ay be disengaged, so that the vessel is able to proceed w ith  
but moderate loss o f speed. T h e  speed reduction is, in fact, 
only in  the region of 10  per cent. A nother im portant considera
tion is weight. Com pared w ith  single-engine units o f  the slow -
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speed type, m ultiple engines, such as the four Freedom  six- 
cylinder units, save 2 or 3 tons fo r their power. T h is  figure 
is based on the combined weight o f fuel and engine fo r a 
range o f 1,000 miles. T h e m anufacturers claim  that the price 
is considerably less than that for a single engine of the same 
horsepower— approxim ately 10  to 15  per cent fo r the total cost 
o f the vessel. A n  advantage also associated w ith the m ultiple- 
engine drive is that the cost o f spares is reduced by at least 
25 per cent as com pared w ith slow-speed engines. In  a fleet 
o f craft w ith m ultiple-engine drive, a spare engine could be 
carried on board, or stored ashore and exchanged, when required. 
M oreover, an auxiliary o f the Freedom -engine type could be 
used, thus provid ing 10 0  per cent standardization of engine- 
room spares in the individual vessel.— The Shipbuilder and 
Marine Engine-Builder, Vol. 59, December 1952; p. 705.

N e w  L igh tw e igh t M a rin e  Diesel
T h e pow er-to-w eight ratio o f the new Packard marine 

Diesel approaches five pounds to one b.h.p. developed. Output 
ratings range from  300 to 800 h.p. in 6, 8, 12  and 16-cylinder 
m agnetic and non-m agnetic models, all 4-cycle, 5§-inch bore 
and 6 j- in ch  stroke. A ll models have identical cylinder dis
placements o f 14 2  cu. in. Production is planned later fo r the 
8-cylinder and 60 deg. V - 16 , sim ilar in design to the 6-cylinder 
in-line and V - 12  presently being delivered. T h e  six  and V - 12  
are equipped w ith  turbochargers and their continuous output 
is 300 and 600 h.p. respectively, at 2,000 r.p.m. T h e 6-cylinder 
weighs 2,2001b. and the V - 12 ,  3,2501b. or 7 '341b ./b .h .p . and
5 411b ./b .h .p . in that order. A lum inium  alloys are used for 
m ajor com ponents in every rating. T h e  V - 12  engine block 
measures 30 inches across the top, 2 7 i  inches high and almost 
4 feet in length, m aking it the largest alum inium  casting ever 
made in  production quantities. Other vital parts o f alum inium  are 
pistons, crankcase, oilpan, intake and exhaust m anifolds, valve 
covers, tim ing gear case, accessory housings, turbochargers, and 
smaller items. T h e  cylinder head is made o f high resisting 
alloy steel, and defies conventional m achining. Precision cast, 
it contains intake and exhaust ports and valve nests. T h e fuel 
injection pum ps fo r both the 6-cylinder and V - 12  engines are 
o f m ulti-plunger constant stroke design. Fuel pum ps o f the 
6-cylinder apply to the V - l l ,  one fo r the six and tw o fo r the 
V - 12 . Fuel is governed by an externally m ounted hydraulic 
governor. A n  over-speed trip governor is an added safety 
measure. Each  cylinder head is fitted with tw o intake and 
exhaust valves, driven by individual cam shafts— two per bank. 
V alve seats and faces are hard-surfaced w ith stellite. Exhaust 
valves are sodium  cooled. T h e  nested valve springs are of 
dam ping type, caged in  cylindrical barrels integral w ith  the 
valve guides. Barrel type tappets fit over the springs and slide 
w ithin  the valve guide barrel. V alve clearance adjustm ent is 
by use o f a button fitting over the valve tip and touching the 
inner face o f the tappet. Turbochargers are mounted at the 
front engine end and fitted w ith air cleaners. Heat radiation 
is reduced b y  a w ater jacketed exhaust m anifold which directs 
gases to the turbine end of the charger. A  special feature of 
the m anifold is a stainless steel tube whose diameter is such that 
a dead air space exists between the inner m anifold surface and the 
tube. T h is  design compensates fo r heat losses in the exhaust 
gas stream.— Motorship, Vol. 33, October 1952; pp. 28-32, 38.

N eed for Im proved Eng ine  A ir  Filters
A  recent report on air filters fo r internal com bustion 

engines contains a num ber o f interesting comments on various 
existing types and challenges designers to produce m ore satis
factory filters o f rad ically  new design. T h e  art o f designing 
a ir filters is claimed to have lagged, and existing types are 
claim ed to flaunt far too m any engineering compromises. T h e 
oil-wetted type is considered to be almost a menace. A lthough 
its initial pressure drop is low , pressure rise and efficiency fall- 
off are too rapid. T h e  latter are assumed to be kept w ithin 
tolerable lim its by proper cleaning, but this assum ption is 
claimed to be dangerous since it can lead to rapid engine wear 
from  airborne im purities. T h e  oil bath type, although it has 
the fewest com prom ises, has too high an initial pressure drop,

it is stated. It weighs too m uch and it costs too m uch. The 
centrifugal separator or cyclone type is criticized in view of 
its excessively high initial pressure drop and the wide variations 
in its efficiency with the engine intake air flow. T h e  strainer 
type of filter is considered to be the most efficient type, “ but 
proper cleaning is alm ost im possible” . T h e  initial pressure 
drop is low , while the pressure rise is rapid, due to efficiency. 
A lso, it takes too m uch space and its cost rises w ith its 
efficiency. Electrostatic filters are claimed to be too expensive, 
too big, and too difficult to service. T h ey  have too m any parts 
to give trouble-free service and they have to be cleaned too 
often. D iscussing future developments, the author o f the report 
points to the possible development of self-charging electrostatic 
plastics w ith possible autom atic w ashing, high-efficiency centri
fu gin g  w ith external energy source, or u ltrasonic agglom eration 
o f particles.— Engineers’ Digest, Vol. 13, November 1952; 
p. 372.

Perform ance of First W e rk sp o o r -L u g t  Engine
T h e first W erkspoor-Lugt engine, a norm ally aspirated 

four-cylinder two-stroke, single-acting un it w ith cylinders 
600 mm. in diameter and a piston stroke o f 900 m m ., the 
continuous service output being 1,800  b.h.p. at 16 2  r.p .m ., is 
installed in the G reat Lakes-type ship Prins Frederik Willem, 
owned by the Oranje Line. T h e  fuel consum ption fo r the m ain 
engines, running at 15 5 - 16 0  r.p .m ., and fo r the tw o 88-kW . 
generators, each driven at 550 r.p.m . b y  a W erkspoor fo ur- 
stroke engine, totals 6 3  tons per 24 hours, w hile the cylinder 
lubricating oil consum ption fo r the same period is 40 litres, 
or 0 8 3  gram s per b.h.p.-hr. N o  oil is reported to have been 
expended in the crankcase. D u rin g  the first few trips, tests 
were made with varying  classes o f residual fuels, ranging in 
viscosities at 10 0  deg. F . from  627 secs, to 2,634 secs. Redwood 
No. 1 ,  and eventually the latter fuel was adopted, this having 
a Redwood viscosity o f 15 0  secs, when heated to 10 5 deg. C. 
before entering the m ain engine fuel pum ps. T h e  sulphur 
content varied from  1 8  to 2 ’2 per cent and the Conradson 
carbon residues were about 10  per cent. T h e  ash content ranged 
from  0 085 to 0 - 1 1 7  pier cent. W hen at sea or on the Great 
Lakes, heavy' oil is norm ally used, but fo r those periods when 
the engine is running slow ly— passing through canals and locks 
— or fo r long standby periods such as w aiting at the locks, 
the engine has been switched over to Diesel oil, to obviate 
the necessity of generating steam in the oil-fired boiler to m ain
tain the temperature of the heavy oil. W ith  the engine running 
on fu ll load, the steam fo r fuel heating is provided from  the 
exhaust-gas boiler. A fter the first few  m onths’ operation on 
heavy oil, and fo llow ing occasional burn ing o f the exhaust 
valve seats, it was found that there w as some deposit on 
the valve seats, on the m itre faces and low er parts o f the stems 
and that this, partly broken off, appeared to consist o f almost 
70 per cent of sodium  sulphate. Since the source o f this deposit 
was obvious, extensive tests were carried out on the existing 
purifier and clarifier (De L ava l type 1729  deg. C .) at tempera
tures varying  from  220 deg. F . to 160  deg. F ., and w ith flow 
capacities ranging from  500 to 1,000 kg. per hour— about two 
to fo ur times the hourly engine consum ption. A s a result of 
these tests, and fo llow ing consultation w ith  representatives of 
D e L ava l, a larger size o f purifier and clarifier was installed—  
type V 1 B  1929 C — this resulting in low er ash content values 
and having the effect o f decreasing b y  a considerable extent the 
am ount o f deposit on the valves. Furtherm ore, special treat
ment and the use o f better heat-resisting m aterial fo r the valves, 
also arrangements fo r im proving the tem perature conditions 
o f the valves, have combined to overcom e these initial diffi
culties.— The Motor Ship, Vol. 33, December 1952; p. 344.

S in g le -ac tin g  Tw o -stro ke  D iesel Engine

T h e  K Z  6 8 /12 0  type o f single-acting tw o-stroke Diesel 
engine built by M .A .N . covers a range o f output between 2,000 
and 4,400 b.h.p. w ith 5 to 8 cylinders. T h is  new standard 
type has a cylinder output o f 500 to 550 b.h.p. at a speed 
of 1 1 5  to 12 7  r.p.m . T h e  mean indicated pressure o f 5-5 atm. 
and the m axim um  piston speed of 5 m. per sec. are intentionally
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low, thus w arran ting  an  op tim um  of reliability even under 
the m ost strenuous conditions of con tinuous service. T he 
general design has been altered bu t slightly, com pared to  the 
K Z  65/120  design. T he m ain features are the follow ing: P lain 
and  clear design, robust cast iron  construction  w ith  easy 
accessibility to  all parts  of the ru n n in g  gear. T h e  entire engine 
fram e is relieved of all com bustion pressures by initially 
tightened tie-rods, w hich extend from  the bedplate to  the top 
of the cylinder block. D irect injection by individual fuel pum ps, 
arranged in  tw o groups above a short cam shaft. T h e  fuel 
valves are provided w ith  cooled nozzles. T he  scavenging air 
is supplied by a scavenging air pum p attached to the fron t 
end of the engine. T he  cylinders are cooled either by fresh 
o r by salt w ater, whereas the pistons are m ostly cooled by 
fresh w ater supplied to  the pistons th rough  telescopic pipes. 
T he  w eight of the engine itself, i.e. w ithout outer accessories 
such as th ru s t block, starting  air bottles, exhaust silencer, re
cooler, etc., w ith  a cylinder o u tp u t of 550 b.h.p., is about 
75 kg. per b .h.p. T h e  specific fuel consum ption  am ounts to 
160 to  163 g ./b .h .p .h ., based o n  a suitable fuel w ith  a lower 
calorific value of 10,000 K cal./kg . at an ign ition  pressure of 
about 45 atm .— M .A .N . Diesel Engine N ews, N o. 26, June 1952; 
pp. 2-3.

Investigation of Corrosive Nature of Flue Cases
O ne of the m ost serious problems encountered in  w ater

tube boilers in  recent years has been the corrosion of the air 
heater and  o ther low -tem perature surfaces by sulphuric  acid, 
form ed by the com bination w ith  w ater vapour of traces of 
su lphu r trioxide produced in  the boiler system and  condensed 
ou t on  surfaces at o r below the dew point. T h e  tem perature- 
contro lled  mild-steel probe described in  this paper was developed 
w ith  the object of prov id ing  m ore direct inform ation  as to  the 
m echanism  of acid deposition and  attack on  m etal surfaces. 
T he  function  of the probe is to  ob tain  a relative m easure of 
the corrosive natu re  of the flue gases from  a boiler rather 
than , at this stage, to  sim ulate the rate of corrosion obtained 
on any particu lar boiler surface. T h e  instrum en t consists essen
tially  of a prepared m etal test surface placed at the end of a 
long probe. T h is  surface is inserted in to  the gas stream to 
be exam ined and  is m aintained a t a constan t tem perature, 
irrespective of fluctuation  in  the gas tem perature. A fter a su it
able period of insertion the probe is rem oved and  the am ount 
of corrosion of the test surface th a t has occurred  ascertained. 
Fig. 1 shows the design of the test head. T he  1-inch diam eter 
hem ispherical m ild  steel test cap (A) fits in to  the heat-insulating  
collar (B), the lip (C) preventing air blow ing directly over the 
external surface. A chrom el and an  alum el wire are welded 
in to  the cap about i  inch apart and  form  th e  therm ocouple used 
for m easuring and  contro lling  the tem perature of the head. 
T h e  u n it is m ounted  on the end of a metal probe 6 feet long. 
Com pressed air used for cooling passes up  the centre of this 
probe th rough  an inner tube (D) to  the d istributor. After 
blow ing against the under-side of the cap, it discharges to 
atm osphere dow n the annu lus between the tube and  probe 
wall, so helping to  keep dow n th e  m etal tem perature of the 
probe. T h e  therm ocouple in  the cap is connected to  a “B ristol” 
potentiom eter pyrom aster recorder. T h is  pyrom aster no t only 
provides a perm anent record of the tem perature b u t also m ain 

B

tains it at any selected value by m aking o r breaking (depending 
on  w hether the recorded tem perature is above or below a pre
selected datum ) tw o relays w hich operate the tw o circuits con
tro lling  the direction of ro ta tion  of a 24v. single-phase a.c. 
m otor. T h is  m oto r opens o r closes a valve in  the com pressed- 
air line th rough  a h igh-reduction  gear.— G. G. T hurlow , 
Journal o f the In s titu te  o f Fuel, Vol. 25, N ovem ber 1952; 
pp. 252-255; 260.

Condensation of Steam
Experim ents have been perform ed to  examine critically the 

m echanism  of condensation of steam, particu larly  w hen the 
condensation occurred  in  the dropw ise form . T h is  led to  an 
investigation of the d u ra tion  of life of a surface giving 
purely dropw ise condensation, of w hich a brief sum m ary is 
given. H aving  found  th a t appreciable durations were possible, 
quan tita tive m easurem ents of the heat transfer rates were made 
for h igh heat loads on  a flat surface. Stress was laid  th roughou t 
on the m aintenance of either the purely  filmwise o r purely 
dropw ise form . A n analysis of the results is given, and  an 
exam ination of the possible application  to  practical problem s 
shows th a t steam -condenser surface areas fo r h igh heat loading 
can be reduced appreciably from  the present value, provided 
little non-condensable gas is present, the presence of a small 
quan tity  of p rom oter is tolerable, and  suitable w aterside con
ditions can be m aintained. T h e  effects of departu re  from  these 
conditions, found  in  practice, are discussed. I t  is no t suggested 
th a t dropw ise condensation can be atta ined  in  all apparatus 
using vapour condensation, bu t it is an ticipated  th a t the 
developm ent of synthetic resins, w hich can be applied in  very 
th in  adhesive films, o r o ther prom oters, w hich are no t objection
able in  very small quantities in  boiler feed, m ay lead to  its 
w ider application. A  B ritish patent, fo r example, claim s th a t 
zirconium  will give dropw ise condensation  w ith o u t a p ro 
m oter; although, w ith  the treatm ent described above, th is  metal 
was found  to  give filmwise condensation for m any  hours, it 
d id  very readily give dropw ise condensation w ithou t elaborate 
preparation  w hen touched w ith  oleic acid. D evelopm ents such 
as these justify an ticipation  th a t the application  of dropw ise 
condensation m ay be realizable in  practice, and  w ith  this 
expectation, fu rther research is con tinu ing .— Paper by H . 
H am pson  and N . O zisik, subm itted  to  T h e  In s titu tio n  of 
M echanical Engineers fo r w ritten  discussion, 1952.

N ew  M otor Coaster
T he m otor coaster D ryburgh  was recently handed over to  

her owners, Geo. G ibson and  Co., L td ., and  Jam es R ankine and 
Sons, L td ., Leith. U nusual features of the vessel are tha t 
she is equipped w ith hydraulic deck m achinery, and  th a t she 
is supplied w ith  electric power on the alternating  curren t 
system. She is also the first vessel to  be equipped w ith  a 
C arron-C alor gas cooking range in  the galley. D esigned for 
the transport of fru it and general cargo between H olland  and 
the west coast of Scotland, the D ryburgh  is fitted w ith  forced 
ventilation in  the holds. She is a shelterdecker w ith  a hold 
capacity of 101,750 cu. ft. grain  and  95,000 cu. ft. bale, the 
hatches being equipped w ith  M acG regor paten t steel covers. 
Six tw o-berth  cabins for passengers are provided amidships. 
T he  m ain  propelling m achinery comprises a B ritish Polar
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8-cylinder Diesel engine developing 1,250 b.h.p. at 300 r.p.m . 
T he  principal particulars of the D ryburgh  are as follow s: —

L ength  overall .................  260ft.
L ength  b.p. . . .  .................  245ft.
B readth m oulded ... .. .  38ft.
D ep th  m oulded to  shelter deck 22ft. 2in.
D ep th  m oulded to  upper deck 14ft. 8in.
G ross tonnage . . .  . . .  1,080 tons 
D eadw eight (about) ... ... 1,380 tons a t 14ft. d raught
Speed loaded............................... 13 5 knots

T he hydraulic power system comprises the central pum ping 
un it, steering gear, w indlass, capstan and winches, all of w hich 
were supplied by M acT aggart Scott and Co., L td . T he m ain 
hydraulic pow er u n it is centrally situated in  the engine room  
close to  the m ain  contro l position. I t  consists of three hydraulic 
pum ps driven by 18 h.p. A.C. electric m otors; oil tank ; 
steering gear accum ulator; isolating valves serving the various 
lines; and  gauge panel. T he  system is equipped w ith  three 
M acT aggart S co tt 18 h.p. m ulti-cylinder radial pum ps situated 
in  the engine room , vertically driven by constant speed A.C. 
m otors. A ny tw o of the pum ps are capable of supplying the 
necessary pow er fo r practically any operating  condition  of 
the ship ; the th ird  p u m p  is regarded as a standby. A n 
autom atic loading valve is fitted to  each half o f each pum p, 
and  controls the p um p  o u tp u t as the pressure rises and  falls. 
T h u s  each half p u m p  is controlled to  cu t in  consecutively, 
so avoiding any sudden large increases in  the electric current 
dem and. T h e  loading valves can also be hand operated, pre
selecting the am oun t of pum ping  capacity, w hich then  func
tions autom atically. F o r instance, any one of the six half 
pum ps can be selected to  supply the steering gear w hen, as at 
sea, th is  is the only u n it operating. T he  loading valves are 
also used w hen starting  u p  a p um p  light. T he  various isolating 
valves are conveniently grouped so th a t the m ost suitable com 
bination  of pum ps and  accum ulators m ay be selected to  serve 
whatever deck m achinery is in  operation. T h a t th is  selection 
can be m ade and  be p u t in to  operation w ithout the supervisor 
leaving the engine room  makes for convenient working. Six
3-ton  cargo winches are fitted in  three groups of two. Each 
is driven by a six-cylinder radial patent selective type hydraulic

m otor, selection being autom atically  determ ined by the load 
being operated. T hey  are capable of raising  3-ton  loads a t 
100ft. per m inute, 1J tons at 200ft. per m inute , o r a light 
hook at 300ft. per m inute. T h e  contro ls of these w inches are 
entirely foolproof, and  these speeds cannot be exceeded in  any 
circum stances. N either can the w inch be changed from  “hoist” 
to  “lower” unless it is first stopped, thus saving m uch  wear 
and  tear on  the cables due to  shock loading. A  safety o r  holding 
brake of the band type is fitted on  the d ru m  shaft and comes 
on autom atically  should the w orking pressure drop below a 
safe w orking value. T he  C alor gas installa tion  in  the galley 
is claimed to  be the first installation of its  k ind  on any vessel. 
T he  gas is stored at 221b. per sq. in. in  eight cylinders, each 
contain ing  831b. of liqu id  gas (540 cu. ft.). These cylinders 
are stored in  a separate com partm ent adjacent to  the galley. 
F o u r of them  are in  use at a tim e and  are expected to  last 
for about three weeks. T h e  gas range is o f a sim ilar pattern  
to  the usual domestic gas cooker, except fo r its larger size and 
m ore robust construction  to  w ithstand  use at sea.— The  
Sh ipp ing  W orld, Vol. 127, 5 th  N ovem ber 1952; pp. 367-369.

T he 3-ton  hydraulic winch

Operating Problems w ith Transatlantic Liners
T he life of a large passenger vessel, w hether it be a super

liner like the S.S. U nited  States o r a sm all passenger vessel, or 
in  fact any ship, begins w hen the idea to  build  a ship is first 
conceived and  divides itself in to  three phases as fo llow s:
(1) T he  design period. (2) T h e  developm ent of design and 
bu ild ing period. (3) T he  operating  period. O ne of the first 
problem s facing the operator is the selection of an inspector 
engineer to  follow th ro u g h  during  the first tw o phases to  
ensure efficient and  workable arrangem ents w ith  the m ain 
tenance problem  continually  in  m ind . A second operating  
problem  is the choice of deck and  engineering officers, staff 
officers, and  unlicensed personnel of p roper qualifications w ith  
the necessary practical and  theoretical experience. T h is  ship 
organization fits very naturally  in to  the operating  organization  
ashore. T he  term inal operations departm ent, w hich includes 
all pier facilities, th e  receiving and delivery of cargo, and  the 
d ischarging and  loading, includ ing  the handling  of all baggage 
facilities connected w ith  the em barkation and  disem barkation 
of passengers, falls under the d irect responsibility o f the 
term inal m anager, w ho in  tu rn  comes u nder the general 
m anager. A nother im portan t po in t w hich m u s t be considered 
as the ship is being built, particu larly  w ith  a superliner, is a 
study  of the port and  berth ing  facilities a t each p o rt to  w hich 
the ship w ill run . A lthough she m ay be expected to  call at 
m any ports of the w orld, her regular service, as in  the case of 
the U nited States, is between N ew  York, L e H avre and 
Southam pton. If th is m atter is taken u nder consideration in 
the early stages, changes in  the ship m ay be m ade to  make 
her m ore readily fit the ports at w hich she w ill call, and  at 
the same tim e changes in  the po rts’ facilities so th a t they m ay 
fit the ship. T h e  arrangem ent problem s in  the m odern, safe, 
fireproof ship are no t greatly different insofar as the general 
ship o r stateroom  arrangem ents are concerned. T he situation 
today is eased som ewhat by the passenger preference for 
showers instead of tubs, w hich perm its a higher percentage of 
room s w ith  private facilities and  enables better layouts to  be 
m ade of the stateroom s themselves. T h e  attem pt is m ade to  
lay o u t the room  so th a t it is m ore suitable as a sitting  room  
and  no t only useful as a bedroom . C ertain  room s use the 
new sofa-berth instead of another bed in  order to  accom plish 
th is result. Considerable design tim e m ust be spent on the 
vertical access and the public room s. I t  is chiefly in  this realm 
th a t the safety and fire regulations tax the ingenuity  o f the 
designer. T h e  advent of high-pressure, h igh-tem perature steam 
generated in  m odern  boilers and driv ing the propellers th rough  
reduction  gears and  m odern turbines has done m uch to  make 
the m odern  express liner possible. T h e  fuel bill w ith  such a 
p lan t is very low, relative to  the sustained sea speed. W hereas 
some years ago the reduction  of perhaps one day in  the tim e 
for the approxim ately 3,000 miles transatlan tic  passage meant 
doubling the fuel consum ption , the p resent-day m achinery 
perm its th is to  be done fo r no m ore fuel th an  was form erly
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expended. T h is  econom ical m achinery is of fu rther value in  
tha t it also perm its a greatly increased radius of action at a 
h igher speed, w hich is m ost esssential in  a vessel w hich will 
be used for naval purposes, should the occasion arise. O ne of 
the essential features of today’s transatlan tic  liner th a t was not 
included in  the designs of other years is the com plete air con
d ition ing  of the ship.— Paper by N . T . Lawrence, Jr., read at a 
m eeting o f the Society o f N aval Architects and M arine  
Engineers, 17th Septem ber 1952. Abstracted in S .N .A .M .E . 
B ulletin , Vol. 7, October 1952; p. 33.

Design of Transatlantic Liners
I n  the S.S. U nited  States, advantage has been taken o f the 

progress in w elding and the developm ent of new m aterials. T he  
latest im provem ents in  steam  m achinery— higher tem peratures 
and  pressures— have been incorporated  and  it has the m ost 
m odern  electrical installation. In  addition , the service experience 
gained d u ring  W orld  W ar II  and  the years just p rio r thereto 
has been draw n on  and  applied to  this ship. Because of the 
prevalent bad w eather, “W in ter N o rth  A tlan tic” is associated 
w ith  the greatest freeboard o r least perm issible d ra ft th a t is 
assigned to  any ship. Records of recent years show th a t it is 
possible to  use sm aller coefficients and  finer ends in the N orth  
A tlantic. T h is  is especially true  as the length  of the vessel 
increases farther beyond the length  of the usual N o rth  A tlantic 
waves encountered. M ost authorities agree th a t these waves 
are in  the o rder o f from  300 to  600 feet long w ith  very few 
wave lengths, if, any, increasing to  as m uch  as 900 feet. Asso
ciated w ith  length  m ust be good freeboard to insure the highest 
percentage of the service speed being m aintained. One feature 
of the U nited  States is the fact th a t there is no well and  fore
castle forw ard. T h e  prom enade deck is con tinuous righ t to 
the bow at a high level, w hich makes for a d ry  ship forw ard, 
even w hen travelling at relatively high speeds. T he  flare 
a t the bow high u p  becomes of secondary im portance, as 
com pared to  the flare in  the slower speed, shorter ship that 
m ore nearly approxim ates to  the wave length  and  the wave 
period of the N o rth  A tlantic. I n  the N o rth  A tlantic, under 
the w eather conditions experienced, the struc tu re  is of prim e 
consideration. T h e  num erous struc tu ra l difficulties of large 
ships of the past em phasize the im portance of the structu ral 
design. T he  structure  cannot be judged by o rd inary  standards, 
as allowances m ust be m ade for dynam ic effects and  the severe 
racking strains to  w hich the vessel is subjected. Since th is m ust 
be done w ith  the m in im um  weight, there is every reason to  
use a system of fram ing  w hich will dispose the m aterial to  
the best advantage. T h e  use of w elding is, of course, one of 
the m ost im portan t reasons fo r the difference between the 
present-day transatlan tic  vessel and those designed and  con
structed  p rio r to  1940. T h e  saving in  w eight is considerable 
and  th e  resulting  sm oothness of shell and decks contributes 
m aterially  to  im proved perform ance. T h e  use of new 
m aterials has helped to  restore the balance between m achinery 
and  hull w eights and  centres. S tructu rally , th is is accom plished 
by the use of alum in ium  in the topsides. T h is  has an  added 
advantage as the low er m odulus o f elasticity o f the m aterial 
perm its the omission of expansion joints w ithou t an  increase 
in  weight.— Paper by M . G. Forrest, read at a m eeting o f the 
Society  o f N aval A rchitects and  M arine Engineers, 17th Sep
tem ber 1952. Abstracted in S .N .A .M .E . Bulletin , Vol. 7, 
October 1952; pp. 33-34.

Residual Resistance by Direct Com putation
T h is  paper presents a m ethod fo r com puting  the form  

resistance or residual resistance of displacem ent types directly 
from  the lines by means of an application  of elem entary 
hydraulics. T he  m ethod em ploys no coefficients and  no  com 
parisons w ith  existing designs o r models. I t  is presented in  detail, 
includ ing  a sample problem . C om putations have been perform ed 
fo r various types and  sizes from  a large liner dow n to  a small 
power cruiser. In  all cases, agreem ent between com puted 
results and values derived from  trial results or model experi
m ents has been excellent w hen com pared w ith  to tal resistance 
m inus com puted frictional resistance. T he  m ethod is pre

sented as a practical answer to  a problem  th a t has long defied 
solution w hen approached from  the purely theoretical stand
point. T o  date, it has no t been found  to  conflict w ith any of the 
observed and  established general phenom ena in  connexion w ith 
form  resistance. T h e  m ethod hinges on three conceptions w hich 
take the form  of the ship, as represented by the lines, into 
d irect consideration, and yield results w hich are sufficiently 
accurate for m ost practical purposes. F irs t, a curve called 
the “M -C urve” is com puted, from  the lines. T h is  curve 
represents the average of the infinite num ber of paths w hich 
the w ater takes in  flowing a round  the hull. Second, it is 
assum ed th a t, in  the forebody, each section of the im m ersed 
surface of the sh ip’s form  contained between any  tw o a thw art- 
ships sections is acted upon  by a jet of w ater equal to , and  
having the same shape as, the im m ersed area on  the body p lan 
contained between the tw o sections in  question. U p o n  reaching 
the surface of the hull, each jet is diverted th ro u g h  an angle 
represented by the slope of the “M -C urve” . K now ing  the 
volum e per second of each jet and  the angle th ro u g h  w hich 
it is diverted, the resistance com ponent in  the d irection of the 
sh ip’s m otion  is com puted. T h ird , it  is assumed th a t gravity 
is the only force causing the w ater to  re tu rn  in  the run . T he  
potential velocity is com puted fo r each after station , from  the 
lines. T h is  is reduced by an am oun t equal to  the  sh ip’s speed, 
and a fu rth er reduction  is m ade to  allow fo r the forw ard  com 
ponent of the additional velocity required to  close the w ater 
norm al to  the skin of the ship. T he  velocity rem aining after 
these reductions are m ade is converted to  pressure. T he  average 
of these pressures, taken at the stations at the forw ard and  after 
ends of the section of the hull u nder com putation , is considered 
as acting  upon  an area w hich is the difference between the 
im mersed sectional areas of the tw o stations. These pressures 
m ay be positive o r negative, and  are algebraically com bined, 
w ith  sign reversed, to  the sum m ation of the resistances of the 
forebody. T he  above is an  outline of the basic principles of 
the m ethod. T h is  procedure is m odified, in  practice, by use 
of the wave profile in  lieu of the load w ater line. A tentative 
m athem atical m ethod for p lo tting  the wave profile line, based 
o n  a com bination of theory  and  observation, form s the second 
p art of the paper.— Paper by K . E. M athew s, read at a m eeting  
o f the Society o f N aval A rchitects and M arine Engineers, 22nd  
M ay 1952. Abstracted in S .N .A .M .E . B ulletin , Vol. 7, October 
1952; p. 35.

Effect of Pitch and Blade W id th  on Propeller Performance
Results are given of tests of th irty-seven propellers, each 

w ith  three blades, covering a wide range of p itch  ratio  0 4 to  2 
and  of blade area ratio  from  0 2 to  IT . E ach m odel was of 
20 inches diam eter, tested at high du ty  from  zero to  one hundred  
per cent slip. T h ru s t and  to rque coefficients increase appre
ciably w ith  p itch  and  generally, b u t to  a less extent, w ith  blade 
area. T h e  m ost favourable peak efficiency is 0 84 appropriate 
to  the greatest p itch  and  narrow est blade. Peak efficiency is 
least for the smallest p itch  and  w idest blade tested and  is less th an  
one-half of the optim um . N o  significant im provem ent in  peak 
efficiency is expected from  an  increase o f p itch  ratio  above 
the largest value of 2 covered by the series. M ore favourable 
peak efficiency is expected by reduction  of blade area ratio  
below the lowest test value of 0 2 b u t the blades w ould  then 
be exceptionally narrow . T heoretical deductions indicate th a t 
lam inar o r transitional flow has been avoided and  th a t the 
critical Reynolds’ num ber in  this respect is i  m illion. T he  
tests extended to  a num ber of 4'3 millions. O ne upsho t of 
this considerable advance is th a t the results m ay be expanded 
to  ship propellers w ith  only a small correction fo r skin friction  
resistance. Peak efficiency of ship propellers m ay be a little 
m ore favourable bu t this is subject to  sm oothness of finish. 
D epartures from  the results of previous series are noted w hich 
m ay be due to  scale effect and  differences in  design. T he 
investigation m ay prove useful as one step in  the clarification 
of scale effect of propellers to  w hich im portance is attached by 
the In ternational Conference of S h ip  T an k  Superin tendents.—  
Paper by R. W . L. G awn, read at the A u tu m n  M eeting  o f the 
In s titu tion  o f N aval A rchitects in Rom e, 29th Septem ber 1952.
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Modern Tram p Ship
T he  single-screw m.s. Stylehurst, w hich recently completed 

trials from  the N eptune shipyard of Swan, H un ter and 
W igham  R ichardson, L td ., is ow ned by the G renehurst 
Sh ipp ing  Co., L td ., L ondon, one of the H adjilias group  of 
com panies; she is an  open shelterdecker w ith a long forecastle 
and  ’tweendecks suitable fo r the carriage of m otor cars and 
trucks, also a space aft for special cargo. T he forecastle 
’tween decks are arranged for the carriage of cargo, and the 
cargo holds are fitted w ith  wood shifting  boards and  feeders 
in  way of the hatches for the carriage of grain in  bulk. F u rth e r
m ore, the tank  tops in the cargo holds are specially strengthened 
to  carry  ore cargoes. She was built under the direction and 
supervision of H arte, L indley and  Co., L td ., to  requirem ents 
for the highest class of L loyd’s Register, and  her principal 
particulars are: —

... 435ft. Oin.
60ft. Oin.

to the m ost efficient installation from  the aspects of fuel and 
m aintenance economy com bined w ith sim plicity and  the avoid
ance of over-elaboration. F o r th is reason, steam auxiliaries are 
installed. T he  four-cylinder Sw an, H un ter-D oxfo rd  propelling 
engine has a cylinder bore of 670 mm . and  a p iston  stroke of 
2,320 m m .; it develops, in  service, 4,400 b.h.p. at 115 r.p .m ., 
the corresponding m ean indicated pressure being 881b. per 
sq. in. A rrangem ents have been m ade to  enable the engine to 
operate efficiently on  fuel having a viscosity of between 3,000-
3,500 secs. Redwood N o. 1 at 100 degrees F .— T h e  M o tor Sh ip , 
Vol. 33, December 1952; pp. 340-343.

L ength  b.p.
B readth, m o u ld ed ...
D epth , m oulded to  shelter- 

deck
Shelterdeck, above upper 

deck 
Forecastle ...
D eadw eight capacity 
C orresponding d raugh t ... 
G ross register 
M achinery

39ft. Oin.

9ft. (top of beam to top  of beam) 
8ft. (top of beam to top  of beam) 

10,008 tons 
26ft. 5in.
5,750 tons 
4,400 b.h.p.

T he  ship is constructed  w ith  a stra igh t raked stem, a cruiser 
stern, a to p  gallant forecastle, tw o  m asts and  tw o derrick posts. 
A cellular double bottom  extends aft from  the forw ard collision 
bulkhead to  the tunnel well. T he  shelterdeck stringer-p la ting  
is 10 per cent thicker th an  required by L loyd’s, from  the after 
end of No. 2 hold to  the after end of N o. 4 hold. As already 
stated, the tank  tops in  the holds are increased in  thickness—  
by 20 per cent— for ore cargoes. W elding has been used to  a 
considerable extent in  the hull construction , this including the 
keel and  shell bu tts, the shell seams in  way of the anchors, 
alternate bu tts  of the centre keelson, the tank  top p lating  seams 
and  bu tts  (transversely), deep tank  and fuel crossbunker bulk
heads, shaft tunnel, the bu tts  only of the upper deck, shelter 
deck and  forecastle deck; and  the bridge and boat deck butts 
and  seams. T h e  arrangem ent and  selection of the m ain  and 
auxiliary m achinery in  th is vessel is of particu lar interest in  
th a t it represents the owners’ and  consultants’ conclusions as

Approxim ate Formulas for Calcu lating W etted  Surface Area
A num ber of approxim ate form ulas fo r determ ining the 

area of the w etted surface of ships’ hulls have been suggested. 
T he  m ajority  of these are of the same general form , the length 
being m ultiplied by the sum  of the bread th  and  the d raugh t; 
and they vary only by the factors th a t m odify the la tter two 
dim ensions in  order to  take the shapes of the bow and  stem  
in to  account. In  th is paper, the au th o r develops a fu rther 
approxim ate form ula of this type, and  selects h is factors by 
inserting the know n values for the w etted area for a num ber of 
ships. T he  resulting form ula is said to  give a high degree of 
accuracy for a single-screw vessel w ith  a vertical stem, length 
between 200 and  650 feet, and a m idship-section  area coefficient 
of approxim ately 0 983. A table is d raw n up  giving the p rin 
cipal dim ensions o f a num ber of vessels, the ir true  w etted 
surface area, and  the erro r in  the wetted surface area as pre
dicted by a num ber of these approxim ate form ulas. T h e  error 
in  the result as given by the au th o r’s new form ula is in  the 
m ajority  of cases appreciably lower than  th a t resulting  from  the 
o ther form ulas; in  none of the examples given does the error 
due to  the use of the new form ula exceed IT  per cent.—  
W . A lef, H am burg Sh ipbu ild ing  E xperim ent S ta tion , Report 
N o. 994. Journal, The British Sh ipbu ild ing  Research Associa
tion, Vol. 7, October 1952, A bstract N o. 6627.

Re-engin ing of Freighter
T he tw in-screw  m otorship  R io E scondido  has been returned 

to  regular service between C orin to , N icaragua and G u lf ports 
of the U nited  States, follow ing her recent sea trials th a t saw 
her a tta in  a speed of 12-knots as a result o f the installation 
of tw o 500 h.p. N ordberg  Supairtherm al Diesel engines. T he 
new engines were installed in  the O akland, C alifornia, yard  of

Engine room plans o f m .s. S tylehurst
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the Pacific D rydock and Repair Com pany. A converted British 
L .C .T ., the R io Escondido  is 238 feet long, w ith  a beam of 
38 feet, a d raugh t of 14 feet and  has a capacity of 1,600 tons. 
B uilt as an all riveted steel ship, the Rio  was converted into 
a cargo vessel in  N orw ay. W elded sections of m oulded bow 
and  stern  were attached to the existing hull to  im prove her 
lines and  seagoing ability. T h is  also provided fo r a raised 
forecastle head w hich gives the vessel better perform ance in 
rough  weather. Basic reason behind the repow ering of the Rio  
was the vessel’s inability  to  m ain ta in  reliably schedules w ith  her 
fou r original high speed Diesel engines w hich were each rated 
400 h.p. at 1,500 r.p.m . and  powered the tw in  screws th rough
1 '5 :1  reduction  gears. T he  tw o m ain  N ordberg  engines 
installed in the R io Escondido  are righ t and  left hand direct 
drive, direct reversing, fou r cycle un its  w ith  eight cylinders 
of 9-inch  bore and 1 l j- in ch  stroke. E ach engine develops its 
norm al ra ting  of 500 h.p. a t 500 r.p.m . P ropulsion  is th rough  
tw o new 50-inch diam eter by 37-inch p itch  propellers. T he 
propeller shafts outside the hull are supported  by large stru ts 
and  s tru t bearings at the propeller end. T w o  rudders, located 
each im m ediately behind their respective propellers, give the 
vessel excellent steering qualities. T h e  N ordberg  engines are 
installed in  the engine room  at the aft end of the m ain  hold, 
and  are spaced on  approxim ately 12-foot centres. By installing 
tw o propulsion  un its  instead of the original fou r Diesel engines, 
easy access is afforded to  all principal and  auxiliary machinery. 
M aintenance cost w ill be substantially  lower. All auxiliaries 
for the propulsion  engines are located in  the m ain  engine room. 
T w o m otor driven air com pressors, one autom atic and  the o ther 
w ith  m anual contro l, supply starting  a ir w hich is stored in 
tw o 18-inch x 76-inch, 2501b. per sq. in. starting  air tanks. 
O ne m otor driven fuel transfer p um p  takes fuel oil from  double 
bottom  tanks. I t  then pum ps it th rough  strainers and  a fuel 
oil filter in to  the m ain  engine supply and  settling tanks from  
w hich each m ain  engine draw s its fuel.— T he Log, Vol. 47, 
October 1952; pp. 82, 84.

variation on  the norm al direct-reversing type H R N  and  the 
m ain drives to  the tw o propellers are taken direct from  the 
forw ard and  a ft ends of the crankshaft. N o reversing gear 
of any  description is fitted. M anoeuvring is accom plished 
th rough  the propellers, w hich are of the “K am ew a” variable 
p itch  design, m anufactured  under licence in  F in land . Both 
propellers are in  operation  a t the same tim e w hen the engine 
is runn ing , and  the pow er can be divided between the fore and  
a ft propellers a t the op tion  of the operator. In  norm al con
ditions one-quarter of the pow er is absorbed by the forw ard 
propeller. F o r ice conditions, however, th is propeller takes a 
larger p roportion  of the fu ll load and  the w ater can  also be 
pum ped ahead and  astern alternately to  clear the ice, in  the 
same m anner as an ice-breaker. All m anoeuvring is carried  ou t 
from  either of the tw o wheelhouses, the propellers and  engine 
speed being rem otely controlled from  a con tro l desk. T o  meet 
these extremely arduous conditions the fore an d  a ft th ru st 
blocks are of increased p roportions, the drive to  the a ft p ro 
peller being carried th rough  a W igglesw orth “Eflote” flexible 
coupling  w hich is a heavy du ty , all m etal self-aligning coupling  
of the gear type. T he  engine is located am idships just below 
the m ain  deck w hich a t this po in t has to  accom m odate the 
two large buses o r trucks previously m entioned. T he  low head-

M otion  of Ships at Sea
A num ber of sea trials have been carried ou t by the 

A dm iralty  in  recent years to  obtain data for use in  the design 
o f stabilization systems. T h is  paper describes in general term s 
the trials carried ou t and  the in strum enta tion  used. Some 
in terim  results of the incom plete analysis of the records 
obtained from  these trials are given, w ith  particu lar reference 
to  rolling. I t  is show n th a t under confused sea conditions 
the predom inant rolling period is the appropriate still w ater 
period, and  a statistical law  governing the frequency of 
occurrence of roll am plitudes of various m agnitudes is sug
gested. Some notes are included upon  the analysis of curves 
of declining angles, and  the paper concludes w ith  some general 
rem arks upon  the nature of p itching.— Paper by A . J. W illiam s, 
read at a m eeting o f the In s titu tio n  o f N aval A rchitects in  
R om e, 29th  Septem ber 1952.

Finnish Ferryboat
T h e  new double-ended ferry bu ilt by V alm et OY, H elsingin 

Telakka, Helsinki, Suom i (F in land) is o f all-w elded construc
tion  and  the m ost up -to -da te  features are embodied in  her 
design. T h e  m ain  dim ensions are as follow s: —

L ength  overall .................  115ft. Oin. (35'0 metres)
B readth m oulded .................  29ft. 6in. (9 0 metres)
D ep th  m o u l d e d .................  13ft. 5in. (4 1  metres)
D rau g h t .. .  .. .  .. .  9ft. lOin. (3 0 metres) 
D isplacem ent (loaded) ... 300 tons 

D esigned to  carry  354 passengers and tw o large buses o r trucks, 
the vessel has a speed of 10 knots. As the ferry is for service 
in  H elsinki harbour the double-ended design, w ith  a single 
propeller an d  rudder fore and  aft, was chosen to  avoid the 
difficulty of tu rn in g  round  in  the ice w hich covers the harbour 
d u ring  some parts of the year. T he  application  of the double- 
ended drive is w orthy  of note as it is unusual if no t unique. A 
Crossley scavenge pum p Diesel engine, type H G N 5 , w ith  a 
continuous ra ting  of 400 b.h.p. a t 370 r.p .m ., is the power u n it 
of the vessel. T h is  engine is a un i-d irectional m odel, being a

Floor plan o f engine room
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Lubricating oil cooler 
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Fire and bilge pump 
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12. Donkey boiler
13. Automatic oil burner
14. Boiler feed pump
15. Water heater
16. Work bench
17. Cooling water pump
18. Tanks— fuel and lubricating 
22. Fire pump
26. Main injection valve
27. Hotwell
28. Ice box
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Profile and arrangement o f drive to propellers

A. Main engine. B. Flexible coupling. C. Thrust block. D. Propeller operating mechanism. E. Reversible propellers.

room  required by the engine is therefore an  im portan t feature 
of the installation. T he  ferry service, w hich is operated by 
Suom enlinnan Liikenne OY— Sveaborgs Trafiks AB, is between 
the p o rt o f H elsinki-H elsingfors and  Suom enlinna-Sveaborg 
w hich is a sm all island a t the entrance to  the harbour of 
H elsinki.— Crossley Chronicles, N o . 161.

Repowering Argentine Tug
T he tug  Carlos L u m b  was originally fitted w ith  two 250 

b.h.p. tw o-cycle oil engines of the ho t bulb type w ith  crank
case compression. These engines having reached the end of 
their useful life, it  was decided to  replace them  w ith un its  of 
m odem  design. T he  engines chosen for the conversion were 
tw o Crossley direct reversing scavenge pum p Diesel engines, 
each of 400 b.h.p. a t 300 r.p.m . As the overall length of the 
new engines was considerably less th an  th a t o f the o ld  p ro 
pulsion un its, the space gained allowed auxiliaries of greater 
capacity to  be installed w ithou t increasing the size of the engine 
room . By a fo rtunate  coincidence, also, the original engine 
seatings fitted the new engines practically w ithout alteration, 
thus saving an  appreciable am oun t of tim e and  expense. T he 
tw in  engines are p o rt and  starboard handled, of the standard 
Crossley scavenge pum p Diesel type w ith  exhaust pulse pressure 
charging, and  these units are direct-reversing, each has six 
cylinders an d  the effective total power is 800 b.h.p. a t 300 r.p.m . 
As the w ater o f the River Plate contains a large am ount of silt 
in  suspension and  the tem perature varies between 60 deg. F. 
and  89 deg. F ., according to  locality, the cooling equipm ent 
was m ade the subject of a  special study. T o  avoid the pos
sibility o f m ud  deposits, it  was decided to  use fresh w ater for 
the engine jackets and  to  cool by means of tubu lar heat in ter
changers suitable fo r tropical conditions. I t  was also decided 
tha t each engine should have independent cooling equipm ent

consisting of heat interchanger, fresh w ater p um p  and  river 
water pum p, the pum ps in  each case being driven directly from  
the m ain  engine crankshaft. T he  question of em ploying elec
trically driven pum ps was carefully considered, bu t to  reduce 
the size of the electrical generator and  fo r o ther considerations 
it was finally decided to  use m echanically driven pum ps. T he 
river w ater c irculating  pum ps of the propelling  engines are in 
duplicate. O ne of the pum ps is norm ally used fo r the bilge, 
bu t by cross-connexions and  valves either pum p m ay be used 
for w ater circulation. B oth pum ps are o f the ram  type. H igh 
and  low level w ater intakes are provided for the river water 
inlets and  a m ultip le valvebox is arranged for convenience of 
operation. As a tug  requires m ore m anceuvring than  the 
o rd inary  vessel, four large a ir receivers are provided fo r the 
storage o f compressed air. F o r charging the receiver, each m ain 
propulsion  engine incorporates an  a ir com pressor driven directly 
from  the crankshaft. These com pressors operate continuously  
w hilst the engines are ru n n in g  and  provide am ple a ir to  m ain 
ta in  the receivers recharged to  the norm al w orking pressure. 
W hen th is pressure is reached an  au tom atic  c u t-o u t comes into 
operation. T he  original steering gear was operated by a com 
pressed a ir m otor. T h is  gear had proved reliable in  every way 
bu t required 20 h.p. to  drive the com pressor, w hich had to  ru n  
continuously  w hilst the tug  was in  service. T o  effect an 
economy in power consum ption  the original com pressed air 
system was replaced by the H yland  hydraulic steering gear. 
T h is  is operated by a small hydraulic p um p  driven by an  
electric m oto r and  situated in  the engine room . T he  steering 
wheel on  the bridge contro ls a sim ple valve system w hich feeds 
the oil pressure to  ram s directly connected to  the rudder shaft. 
Should  the pum p stop  o r fail, the  hand  operation  gear is 
b rough t in to  action by a simple lever on the steering colum n.—  
Crossley Chronicles, N o . 162.

Profile o f the  Carlos L um b 
Main particulars:

Length b.p. ... ... ... ... ... I l l  feet
Breadth ... ... ... ... ... ... 23 feet
D r a u g h t .............................. .............................. 10 feet
Total engine output ... ... ... ... 800 b.h.p.
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Synchronizing M arine  Engines
W ith  the synchronizing device fo r tw o m arine engines, 

illustrated  in  Fig. 1, the engine shafts (8), w hich ro tate in  
opposite directions, carry  gearwheels (1, 2). T h e  gears (3, 4) 
are concentric w ith  the sleeves (5, 6). W hile the planet carrier 
of the differential gear (18) is stationary, and  the shafts (8, 9) 
ru n  at the same rate, the sleeves (5, 6) also ro tate a t the same 
speed, in  the same direction. T he  cavity (21) is filled w ith  
oil and  if a variation  of the norm al relative position  of the 
ports (30, 31) occurs, oil w ill escape th rough  the po rt (30) 
to  the cavity (32) and  flow th ro u g h  the connexion (34), the

F ig . 1.

effect being to  readjust the fuel lever of one engine to  the 
extent required to regain the norm al relative positions of the 
po rts (30, 31). T he  cavity (35) in  th e  hollow shaft (6) has a 
p o rt (36) opposite the opening to  the cavity (37) in  the outer 
sleeve (5). W hen the synchronization  disappears in  the opposite 
sense to th a t m entioned, the port (36) is opened. Oil flows 
back th rough  the connexion (34), enters the cavity (32), the 
space (37) and  the po rt (36). T he  oil then  flows freely from  
the cavity (35) away in  the direction  of the arrow  (38). T he 
effect of the discharge of oil from  the regulating  system is 
opposite th a t b rough t about by the entrance of the oil and 
th u s the norm al relative position  of the ports (30, 31) is 
attained.— Brit. Patent N o . 678J531. N .V . K on inklijke  M i). De 
Schelde, F lushing. T he M o to r S h ip , Vol. 33, December 1952; 
p. 374.

Six Recent A tlan tic  Liners
A survey of six recent A tlan tic  liners, namely, the Caronia, 

Orcades, G iulio  Cesare, A ndrea Doria, Independence, and 
U nited  States, leads the au tho r to  the follow ing conclusions: 
L im itations on the general dim ensions of liners are im posed 
by the ir ability to  approach the coast. T h e  fu tu re  and  present 
liners of m oderate dim ensions, i.e. 30,000 o r 35,000 tons dis
placem ent, are lim ited in  length  to  about 700 feet and in 
d raugh t to  about 30 feet by the necessity of m ooring in  the 
in terio r of harbours. Also the superliners w hich m ust m oor 
in the roadstead are lim ited in  dim ensions by the w id th  of the 
channels and  by the dim ensions of d ry  docks and  even of 
floating docks. T oday  the 1,100 x 110 x 41J feet of the 
Panam a C anal locks m ight be an upper lim it fo r the dim ensions 
of the body form s and  therefore fo r the superliner displace
m ent, w hich should be no t m ore than  60,000 tons, as the last 
U n ited  States g iant a ircraft carrier J. W . Forrestal, o r, even 
d isregarding the passage th rough  Panam a C anal, n o t m ore 
th a n  the Queen M ary  and  Queen Elizabeth  displacem ent. O n 
the o ther hand, the increase of sh ip’s speed is so far from  
the ever-increasing speed of aircraft th a t any fu rther rise in 
the displacem ent of liners w ould  be foolish. F o r a long tim e 
the resistance to  the m otion  of the body form s has been the 
object of the m ost intensive experim ental research at all tanks 
of the world. T h e ir  results have atta ined  a h igh degree of 
perfection, specially fo r the forebody. T he  study  of the after
body complete w ith  all its appendages, and  of propellers, is 
w orth  fu rth er research. Also the gap between self-propulsion 
results at the tank  and  standard ization  tria l results a t sea 
deserves fu rther technical inquiry . T h is  gap is clearly revealed 
by the com parison of the propulsive efficiency either in its

theoretical expression of efficiency E H P /s .h .p . or, if preferred, 
in  its practical expression, i.e., the A dm iralty  coefficient. F o r 
instance, the value o f efficiency E H P /s .h .p . at the tank  is 
often 0 70 and  even 0 72, w hile som etimes it is less th an  0 60 
on trial at sea. W ith  the o ther system the value of the A dm iralty  
coefficient at the tank  is often  350 and  even more, while some
tim es it works ou t less th an  300 on  tria l at sea. F rom  tim e to  
tim e reference is m ade to  particu lar body form s concerning 
specially the fore- and  the afterbody. Som etim es attem pts 
have been m ade to  suppress the deadw ood w ith  a spoon-like 
fo rm  of the afterbody, ob tain ing indeed im proved results at 
the tank  both  in  the tow ing  resistance and  in  the self-propul
sion. B ut the vessels were n o t steady o n  a straigh t course 
and  it  was necessary to  re ta in  the deadw ood, w hich m ay be 
considered a vertical stabilizing tail. A lthough  the M aier and 
Yourkevitch form s have given good results in  practice, it has 
been said th a t sim ilar results could  be obtained w ith  the con
ventional form s, provided there is a correct d is tribu tion  of 
longitudinal volume. F rom  tim e to  tim e the proposal of con tra- 
propellers has arisen; the theoretical p rincip le is sound, bu t 
u n til now  the practical application  has n o t been favourable. 
T h e  an ti-ro lling  devices fo r liners deserve consideration. T he 
complete electrification of all the auxiliaries is advisable fo r the 
fu tu re  liners. Vertical auxiliary engines are already in troduced, 
and  a greater extension of th is system is advisable in  order to 
reduce horizontal obstructions, especially in  th e  m achinery 
space. As regards the auxiliaries, the evaporators are w orth  
the greatest a tten tion  and  extension. In  m any  passenger liners 
about 30 per cent of their deadw eight is o ften  absorbed by 
the fresh w ater for m ake-up of condensers and  for the large 
dom estic use. I t  m ay appear absurd  th a t a liner surrounded  
by w ater should be a tank  fo r a thousand  tons of fresh w ater 
w hen one to n  of fuel oil m ay produce forty  tons of fresh water. 
T oday  the evaporators heated by steam bled from  the turbines 
m ay represent an econom ic solution.— Paper by E. de V ito , 
read at a m eeting o f the In s titu tio n  o f N aval A rch itects at 
Geneva, 26th  Septem ber 1952.

Longitudinal Strength of Ships
In  1942-43 several welded ships developed serious fractures, 

and  a t th a t tim e it was th o u g h t th a t there m ust be some funda
m ental difference in struc tu ra l behaviour between welded and 
riveted ships, since the latter had  no t suffered to  nearly the 
same extent. I t  was obvious th a t new problem s had arisen 
and  in  consequence it was decided, alm ost sim ultaneously in  
the U .S.A . and  in  the U nited  K ingdom , to  set u p  research 
com m ittees to investigate w hy welded ships were behaving 
differently from  the riveted ships. T h is  presented a good 
oppo rtun ity  to  obtain  additional knowledge of ocean waves 
as well as of the detailed behaviour of some typical ships’ 
structures. T h e  w ork w hich these com m ittees instigated has 
undoubted ly  resulted in  a clearer understand ing  of m any of the 
factors involved in  the longitudinal strength  of ships. T h e  first 
full-scale experim ent carried o u t u n d e r the d irection  of the 
A dm iralty  Ship  W elding C om m ittee was a com parison between 
the behaviour of the welded tanker N everita  and  the riveted 
sister ship N ew com bia  under hogging and  sagging bending 
m om ents applied in  still w ater, b u t no im portan t overall 
difference was revealed. T h e  next ships com pared were the 
welded Ocean Vulcan  and  the riveted Clan A lpine, sister dry  
cargo ships of 416 feet in  length, 56ft. 10£in. in  b readth , and 
37ft. 4in. in  dep th  to  the streng th  deck. T hey  were of standard  
design and were transversely fram ed, and  slight differences in  
behaviour were observed d u ring  the still w ater tests. T he  
decision was m ade to  fit the Ocean Vulcan  w ith  instrum ents 
capable of recording at sea the wave pressures, the wave p ro 
files on  the ship’s sides, the w ind  velocities, angles of roll, p itch  
and  yaw and the forces im posed on  the ship and  cargo by 
accelerations. T h e  observations to  ■ be m ade a t sea were to  
include the determ ination of ocean waves by stereophotographic 
survey and  o ther methods. W ith  these instrum ents the Ocean 
Vulcan  m ade eight double crossings of the A tlan tic  over a 
period of seventeen m onths, and rough  sea conditions were 
experienced on  several occasions. M u ch  valuable inform ation
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was obtained from  these sea trials, and  in  addition  to  the 
m easurem ent o f waves and  wave pressures on  the ship, 
investigations were carried ou t on the effects on  the hull struc
tu re  of vertical bending, horizontal bending, torsion, heaving 
and pitching, axial com pression and  slam m ing. A statistical 
strain  gauge was also fitted to  the Ocean Vulcan  and it  has been 
in  satisfactory operation for over a year. Some interesting data 
have now been collated. T ypical results over a period of one 
year are as follow s: —

N um ber of times 
Range of stress. experienced.

1 ton  per sq. in. (158 kilo, per sq. cm.) 266,884
2 tons per sq. in. (3)5 kilo, per sq. cm .) 7,105
3 tons per sq. in. (473 kilo, per sq. cm.) 1,329
4 tons per sq. in. (630 kilo, per sq. cm.) 102
5 tons per sq. in. (788 kilo, per sq. cm.) 5
6 tons per sq. in. (945 kilo, per sq. cm.) 2

I t  will be noted th a t the m axim um  range was only 6 tons per 
sq. in., and  th a t range on only tw o occasions d u ring  one 
year of service. I t  is obvious th a t m uch  m ore severe conditions 
could be experienced, and  these m ay be recorded during  this 
investigation, w hich is being continued. A lthough ships are 
subject to  fatigue loading, it is by no means clear tha t fatigue 
is an im portan t factor in the longitudinal streng th  of ships. 
I t  may, however, be im portan t in  regard to  regions of stress 
concentrations w hen a ship has been consistently subjected to 
an injudicious longitudinal d istribution  of cargo.— Paper by 
J. Turribull, O .B .E ., read at a m eeting of the In s titu tion  of 
N aval A rchitects in Genoa, 26th Septem ber 1952.

turbo-chargers are installed on  the upper p latform  close to  the 
exhaust valves of the engine. T he small electrically driven 
emergency blower is at the rear of the engine.— The M o to r Sh ip , 
Vol. 33, December 1952; p. 355.

One-class Passenger Liner
W ith  the com pletion by H arland  and  W olff, L td ., of the 

passenger and  cargo liner Braemar Castle, the U nion-C astle 
Line has com pleted its group  of four one-class passenger liners 
T he leading particulars are as follow s: —

L ength  o.a. ... ... . . .  . . .  576 feet
L ength  b.p. 
Breadth m oulded 
D epth  m oulded 
T onnage gross 
T onnage net 
D eadweight 
Passengers... 
Speed

540 feet 
74 feet 
35ft. 6in. 

17,040 tons 
9,435 tons 

10,693 tons 
530
17 i knots

B. and W . Turbo-charged Engine
Below is show n an  outline draw ing of an  eight-cylinder

B. and  W . tu rbo-charged engine w ith  a cylinder diam eter of 
740 m m ., and  a p iston  stroke of 1,600 m m ., the continuous 
ou tp u t a t 115 r.p.m . being 10,000 b.h.p. T h is  corresponds 
to  an  increase in  the effective o u tp u t of 35 per cent, as com 
pared w ith  a non-turbo-charged  engine, having the same 
dim ensions and  revolution speed. T he  corresponding mean 
indicated pressure is about 8 kg. per sq. cm. o r 1181b. per sq. in. 
T he  fuel consum ption  from  about 60 per cent to  100 per cent 
load is stated no t to  exceed 150 gr. per b.h.p. hr. o r 0'331b. per 
b.h.p. hr., w ith  a m in im um  figure slightly below this. T w o

T he Braemar Castle has fou r com plete steel decks, a lower 
deck forw ard and  aft of the m achinery space, prom enade deck 
and  boat deck. T h e  hull is divided in to  ten  w atertight com 
partm ents by n ine w atertight bulkheads, all extending to  the 
upper deck, and  there is a continuous double bottom  fo r fresh 
water, w ater ballast and  oil fuel. T h e  forw ard and  after 
peaks are arranged fo r fresh w ater o r w ater ballast. Deep 
fresh-w ater tanks are also arranged at the sides of shaft 
tunnel aft, and deep oil fuel tanks are fitted across the 
vessel forw ard of the boiler room . T here are tw o cargo 
holds forw ard and  three after o f the m achinery space, w ith 
corresponding tweendecks extending to  the underside of 
the upper deck. T h e  lower holds, Nos. 1 and  2 lower and 
Nos. 1, 3 and  5 m ain  tweendeck spaces are arranged for 
o rd inary  cargo. Nos. 3 and  4 lower and  N o. 4 m ain  tweendeck 
spaces are insulated and  refrigerated fo r the carriage of fru it, 
etc., certain of the com partm ents being specially arranged for 
chilled o r frozen produce. No. 2 m ain  tweendeck is arranged 
for provisions, m ails and  baggage. T h e  cargo hatches to  the 
five holds are served by eleven tu b u la r steel derricks worked 
by electric winches. T h e  heating of the vessel is carried out 
electrically w ith  heaters in the alleyways, and  in  the individual 
cabins and public rooms. T he  propelling  m achinery, m ade by

O utline plans o f a 10,000 b.h.p. B. and W . turbo-charged engine
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the  shipbuilders, consists of a tw o-shaft arrangem ent of 
Parsons’ trip le  expansion, condensing, double reduction  geared 
turbines, designed in  accordance w ith  Parsons’ latest practice. 
T h e  ahead turbines are of the all-reaction design, while the
h.p. and  the l.p. astern turbines incorporated  in  the i.p. ahead 
and  the l.p. ahead casings respectively are of im pulse type. T he 
turb ines are so disposed around  the m ain  gear wheel th a t 
sim plicity  of overhaul and  ease of access to all parts  is assured. 
T hree  oil-fired w atertube boilers of Babcock and  W ilcox latest 
design supply steam at a w orking pressure o f 4501b. per sq. in. 
at the superheater outlet.— T he Sh ipp ing  W orld , Vol. 127, 3rd  
D ecember 1952; pp. 437-439.

Asphalt-carry ing Tankers
T w o tankers of special construction  fo r the carriage of 

asphalt in  bulk were ordered some tim e ago in  F rance, one to 
be constructed  by the N .V . Scheepswerf Gebr. van der W erf, 
Deest, and the o ther by the S.A. des Anciens C hantiers 
D ubigeon, N antes. T h e  first vessel, nam ed Esso le Caroubier, 
is ow ned by the Esso S tandard  C om pany, Paris. T he  second 
ship is nam ed Port E tienne  and  she is ow ned by the Soflum ar 
C om pany, Paris, her com pletion being due next year. A lthough 
the tw o vessels are sim ilar in  all m ain respects, the following 
descrip tion  refers particu larly  to  the Esso le Caroubier and the 
leading characteristics are given in  the follow ing table:

92 65m. 
85 00m. 
12-S0m. 

7.00m. 
4 ’91m.

304ft. Oin.
279ft. Oin.

42ft. Oin.
23ft. Oin.
16ft. lin .

2,730 tons 
1 13  knots 

1,400 b.h.p. 
le  five asphalt cargo tanks

L eng th  o.a.
L ength  b.p.
B readth ...
D ep th  .................
D ra u g h t .................
D eadw eight capacity
Speed .................
M achinery

H eating  coils are fitted in  each of _
and  the construction  is designed to  lim it heat radiation. T he 
vessel is classified under the B ureau Veritas I 3 /3  L.1.1. A et
C.P. T h e  hull is bu ilt w ithou t a centre-line bulkhead and  the 
m achinery, as well as m ost of the accom m odation, is arranged 
aft. Below the m ain  tanks is a double bottom  giving a 
certain  am ount of insu lation  from  the sea. A lthough the m ain 
object of the double bo ttom  is to  avoid fram es and  other 
obstacles on the bottom  of the cargo tanks so th a t they m ay 
be easily cleaned and  drained, the centre of gravity of the

cargo is raised and the m etacentric height is reduced. T he  
double-bottom  tank  is in tended to  be kept dry. T h e  tw o 
longitud inal side bulkheads are arranged a t an angle, thus 
reducing to  a m in im um  the surface above the cargo exposed 
to  the air, in  order to  lim it any cooling effects. A nother advan
tage of th is arrangem ent is the relatively large surface a t the 
bottom  of the cargo tanks, thereby m aking it  possible to  install 
the  required heating coils w ith  sufficient space between each to  
allow fo r ease in cleaning. C orrugated  transverse bulkheads 
are fitted between the tanks. T here  are tw o 8-inch diam eter 
cargo pipe lines, heated by steam pipes attached to them  over 
the entire length, includ ing  the p ip ing  in  the pum p room . T he 
cargo is handled by tw o ro tary  H o u ttu in  double-w orm  pum ps 
w hich ru n  at 600 r.p.m . and  are driven by extended shafts 
passing th rough  the fuel cross-bunker at the fo rw ard  end of 
the engine room . These shafts are driven by Reader steam 
engines, one of 90 h.p. and  the o ther o f 125 h.p., coupled to 
50 kW. dynam os. F o r propulsion, a 1,400 b.h.p. four-stroke 
W erkspoor engine is installed and  the B iichi supercharging 
system is adopted. T h e  engine has eight cylinders w ith  a 
diam eter of 390 m m ., the p is ton  stroke being 680 m m . Fresh 
w ater is used for cooling and  there are tw o pum ps on the sta r
board side of the engine room , bo th  of the H o u ttu in  type, one 
fo r sea w ater, w ith  a capacity of 100 tons per hour, and  the 
o ther for fresh w ater, capable of supplying 40 tons per hour. 
T he m ain  boiler, located above the fuel cross bunker, has a 
heating surface of 135 sq. m etres o r 14,500 sq. ft. and  has 
tw o oil-fired furnaces. T h e  second boiler, in  add ition  to  being 
oil-fired, takes the exhaust gas from  the m ain  engine.— The  
M otor S h ip , Vol. 33, D ecember 1952; pp. 360-361.

N ew  Oil Tanker
T he recently launched Caltex Canberra is an o il-tank steam 

ship of 544ft. 4in. overall and  515ft. Oin. b.p., by 70ft. Oin. 
m oulded, by 39ft. 9in. m oulded ; 17,100 tons deadw eight on 
30ft. 4 |in .  sum m er d rau g h t; 15 knots speed on trial. T h e  vessel 
is the first of tw o tankers ordered from  the Furness C om pany by 
the Overseas T anksh ip  (U .K .), L td ., L ondon. T h e  Caltex 
Canberra is of the poop, bridge and forecastle type, w ith  
m achinery aft, and  has a well-raked stem and  cruiser stern. 
T he  fram ing  is on the com bined transverse and  longitudinal 
system. Electric w elding has been extensively used, the bottom  
shell and  decks being com pletely welded and the longitud inal

Plan of engine room and pu m p  room



14 Engineering Abstracts

and  transverse bulkheads being welded on  the U nionm elt system, 
as developed by the Furness Com pany. T here are nine treble 
cargo-oil tanks, giving 27 oil com partm ents in  all, w ith  a 
capacity of 16,470 tons of oil at 50 cu. ft. per ton , after 
allowing 2 per cent for expansion. All arrangem ents (including 
the provision of deck steam and  exhaust pipes) are made for 
the fitting, at a later date, of heating coils in  the tanks. Fuel 
oil is carried in  bunker tanks forw ard and aft, and  in  the 
fore deep tanks, the total capacity being 2,300 tons at 
38 5 cu. ft. per ton. T h e  cargo-pum p room , arranged between the 
afterm ost cargo tan k  and  the engine-room , contains three tu rbo
driven single-stage centrifugal pum ps, each delivering 625 tons 
of oil per hr., and  three vertical duplex stripp ing  pum ps, each 
delivering 200 tons per hr. In  the bilge and  ballast-pum p room  
forw ard, there are tw o horizontal duplex reciprocating pum ps, 
one for fuel oil and the o ther for bilge and ballast. T he  cargo-oil 
piping consists of a 12-inch diam eter pipeline, w ith  one 12-inch 
suction to  each w ing and  centre tank, and  a separate 6-inch 
diam eter stripp ing  line, w ith  a 6-inch suction to  each tank. 
T he  discharge pipes am idships are 12-inches diam eter, and  the 
stern discharge 9-inches. S team ing out, fire extinguishing and 
gas freeing pipes are provided, and B utterw orth  tank  cleaning 
apparatus is fitted. T he  general outfit includes tw o steel m asts 
and  topm asts, three steam winches, steam w indlass, and  electro- 
hydraulic steering gear, controlled by telem otor from  the wheel- 
house, as well as m echanically from  the boat deck and  by an 
autom atic gyro pilot. All the officers’ and  engineers’ cabins 
have a private toilet adjoining. A m echanical system of ventila
tion  and heating is fitted in  the accom m odation. Refrigerated 
cham bers o f about 3,920 cu. ft. are fitted in  the poop 
’tween decks, and  electric F reon-type refrigerating m achinery is 
installed. T h e  navigating  equipm ent includes wireless and 
direction-finder, rad ar apparatus, gyro compass, electric log, 
rudder indicator, echo sounding gear, electric telegraphs, etc. 
T he  propelling m achinery, constructed by R ichardsons, W est- 
garth  and  Co. L td ., H artlepool, consists of a set of double
reduction  geared turbines developing 7,300 s.h.p. at 100 r.p .m ., 
w ith  a m axim um  of 8,200 s.h.p. a t 104 r.p.m . Steam  at a 
pressure o f 4501b. per sq. in. is supplied by tw o Foster Wheeler 
“D ” type boilers, bu rn ing  fuel oil on the T o d d  system. Electric 
cu rren t is supplied by tw o 300-kW ., 230 volts, turbo-generators 
and  one 75-kW ., 230 volts, D iesel-driven generator. In  addi
tion, tw o  50-kW . m otor generators are provided to  give 110- 
volt supply for ligh ting  and hull services.— T he Shipbuilder 
and M arine Engine-Builder, Vol. 59, December 1952; p. 721.

T he manoeuvring position for each p a ir of engines is on the 
inboard engine, so th a t one engineer is able to  operate a pair. 
M anoeuvring can be carried ou t by the use of the couplings 
while one engine of each pair is ru n n in g  ahead and  the other 
astern. A ny possible risk of error w hile manoeuvring has been 
elim inated by the use of locking and  safety devices. T h e  engines 
are no t subjected to  so m any blasts of cold starting  air as usual 
w hen this m ethod of manoeuvring is em ployed, n o r is there such 
a large dem and for compressed air. F resh  w ater cooling has 
been employed in  the cylinder jacket, while the pistons are oil 
cooled. I t  is understood th a t m aintenance w ork will be carried 
ou t on  the engines w hen the vessel is on the slower service.—  
The Sh ipp ing  W orld , Vol. 127, 19th N ovem ber 1952; p. 403.

Oil Additives Relieve Boiler S lagg ing
A t the Research and  D evelopm ent C entre of T he  Babcock 

and W ilcox C om pany, Alliance, O hio, U .S .A ., troublesom e 
superheater deposits were found  to  be characterized by low- 
m elting constituents, and  laboratory w ork was carried ou t on 
selected materials w hich, w hen intim ately m ixed w ith the oil 
ash, w ould raise its m elting po in t so th a t upon  deposition on 
heating surfaces it w ould be dry and  thus m ore readily rem ov
able. T he effect on fusing tem peratures by intim ately m ixing 
synthetic oil ash w ith  various additive com pounds was studied, 
using  A .S .T .M . coal-ash fusibility determ inations. T h e  first 
fusion cones were m ade from  an  actual oil ash obtained by 
bu rn ing  a quan tity  of a typical troublesom e oil un til the ash 
was left as a residue. Since th is was a tedious and  expensive 
way to  obtain  oil ash, all subsequent sam ples were com pounded 
by m ixing the individual constituents in  p roper p roportion  
to  obtain  the same chemical com position as present in  the oil 
ash. C om parable fusing tem peratures were obtained when 
using th is synthetic ash. A  num ber o f m aterials were added 
individually  to  the synthetic ash and  it  was found  th a t some 
m ixtures had higher fusing tem peratures th an  the oil ash alone. 
T he next step in the investigation was to  set u p  a  p ilo t furnace 
fo r testing prom ising additives under sim ulated conditions. 
T he  equipm ent consisted essentially of a small furnace in  w hich 
the fuel-additive m ixture was burned  and  a series of three air-

Italian T w in -screw  M otorship
T h e  first of a series of five new vessels, the Sicilia, has 

entered the T irren ia  L ine service between Sardinia, Sicily and 
the Ita lian  m ainland. T h is  ship was launched last M arch  
by C antieri N avali R iun iti a t Palermo. I t  is the first Ita lian  
vessel to  be fitted w ith  m ulti-engined propelling machinery. 
T here are four engines geared to  tw o shafts th rough  electro
m agnetic couplings. W hen all four engines are runn ing , the 
service speed is 16 75 knots, while one engine on each shaft is 
capable of m ain tain ing  a speed of 14 75 knots. T he  principal 
characteristics o f the Sicilia  are as follow s: —

L ength  overall .. .  .................  .. .  383 feet
L ength  b.p. ... . .. .................  347ft. lOin.
B readth .. .  . . .  . . .  ................. 52ft. 2in.
D ep th  .................  .. .  ... . . .  32ft. 2in.
G ross tonnage ... ... .................  5,250 tons
D eadw eight tonnage ... .. .  .. .  1,200 tons 
D raugh t ... .. .  . . .  . .. ... 17 feet 
C argo capacity .. .  ... ... . . .  54,750 cu. ft. 
Service speed (4 engines)... . . .  ... 16 75 knots 
Service speed (2 engines)... ... ... 14 75 knots 

T h e  arrangem ent of the m ain propelling m achinery is the first 
of its k ind  to  be bu ilt in Italy. I t  consists of fou r F ia t- 
A nsaldo tw o-stroke single-acting Diesel engines coupled to  two 
shafts by means of A.S.E.A. electro-m agnetic couplings. Each 
engine develops about 2,300 h.p. and  has six cylinders w ith a 
bore o f 480 mm . and a stroke of 640 m m . T h e  norm al ou tpu t 
is 7,200 h.p. at 280 r.p .m ., reduced to  150 r.p.m . at the shafts.
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cooled coils upon  w hich the resulting  deposits from  the p ro 
ducts o f com bustion  were collected (Fig. 2). T he  coils were 
placed a t  different levels in  the stack to  study  the effect of 
various tem perature zones on deposit fo rm ation  on  the cooled 
m etal tubes. D u rin g  the p ilo t tests the additive was m ixed w ith 
the fuel p rio r to  com bustion, as it  was believed th a t the effective
ness o f the additive w ould be increased thereby ow ing to  its 
m ore even dispersion th rough  the fuel and  its m ore intim ate 
con tac t w ith  the oil ash th ro u g h o u t the com bustion process. 
F o r this reason a m ixing device was incorporated  in  the test 
arrangem ent (Fig. 2). T o  accelerate the tests and  increase the 
rate o f deposit form ation , Diesel fuel oil to  w hich a synthetic 
ash was added  was used to  produce deposits sim ilar to  those 
obtained on com m ercial boiler units. A dditives in  the form  of 
finely divided m aterial suspended in the fuel and  metallic 
organic com pounds of the soap type (soluble o r miscible w ith 
oil) were tried  in  the p ilo t test p lan t in  various w eight ratios 
to the ash in  the oil. A lum ina, m agnesium  oxide, and  calcium  
oxide were found  to  be the m ost prom ising of the additives 
tested in  producing  a pow dery deposit th a t was easily rem ov
able from  the coils. T h is  contrasted  w ith  the hard , glassy, 
fused m aterial w hich was form ed w hen these additives were 
no t used.— M arine E ngineering and Sh ip p in g  Review, Vol. 57, 
N ovem ber 1952, pp. 59-62.

then the corresponding ships w ill show the same com parison. 
T h is  is, however, one of the grossest assum ptions in  the sub
ject. I t  implies tha t m odels can  first be tested accurately; and  
granted  this, th a t they correlate to  the ship in  exactly the same 
way. T he  last few years have fortunate ly  greatly changed 
professional conscience on  m odel infallibility. T he next few 
years should  show a sim ilar professional aw akening on  corre
lation  im plications. O nly in ternational sifting  of every aspect 
of the problem s involved will ensure the necessary perspective 
and  energy being devoted to  the ir solution.— Paper by E. V . 
Telfer, read at a m eeting o f the In s titu tio n  o f N aval A rchitects 
in  Genoa, 26th  Septem ber 1952.

Ship M ode l Correlation
T h e  problem  o f sh ip  m odel correlation is a real anxiety 

to the shipbuilder and  to  the experim enter alike. I t  is signi
ficant th a t the in troduction  of the fully tu rbu len t m odel has 
coincided n o t only  w ith  the m ore w idespread adoption  of the 
sm ooth welded hull b u t also w ith  the increasing preference for 
Diesel p ropulsion  and  its associated use of the low -pitch-ratio  
propeller. T h e  sm ooth hull has destroyed the fo rtu itous validity 
of the F roude frictional coefficients; and  the greater favourable 
efficiency scale effect of the low -p itch -ra tio  propeller, as com 
pared w ith  th a t o f earlier norm al an d  h igh-p itch -ra tio  screws, 
has caused ship propulsive coefficients now  to  be appreciably 
greater th a n  those previously predicted from  the m odel values. 
These tw o additive effects have recently produced some rather 
extraordinary  errors in  pow er p red iction ; and  overestimates of 
the order o f 30 per cent in  the actual pow er found  subsequently 
necessary in  th e  ship are no t unknow n. Such errors have 
seriously d isturbed B ritish shipbuilders; and  w ith  some the 
m odel experim ent has lost caste. T h is  state o f affairs is u n fo rtu 
nate; an d  since the m odel experim enter can hardly  be blam ed 
for welded ships an d  Diesel engines, all in  the profession should 
appreciate the qu ite  fo rtu itous circum stances w hich have neces
sitated the com plete overhaul of m odel prediction m ethods pre
served w ithou t fundam ental change ever since F roude’s in tro 
duction  of the subject. Such overhaul requires the correct 
knowledge of sh ip  and  m odel resistance on the one hand ; and 
the corresponding knowledge of ship and  m odel shaft-horse- 
pow er on  the other. T h e  au th o r subm its w hat he believes to  be 
a reasonably com plete treatm ent o f the m ethodology of ship- 
m odel correlation. T h is  m ethodology w orks; and  is unified 
in  a w ay th a t no  o ther existing treatm ent can  sim ilarly claim. 
I t  avoids quite a num ber of controversial issues and  shows th a t 
their fu tu re  solution need n o t delay the im m ediate evaluation 
of the correlation problem . F o r  example, the true  m inim um  
tu rbu len t line, w hether specific resistance is finite o r zero for 
zero relative viscosity are in teresting  issues, b u t they are no t 
prerequisites to  fu rth er correlation  progress. V ital prerequisites 
are greater know ledge o f edge effects on  planks and  the ir rela
tion  to  rad ius effects o n  cylinders an d  ship models, since both 
lead to  the dem onstration  of variable extrapolation. Studies 
o f this by geoism research are being greatly hindered no t only 
by cost b u t by tank  wall-effect destroying com plete sim ilarity 
w hen the larger geoisms are tested. N um erous attem pts have 
been m ade to  solve th is problem  b u t a sufficiently reliable and 
comprehensive m ethod is still awaited. T h e  m astery of co r
relation will transform  the m odel experim ent. A t present and  
in  the past w hat the m odel has said goes. T h e  shipbuilder 
has been led to  believe th a t if model A is better th an  m odel B,

Pneumatic Control Equipment
A range of m easuring an d  contro lling  instrum ents opera

ting  on the pneum atic force balance princip le has recently been 
in troduced by Sunvic C ontro ls, L td . T he  “nu ll balance” p rin 
ciple o f measurement^ norm ally  associated w ith  electrical 
m easuring circuits, is widely accepted to be capable of giving 
very accurate results, and  this advantage is also a feature of 
the pneum atic “null balance” m ethod  of m easurem ent. T he 
m ethod of operation of the “N u llm atic” in strum ents is briefly 
as follow s: the variable to  be m easured is caused to  exert 
a force on one side of a bellows u n it and  th is force is au to 
m atically backed off by an  equal and  opposite force exerted by 
servo-air in troduced  to  the opposite side of the bellows by 
m eans of a flap and  nozzle form  of contro l. T h is  servo-air 
pressure is directly p roportional to  the value of the variable 
being m easured and  can  be transm itted  to  an  ind icating  in s tru 
m ent, w hich has the form  of a sim ple pressure gauge bu t is 
appropriately  calibrated, o r  it  can  be used fo r autom atic regu
lation  of the variable. W here con tinuous records o f the variable 
are required, the servo-air pressure is connected also to  a 
pressure type recording instrum ent. A n o u ts tand ing  u n it in
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F ig . 1 — Sectional arrangement of 
“N u llm a tic” control u n it
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F ig . 2— A rrangem ent o f a “N u llm a tic” control un it incorpora
ting  proportional plus reset features

the new range is the “N ullm atic” controller. T h is instrum ent, 
also operating  on  the pneum atic force balance principle, is 
devoid of links, pivots, cams, etc., w hich, it is claimed, gives 
it  a high quality  perform ance. T he  controller is built up  in 
the “ stack” m ethod of construction  w hich affords easy access 
to  all com ponents and thereby simplifies m aintenance. A sec
tional arrangem ent o f a typical u n it is outlined in Fig. 1. T he 
only w orking parts  of the controller are the nozzle, pilot and 
needle valves, all of w hich can be removed easily for cleaning. 
T he controller can be pneum atically linked to  any of the “N u ll
m atic” transm itters for the purpose of regulating flow, pressure, 
tem perature, level and  m any o ther variables. T h e  schematic 
arrangem ent of a controller incorporating  proportional plus 
reset features is given in Fig. 2. T he net effect of the forces 
w ith in  th is contro ller is detected by the m easuring nozzle in 
the booster p ilo t valve. A force-balance is established when the 
control p o in t and  the measured variable servo-pressures are 
equal, and  when the valve, interm ediate, reset and  reset-reference 
pressures are all equal to  one another, b u t no t necessarily of the 
same value as the contro l point and  measured-variable servo- 
a ir pressures; w hen the controller is in  balance there is no flow 
of air, in  fact, th rough  either of the needle valves. W hen the 
p roportional band ad justing  needle valve is wide open, the 
controller is set to  give the narrow est possible p roportional- 
band, and  the resulting  action  is practically equivalent to  “on- 
off” control. A lternatively, if this needle valve is completely 
closed, a 200 per cent p roportional-band is obtained, because 
the area of the contro l po in t diaphragm  an d  th a t of the 
measured-variable d iaphragm  are in  the ratio  o f 2 :1 . T he 
purpose of the “reset” element of the controller is, of course, to 
bring  the regulator (valve, etc.) to  a fresh steady position as 
required by a change of load on  the p lant and  w hich restores 
the m easured variable to  the desired value. In  the “N ullm atic” 
controller, the ra te  of change of pressure of the a ir fed to  the 
regulator is governed by the setting of the reset needle valve. 
T he  reset-reference pressure is reproduced in the reset-pressure 
cham ber by means of the 1 :1  ratio relay. C onsequently, if the 
contro l c ircu it is no t in  balance, the reset-reference pressure 
changes a t a rate dependent upon the setting of the reset needle 
valve. T he  air pressure in  the interm ediate cham ber is thereby 
raised o r  lowered, thus p roducing  the gradual and  continued 
change in  the pressure o f the air fed to  the regulator, and 
w hich is necessary to  restore the contro l system to  a state of 
balance.— Engineering and Boiler H ouse Review, Vol. 67, 
N ovem ber 1952; pp. 328-330.

Heat Transfer to Sprays of W ater  in Steam
An investigation is m ade in to  the m echanism  of the flow 

of water, and  the heat transfer from  steam to the water, from  
the coarse spray nozzles used in  comm ercial apparatus. T he

heat transfer can  be regarded as taking place in  tw o phases, the 
film phase and  the d rop  phase, corresponding to  the flow of 
water as a film and  in drops. F o r a range of pressures u p  to 
about 1 atm osphere, the first phase is the m ore significant so 
tha t the use of a larger num ber of nozzles (to produce smaller 
drops) becomes of secondary im portance in  heat transfer, where 
the initial tem perature difference and  velocity are the im portan t 
param eters. M ethods of arriv ing  a t the values o f the various 
dynam ical stages are dem onstrated. H eat-transfer coefficients 
in  the film phase are of a m uch greater o rder th an  those used in 
conventional tube flow arrangem ents, a lthough  the physical 
relations are the same. T he  drop-phase coefficient has also been 
measured.— Paper by S. W einberg, subm itted  to  the In s titu tion  
of M echanical Engineers fo r  w ritten discussion, 1952.

Gear M anufacturing by Hot Rolling
In  bar stock, the “fibres” are positioned in  the direction of 

the rolling. Therefore, w hen m achin ing  the teeth of a gear 
by shaping o r hobbing, these “fibres” are severed. T h is  is dis
advantageous to  the tensile streng th  of the workpiece. T he  
direction of the fibres is m uch m ore advantageous in  die-forged 
blanks, however, the m achining o f the teeth will cu t the “fibres” 
here as well. These handicaps have been com pletely elim inated 
by a process w hich has now  been perfected at the “M atyas 
Rakosi W orks” after tw o years o f experim ents. By this process 
the tooth  profile is pressed from  bo th  sides in to  the blank, 
heated to  red heat by the gradual pressure o f a form ed rolling 
tool an d  by its alternate rolling. T he  teeth thus p roduced are 
so accurate th a t they require no finishing. O nly half a m inute 
— approxim ately one tw entieth  of the entire shaping tim e— is 
needed for heating and  rolling the small nickel-chrom ium  steel 
gears m anufactured  as described above. T h e  th in  oxide coat
ing developed w ith in  this short tim e does no t prevent case- 
hardening; these gears have ru n  for thousands of kilometers in 
gear boxes w ithout becoming defective. T h e  saving in  m aterial 
is about 22 per cent. T h e  m anufactu ring  cost of a rolling 
m achine is considerably lower than  th a t of any  gear hobber 
or shaper and  its operation is very simple. T h is  m ethod appears 
to  be advantageous for the p roduction  of o ther parts also, such 
as splined shafts, racks w hich have teeth only in the m iddle, 
etc.— H ungarian Technical A bstracts, Vol. 4, N o . 3, 1952; 
p. 87.

Calculation of W e ld in g  Stresses
T h is  report by R. Spronck an d  J. J. L. van M aanen, issued 

by the Centre Beige de Recherches N avales, describes tests per
form ed during  the construction  o f a partially  welded cargo 
vessel and  a completely welded tanker. M easurem ents were 
m ade of deflexions and  deform ations in  the neighbourhood of 
welded joints in  the bottom  p lating  after a com plete transverse 
joint had  been welded. T he  m easurem ent o f local deform a
tions a t a num ber of places on the surfaces of plates perm its 
the stresses to  be calculated in  zones w hich are some distance 
from  the welds, provided th a t the deform ations rem ain elastic. 
W here the stresses in  the im m ediate neighbourhood of the 
welded jo in t are required, it is necessary to  determ ine them  by 
m easuring the deform ations caused by drilling  sm all holes. T he 
theoretical considerations underly ing the determ ination of these 
stresses are first considered, and  the au thors then describe the 
actual tests perform ed and  tabulate the results. In  the partially 
welded cargo vessel the stresses due to  w elding were found  to 
have widely varying values. I t  can be concluded, however, 
th a t in the neighbourhood of the weld, longitudinal stresses of 
the order of 20 tons per sq. in. and  transverse stresses of 8 tons 
per sq. in. w ill be encountered; these stresses will decrease w ith 
increasing distance from  the joint. R iveting introduces stresses 
w hich, while appreciable, are considerably lower than  those due 
to  welding. In  the case of the all-welded tanker, the results 
indicate th a t high elastic stresses were present, and  th a t the 
stress d istribution  was far from  uniform . T he  results obtained 
are analysed and discussed in  some detail.— Journal, T h e  British  
Sh ipbu ild ing  Research Association, Vol. 7, N ovem ber 1952; 
Abstract N o. 6,760.
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N ew  Turbine Tankers
T he turbine tanker Caltex L iverpool is the first of a series 

of seven sim ilar vessels o f about 17,000 tons d.w. ordered by 
Overseas T anksh ip  (U .K .), L td . T h is  series was preceded by a 
series o f fou r m oto r tankers o f about 12,000 tons d.w. T he 
Caltex Liverpool was bu ilt by R. and  W . H aw thorn , Leslie and  
Co., L td ., H ebburn -on-T yne, w ho have three sim ilar vessels 
also under construction  o r  on order. A speed of m ore th an  15 
knots was obtained over the m easured mile w ith  the ship in 
loaded condition . T h e  vessel showed excellent manoeuvring 
qualities du ring  tu rn in g  trials and  the tu rn ing  circle appeared 
to  be rem arkably small for a vessel of th is size and  speed. T he  
principal particulars o f the C altex L iverpool are as fo llow s: —  

L ength  overall .. .  ... . . .  544ft. 4in.
L ength  b .p .........................................515 feet
B readth m oulded .. .  ... 70 feet 
D ep th  m oulded to  upper deck... 39ft. 9in.
D rau g h t ... ... ... ... 30ft. 3 |in . 
D eadw eight at above d ra u g h t ... 17,460 tons 
G ross tonnage . . .  .. .  .. .  11,814 tons 
N et tonnage ... ... ... 6,886 tons 
C argo capacity  ... . . .  ... 824,116 cu. ft 
M axim um  h o rsep o w er... ... 8,200 s.h.p.
Speed in  service ... ... 14 knots

T h e  cargo space is divided in to  nine oil tanks, each subdivided 
by tw o longitudinal bulkheads, m aking a total o f 27 oil cargo 
com partm ents, having a to tal capacity  of 824,116 cu. ft. T he  
vessel is o f the single deck type w ith  poop, sho rt bridge and  
forecastle decks, w ith  raked stem and  cruiser stem . A n oil 
fuel bunker is arranged p o rt and  starboard a t  the forw ard end 
of the engine room , w ith  a  cofferdam between the bunker and 
the cargo tank. Oil fuel bunkers w ith  cofferdam  are arranged 
im mediately forw ard of the cargo tanks, w ith  a deep tank for

oil fuel o r w ater ballast, a case cargo space and  pum p room  
between the bunkers and  the fore-peak. T h e  double bottom  
in  the engine room  is arranged m ainly for feed w ater an d  the 
fore and  after peaks fo r w ater ballast. T he  m ain  pum proom  
is im m ediately forw ard of the m ain engine room , arranged 
between the bunkers and  ad jo in ing the cargo tanks, w ith  an  oil 
settling tank  over the after end. T he  p u m p  room  contains three 
horizontal pum ps, connected to  a 12-inch p ip ing  system for 
loading and  discharging cargo, and  three vertical duplex pum ps 
are connected to an 8-inch diam eter stripp ing  system, all w ith  
contro l geared to  the upper deck. F u ll flooding carbon-dioxide 
fire extinguishing is provided for engine and  boiler spaces and  
fo r m ain  cargo pum p room . T h e  steering gear is of the fou r- 
ram  electro-hydraulic type, w ith  tw o electrically driven p u m p 
ing units. T he  m ain  propelling m achinery consists o f a  single
screw geared turbine installation  developing a  m axim um  pow er 
of 8,200 s.h.p. Steam  is supplied by tw o Y arrow  w atertube 
boilers a t a pressure o f 4501b. per sq. in. an d  a tem perature of 
750 deg. F . T he  pow er u n it consists o f one h.p. tu rb ine of the 
im pulse type and  one l.p. turbine o f the im pulse reaction type. 
T he  gearing is o f the double-reduction articulated  type, the 
drive from  the turbines being transm itted  to  the prim ary  gears 
th rough  flexible couplings, and  the drive from  the prim ary  gear 
wheels transm itted  in  tu rn  to  the secondary p in ions th rough  
quill shafts and  flexible couplings. T h e  astern tu rb ine of the 
im pulse type is incorporated  in  the a f t end of the l.p. ahead 
casing, and  develops 60 per cen t of the service ahead power. 
T h e  tw o boilers are o f the Y arrow  m arine th ree-d rum  type w ith  
superheaters, a ir heaters and  forced d raugh t fans capable of 
supplying a to ta l o f 90,0001b. o f steam per hour. T h e  M eLeSco 
superheaters have 44 elements in  each boiler, o f the m ulti-lim bed 
single-pass type w ith  forged re tu rn  bends. A desuperheater 
of the tubu la r type is fitted to  each boiler, capable of desuper
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heating 30,0001b. o f steam per hour for various auxiliary- ser
vices. A utom atic com bustion contro l is provided.— The S h ip 
ping W orld, Vol. 77, 10th December 1952; pp. 461-465.

Gas Turbine-driven M .T .Bs
T he gas turb ine-driven m otor torpedo boat Bold Pathfinder 

was recently placed in  service by the A dm iralty  and  a sim ilar 
ship, the Bold Pioneer, will soon follow. T he m achinery instal
lation is on new lines, com prising M etrovick gas turbines of
4,500 b.h.p. in com bination w ith  Diesel engines of 2,500 b.h.p. 
T he  turbines are developed from  the G atric type installed in 
M .G .B . 5559 (ex 2009). T he  B old Pathfinder, bu ilt by Vosper, 
L td ., is o f the round  bilge type and  is 122ft. 8in. overall w ith 
a length b.p. of 117 feet and  a beam of 20ft. 5in. T he Bold  
Pioneer, w hich was constructed  by J. S. W hite and  Co., L td ., 
is a hard  chine boat, 121 feet overall w ith  a length b.p. of 116ft. 
3in. and  a beam of 25ft. 6in. T he  vessels carry  four 21-inch 
torpedo-tubes and  one 4 5-inch gun  and  they are so designed 
as to  be interchangeable as M .T .B s o r M .G.Bs. A com plem ent 
of two officers and  sixteen ratings is carried.— T he M otor Sh ip , 
Vol. 33, D ecember 1952; p. 354.

Brittle Strength and Transition Temperature
T h is  paper presents the results of a study  of the available 

test data regarding brittle  strength  and transition  tem perature 
from the wide plate tests sponsored by the Ship S tructure  C om 
mittee and affiliated program m es. T he study includes (1) brittle 
strength  and  (2) transition  tem perature range between brittle 
and  ductile fracture. Both of these appear to  be related 
prim arily  to  a variable designated herein as p, the ra tio  o f the 
radius a t the roo t of the notch to  the net cross-sectional area 
of the specimen. T h e  brittle  strength  shows a general tendency 
to  increase w ith  a corresponding increase in  p  fo r a consider
able range, w hich covers all values of the variable for w hich 
data could be obtained. O n the other hand, the transition  tem 
perature tends to  rem ain practically constan t for all values of 
p  less th an  some critical value, whereas above th is critical value 
transition  tem perature appears to  d rop  as p  increases. Some 
of the discrepancies th a t have been observed in the strength 
and  transition  tem perature of small specimens relative to  large 
specimens m ay arise from  the influence of the param eter. In  
general, fo r geom etrically sim ilar specimens, the value of p  is 
num erically larger for the sm aller specimens. T h is  perhaps 
explains w hy small specimen tests are in general less severe than 
are tests of large specimens o r tests of prototype structures.—  
W . C. H oeltje and N . M . N ew m ark, T he  W elding Journal, 
Vol. 31, N ovem ber 1952; pp. 515-s - 521-s.

Photographic Analysis of Sprays
T he study  of spravs and  their properties has been ham 

pered by difficulty in  obtain ing trustw orthy  measurem ents of 
the num ber, sizes, and  velocities o f drops a t various locations 
w ith in  a spray. M any attem pts to  evaluate the character of a 
spray have been concerned only w ith  the d istribution  of the 
flow and  give no  inform ation  about the drops. An example is 
the pattem ato r, w hich operates w ith  cups placed a t various loca
tions in  the spray. A fter the spray fills the cups for some period of 
time, the contents of each cu p  can  be measured to  evaluate the 
flow rate a t th a t location. O ther m ethods of analysis attem pt 
to  m easure the num ber and  size of the drops o f a spray. M ost 
of these depend on physical sam pling of the spray o r on the 
scattering of ligh t by the spray. Physical sam pling is usually 
accom plished by having drops im pinge on  cups or m icroscope 
slides in the spray or by sucking them o u t of the spray th rough  
a tube. T he  captured  sam ple can then  be analyzed leisurely 
fo r num ber and  size o f drops. These procedures are u n tru s t
w orthy because it is questionable if the sam ple analyzed is rep
resentative o f the original spray. T he  photographic m ethod of 
spray analysis described in this paper was developed to give 
spray measurem ents w hich are no t biased by physical sam pling 
and  w hich are susceptible to  direct interpretation in term s of 
num ber, sizes, and  velocities of the drops. In  the photographic 
technique of spray analysis, pictures are taken of a small volume

in the spray w ithout d istu rb ing  the flow pattern  w ith  any 
objects. T he  d rop  images on  the film  are m easured and 
counted, giving the size d istribu tion  of drops in  the small 
volum e of the spray (the spatial d istribution). F o r m ost app li
cations, however, the inform ation  desired is the size d istribution  
of drops passing a cross-sectional area in  a u n it tim e (the tem 
poral distribution). Since the tem poral d istribu tion  is the pro
duct of the spatial d istribution  and  the average velocity of 
drops o f each size, it is necessary to  m easure drop velocities to  
obtain the tem poral d istribution. T herefore double exposures 
are taken of regions in  the spray w ith  a sm all know n interval 
between exposures. T he  resulting photographs show a pair of 
images for each drop, one image m ade a t each exposure. T he 
velocity o f each d rop  can be calculated from  the distance 
between images and  the interval between exposures.— J. L . 
York and H . E. S tubbs, Transactions A .S .M .E ., Vol. 74, 
October 1952; pp. 1,157-1,162.

Am yl N itrate
T h e  U .S. N avy is conducting  tests o n  a com pound 

designed to  im prove Diesel fuel. T h e  new chem ical com pound 
is designed to  raise the quality  of Diesel fuel to N avy require
m ents w ithout the refining now  necessary. T h e  com pound is 
a result of fou r years of research by the E thy l C orporation. 
I t  is a blend of several nitrates found  to  be the m ost economical 
and practical as a quality  booster of Diesel fuel. Sm all am ounts 
of the blend added to  Diesel fuel w ill im prove its quality , 
causing it to  ignite m ore readily in  th e  com bustion  cham ber of 
an  engine. T he  com pound consists o f a  m ix tu re  of p rim ary  
am yl nitrates w hich is blended in to  the finished fuel. As little 
as one-tenth  o f one per cent by volum e is sufficient to  bring  
m any distillate heating oils w ith in  the cetane num ber range of 
comm ercial Diesel fuels. M oreover, it  is effective in  im proving 
the cetane num ber o f all types o f Diesel fuels, regardless o f the 
crude source, refining technique or su lphu r content. E thy l’s 
ignition im prover promises to  be of great assistance to  the oil 
industry  in  m eeting a dem and for Diesel fuel th a t has expanded 
four-fo ld  since 1941 and  is expected to  double again by 1960.—  
Diesel Progress, N ovem ber 1952; p. 86.

New  Bearing A lloys
W ork a t the F u lm er Research In s titu te  has led to  the 

developm ent of an  im portan t new series o f a lu m in iu m /tin  bear
ing alloys. A lu m in iu m /tin  alloys, w hen cast, form  a continuous 
film round  the g ra in ; th is renders them  very b ritde  a t  the tem 
peratures a t w hich they are norm ally used— say, 120 to  140 
deg. C. In  the past, the tin  con ten t o f a lum in ium  alloys has 
therefore been lim ited to  less than  10 per cent, a lthough  it was 
assumed th a t the an ti-fric tion  properties o f alloys o f th is type 
w ould im prove w ith  the increase in  tin  content. I t  has been 
shown tha t by a process o f cold w orking followed by recrystal
lization heat treatm ent, the tin  can  be redistributed in  a dis
persed form  w ith  great im provem ent in  m echanical properties 
a t the slightly elevated tem perature a t w hich bearings operate. 
Alloys contain ing  30 per cent o f tin  have been developed by 
th is m ethod, and  bearing tests by the T in  Research Institu te  
have show n th a t they have high fatigue resistance. P rom ising 
results have been reported on engine trials w ith the new 
m aterials.— Gas and O il Power, Vol. 47, N ovem ber 1952; pp. 
267-268.

Hot M ach in ing  of H igh -a lloy  M aterials
T he article by A. A. C am inada published in the journal 

“M aterials and M ethods” draw s a tten tion  to  the fact th a t 
interest in ho t-m achin ing  m ethods has been m uch stim ulated in 
recent years by problems encountered in  m achining high-tem - 
perature alloys an d  o ther refractory  m aterials. Several tech
niques have been developed, each of them  having its own 
advantages and  lim itations. T h e  features of the respective 
processes are critically  discussed in  th is article, in m utual rela
tion , and  in  relation to  cold-m achin ing  procedure. H o t- 
m achining procedures are basically o f tw o types: in one the 
entire piece is heated, whereas in  the o ther only  the spot
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im m ediately in fron t of the tool is preheated, and  this area is 
rem oved as quickly as possible. These two basic m ethods have 
been applied chiefly in  the follow ing w ays: (1) by m achining 
the w ork while it is still ho t from  o ther m anufactu ring  p ro 
cesses; (2) by preheating the w ork and  m achin ing  before it 
cools, meanw hile insulating  the hold ing device to  prevent exces
sive loss of heat; (3) by heating the workpiece on the machine 
im m ediately ahead of the tool by induction , w ith  a flame, or 
w ith  an electric arc ; (4) by surface heating the workpiece in 
advance of the tool. T he first procedure is used in steel mills, 
for example, fo r ho t saw ing of steel b ille ts : the others have been 
used fo r m achin ing  of parts  in  the shop. Experience gained in 
the use of the respective m ethods is described by the author, 
and  the discussion is illustrated by diagram s show ing results 
obtainable by ho t m achining of stainless nickel-chrom ium  steel 
and  o ther m aterials. A lthough investigation of the potential 
usefulness o f ho t m achin ing  is no t yet complete, it is already 
clear th a t the m ethod  has advantages in handling materials 
w hich give difficulty in cold  m achining, th a t a good finish is 
obtained on hot-m achined work, and  th a t for some materials 
the procedure is an  econom ic proposition .— The N ickel Bulletin, 
Vol. 25, October 1952; p. 242.

Refrigerated Cargo Vessel
T he refrigerated cargo vessel A lstertor  is the th ird  post

w ar vessel of th is type bu ilt by the D eutsche W erft. T he  lead
ing particulars are : L ength  o.a. 390ft. I l f  in .; length b.p. 357 
feet; bread th  m oulded 46ft. 11 in .; sum m er d raugh t 20ft. 0 |in . ;  
3,150 tons d.w .; speed 1 6 | knots. T h e  vessel is of the open

shelter deck type. T he hull is largely w elded; as are also the 
rudder and  the stern frame. T he propulsion  p lan t consists 
of a seven cylinder direct-reversing single-acting tw o-stroke 
M .A .N . Diesel engine of the crosshead type. T he cylinder dia
m eter is 700 mm . and stroke is 1,200 mm . A t 125 r.p.m . the 
engine develops 4,620 h.p., the m .i.p. being 6'25 atm . M in i
m um  speed approxim ates to 40 r.p.m . T he  refrigerating p lan t is 
so designed th a t tem peratures of 10 to  12 deg. C. can be m ain
tained fo r banana and  -  12 deg. C. fo r m eat cargo. T here 
are three four-cylinder N IL  com pressors w ith  a total capacity 
of 510,000 kcal. per hour, each com pressor being driven at 
280/350 r.p.m . by an  electric m oto r o f 82/110 h.p. having a 
speed of 1,100/1,450 r.p .m .— Sch iff u n d  H afen, Vol. 4, 
N ovem ber 1952, pp. 423-429.

Fluid Piston Type Bearings
Several novel types of p iston  pum p bearings have been 

in troduced  of late, such as, fo r instance, the G erard  bearing, 
w hich has already been applied w ith  success to  g rinding 
machines. In  fact, application  of these bearings is rapidly 
increasing ow ing to  their inherent extraord inary  advantages in 
certain  cases. These bearings can  be lubricated by the fluid 
being pum ped, a lthough  it m ay have no  lubricating  qualities 
in  the usual sense an d  m ay even be ho t and  corrosive. M ore
over, m aterials m ay be used w hich w ould no t be suitable for 
conventional bearings. Also, m etal-to-m etal con tac t for short 
periods can be tolerated and  foreign particles w hich score the 
bearing will no t necessarily affect its operation. In  fact, the 
bearing surface does no t need to  be particu larly  sm ooth. In
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the case o f pum ps w hich have to  handle corrosive liquids or 
liqu id  metals, considerations of leak-proof design make it 
im perative th a t the bearing should operate in  the liquid  w hich 
is being pum ped. T h is  means th a t the bearing m ust be lub ri
cated w ith fluids w hich m ay be low in viscosity, having very 
poor bearing qualities itself as it has to  be selected exclusively 
from  the aspect of corrosion resistance. Latest applications 
include radial bearings as well as double-acting th ru s t bearings. 
T h e  radial bearing consists essentially of three o r m ore pockets 
of pistons spaced a round  the circum ference of the shaft. 
U sually, fou r such  pistons are used, w ith  each piston covering 
a little less th an  90 degrees of arc, leaving some space between 
adjacent pistons. E ach piston is a shallow rectangular box 
w ith  an  open end facing the shaft. F lu id  under pressure is 
passed th rough  an  orifice in to  each box and  exerts a th ru s t upon 
the shaft, holding it centrally in  the bearing.— The Engineers' 
D igest, Vol. 13, N ovem ber 1952; pp. 370-371.

Closed-circu it Hot A ir  Turbine
H o t a ir turbines of Escher W yss design are now being 

developed in  the U .S.A . by a com pany especially form ed for 
th is purpose. As will be seen from  Fig. 7, in sm all plants of
3.000 h.p. the com pressor and  the air turbine are arranged on 
a com m on shaft. T h is  design can be used for powers up  to
6.000 h.p. T h e  u n it show n in  Fig. 7 has an  overall length  of

only 1 1  m etres and  is arranged in  a cylindrical casing of 1 8  
metres diameter. T h is  un it is designed for th ro ttle  conditions 
of 30 atm . and  650 to  700 deg. C. and  a back pressure in  the 
closed cycle o f 6 atm . A ccording to  the fuel used, etc., ther
mal efficiency will vary between 26 and  28 per cent.— C. Keller, 
Sch iff un d  H afen, Vol. 4, N ovem ber 1952; pp. 459-463.

Radiography in a Clyde Shipyard
W ith the in troduction  of welding to m ain structu ral m em 

bers, the Clyde shipbuilders, being aware of the inadequacy of 
visual inspection of weld deposits, form ed a com m ittee to  
examine the possibilities of radiography as a means of routine 
weld inspection. A lthough quick to realize the potential value 
of th is m ethod, the shipbuilders were doubtfu l as to  the su it
ability o f existing appliances fo r site exam inations. Such units 
as were available were heavy and  bulky, and  this necessitated 
the constan t use o f cranage and  the erection of special staging 
and  platfo rm s fo r shell work. Im proved units, m anufactured  
w ith  the requirem ents of the shipyards in  m ind , became avail
able and  about five years ago the Clyde Shipbuilders’ Associa
tion  em barked upon  a scheme whereby radiographic inspection 
w ould be conducted  on  an  organized regional basis em ploying 
three inspection un its , nam ely: 1. A 90-kV. X -ray  u n it fo r the 
exam ination of plate thicknesses u p  to  \  inch. 2. A 140-kV. 
X -ray  u n it fo r the exam ination of plate thicknesses up  to  1$ 
inches. 3. A 250-mg. radium  source for the exam ination of

heavier sections. E ach u n it is operated by an  expert and  is con
trolled from  a parent shipyard, being available to  mem bers when 
and  where required. T he  scheme, w hich w orks sm oothly and  
well, is obviously of a tem porary  natu re ; already a few of the 
original members possess their ow n equipm ent and it is an tic i
pated as the am oun t of w elding increases th a t individual 
builders will acquire their ow n facilities. T h e  firm  w ith  w hich 
the au th o r is associated is responsible to  the Association for 
the operation  and  contro l of the 90-kV. set an d  the au tho r 
explains the function  of th is u n it in  the rad iographic contro l 
o f w elding w ith in  th a t firm. Recent developm ents in  the field 
of radiographic inspection due to  the availability of artificially 
created radioactive isotopes are discussed and  there is a com 
parison draw n between the results obtained using X -rays and 
gam m a-rays w ith  particu lar reference to  p late thicknesses of 
i  to  11 inches.— Paper by E. J. D u ffy , read at a m eeting o f the 
In s titu tio n  o f Engineers and  Shipbuilders in  Scotland, 18th 
N ovem ber 1952.

W e ld in g  Processes
A knowledge of the inherent characteristics differentiating 

the various w elding processes is im portan t to  the w elding engin
eer so th a t the m ost suitable w elding process can be selected. 
T he  various w elding processes differ according to  (1) Source of 
heating; (2) T ype of shielding; (3) A pplication  of pressure; (4) 
A ddition  of fiiler m etal; (5) C om pletion of the jo in t; (6) P re
paration  for w elding; and  (7) P ractical aspects of inspection. 
T h e  source of heating characterizes m any of the w elding p ro 
cesses. H eat from  electric power is created by resistance to  flow 
of electric current. T h is  is represented by spot-w elding, seam 
welding, projection w elding, flash w elding, and  upset welding. 
H eat m ay also be produced by an electric arc. T h is  is repre
sented in the shielded m etal arc w elding process, the atom ic 
hydrogen process, the inert gas m etal arc process, and  the sub
m erged arc welding process. H eat m ay be created by a discharge 
o f stored electrical energy, an d  th is is illustrated  by the per
cussion w elding process. A second source of heat m ay be from  
the com bustion of gases, such as oxygen w ith  acetylene, w ith 
hydrogen, o r w ith o ther hydrocarbon gases. T he  oxyacetlyene 
w elding process represents this group. H eat m ay also be genera
ted from  the com bustion of coal, carbon, o r  o ther solid com 
bustible m aterial. Forge w elding is an  example where charcoal, 
coke, o r coal is used for heating the m etal parts up to  a w elding 
tem perature. H eat m ay also be created by a chemical reaction, 
w hich is illustrated  by therm it welding. In  this process the 
heat generated is caused by the chem ical reaction taking place 
between alum inium  pou 'der and  iron  oxide. W elding processes 
can also be differentiated by the type o f shielding used to  p ro 
tect the m olten m etal from  contam ination  w ith  atm ospheric 
gases. F o r m any w elding processes, shielding o f the ho t weld 
metal m ust be adequately effective to preserve the m etallurgical 
quality  of the weld, preventing any  deleterious action  of oxygen 
and  nitrogen in  the a ir com bining w ith  the weld metal. W eld 
metal m ay be shielded by gases, liqu id  flux, o r  solid g ranular 
flux. T he protection of the ho t m etal against contam ination  
is usually  accom plished by gas shielding. In e r t gases such 
as helium and  argon are extremely effective in  protecting  the 
m olten m etal from  oxygen and  n itrogen in the atm osphere. 
Reducing gases such as hydrogen and  carbon m onoxide can 
also be effectively used to  prevent oxidation  and  n itrid ing  of 
the m olten metal. A good example o f reducing gases is the 
atom ic hydrogen process, w hich  is used fo r w elding stainless 
steel, a lum inium , and  m any o ther m etals where protection 
against oxygen and  nitrogen is extremely im portant. In  the 
bare m etal arc w elding process, no  special gas for shield
ing is used; and  m olten m etal is exposed to  the atm osphere. 
A nother m ethod of shielding is by liqu id  fluxes. In  the oxy- 
acetylene brazing process, the flux is applied as a solid material 
and  is converted to  a liqu id  by the heat o f the w elding pro
cess. T h is  liqu id  on top of the m olten m etal shields the metal 
against contam ination  from  the atm osphere. S till another 
m ethod of shielding is by the use o f solid g ranu lar flux 
material. T he process w hich uses this type of shielding, and is

F ig . 7
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widely used, is know n as the subm erged arc w elding process. 
In  th is process the oxygen and nitrogen of the a ir are excluded 
by the granular flux su rround ing  the m olten metal. In  the 
arc  zone the g ranu lar flux becomes a m olten blanket covering 
the ho t weld metal and protects it from  the oxygen and nitrogen 
of the air. W elding processes also are characterized by the 
application  o f pressure. Processes differ according to  the 
m ethod of pressure application. In  some processes pressure is 
an  im p o rtan t factor in  the w elding operation, while in  others 
pressure is no t required. F lash w eldipg is a process in  w hich 
pressure is of prim e im portance. Processes w hich do no t require 
pressure are, in general, the arc w elding processes such as the 
shielded metal arc, inert gas metal arc, and  subm erged arc. 
All o f the resistance w elding processes require pressure. T he 
success an d  quality  of the weld will depend largely on the 
application  of the correct am oun t o f pressure a t the proper 
time in  the w elding cycle. In  some processes pressure is applied 
as a single blow, and  in  still others, the application  is con
stan t.— J. J. C hyle, S .A .E . Journal, Vol. 60, October 1952; pp. 
30-39.

Embrittlement of Heat Resisting Steel
T he phenom enon of em brittlem ent of steels due to heating 

at m oderately high tem peratures for extended periods of time 
is well know n. T he  fact th a t the addition  of stress can acceler
ate th is condition  is a m ore recent discovery. D ata  on this 
la tter effect are no t available in sufficient quan tity  to  perm it 
fo rm ulating  exact conclusions on  the effects of stress, tem pera
ture, and  tim e on the em brittlem ent of alloy steels. T he 
em brittlem ent of heat-resisting steels w hen subjected to long
tim e heating was first evidenced by the failure of boiler flange 
bolts. A lthough such bolts are generally designed w ith large 
factors of safety based on short time, h igh-tem perature pro
perties, prem ature failures are frequently encountered. These 
failures are norm ally a t regions of stress concentration  after 
operation a t tem peratures of 500 deg. C. for 3,000 to 12,000 
hours. T h e  retained properties of broken bolts a t room  tem
peratures can be determ ined best by a no tch  im pact test. In  
m ost cases, the im pact energy of the entire bolt is reduced 
considerably after only a few hours a t high tem perature. T he 
steels m ost readily em brittled by tem perature and  stress are 
chrom ium -nickel-m olybdenum  and  chrom ium -nickel steels. 
T h e  C r-M o  steels are relatively free from  em brittlem ent effects. 
T h e  im pact properties of the C r-N i-M o  steels can  be greatly

increased by a reheat treatm ent. T he  m ajor portion  of the 
em brittlem ent, when it  is large, results from  heating alone. 
Furtherm ore, a steel no t em bri tried by heating is also no t sig
nificantly affected by the addition  of cyclic stresses. Creep 
damage for annealed C r-N i-M o  steel is large com pared to the 
em brittlem ent due to the heating alone. T he  hardness and  
retained im pact properties of stress-rup ture  specimens em brittled 
a t 932 deg. F. were determ ined before and  after reheat trea t
m ent for four steels. Results indicate th a t the hardness rem ains 
practically unchanged, except fo r the C r-N i-M o  steel, w hich 
exhibits a continuous decrease. T he  im pact strength  reveals a 
progressive em brittlem ent and  then a recovery after sufficiently 
long times to  rup ture . T he  retained im pact and  tensile p ro 
perties of stainless steel a t room  tem perature after creep has 
been determ ined to  illustrate the per cent reduction  in im pact 
strength  and  perm anent damage as a function  of creep tim e 
w ith creep stress as a param eter. T he  m ajor conclusions tha t 
can  be derived from  these data are : (1) the onset o f dam age 
is shifted to  longer times w ith  decrease in  the creep stress; and
(2) perm anent damage is developed only  if a certain  value of 
creep damage is exceeded.— Paper by G. Sachs and W . F. 
Brown. Paper N o. 74, The Am erican Society fo r Testing  
M aterials, 1952.

Autom atic  Helm sm an
T he U nited  K ingdom  m anufactures two au tom atic  steers

m en, either o f w hich will steer a ship m ore accurately than  the 
hum an  steersman. B oth makers m anufacture a num ber of 
variations to  su it the particu lar steering gear w ith  w hich a 
ship m ay be fitted, and  each type is designed to  follow a gyro 
compass. T he gyro com pass itself, if it is to  be accurate, m ust 
be arranged so as to  have extremely little fric tion  in its gim bal 
bearings, so it is usual for some k ind  of hu n te r o r  follow -up 
m otor to  be employed to  drive the gim bal ring  in  its bearings, 
thus relieving the gyro itself of all except the very ligh t load 
required to  operate the fo llow -up m echanism . T he  Brown 
gyro com pass uses an  a ir jet to  sw itch the follow -up m otor, 
while the Sperry uses electric contacts to  perform  the same 
function. T h e  B row n equipm ent now  uses a therm ionic 
am plifier to  reduce the wear and  tear o f the electric contacts 
operated by the a ir vane. T he Brown pilo t is arranged so tha t 
the rudder always lies in  a predeterm ined position to p o rt o r 
to  starboard. T h e  ru dder angles are chosen to  su it the ship 
and the prevailing weather, and  are norm ally set so as to  give

Fig. 5. CYCLE OF OPERATION OF BROWN AUTOMATIC HELMSMAN. Fig. 6 .
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the least m otion of the steering gear consistent w ith a reason
ably steady course. W hen a ship is rolling o r p itch ing  the 
angular m ovem ent o f the compass gimbals causes geometric 
errors, so tha t the lubber’s lines appear to  move to  and fro. 
C learly it  is no t desirable that, every tim e the ship rolls, the 
rudder should be reversed, so a  dead m otion is provided w hich 
will allow  the sh ip  (or the lubber’s line) to  yaw a certain 
am oun t before the rudder is applied. T he Brown helm sm an 
uses electrical contac ts to  contro l the ro tation  of an electric 
m oto r w hich is geared either to the ship’s steering wheel o r 
replaces the sh ip ’s telem otor system. T he  action of the Brown 
autom atic helm sm an is show n in Figs. 5 and  6, the w iring 
diagram  in F ig . 7. Such a system will h u n t continuously, 
b u t the determ ined ru dder angle being fairly  small, this is 
acceptable. T h e  system m ay be made m uch  m ore stable by 
means o f a feedback from  the actual rudder position, w hich is 
com bined w ith  the deviation from  true  course to  operate the 
contact drum . T h is  feedback has the effect of advancing the 
in stan t o f release of the rud d er as the ship swings tow ards its 
course and  of hastening the in stan t of application as the ship 
yaws away from  its course; it  thus acts as a hum an helm sm an 
should w hen he “meets” the sw ing of the ship. W ith  the 
feedback added there are now  tw o reset loops o r means by 
w hich the contac ts m ay be brought central, and  it becomes 
possible fo r the contac t to  become central w ith the rudder offset 
a t some angle less th an  the pre-determ ined lim its. A ny fu rther 
yaw of the sh ip  will be balanced by sm all changes in  the rudder 
position. In  th is m anner, therefore, w hen the yaw is small, 
the servo will behave as a continuous type, sim ilar to  the Sperry, 
bu t w ith larger yaws, where the rudder reaches its present lim its, 
it will function  as an  on-off o r “bang-bang” servo. T he  move
m ent o f the ru dder in  the Sperry system, on the o ther hand, 
is lim ited only by the lim its o f the steering gear.— J. R. D. 
W alker, Engineering, Vol. 174, 28th  N ovem ber 1952; pp. 706- 
708.

Instrum ents and Techniques in Vibration Research
V ibration testing  has become of very great im portance in  

all aspects o f m odem  engineering. T he  m ethod of test m ay fall 
in to  one of several categories, nam ely: (1) Excitation of a model 
of the final struc tu re  to  determ ine its critical frequencies and  
resu ltan t am plitudes. (2) Artificial excitation of the final struc
ture to  confirm  th a t am plitudes w ithou t specified m axima are 
no t produced. (3) M easurem ent o f the vibration am plitudes 
over the struc tu re  under norm al operating  conditions to  con

firm  th a t these am plitudes are u nder the specified maxima. A 
vibration test on  a m odel is com paratively easy and  has the 
advantage th a t it  m ay be perform ed before the full-size structure 
is built. T h e  application of scale factors and  the translation  
of the results to  apply to  the full-scale struc tu re  m ay be difficult. 
O n the o ther hand, the artificial excitation of a large structure 
requires proportionately large in p u t powers and  correspondingly 
expensive apparatus. F o r  these reasons full-size testing has 
tended in  the past to  have been of lim ited application , except 
so far as measurem ents were taken over the norm al range of 
operating conditions o f the possible v ib ra tion-producing  units, 
such as m otors, gears, propellers, etc., installed in the structure. 
T he  aircraft industry  has possibly been the m ost progressive in 
the developm ent of comprehensive v ibration  testing, b u t the 
specification of v ibration  lim its an d  tests is now  com m on in 
m any o ther industries. T he paper discusses m ethods of p ro 
ducing and  m easuring vibrations and  makes particu lar m ention 
o f equipm ent developed fo r a research project involving the 
v ibration testing of ship models u p  to 20 feet in length, in  a ir 
and  in  w ater.— Paper by D . S . G ordon, read at a m eeting o f the 
Ins titu tion  o f Engineers and Shipbuilders in Scotland, 12th  
December 1952.

Evaporation from W ater  Surface into A ir  Stream
W hen a hum id  surface is b rough t in to  con tac t w ith  a ir 

no t fully saturated w ith w ater vapour, evaporation, o r con
densation will take place according to  the tem perature of the 
surface ly ing above o r under the dew point. W ith  evaporation 
heat is w ithdraw n from  the surroundings and  w ith  condensa
tion heat is released. I f  the heat necessary fo r the evaporation 
under stationary conditions is supplied m ainly by the air, the 
surface, in  the long run , will reach a tem perature lying between 
the dew point o f the a ir and  the initial tem perature o f the air. 
In  the case of an  airstream  rapidly  flow ing along a surface, the 
heat exchange w ith  th a t surface is so intense th a t heat, sup 
plied unintentionally  in o ther ways, m ay be neglected. T he 
difference in tem perature between a ir and  surface in th is case 
is a  measure for the hum id ity  of the air. I t  has been possible 
to show experim entally th a t above a certain  air velocity the 
self-adjusting tem perature of the surface is independent of the 
a ir velocity. T h e  operation of a good psychrom eter is based 
on th is fact. T he  a ir tem perature (d ry  bulb  tem perature) and  
the barom eter reading are measured. I f  the value of the heat 
transm ission of the a ir to  the surface is know n, it is possible 
to  calculate the quan tity  o f evaporating w ater directly by divi
d ing  th is value by the heat o f vaporization. As there are m ore 
data available on  heat transm ission th a n  on  mass transfer, it 
is possible to  obtain sufficient data  in  the w ay indicated on 
evaporation from  surfaces under circum stances w hich have been 
realized a t experim ents concerning heat transfer b u t n o t yet at 
experim ents on  mass transfer. T he  au th o r establishes a form ula 
of m ore general character th an  was h itherto  available for the 
relation between heat and  m ass transfer. A form ula fo r the 
rate o f evaporation is given.— E. F. M . V an D er H eld, De 
Ingenieur, Vol. 64, 10th October 1952; C h. 89-94.

N ew  Alloy for Propellers
A new alloy for m arine propellers, nam ed N ikalium , has 

been developed by the M anganese Bronze a n d  Brass Co., L td ., 
B irkenhead, w ho m ade the first bronze propeller m any years 
ago. Experience has now  been gained over a considerable period 
w ith  the first N ikalium  propeller an d  it is found  th a t the claims 
m ade fo r the new alloy are justified. T h e  tensile strength  is 
25 per cent higher than  th a t o f m anganese bronze, the en d u r
ance lim it under conditions of corrosion fatigue in  sea w ater 
is nearly doubled, the m odulus o f elasticity is higher and  the 
specific gravity  considerably lower. V ariations in the m echani
cal properties th roughou t a large N ikalium  propeller are m uch 
less pronounced  than  those of a manganese-bronze propeller, 
since the m aterial is n o t nearly so sensitive to  section effect. 
Experience over several years has shown th a t exposure to  the 
corrosive influence of sea w ater has practically no effect upon 
N ikalium , and, as it contains no zinc it canno t suffer from
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dezincification. Repair by electric w elding is easily carried ou t 
on  N ikalium  propellers, while the fusion b u rn ing  process m ay 
also be satisfactorily employed. N ikalium  is welded w ith  
N ikalium  rods, so th a t sim ilar m echanical properties and  resis
tance to  corrosion are achieved in  the weld and  paren t metal.—  
The M o to r  Sh ip , Vol. 33, January 1953; p. 442.

Echo Finder for W h a lin g
A n echo w hale-finder w hich has been b rough t to  the com 

m ercial stage after some years of practical trials, has recently 
been dem onstrated. T h e  apparatus is a type of echo-sounder, 
em ploying w hat is know n as an  electro-acoustic transducer 
m ounted  in  a stream lined, sound-conducting  dome, projecting 
below the keel of the w hale-catching vessel. T h e  dome can  be 
retracted  when n o t in  use. T he  transducer is tra ined  from  a 
console on  the bridge an d  a repeater from  the sh ip’s gyro
com pass, incorporated  in  the tra in ing  con tro l un it, autom atically 
stabilizes the transducer in  az im uth  to the last bearing set by

r m m m m  g im m

CONSOLE UNIT

K elvin  H ughes echo whale-finder, show n ready for 
operation

the operator. Once the contac t w ith  the whale has oeen 
established, changes of course do no t th row  the beam  off the 
target. T he  equipm ent has been tested under operational con
ditions in  the Sou th  A tlantic d u ring  the past three w haling 
seasons in  co-operation  w ith  C hr. Salvesen an d  C om pany, Leith. 
By using  the new device, the gunner o f the w hale-catcher is 
provided w ith  continuous inform ation  of the whale’s position 
below the surface and  he can close fo r a shot in the shortest 
possible time.— T he M otor S h ip , Vol. 33, January 1953; p. 411.

Steering Ships
F ro m  any  num ber o f preselected steering stations, the 

“hand  electric” system  provides rud d er contro l. Its  operational 
advantage over o ther systems is the reduction  of steering effort 
required, p lus its accuracy and  reliability. In  essence the system 
consists o f a  rem otely controlled servo-m echanism  th a t positions 
the steering engine stroke, o r con tro l, shaft in  accordance w ith  
helm  order. T he  helm order is transm itted  by a selsyn genera
to r (to  w hich  the steering wheel o r  knob is geared) over a five- 
wire cable to the steering-gear room . H ere the helm receiver—  
a “m atch ing” con tro l transform er— produces an  electrical error 
signal p roportional to  helm  order. T h is  signal is m agnetically 
am plified and  contro ls a strok ing  m otor th a t determ ines the 
am o u n t an d  direction  of ru d d er called fo r by the steering 
engine. As the m otor strokes the steering engine, it  also tu rns 
the ro to r of the helm  receiver so th a t the erro r signal is reduced 
to  zero precisely w hen the correct am oun t of rud d er is called 
for. T hereupon  it stops ru n n in g  an d  holds th a t position un til 
a  new  helm order is initiated. T o  go one step  fu rther an 
elem entary course-holding feature, “basic auto-steering” , is

added to  the system. T h is  is done th rough  use o f a differential 
selsyn generator— one th a t produces a signal p roportional to 
the difference between its ow n ro to r position  an d  th a t of an  
in p u t generator. A gyrocom pass provides a reference axis an d  
the excitation fo r the differential generator, and  it  in  tu rn  
signals the helm  receiver for ru dder p roportional to  course 
error. T h e  helm  receiver then  controls the ru d d er position  
exactly as before. O nly there is th is difference: the gyro is 
con tro lling  the ru dder th rough  differential generator— the 
hum an  helm sm an is n o t necessary. A n em ergency override 
sw itch perm its instan t re tu rn  to  m anual control. T he  m ore 
elaborate “advanced au tom atic” system utilizes a modified helm 
transm itter such th a t the helm  angle specified by it  is p ro 
portional to  heading erro r and  rate o f change of th is error. 
A ffording ru dder “an tic ipation” is the func tion  of the rate o f 
change signal. I t  prevents overshooting the course o r oscillation 
of the ship. O ther features of the advanced system include 
“controlled m anoeuvring”, w hich is obtained th rough  use of 
adjustable ru dder lim its. M ax im um  ru d d er angle th a t the au to
pilo t w ill call fo r is set by the helm sm an.— A . D . H am m es, 
General Electric Review , Vol. 55, N ovem ber 1952; pp . 37-40.

Turbine Installation for 6001b. per s q .  in. and 9 5 0  deg. F.
T he cargo liner N estor  is the first o f three vessels build ing 

fo r the O cean S team ship C om pany, L iverpool (managers, 
A lfred H o lt an d  C om pany). B uilt fo r the A ustralian  trade 
of her ow ners, the N estor  has the length  of 452ft. 9in. between 
perpendiculars, a  m oulded bread th  of 64ft. and  a dep th  of 
35ft. 3in. H er gross tonnage is 7,800 tons and  her deadw eight 
9,565 tons. T he  m achinery  of the N estor  an d  her sisters 
departs in  a num ber of respects from  the conventional form s 
of steam  tu rb ine  installations generally adopted  a t sea. T he  
initial steam  pressure and  tem perature  are higher, a new  type 
o f boiler is in troduced , steam  is n o t bled from  the turbines 
for feed heating, an d  atom izing  pressure of the boiler fuel 
is m u ch  higher th an  th a t usually  encountered  in  m erchant 
service practice. T h e  turb ines are designed to  operate a t 6001b. 
sq. in. g., 950 deg. F . exhausting  to  28 iin . vacuum  w ith 
cooling w ater a t 75 deg. F . T h e  m axim um  pow er is 8,000 
s.h.p. a t 112 r.p .m ., w ith  an  econom ical pow er of 7,250 s.h.p. 
F o r  astern  operation  the steam  is reduced in  tem perature to  
750 deg. F . m axim um . T h e  turb ines are of the three cylinder 
type, the l.p. tu rb ine  housing the astern  stages w hich will 
develop 3,500 s.h.p. T h e  to p  half h.p. cy linder casing is of 
cast m olybdenum  vanadium  steel, an d  contains a velocity com 
pounded  stage followed by eigh t im pulse stages. T h e  ro to r 
consists of a m olybdenum  steel fo rg ing  w ith  in tegral wheels 
an d  a t the m axim um  o u tp u t ru n s a t 6,000 r.p .m . C ast carbon 
steel is used fo r the i.p. cylinder w hich houses 13 im pulse 
stages. T h e  ro tor, w hich a t m axim um  o u tp u t runs a t 4,500 
r.p .m . also has the wheels forged integral w ith  the shaft. T he  
l.p. cylinder is o f fabricated construction  an d  a t the after end 
houses eight low  pressure ahead stages an d  a t  its fo rw ard  end 
the astern stages consisting  o f a velocity com pounded  stage 
an d  tw o im pulse stages. T h e  speed of the l.p. ro to r is 3,000 
r.p.m . a t m axim um  load. U nlike the h.p. an d  i.p. ro tors, th is 
ro to r consists o f separate forged wheels sh ru n k  o n  and  keyed 
to  a forged steel shaft. A dm ission to  the  h.p. cy linder is by 
three nozzle g roups each contro lled  by an  adm ission valve. 
O ne group  alone carries the load to  5,000 s.h .p .; w ith  the 
second in  use the load  reaches 7,250 s.h.p. while w ith  the 
three groups in  service the load of 8,000 s.h.p. is obtained. 
T he  astern  tu rb ine has only  one nozzle group. T he  ahead 
and  astern  valves are controlled by tw o hand  wheels m ounted  
concentrically on  the manoeuvring p latform . B lading is of 
stainless steel th roughou t, all b lad ing  and  nozzles being fully 
m achined except the d iaphragm  blades of the final l.p. stages. 
T he  condenser, w hich has a fabricated shell, has a cooling sur
face of 6,170 sq. ft. T h e  gears w hich were also m anufactured  
by M etropolitan-V ickers are of the double reduction  type, the 
first reductions being carried  in  cases separate from  the m ain  
final reduction  case. In  all instances the cases are fabricated. 
Incorporated  in  the design is an au tom atic  tu rn in g  gear w hich
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enables the turbines to be rotated by means of a tu rn in g  motor. 
T he  tu rn in g  gear rotates the propeller shaft once every ten 
m inutes. I t  is fitted w ith  an interlock system w hich prevents 
the engagem ent o f the gear while the turbines are ro tating , and 
conversely prevents the adm ission of steam to  either the ahead 
o r astern turbines while the tu rn in g  gear is engaged. T h is 
feature is of particu lar value during  prolonged standby. Steam 
is supplied by tw o Foster W heeler boilers constructed by D avid 
Rowan and  C om pany, Glasgow. T he design is new, being a 
single furnace boiler w ith  the superheat controlled by attem pera- 
to r and  reduced for astern  operation by dampers. A to tal of 
14 electrically operated Clyde soot blowers are fitted fo r use 
a t sea. T he  closed feed system departs slightly from  curren t 
practice in  th a t no  bled steam is taken from  the m ain turbines 
for feed heating, sufficient steam being available from  a back 
pressure tu rbo  generator of W. H . A llen’s design and  m anu
facture to  provide all auxiliary services and  feed heating u p  to  
a final tem perature of 245 deg. F . in  the deaerating feed heater 
of H ick H argreaves design and  m anufacture. T he m otor driven 
m ain feed p um p  is of W orth ing ton  S im pson design an d  m anu
facture. T h e  p um p  and  the tu rbo  generator are also notew orthy 
fo r the A llen-Stoeckicht epicyclic gears w ith  w hich they are 
equipped. F o r  standby purposes, a W eir m ain  feed pum p w ith 
a capacity of 70,7001b. per hr. a t 8001b. per sq. in. is provided.—  
Shipbu ild ing  and Sh ipp ing  Record, Vol. 80, 20th N ovem ber 
1952; pp. 667-669.

Propulsion Plant of Holt Liner
T he tw o Foster W heeler boilers fitted in  the H o lt liner 

N estor  operate a t  a pressure o f 6481b. per sq. in. a t  950 deg.
F. T he  norm al evaporation is 25,0001b. per hr. w hich can be 
raised to a m axim um  of 30,0001b. per hr. Three-stage super
heating is carried  ou t by tw o M eLeSco superheaters bu ilt by 
T he  Superheater Co., L td ., in  the first tw o stages, and  a final 
stage superheater, w hich was built by the boiler contractors, D avid 
Rowan an d  Co., L td ., Glasgow. In  the first tw o stages the 
steam tem perature is raised to  735 deg. F., and  in  the th ird  
stage it is raised to  the operating  tem perature of 950 deg. F. 
T h e  superheater is of the single-pass type w ith  m ultilim bed 
elements and  “C oncen” m etal-to-m etal ball joints. O nly two 
headers are employed, these being the inlet to the first section 
and  ou tle t from  the second section. Between the prim ary  and  
secondary an  arrangem ent w hich saves tw o headers is em ployed; 
this consists of a studded  steel plate w ith  cone seats on either side, 
w hich form s the connexion between the outlets of the prim ary 
and  inlets of the secondary superheater elements. T he  elements 
in  th is instance are m ade from  a prefabricated con tinuous tube, 
having the re tu rn  bends m ade from  the tube itself w ithout weld
ing, by the M eLeSco forged “U ” bend process developed by T he 
Superheater Co., L td . T hey  are produced in  such a way th a t the 
wall a t the outsides of the bends, irrespective of the radius, is 
equivalent to  the tube gauge, and  a t the same tim e the full area is 
m aintained; in  o ther w ords, there is no deform ation of the tubes. 
— T he S h ip p in g  W orld, Vol. 127, 17th December 1952; p. 478.

Mariner-class Steam ships in Service

T h e  K eystone M ariner  called a t Bordeaux last m on th  on 
the re tu rn  leg of her first transatlan tic  ro u n d  voyage, having 
come from  Bremerhaven via La Pallice, and  the O ld Colony  
M ariner  visited the p o rt of Liverpool. Five of this new type 
(C 4-S-1A ) of fast strategic cargo vessels, are being bu ilt by the 
seven leading A m erican shipbuild ing companies. T hey  are 
being built for the U nited  States M aritim e A dm inistration  and  
leased to private companies for operation. T he  Bethlehem Steel 
C om pany acted as design agents fo r the A dm inistration  and  
prepared specifications, con tracts and  detailed w orking plans, 
etc., for the entire class, supplying these particulars to  the other 
shipyards. T he new design provides a type of vessel essential 
fo r national defence and  useful in  norm al com m ercial service. 
T he possibility of fu tu re  conversion fo r use as naval auxiliaries 
has also been borne in  m ind , an d  the basic cargo vessel design 
can be adapted  for passenger carrying. A  recent report states 
th a t these vessels are to  have reinforced deck sections fo r gun

platform s, an  area from  w hich helicopters can  be launched and  
recovered, and  provision fo r the installation of torpedo launch
ing  equipm ent. A dm iral Cochrane, chairm an of the U .S .M .A ., 
is stated to  have said, follow ing the successful trials of the 
K eystone M ariner, th a t “her speed w ithou t cargo was so far 
in  excess of 20 knots as to  ensure th a t she will be equal to this 
speed while fully loaded. She displayed rem arkable fuel 
economy w hilst steam ing a t 17,500 s.h .p .” . T he  K eystone  
M ariner has been built by the S un  Shipbuild ing  and  D ry  D ock 
C om pany, Chester, Pas., and  the O ld C olony M ariner by the 
Q uincy yard of the Bethlehem Steel Com pany. T h e  M ariners 
have the following principal particu lars: —

L ength  overall ... .. .  ... 563ft. Sin.
L ength  between perpendiculars 528ft. Oin.
M oulded breadth .................  76ft. Oin.
M oulded depth, to  m ain  deck 44ft. 6in.
D raugh t, fully loaded.................  31ft. Oin.
N et tonnage ... ... ... 5,367 tons 
G ross to n n a g e ... ... ... 9,214 tons 
C argo capacity ... ... ... 767,000 cu. ft. 
Insulated  cargo space ... ... 30,000 cu. ft. 
D eadw eight capacity ... ... 13,700 tons 
Passengers ... ... ... 12 

T here are tw o continuous steel decks and  seven holds w ith 
upper and  lower ’tween decks on  the fo u r forw ard  of the 
m achinery and  upper, lower and  orlop  decks in  the three after 
ones. Nos. 1 and  7 lower holds are in  the fo rm  of deep tanks, 
having a total capacity of 1,040 tons. A n impressive outfit of 
cargo-handling equipm ent is installed an d  the 14 kingposts 
carry 26 derricks w hich range from  5 to  60 tons in  capacity. T he 
winches, of the W estinghouse adjustable-voltage type, are, in 
m ost cases, m ounted  on m asthouses clear o f the decks. T op 
p ing  lift w inches fo r each derrick are fitted to  the kingposts. 
T he  m achinery consists of a single-screw set o f tw o-casing 
cross-com pound double-reduction  geared turbines, designed to 
develop 17,500 s.h.p. a t 102 r.p.m . T he  M ariners are thus 
the highest-pow ered single-screw m erchan t ships in  the world. 
Steam  a t 6001b. per sq. in. an d  865 deg. F . is generated in  two 
w atertube boilers supplied by a num ber o f different m anufac
turers. T hree-phase, 450 volts, 60 cycle a lternating  cu rren t supplies 
are m aintained for m ost purposes on  b oard .— T h e  M arine  
Engineer and N aval A rchitect, Vol. 75, December 1952; p. 553.

New  Tanker
T he m otor tanker Ashtarak, w hich was delivered by the 

Swedish shipyard o f K ockum s mek. Verkstads A /B , M alm o, 
to  Les Petroles d ’O utre-M er, S.A., o f Paris, is the first of a 
new type of 19,000-tons deadw eight standard  tanker w hich this 
yard has started  to  build, and  of w hich ano ther seven ships are 
on  order for various owners. T he  principal dim ensions of the 
Ashtarak  are as follow s: —

L ength  overall... ... ... 556ft. 4in.
L ength  b.p. ... ... ... 525 feet 
B readth m oulded ... ... 72 feet 
D epth  m oulded ... ... 40ft. lin .
D raugh t fully loaded ... ... 30ft. 4in.
D eadw eight c a p a c i ty .................  19,610 tons
T onnage, gross... .................  12,828 tons
T onnage, net ... ... ... 7,549 tons 

A feature of the ship is the electrical installation. In  conform ity  
w ith  norm al F rench  tanker practice, th is was specified by the 
owners fo r three-phase cu rren t a t 380 volts an d  50 cycles per 
second. T h e  shipyard  is now  to standardize on  A.C. electrical 
installations for all tankers, instead o f the D .C . installations 
previously used. T he m ain  engine is an  8-cylinder two-stroke 
double-acting K ockum -M .A .N . Diesel engine, w ith  an  ou tp u t 
of about 8,000 b.h.p. a t 110 r.p.m . T h is  gives the sh ip  a speed 
of 15? kno ts .— T he Sh ipp ing  W orld , Vol. 127, 31st December 
1952; p. 513.

First A tom ic Ship
In  A merica it  is p lanned to  build  tw o atom ic-pow ered 

subm arines of 2,500 tons displacem ent, and  the first of these,
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the N autilus, was laid dow n a t the yard of the Electric Boat 
C om pany last June, the anticipated launching date being 1954. 
A second sim ilar vessel is stated to  be in  prospect, bu t whereas 
the N autilus  w ill have W estinghouse p lan t, the G eneral Elec
tr ic  C om pany will be responsible for the second ship. T he 
cost o f the m achinery in  the N autilus  will, it  is th ough t, be in 
the neighbourhood of 25 m illion dollars and  the total expen
ditu re  40 m illion dollars. T he m ethod em ployed fo r the p ro 
pu lsion  of the N autilus  w ill involve the installation  o f an 
atom ic pile, in  w hich, th rough  nuclear fission, heat w ill be 
supplied an d  converted in to  steam, the steam being then utilized 
to  drive a steam tu rb ine coupled to  a generator w hich supplies 
the power to  the propelling m otors in  the norm al way. T he 
atom ic pile will be o f m oderate size, shielded by walls of lead 
several feet thick, so as to protect the engine room  personnel. 
T he reaction will be contro lled  by rods extending in to  the pile. 
W hen they are w ithdraw n from  the pile they no longer absorb 
the flying neutrons and  the chain  reaction begins, producing 
large quantities o f heat. T he  pile is no t in itself a heat 
exchanger, and  two vertical heat exchangers are indicated 
supplying steam to  the turbine. A coolant will be circulated 
th rough  the pile fo r this purpose and  it m ay be th a t m ercury 
will be employed. I f  th is is so, no doubt as in  land  installa
tions, the m ercury vapour, after passing th rough  a m ercury 
turbine, will be condensed, steam  raised and  supplied to  a 
steam turbine, the m ercury  and  steam turbines being geared 
together to  drive the generator.— The M o tor Sh ip , Vol. 33, 
January 1953; p. 395.

W e rksp o o r-Lu gt Supercharged Engine
S hop trials were recently run  of the first W erskpoor-L ugt 

Diesel engine ordered and  bu ilt as a pressure charged unit. 
T h is  engine, shortly  to  be delivered to  the shipyard  of Jos. 
Boel and  Sons, Tam ise, Belgium, where it will be installed in  
the first of three sim ilar cargo vessels of 5,700 tons on order

Schem atic arrangement o f the series/parallel 
pressure charging system  

S.—Extra suction valves for low running speeds. 
O.— Overflow valves to operate in connexion 
with the turbo-blower delivering air at full 
charging pressure. C.— Connection pipes for 
series arrangement with the lower ends of the 
double-acting reciprocating pumps. T .— Turbine.

B.— Blower.

for Leif H oegh and  C om pany, Oslo, has a cylinder bore of 
600 mm . w ith  a stroke of 900 m m . Of the “low -bu ilt” type, 
it is to  ru n  only  on Diesel oil. Results from  the trials have 
verified the in itia l claim s of the builders, th e  power being 
increased from  1,800 b.h.p. for th is class of engine w hen 
norm ally-aspirated, to  2,400 b.h.p. a t 160 r.p .m ., the b.m.e.p. 
being raised from  70-71 lb. per sq. in. to  951b. per sq. in. for 
the norm al con tinuous o u tpu t. I t  is to  be 1001b. per sq. in. 
on sea trials. T h e  m echanical efficiency of the new engine is 
87 per cent. I t  is fitted w ith  a Brow n-B overi exhaust tu rbo
blower, adapted  to  deliver the m ajor p a rt of the necessary 
quan tity  of a ir in  series w ith  all the top  sections an d  tw o 
low-sides of the fou r engine-driven reciprocating, double-acting 
pum ps attached to  the sides of the engine. T he  rem aining 
lower p um p  sections deliver norm ally-aspirated  air in  series 
w ith  all the top  sections an d  tw o lower sides of the engine. 
T he  rem aining lower p um p  sections deliver norm ally-aspirated  
a ir in  parallel w ith  the turbo-blow er a t the full scavenging a ir 
pressure of 71b. per sq. in. I t  is claim ed th a t this arrange
m ent gives a slightly better overall result th an  w ith  all four 
double-acting scavenging pum ps in  series, a lthough  the results 
of the la tter system could be fu rth er im proved by ad ap ting  the 
blower characteristic to  give a higher efficiency a t an  increased 
a ir delivery. T he  suction  of the o ther tw o scavenging air 
pum ps, draw ing from  atm osphere, can  be easily connected in 
series w ith  the exhaust turbo-blow er. I t  is considered a reason
able p recaution  by the builders to  m ain ta in  delivery from  the 
reciprocating pum ps a t all loads and  speeds, especially w hen 
m anoeuvring and  d u ring  long periods o f “dead-slow ” running , 
w hen the pum ps regulate the desired o u tp u t autom atically. 
T hey are designed so tha t, as stated, they m ay  deliver the 
norm al q u an tity  of free a ir from  the norm ally aspirated  engine 
a t a  b.m.e.p. o f 5 kg. per sq. cm. (711b. per sq. in.), o r fo r the 
b.m.e.p. of 6 6 5  kg. per sq. cm . (951b. per sq. in.), w ith  the 
pressure charged engine a t its norm al con tinuous ou tpu t. W hen 
installed in  the sh ip , the blow er w ill d raw  from  outside the 
engine room , w ith  the possibility o f an  arrangem ent whereby 
the a ir suction  can be taken from  w ith in  the engine room  in 
heavy weather. T he  exhaust gases enter the turb ine a t an  equal 
pressure, all pressure pu lsation  being elim inated by adequate 
dim ensioning of the m ain  exhaust line, the interm ediate receiver 
between the blower and  reciprocating  pum ps, an d  scavenging 
a ir belt. W hile the im pulse system  for gases to  the tu rb ine  m ay 
have an  advantageous effect on  the turb ine efficiency in  relation 
to  the to tal a ir quan tity  to  be delivered to  the system where 
all reciprocating  scavenge pum ps are arranged in  series w ith  
the tu rb o  charger, i t  has been proved tha t there is sufficient 
energy in  the gases a t a steady pressure to  give about 65 per 
cent of the am oun t o f a ir needed fo r cylinder charg ing  and 
uniflow  scavenging a t  fu ll charging pressure, the balance of 
a ir being produced by the free asp ira ting  pum ps. O n  this 
engine, the a ir pressure at the inlets o f the pum ps in  series is 
practically  the same as the blower delivery pressure, an d  the 
discharge is a t  the slightly higher pressure of the scavenging 
air receiver. A n a ir cooler is in terposed in  the d uc t from  the 
blower to  the pum ps. O n trials the exhaust tem perature  a t  the 
valves a t 2,400 b.h.p. was 320 deg. C., an d  before the tu rb ine 
395 deg. C., w ith  a pressure of 7 31b. per sq. in. T h e  fuel 
consum ption  is 0 3521b. per b.h.p. hr.— T h e  M o to r S h ip , Vol. 
33, January 1953; pp. 432-433.

P.L.A. Tugs w ith Kort Nozzles
T h e  four tw in-screw  D iesel-engined tugs, each w ith  

m achinery of 1,200 b.h.p., bu ilt a t Hessle by R ichard D unston , 
L td ., were specially designed for handling  large ships in  lim ited 
spaces, an d  great care was therefore taken to  give the p ilo t the 
w idest possible range o f vision from  all angles. T he  tugs are 
identical, except one, the Plangent, w hich is fitted w ith  tw in  
rudders an d  K o rt nozzles, the others being equipped w ith  
norm al propellers and  single rudders. Provision has been m ade 
so th a t nozzles can be fitted to  the non-nozzle tugs, o r  so th a t 
they can be rem oved from  the Plangent if desired. All are 
85 feet between perpendiculars w ith  a m oulded bread th  of 24
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feet and  a m oulded depth  of 12ft. 6in. T he norm al d raugh t 
is 12ft. 9in. a ft an d  7ft. 2in. forw ard. I n  each tug  there are 
tw o Crossley Diesel engines, each developing 600 b.h.p. a t 250 
r.p.m . and  arranged fo r fresh-w ater cooling w ith  autom atic 
tem perature contro l. In  cold weather the closed c ircu it can  
be heated to  ensure easier starting. T he  Plangent, on trials, 
obtained a pu ll of 20 tons. A n o u tp u t of 1,850 s.h.p. w ould be 
required w ithou t nozzles to  achieve th is pull. T h is  increase in  
horsepower could  n o t be accom m odated w ith in  the lim its of 
hull dim ensions. T he three 1,200 h.p. tugs, w ithou t nozzles, 
each obtained static pulls o f 15 tons, and  the Plangent developed 
th is pu ll w ith  780 b.h.p. T he  tw in rudders fitted to  the tug  
equipped w ith  K o rt nozzles ensure tha t, when a  large vessel 
is being handled  a t low speed or w hen stationary (conditions 
requiring  m axim um  pull) both  engines can develop full power 
and , therefore, m ain tain  m axim um  pull and  full manoeuvring 
contro l of the tug. W ith  the tw in-screw  tugs having single 
rudders under sim ilar tow ing conditions, i t  is often necessary 
either to  close dow n o r  reduce the power of one engine in order 
to be able to  position  the tu g  as directed by the pilot, in  relation 
to  the vessel she is handling. T he reduced power means tha t 
m axim um  pull is no t available. M any  tu g  specifications state 
a required free ru n n in g  speed w ithout reference to  the required 
static pull, o r the horse pow er to  be developed under this con
dition. T h is  leaves the builder w ith  no  option  b u t to  design 
a “free ru n n in g ” propeller— despite the fact th a t the real duty  
of a  dock tu g  is to  produce m axim um  pu ll a t low o r zero 
speeds. Such  propellers perm it only  about 75 per cent of the 
fu ll pow er to  be developed for static pull, while the free speed 
of dock tugs is un im portan t. T he  P o rt o f L ondon  A uthority , 
on the contrary , specified th a t the propellers for all fou r tugs 
were to  be designed to  be capable of absorbing fu ll pow er at 
the .bollard, thus p roducing  m axim um  static pull. Since the 
revolutions are governed, the propellers will, therefore, require 
less torque, and  absorb less power fo r free ru n n in g  th an  when 
pulling  a t the bollard. A n incidental advantage claim ed for 
the nozzle is th a t th is loss of power is n o t so great as would 
otherwise be the case. F o r a dock tug, however, th is is no t 
im portant. T he Plangent is the only tw in-screw  Diesel-engined 
nozzle tu g  in  the U nited  K ingdom .— T he M o tor S h ip , Vol. 33, 
January 1953; p. 389.

Autom atic  Control of Fuel Viscosity
Experience has show n tha t in  the u tilization  of boiler oil 

in  the Diesel engines of m oto r ships it is essential to  m ain tain  
appropriate tem peratures th roughou t the oil system, and  p a r
ticularly  to ensure th a t the fuel oil is delivered to  the valves 
a t a  viscosity w hich allows effective atom ization in the fuel 
valves. C onstan t vigilance is therefore necessary on  the p art 
of the engineers, an d  it seems possible th a t their pa th  m igh t be 
eased by the adoption  of a device w hich w ould autom atically 
contro l the viscosity of the oil when it reaches the valves. 
A utom atic viscosity contro l is now being used w ith  the boilers 
in  some A m erican steamers where the same problem  arises and 
it is necessary to  m ain tain  the correct viscosity a t the oil 
burners. T h e  equipm ent employed is know n as a V iscorator 
and  it  w ould  seem th a t it could  be adapted for em ploym ent 
w ith  Diesel m achinery. T he  m ost suitable viscosity for Bunker 
C  fuel for oil burners is found  to  be about 150 Saybolt U niversal 
(130 sec. Redwood N o. 1) a t the oil burner. T u b in g  a quarter 
of an  inch  in  diam eter connects the V iscorator to  the ho t end 
of the oil heaters before delivery to  the fuel valves in  the case 
of a Diesel engine, o r to the oil burners w ith  oil-fired boilers. 
T he  hot oil circulates th rough  the V iscorator and  is re turned 
to  the oil system by 1— inch  tub ing  to  the settling tank in  a 
cargo sh ip  o r the deep tanks in  a tanker. W hen the viscosity 
differs as little as one second Saybolt U niversal from  the 
settling, w hich is usually  about 150 SSU  to  m eet the general 
requirem ents, the V iscorator im mediately reacts on an  air- 
controlled steam valve and  the tem perature is correspondingly 
raised o r lowered in  the heaters and  the viscosity of the fuel 
increased o r dim inished. In  add ition , the u n it continuously 
makes a recording of the tem perature and  viscosity of the oil

for perm anent record. Even w hen oils are blended, w hich 
happens frequently in  the case of boiler oil for Diesel engines, 
it is claim ed th a t a un iform  viscosity is m aintained. I t  is 
found  th a t in  the use of the V iscorator w ith  oil-fired steamers, 
even w ith  extremely heavy oils having a gravity  of 5 to  6 
A P I o r about 1 033 specific gravity, the w orking of the V iscora
to r is satisfactory, also w hen manoeuvring, d u rin g  w hich period 
the viscosity is found  to be constant w ith in  5 to  6 p lus o r m inus 
SSU .— T h e  M o to r S h ip , Vol. 33, January 1953; p. 389.

Vessel for W e st A frican  Trade
T he m otorsh ip  B uru tu  Palm , w hich has been com pleted 

by Short Bros., L td ., Sunderland, fo r the Palm  Line, L td ., is 
in tended for the W est A frican trade of her owners. T h e  B uru tu  
Palm  is a ship of 8,516 tons deadw eight, an d  has a single deck 
and  open shelter deck, w ith  poop and  forecastle. She has been 
bu ilt to  the highest class o f L loyd’s Register. T he leading 
particulars of the ship are as fo llow s: —

L ength  b.p. .. .  .. .  . . .  425 feet
B readth, extreme .................  57ft. 9in.
D ep th  m oulded to  shelter deck 37ft. 2in.
Sum m er d rau g h t ... ... 23ft. 9£in.
Tonnage, gross............................... 5,500 tons
T onnage, d ead w e ig h t.................  8,516 tons

T he propelling m achinery, w hich was supplied and  installed 
by the N o rth  E astern M arine E ngineering Co. (1938), L td ., 
consists of a  four-cylinder N .E .M .-D oxford  opposed p iston  a ir
less injection oil engine w ith  tw o lever-driven scavenging air 
pum ps, direct-coupled to  the shaft. T h e  cylinders are 560 mm . 
in  diam eter and  the com bined stroke of the pistons is 2,160 mm . 
T he  engine is designed to  develop 3,000 b.h.p. in  service a t 
122 r.p.m . A n interesting innovation  in  the engine controls 
is th a t the fuel pressure contro l is operated by m eans of a lever, 
instead of the m ore usual handw heel. T here are tw o auxiliary 
boilers, one of F lem ing and  one of C ochran  type. B oth are 
oil burn ing , and  the latter is also arranged fo r exhaust gas 
firing. T he  electrical installation is fed by three D iesel-driven 
generators, each 150 kW . a t 220 volts D .C ., together w ith  a
25-kW . Diesel generator for port use.— The Sh ip p in g  W orld, 
Vol. 127, 17th D ecember 1952; p. 480.

Vanes S inging in W ate r
In  the course o f propulsion  experim ents in  the ring-channel 

an d  ro tating-boom  facility  a t the Aerojet E ngineering C or
poration , it was discovered th a t certain  stru ts w hich are used 
to  support underw ater bodies w ould “sing” a t surprisingly  low 
speeds, e.g. 5 to  7 knots. T a il surfaces also sang. T h e  note 
em itted was a clear m usical tone in  m ost instances, and , as 
the speed was increased, the note w ould fade, disappear, and  
then  reappear as a  note of higher frequency. T h is  singing 
caused considerable apprehension as it  was feared tha t the 
s tru t w ould fail a t h igh speeds due to  bu ild -up  of the vibra
tions. Analysis for flu tter stability and  torsional divergence 
had been conducted, and  it  was know n th a t the operation was 
well away from  the ranges where flu tter o r torsional divergence 
m igh t occur. However, the severity of the singing d id  no t 
tend to  become greater at high speeds, and  there were usually 
quiet speed zones at high speeds as well as a t  low speeds. T he 
experim ental w ork perform ed in  th is  study  supports the fol
low ing conclusions: (1) S inging of vanes, and  incidentally of 
m arine propellers, is caused by the action  of von K arm an vortex 
streets w hich are generated a t the tra iling  edge. (2) T he  critical 
length, w hich  together w ith  speed, determines the spacing of 
the street, and  hence the frequency of singing is the thickness 
of the tra iling  edge of the vane. (3) T he  S trouhal num ber, 
N b /U ,  can  be m ade to  apply  to  these streets and  assume the 
custom ary range of values by increasing the length & by a 
fraction of the boundary-layer thickness. (4) S inging does not 
occur a t speeds from  0 to  60 knots on  vanes w hich have trailing  
edges th inner th an  0 007 to  0 010in. per ft. of chord. T h is  
is suggested as a lim it o f trailing-edge thickness fo r m arine 
propellers to  suppress singing. (5) S inging will occu r on a 
vane of the general type considered here whenever the plate
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can assum e a m ode of v ibration such th a t the modified S trouhal 
num ber N b /U  is approxim ately 0 1 8 . (6) O ne of the principal 
types of v ibration of the plate is w ith  the tra iling  edge vibrating 
in  scallops. Each scallop shed a  vortex street. (7) Vanes in  
w hich the tra iling  edge is n o t norm al to  the flow will sing 
and  the  corresponding vortex street is inclined to  the flow. 
T he  com ponent o f velocity norm al to  the tra iling  edge con
trols in  th e  S trouhal num ber fo r th is  case. (8) T h ick  vanes 
require a higher velocity for the inception of singing th an  th in  
ones, o ther th ings being equal. (9) T h e  effect of angle of 
attack  o f the vane is to  weaken the singing som ewhat. T h is  
seems to  be caused by the effect o f finite span and  the shedding 
of the lift vorticity  w hich d istorts and  suppresses the vortex 
streets. (10) L eading edges and  tips o f vanes are n o t factors 
in  the generation of the vortex streets and  hence do no t influence 
singing. (11) F ro m  consideration of the m echanism  of the 
action, the singing note is radiated directly from  the oscillating 
surfaces of the vane and  n o t from  the street o r wake. (12) T he 
v ibration o f the singing vane is generated by the oscillatory 
circulation  produced about the vane as the oscillating vorticity  
is shed in the street. T h is  results in  oscillating transverse 
forces on the vane w hich drive the vibration. (13) In  general, 
w hen the vane is no t singing the vortex streets are no t being 
generated.— G. A . G ongwer, Journal o f A pplied  M echanics, 
Vol. 19, D ecember 1952; pp. 432-438.

built by the Societe G enerale de C onstructions M ecanique, La 
Courneuve. T h e  electrical installation  is divided in to  tw o 
groups, each com prising : —

Diesel engine of 1,020 b.h.p. a t 550 r.p.m . 
G enerator, 630 kW ., 500 v.
Exciter, 55 kW ., 220 v.
Propeller m otor, 1,500 h.p. a t  150 r.p.m .

E ach propeller m otor is contro lled  on  the W ard-L eonard  p rin 
ciple, th a t is, it receives cu rren t from  a generator w ith  variable 
excitation. Reversal is effected by a ltering  the direction of the 
arm ature cu rren t, th is in  tu rn  being produced by reversal o f 
the generator field. T he  speed of the propeller m oto r can  thus 
be varied between 0-120 r.p .m . by variation  of the generator 
field, and  from  120-150 r.p .m . by field weakening in  the m otor. 
V ariation  of the generator fields as well as the ir reversal is 
effected by means o f a reversing sw itch th a t can be operated 
either from  the bridge th rough  a servo-m otor, o r directly from  
the contro l panel in  the engine room . A simplified layout of 
the electrical system is show n in  the accom panying sketch.—  
Sh ipbu ild ing  and S h ip p in g  Record, Vol. 80, 20 th  N ovem ber  
1952; pp. 679-680.

French D iesel-electric Tug
Sea trials were recently com pleted of the deep sea tug  

Cherbourgois N o . 5, bu ilt by the C hantiers et Ateliers A ugustin - 
N orm and , Le H avre, to  the order o f the Societe C heibourgeoise 
de R em orquage e t de Sauvetage. Propelled by Diesel-electric 
m achinery, the vessel is one of the m ost interesting of the type 
to  be bu ilt in  France. B uilt to  the requirem ents o f Bureau 
Veritas, highest class, fo r deep sea tow ing, the vessel conform s 
to the requirem ents o f the 1948 L ondon  C onvention and  to  the 
Seattle C onvention. E lectric w elding was largely used in  the 
construction , b u t the shell p la ting  was riveted. T he  propelling 
m achinery consists of two Diesel driven generators supplying 
cu rren t to  a  double arm ature p ropulsion  m oto r direct coupled 
to  the propeller shaft. T h e  generators are driven by M .A .N . 
4-stroke, single-acting supercharged Diesel engines, type 
W .8.V .30/38, each developing 1,020 b.h.p. a t 550 r.p .m ., and

Solid Inclusions in Bearing Oil Supply
Sleeve bearings operated u nder norm al conditions are 

always subjected to  some foreign solid particles in  the oil supply. 
In ternal-com bustion  engines produce solids in  the com bustion 
process; o ther particles are p roduced by w ear; and  others enter 
as d irt, ru st, and  scale from  the a ir o r piping. In  o rder to 
ascertain the effect o f solid inclusions in sleeve-bearing oil 
supply, an experim ental test program m e was arranged to  obtain 
first a basis of com parison by using clean oil, then  to  proceed 
to  soft small particles and  increase the particle size, concentra
tion, a n d  hardness u n til some definite influence upon  the opera
ting  characteristics o f the bearing was obtained. A large 
num ber of test poin ts were recorded, from  w hich the follow ing 
conclusions were obtained, based upon  average operating  con 
ditions: (1) Soft particles o f graphite  and  m olybdenum  sul
phide in  the oil supply  to  lead-base-babbitt sleeve bearings will 
produce no im provem ent in  the bearing operation. (2) G raphite  
particle size has no effect upon  the bearings’ operating  char
acteristics w hen used in  small concentrations as in  this p ro 
gram me. (3) G raph ite  particle concentration  will produce a

A  PORT GROUP 

B STARBOARD GROUP

1 DIESEL ENGINE

2 GENERATOR

3 EXCITER

4  /DOUBLE ARMATURE 
j  (PROPELLER MOTOR

6 GENERATOR FIELD REVERSING SWITCH

7 COUPLEO MOTOR FIELD RHEOSTAT

Simplified arrangement of Diesel-electric operation in Cherbourgois N o. 5



28 Engineering Abstracts

change in the bearing oil-flow  characteristics. Increased con
centration  will increase the oil pressure required to  m aintain  
the same oil flow. (4) T he  coefficient of friction  m ay be 
increased by increasing particle concentration. (5) Only the 
tests w ith  small am ounts of rouge caused friction values lower 
th an  clean oil. (6) Particles of hard  substances m ust be larger 
than  the m in im um  oil-film  thickness to  cause appreciable 
increases in  wear o r friction. (7) W ear m ay take place w ithout 
a large increase in  the bearing tem perature. (8) S haft wear m ay 
be m uch m ore rap id  th an  bearing wear ow ing to the babbitt 
em bedding the large sharp  particles. (9) Oil may be discoloured 
by small concentrations of finely divided particles, bu t a dis
coloured oil does n o t indicate the friction  to be expected in a 
bearing. Very sm all am ounts of hard  particles will cause rapid 
w ear even th ough  the oil looks clean. (10) F iltra tion  that 
removes any-size particle will be helpful, bu t the removal of all 
particles larger th an  the m inim um  oil-film  thickness is required 
to  stop wear and  increased friction.— H. G. Rylander, M echani
cal Engineering, Vol. 74, December 1952; pp. 963-966.

Friction Between A lum in ium  and Other M etals
W ith  one exception, no  inform ation has been published on 

the coefficient o f fric tion  of a lum inium  against o ther metals in 
the absence of lubrication. T he exception is some results pub
lished by R. A ida, w ho determ ined the coefficient of friction by 
m easuring the angle a t w hich specimens com m enced to slide 
dow n an  inclined plane. T he contact area of the specimens 
m easured 20 x 20 mm . and the load ranged from  10 to 300 
g. T he  au thors briefly sum m arize the results obtained by Aida 
for a lum in ium  against cast iron, steel and  brass. In  their own 
experiments, for w hich only prelim inary results are reported, 
the au thors were concerned w ith m uch  higher pressures (100 -
3,000 k g ./cm .2) under w hich the coefficient of friction (static 
and  dynam ic) o f a lum inium  and  two A l-C u-M g alloys (different 
heat treatm ents) against steel and an A l-C u-M g alloy was deter
m ined. In  the apparatus, w hich was m ounted  in  a tensile test
ing m achine, tw o small test blocks were pressed under a 
m easured pressure against both  sides of a test strip  to  w hich 
tension was applied by the machine. S tatic and dynam ic 
coefficients of fric tion  were calculated from  the loads required 
to  start and  continue the pulling  through of the test strip. 
T he  coefficients of friction are show n plotted against the 
pressure on  the test blocks. T he  coefficients of friction varied 
differently w ith  pressure depending on  the materials being used. 
T h e  coefficient of friction  against steel was always higher than  
th a t against the A l-C u-M g  alloy blocks sliding over a strip  
o f the same m aterial; the coefficient of dynam ic friction  was, 
however, higher th an  th a t of static friction. Particularly  
favourable conditions for power transm ission are obtained in 
the case o f heat treated A l-C u-M g alloy on  steel, the difference 
between the coefficients o f static and  dynam ic friction being less 
than  w ith any  of the o ther com binations, and the variation of 
the coefficients o f friction  w ith pressure being likewise only 
m oderate.— H. K ostron  and F. Schalberg, A lu m in iu m , Vol. 28, 
October 1952; pp. 341-346. Abstracted in L igh t M etals B u l
letin, Vol. 14, 5 th  December 1952; pp. 961-962.

Hot Radiography
W hen m aking welds of considerable depth, radiographic 

inspection for flaws as the weld progresses w ould ensure the 
discovery of faults in  tim e and  in m any cases w ould eliminate 
the necessity of rem oving the entire jo in t weld. T he m ain 
obstacle to  such a procedure, of course, is the waste of tim e 
incurred in  w aiting for the weld to  cool sufficiently, as industrial 
X -ray  film is vulnerable to tem peratures higher than 100 deg. F. 
M oreover, a  long process o f post-heating  to  relieve internal 
stresses m ay be required before controlled cooling can be com 
menced. A fter rad iographing the cold weld, m any m ore hours 
of preheating m ay be necessary before w elding can be resumed. 
T he developm ent of a technique to  take radiographs while the 
m aterial is still quite hot now  makes it possible to  take radio
graphs w ithou t having to  cool the material. I t  is claimed tha t

in certain cases the new technique reduces by some 55 per cent 
the to tal tim e required to  weld pipe joints in  h igh-tem perature 
steam piping. In  order to  make it possible to  place the X -ray  
film in  position while the metal is still hot, a  water-cooled 
jacket is provided, w hich is placed between the metal and  the 
film. In  the case of a p ipe weld, it consists o f tw o hollow 
cylinder sectors hinged a t one end and  fitted w ith  w ing nu t 
fasteners a t the other. P ip ing  connexions provide inlet and 
outlet for the cooling water. Hollow  raised sides of the jacket 
help to  m ain tain  an  even tem perature d is tribu tion  along the 
surface w hich comes in to  con tac t w ith the film cassette. 
Flexible cassettes con tain ing  the film fit snugly between the 
raised edges of the jacket and  are held in  place w ith heavy 
rubber retaining bands. A source of gam m a rad iation  is placed 
at the centre of the pipe and penetrates the weld.— T he E ng in 
eers' D igest, Vol. 13, D ecember 1952; p. 405.

Pneumatic Breakwater
A fter the ou ter gate of the tra in  ferry dock a t D over 

harbour was rem oved for overhaul in Septem ber it was observed 
tha t the inner gate was vulnerable to  waves and  swell when 
it was being raised or lowered. As a  protective measure, a 
pneum atic breakwater was installed on the recom m endation of 
the Civil Engineer (Southern  Region). B ritish Railways, acting  in 
consultation w ith the D ocks Engineer, Docks and In land  
W aterways Executive. T h e  installation  is now  in regular use, 
w hen conditions require tha t the gate should be protected. T he 
breakwater consists of a  num ber o f perforated pipes laid  under 
the water. Com pressed a ir is pum ped th rough  these pipes, w ith 
the effect tha t the swell is greatly reduced. A t D over the pipes 
are laid on the sea bed due to the shallow depth of the water. 
T he pipes are m ade up  from  lengths and  flanged at the ends 
fo r assembly. Com pressed a ir pum ped th rough  the pipes 
escapes th rough  the perforations and  form s a cushion of air 
w hich reduces the waves and  swell. In  the D over installation 
the compressed air is supplied from  a Palouste a ir compressor, 
supplied by the B lackburn and General A ircraft Co., L td . 
(Turbom eca Division). T h is  com pressor has an o u tp u t of 500 
to  1,800 cu. ft. of a ir a t 501b. per sq. in. w ith  shaft speeds of
26,000 to  35,000 r.p.m . R unn ing  on  kerosene, the Palouste 
com pressor is started by a 24-volt battery. T h e  installation 
has been stated  to  be giving every satisfaction in  operation, a
4-foot swell having been reduced bv as m uch  as 50 per cent. 
T h is  type of breakw ater m ay well be installed in m any small 
harbours and  docks where there are econom ic and  geographical 
difficulties w hich prevent the construction  of conventional 
breakwaters.— The Sh ipp ing  W orld , Vol. 128, January 1953; 
p. 21.

Long-period W aves in Harbours
A paper by J. H. C arr, published in the Proceedings of the 

American Society of Civil Engineers, reports results o f field and 
model studies o f sources and characteristics o f long-period waves 
in harbours, and analyses basin resonance and w ater m otions 
induced by waves. By long-period waves, the au th o r means 
those w ith  periods of from  1 to  12 m in. o r more, as d istin 
guished from  usual waves of 8 to  20-sec. periods. I t  is show n 
th a t models are particu larly  adaptable to this type of study, 
and examples of their use in the design of harbour facilities 
are given. Even w hen restrained by heavy tackle, m oored ships 
have shown longitudinal and  transverse d rift am plitudes u p  to
10 feet, snapping m ooring lines, breaking piles, and  dam aging 
the ships themselves. H arbours should be so designed th a t 
the periods of resonance are different from  the periods com 
m only present in the incom ing waves. T here are certain loca
tions in a harbour, corresponding to the loops in  the vertical 
vibrations, where the horizontal vibration is a m inim um , and 
sh ip  ou tfitting  can be best carried on. T he  au tho r believes 
th a t studies should be m ade of the natural period of oscillation 
of moored ships, as determ ined by the mass of the sh ip  and 
the elasticity o f the m ooring system.— A pplied  M echanics 
Review, Vol. 5, December 1952; Abstract N o. 3,447.
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Step W e ld in g  of Steel
An article by T . N oren  in  “ S tahl u n d  Eisen” describes a 

new welding process, w hich is particu larly  suitable for alloyed 
tool steels th a t are prone to  crack on  welding. T here are tw o 
modifications. In  the first, the m aterial to  be welded is heated 
to  its austenitizing  tem perature, held there, and  then  cooled 
to  a tem perature a t w hich the austenite transform s only very 
sluggishly to  the pearlitic o r interm ediate struc tu re ; it is welded 
a t th a t tem perature, w ith  a w elding rod, the hardening tem 
perature o f w hich coincides w ith  the w elding tem perature. T he 
whole is then allowed to  cool natu rally  to  room  tem perature, 
and  annealed a t low tem perature. W hen the austenite tran s
form ation  is no t sufficiently sluggish, the second procedure is 
employed. Here the m aterial is heated as before, b u t cooled 
to  a tem perature a t w hich the austenitic state o f the w elding rod 
m aterial is m ore stable, and  w elding carried out. In  th is case, 
the body of the m aterial rem ains soft. In  both  cases the welds 
are free from  cracking.— Journal o f T he  Iron and Steel In s ti
tute, Vol. 172, D ecember 1952; p. 439.

Long Beams Under Transverse Im pact Loading
T he object o f th is paper is to  set fo rth  the results of an  

investigation of the behaviour o f long beams under transverse, 
constant-velocity  im pact loading, w hen a p lastic-rig id  type of 
analysis is adopted. I t  was expected th a t such an analysis 
w ould be satisfactory for problem s involving large strains, and  
easier to  evaluate th an  the corresponding elastic-plastic solution. 
C onsideration is first given to the case of ideal plasticity. 
E lastic strains are neglected an d  the m aterial of the beam is 
assum ed to  flow plastically a t a  constan t yield lim it. In  this 
case expressions for the bending  m om ent, shear force, cu rva
tu re  and deflexion distributions along the b ;am  are obtained 
analytically fo r any given im pact velocity. T h e  m anner in 
w hich the so lu tion  for a beam having an elastic-ideallv plastic 
bending m om ent-curvature  relationship converges to  the plastic- 
rig id  solution, as E l  increases, is discussed. C onsideration is
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next given to  the case of w ork-hardening where the material is 
assumed to obey a plastic-rigid bending m om ent-curvature 
relationship consisting of a stra igh t line w ith  non-zero slope. 
U nfortunately , difficulty arises in  finding a solution analytically 
in this case. However, by considering the solution for a beam 
having the corresponding elastic-plastic bending m om ent- 
curvature relationship and  a large E l  value, some speculation 
as to  the probable form  of the solution m ay be made. T he 
results presented in  his paper were obtained in the course of 
research sponsored by the Office of N aval Research under C on
trac t w ith Brown U niversity.— M . F. Conroy, Journal of 
A pplied M echanics, Vol. 19, December 1952; pp. 465-470.

Avoidable Accident
A board a dock boat of a small boat com pany, tw o men 

were rem oving new hand  extinguishers, 10-pound, C O , type, 
from  shipping cartons. One m an removed an  extinguisher 
and  rolled it over a couple of times to  look a t it, apparently  
unfam iliar w ith  its operating principles. F o r  some unknow n 
reason, perhaps th ink ing  it needed charging, he fitted a 15-inch 
crescent w rench to  the screw cap on the charg ing  side of the 
cylinder. As he loosened the cap a hissing noise was heard. 
“ I t ’s leaking gas” , shouted his helper, as he came over to  look 
on. T h e  screw cap was tu rned  back and  th is m an becan 
reading a tag (instructions for filling). W hile he was reading 
the instructions, the helper rem oved the cap from  the discharge 
line and  started again to  loosen the p lug  on the charging side. 
Suddenly, there was a loud “pop” and  the in terior of the 
dock boat became dense w ith  C O = fumes. One m an was 
killed instantly  and the o ther critically injured. In  com m enting 
upon  the case, the investigating officer concluded “ it is evident 
th a t the p lug  on the charging side was loosened un til the 
num ber of threads hold ing were no t sufficient to  w ithstand 
the pressure w ith in  the cylinder. W hen the threads let go, the 
escaping gas also fractured  the rup tu re  disc on the discharge 
side. T h is  allowed the gas to pass ou t th rough  the two open
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ings, thus setting the cylinder in  a w hirling  m otion” .— Proceed
ings o f the M erchant M arine C ouncil, U nited States Coast 
Guard, Vol. 9, N ovem ber 1952; p. 246.

Oil Fuel Heaters
T he oil fuel bu rn ing  installation in the A lfred H olt liner 

N estor  has been supplied by Associated B ritish C om bustion, 
L td ., of M eonstoke. T here are four A.B.C. burners to  each 
boiler and  features of the equipm ent are the wide pressure range 
(up  to 5001b. per sq. in.) and  the use of three half-size vertical 
heaters, ra ther th an  the m ore usual duplicate full-size units. 
These are a  new design of secondary surface heater, and  a 
sectional draw ing is show n here. E ach heater contains a num ber

Section through one of the three ha lf-du ty  fuel heaters

of tall vertical thim ble tubes in w hich the steam rises, to  con
dense and  fall to  the well of the steam header. T he  oil enters 
at a  p o in t in  the side of the shell and  rises to  the top where it 
passes dow nw ards th rough  the finned elements to  emerge at 
the oil header below. T he  pum ps incorporated in  the p lan t 
are o f M irrlees Im o pattern .— T he M arine Engineer and Naval 
Architect, Vol. 75, D ecember 1952; p. 527.

Carbon Tetrachloride
A recent incident involving the use of carbon tetrachloride 

in a confined area resulted in  one fatality  an d  the adm ittance 
to hospital o f ten. C arbon tetrachloride was used to  clean 
m achine equipm ent in  a confined space. T he  first sym ptom s 
resulting from  exposure to  th is toxic solvent did no t appear 
un til one week later w hen one person died an d  ten were adm it
ted to  hospital w ith in  the follow ing tw enty-four hours. T he 
inherent hazards o f carbon tetrachloride have been stressed m any 
times, w hether used as a fire-extinguishing agent o r for any 
other purpose. U nfortunately , some of the personnel directing 
operations involving the use of carbon tetrachloride are not 
always inform ed of these hazards o r perhaps they do no t take 
all the necessary precautions. C arbon tetrachloride is widely 
used and  has been the cause of a considerable num ber of cases 
of poisoning. Prolonged, excessive, or repeated exposures to  
the com pound are hazardous an d  m ay result in serious in jury  
or death. I t  is easily absorbed by the m ucous membranes, the

lungs, and  to  some extent, by the skin. In  the presence of 
water, especially a t elevated tem peratures, carbon tetrachloride 
is corrosive. In  the presence of open flames o r w hen exposed 
to  h o t objects, carbon tetrachloride decomposes to  form  phos
gene, a deadly gas, and  hydrochloric acid. I t  can  cause injurious 
effects due to  inhalation, ingestion o r by prolonged or repeated 
contact w ith  the skin. T he  toxic effects can  be either acute 
or chronic. T he form er is b rought about by a single exposure 
to a heavy concentration  of carbon tetrachloride. T h e  latter 
is the result of repeated exposure to  lower concentrations. 
Sym ptom s m ay no t appear un til days after the initial exposure. 
One case was reported of a w orker w ho had only a five m inute 
exposure to  a heavy concentration  from  a fire extinguisher. 
N ine days later he developed convulsions and  other com pli
cations. Fortunately  he recovered. T h e  hazard  of using a 
carbon tetrachloride extinguisher on a fire is greatest w hen the 
liquid  is discharged on slow b u rn ing  o r sm ouldering electrical 
equipm ent, autom obile m otors o r any  m etal object involved 
by fire. Since these fires are sm all and  extinguished w ithout 
any appreciable loss, personnel are p rone  to  rem ain in  the area 
and  will be exposed to  the deadly effects of phosgene. All 
personnel should be rem oved from  the vicinity , and the area 
well ventilated. T he  chemical reaction of carbon tetrachloride 
on ho t metals is rap id  decom position w ith  the p roduction  of 
phosgene. F ire fighting personnel are enjoined to  use the self- 
contained breath ing  apparatus w hen w orking in areas th a t have 
been exposed to  phosgene gas.— Proceedings o f the M erchant 
M arine C ouncil, U nited  States Coast Guard, Vol. 9, October 
1952; p. 227.

The Royal Yacht
T he Queen has approved a m odel show ing the general 

arrangem ents of the small hospital sh ip  to  be used as a Royal 
yacht in  peacetime. T o  be launched by H er M ajesty in  A pril 
next, the ship is expected to  be com plete a t the end of 1953. 
T he keel was laid  by John  B row n and  Co., L td ., in June and  
m ost o f the struc tu re  below the tank  top  and  m any bulkheads 
and  frames are already erected. A rrangem ents are such tha t 
the ship can be converted in to  a hospital ship w ith  the m in i
m um  structu ra l alteration. Should  she be required as a hos
pital ship, the Royal and  State A partm ents could be converted 
into hospital wards, operating  theatre, etc., fo r w hich a ir con
dition ing  is being fitted. T he  a fter end  of the shelter deck is 
strong  enough to  allow a helicopter to  land  on  it w ith  patients. 
T he  load displacem ent is abou t 4,000 tons and  the m axim um  
d raugh t in  any  seagoing condition  will no t exceed 16 feet. T he 
ship’s overall length will be 413 feet; her length  a t the w aterline 
380 feet; her m axim um  beam 55 feet, and  her m oulded depth 
32ft. 6in. S ingle-reduction geared steam turbines fed by two 
boilers will drive tw in  screws to  give her a continuous cruising  
speed o f 21 knots. She will have a modified cruiser stern an d  a 
raked bow. T hree m asts are to  be fitted. T he  Royal S tandard  
will be w orn  a t the m ain, the F lag  of the L o rd  H igh  A dm iral 
a t the fore and  the U n ion  Jack a t the mizzen. T he  ship will 
be fitted w ith  stabilizers to  reduce her roll in  bad weather. 
There will be Decca N avigator and  radar to  assist her naviga
tion. T he  ship will be fitted o u t for voyaging in bo th  cold 
and  tropical waters. T h e  entire struc tu re  above the w aterline 
is to  be riveted.— T he Sh ipp ing  W orld , V o l 127, 26th  
N ovem ber 1952; p. 424.

Gas Turbines for L ight Naval Craft
T he advantages of applying the experience gained on  air

c raft gas turbines to  m arine propulsion have been fully appreci
ated by the A dm iralty  fo r some tim e, and  after considerable 
investigation by Rolls-Royce, L td ., o f D erby, under the direction 
of the E ngineer-in-C hief o f the F leet, a con tract was placed in 
1946 fo r the p roduction  of tw o gas tu rb ine engines fo r p ro 
pulsion of coastal craft. D esign w ork on  these engines, w hich 
were designated R .M .60, was started in  D ecember 1947, and 
by 26th June  1951 the first set was on test. D u rin g  these first 
tests 90 per cent o f the design pow er was atta ined  and  220 
hours of test runn ing  were com pleted before the engine was
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T he Rolls-Royce 6,000 h.p. m arine gas turbine, show ing principal com ponents

stripped fo r exam ination. T he  installation  of these engines in 
a form er S.G .B. will be com pleted next year. N aval require
m ents dem anded an  economical low cru ising  pow er and  the 
h igh com pression ratio  necessary has been achieved by m u lti
stage com pression w ith  intercooling. A  heat exchanger is also 
included. T he  low  pressure axial com pressor delivers air 
th rough  a sea w ater-cooled intercooler to  a tw o-stage centri
fugal com pressor, intercooling again being employed between 
the tw o centrifugal stages. A ir a t m axim um  cycle pressure is 
then passed th rough  a heat exchanger before being delivered to  
the com bustion cham bers. T he  resulting  h igh-tem perature gas 
is expanded in  series th rough  three m echanically-independent 
turbines. T h e  high pressure turb ine (i.e. the fu rthest aft) drives 
the high pressure com pressors by m eans of a hollow shaft, the 
power turbine drives the Rotol three-bladed variable and  rever
sible p itch  propeller by a shaft passing th rough  the hollow one- 
and  tw o-stage reduction  gears, and  the low pressure turbine 
drives the low pressure com pressor. D ue to  the m echanically- 
independent pow er turbine, this cycle has the advantage of low 
power econom y and  im proved flexibility. Aero-engine practice 
has resulted in  a ligh t an d  com pact pow er u n it giving consider
able increase in  to ta l pow er an d  a reduction  of 50 per cent 
in  to tal m achinery w eight as com pared w ith  the lightest steam 
m achinery yet produced for N aval purposes. In  add ition  a 
saving in  m achinery space has been m ade possible. T he  R .M .60 
is designed as a m edium  life engine for developm ent purposes 
only, and  it is anticipated  th a t the experience gained during  
its operation  will m aterially assist in  fu ture  developm ent of 
m arine gas turbines w ith  long  life between overhauls.— The  
M arine Engineer and N aval A rch itect, Vol. 75, D ecember 1952; 
pp. 521-522.

Subm arine Reactor Build ing
C om pletion  of the saucer-shaped foundation  for the 225- 

foot steel sphere th a t is to  house a nuclear subm arine power 
p lan t being bu ilt by the A tom ic E nergy C om m ission fo r the 
U .S . N avy has been announced, and  w ork on  assem bling the 
hull o f the land-based proto type subm arine is under way, 
according to  the Schenectady O perations Office of the A .E.C. 
and  the General E lectric C om pany. K now n as the Subm arine 
Interm ediate Reactor (S IR ), th is  project is under the direction 
of the K nolls A tom ic Pow er Laboratory  operated a t Schenectady 
for the A .E.C. by the General E lectric Com pany. T h e  spherical 
design of the reactor bu ild ing  was adopted  to give additional 
protection to  operating  personnel and  to  off-site areas during  
test operations beyond the m any safety contro ls o f the reactor 
itself. In  the rem ote event th a t sim ultaneously all o ther con

trols failed, the resulting  release of radioactive m aterial w ould 
be contained in  the sphere w hich will have a net “free” space 
o f m ore than  5,400,000 cu. ft. T he  outer periphery of the 
bu ild ing will be 706 feet. T h e  sphere will rest on  the concrete 
saucer just com pleted w hich is 179 feet in  diam eter and  42 
feet deep. A ring  of steel colum ns set on  concrete outside the 
s tructure  and  reaching to  the m iddle of the sphere will give 
fu rth er support to  the building. W elded steel plates will make 
up  the skin of the ball. Every weld in  the structu re  m ust be 
X -rayed to  assure th a t there are no  leaks. T o  do th is, on  the 
bottom , a fou r-foo t space is provided tem porarily  between the 
base o f the sphere and  the concrete saucer. A fter testing is 
com pleted, this space will be filled w ith  concrete and  aggregate. 
Inside, the concrete floor on w hich the reactor w ill rest will be 
slightly  above g round  level and  the well o f the saucer beneath 
the floor will be filled w ith  a com pacted m ix ture  of aggregate 
and  earth. T he  reactor bu ild ing will be air-conditioned. T he  
hull of the subm arine w ill be assembled just outside the build
ing  and  w hen the latter is com pleted and  tested, the hull w ill be 
skidded in to  the huge ball th rough  a special wall section and  
the sphere again sealed. T h e  Subm arine Interm ediate Reactor 
is one of tw o nuclear-science approaches being m ade to  the 
problem  of u tiliz ing  atom ic fuel for underw ater ship propulsion. 
T he  o ther is incorporated  in  a project a t the N ational Reactor 
T esting  S tation  in  Idaho. T he  reactor designed for the W est 
M ilton  site will use liqu id-sodium  m etal to  take the heat ou t of 
the reactor core and  in to  an  exchanger o r  “boiler” where w ater 
will be converted to  steam. T he  steam will then  drive the 
turbines th a t propel the subm arine.— M echanical Engineering, 
Vol. 75, January 1953; p. 29.

Stability of Dutch and French Lifeboats
M odels o f five D u tch  an d  tw o F rench  types of lifeboats in 

w ood and  ligh t alloy were tested for stability under various 
conditions of load and  flooding. T h e  au thors give the basic 
analysis of the experim ents and  fu ll particu lars o f the lifeboats 
and  the ir models tested. A ccording to  the In ternational C on
vention for the Safety of L ife a t Sea, the capacity  of the a ir 
tanks in lifeboats should n o t be less than  ten per cent of the 
volum e of the boat up  to  the gunwale. T h is  percentage was 
show n to  be insufficient for one of the D u tch  boats used. T he 
o ther D u tch  boats kept afloat, b u t w ith  gunw ale com pletely 
subm erged. A part from  supply ing  reserve buoyancy, the a ir 
tanks im prove the stability as well. I f  the occupants move their 
position, then the stability considerations are m eaningless, so 
buoyancy only should be considered in  the first place. I t  is 
proposed to  increase the capacity of the air tanks to  give m ore
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buoyancy. T he paper concludes w ith tables and graphs of the 
results of the experim ents, and  there is a draw ing of one of 
the lifeboats tested.— H. E. Jaeger, J. W . Bonebakker and J. 
Pereboom, N etherlands Research Centre, Sh ipbuild ing  and  
Navigation. Report N o . 9S , October 1952. Journal, The  
British Sh ipbu ild ing  Research Association, Vol. 8, January  
1953. A bstract N o . 6£94 .

Couplings for Ceared Propulsion Units
Four types of coupling are reviewed, namely the electro

m agnetic slip coupling, the air-operated friction clu tch , the 
oil-operated friction  clu tch , and  the hydraulic coupling. N o 
consideration has been given to  electric drives and  torque con
verters, as these are considered to  be more in  the nature of 
substitutes for gearing. T he basis for com parison has been 
taken to  b e :— (a) C haracteristics when used as a c lu tch ; (b) 
Flexibility o f transm ission; (c) Acceptability of m isalignm ent; 
(d) Efficiency of transm ission. A tabular com parison is given 
enabling the advantages and  disadvantages of each type to  be 
assessed. A description of each type is given, together w ith 
details o f some modifications w hich have been made for special 
purposes, and  an  a ttem p t has been made to  indicate the su it
ability of the various couplings for conditions likely to  be m et 
in  service. B oth the electric slip coupling, the oil-operated 
friction clu tch , and  the hydraulic coupling are well established 
for m arine drives both  in  this country  and  abroad, bu t the 
air-operated or pneum atic c lu tch  is no t so well know n, having 
come in to  prom inence during  the war, when it was used exten
sively under the arduous service conditions obtain ing in  inva
sion craft, both  large and  small. T h is  type of coupling would 
appear to be w orth  serious consideration for propulsion drives 
in the sm aller vessels, such as tugs and  coasters.— The British  
Shipbu ild ing  Research Association, Report N o. 68.

Hydraulic System for Engine Room Skylights
A new system fo r the opening and  closing of engine room 

skylights is fitted in the passenger-cargo liner C ity  o f Port 
Elizabeth  and  the three sim ilar vessels o f 12,500 gross tons for 
the E llerm an Lines. T he  eight opening lights in the engine

room  are coupled in  pairs and  arranged so tha t each pair can 
be opened independently to  any desired extent. T h is  is effected 
by opening the appropriate cock and  operating a small hand 
pum p a t the contro l po in t on the engine room  floor. T h is  
actuates the ram s slung under the selected opening lights to 
open them  w ith the m in im um  of effort. In  an  emergency— in 
the event of fire, for example— all open lights can be quickly 
closed by merely opening a valve. T he emergency relief valves 
are placed in the alleyways of the engineers’ accom m odation, 
outside the port and  starboard doors to  the engine room. 
Furtherm ore, the open lights can  be instan tly  closed from  the 
contro l cocks to  the exhaust o r closed position. A  further 
advantage claimed is th a t th is system is m uch  easier to  install 
than  an arrangem ent calling for m echanical shafting  and  bevels. 
W ith  the hand-hydraulic system, installation  involves only the 
runn ing  of sm all-bore copper p ip ing  from  the contro l and 
emergency points to  the skylights. I t  is stated th a t practically 
no m aintenance is required.— The M o tor Sh ip , Vol. 33, 
February 1953; p. 479.

Diesel Engine Indicators and Indicating
T he Diesel engine user, unlike the developm ent engineer, 

rarely requires m ore th an  a reasonably accurate measure of 
m axim um  cylinder pressure w hen tu n in g  his engine. T h is  form  
of the Farnborough  indicator answers the purpose adm irably. 
T here are m any other form s of m axim um  pressure indicator, 
usually based on the principle of trapp ing  the peak pressure 
beyond some type of non -re tu rn  valve. M ost of these read 
low ; some are affected by the rate of rise of pressure. There 
are others having spring-loaded pistons, the lim it of travel 
of w hich is indicated either by m echanical o r electrical device; 
they are extensively used fo r com paring m axim um  pressure. 
Recently the cathode ray optical ind icator has come in to  general 
use for developm ent w ork on high-speed engines. I t  is especi
ally valuable for recording transien t pressures such as are 
present in  a m odern injection system, also it is m ost useful for 
reproducing injector needle lift on the screen. In  add ition  to  
the above, the cathode ray indicator has alm ost unlim ited  uses 
for m easuring changes in clearance or gaps between m oving and
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stationary  parts  of any m echanical contrivance: for example, 
a change of clearance a t any particu lar po in t in a bearing in 
w hich a shaft is ro tating . I t  has been show n th a t the centres 
of some journals move in  a peculiar pa ttern  du ring  each revolu
tion  and  th is can be studied by th is versatile equipm ent. 
A nother example is in  the m easurem ent of clearance between the 
tip  of the ro to r an d  the casing of a blower w hen ru nn ing  at 
various speeds and  delivery pressures. T he C.R.O. indicator 
consists basically of three m ain  com ponents, the p ick-up  unit, 
the am plifier, and  the oscillograph; of these, the first is the 
m ost im portan t and  probably presents the m ost problems. Its 
function  is to  convert a  m echanical quan tity  in to  a small elec
trical signal; various m ethods have been tried, all w ith  certain 
advantages and  disadvantages. Possibly the m ost favoured un it 
for oil engine w ork is the electro-m agnetic type, on account of 
its ability to  respond to  frequencies dow n to  zero, w hich implies 
th a t it can  be calibrated. A n advantage of th is u n it having 
low im pedance is tha t it is fairly im m une from  damage due to 
oil, an  invaluable asset w hen ind icating  the fuel system of a 
Diesel engine. Furtherm ore , it is adaptable to various applica
tions and  can be used w ith  long cables to  the recording appara
tus, if necessary. T he  m ain  disadvantage of the system is the 
sensitivity of the p ick-up  u n it to  tem perature, b u t so long as 
this is taken in to  consideration  w hen calibrating, it m ay be said 
th a t the advantages outw eigh the disadvantages.— G. B. Fox, 
Gas and O il Power, Vol. 48, January 1953; pp. 7-10.

Light A lloys in Adm ira lty  Diesel Engine
T he A dm iralty  A .S.R. I I  Diesel engine, designed and  con

structed  by Davey, Paxm an and  Co., L td ., is a strik ing example 
of a lum in ium  construction . Basically the design is sim ilar to 
the Paxm an R .P .H . series w hich is of cast iron  construction , 
and  it is to be noted tha t in  redesigning fo r alum in ium  there 
has been very little change and  v irtually  no  increase in the bulk 
of the various com ponents. T he  engine is a V -type, four-stroke 
u n it w ith  a bore and  stroke of 7 inches and  7% inches res
pectively, the range covering power requirem ents o f 200 b.h.p. 
—'the 12-hour ra ting  of the 6-cylinder norm ally aspirated engine 
— to 800 b.h.p. w ith  a 12-cylinder supercharged engine. T he 
largest a lum in ium  com ponent is the crankcase, w hich is a one- 
piece casting in L M 7-P . C ylinder blocks and  cylinder heads 
are also castings. A m ong o ther a lum in ium  castings are the 
cam box— the cam shaft bearing directly in  the alum inium —  
and  the intake m anifolds, each cast in  one piece. T he sum p 
is in  sheet a lum in ium  alloy, fabricated by argon-arc w elding; 
forgings in alloy H I 2 are used for the m ain  bearing caps, 
rockers and  o ther sm all parts. A som ewhat unusual feature of 
the norm ally aspirated engine is an  alum in ium  alloy exhaust 
m anifold. T h is  is fabricated by welding and  comprises castings 
attached to  an  extruded tube w hich is encased in  a sheet- 
alum in ium  w ater jacket. B oth the fuel and  lubricating  oil 
pum ps are in  alum inium  alloy, as also are the gear case covers,

cylinder head covers, an  a ir vessel for deaerating the fuel before 
its delivery to  the fuel pum ps, w ater p ip ing  and , of course, the 
pistons. B oth propulsion  and  auxiliary purposes are fulfilled 
by the engine, and , where it is used for generator duty , another 
interesting application  of a lum in ium  is provided. T he com 
plete generator set is m ounted on  a fabricated underfram e w hich 
is in  tw o sections, each bu ilt u p  from  extruded 12 inch by 4 
inch channel section and  1 m ch plate in  a lum in ium  alloy N 5 /6 . 
T he overall dim ensions of the engine section of the underfram e 
are 6ft. 6in. long by 5 ft. 4in. wide by 2ft. 5in. high and  that 
for the generator is 7ft. 8in. by 5ft. 4in. by 2ft. 5in. All the 
com ponents of these frames are joined by A ircom atic W elding. 
— The Sh ipp ing  W orld , Vol. 128, 4 th  February 1953; p. 153.

Burning of Boiler Oil in Diesel Engines
Experience of the burn ing  of boiler oil in  five different 

types of Diesel engines is described, explanations are given of 
the experim ents m ade, and  the economies effected are recorded. 
T he  developm ent of the A rchaouloff fuel injection system, as 
fitted to  m.v. Alcinous, is described an d  the results obtained are 
illustrated. A  sh o rt film m ade on the A lcinous  w hen a t sea 
shows the m ain engines w orking a t various speeds, and  a 
num ber of shots w ith  the engine developing fu ll power, show 
ing perfect com bustion, are included.— Paper by A . G. A rnold , 
read at a m eeting o f the In s titu te  o f M arine Engineers on 
13th January 1953.

Diesel M aintenance Control by Spectrographic M eans
A num ber of publications in  recent years have described 

the excellent results obtained th rough  spectroscopic analysis of 
Diesel lubricating  oils in con tro lling  D iesel-engine m aintenance. 
Avoidance of serious engine failures, longer life of com ponent 
parts, an d  m ore econom ical locom otive operation have resulted 
from  the w ork of various investigators in  a new application  of 
this scientific tool. T he A m erican Locom otive C om pany has 
been collaborating w ith  eighteen railroad com panies in  extending 
this new technique in  a broad-scale evaluation program m e. T he 
ultim ate results o f the program m e appear m ost prom ising. T h is 
paper outlines the overall evaluation program m e, describes 
laboratory equipm ent and  technique, collection and  in terpre ta
tion o f field data, and  typical test results. T h a t there is a 
definite place fo r the spectrograph in  the m aintenance of Diesel 
locomotives is show n to  be a justifiable conclusion on the basis 
of experience gained thus far.— Paper by H . R. Sennstrom , 1952
A .S .M .E . A nnua l M eeting, Paper N o . 52-A -61.

N ew  H igh  Speed Diesel Engine
There has just been developed by S tork Bros, and  C om 

pany, H engelo, H olland, also the T hom assen Engine W orks 
of D e Steeg, in co-operation w ith  Prof. J. J. Broeze and  Prof.
B. C. K roon, a new high-speed tw o-stroke engine ru n n in g  at 
600 r.p.m . and  built in powers of from  400 b.h.p. up  to  1,450

Sectional elevation o f the new S tork-T hom assen  engine
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b.h.p., including 10-cylinder engines, some of w hich are under 
construction  for the Royal N etherlands Navy. T he engine has 
a bore of 240 m m . and  a piston stroke of 360 mm . U niflow  
scavenging is employed and  the m ean effective pressure a t full 
o u tp u t is 6 kg. per sq. cm. (851b. per sq. in.). T he scavenging 
a ir is supplied from  a centrifugal blower runn ing  at about 10 
times crankshaft speed, and  a V ulcan-Sinclair coupling is 
incorporated in  the gear transm ission. T he engine is provided 
w ith  oil-cooled pistons. T he m ost interesting feature of the 
design is the special form  of com bustion cham ber, a develop
m ent of the basic principle originated by Ricardo. I t  is of 
smaller diam eter th an  the cylinder, so tha t the rotational speed 
of the air increases w hen the p iston approaches top dead centre. 
T he  injection nozzle is of simple design, having a single hole
0 9 m m . in  diam eter. T he  cylinder liners are chrom e-hardened 
on  the V an der H o rst process. T he diam eter of the exhaust 
valve in  the cylinder head is 120 m m . and  the operating 
m echanism  is ligh t and  rigid. T he push-rods are lifted by cams 
acting  on  sleeves, no cam  rollers being provided.— The M otor  
Sh ip , N o . 33, February 1953; p. 492.

Measurem ent of Total O il Content of Boiler Feed W ater
D etails are given of the developm ent of an  instrum en t for 

determ ining the p ropo rtion  of oil contained in  the condensate 
from  reciprocating steam engines, and  the results o f an  investi
gation m ade on six vessels fitted w ith this type of m achinery. 
T he instrum en t developed at the Royal Technical College, 
G lasgow, makes use of the characteristic fluorescence of oil 
under ultra-violet ligh t by com paring a solution of oil in ether, 
prepared from  a sample of the feed water, w ith  a previously 
prepared solution of know n oil content under a m ercury-vapour 
lamp. In  the original form  of the instrum ent visual com parison 
of the samples was m ade, and  an  im proved apparatus of this 
type was used for assessing the oil content of all the samples 
obtained from  ships in  service. A later form  of the fluorescence 
com parator employs photo-electric cells and  a galvanom eter for 
m easurem ent of the degree of fluorescence, and  hence the oil 
content, of the feed-water samples. I t  is considered tha t this 
instrum ent can be used w ith  confidence; it eliminates the hum an 
element and  has greater precision than  the visual com parator. 
Samples were obtained from  various positions in  the feed 
systems of six ships, five of w hich were fitted w ith  Scotch 
boilers and  the sixth w ith  watertube boilers. T he w ater samples 
were taken from  the a ir-p u m p  discharge and  the outlet side of 
the filter o r filters, the intervals between sam pling being deter
m ined by the filter-changing routine. D etails are given of the 
filtering m aterials used, the frequency of cleaning, and the con
d ition  o f the filtering m edia after use. T he  results of the tests 
made on the samples obtained indicate tha t the oil concentration 
in  the condensate from  triple-expansion engines of the orthodox 
type does no t exceed 2 parts per m illion (p.p.m .). T h is  low 
value was found  to  vary very little from  one ship to another, 
w hether superheated steam and  cylinder lubrication were used 
o r not. In  the six vessels on  w hich the tests were made, the 
feed w ater, on entering  the boilers, had oil contents w hich, in 
general, ranged from  0 to  1 5 p.p.m . Some oil is removed by 
the conventional type of filters, b u t it appears tha t they are 
largely ineffective for the very low oil concentrations which, 
according to  these tests, occur in  practice.— T he British S h ip 
building Research Association, Report N o . 69.

Thickness of Tubes for W atertube  Boilers
A com parison of the thickness of boiler tubes required by 

different classification societies both in this coun try  and abroad, 
reveals th a t there is a wide difference o f opinion concerning the 
op tim um  thickness of tubes fo r any particu lar diam eter and 
pressure. T he  purpose of this paper is to  examine the factors 
affecting the thickness of boiler tubes and  to  suggest a rational 
approach to the problem. T ube stresses and  heat transfer are 
considered, including non-uniform  heating such as occurs in 
tubes subject to  furnace radiation. T he  rules of the principal 
classification societies are briefly reviewed, together w ith 
previous published w ork on this problem. A new approach to

the problem  is given. T h is  defines the op tim um  thickness as 
th a t w hich will perm it the m axim um  heat absorption  rate, for a 
given w orking pressure, w ithou t exceeding a safe w orking stress. 
T h is idea is developed a t some length in  the paper, one of the 
m ost im portan t conclusions being th a t the optim um  thickness 
occurs w hen the pressure and  therm al stresses are equal, i.e. the 
to tal stress is twice the pressure stress. A simple design form ula 
based upon  this conclusion is suggested. T he  w ork was carried 
ou t for the B ritish Shipbuild ing Research Association.— Paper 
by D . W . Crancher, read at a m eeting o f the N orth -E ast Coast 
In s titu tion  o f Engineers and Shipbuilders, 30th  January 1953.

Submersible Boiler C ircu lating Pump
T he accom panying draw ing shows a longitud inal section 

th rough  a boiler w ater c irculating  pum p w hich consists of an  
electric m otor whose w indings are im m ersed in  the boiler water, 
and  a p um p  driven by th is m otor. T he  com bined m otor and  
p um p  assembly is housed in a pressure casing designed to  w ith 
stand  the pressure of the system. T he m oto r design is based 
on the H ayw ard T yler electromersible “wet” m otor, w hich has 
been in  use for some time as the driving m edium  of the com 
pany’s submersible pum ping  u n it used in  borehole and  irriga
tion  applications. T he m otor, a three-phase squirrel-cage 
induction  type, is vertical. T he w indings are insulated w ith 
polyvinyl chloride of a special grade developed to  w ithstand  
pressures up  to 10,0001b. per sq. in. T he  ro to r runs on  journal 
tilted pad bearings, these pads having the same bearing proper
ties as the M ichell type th ru s t bearing a t its top. T h is  bearing 
takes the th ru s t and  the weight of the m oving parts  and  lubri
cation is provided by the boiler water. T he  three electric cables 
are led in to  the m otor th rough  patented cable entries w hich 
have also been designed for a w orking of 10,0001b. per sq. in. 
T he ro to r shaft extends from  the m otor th rough  to  the pum p 
by way of a cooling neck, w hich incorporates several means of 
restricting the flow of heat from  pum p to m otor. These include 
a reduction  of shaft cross-section to  reduce conduction , baffling
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to  reduce convexion and  a cooling jacket. In  norm al a ir m otors 
the heat generated is rem oved by a  fan, bu t in  this case a small 
secondary im peller circulates the m otor liqu id  th rough  a high- 
pressure cooler, cooled by low -pressure water. As the m otor is, 
in effect, in  direct com m unication  w ith  the m ain  boiler water 
system, the pressure in  the m oto r is the same as th a t in the 
boiler system. D ue to  the restrictions previously m entioned, 
there is no flow of ho t w ater from  the pum p to  the m otor. 
T he  m otor cooling c ircu it has, therefore, to  remove only the 
heat generated in  the m otor by copper an d  iron  losses. A 
num ber of these pum ps have already been fitted in m arine 
boiler installations. T he  space taken up  by a whole u n it does 
no t exceed 3 feet square by 8 feet high. T he  m oto r requires a 
three-phase electrical supply, and  tw o o r three gallons of cooling 
w ater a t a pressure of approxim ately 151b. per sq. in. A t present 
the pum ps are m anufactured  to  su it tem peratures up  to  705 
deg. F . and  pressures u p  to 3,0001b. per sq. in. T he m axim um  
horsepower of the pum ps so far produced is 125, and  they 
weigh about 4001b. per h .p .— T he Sh ip p in g  W orld , Vol. 128, 
11th February 1953; p. 181.

Control of Boiler W ater  Level and Solids Carry-over
T he tw o m ost serious hazards w hich m ay be encountered 

in  the operation  of h igh-tem perature steam p lan t are the sudden 
off-take of a large q u an tity  of w ater w ith  the steam, and  the 
risk associated w ith  the deposition of solids. In  order to  protect 
such plan ts from  these risks, an  entirely new type of electronic 
equipm ent has been designed by E lcontrol, L td ., of London. 
A diagram m atic arrangem ent, show ing the layout of the equip
m ent is given in the accom panying draw ing. A n interesting 
example of th is new equipm ent has been fitted in  the Blue 
Funnel L ine’s N estor, where it  is designed to give increased 
protection  of the superheater and  turbines against the effects of 
solid carry-over. O ne set o f equipm ent is provided for each

boiler, and  each set perform s tw o functions; (a) con tinuous 
m onitoring of the conductiv ity  o f the condensate; and  (b) 
im mediate w arning of excessive foam  o r water-level in  the drum . 
C onductiv ity  A larm — A sample of the steam, continuously  
draw n off from  a convenient po in t in the boiler d ru m  or 
steam -line, is passed th rough  a small condenser, and  the con
densate is fed to an  electronic conductiv ity  controller. T he 
equipm ent is calibrated, so th a t the actual conductiv ity  of the 
condensate sample can be read a t any time. A ny undue increase 
in the solids carry-over will correspondingly increase the solids 
in  the condensed-steam  sam ple, thus raising the conductiv ity  of 
the condensate. V ariations w ill be im m ediately detected by the 
E lcontro l equipm ent, and  the m om ent the conductiv ity  rises to  
the pre-set perm issible value, the relay in  the contro ller w ill be 
operated. Level C ontrol— A stainless steel probe is m ounted  in 
the d rum  by m eans of a  specially designed high-pressure fitting. 
T he length  of the probe is arranged so th a t its tip  is located a t 
the m axim um  tolerated foam  level in the boiler. T he  probe is 
connected, electrically, to  an  electronic relay un it, w hich is 
m ounted  in  a convenient position. T he probe form s p art o f a 
low -voltage A.C. circuit, w hich is com pleted (via earth) when 
the foam  level makes con tac t w ith  the probe tip . As soon as 
the c ircu it is com pleted, the electronic am plifier in  the contro l 
u n it is actuated  and  a relay is energized. T he heavy-duty 
contacts of the relay are used to  con tro l an  alarm  bell, buzzer, 
o r w arning light. I f  desired, they m ay be used to  contro l any 
o ther electrical circuit.— T he Shipbuilder and M arine E ngine- 
Builder, Vol. 60, February 1953; pp. 118-119.

Scale Formation in Sea-w ater D istillin g  Plants
T h e  scales found  in sea-water evaporators are form ed of 

calcium  sulphate, calcium  carbonate, and  m agnesium  hydroxide. 
C alcium  sulphate scale can  be avoided by using a sufficiently 
dilute brine concentration  to m aintain  the sulphate in  solution.
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The conditions are indicated under w hich the form ation of this 
scale can be avoided. Calcium  carbonate and  m agnesium  
hydroxide scales are show n to be due to  the carbonate alkalinity 
in the sea w ater, w hich is lim ited and  reasonably constant. 
These scales are due to the break-up of the bicarbonate ions in  
the sea w ater as heating and  boiling occur. U p  to  a well- 
defined range of operating tem peratures, a scale tha t is pre
dom inantly of calcium  carbonate is experienced. A t higher 
tem peratures, a scale predom inately of m agnesium  hydroxide 
is form ed; bu t both  types of scale m ay occur in  the region of 
the changeover zone. I t  is show n th a t the break-up of the 
bicarbonate ions produces carbonate ions, w hich give rise to 
the calcium  carbonate scale and  tha t, w ith  fu rther heating and 
boiling, break-up of the carbonate ions occurs w ith the form a
tion  of hydroxyl ions, w hich combine w ith  m agnesium  ions to 
form  the m agnesium  hydroxide scale. I t  is show n tha t some 
of the alkalinity leaves the evaporator w ith  the blow -dow n; as 
calcium  carbonate in  solution, o r calcium  carbonate a n d /o r  
m agnesium  hydroxide in  suspension. T he am oun t o f scale 
form ed is found  to  be proportional to the am ount of sea water 
used, and  no  benefit is obtained by operating a t low brine 
densities. I t  is show n th a t the rate of scale form ation is greater 
for low tem peratures than  high tem peratures, and  increases w ith 
the tem perature difference across the heating surface. Tests 
show th a t the use of organic dispersive com pounds gives rise 
to a weaker scale structure, w hich allows some of the scale to 
be shed by cracking. T he  calcium  carbonate and  m agnesium  
hydroxide scales can be completely prevented if the appropriate 
quan tity  of hydrogen ions is supplied by the injection of acids, 
such as hydrochloric acid  or su lphuric acid, o r an  acid salt such 
as sodium  bisulphate. These scales can also be prevented by 
the injection of ferric chloride, w hich provides a supply of ferric 
ions. T he ferric ions com bine preferentially w ith  the hydroxyl 
ions form ed by the break-up of the bicarbonate and  carbonate ions 
— thus allowing the form ation of ferric hydroxide, w hich is very 
insoluble and  is m aintained in  suspension in  the brine w ithout 
form ing scale. L ong  period tests on large comm ercial plants 
have confirm ed the research tests.— Paper by H . Hillier, O .B.E., 
read at a General M eeting o f the In s titu tion  o f M echanical 
Engineers, 30th  January 1953.

Novel Steam Trap
A critical investigation of conventional types of steam traps 

w ith and  w ithout m oving parts  leads to the conclusion th a t both 
systems have their respective advantages. A ctual choice of 
system in  a given case m ust therefore be made in  consideration 
of prevailing conditions. A  recent design of steam trap  is 
claim ed to  com bine the advantages o f both systems. In  this 
trap , w hich is outlined in  the sectional arrangem ent, Fig. 4, 
the action of a stepped discharge nozzle is com bined w ith that 
of a fully autom atic discharge valve. U nder norm al operating 
conditions the nozzle, consisting of the nozzle body A and  the 
valve B, autom atically  controls the discharge of condensate 
w ithout any m ovem ent of the valve taking place. Whenever,

F ig . 4— Section o f novel type o f steam  
trap w hich combines the best features 

of conventional designs

however, the am oun t of condensate to  be discharged exceeds 
the discharge capacity of the nozzle, the discharge area is au to 
m atically increased. T he operating  principle in th is case is 
based upon the fact tha t excessive accum ulation  of condensate 
will have to  be dealt w ith  when resum ing operation  after service 
in terruptions, tha t is to  say, w hen the condensate has cooled 
dow n to  tem peratures considerably below those encountered 
under norm al service conditions. T em perature  responsiveness 
of the trap  is achieved by having the valve stem carried by a 
system of curved bim etal strips C  w hich  lift the valve as the 
water tem perature decreases. U ndue deform ation of the bimetal 
strips is prevented by the provision of a leaf spring D  w hich 
keeps the bim etal strips from  lifting  the valve fu rther w hen it 
has reached the full-open position.— B rennstoff, W arme, K ra ft, 
Vol. 4, D ecember 1952; p. 432. Engineering and Boiler H ouse 
Review, Vol. 68, February 1953; pp. 58-59.

Four W ay s of Bu ild ing Plastic Boats
A n article by J. B. Alfers in  a recent issue of M odern 

Plastics refers to the fact th a t the U n ited  States Defence 
D epartm ent has developed m ethods of m aking small boats out 
of plastics. F o u r m ethods of m ould ing  hulls are described. 
T w o involve a single m ou ld : the hand  lay-up and  bag methods. 
T w o involve tw o m atching m oulds: the injection and  m atched- 
die methods. In  the hand lay-up  m ethod , glass, w etted by a 
resin, is laid layer by layer in  a m ould  (male o r female) and  
pressure is applied by rolling and  squeegeeing. In  the bag 
m ethod, the plastic is compressed by a flexible pressure mem ber, 
usually a bladder, operated by com pressed air. T he m atched- 
die high-pressure m ethod has been proposed b u t no t yet used 
for boat hulls. I t  is a repetitive m ethod, using  a pair of 
m atched m oulds operated by a press. T he  injection (M arco) 
m ethod makes use of a pa ir of m atched m oulds of rigid, air
tigh t construction . T he  glass fibre is laid  in  the m ould , the 
assembly is sealed, and  resin is draw n in to  the assembly by a 
vacuum  pum p. T h is  m ethod has been successfully used in  the 
production  of some tw o hundred  12-ft. wherries, and  several
26-ft. whalers and  36-ft. land ing  craft.— Journal, T he  British  
Shipbu ild ing  Research Association, Vol. 8, January 1953; 
Abstract N o . 7,033.

Seagoing Trailer Van
A ccording to  an article in  A lum inium  News, a new type of 

ocean-going van is being m anufactured  by Brown Trailers, of 
Seattle, for the Ocean V an Line, operating  between the state of 
W ashington and  Alaska. L ifted  bodily from  the trailer chassis, 
they nest neatly in  the hold. T here  are substantial reductions 
in handling costs, the ligh t w eight and  high strength  of 
alum inium  con tribu ting  greatly to  efficiency and  economy. T he 
outer skin, w hich supplies m ost o f the streng th  in  the m ono- 
coque design, is fabricated of a lum inium  sheet. H aving a length 
of 30 feet and  a capacity o f 1,545 cu. ft., the light-w eight vans 
perm it payloads of 25 tons. A num ber of vans are equipped 
w ith  individual heating-cooling un its  powered by electricity.—  
L ig h t M etals Bulletin, Vol. 14, 19th D ecember 1952; p. 1,018.

Structural Behaviour of Ships
T he hull struc tu re  of a ship a t sea is subjected to  the m ost 

complex and  variable loading know n to design engineers. T he 
purposes of this paper are to  review past efforts a t observations 
of struc tu ra l behaviour in  ships a t sea and  to  draw  tentative 
conclusions from  the data presently available. T he  approach of 
naval architects to  the intricate problem  of stresses in a ship 
a t sea has been principally  from  two directions. F irst, assum p
tions are m ade of loadings, and  stresses are calculated on the 
basis o f statics. T h e  custom ary balancing of a ship on  a 
stationary  wave of length equal to  the length of the ship and  of 
height equal to l /2 0 th  of the length  is the best know n example 
of this k ind  of static assum ption. As o ther examples, the 
m axim um  wave height a t a po in t along the ship’s side is 
assum ed, from  w hich a ring-fram e calculation is m ade for the 
required strength  of transverse fram e; o r the period and  m axi
m um  ang l: of roll are estim ated and  designs o f m asts and  other
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structures are based on  calculated inertia forces and  gravity 
com ponents. T he  second direction of approach  has been the 
evaluation of service experience. T h ro u g h o u t the years, s truc
tural weaknesses w hich have developed in  ships a t sea have been 
studied, corrective measures have been taken, and  design 
form ulas modified accordingly. T he design m ethod, based on 
static assum ptions and  on  service experience, has produced 
generally effective hu ll structures believed to  be reasonably well 
engineered to  carry ou t their functions. However, the m ethod 
is n o t entirely satisfying. Possibly some hull structures are 
still heavier than  need be, and  represent dead w eight tha t could 
be m ore profitably carried in  cargo o r arm am ent. Perhaps some 
of the usual static  assum ptions for the hull girder and  its com 
ponents do n o t tru ly  represent actual struc tu ra l loading patterns 
in a ship a t sea. C onsequently, even w hen structu ra l weaknesses 
do appear, a rational analysis is no t always possible because 
the very natu re  of the loading m ay be incom pletely defined. 
For the sake of realism , an d  in appreciation  of the con tinu ing  
need for im provem ents in  hull design, the naval architect looks 
a t the struc tu ra l behaviour in  sh ips a t sea w ith  intense and 
objective curiosity  to  learn m ore about the actual loadings to 
w hich his structures are subjected. R ecognizing the paucity  of 
observations of struc tu ra l behaviour at sea and  the hazards of 
draw ing broad conclusions from  lim ited data, the au thors have 
exam ined the service observations from  the designer’s po in t of 
view, and  have concluded tha t these are the follow ing tre n d s : 
(a) M axim um  hull stresses occur in  waves whose length  is 
approxim ately equal to  the leng th  of the ship, (b) Observed 
stresses are generally less th an  calculated stresses based on an 
L /2 0  static  wave, (c) Stresses are greater when a ship is in  a 
wave hollow than  w hen a sh ip  is on  a wave crest, (d) Stresses 
due to wave im pact are strongly influenced by the relative 
velocity o f ship and  wave, increasing as the relative velocity 
increases, (e) In  com bined p itch ing  and  rolling, as when cross
ing the seas obliquely, stresses are very m uch  less th an  those 
in p itching only, (f) Waves in  the order o f 400 to  500 feet 
long m ay have wave height to  length ratios as high as 1/14, 
com pared to  a ratio  of 1/20  used in the usual longitudinal 
strength  calculation, (g) M axim um  stresses am idships in  ships 
ranging between 300 to  500 feet in  length in  severe w eather have 
been in  the order of 4 to  6 tons per sq. in. (h) S train  and  
m otion  data from  ships a t sea are difficult to  analyse, an d  the 
statistical approach  appears to  be the only practicable one.—  
E. A . W righ t and J. Vaster, Journal o f the Am erican Society  
of N aval Engineers, Vol. 64, N ovem ber 1952; pp. 693-706.

Hu ll Design of W e lded  Ships
T h e  follow ing is an  abstract of a paper by A. Svennerud, 

read a t the P lenary Session of the In ternational Institu te  of 
W elding, G othenburg , 1952. T h e  au th o r points ou t th a t the 
extension of the use of w elding in  sh ipbuild ing in  recent years 
has increased p roductiv ity  and  reduced the build ing time. 
Nevertheless, the advantages w elding presents in the field of 
ship construction  have no t as yet been fully realized. A lthough 
w elding simplifies the construction  of the m ajority  of com 
ponents, it also un fo rtunate ly  results in  a reduction  of the longi
tud inal stiffness o f th e  vessel, since it reduces the resistance to 
axial bending of the p lating  of a transversely-fram ed vessel. 
O n the o ther hand, w elding facilitates the use of longitudinal 
fram ing, an d  it appears desirable to  use this system on m ajor 
vessels o f all types. F o r the larger tankers and  sim ilar vessels, 
in  w hich long itud inal fram ing  will be used in any case, it 
appears desirable to  increase the area o f the deck girders so 
tha t the thickness of the deck p lating  can be reduced; th is is 
of advantage because the th inner p lating  is likely to  be less 
notch-sensitive, and  also because the openings found  necessary 
in the deck p lating  will no t have an  unfavourable effect on  the 
strength . A  num ber of detail designs are discussed and  
criticized from  the view points of both  theoretical streng th  and  
p roduction  in  practice. T h e  suitability o f various sections for 
welded construction  is considered. Some points to  be borne in  
m ind  w hen designing for prefabrication are noted, and  the 
au th o r briefly discusses the extent to w hich riveting should b_

incorporated in  a welded ship. T he  paper closes w ith  brief 
details of tw o recent G otaverken designs for welded ships, the 
one a tanker of 17,500-tons d.w., and  the o ther a dry-cargo 
vessel o f 9,500-tons d.w .— Journal, T he  British Sh ipbuild ing  
Research Association, Vol. 8, January 1953; Abstract N o . 7,007.

Crack Arresters
T he follow ing is an  abstract o f a  paper by B. Persson, read 

a t the P lenary Session of the In ternational In s titu te  o f W eld
ing, G othenburg , 1952. D espite the progress m ade in  recent 
years in  the design of welded ships an d  in  the execution of the 
welds themselves, and  despite the im proved quality  of the steel 
w hich is now  available, riveted crack arresters are still fre
quently  employed. These crack arresters are simple and 
effective, bu t when a sh ipbuild ing yard  is concen trating  on  the 
production  of welded ships, even the small am oun t of riveting 
required m ay prove an  inconvenience. T he  au th o r draw s a tten 
tion  to  a report o n  an  investigation of fractured  steel plates 
removed from  welded ships, w hich was perform ed under the 
auspices o f the S hip  S tructu re  Com m ittee. T he  im pact values 
given in  this report are sum m arized, and  it is show n th a t the 
higher the im pact value the less tendency there is fo r a crack 
to  be propagated. F rom  the results, the au th o r develops a 
curve w hich shows tha t a steel w ith  an  im pact value o f 20 to 
25ft. lb. w ould prevent fu rther propagation  of a  crack, and  
w ould therefore act as a crack arrester. Steels of a better 
quality  th an  the ord inary  sh ip  steel supplied by the different 
steel m anufacturers vary considerably bo th  in quality  an d  price, 
bu t it is possible to  obtain a steel w hich meets the required 
specification, and  w hich is offered a t a  price th a t enables it  to  
compete w ith  the com bination  of o rd inary  steel an d  crack 
arrester. A standardization  of the requirem ents of the various 
classification societies w ould go far tow ards easing difficulties 
of supply. T he au th o r concludes w ith  brief details of the 
design of crack arresters adopted  by the firm  of Eriksbergs Mek. 
Verkstads.— Journal, T h e  British Sh ipbu ild ing  Research 
Association, Vol. 8, January 1953; A bstract N o . 7,008.

L ist-proof Davits
A new type of davit, the invention  of a D u tch  m erchant 

service m aster, C aptain  V reughendil, has been in  successful 
service for some tim e in  the Royal R otterdam  L loyd m oto r- 
ships W eltevreden  and  K ota  In ten . T here are actually  three 
alternative types of these davits, tw o intended fo r larger ships 
and  the th ird  for coasters and  o ther vessels w ith  lower free
board. All three types are designed to  allow  boats to  be 
lowered against a  list of the paren t ship, an d  also to  cushion the 
boat should it strike the side of the ship due to  the la tte r rolling. 
T he first tw o types o f davits are illustrated  below. In  one 
(“L istproof I ”) the boat is carried  in a four-wheeled transporter, 
w hich is norm ally stowed on  inclined trackways. T he  tran s
porter consists of a pair of triangu lar fram es, connected by a 
bar, each carry ing  tw o 3-ft. wheels. T he  boat is slung beneath 
the bar by means of pulleys, an d  the falls, w hich are of wire, 
are rove th rough  these pulleys, the standing  end being secured 
on deck and  the ru n n in g  end being coiled in a  single layer 
on the boat w inch. T h is  is provided w ith  a hand  brake, a cen-

“L istproo f I ” (le ft)  and  “L istproo f I I ” (r igh t) patent davits
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trifugal brake and  an  emergency brake. T he brakes can be 
controlled from  w ith in  the boat if necessary. T he m ethod of 
lowering can be seen from  the diagram . T he  transporter moves 
dow nw ards w ith  the boat, either pro tecting  it from  striking 
the side of the ship o r ru nn ing  dow n the shell p lating , until 
it is autom atically  arrested when the boat is a few yards from  
the water. T he  boat is then lowered to the w ater by operating 
the handbrake on  the w inch, and  slipped by disengaging gear. 
O n rehoisting, the boat is raised un til it meets the transporter, 
w hich it carries u p  w ith  it. T he  length of the davit exceeds 
th a t of the boat by some 2ft. T he “L istproof I I ” davit works 
on  the same general principle, bu t the transporter ru nn ing  on 
wheels is replaced by tw o connected skids, w hich slide dow n the 
sh ip’s side. T h is  gives a davit w hich is shorter th an  the boat. 
In  the “L istproof I I I ”, intended for vessels o f lower freeboard, 
the boat is carried between a pair of rolling quadrants. As the 
boat is lowered, these rock outw ards, and , when a t the end 
of their travel, hold the boat well o u t from  the sh ip’s side while 
it is lowered .— T he Sh ipp ing  W orld, Vol. 128, 21st January 
1953; p. 119.

4,800 Horsepower Diesel Tow boat
T he 4,800-horsepower triple-screw  Diesel tow boat Aetna- 

Louisville, m ost pow erful tow boat on the O hio-M ississippi oil- 
hauling  route, is engaged in  tow ing oil from  term inals near New 
Orleans u p  the M ississippi and  O hio Rivers to the 45,000 
barrel-per-day refinery near Ashland. A round  tr ip  of 3,274 
miles takes about tw enty-one days. T he A etna-Louisville  has 
a length of 150 feet, a beam of 50 feet, and  a d ra ft o f 10ft. 6in. 
T ransverse fram ing is used w ith  six transverse bulkheads and  
tw enty-three w atertigh t com partm ents. A V -bottom  is a feature 
of the design, due to  excellent results obtained on  sim ilar con
struction  of the balance of the A shland Oil and  Refining C om 
pany’s fleet. W elded construction  was used th roughou t the 
boat. T he  engine room  is insulated w ith Johns-M anville  rock 
wool w ith  perforated m arine veneer. O ther construction  p ro 
vides fo r 2-in. fibreglass insulation covered w ith  masonite. 
Bottom  and  side p la ting  is f- in ch . Bilge strakes and  tunnel 
plates are i- in c h . Deck plating  is A -in ch  and  f-in ch . T he 
boat is unusually  strong  th roughou t and  exceeds usual specifi
cations. T he  vessel is powered by three M odel 16-278A 
General M otors Cleveland Diesels, developing 1,600 h.p. each 
a t 750 r.p.m . F o r short periods these three engines develop a 
total o f 5,400 h.p. a t 800 r.p.m . T hree Baldw in bronze p ro 
pellers 96 inches in  diam eter and  88 inches p itch  are m ounted 
inside K ort nozzles for peak pow er.— M arine Engineering and  
Sh ipp ing  Review , Vol. 57, December 1952; p. 96.

W orkm ansh ip  Requirement's for W e ld in g  in Shipbuilding
T his  is an  abstract of a paper by H . C. Steffensen, read at 

the P lenary Session of the In ternational Institu te  o f W elding, 
G othenburg , 1952. T he au th o r briefly recapitulates the advan
tages of w elding over riveting in  shipbuilding. T he  ou tstanding  
problem  today is how to weld rather than  w hether to weld or 
rivet. T he  residual stresses due to w elding m ay cause serious 
distortions w hich require a considerable am ount o f w ork to p u t 
rig h t; to  prevent th is d isto rtion  it is necessary to p lan the 
sequence of w elding in  such a way th a t shrinkage can take place 
w ithout restraint. Examples of the am ount o f shrinkage to be 
expected in particu lar cases are quoted. T he accuracy required 
in m arking-off and  m achining fo r welded construction  is ± £- 
mm. (0 02in.), com pared w ith  tolerances of up  to  ± 1-in. w hich 
were acceptable for riveted ships. T o  obtain this accuracy, it 
is necessary to  take particu lar care tha t wooden tem plates do no t 
shrink o r swell to  any large extent, and  Oregon pine or, in  some 
cases, a lum in ium -strip  tem plates are used in  place of fir battens. 
M ore recent developm ents w hich give a high accuracy are the 
optical m arking-off m ethod, and  the photo-electrically con
trolled autom atic oxygen cutter. F o r accurate preparation  of 
plates, either acetylene bu rn ing  equipm ent or roller shearing 
is suitable; in both  cases there is the advantage th a t cu tting  and  
bevelling can be done as one operation on  one machine. W eld
ing  skids o r surfaces are essential for prefabrication. T hey

m ust be perfectly flat; they m ust be stiff enough to  avoid 
being pulled ou t of shape by the w elding of the sections; and 
they should be made so th a t the sections can be held firmly by 
simple clips. A num ber of types of skid w hich have proved 
suitable are illustrated. T he au th o r then illustrates, w ith  the 
a id  of a plan , the routes traversed by a deck p late and a deck 
beam from  the storage areas to  the erecting berth. F inally , 
the necessity for em ploying steels of better quality  th an  those 
suitable fo r riveted construction  is m enioned.— Journal, The  
British Sh ipbuild ing  Research Association, Vol. 8, January 
1953; Abstract N o . 7,009.

N ew  Tankers
T he new Shell 18,000 tons deadw eight general purpose 

tanker H elix  and  her sister ships em body in  their construction  
a num ber of interesting new features, developed by the C om 
pany’s M arine Research D epartm ent. These include unusually  
complete safety arrangem ents against fires o r explosions, a new 
layout of cargo pipelines, and  a novel disposition of the cargo 
pum ps. Perhaps the m ost original feature is the electrically- 
operated overside lift, w hich is to replace the norm al gangway 
in these ships. T h is  lift, w hich is the subject of patents, has 
been developed by the G roup ’s M arine Research D epartm ent, 
and  is constructed  by Clarke, C hapm an and  Co., L td . I t  is 
capable of carry ing six persons or 10 cw t. of stores a t a time, 
is no t affected by the list o r trim  of the vessel and  does not 
depend upon guide rails. I t will ease considerably the difficulty 
of getting on o r off an  oil tanker, w hich th rough  its widely 
varying draughts, often necessitates the gangw ay being tilted 
to a very steep angle. As such, it should reduce the num ber 
of gangway accidents. I t  is also expected to  prevent rats 
entering or leaving the ship by th is means. T he construction  
of the lift is show n in the accom panying illustration , from

N ew  Shell overside li f t

w hich it will be seen tha t the action  of low ering it causes ram s 
to  push  the body of the lift away from  the side o f the ship, 
ensuring th a t it comes dow n safely on the jetty. T he  principal 
aim  of the new safety features in  the sh ip  is to  prevent the 
escape of gases from  the cargo tanks. T h is  is achieved by 
special equipm ent w hich makes it unnecessary to uncover any 
opening in  the tanks, either fo r loading and discharging or for 
sounding purposes. If, however, an  accident occurs and
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530ft. Oin. 
69ft. 3 in. 
39ft. Oin. 

about 29ft. 7 iin . 
about 18,000 tons 
about 12,000 tons

about 17,600 tons 
1 4 i knots

dangerous gases do escape, they are prevented from  entering 
those parts  o f the ship where naked lights are in  use, such as 
the galley, the boiler room  and  the smoke room . I t  is claim ed 
th a t there will be no greater risk of fire in  these tankers than  
in any o ther type of ship. T he principal particulars of the 
H elix  are as follow s: —

L ength  b.p. ...
B readth, m oulded ...
D epth , m oulded 
Load d raught 
Load deadweight 
G ross tonnage 
C apacity of oil cargo tanks 

a t  50 cu. ft. per ton,
98 per cent full 

Service speed
The single-screw turbo-electric propelling m achinery fo r the 
H elix, together w ith  all con tro l gear, has been constructed  by 
the B ritish T hom son-H ouston  Co., L td ., Rugby. T h e  boilers 
and o ther contingen t parts  are being constructed  by T he  W all- 
send Slipway and  Engineering Co., L td . T he  tw o m ain alter
nators each consist o f an  im pulse turbine direct-coupled to a 
tw o-pole alternator, supplying three-phase alternating  cu rren t to 
an electric m otor directly connected to  the propeller shaft. T he 
propeller m otor has a m axim um  o u tp u t of 8,300 s.h.p. a t 103 
r.p.m . and  a norm al service o u tp u t o f 7,500 s.h.p. a t 100 r.p.m . 
T w o m ain condensers o f the W eir regenerative type are to  be 
fitted, one fo r each m ain  alternator turbine, underslung from  
the turbines. T he  condensers are to  be capable of m aintain ing 
a vacuum  of 2 8 |in . H g., w ith  sea w ater a t 75 deg. F . when 
the m achinery is developing fu ll service power. T he  propeller 
is o f four-bladed type, of solid m anganese bronze .— T he S h ip 
ping W orld , Vol. 128, 28th  January 1953; pp. 132-134.

r V ' < h

(9) being provided. T he stanchions (12) are fitted in  sockets 
(22, 24) and  are removable. T he  panels (7) are d ropped when 
the hold is to be laden in  bulk w ith  loose cargo and  to  re tu rn  
them  to their horizontal position, a cable (25) is provided. T he 
operation of raising the panels m ay be used to  advantage in 
un loading the cargo. T he  central section (5) of the hold  is 
closed by panels (13), w hich are of the ro lling  type an d  are 
stowed together in  a vertical position. F o r latch ing  the pivoted 
panels (7) in  their raised position, a hook (27) is provided. 
A fter the panel has been raised, the cables (25, 29) are released 
and  the panel bears by gravity  on the hook (27).— British  
Patent N o . 684,455, issued to  H . K um m erm an . T h e  M otor  
Sh ip , Vol. 33, February 1953; p. 490.

Removable Platform  for Sh ips’ Holds
A m ethod of sub-div id ing ships’ holds by removable p la t

form s is show n in  Fig. 3. T hree com partm ents (4, 5, 6) are 
obtained by the provision of tw o longitud inal bulkheads (2, 3). 
T he panels (7) are pivoted a t the side (8) o f the hold, hinges

M om ent D istribution M ethod of A nalysing  Tanker Framing
W hen the design of an  o il-carry ing  vessel is under con

sideration, the arrangem ent of the m ain  transverse members 
and  the arrangem ent o f the m ain  members supporting  the 
bulkheads, both  longitud inal and  transverse, m ay be of several 
form s. T he final choice depends to  some extent upon  the ind i
vidual preference of the designer b u t some consideration of the 
loading an d  stressing of the mem bers m ay indicate certain 
fundam ental factors w hich affect the choice o f design. Even 
if no consideration is given to  dynam ic loading— w hich in a 
tanker m ust be of considerable m agnitude, due to  the fluid 
nature o f the cargo— the stress system in  the transverse members 
is extremely com plicated and  only broad conclusions can justi
fiably be draw n from  any  m ethod of calculation at present 
available. W hile, therefore, for purposes of com parison it m ay 
be necessary to  quote figures of bending m om ents obtained from  
m athem atical calculations, any  stresses derived from  these m ay 
be wide o f the m ark  if it is desired to determ ine the actual 
stress figures for a particu lar mem ber. I t  is, however, claim ed 
th a t the calculations will enable the form  of d is tribu tion  of 
bending m om ent to  be determ ined and  will show up  the points 
where peak stresses occur and  the relative m agnitude of these 
peak stresses. T he investigations of th e  au th o r were carried 
o u t w ith  the em ploym ent o f the H ard y  Cross m ethod, w hich 
has become well know n in recent years. T h is  m ethod of 
analysis is applied by the au th o r to  certain  tanker fram e sections 
including (1) a  tanker w ith  no s tru t in  the w ing tan k ; (2) a 
tanker w ith  diagonal stiffening; and  (3) a tanker w ith  staggered 
w ing and  centre-tank bulkheads. T he  value of the s tru t in  the 
w ing tank is analysed, the effect of altering  the position  of the 
s tru t is investigated, and  the com parative value o f tw o stru ts or 
one s tru t is examined. Some general conclusions are draw n 
and  atten tion  is directed to  the faults in  the assum ption tha t 
ship members m ay be considered to  have fixed ends and  m ay 
be based on  an  arb itrary  leng th .— Paper by H . J. A dam s, read 
at a m eeting o f the N o rth -E ast Coast In s titu tio n  o f Engineers 
and Shipbuilders on 9 th  January 1953.

F i g . 3

Accuracy of Calculated Stability Curves
In  a paper read at the Second In ternational Congress of 

N aval A rchitects a t O stende, J. W. Bonebakker explains th a t 
several m ethods are in  com m on use fo r calculating  sh ip  stability 
curves, w hich, a lthough  form erly considered to  be exact, now 
exhibit fairly large uncertainties. T h e  au th o r discusses the 
reasons for these inaccuracies an d  refers to  the w ork of Prohaska, 
Rahola, and  others w ho have analysed the problem. T here are 
m any seagoing vessels whose stability  characteristics w ill always 
be safe provided their design conform s to  standard  practice; 
for example, tankers and  dry-cargo ships of the open shelter- 
deck type, excluding sizes below about 2,000-tons gross in  both 
instances; bu t the sm aller the sh ip , the m ore difficult it is to  
determ ine the safety m argin , and  the m ore im portan t it is to  
do so. T h is  is illustrated  by a num erical exam ple w hich com 
pares the stability of a small shelterdeck vessel o f 1,200-tons 
deadw eight and  a 9,000-ton deadw eight cargo liner. T h is  rep
resentative example illustrates the need for determ ining really 
exact stability curves for small vessels. In  the second section 
of his paper, the au th o r briefly describes an appara tus m ade at 
D elft U niversity  for ascertaining accurately by means o f model
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experim ents the position of the centre of buoyancy for any 
displacem ent o r angle of heel, taking in to  account the influence 
of camber, sheer, hatchw ays, and  effective superstructures. T h is 
apparatus sets a standard  for judging the accuracy of both 
approxim ate and  the so-called “exact” m ethods for calculating 
stability curves.— Journal, The British Shipbuild ing  Research 
Association, Vol. 8, January 1953; A bstract N o . 6,993.

Tunnel Type Vessels
T he paper describes the general principles of the tunnel 

vessel. T he upper p art of the tunnel is considerably above the 
waterline, thus enabling the diam eter of the propeller to  be 
greater than  the d raugh t of water. W hen the vessel is a t rest 
the water level inside the tunnel is naturally  the same as it is 
on the ou tside; bu t w hen the propeller begins to revolve, the 
air w hich is enclosed in  the upper part of the tunnel is forced 
ou t and  replaced by solid water. I t  will be seen th a t by this 
means a large propeller, capable of utilizing  considerable power, 
can be used in  com bination w ith  a shallow draught. T he tunnel 
is sealed on  all sides, this being necessary because when once 
the air is forced o u t it  m ust never be allowed to  pass in  o r the 
propeller w ould no t be w orking in  solid water. T he au thor 
traces the advances m ade in  the design of such vessels over the 
past fifty years and  illustrates the large variety of shallow- 
d raught craft th a t have been fitted w ith tunnels and  are opera
ting  successfully o n  in land waterways th roughou t the world. 
T ank  tests, tria l results, tow ing, steering and  varying form s of 
tunnel, w ith  or w ithout flaps, are also dealt w ith.— Paper by
H. R. M itchell, read at a m eeting o f T h e  In s titu tio n  o f E ngin
eers and Shipbuilders in Scotland, 13th January 1953.

massive funnel and superstructure decks tapering off a t the 
stem . T he hull form  has resulted from  self-propelled tank 
experiments at the N autical Academ y in  Rome, p rio r experience 
having been obtained w ith sm aller models a t Genoa. C ertain 
parts of the vessel have been prefabricated by electric welding 
and  m ost of the upper deck erections are o f a lum in ium  alloy; 
as also are the tw o m otor lifeboats and  fourteen F lem ing- 
powered boats. T he Andrea Doria  has been built to the highest 
class of the Registro Italiano, L loyd’s Register of Shipping, and 
the A m erican Bureau of Shipping. She has the follow ing p rin 
cipal particu lars: —

Length  overall............................... 697ft. Oin.
L ength  b .p ...................................... 626ft. 8in.
M oulded breadth  ... ... 89ft. 11 in.
M oulded depth to  m ain  deck 49ft. lOin.
G ross to n n a g e ............................... 29,083 tons
Service speed (35,000 s.h.p.) . . .  23 knots 
C ontract tria l speed a t  ligh t

d raught (50,000 s.h.p.) ... 25 3 knots 
T he tw in-screw  three-casing A nsaldo-Parsons geared turbines 
are designed to  develop a total service pow er of 35,000 s.h.p. 
at 143 r.p.m . and  trial ra ting  of 50,000 s.h.p. at 164 r.p .m .—  
The M arine Engineer and N aval A rchitect, Vol. 76, January 
1953; pp. 3-4.

Influence of Draught on Propulsive Qualities
T he paper gives an  account of tests carried ou t a t the 

Swedish State Shipbuild ing  Experim ental T ank  in  Goteborg. 
T he experim ents were conducted in  order to study the influence 
of the d raugh t of a ship on  the propulsive qualities of the p ro 
peller. T hey were n o t systematic, bu t were intended to  provide 
a com parison between one practical case and the relatively rich 
m aterial in  literature. T he original tests were carried o u t for 
Helsingborgs V arfs A. B., H alsingborg, w ith  a paraffin wax 
m odel o f a cargo ship w ith  the displacem ent V  =  3,788 m .3 and  
w ith the calculated trial tr ip  speed V  = 12 knots. A fterwards 
the tank extended the tests w ith  the same model. Both resis
tance tests an d  self-propulsion tests were carried ou t a t the 
draughts w ith  even keel while only self-propulsion tests were 
ru n  in  the trim m ed condition. All the self-propulsion experi
m ents were carried ou t according to  the so-called “C ontinental 
m ethod” (Gebers) w ith  the sk in-friction  correction applied as a 
tow ing force. T he  results have been converted to  full scale in 
the conventional way. N o  turbulence stim ulator was used 
during  the tests.— H . Edstrand, Publications o f the Swedish  
State Sh ipbu ild ing  Experim ental T ank, N o . 21, 1952.

M odel Tests on Fishing Vessels
D u rin g  investigations into the resistance characteristics of a 

series of fishing vessels, it  was found  th a t one of the hulls tested 
showed very favourable results. F u rth e r tests have now been 
perform ed on this hull w ith  the object o f determ ining the effect 
on the resistance of variations in  the displacem ent and  in  the 
beam -draught ratio. T h e  models were of wax, and  were made 
| t h  full size. T urbulence was ensured by means o f a tr ip  wire 
in the usual position. T he  tests covered sh ip  speeds from  6 to
12 knots. Six models were made for investigating the effects of 
displacem ent, all w ith  the beam -draught ratio  of the original 
m odel; and  five models, all w ith  the same displacem ent as the 
original model, were built w ith  various beam -draught ratios. 
In  each series o f tests, the effects o f variations in  beam, depth, 
wetted surface, and  bow angle were determ ined; in  the tests 
perform ed w ith various displacem ents, the variation  of the m id 
ships cross-sectional area was also considered. In  each case, 
the residuary resistance was obtained by sub tracting  the 
frictional resistance, com puted by F roude’s m ethod, from  the 
total resistance. T he  results obtained are presented in  g raph i
cal form .— E. S u n d  and N . C. A strup , N orw egian U niversity  
Tech., S h ip  M odel T ank Report N o . 7, 1951. Journal, The  
B ritish Sh ipbuild ing  Research Association, Vol. 8, January 
1953; Abstract N o . 6,982.

Italian Liner Enters Service
Ita ly ’s largest and  fastest post-w ar passenger ship, the 

29,083 tons gross Andrea Doria takes the name of a d istin
guished Genoese adm iral and  is to  be followed by a sim ilar 
vessel, no t yet launched, to be nam ed C hristoforo Colombo. 
T h e  appearance of the new ship follows closely th a t of the 
C R D A -built m otorships, w ith a beaked stem, bulbous forefoot, 
sam son posts before, and  a single m ast stepped above the bridge,

Keel Block Loads during Drydocking
A paper by E. W enn, published in  the Proceedings of the 

Society for Experim ental Stress Analysis, describes the m easure
m ent and  contro l of keel block loads d u ring  drydocking tests 
of a U .S. naval vessel. F o r the first tim e in  naval history, a 
system of instrum ented  keel blocks was designed to  measure 
instantaneous keel block loads du ring  drydocking of ships. 
D rydocking tests gave variation in  keel block load during  the 
landing of a ship, after unw atering, and  while settling of a 
ship on blocks. T ests were also used to study  behaviour of 
transverse fram ing under various conditions of loading and  to

G raceful profile o f the A ndrea D oria
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design, thereby, the size of the fram ing  structure  to ensure m ore 
un iform  stress d istribu tion  under m axim um  load .— A pplied  
M echanics Review , Vol. 6, January 1953; pp. 47-48.

German Cargo  Motorship
T he cargo m otorship  Ciandra  is the first of tw o vessels 

bu ilt by F . L iirssen W erft, Bremen-Vegesack for T ransatlan ta  
Reederei, H am burg. T he  leading particulars are 76 8 m. length
o.a., 68 2 m .b.p., 11-0 m. breadth  m oulded, 1,550 tons d.w., 
norm al speed 12 knots. T he  vessel is designed w ith  a small 
enough d raft to  perm it navigation of the G reat Lakes. T he 
hatches are fitted w ith  M acG regor covers and  one 5 ton  and 
two 3 ton  electrically equipped deck cranes are provided w hich 
should prove especially useful in  sm all ports where no cranes

the background of “letting  the engine tell w hat is occurring”, 
m any of the apparently  m isunderstood happenings w ith  lubrica
ting  oils will be solved, the paper indicates. T he  m ixing of 
various types o f additive oils m ay result in  very serious 
problem s, and  a m uch greater understand ing  of basic funda
m entals is needed, tow ards w hich the use of the electron m icro
scope, in its infancy, is po in ting  the w ay .— Paper by R. 
M cB rian, 1952 A .S .M .E . A nnua l M eeting; Paper N o. 52-A -40.

W ater-lubricated Thrust Bearings
Experim ents were m ade to  determ ine the load-carry ing  

ability of w ater-lubricated, tapered-land, carbon th ru s t bearings. 
N ine different bearings having various com binations of radial 
and  circum ferential tapers were tested. As was expected, the

are installed. P ropulsion p lan t is arranged aft and  consists of 
an eight cylinder four-stroke Diesel engine of M .A .N . make 
w ith B.B.C. exhaust tu rbo  charger for 40 per cent supercharg
ing. T he  engine is rated  a t 1,200 b.h.p. a t 260 r.p .m ., cylinder 
diam eter being 385 m m . an d  stroke 580 m m . T here is a 30 kW. 
generator driven from  the m ain shaft and  a 20 kW. auxiliary 
generator. T w o  Diesel driven generators o f 75 kW. each are 
provided for supplying electric cu rren t to the deck m achinery.—  
Sc hi[f u n d  H afen, N o . 12, 1952; pp. 537-542.

Diesel Lubricant Performance
T he electron m icroscope, the paper states, can  and  should 

be used to  contro l all received shipm ents o f additive-type oils 
as to  the m ain tain ing  of a norm al additive pattern  dispersity. 
Any unusual variation  should result in a re-evaluation of the 
oil so as to  prevent engine failures. I t  was found  tha t m inute 
residual am ounts o f such im purities as fatty  acids, sodium , 
m agnesium , and  oxidizing agents change additive structure and 
completely revert a good engine operation to  a very poor opera
tion  w ith  excessive wear, deposits, o r corrosion conditions. It 
was discovered as w ith  the spectrograph th a t a scientific in s tru 
m ent used largely for research can be used practically and will 
give basic knowledge of engine conditions. Previous concep
tions as to  w hat a satisfactory Diesel-engine lubricating  oil 
should  be is changing, as knowledge and  studies are increased 
in this field of colloidal and  physical chem istry. T hen , w ith

degree of taper had a p ro found  effect on the perform ance of 
those bearings tested. I t  was found  th a t w ater-lubricated 
carbon th ru s t bearings w ith  the correct am oun t o f c ircum 
ferential and  radial taper, can successfully carry  loads of at 
least 1101b. per sq. in. a t speeds from  860 to  3,450 r.p.m . 
Radial tapers perform  acceptably a t high rotative speeds, accord
ing  to  the paper. A t low speeds they m ay reduce the u ltim ate 
load capacity of the bearing. C ircum ferential tapers o f extremely 
slight angle appear to be associated w ith  the greatest friction. 
M oderate tapers have low fric tion  loss and  are m ost dependable 
at low speed and  high loads. F ro m  the data on hand , a good 
a ll-round  design fo r a w ater-lubricated 2 J-inch  o.d., lf - in c h
i.d., fixed land, carbon th ru s t bearing w ould incorporate: (a) 
Six lubrican t d is tribu ting  grooves; (b) rounded  or bevelled lead
ing edges on the six lands; (c) circum ferential taper in f  o r I 
of the land  area, 0 0006 inch to  0 0008 inch deep a t the lowest 
po in t; (d) radial taper o f zero to  0  0003 inch  per inch sloping 
dow n tow ard the inner diam eter; (e) untapered portion  of the 
lands flat and  sm ooth .— Paper by M . Levinsohn  and  N . E. 
Reynolds, U .S. N aval Engineering E xperim ent S ta tion , A n n 
apolis, M d . 1952 A .S .M .E . A nnua l M eeting Paper N o. 52- 
A-29.

Heavy Oil System in Tw in  Screw Liner
T he C ity  of Port Elizabeth, the first of fou r passenger and 

cargo liners bu ilt a t W alker-on-T yne by V ickers-A rm strongs,
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L td ., for E llerm an Lines, L td ., is a ship of 12,500 gross tons, 
propelled by tw in-screw  H aw thorn -D oxford  m achinery capable 
of developing 12,650 b.h.p. a t  115 r.p.m . Each engine has six 
cylinders, having a bore of 670 m m . and  a p iston  stroke of 
2,320 mm . an d  is designed to  ru n  on  heavy fuel w ith  a m axi
m um  viscosity of 3,500 seconds Redwood I a t 100 deg. F . As 
the diagram  shows, there are tw o heavy oil supply tanks, each 
w ith a capacity of 30 tons and  filled by means of the W orth ing- 
ton-S im pson  fuel transfer pum ps w hich, it m ay be seen, can 
also be used for pum ping  the Diesel oil for the three 400-kW . 
Diesel generators. E ach p um p  is capable of an  hourly delivery 
of 42 tons o f oil having a viscosity equal to  tha t of water 
against an  80-ft. head, or 25 tons of 3,500-seconds fuel against 
a to ta l head of 80ft. F rom  the heavy oil service, o r settling 
tanks, the oil is gravity  fed to  the purify ing  equipm ent situated 
in a special com partm ent on a flat in the engine room. In  
this are tw o D e Laval purifiers and  tw o clarifiers of the same 
make, also one standby u n it suitable for either duty. Three 
steam heaters are provided. T he  fuel, after passing th rough  a 
purifier and  clarifier, is then  delivered to  the tw o 13-ton  p u ri
fied heavy oil tanks, whence it is fed to  the fuel pum ps on each 
of the m ain  engines. A spill valve is fitted to each m ain engine 
fuel pum p bottle, so tha t the fuel can  be circulated th rough  the 
pum ps when the engines are a t a standstill. F urtherm ore, each 
fuel valve has a c ircu lating  valve enabling the high-pressure fuel 
system to  be circulated when the engines are no t running. 
D rains from  these circulating  valves are led to  an  observation 
tank and  then  to  each fuel pum p tray. I t  will be seen tha t

im m ediately before each m ain  engine fuel p u m p  there is a 
steam -operated fuel heater, having a heating surface of 20 sq. 
ft.— sufficient to  m ain tain  the heavy fuel a t a  tem perature of 
180 deg. F. A therm ostatically-operated steam control valve 
is fitted to  enable the fuel to  be m aintained a t the requisite 
tem perature. Diesel fuel is also led to  the m ain  engine fuel 
pum ps, a  changeover cock being fitted o n  each so th a t the 
engines m ay readily be switched to  the alternate fuel. Steam 
tracer pipes are laid alongside and  w ith in  the insulation  sur
round ing  the m ain engine high-pressure fuel p ip ing  between 
the fuel pum ps and  the valve blocks on  the cam shaft platform s. 
Each suction and  discharge line of the tw o double-plunger, 
high-pressure, fuel-prim ing pum ps is also lagged an d  steam - 
heated. T he  double-bottom , settling an d  daily service tanks 
for heavy oil are, of course, fitted w ith  steam heating coils, 
the bottom s of the settling and  service tanks being especially 
arranged to facilitate the removal of sludge .— The M o tor Sh ip , 
Vol. 33, February 1953; p. 483.

W e ar  Resistant A lum in ium  Finishes
Procedures have been developed recently w hich produce 

anodic coatings on alum inium  of greater thickness and  increased 
density. Because of their substantial thickness, am oun ting  to 
O’OOl to  0 005 inch, and  denser structure, these coatings sup
p o rt greater loads and  overcome the shortcom ings of th inner 
anodic coatings w ith  regard to  scratching and  indentation-type 
abrasion. These hard, thick coatings are produced in  acid-type 
electrolytes w hich are operated at low tem peratures and  high
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cu rren t densities. O perating  techniques are particu larly  im por
tan t insofar as consideration m ust be given to  positive contact 
d u ring  the com plete anodic oxidation period. Exceptional 
agitation  and  circu lation  of the electrolyte m ust be m aintained 
in  o rder to  decrease the possibility of bu rn ing  in  areas of high 
cu rren t density. H ard  coatings fo r a lum in ium  alloys are 
na turally  of considerable interest to  the a ircraft industry , where 
a lig h t m etal w ith  a hard  w ear-resistant finish offers a valuable 
replacem ent fo r parts  produced from  heavier metals of higher 
inherent hardness. A lum inium  alloys w ith  hard  oxide coatings 
can be used for gears, p inions, bearing races, slides, various 
pistons, helicopter blade edges, and  num erous o ther applica
tions. These coatings offer also prom ising  possibilities in other 
fields, as fo r instance in  applications where alum inium  alloys 
are exposed to  the erosive influences of h o t gases o r liquids. 
T h u s , they can  be applied to  advantage to high velocity pum ps 
and  blower impellers to  m inim ize erosion. H a rd  chrom ium  
plating  based on the zinc im m ersion process can be used to  
increase the surface hardness an d  wear resistance of alum inium  
alloys. M any  applications involving wear o r rubbing require 
the deposition of softer m etals th an  chrom ium  and , for such 
purposes, tin  coatings are being used, w hich are applied by 
simple chemical im m ersion processes.— T h e  Engineers’ D igest, 
Vol. 14, January 1953; p. 3.

Pum p for Sem i-so lids
In  m any industries the problem  arises of pum ping  materials 

of a sem i-solid consistency, such as clays, pulps, m uds, slurries, 
silt, cem ent, washery fines and  industria l wastes. M aterials of 
this character are amenable to  pum ping  once they have entered 
the pum p , b u t to  induce them  to  enter is a m ost difficult 
problem. T he consistency we are considering is too thick to 
adm it o f the m aterial being pum ped  by centrifugal m eans o r  of 
passing th rough  the valves of a  norm al reciprocating pum p. 
In  the M eader pum p, for w hich the sole m anufactu ring  rights 
for the U n ited  K ingdom  have been acquired by H enry  Balfour 
and  Co., L td ., Leven, Fife, the problem  has been neatly resolved 
by placing the pum p cylinder round  the m aterial instead of 
in troducing  the m aterial in to  the cylinder. Figs. 1-3 show 
diagram m atically the construction  of the pum p and  the three 
stages in  the operating  cycle. T h e  m aterial to  be handled is 
d ropped in to  a hopper a a t one end of w hich is a discharge 
pipe b leading to the delivery pipe, and  a t the other end is a 
hydraulic cylinder c con tain ing  a cu ttin g  cylinder d  and  a 
piston e. W hen the hopper has been charged, w ater under 
pressure is in troduced  a t f , d riv ing the cu tting  cylinder d 
th ro u g h  the m aterial un til it seals itself against a  seating g, as

show n in Fig. 2. By this action the cu ttin g  cylinder has 
enclosed a  core of m aterial, and  in  the next stage w ater is in tro 
duced th rough  h, d riving p iston  e across to the position  show n 
in Fig. 3 and  forcing the core of m aterial th rough  the discharge 
piece b into the delivery pipe. F inally , w ater is in troduced 
th rough  i to  re tu rn  the assembly to  the position  show n in Fig.
1, upon  w hich the m aterial in the hopper slides dow n in to  the 
vacant space— a m ovem ent facilitated by the shape of the hopper 
as show n in Fig. 4. H ydrau lic  power is provided by a m u lti
stage centrifugal p um p  driven by electric m oto r o r any  o ther 
convenient means. A lternatively the pum p can  be designed to 
operate w ith  steam o r com pressed air. A n  au tom atic  valve 
gear is norm ally supplied to  contro l the sequence of operations, 
and  in  such cases an  extension rod, j  in  Fig. 5, is provided to 
operate the valve gear in  accordance w ith  the m ovem ent of 
p iston  e. W ith  the p u m p  as described, the pum p in g  stroke 
occupies one-th ird  of the operating  tim e; if, therefore, a con
tinuous delivery is required, a trip le-cylinder u n it can  be sup
plied. T he  M eader pum p should greatly extend the scope of 
pum ping  sem i-solid m aterials, fo r it is claim ed tha t any 
m aterial capable of being extruded a t norm al tem peratures can 
be handled. I t  is claim ed th a t m aintenance should be light 
because the pum p operates com paratively slowly and  there are 
no valves in  contac t w ith  the m aterial being pum ped. Unless 
a self-setting m aterial such as cem ent is being handled, the 
delivery line can be left charged w hen the p u m p  is shu t down. 
T he  range of pum p sizes now  under consideration is from  5 
to  100 tons per hour, b u t un its  of larger capacities could  be 
designed, if required.— Colliery Engineering, Vol. 28, N o . 334; 
pp. 520-521.

In itiation  of Brittle Fracture
E xperim ental techniques have been evolved to  initiate brittle  

fracture  in  structu ral steels from  a sharp  cleavage crack w hich 
synthesizes the fabrication cracks developed in  welded structures. 
T he cleavage crack is developed by the cracking of a small 
bead-on-plate of brittle  hard -surfacing  weld metal. L oading 
of the test plates con tain ing  such a crack-starter weld is accom 
plished by the use of explosives o r a d rop  weight. T ests con
ducted over a range of service tem peratures have dem onstrated 
th a t structu ral steels of the ship plate type develop brittle  frac
tu re  in  the tem perature range of ship fractures. D etailed 
correlation w ith  ship fracture data indicated th a t the conditions 
o f crack in itia tion , p ropagation  and  stoppage are reproduced 
by the tests. T he  significance of C harpy  V and  Keyhole transi
tion criteria fo r the prediction  of conditions of brittle  fracture 
were investigated fo r various types of struc tu ra l steels. I t  is
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M eader p um p  for sem i-solid materials
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dem onstrated th a t only criteria associated w ith  nearly com 
pletely brittle fractures of these specimens are significant to  the 
problem .— P. P. Puzak, E. W . Eschbacher and W . S. Pellini, 
T he W elding Journal, Vol. 31, December 1952; pp. 561-s-581-s.

Notched Steam Bend Test
T he test under consideration is the notched slow-bend test, 

used by the au thors in their investigations of brittle  fracture. 
A description of test perform ance, criteria, and  phenom ena 
encountered is given in a paper th a t was presented and  dis
cussed a t the recent Sym posium  on N otch-B ar Testing. In  
this paper, several views could be p u t forw ard only as state
m ents w ithou t proof, and  so p art of the present paper is con
cerned w ith  the full experim ental evidence fo r these statements. 
T he other part deals w ith  the results of new experim ents, and, 
finally, the notched slow-bend test and  the C harpy V -notch  
im pact test are com pared, w ith  special regard to their m erits 
as acceptance tests from  a statistical po in t of view.— J. E. de 
Graaf and  J. H . van der Veen. Journal o f the Iron and Steel 
Institu te , Vol. 173, January 1953; pp. 19-30.

W e ld in g  in M arine Engineering
T his  lecture com prises a survey and  com m entary on the 

use of w elding for the construction  and  repair of m arine 
m achinery for m ain  propelling and  ancillary purposes. T he 
h istory of w elding in relation to  m arine engineering is traced 
from  the ham m er w elding of boiler seams in  1870 u p  to the 
present day, w hen welds m ade by m odem  processes are accepted 
for highly stressed com ponents. D escriptions of w elding p ro 
cesses are om itted  since the lecture deals w ith  w elding applica
tions rather th an  w elding technique. N um erous examples are 
given and illustrated, and  m any of them  relate to  design details 
w hich are typical o f good practice and  are accepted by ship 
classification authorities. T he  lecture is divided under tw o m ain 
heads, namely, “N ew  C onstruction” and  “Repairs” . A fu rther 
subdivision is m ade under “N ew  C onstruction” , so th a t boilers, 
pipe-work, m achinery com ponents, turbines, gearing, electrical 
propulsion, refrigerating p lan t, and  dredging craft are dealt 
w ith in th a t order. Also included in this section are some 
rem arks of general interest on  the subject o f residual stresses 
and  their relief by therm al treatm ent. Problems concerning the 
w elding o f alloy steels for gas turbines are discussed. T here is 
need fo r research in to  the w eldability of these steels, bearing in 
m ind tha t no t only  the welds should be free from  m icro-cracks 
to  start w ith, bu t they should also be equivalent to  the parent 
metal in  resistance to m etallurgical and  physical deterioration 
w hilst operating  a t high tem peratures over long periods. A 
field of welding w hich is always of interest to m arine engineers 
is in  repair work. U nlike land  plant, for w hich complete 
resources for repairs are usually available, m arine m achinery 
m ay be involved in  m ishaps and  breakdown on the high seas 
and  in  rem ote parts of the w orld where repair facilities m ight be 
prim itive, o r even non-existent. M any  ships now carry electric 
w elding equipm ent, an d  seagoing m arine engineers include 
w elding in their m any m anual accom plishm ents. Several in ter
esting examples of weld repairs are described, w hich in  some 
cases have enabled ships to com plete their voyages carrying 
valuable cargoes w ith  a m inim um  of delay. O ther examples are 
given w hich em phasize the discrim ination th a t is necessary in 
deciding w hether o r no t a weld repair is desirable. U nfo rtunate  
consequences have followed the ill-advised use of w elding in 
some cases.— T he T w en ty -fifth  Thom as Low e G rey Lecture, 
read by H . N . Pemberton, 9 th  January 1953, before the In s titu 
tion o f M echanical Engineers.

Oil Injection Shrink Fitting
T he oil injection shrink fitting has been developed by the 

S K F  Com pany, G othenburg , to  avoid trouble w ith  badly fitted 
keys, particularly  w hen the p art keyed to  a shaft is subject to 
reversal of m otion. T he  sim plest form  of this m ethod consists 
in  tapering  the m ating  surfaces (see diagram  (a) ), expanding 
the p a rt to be fitted by forcing high-pressure oil between the 
surfaces, pushing it up the tapered portion  of the shaft to  the

correct position, and  then releasing the pressure. In  practice 
it is usually inconvenient to use a tapered shaft, and  therefore 
a sleeve is introduced between a parallel shaft and  the p art to be 
fitted (see diagram  (b ) ). T he stud  show n on the end of the

b j  Th is  hole
• /  p lu g g e d  and

shaft, w ith  a packing between it  and  the p in ion  th a t is to  be 
fitted, is used in  m oun ting  the part accurately; also, it is essen
tial for removal to  restrain  the pin ion, w hich is liable to fly off 
violently when the oil pressure is applied. T he  advantages of 
the sleeve arrangem ent are th a t the part m ay be positioned 
precisely on the shaft w ithou t prejudice to  the degree of in ter
ference, and  th a t the sleeve m ay be used as a gauge w hen boring 
the p art to  be fitted. T he  key to  success is the accurate 
m achining of all parts to the tolerances laid  dow n, and  any 
shortcom ings in this respect m ay lead to  difficulties.— J. A . 
Abraham s, Journal o f T he  Iron and Steel Institu te , Vol. 173, 
February 1953; p. 118.

Shipbottom  Paints Subjected to Cathodic Protection
T his  paper discusses the results of a test program m e 

designed at a m eeting of interested parties held at the Sea 
H orse Institu te , H arbour Island, N .C . on  8th June 1950. T he 
principal object of the investigation was to  determ ine w hether 
cathodic protection can be applied to  operating  ships w ithout 
inactivating an ti-fou ling  pain ts in  the m anner frequently 
observed when certain an ti-fou ling  pain ts are associated w ith  
areas of bare steel or zinc. Scondary objectives concerned the 
effects of variations in the com position of the pain ts used and  in 
variation in the dried film thicknesses of the anti-corrosive paints 
used in the pain t systems. Several variations of tw o basically 
different types of ship bottom  pain t systems were studied for 
inactivation of the an ti-fou ling  p a in t by cathodic protection. 
In  general, it was found  th a t ship bottom  pain t systems w hich 
can be expected to  inactivate, and  hence foul w ithou t cathodic 
protection, are the same paints th a t w ill be inactivated in a 
relatively short tim e by protective currents. T he  im portance 
of the anti-corrosive undercoats in  preventing inactivation is 
stressed fo r it was found th a t both  cases of inactivation observed 
in  th is test were substantially elim inated by a better “barrier” 
coating between the an ti-fou ling  pa in t and  the steel plate. 
Pain ts of low perm eability and  good alkali resistance m aterially 
reduced the cu rren t requirem ents for protection. T he  m ost 
im portan t observation m ade in  this test program m e was that 
the cu rren t density should be controlled by lim iting  the poten
tial to  the m inim um  necessary for the protection of the steel. 
T h is  was no t done in  this prelim inary  investigation and  hence 
alm ost all the coatings were severely damaged by the effects of 
the unnecessarily high curren ts.— R. P. D evoluy, Corrosion, 
Vol. 9, January 1953; pp. 2-10.
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Failures and Defects in W elded Ships
T he recent failures of the T 2  T ankers, Pendleton  and  Fort 

Mercer, have again  focused atten tion  on  the necessity o f elim ina
ting  these failures in  service. M uch  has been done and  is being 
done both to  find the underly ing causes of these failures and 
to  prevent their occurrence. S truc tu ra l failures are not, how 
ever, confined to  ships in  service. U nfortunately , they also 
occur during  construction . A lthough these construction  failures 
do no t represent the potential hazard in the loss o f life o r 
property  th a t service failures do, they should no t and  cannot 
be lightly  dismissed. Every construction  failure or defect of 
any k ind , if undetected o r unrepaired , m ay become the start 
of a service failure. T he  basic causes for these structural 
failures d u ring  construction  m ay be classed in the same three 
g roups as were the causes of service failures, namely, w orkm an
ship, m aterial and  design. A failure due to  faulty  w orkm anship 
is show n in Fig. 5. T he  crack in the vertical keel b u tt shown
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in  th is figure was caused by leaving overnight the partially  
com pleted bu tt, welded on one side and  only partially  block 
welded on  the second side, w ith  a sudden drop in  the tem 
perature, in  add ition  to  having an  excessive restra in t caused by 
im properly placed, oversized tacks to  adjacent structure. A fter 
ch ipp ing  ou t the crack in the p late and  in  the weld and 
rem oving the tacks, the cracks in  the plate were first welded 
and  then the b u tt rewelded in  the norm al m anner. Failure 
due to incorrect design is illustrated in Fig. 32. T h is  is the

F ig . 5— Cracked butt weld

F i g .  32— H atch girder connexion to house side; 
starboard side looking inboard

design of a hatch girder in way of the house fro n t in  a ship 
presently under construction . T he hatch  girder w ith  full 
penetration welds is backed up  inside the house by a light 
bulkhead w ith  a con tinuous weld one side and  an in term itten t 
weld on  the other. These fillet welds cracked follow ing flame 
straightening of th is in terior bulkhead. S im ilar designs to  this
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on previous ships have cracked in the same locations both in 
launching and  in service. G ood design m ust provide for a 
con tinu ity  o f streng th  or a gradual tapering off of section rather 
than  an ab ru p t d iscontinuity  as show n here. A lthough these 
welds could be chipped ou t and  repaired, a better repair w ould 
be to add  a heavier insert in  the interior bulkhead to allow for 
carry ing the strength  th rough  the bulkhead. Failures from  
design are every bit as m uch  trouble and  expense as those from  
bad w orkm anship. Every im provem ent and  simplified detail 
in design th a t can help elim inate a failure during  construction  
is w orth  while.— R. D . Bradway, T he  W elding Journal, Vol. 
31, D ecember 1952; pp. 1111-1121.

Modern Monotow er Crane
Crane design generally has kept pace w ith the latest engin

eering developm ents to  m eet the problem s and  dem ands of 
m odern m echanical handling. T he use of light alloys, the 
w elding of steel and  the latest developments in  electrical control 
and  hydraulics have all been incorporated in the m ost recent 
p roductions of the crane industry . I t  is the purpose of this 
paper to  describe generally and  show the m ethod of approach 
to a few of the problem s raised in  the design and  m anufacture 
of a m onotow er crane, w hich is now being used in  shipbuild
ing. T h is  type of crane consists of a vertical m ast, to  w hich 
is hinged on the fron t a luffing jib and  on the rear a fixed type 
of ballast box. T he m achinery house and  operator’s cabin are 
also fitted to  the m ast above the tower top. T he above parts 
all revolve about the crane centre, the lower section of the m ast 
being located w ith in  the crane tower. T he structu re  of the 
crane is fabricated from  rolled steel sections, w ith the exception 
of the jib, w hich is of alum in ium  alloy construction . T he m ain 
structu ral members are all riveted, w elding being used for a 
num ber of secondary steel members and  the bogies and  com 
pensating girders of the travel gear. T he crane lifts a m axim um  
load of 35 tons a t a radius of 110ft. from  its centre.— Paper by 
J. Patrick, read at a m eeting of the In s titu tion  o f Engineers and  
Shipbuilders in  Scotland, 10th February 1953.

Test of 4 0 -ton  Derrick
M easurem ents of m ast deflexion and stresses were made at 

the works of W illiam  G ray and  Co., L td ., W est Hartlepool, 
du ring  a test carried o u t on a 40-ton derrick w ith  unstayed 
mast. T he experim ental results are given in  detail, together 
w ith particu lars of m ast and  derrick arrangem ents. A com pari
son of these results has been made w ith the predicted values 
and quite good agreem ent obtained in  the case of m ast stresses, 
although some discrepancies are apparent in the com parison of 
m ast deflexions, where in one case the theoretical value was 
about six times th a t recorded in the experiment. T ypical cal
culations for stress and  deflexion on a theoretical basis are 
given in Appendices I and  II .— The British Sh ipbuild ing  
Research Association, R eport N o . 81.

Recent Developm ents in Instruments
One of the m ost im portan t recent developments has been 

the alm ost universal recognition of the advantages of the force- 
balance or the null-m ethod  principle, term s used according to 
w hether the in strum ent is of m echanical o r electrical nature. 
In  amplifiers the principle is also well know n and  is applied 
w hen am plification of stable gain is required. Fig. 7 shows the 
basic arrangem ent of an  am plifier w ith negative feedback, an
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FIG. 7— Feedback D .C . amplifier

arrangem ent in  w hich the o u tp u t signal is com pared w ith  the 
in p u t signal and  any deviation from  the desired ratio  changes 
the w orking level to  m aintain  the desired conditions. In  pre

cision laboratory measurem ents the use of nu ll m ethods as such 
has long since been accepted, examples being potentiom etric and 
bridge m ethods of measurem ent. C alibration  errors and  non- 
linearity of deflexion instrum ents have no influence on  the 
accuracy of the required m easurem ent as in  bo th  cases the ind i
cating  instrum en t is adjusted to  give zero deflexion before 
measurem ents are taken. T he hum an  operator completes the 
closed sequence control system of the ap p ara tu s; he notices 
any deviation of the detecting device and  m anually  restores the 
deviation to  zero. T he  accuracy w ith  w hich this can  be done 
depends on  the sensitivity of the galvanom eter, and  fo r perfect 
accuracy to be obtained the galvanom eter w ould have to  possess 
infinite sensitivity. T he same applies to  any au tom atic  system 
and  consequently, as infinite gain is no t attainable, a finite 
deviation m ust occur to  initiate the correcting action. T he 
extent o f the deviation needed fo r a given corrective action will 
depend on the gain of the system. If  the am plifier gain is large 
enough, the deviation can be of negligible value and  the o u tp u t 
signal will be substantially independent of quite large variations 
w hich may occur in  the value of the gain. T he  application of 
the force-balance principle is illustrated  by reference to  an 
electropneum atic converter. T he  purpose of this instrum ent is 
to  convert an  electrical d irect-curren t signal in to  a  proportional 
pneum atic pressure. Such an  instrum en t serves an  im portan t 
purpose when it is desired to  apply electrical measurem ents to 
pneum atic controllers w hich require pneum atic pressure inputs 
proportional to  the m easurem ent. Fig. 8 shows the operating 
principle in  the simplest form. T he  central rod  member,

AIR S U PP LY

F ig. 8— O perating principle o f force-balance 
electropneumatic converter

although guided axially, is no t elastically restrained. A t each 
end of the rod a ball-and-cone valve is arranged, each connected 
th rough  sim ilar restrictors to a com m on source of pneum atic 
pressure. S hould  the adjustm ents of the two valves be identi
cal, i.e. w ith  the rod in  the m id-position , the a ir leak will be 
the same from  each valve. T he  pressure-drops across the two 
restrictions will also be the same an d  in consequence the pres
sures behind the balls in  each valve will be equal, as will be 
the pressures a t the two pressure connexions. I f  a force F  is 
now applied in the direction of the axis of the rod, displacem ent 
will occur, closing one valve and  opening the other. T h is  will 
cause an  increase of pressure behind ball A (if the force is in 
tha t direction) and  reduction  of pressure behind the ball B. 
T he  forces behind the tw o balls will no longer be equal and  
consequently the rod will move un til a position is reached when 
the difference of the forces behind the tw o balls becomes equal 
to  the applied force F , w hen the system will be a t rest. In  
construction  the instrum ent is as show n in Fig. 9. I t  consists 
o f a pow erful cylindrical po t m agnet m ounted vertically, in the 
air gap of w hich is situated a m oving coil w ound on  a thin 
form er of h igh-conductiv ity  bronze. T he  coil-form er is 
m ounted on a rod w hich passes righ t th rough  the axis of the 
central pole-piece of the m agnet and  is guided axially by flat 
beryllium -copper springs a t each end. T he central rod  is in 
two parts, insulated from  each other, so th a t the d isturbing
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Fig. 9— C onstructional details of electropneum atic converter

effect of ligam ents m ay be avoided by using the springs to  carry 
cu rren t to the m oving coil. T he  ends of the rod  carry  glass 
anvils against w hich bear the 'r,-, inch  diam eter balls of two ball- 
valves, the th ru sts  of the valves acting  in  opposition .— E. C. 
K lepp , Journal o f the In s titu te  o f Fuel, Vol. 25, January 1953; 
pp. 295-303.

Steam  Condensate Corrosion Inhibitors
A laboratory m ethod for studying  corrosion in steam con

densate systems is described. In  brief, a synthetic condensate 
is produced in a glass tower by aerating heated distilled water 
w ith  a m ixture of carbon dioxide and  air. T h is  condensate 
and  a solu tion  of the treatm ent are p roportioned into a test 
container by gravity feed. A num ber of steel test coupons are 
suspended in the la tter and  the liquid  is m ildly agitated w ith a 
paddle stirrer. A t periodic intervals a specimen is removed 
from  the bath and  the w eight loss determ ined. T he tem pera
ture, free carbon dioxide and  dissolved oxygen of the synthetic 
condensate, and  the treatm ent concentration  are controlled 
th roughou t the test. C orrosion test data are presented for 
synthetic condensate systems in  w hich sodium  hydroxide, 
sodium  polyphosphate an d  neutralizing  and  film  form ing 
amines are used. T he  effect o f precorrosion o f the test specimen 
and  of contam ination  of the condensate w ith  boiler w ater on 
the function ing  of several types of inhibitors are described. T he 
m erits and  lim itations of the test m ethod and  possible in ter
pretations of certain  of the results are discussed.— H. Patzelt, 
Corrosion, Vol. 9, January 1953; pp. 19-24.

Some Observations on Corrosion in Engineering
I t  is the purpose of th is paper to present a brief survey 

of the subject and  focus atten tion  on the m ore im portan t cor
rosion problem s w hich have come w ith in  the au th o r’s day-to- 
day experience. W hile this experience naturally  has a m arine 
bias, m any parallel cases will be found  in o ther branches of 
engineering. I t  is intended to  deal briefly w ith  the theoretical

aspect of the subject, and  to stress the practical side by refer
ring  to  a num ber of cases of corrosion and  the circum stances 
under w hich they have occurred. T he m ost serious defects 
encountered w ith  propeller shafts are associated w ith  corrosion- 
fatigue. T he m ethods adopted  to  exclude seawater from  access 
to the shaft are no t always completely successful, and  once the 
attack  is com m enced and  a corrosion groove form ed in  the 
periphery o f the shaft, a condition  for failure is established. 
The effect on the streng th  of m etals th ro u g h  the com bination 

of corrosion  and  cyclic stress has been show n by a num ber of 
investigators to  produce m uch greater accelerated dam age than  
w ould be the case w ith  stressless corrosion, corrosion w ith  
static stress, or failure under cyclic stress applied  in  a corrosion- 
free environm ent. T h e  corrosion-fatigue effect is no t due to 
the reduction  of section caused merely by general corrosion, 
no r to the presence of deep holes form ed by local attack, bu t 
is prim arily  due to the sharp, deep pits o r fissures p roduced 
under this jo in t action. A factor of p rim ary  im portance in  this 
com bined process of destruction  is oxygen, and for the exclu
sion of oxygen it is necessary to  exclude w ater in w hich it  is 
dissolved. I t will also be apparen t th a t a t parts  in  con tac t w ith 
w ater where excess of oxygen is present as, for instance, a t the 
ends of the brass liners on screwshafts, where, ow ing to  dis
con tinu ity  o f form , eddying takes place, the corrosion in  the 
vicinity w ill be m ore severe ow ing to  the greater differential 
aeration. I t  w ould appear th a t cyclic stra ins induced by 
cyclic stresses, rup tu re , o r make m ore permeable, a surface film 
w hich protects the m aterial from  corrosion. T h is  film m ay 
possibly be tha t form ed by the corrosive m edium  itself. W here 
corrosion has taken place before cyclic stresses are im posed, the 
induced cyclic strains will dislodge the corrosion products and  
lay bare a fresh surface for attack. T he  surface film is an 
invisible oxide skin, by w hich is m eant the entire p rim ary  layer 
affected by con tac t w ith  the corrosive m edium , includ ing  no t 
only the oxide layer bu t also the underly ing  layer of metal in to  
w hich oxygen o r o ther negative elem ent has penetrated. If 
the cyclic strains are im posed a t a slow rate, it is possible for 
the surface film to be bu ilt up  and  pro tect the surface from  
corrosion d u ring  the cyclic interval, o r there m ay be present 
an  oxidizing agent in  sufficient q u an tity  to repair the film even 
a t high frequencies. T h e  peculiar property  of stainless iron  and 
stainless steel is th a t the surface film is less permeable than  the 
films on  o rd inary  steels, and  w hen rup tu red  is capable o f bu ild 
ing up  an  oxide film w hich can be kept in  repair by dissolved 
oxygen. A specially viru lent type of corrosion occasionally 
occurs on the pins and  journals of crankshafts. T h is  is caused 
by contam inated  lubricating  oil. I t  is found  th a t the oil 
deteriorates after some length of service, due to atm ospheric 
pollution, seawater leakage, and  the leakage of com bustion  p ro 
ducts from  the cylinders of oil engines. T he  corrosive deteriora
tion  of the oil is cum ulative, and  depends on a num ber of 
factors, such as length  of service, fuel w ith  w hich it has been 
associated, and  the m oisture con ten t of fuel, air, etc., also the 
presence of catalysts, such as copper com ponents. T he engineer 
can, however, do quite a lot to  prevent deterioration of lub ri
cating  oil by providing thorough  filtration, by separating p iston 
lubrication from  crankshaft lubrication, and  by paying proper 
a tten tion  to  m ethods of sto ring  and  replenishing lubricating  
and  fuel oils. U nfortunately , the form ation of acid in  the 
cylinders o f oil engines cannot be entirely  prevented, and  
leakage in to  crankcases th rough  w orn p is ton -rings and  cylinder- 
liners will occur to  an  extent, depending upon the cond ition  
of these parts. N ew  oils on test are usually  non-corrosive, b u t 
used oils taken from  lubricating  systems in m otor ships are 
invariably found  to contain  w ater w ith  acid reactions. C or
rosion tests on used oils have show n tha t the add ition  of water 
causes the corrosive action of oil to  be slightly more severe 
than  when no w ater is present, th a t caustic treatm ent of a non- 
corrosive oil causes it to become corrosive, and  th a t the cor
rosion effects of small am ounts of seawater in  the oil are of 
different character from  those produced by oil contam inated  
by the p roducts o f com bustion. C orrosion of crankshafts by 
contam inated  oil m ay be less serious and  in  practice certainly
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less frequent than  the corrosion of screwshafts by seawater, 
bu t in both cases the final effect is to reduce the fatigue 
endurance of the shaft.— S. F. Dorey, C .B.E., Journal o f The  
Institu te  o f Petroleum, Vol. 38, N ovem ber 1952; pp. 885-918.

Absorb ing Shock of W hale r Lines
A shock-absorbing device for w haler lines is illustrated in 

Fig. 3. T he  harpoon  is secured to the line (18) and is shot 
from  a gun  in the usual m anner. T he  line passes over and 
under pulleys (20, 22) and upw ards over a pulley (26), and 
thence dow n to  a w inch (28). T he pulley (26) is secured to 
a cable (30), w hich passes over a pulley (32) on the m ast and 
dow n to the differential d rum  of a w inch (36). T he cable (30)

is w ound round  the d rum  (38), to  w hich it is secured. A nother 
cable (50) is fixed to  the d rum  (40) on w hich it is w ound and 
passes over a pulley (2) attached to  a shock absorber (4). T h is  
comprises tw o levers (6, 8), the latter being pivoted to  a sliding 
piece (3) and  the form er sim ilarly pivoted to  a fram e (7) 
th rough  w hich the rod  (9) slides. W hen a load is applied, the 
levers com press the springs (1).— Brit. Pat. N o . 685204. 
M onarch C ontroller Co., L td ., and R. Stephens, L ondon  
The M otor Sh ip , M arch 1953; p. 532.

Steam Turbine Deflecting W heel
I t  is custom ary to  interpose between the ahead and  astern 

sections of m arine turbines a deflecting wheel w hich serves 
no purpose o ther than  to  deflect the steam traversing the ahead 
or astern flow paths to  the exhaust hood. T he object of this 
invention is to  provide a steam turbine contain ing an astern 
section w ith  a deflecting wheel w hich m ay be utilized to  extract 
energy from  the steam, in  a m anner sim ilar to  a radial turbine. 
In  Fig. 9 a ro tor (7) has an ahead section (8) and  an astern 
section (9). T he  last stage rows (10, 11) of the tw o sections 
face each other, and are arranged to  discharge steam to an 
exhaust hood area (17). In  order to  prevent steam discharged 
from  either section from  im pinging on the discharge side of 
the o ther section and thus causing overheating and  loss of 
power, a deflecting wheel (18) is interposed between the ahead

and astern sections. T he face of the deflecting wheel adjacent 
the last stage of the astern section is provided w ith  radial 
grooves (19). By placing an additional row  of stationary 
diaphragm  blades (20) between the last stage blades and the 
wheel, the astern steam discharged from  the blades can be 
directed in to  the grooves so th a t additional rotational energy

is im parted. T he steam traversing the curved path  of the 
grooves is tu rned  away from  the ahead stages. T h u s  the 
deflecting wheel provides an additional stage w hich m ay be 
added to the astern section of a steam tu rb ine  or serve as the 
last stage of th a t section.— Patentees: T h e  British T hom son- 
H ouston Co., L td ., London. Brit. Pat. N o . 680,598. W orld  
Shipbuild ing , Vol. 3, February 1953; pp. 36-37.

Single Screw Kort Nozzle  for T ug
O rdered from  the Fairm ile C onstruction  Co., L td ., of 

C obham , Surrey, by the A den P o rt T ru s t, the  single-screw 
K ort-nozzle m oto r tu g  M aam al has recently com pleted success
fu l trials. Specially designed fo r general harbour services, the 
M aam al has been built to  com ply w ith  the requirem ents of 
L loyd’s Register of Shipping, for their class A .l, for tow ing 
purposes. A feature of th is m oto r tu g  is th a t a K o rt nozzle 
is fitted round  the 63-inch propeller, the stern of the craft 
having been specially designed to  obtain  the best possible 
results w ith  this device. As the M aam al m ust be able to  w ith 
stand sudden crosspulls, m uch care has been devoted to  the 
question of stability, and the design has resulted in  a G M  in 
service condition  of 1 9  feet. In  o rder to  provide the m axim um  
draught aft fo r the successful w orking of the propeller the keel 
is raked. Subdivision is effected by m eans of three transverse 
steel w atertight bulkheads, w hich extend to  the upper deck, 
form ing four separate com partm ents, viz., fore peak, cabin, 
engine-room  and  store, and  after peak. E ntrance to  the fore 
cabin is gained by an enclosed hatchw ay. T he  engine casing 
is o f m odern construction . H inged flap skylights and  side
lights, arranged in  the casing sides, provide the natural lighting 
and ventilation of the engine-room , to  w hich en try  is gained 
th rough  a hatchw ay on  the casing top. A n emergency escape 
hatchw ay is also provided. T he  m ain  propelling m achinery 
consists of a Blackstone Diesel engine, w hich is capable of 
developing 270 h.p. at 600 r.p .m . and  has a continuous rating  
of 243 h.p. T he  S .L .M . oil-operated 2 :1  reverse-reduction gear 
has been designed and m anufactured  by M odern  Wheel Drive, 
L td . T he  engine is fitted w ith  a hydraulic dam per at the 
forw ard end, and there is a flexible p in-type coupling to  isolate 
it from  the reverse gear. T h is  arrangem ent reduces the criticals 
to  a m in im um .— T he Sh ipbuilder and M arine E ngine-B uildcr, 
Vol. 60, January 1953; pp. 36-39.

Cargo W inches for M ariner C lass Vessels
T he M ariner class o f vessel is the latest version of the high 

speed, d ry  cargo ship being built by the M aritim e A dm inistra
tion. G one are the days w hen the auxiliary pow er systems
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of ships are of small capacity and of little im portance. The 
capacity  of these systems has continued to  grow  so th a t whereas 
tw enty  years ago the average cargo ship had  perhaps 200 kW. 
of installed generator capacity, today the average tanker or 
cargo vessel has from  800 kW . to  1,800 kW . and a recently 
com pleted passenger ship has over 10,000 kW . of generated 
capacity. T he early use of electricity on ships involved direct 
cu rren t because direct cu rren t facilitated the obtain ing of desir
able speed-load characteristics on im portan t auxiliary m otors, 
and  m ost particularly  on the cargo winches. However, the 
clear superiority  of the A.C. m oto r in  regard to  weight, space, 
cost and  m aintenance have b rough t about the alm ost universal 
adoption  of A.C. power. F o r practically  all shipboard applica
tions, except cargo winches, satisfactory driv ing and  contro l 
arrangem ents can be effected th rough  the use of A.C. motors. 
F o r cargo winches, the D .C. m oto r is still required in  order 
to  obtain  the proper perform ance, and  some form  of A.C. to
D .C. conversion is required. C onversion equipm ent having 
special characteristics has been developed fo r th is service and 
is now  beginning to  find extensive use. Extrem ely favourable 
overall w inch characteristics, even m ore favourable th an  the 
older standard  D .C . system equipm ent, can now be provided 
for use on ships em ploying an  A.C. ships’ service system. Such 
cargo w inch equipm ent is being supplied by the General Electric 
C om pany for the C 4 -S -la  M ariner class of vessel. These C4’s 
are the first large cargo ships equipped w ith  an A.C. auxiliary 
power supply. A nother recent trend  w ith  respect to  auxiliary 
power system equipm ent is the use of packaged units. T urb ine  
generator sets are being arranged as preassembled un its  com 
plete w ith  condenser and  auxiliary equ ipm ent; cargo w inch 
m otor generator sets are arranged in  self-contained un its  w ith 
the necessary generator and m otor contro l equipm ent m ounted 
as p art of the M -G  set assembly; and  auxiliary under deck 
m oto r starters are now  com m only arranged in m ultiple pre
fabricated assemblies know n as “G roup  C on tro l” . Such 
packaged installations w hich are preassembled, prew ired, and 
pre-engineered certainly offer m any advantages to  bo th  the 
shipbuilder and  the ship operator. T he  w iring  between electrical 
units of a packaged assembly is done at the electrical m an u 
facturer’s factory  and the w hole assembly can be p u t in  the 
ship and handled as a single piece of equipm ent.— Paper by
C. L. Eigelbach and F. A . Shean, abstracted in S .N .A .M .E . 
Bulletin , Vol. 8, January 1953; pp. 32-33.

Determ ination of Natural Resonances in M echanical Systems
In  th is paper some of the m ethods and  conceptions used 

a t Pam etrada in the experim ental exploration of turbine and  
gear vibrations are described and  briefly discussed on the basis 
o f examples relating to turb ine and  gear rotors, blading, and 
turbine casings. P articu lar emphasis is laid on the anom alous 
behaviour of the wave-speed curve in frequency regions in 
w hich coupled resonators have their resonant frequencies. T he

au th o r presents an  outline of practical experim ental m ethods of 
investigation w ith  w hich he has become fam iliar and  w hich 
seem no t to  be generally known. All of these m ethods are in 
use a t Pam etrada. In  selecting examples, however, the au thor 
has sometimes draw n on very early experience collected before 
the foundation  o f P am etrada; for the initial path-find ing  experi
m ents have often been extended over a w ider range of cond i
tions than  the later practical routine applications, and  they 
offer, therefore, a better o p p o rtun ity  of explaining the general 
nature o f phenom ena even if, o r ra ther because, they relate to 
structures the design of w hich is now  obsolete.— Paper by Dr. 
O. P. T . K antorow icz, read at a Conference on Steam  Turbine  
Research and D evelopm ent held at the In s titu tio n  o f M echanical 
Engineers, 6 th  M arch 1953.

Back -to -back  Testing of M arine Reduction Gears
In  this paper is discussed the principle of testing gears by 

the back-to-back or pow er-circulation m ethod. Results obtained 
from  tests by th is m ethod on full-size m arine gearboxes are des
cribed. T he coefficient of friction  for the teeth has been found 
to  be in  the region of O'047 fo r hobbed pinions of 3 |  per cent 
nickel steel m eshing w ith  forged-steel hobbed wheels, and  0 03 
w ith  a  case-hardened and  g round  mesh. T he  bearing losses in 
a gearbox, w hich am ounts to 65-85 per cent of the total losses, 
depending on the particu lar design, can  be analysed w ith  toler
able accuracy from  simple theory. T h e  oil flow in  the bearings 
can also be analysed, and  is found  to  consist of tw o com ponents 
w hich can  be separated from  one another, one dependent upon 
inlet pressure and  the o ther upon  speed. T he  second com 
ponent (the m ore im portan t of the tw o) can be calculated. 
A considerable am oun t o f w ork on the p itting  of gear teeth is 
described. In  a test-to -destruction  of a gear, the crack w hich 
caused u ltim ate too th  failure started  along a line of p itting  
near to  the pitchline, and  no t nearer the ro o t o f the too th  where 
the m axim um  bending stress w ould norm ally be expected. T he 
inform ation  w hich can be obtained from  a norm al shop test of 
a gearbox— a light ru n — is discussed, an d  finally the Pam etrada 
torque loader, by m eans of w hich loading is m aintained on  gear
ing under test, is described.— Paper by D r. A . Cameron and  
A . D . N ew m an , read at a Conference on Steam  Turbine  
Research and  D evelopm ent held at the In s titu tio n  o f M echani
cal Engineers, 6 th  M arch 1953.

Plant w ith Auxiliary Generators
Electric power requirem ents on  board ship are particularly  

high in  port. A uxiliary electric pow er p lan t is generally p ro 
vided for th is purpose on board sh ip ; this, however, is unecono
m ical in  view of the expense involved in  providing such p lan t 
and  the short periods for w hich it is used. A ccording to  this 
invention a m arine propelling installation com prises one or 
m ore m ulti-crankshaft engines. C lutches are provided a t one

F ig . 3
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end of the crankshafts of the engine or engines fo r coupling 
them  to a com m on load, preferably th rough  reduction gearing. 
In  Fig. 3 the m ulti-crankshaft engine (1) has four crankshafts 
(2, 3, 4 and 5). T he upper crankshafts (2 and  3) are driven 
by tw in  banks of cylinder and  piston un its in V -arrangem ents, 
while the lower crankshafts (4 and 5) are driven by single banks 
of such units. T he  crankshafts are coupled a t one end through 
clutches (6, 7, 8 and  9) to reduction gearing (10) d riv ing a p ro 
peller shaft (11). T he tw o lower crankshafts (4 and  5) are 
provided a t their forw ard ends w ith clutches (12 and 13) 
th rough  w hich they are coupled to  electric generators (14 and  
15). W hen it is required to  produce electric power, one or both 
of the after clutches (8 and  9) can be disengaged, and  the 
corresponding forw ard c lu tch  (12 or 13) engaged, so tha t one 
o r two generators can  be p u t into operation.— Patentees: Societc 
d 'E tudes de M achines Therm iques. British Patent N o . 682,881. 
W orld Sh ipbuild ing , Vol. 3, February 1953; p. 35.

4 0

Thermal Distortion of Turbine Casings
I t  is axiom atic that, in order to  obtain m axim um  efficiency, 

turb ine m achinery should be able to run  w ith m inim um  clear
ance between ro ta ting  and  stationary parts. An im portant 
problem in turbine design is that of m aking the m achine able 
to  m aintain  such clearances under different and  transient con
ditions of load and  tem perature. T h is  becomes particularly  
im portant in  m arine m achinery, w hich is subject to  rapid m an
oeuvring, and  the problem  affects the design of both steam and 
gas turbines. I t is obvious that casing d istortion  m ust be kept 
to  a m inim um . T he  case m ay even occur where a simpler 
turbine m ay prove m ore efficient than  a m ore com plicated 
design of theoretically higher perform ance, sim ply because the 
casing of the form er is less liable to distortion  and  the m achine 
is consequently able to  ru n  w ith smaller clearances. In  this 
paper an attem pt is m ade to analyse some of the ways in w hich 
the casings of steam and  gas turbines d isto rt under heating and 
cooling conditions. T he  derivation is included of a criterion 
for the susceptibility of materials to therm al distortion. Some 
practical cases of d istortion  observed by the au th o r are quoted 
and discussed.— Paper by B. J. Terrell, read at a Conference on 
Steam  Turbine Research and D evelopm ent held at the In s titu 
tion o f M echanical Engineers, 6th  M arch 1953.
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Lighter Steam Turbine Installations
Follow ing a speech made in  Liverpool by the F.ngineer-in- 

Chief of the Fleet, A dm iral S ir Denis M axwell, in w hich he 
pu t forw ard suggestions for lighter and  cheaper steam turbine 
m achinery, details have been made available by the A dm iralty 
of these proposals. T he  suggestions arose o u t of detailed inves
tigation  sponsored by the A dm iralty  in to  a  specific m achinery 
installation for a large tanker. T h is  drew attention  to  some 
fairly w ell-known facts, whose real significance is perhaps no t 
so widely recognized. T he diagram  reproduced below illus
trates the two m ain facts w hich emerged, nam ely: (a) T h a t the 
specific weight of a m odern steam turbine m achinery installation 
in a m erchant ship is about five times as great as th a t of a 
m odern naval steam m achinery of comparable shaft horse
pow er; and  (b) th a t fo r the same horsepower the cost of such 
m erchant ship m achinery is alm ost twice th a t of naval 
machinery. I t  appeared, therefore, th a t it w ould be possible 
to  close this gap, and  to  design m achinery to  some standard  
interm ediate between existing m ercantile and  naval practice, 
at w hich either the same shaft horsepower, and hence speed, 
could be installed in existing spaces w ith no increase in weight 
o r capital cost, o r, speed for speed, in  ru nn ing  costs. In  the 
particu lar case referred to, it was the second m ethod th a t was 
investigated in  detail. There is, of course, a fundam ental differ
ence between m ercantile and  naval m achinery, due to the 
different operating  conditions for w hich they have to be 
designed. Because of the difference in  requirem ents, the rating, 
or loading, of m erchant ship m achinery m ust be lower than  
th a t of naval m achinery, b u t there is no basic reason w hy it 
should be less than  th a t of naval m achinery a t the continuous 
cru ising  rating  of the latter. In  fact, there is evidence that

5 0  1 0 0  1 5 0  2 0 0
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C ost/w eigh t per shaft horsepower diagram

the specific w eight of m erchant ship m achinery could be reduced 
to half its present figure, an d  yet rem ain w ith in  lim its w hich 
are entirely acceptable to L loyd’s Register. T he w eight o f nearly 
all the com ponents in a m achinery installation  can be reduced 
by increasing the m axim um  allowable stresses o r loading of these 
com ponents. W eight can also be reduced by im proved design, 
lightw eight materials and  perhaps by em ploying fabrication 
in  place of casting. T he follow ing suggestions for reducing 
the w eight of the m ain com ponents have been p u t forw ard 
for consideration as being typical of the advances w hich could 
be made. I t  will be noted th a t they concern the steam -raising 
and  o ther ancillary equipm ent rather than  the turbines them 
selves. Boilers: T he  heat liberation o r release rate per cubic 
foot of furnace volume is of the order of 75,000 B .T h .U . per 
hour for m erchant ship practice, and  six o r m ore times this 
figure in  the latest naval practice. By raising the m erchant 
service figure to 120,000 or even 150,000 B .T h .U . per hour, a 
considerable saving in  furnace volum e and  hence w eight could 
be achieved, and  it is claimed tha t there w ould  be no increases 
in  m aintenance problems. M ain Gearing: C om pared w ith naval 
practice, m ercantile m arine practice is conservative in its allow 
able stresses and  tooth  loading. Im proved techniques and 
m odern gear-cutting  m achines have resulted in more accurate 
teeth w ith better surfaces. T he loading factor for m erchant 
service gears, however, is between 60K and  80K, whereas the 
N avy have new designs in  p roduction  w ith  loadings up to 
several times this figure. T he  saving in w eight as allowable 
loading is increased is very great and  an  increase from  60K  to 
75K, w ithou t changing m aterials, w ould effect a 25 per cent 
w eight reduction, while an  increase to  120K w ould halve the 
weight. Shafting: T he  m axim um  saving in  w eight can be 
achieved by the use of hollow shafting. T h is, w hich necessi
tates in m anufacture a boring or trepann ing  operation, is more 
expensive than  solid shafting, bu t the saving in w eight is most 
significant. F o r example, in  a single shaft tanker installation, 
a 40 per cent saving in  shafting w eight is achieved by the use 
of hollow instead of solid shafting, while retaining the existing 
permissible stresses. M etallurgicallv, the hollow shaft is a 
sounder proposition than  a solid shaft. T he present allowable 
stresses used in the m ercantile m arine are approxim ately half 
the naval design figure. A n increase in  allowable stress w ould,
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of course, effect a fu rther saving in w eight and  reduce cost. 
Failures o f naval propeller shafting  are very infrequent.— The  
S h ip p in g  W orld , Vol. 128, 4th February 1953; p. 149, 158.

Design  for Flexible Fenders
O pen piled jetties o r w harfs are the cheapest m aritim e 

berths to  construct bu t, being light and  rig id , they m ust be p ro 
tected from  berth ing im pacts by fendering systems of adequate 
flexibility. A mass of 1,000 tons m oving a t a speed of i  foot 
per second has an  approxim ate kinetic energy of 50 inch-tons. 
If  it is assum ed th a t half the w eight o f a vessel is effective when 
it comes alongside (tha t is, th a t first the bow strikes a fender 
and then  the stern swings round  and strikes a second blow), 
then a vessel of 40,000 tons com ing alongside at a speed of
i  foot per second will require a fender of 1,000-inch-tons capacity 
to receive it safely. S im ilarly a vessel of 1,000 tons will require 
25-inch-tons. Fendering systems of this wide range are now 
becoming com m on practice so tha t open piled jetties can be 
bu ilt to  cater for the largest o f ships and  in  com paratively 
exposed waters, and  a detailed description is given of tw enty 
representative designs selected from  w ork done over the past 
ten years. Post-w ar developm ents in the use of rubber in shear 
(by bonding  the rubber to  metal plates) and  sw inging clum ps 
of concrete (essentially a gravity  device) are described in some 
detail. All experience on all types of fendering— of large and 
small capacities— leads to  the conclusion th a t longitudinal o r 
glancing blows are as im portan t as those a t righ t angles to the 
jetty line. T hey  are, however, m ost difficult to  cater for and  
fu tu re  developm ent w ork will be m ostly concerned w ith  this 
particu lar aspect of the fendering problem .— D. H . L ittle , 
Proceedings o f the In s titu tion  o f C ivil Engineers, February 
1953; N o. 1, Vol. 2, Part I I ;  pp. 42-105.

Diesel D igestion
In  considering the essentials of good com bustion in a 

Diesel engine, one m ust look fu rther than  at the d istribution  
of fuel a t the righ t tim e and  place and  in  a digestible form. 
T he shape of the com bustion  cham ber has a considerable 
influence, and  it should be designed free of spaces to  w hich 
the fuel particles cannot gain access; fo r example, the bum ping 
clearance in an  open cham ber design should be kept to  a 
m inim um . T h ird ly , the com bustion cham ber m ust be charged 
w ith  as m uch pure air as possible d u ring  each cycle; and  w hat 
is som etimes overlooked is th a t this pure a ir  m ust no t be allowed 
to  escape past the piston rings. T he  above rem arks m ay sound 
obvious, b u t the force of them  m ay be show n by the fact that 
in about six m on ths’ experim ental w ork on the direct-injection 
single cylinder u n it of the A dm iralty  S tandard  Range 1 engine, 
the a ir u tilization  factor was im proved by about 50 per cent. 
D u rin g  th is process exhaust analysis was frequently taken; 
w hilst the optim um  valve overlap period was being determ ined, 
tw o entirely different m ethods of m easuring airflow  were in 
regular use (a sharp edged orifice on a tank  and  an  R.A.E. 
flowm eter respectively); therm al efficiency was plotted against 
m axim um  cylinder pressure; a variety of p iston bowl shapes 
was used, each in con junction  w ith  a choice of several spray 
patterns. W hen such w ork reaps its rew ard it can  be m ost 
encouraging; on the o ther hand one sometimes meets w ith little 
encouragem ent in m onths of w ork for some obscure reason; 
the good result o f a few weeks ago cannot be repeated— all very 
disheartening and  perplexing.— Paper by G. B. Fox, read at a 
general m eeting o f the Diesel Engine Users’ Association, 
October 1952.

The Measurem ent of Specific Steam Consum ption
T h is  paper records som e of the m ethods employed in the 

m easurem ent o f the specific steam consum ption  d u ring  fu ll scale 
tests of steam turbine installations. T he layout o f systems and 
instrum ents is described, and in  addition  m ention is made 
of trial procedure, selection o f instrum ents, and  accuracy assess
m ent. T he  shore trials had a num ber of objectives, one of the 
m ost im portan t of w hich was to prove th a t the m achinery  met 
the requirem ents o f specific steam consum ption. T ria ls  at

powers corresponding to nozzle contro l points were carried ou t 
to assess the steam consum ption  over the entire pow er range. An 
accuracy of + 0 5 per cent for this m easurem ent was aim ed at, 
although  this was no t achieved a t the lower powers. All ancillary 
equipm ent, such as boilers and  auxiliaries, eventually to be instal
led in the ship w ith  the engines on test, has usually been avail
able for the trials. T he test layout o f the m achinery and  pipe 
systems sim ulated as far as possible the sh ip’s arrangem ents. 
R unn ing  conditions were controlled to  sim ulate the conditions 
expected in  actual service. F or each trial, the shaft speed and 
power were adjusted to  the pow er/speed characteristic expected 
in  the ship, for both the deep- an d  lig h t-d raugh t conditions. 
N o trial is regarded as satisfactorily com pleted un til the results 
from  three consecutive observation periods agree w ith in  some 
prescribed lim it, say, + 0 ’5 per cent. If it is assum ed that 
error is proportional to  l / \ / N  where N  represents the num ber 
of m easurem ents of any particu lar quan tity , then, on average, the 
results of a trial based on  four observation periods are twice 
as accurate as those of one based o n  one observation period. 
T hree consecutive observation periods are therefore regarded as 
the absolute m in im um , under steady conditions, acceptable for 
any trial. Observations for a trial, covering the period in w hich 
true steady-steam ing conditions were obtained, are averaged. 
These are then corrected for gauge erro r from  the calibration 
records, and  also for such errors as static-w ater head in pressure- 
gauge lines. T he  specific steam consum ption  is finally deduced 
from  these figures. F rom  the estim ates of accuracy and  evidence 
produced, the accuracy o f ± 0 '5  per cent in the m easurem ent of 
steam consum ption  appears to  have been achieved, except at the 
lower end of the power range. T w o  reasons are responsible 
fo r the exception. F irs t the m easurem ent o f exhaust pressure 
is outside the prescribed lim its; b u t this has been m inim ized 
by taking the average of a num ber of tapp ing  points. Secondly, 
the m easurem ent of torque does no t m eet the requirem ents, p a r
ticularly  w hen relatively sm all-powered un its  are tested against 
the available 60,000 s.h.p. dynam om eter. Obviously this error 
is reduced w ith  units of increased m axim um  pow er.— Paper by 
M . H . Petty, read at a Conference on Steam  T urb ine Research 
and D evelopm ent held at the In s titu tio n  o f M echanical E ng in 
eers, 6 th  M arch 1953.

Heat Release in Coal-fired Com bustion  Cham bers
T he heat release from  coal, b u rn t in a m echanically over

fired fuel bed, has been investigated in a com bustion  cham ber 
in w hich provision was m ade for m easuring successively along 
the com bustion cham ber the heat release by th e  flame and  the 
heat absorbed by the walls of the com bustion  cham ber. Second
ary air was applied radially th rough  high-velocity jets above the 
fuel bed. M eans were provided for m easuring the rates of 
a ir flow and  com bustion  of fuel, gas com position, and  tem pera
ture conditions in the hot gases and  in the walls of the chamber. 
F rom  the observed conditions, relationships were derived, for a 
particu lar fuel, between com bustion  space required and  the 
follow ing facto rs: rate o f com bustion , a ir /fu e l ra tio , and  aero
dynam ic conditions. Coefficients of heat transfer and  the 
effective emissivities of the flame were determ ined from  observa
tions, a t various horizons of the com bustion  cham ber, of the 
tem perature and  com position of the ho t gases, the tem perature 
of the surface of the com bustion  cham ber, and  the heat tran s
m ission to  the cham ber walls. T he  results were correlated w ith 
the com bustion rate and  excess air, and  appropriate  equations 
relating the variables were derived. A pplication of the results 
to a L ancashire boiler indicates th a t if such an appliance were 
fitted w ith  overfire jets supplying secondary a ir a t a few inches 
w.g., efficient com bustion  could be achieved w ith  20 per cent 
excess air, and  the overall efficiency of the boiler cou ld  be 
im proved by some 8 per cent. Over a wide range of conditions 
of excess air and  com bustion rate, flame rad iation  accounts for 
73 to  86 per cent of the to tal heat transfer, bed rad iation  for 
8 to 2L per cent, and convection for 4 to  11 per cent.— E. H am 
m ond  and R. J. Sarjant, Journal, In s titu te  o f Fuel, Vol. 25, 
M arch 1953; pp. 364-378, 404.
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Advances in Naval Boiler Design
T he aim s tow ard w hich naval boiler design is directed may 

be sum m arized as fo llow s: 1. G reater cru ising  radius. 2. 
Increased com bat effectiveness. 3. M aintenance of reliability. 
Boiler design should contribu te  to all three. I t  should accom 
plish the first two of three goals th rough  reductions in size and 
weight perm itting , for the same type of vessel, increased carry
ing capacity for fuel and  more effective com bat equipm ent. 
T he extent to  w hich each of these gains are realized, of course, 
depends upon a com prom ise based on the com bat m ission for 
w hich the vessel is intended. Increase in energy available to  
the m ain turbines th rough  use of higher steam tem peratures 
and  pressures perm its reductions in, or m aintenance of, m in i
m um  fuel consum ption per shaft horsepower ou tpu t, resulting 
in  a fu rther increase in  cru ising  radius. M anifestly, these gains 
m ust be realized w ithout sacrifice in  reliability, since the com bat 
effectiveness o f the vessel is a direct function  of the trustw orth i
ness of its p ropulsion  p lan t equipm ent. A m ajor trend  during  
the last decade has been a shift from  the tw o-furnace superheat 
contro l boiler to  the single-furnace integral superheater un it, 
the principal reasons for this change being sim pler construction, 
easier operation and  better adaptability  to autom atic control 
inherent in the single furnace design. Increasing the energy 
ou tp u t th rough  higher steaming rates and  steam conditions, 
while m ain tain ing  the sim ilarity in  size, has, of course, required 
higher heat absorption  in all sections of the boiler w ith an atten 
dant increase in  heat release of firing rates. T he increase in 
heat release rates and  concurren t decrease in  boiler size necessi
tated developm ent of fuel oil burners o f greater capacity. 
W hereas past burner designs available possessed m axim um  
capacities of about 2,5001b. of fuel per hour, present burner 
installations are capable of bu rn ing  up  to  4,0001b. of fuel per 
hour per burner, and  one u n it o f 7,0001b. per hour capacity has 
been developed. Significant advance has accom panied develop
m ent of forced or controlled circulation boilers for naval use. 
These units have allowed reduction  in size and  weight com pared 
w ith  natu ral circulation  boilers o f sim ilar capacity, because 
heating surfaces can be m ore com pactly disposed. F or example, 
fireside tubes can be placed horizontally above the flames— an 
arrangem ent largely im practicable in natural c irculation units. 
C urren t boilers o f th is type are of about the same total weight 
as W orld W ar II  natural c irculation boilers, bu t 40 per cent 
smaller in size. As com pared to  cu rren t natural circulation 
units of the same capacity  and  steam conditions, the weight per

u n it energy o u tp u t of forced circulation  units is about 24 per 
cent less, the size or space occupied per u n it energy o u tp u t
10 to  18 per cent less. Boilers of these general designs hold 
particular prom ise for adap ta tion  to pressure firing and  will 
probably be the basis of extensive fu tu re  design and  develop
m ent.— Paper by R. E. S tone, Abstract in S .N .A .A 1.E . Bulletin, 
Vol. 8, January 1953; p. 36.

Largest- Oil and Ore Carrier
T he m otorsh ip  Tarfala, an  oil and  ore carrier w hich has 

been com pleted by Gotaverken for T rafik  A /B  G rangesberg- 
O xelosund, is the largest vessel yet built o f this specialized type, 
having a deadweight capacity of 25,930 tons. T he G ranges- 
berg C om pany has specialized in this type of ship, the first of 
w hich, the Rautas (12,100 tons d.w.) was delivered by G ota
verken in  1944. Ore is carried in hopper-sided holds, w ith  the 
oil tanks extending on either side of them  and  beneath them . 
T he principal particulars of the Tarfala  a r e : —

L ength  overall ... ... ... 651ft. 7in.
B readth m oulded ... ... 80ft. 6in.
D epth  m oulded............................... 46ft. 6in.
Sum m er d raught ... ... 31ft. l l in .

T he hull is completely welded. L ongitud inal fram ing is 
employed, w ith  corrugated bulkheads. T w o  tunnels extending 
the length of the ship below deck provide covered access fo r
w ard and  aft, and  are used for the electric cabling runs. T here 
are tw o ore holds, each about 200ft. long, 36ft. wide and  33ft. 
deep. T he capacity of the ore holds is about 460,000 cu. ft. 
and  of the oil tanks about 980,000 cu. ft., allow ing the ship to 
load her deadweight in  either com m odity. Oil cargo is handled 
by four steam pum ps w ith  a com bined capacity  of 1,600 tons 
an hour, and  ballast by two electrically-driven centrifugal pum ps 
w ith a com bined capacity o f 2,000 tons an hour. T here are 
twelve hatches, each 24ft. 6in. by 25ft. lin . T he hatch  covers 
are of a new type developed by G otaverken, an d  covered by a 
patent. These hatch  covers can be opened an d  closed w ithout 
any special posts o r winches. T hey are illustrated  below. Each 
cover is made in tw o halves, hinged a t the centre, and  is opera
ted by means of a wire from  one of the tw o w arp ing  winches. 
W hen the wire is taken in the cover rises in  the centre, one 
half tu rn in g  about hinges a t its end while the o ther runs along 
the coam ing on  small wheels. W hen the hatch  is fu lly  open 
the two halves of the cover are locked in  an  alm ost vertical 
position a t one end of the hatch. T he m ain engine of the

The upper deck of the  Tarfala, show ing the patent Gotaverken hatch covers O ne o f the hatch covers open
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Tarjala is the largest welded Diesel engine so far designed and 
constructed  by G otaverken. I t  is of the firm ’s tw o-stroke 
single-acting type, w ith nine cylinders of 760 mm . bore and
1,500 m m . stroke, and  develops 8,200 b.h.p. at 112 r.p.m . to 
give a service speed of 14 5 knots.— T he Sh ipp ing  W orld, Vol. 
128, 25th M arch 1953; p. 303.

W id e  Range Burner Development
C ontrols furnished by three different m anufacturers were 

installed a t the laboratory in 1938 on a boiler typical of those 
used during  W orld  W ar I I— a double furnace, superheat contro l, 
6001b. per sq. in., 850 deg. F. steam generator. M uch  was 
learned from  these tests, particularly  tha t, despite rap id  m an
oeuvres, pressure and  tem perature could be held w ith in  close 
lim its ; b u t the boiler range could  n o t be covered w ithout con
siderable m anual operation of the burners. N avy boilers, as 
opposed to  those o f com m ercial land and  sea installations, 
operate fo r larger portions of their lives a t loads in the order 
o f 20 per cent full power or less; b u t they m ust be capable of 
increase to m axim um  capacity on  very short notice. In  1938 
no burners were available w hich w ould cover these ranges w ith 
ou t replacing sprayer plates in  the atom izers. I t was apparent 
th a t naval atom izers and  registers m ust be developed if full 
advantage of autom atic contro l was to be realized. Even this, 
of course, necessitated im provem ent in the controls themselves 
because contro ls com m ercially available had been developed 
w ithout the U .S. N avy’s special requirem ents in  m ind. T he 
Am erican N avy em barked upon an  atom izer and burner develop
m ent program m e w hich has resulted in the atom izers curren tly  
available. T he  au tho r has laid ou t here some of the m any 
varieties o f atom izers th a t have been tried in  the laboratory. 
As a result of all this work, several developm ents have stood 
ou t. T he  use of an  atom izing m edium  such as a ir o r steam was 
no t considered advantageous to  the N avy because (1) additional 
a ir com pressors w ith their a ttendan t m aintenance w ould have 
been essential; (2) w ater supply for steam atom izers became a 
problem of m anufacture and  storage. Efforts, therefore, have 
been m ainly concentrated on re tu rn  flow m echanical type pres
sure atom izers. T w o  m ain  factors have been involved, oil 
pressures o f 1,0001b. per sq. in. and  auxiliary a ir pressure for 
assisting burn ing  a t lower rates; w ith  the higher oil pressure 
larger atom izers can be m anufactured  w hich can satisfactorily 
atom ize quantities in the order of 4,0001b. per hr.— Paper by M . 
B runschw ig, Abstract in S .N .A .M .E . Bulletin , Vol. 8, January 
1953; p. 36.

Cas Turbine Progress Report— M erchant Vessels
I t  w ould  appear from  a fuel-cost standpo in t tha t the 

m arine gas-turbine engine burn ing  distillate fuel is no t now 
com petitive w ith  the best steam plants bu rn ing  residual fuel. 
I t  is certainly n o t com petitive w ith  a  Diesel engine w hich burns 
residual fuel. Therefore, un til it can be proved th a t the m arine 
gas-turbine engine is superior to  the steam or Diesel p lants in 
such factors as m aintenance, first cost, reliability, weight, and 
volum e to  an extent necessary to  offset the increased fuel costs, 
there is little likelihood tha t it will widely supplan t both the 
steam and  the Diesel plants. However, if and  when the gas- 
turbine p lan t can either bu rn  residual fuel unrestricted  as to 
turb ine-in let tem perature and  source, operate a t appreciably 
higher tem peratures, or incorporate a successful ro tary  regenera
tor, the entire situation  m ay change. Regeneration probably will 
be used in the great m ajority  of m erchant-m arine plants. T he 
use of intercooling a n d /o r  reheat will depend upon  the require
m ents of the particu lar vessel. C ertainly intercooling is desirable 
where the p lant pressure ra tio  necessitates the com pression p ro 
cess to  be done in  tw o compressors. T h e  m erchant m arine gas- 
tu rb ine p lan t w ould now seem to be lim ited to  special app li
cations. Small passenger vessels w hich spend a m ajority  of 
their tim e in  port, such as a cross-C hannel boat, m igh t be one 
such application. T here is perhaps another interesting special 
application  of the m arine gas-turbine plant. I t  is well know n 
th a t m ost cargo ships are too slow for ideal use in  w artim e 
service. T h e  high-speed subm arine will make such ships even

more vulnerable to torpedo attack  in  any  fu tu re  war. U n fo rtu 
nately, because of the hull form  and  “propeller law ” , there are 
practical lim itations on increasing a vessel’s speed by installing 
additional horsepower. F o r example, it w ould require the 
pow er of a C2 cargo vessel to  be increased by about 140 per 
cent to increase the sh ip ’s speed by 3 knots. O n the other 
hand, the hu ll form  is such tha t an  increase of about 83 per 
cent in  pow er w ould raise the speed o f a C3 cargo vessel 3 
knots. If it could be show n th a t a vessel w ith  a speed of 21 
knots, had a 25 per cent better chance of no t being torpedoed 
than  one of 18 knots, there m ight be justification fo r raising 
the horsepower of suitably designed vessels in  tim e of war. T h is  
could be done by designing the steam p lan t originally  so th a t 
the turb ine ro to r could  operate a t the higher speed, and  the 
reduction gear, shafting , and  bearings to  absorb the extra “w ar
tim e” power. Sim ple com pact open-cycle gas-turbine engines, 
stored during  peace-tim e, could be installed quickly a t the 
outbreak of the war. Shipow ners cannot econom ically carry  
excess power around  in norm al peacetime operation, as it results 
in increased m aintenance, and  additional operating  personnel 
and  higher wages due to union regulations. T h is  m ethod w ould 
therefore seem to offer an  econom ical and  quick way of boost
ing the speed of suitable cargo vessels in  tim e of w ar.— W . A. 
D olan and A . A . Hafer, T rans.A .S .M .E ., Vol. 75, February 
1953; pp. 177-184.

Creat Lakes Ore Carriers
D u rin g  the early stages of the design of the ore carriers 

Johnstow n, Sparrows P oin t and  E lton  H o y t 2nd, the prospec
tive owners required tha t, while the vessels were to  be com pleted 
as oil burners, the arrangem ent of hull struc tu re  and  m achinery 
u n it locations were to  be such th a t fu ture  possible conversion 
from  oil to  coal firing could  be accom plished in  the m ost 
expeditious m anner. Since the coal w ould occupy a greater 
volume than  oil fuel, and  its use w ould require the installation 
of hoppers, conveyors, crushers, stokers, induced-d raugh t fans, 
etc., i t  was decided th a t the struc tu ra l and  m achinery arrange
m ents w ould first be developed fo r a coal-fired installation. 
F o r equal steam ing capacity, coal-fired boilers w ould be 
m aterially larger than  those fo r oil fuel, due to  grate area 
requirem ents, ash p it  volum es, etc. T he  coal bunkers w ould 
require hopper bottom s, w ith  conveyors below discharging to 
coal crushers. A closed conveyor system w ould  be required for 
lifting  the coal from  the crushers to  the stoker hoppers; and 
coal feeder pipes from  hoppers to  stokers w ould be necessary. 
T h e  space required fo r th is equipm ent an d  fo r the induced- 
d raugh t fans had to  be considered w hen arrang ing  the boilers 
and  related equipm ent for the oil-fired installation. T he 
m achinery arrangem ent was developed w ith  the p ropulsion u n it 
forw ard of the boilers and  the fuel-oil tanks aft. T h is  per
m itted  an  acceptable arrangem ent o f ballast pum ps and  piping 
a t forw ard end of engine room . T w o boilers are installed in 
each vessel. T hey are of the tw o-d rum  bent-tube design 
equipped w ith  side, rear and  roof waterwalls, convection super
heater and  extended-surface economizer. T he  boilers are 
designed to  be readily converted from  oil to coal. In  order to 
provide for sufficient grate area and  furnace volum e to  bu rn  
coal properly, the boilers were initially  designed for coal b u rn 
ing. A fter the physical characteristics of the coal-fired boilers 
were determ ined, fuel-oil burners were installed. T h e  boiler 
fro n t in  w ay of the burners is designed so th a t it m ay be 
removed com pletely and  replaced w ith  three spreader-type 
stokers. T he  com bustion  a ir enters the boilers a t the rear (for
w ard end) and  travels underneath  the boiler and up  the double 
fron t casing to  the burners. Should  it be necessary to  convert 
from  oil to  coal, the boiler fron t w ould be rem oved as m en
tioned above and  the boiler floor replaced w ith  dum ping-type 
grates. T he  com bustion  a ir w ould then  discharge u p  th rough  
the grates to  the furnace. All steam generated flows th rough  a 
m ulti-pass convection-type superheater. T he  m ain  propulsion 
and  generator turbines are supplied directly from  the super
heater outlets and  the rem aining high-pressure steam  discharges 
th rough  a desuperheater located below the w ater level in each
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steam drum . E ach boiler is fitted w ith seven m anually operated 
steam soot blowers, located in  the superheater, generating, and 
economizer tube banks. These soot blowers are supplied w ith 
boiler pressure superheated steam.— M arine Engineering, Vol. 
58, February 1953; pp. 70-75.

French Sh ipbuild ing Research
T he F rench  coun terpart of the British Shipbuilding 

Research A ssociation, the In s titu t de Recherches de la C onstruc
tion Navale, was founded in Paris in  1948. I t  has already com 
pleted a  num ber of interesting studies, am ong w hich is a series 
of trial m ethods for testing the manoeuvrability of ships. C on
siderable experim ental w ork has been carried ou t on  the subject 
of hull vibration, and  it is claim ed tha t the analysis of experi
mental results has led to  the possibility of antic ipating  natural 
frequencies of a hull from  the m om ent w hen the prelim inary 
plans and  specifications of the ship become know n. T he pos
session of such inform ation  at this point will naturally  be of 
great assistance in arriv ing  a t a judicious choice of propelling 
m achinery for the particu lar hull. M uch  w ork has also been 
carried o u t in the analysis of ship trials a t sea and  their com 
parison w ith  experim ental tank tests, and  in  the study  of the 
d istribu tion  of stresses in  the ship’s structure. A large num ber 
of extensom etric m easurem ents have been made, w hich have 
resulted in  interesting conclusions about the d istribution  of 
stresses in  launching  and  under loading. M odel tests have been 
carried ou t on individual joints a t critical points, and it has 
been found  possible to  p lo t a graph for the corners of hatches 
in cargo vessels to  enable greatly reduced concentrations of 
stress to be obtained w ithout any difficulties in the use of 
materials.— The Sh ip p in g  W orld , Vol. 128, 11th M arch 1953; 
p. 246.

Device to A id  in M in im iz in g  Bending Stresses
T he prim ary  purpose of the device proposed by the au thor 

is to  rapidly calculate the approxim ate m axim um  bending 
m om ent of a loaded vessel. It consists of eight sliding pieces 
m oving over graduated  bases each of w hich represents a par
ticular com partm ent of the vessel. A window  is cu t in  the 
m iddle of each slide to indicate the num ber of tons loaded in 
the com partm ent. T he  righ t hand side of each slide is marked 
w ith bending m om ent graduations. T hose on top  of the 
w indow  are negative and  those below are positive. T o  calcu
late the bending m om ent of a vessel the procedure is merely to 
move the sliding pieces to their corresponding deadweight and 
the bending m om ent contribu tion  of each slide is read where 
the bending m om ent scale cuts the d raught of the vessel. T he 
algebraic sum  of all those readings plus a constan t gives the 
bending m om ent of the vessel am idships. In  order to  use this 
device intelligently, standards for m axim um , optim um , and 
m inim um  hogging m om ent m ust be set up. I t  is contended 
tha t this device can be used to  better advantage in quickly 
ascertaining the op tim um  bending m om ent than  any tabular 
listing now available. F o r example, the effect on the bending 
m om ent of sh ifting  fuel oil o r loading ballast can be very 
quickly com puted by m oving the slides the proper distance and 
noting  the increase o r decrease of m om ent in  the com partm ent 
from  w hich the w eight is shifted and com paring it w ith  the 
increase o r decrease in  m om ent in  the com partm ent to  w hich 
the w eight is shifted. T he  objective of sh ifting  o r loading 
should then be to  bring  the hogging m om ent as close as possible 
to  the op tim um  standard  set bu t in no case to exceed the 
m axim um  or be less than  the m inim um  figures set.— Paper by
A. V. D ivine, Abstract in S .N .A .M .E . Bulletin, Vol. 8, January  
1953; p. 34.

Steering of H igh  Speed Planing Hulls
T he subject of steering high speed hulls is one w ithout 

the deeper background of tank tests and  practical use results 
enjoyed by the older problem of steering displacem ent hulls. 
Access to  tanks for the designer of fast hulls is rare due to 
lack of oppo rtun ity  a n d /o r  money. T o  differentiate between 
types, high speed hulls m ay be considered as those w ith speed

length ratios of five o r higher. In  hulls in p lan ing  condition  
the rudder area becomes a large percentage of the im m ersed fore 
and a ft plane and  in  some types it in  fact becomes alm ost 100 
per cent o f this steadying plane. T h is  fact allows the rudder 
to contro l m any characteristics n o t always considered as steer
ing. In  this situation  the position of the rudder, shape, angle 
of post to  slipstream , and  area is able to  cause o r elim inate 
unstable conditions in both  sm ooth and  rough  waters. T he 
paper gives the au th o r’s brief observations on rudder effect in 
high speed tu rns, rudder positioning, the use of bow rudders, 
rudder area and  rudder fabrication.— Paper by T . G renfell, 
Abstract in S .N .A .M .E . Bulletin, Vol. 8, January 1953; p. 35.

Testing N uts and Bolts
A m achine for determ ining the com parative lives of 

different types of nu ts and  bolts w hen tightened u p  and  sub
jected to  vibration has been developed by the Lester Lock N u t 
and W asher Co., L td ., Staffordshire. I t applies repeated shock 
loads to  the underside of the nu t, the po in t o f application  of the 
load m oving round  the n u t w ith  each application . A con 
ventional n u t and  bolt fixed in  the m achine and  tightened in 
the norm al way gradually work loose under test; they are then 
retightened and tested again. T h is  gradual loosening, fol
lowed by retightening, may occur several times before u lti
m ate failure takes place, though , o f course, com plete loosen
ing of the n u t on its seat w ould be regarded, in  m any uses of 
nu ts and  bolts, as tan tam oun t to u ltim ate failure. In  other 
uses— on railw ay track fishplates, for example— periodical re
tightening by m aintenance staff is acceptable; in  these cases, 
ultim ate failure m ay be due to fracture o f the bolt, stripp ing  
of the threads, fracture o f a cotter, etc. W ith  the Lester 
v ibrator machine the life o f a  n u t and  bolt— up to, say, the 
first complete loosening— is m easured in term s of the num ber 
of applied shocks. I t  can  also be m easured directly in time 
(m inutes and  seconds), provided the m achine is ru n  a t the
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standard  rate of 712 shocks per m inute. T he  v ibrator machine, 
together w ith  the p iston  u n it w hich form s an inner recipro
cating  mem ber, is show n in Fig. 2. T he  p iston  un it, th rough  
w hich the bolt is passed, consists o f the piston itself, a, a rocker 
head b, a ring  c, a ball th ru s t bearing d, and  hardened washer e. 
T h e  u n it is free to  slide vertically in the cylinder, a t the top  of 
w hich is a head, screwed in  and  provided w ith  a strik ing p in  /  
and  a check p in  g  (slightly shorter than  /). T h u s , w hen the 
p iston u n it reciprocates, the rocker head is tilted by the striking 
p in  repeatedly. A t each blow the th ru s t between the under
side o f the n u t and  the top  of the rocker head is reduced near 
the po in t of application  and  increased a t a po in t diam etrically 
opposite. T he  check p in  g  contro ls the tilt of the rocker head 
w hen the n u t becomes loose. A n a ir com pressor from  w hich 
the outlet valve has been rem oved is connected to  the cylinder 
at h. T h u s , w hen the com pressor is runn ing , there is no sub
stantial flow of a ir (since the ou tle t valve has been removed, 
bu t there are pulsations o f pressure w hich ac t on the piston, 
alternatively forcing it u p  under pressure and  draw ing it dow n 
by suction. Between the p iston u n it and  the a ir connexion 
there is a secondary piston j, w hich has a tw isted square shank k  
and  fou r spring-loaded pins I, the la tter engaging in  recesses 
in the ring  c. W hen the m ain  p iston  retu rns to the bottom  of 
its stroke, the secondary p iston  gives it a small ro tational move
m ent, the m ovem ent am oun ting  to 20 r.p .m ., i.e. a t 712 shocks 
per m inu te  there are about 35 shocks during  each revolution 
of the m ain piston. T he  hardened washer e has a prescribed 
friction  area, so as to elim inate variations in torque (as show n 
on a  torque-m easuring spanner) due to  fortu itous variations 
in  the bolt-head contact surface. S im ilarly, the rocker head b 
is m achined w ith  an inner ring  face on w hich the n u t is seated, 
an d  the ball th ru s t bearing also provides a connexion of con
stan t torsional friction .— Engineering, Vol. 175, 9 th  January 
1953; pp. 54-55.

W ak e  Studies of Plane Surfaces
T h is  paper gives the results of experim ents to  m easure the 

frictional resistance of three sm ooth p lank surfaces, of lengths 
50 feet, 18 feet and  10 feet. In  the case o f the 50-ft plank, 
four extra sets of experim ents were m ade a t points approx i
m ately 10 feet, 20 feet and  40 feet from  the bow. Precautions 
were taken to  ensure tu rbu len t flow and  the resistance was 
determ ined by the m om entum  drag m ethod. T he  results show 
th a t the w id th  of the fric tion  belt did no t vary w ith  speed, 
and  tha t the depth  of the wake below the keel was substantially 
equal to the w id th  of the wake. T h is  w id th  did not vary w ith 
draught. N ew  form ulas are given for the w idth  of the friction 
belt and  for the velocity d istribu tion  w ith in  the belt. T he 
second p a rt of the paper outlines a m ethod of correcting  for 
wake-scale effect in estim ating ship powers and  propeller revolu
tions from  self-propelled model results. T h is  m ethod makes 
use of the data given in  the first part o f the paper.— Paper by 
J. F. A llen  and R. S . C utland, read at a m eeting o f the N o rth -  
East Coast In s titu tio n  o f Engineers and Shipbuilders, 27th  
February 1953.

German Coaster w ith Pressure Charged Engine
T h e  G erm an ship Fina  is the first of a series of small 

m oto r coasters ordered by M ontan-R eederei, H am burg. T he 
vessel, constructed  by G. Renck, Jr ., K .G ., is of 1,016 gross 
tons an d  is propelled by a M .A .K . supercharged, four-stroke, 
trunk -p is ton  engine, having six cylinders w ith  a bore of 285 
mm . and  a stroke of 580 mm . I t  develops 1,000 b.h.p. a t 300 
r.p .m ., to give the vessel a service speed of 111 knots, bu t the 
engine in  the next vessel delivered, developing a higher power at 
an  increased num ber of revolutions, will drive th rough  a V ulcan 
coupling and reduction  gearing. T he  engine is fitted w ith  a 
B row n, Boveri exhaust gas turbo-blow er w ith  two outlets, each 
leading to three cylinders. T he mean effective pressure is 7 8  
kg. per sq. cm ., the m axim um  com bustion pressure 53 kg. 
per sq. cm ., and  the charg ing  air pressure 1 "34 kg. per sq. cm. 
A m axim um  of 15,500 r.p.m . can be attained by the blower. 
T he  fuel consum ption  is 2J tons o f gas oil per day. W hen a t

sea, the whole of the electrical load, including tha t for the steer
ing gear, is met by a 20-kW . generator w hich is belt driven 
from  the propeller shafting. T here are also tw o 50-kW . 220- 
volt D .C . generators driven by D eutz  three-cylinder, tw o-stroke 
engines scavenged by R oots-type ro tary  displacem ent blowers. 
O ne of these engines also drives a com pressor. A sm all h a r
bour generator is installed, this being driven by a D eutz tw o- 
cylinder, four-stroke engine developing 23 h.p. at 890 r.p.m . 
Special arrangem ents are m ade whereby the m ain  and  auxiliary 
engines m ay be circulated, w hen the ship is in  cold waters, by 
w ater draw n from  and  retu rned  to the engine room  double 
bottom . T he  one large hold  can be divided to  form  tw o. Steel 
sliding hatch  covers of the M acG regor single-pull type are 
fitted. These are served by K am pnagel three-ton  electric deck 
cranes. T he  ship has a length b.p. o f 67 m etres (219ft. 9in.), 
a beam of 9 8 m etres (32ft. l^ in .) and  a loaded d rau g h t of 
4 '92 m etres (16ft. l l in .) .— T he M o tor S h ip , Vol. 33, February 
1953; p. 470.

Im provem ents in Ship Performance
A fter some general considerations affecting the question of 

ship resistance, the im provem ents w hich have been achieved in 
this direction are dealt w ith  in some detail in  relation to  various 
classes o f vessel and  the question of hull roughness is discussed. 
C onsideration is then given to  changes in rudder and  stern 
frame design from  the resistance angle an d  some reference is 
m ade to  associated problems. T he  question of screw propeller 
design is discussed and  reference is m ade to  special types of p ro 
peller and  o ther m eans of propulsion. Brief reference is then 
m ade to  vibration problem s, and  the question of seakindliness is 
touched on. Lastly, some com parison is m ade of the gains 
discussed above w ith  those obtained from  im provem ents in 
m achinery and  im provem ents in  structure .— Paper by J. F. 
Allan, read at a m eeting o f the In s titu te  of M arine Engineers, 
10th M arch 1953.

Cargo  Vessel w ith Active  Rudder
T he m otor cargo vessel Falkenstein, w hich was recently 

com pleted a t the yard of H . C. Stiilcken Sohn, H am burg , has 
the follow ing principal dim ensions: L ength  overall, 134'4 m .; 
length between perpendiculars, 120 m .; b readth , 16 m .; d raught,
7 6 m .; 5,500 tons gross. T h e  D iesel-electric propulsion  p lant 
consists o f fou r M .A .K . engines, each developing 1,400 h.p. at 
300 r.p.m . Each engine is coupled w ith  a 1,150 kVA. A.E.G. 
alternator and  the screw is driven by a synchronous m otor 
developing 4,640 h.p. a t 125 r.p.m . T h e  active ru d d er will 
develop 400 h.p. and  represents the first installation  of its kind 
in  a  vessel o f th is type.— Hansa, Vol. 89, 20th December 1952; 
p. 1789.

M arine  Applications of A lum in ium
Because alum inium  alloy is non-inflam m able and  n o n 

absorbent, because its inorganic nature does no t form  a breed
ing g round  for bacteria, and  because it also possesses good 
therm al and  sound insulating  properties, a lum in ium  provides a 
fine lin ing  for insulated spaces, particularly  if it is com bined 
w ith a good insulating  backing. T he  Y oung’s M odulus and  
sound insulation  powers of the m aterial can  also assist in reduc
ing v ibration noise. T he  extensive use of a lum in ium  alloy for 
internal decorative w ork and  cabin o r m inor bulkheads can, 
therefore, assist in reducing the fire risk and  resonance present 
where wood was previously used as the m ain decorative m edium . 
T he  application  of a lum in ium  to  the upper w orks of large fast 
ships can result in  reduction  in beam  w hile retain ing the same 
transverse m etacentric height. T h is  is because of low ering of 
the centre o f gravity  and  retain ing the relationship between the 
M om ent o f Inertia  of the w ater plane and  the reduced d is
placed volume. A lternatively the beam can be reduced or a 
m ore favourable block or p rism atic coefficient can  be employed. 
W arships, w halers, trawlers, cross-C hannel ships and  fast liners 
are particularly  sensitive to  such treatm ent. T he  replacem ent of 
steel by alum inium  alloy results in w eight saving of a dual 
nature, th a t is, d irect and  indirect. I t can be show n tha t upon
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the rate of increase of power as com pared w ith  the increase in 
displacem ent, affecting, therefore, type, w eight an d  cost of 
m achinery and  fuel, rests the determ ination of the value of the 
possible total w eight reduction. T he  value of using alum inium  
ranges from  slow-speed to  high-speed ships. In  m any cases it 
is now possible by em ploying a lum inium  superstructures to 
benefit from  higher steam conditions, lighter m achinery and  
smaller engine and  boiler space. In  general term s, the use of 
alum inium  alloy results in  a direct initial w eight saving of 
approxim ately 50 per cent. T he  effect of initial saving will 
assume greater to tal w eight-saving im portance in  the case of 
high-speed vessels.— T he Sh ipp ing  W orld, Vol. 128, 4 th  M arch  
1953; pp. 234-236.

Strength of Threaded Connexions
W hen a screwed connexion is loaded the bolt o r stud 

stretches and  the n u t contracts so th a t complete contact between 
the tw o sets o f screwed threads is not possible. T he  b ru n t of 
the load is borne by the m aterial near the base of the n u t while 
m utual accom m odation between the members is largely 
accounted for by bending of the threads. T he load concentra
tion  factor (defined as the m axim um  value of thread loading 
expressed in term s of the mean) has been shown to  depend upon 
p itch /d iam eter ratio , leng th /d iam eter ratio, size of n u t, form  
of thread, and  degree of lubrication. Fatigue fracture generally 
occurs near the roo t of the first or second thread  inside the 
nut. T he  actual value o f the stress concentration  factor a t this 
point will be a function  of load d istribution  and  of the stress 
raising effect of the particu lar thread form  chosen. Obviously 
the geometry of the “no tch” is a determ ining factor, and 
apart from  various m ethods of artificially strengthening 
the screwed portion  the m ost rugged threads are those w ith 
generous root radii and  truncated  tips. H igh  endurance 
figures have been obtained from  threads tha t approxim ate 
to the knuckle form . A b lun t male thread engaging a shallow 
spiral groove has also been used, together w ith  a helical 
bronze spring  wire insert between threads. I t seems to be 
generally agreed th a t the best way of im proving the endurance 
of a screwed connexion is to  form  or finish the threads by 
cold rolling. In  heavy com ponents this cannot easily be done 
but there is no doubt tha t any  ingenuity  spent in rolling and 
burn ish ing  the threads w ould be well repaid. If heat treatm ent 
is required it should be done before rolling. A lternative m ethods 
similarly based upon  the production  of a hard  compressed sur
face layer are cyanide hardening, carburizing  and  n itrid ing , bu t 
in these cases the risk of failure due to grind ing  cracks and  
notch sensitivity in  the hardened layer m ay offset o ther advan
tages and  the processes require care in  application. T he stud 
or bo lt itself should be as long as possible w ith  carefully 
designed fillets (re-entrant if necessary) under the head of the 
bolt, and  com pound fillets a t the points of transition  from  the 
waists to  the full diameter. T he  full diam eter need only be 
retained where the members have to  be centred o r located in 
position. Ideally also a stud  should be provided w ith a shoulder 
to take a spanner for preloading the stud  end and , where neces
sary, a  dam ping collar. T he  endurance lim it is sometimes 
notably increased by extending the screwed length well beyond 
th a t required for engagem ent w ith  the nu t. A nother way of 
reducing load concentration  w hich has found considerable 
application  is to  use a n u t having a lower m odulus of elas
ticity  than  the bolt. C ast iron, alum in ium  alloy and  m agnesium  
alloy nu ts have all been successfully used in  th is way. T he 
basic principles of heavy du ty  bolt design a r e :— (1) T o  develop 
the full elastic streng th  of the bolt th roughou t its length. T h is  
involves though tfu l design and  choice o f m aterials in both  bolt 
and  nut. (2) T o  see th a t the bo lt is really tigh t and that it 
will rem ain so. T h is  involves correct design of the members 
joined, and  the avoidance of undue elasticity in washers o r other 
abutm ents. I t  is better to  preload the boit to  its elastic lim it 
th an  to  risk insufficient tightening. Subject to  the need for 
sufficient plasticity to m inim ize no tch  effect, bolt steels should 
have a high elastic lim it and  the hardness th a t goes w ith  it.—
B. R. Byrne, Journal and Transactions, T he  Society o f E ng in 
eers, Vol. 43, O ctober-December 1952; pp. 183-198.

M agnetic  Force W e ld in g
In  the spot w elding process, quality  of the weld can be 

greatly im proved by synchronized application  of electrode force, 
thus m aking it practicable to  weld on  a rising electrode force 
wave. T he  im portance of this feature has been increasingly 
recognized in recent years, and  it is now  an accepted fact that 
fast follow -up improves weld quality , decreases expulsion, arc
ing and tip  pick-up. M oreover, application  of a  rapidly rising 
electrode force makes it possible to use a lower initial electrode 
force w hich has tw o advantages. F irstly , it increases the heat 
from  a given cu rren t because of higher contac t resistance, and 
secondly, it provides concentrated heat from  projections on 
materials such as soft alum in ium  or m agnesium , w hich w ould 
collapse under the electrode force of conventional welders. T he 
ideal source of synchronized force m ust obviously be the weld
ing cu rren t itself, and  in principle it is easy enough to  visualize 
an electro-m agnetic device passed by the w elding cu rren t and 
exerting the required variable electrode pressure. Considerable 
difficulties were, however, encountered in the practical execution 
of such a scheme and  m uch  patient study and  developm ent 
work were required to develop a device having the operating 
characteristics and  flexibility required in  practice. In  its present 
form  the device incorporates seven possible adjustm ents, two 
of them  m echanical, tw o m agnetic and  three electrical, w hich 
allows a wide variety of force-tim e curves to  be obtained. 
Forces up to  3,0001b. can  be produced by the present device, 
bu t there is no inherent lim it to  th is value. Once optim um  
force-tim e characteristics have been determ ined for a given 
task, it is easy enough to  establish a key for the proper setting 
of the machine. A n incidental advantage is th a t the presence 
of the m agnet system makes the m achine less sensitive to  the 
line voltage variations.— T he Engineers' D igest, Vol. 14, M arch  
1953; pp. 74-75.

M ethods of Hard Facing
In  the early days of welding w hen the value of hard  facing 

w ith various alloys was first recognized, the oxy-acetylene w eld
ing process was used prim arily . T h is  m ethod  ordinarily  p ro 
duces the best quality  deposits w ith the least am oun t of porosity, 
cracks and  d ilution w ith the base metal. Oxy-acetylene app li
cation is preferred when a th in  overlay of m etal is required. 
I t is especially suitable for precision m otor parts because o f the 
close con tro l over the m olten metal. I t  is very good for valve 
jobs on  w hich a cobalt base m aterial is used. T he  deposit can 
be p u t down very sm oothly. T he  reclaim ing of Diesel engine 
valves, involving the application  of a hard-facing  alloy to  the 
w orn seat, is an  excellent example of the proper use of the oxy- 
acetylene hard-facing m ethod. T he first step in reclaim ing 
consists of cleaning the valves thoroughly. T hen  the hard - 
facing alloy is applied to the w orn seat. A carburizing  flame 
is used and  is kept pointed away from  the stem to avoid d is
tortion. T hen  the valve is centred in  a lathe, the outside of 
the valve is trued up  and  the seat m achined to  size. F inally 
the seat is finished in a valve-grinding m achine. These 
reclaimed valves, m easuring from  4 to  5£in. in  diam eter, have 
a service life o r three to four times tha t of new valves. In  
general, particles of scale and  foreign m atter are elim inated more 
easily by the oxy-acetylene m ethod, and  edges and  corners can 
be form ed readily. T h is  is particularly  im portan t when g rind 
ing the part to a finished dim ension is necessary. E lectric arc 
application is advantageous for large areas over irregularly 
w orn surfaces, o r where a fine finish o r precision dim ensioning 
is no t necessary. Speed of deposition is greatly accelerated over 
the oxy-acetylene m ethod. I t should be remembered, however, 
th a t the single layer deposit by the arc m ethod tends to  result 
in  a deposit som ewhat d ilu ted  w ith the base metal, softening 
the deposit and reducing its resistance to abrasive wear. T he 
d ilution effect can be m inim ized by depositing a th in  first layer 
followed by a second layer thick enough to restore the w orn 
part to  its original dim ensions. In  general, the arc m ethod is 
particularly  suitable fo r hard  facing all heavy parts where 
exceptionally th in , sm ooth deposits are no t required.— J. J. 
Barry, T he  W elding Journal, Vol. 32, February 1953; pp. 
119-126.
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Preheating of M ild  Steel W e ld s
T his  paper describes a recent investigation concerned w ith 

the role o f m icro-crack-prevention in connexion w ith  the bene
fits induced by the preheating of welds in  m ild  steel. In  recent 
years it has been reported th a t too rap id  cooling follow ing the 
arc w elding of m ild  steel m ay produce fine-scale Assuring of 
the deposited m etal w ith  adverse effects on various m echanical 
properties. D etection of such fissures requires the m icroscopic 
exam ination of carefully polished sections. Once form ed, the 
defects are no t susceptible to  healing by therm al treatm ent. I t 
is believed th a t m icrocracking ord inarily  occurs only after the 
cooling weld has reached a tem perature range below th a t usually 
associated w ith  the decom position of austenite in  m ild  steel. 
W hile the m echanism  of form ation is n o t altogether clear, it 
seems certain  th a t the hydrogen conten t of the weld is a factor 
of prim e im portance. W elds deposited w ith  “low -hydrogen” 
electrodes possess rem arkable resistance to  m icrocracking. In  
welds m ade w ith  the m ore popu lar hydrogen-rich  varieties it 
appears th a t m icrocracking m ay be prevented by measures w hich 
ensure sufficiently slow cooling in the low -tem perature range. 
In  w elding practice, preheating has long been recognized as an  
effective m ethod of p reventing em brittlem ent in difficult-to-w eld 
applications. I t  is m ost com m only employed in  the w elding of 
the m ore hardenable steels bu t can often be used to  advantage 
in  w ork on  m ild  steel as well. W hile the effectiveness of pre
heating has been abundan tly  apparent, there has been cause to 
feel th a t the reason for its effectiveness has no t been altogether 
clear. T he  usual explanations have attribu ted  the benefits to ele- 
vated-tem perature effects concerned either w ith  the transfo rm a
tion  of austenite in  the heat-affected zone o r  w ith  a general 
broadening of the la tter region. In  the ligh t o f such explanations 
it has been d istu rb ing  to  note in  w elding practice th a t m oderate 
preheating is surprisingly  effective in  the case of m ild  steel 
welds. In  a C alifornia shipyard, for instance, it was reported tha t 
a d isproportionate num ber of em brittlem ent problems affected 
welds deposited on the n ig h t sh ift w hen the tem perature was 
som ewhat low er than  during  the day. T he problem s were 
generally solved by em ploying heating torches “to take the 
chill off the w ork” before welding. I t  is difficult to  believe 
th a t the small alterations in  elevated-tem perature conditions 
produced by m ild  preheating  could be of such decisive benefit. 
O n the other hand, one m igh t expect even m ild  preheating to 
exert a strong influence on  the cooling rates a t lower tem pera-
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tures. Since it is though t th a t m icrocracking o rd inarily  occurs 
as a result of too rap id  cooling in the latter range, one is 
inclined to w onder if the benefits o f preheating  m ay no t often 
be realized, in  p art a t  least, th ro u g h  the prevention of m icro
cracking.— A . E. F lanigan and  T . M icleu , T he  W elding Journal, 
Vol. 32, February 1953; pp. 99s-106s.

N ew  W ood  Lam inating Process
A new lam inating  process th a t uses a ir pressure instead of 

clam ps to hold the w ood together form s lam inated oak sections 
th a t are reported  to  be stronger th an  steel sections of the same 
weight. A ccording to  the A m erican periodical “Business Week” , 
the process is m aking it possible to  bu ild  larger w ooden ships 
th a t are three times stronger th an  w hen solid w ood was used. 
T he process, developed by H iggins Inc ., N ew  Orleans, lam inates 
oak and  fir planks under heat and  pressure. T he  planks are 
screened twice before being used, an d  are then dressed and  sized 
in  the m ill, and  ends cu t fo r the scarf o r  diagonal joints. A 
num ber of sho rt planks are jointed to  form  one long one. T he 
ends are placed together and  the jo in t placed in  a scarfing 
m achine th a t applies heat and  air pressure. T he m ethod gives 
an  even pressure over the entire length  of the planks, and  p ro 
vides a m ore un iform  shrinkage of the wood. T o  make a large 
section, such as a bow stem , a num ber o f long planks are ru n  
th rough  a glue m achine and  then  placed, one a t a tim e, into 
a special jig. T he  coated planks are then locked in  the jig, 
w hich gives the “bundle” the required shape. Large tarpaulins 
are placed over the jig and  live steam applied to  bring  the tem 
perature o f the assembled planks to  about 110 deg. F . for a 
du ra tion  of about ten hours. T he  tarpau lins are then removed, 
the jigs unlocked, and  the solid pieces trim m ed and  planed to  
the desired tolerance. T he  ribs of a ship are m ade u p  of several 
long planks glued flat against each o ther, being shaped to  exact 
curve and  welded together in  a special jig.— T he Sh ip p in g  
W orld, Vol. 128, 4 th  M arch 1953; p. 240.

Norw egian V .P. Propeller
T he w haler Enern  is the first D iesel-engine w hale-catcher 

in  the N orw egian w haling fleet and  the first vessel o f her 
type to  be fitted w ith  a variable p itch  propeller. T he  builders 
are A.M . Liaaen Skipsverft og Mek. Verk, A alesund, N orway. 
T he  propeller fo r the Enern  has a diam eter of 3-2 metres, or 
10ft. 6in., the  hub  diam eter being one m etre o r about 3ft. 3 fin .
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Diagram show ing m echanism  of Liaaen controllable pitch propeller

1.— Propeller blades. 2.— Propeller hub. 3.— Crank discs. 5.— Actuating rod. 6.— Propeller shaft. 7.— Outer stern tube stuffing 
box. 8.— Inner stern tube stuffing box. 9— Servomotor coupling. 10.— Servomotor. 11.— Servomotor piston. 12.— Servomotor 
stuffing box. 13.— Intermediate shaft. 14.— Bores for inlet and outlet of oil. 15.— Connecting rods. 16.— Sleeve. 17.— Bearings 
for intermediate shaft. 18.— Frame for pitch control gear. 19.— Oil distribution box. 20.— Slide valve. 21-—Transverse rod. 22. 
Parallel arms. 23.— Pinions. 24.— Control arms. 26.— Main oil pressure pump. 27.— Oil filter. 28.— Oil cooler. 29.— Stand-by 
oil pressure pump. 31.— Lubricating oil inlet ring. 32.— Bores for lubricating oil. 33.— Propeller hub lubricating oil pump. 34.— 
Stand-by lubricating oil pump. 35.— Control column. 36.— Control column lever. 37.— Compressed-air pitch indicator. 38.—  
Transm itter for pitch indicator. 39.— Auxiliary servomotor. 40.— Air reduction control valve. 41.— Remote control inlet pipe. 
42.— Oil pipe from main oil pressure system to auxiliary servomotor. 45.— Air/oil pressure converter valve. 46.— Stand-by servo
motor. 47.—Main engine governor. 48.—Transmitter valve. 50.— Fuel oil regulator. 51.— Starting air receiver. 53.— Reduction

valves. 54.— Air filter. 55-56.— Remote control for engine governor.

T he complete equipm ent w ith  the hydraulic control m echanism  
weighs approxim ately 16 tons. T h is  propeller is driven by a 
N ordberg-Sulzer type engine o f 2,700 b.h.p. at 225 r.p.m . 
fo r a ship’s speed of 17 knots. Each root is secured to  a 
rotatable disc (3) having a crank sliding in  a guide block moved 
by a rod (5) passing th rough  the hollow propeller shaft. A 
stainless steel stuffing box (7) is provided at the outer end of 
the shaft and  a cast-iron  box (8) is fitted on  the inner end of 
the  stern tube. A coupling  (9) at the forw ard end of the shaft 
is secured by the S .K .F . oil-pressure m ethod and the flange 
is attached to the actuating  rod  (5). T he  p iston  (11) of the 
servom otor has a rod  w hich passes th rough  the cylinder cover 
and a stuffing box (12). T here are tw o radial bores (14) 
in  the interm ediate shaft (13) and  these holes are the inlet and 
outlet respectively for the servom otor oil. T hree rods, one 
(15) o f w hich is show n, connect the servom otor piston to  a 
sleeve (16) on  the interm ediate shaft. T he  bottom  of the fram e 
(18) acts as an  oil container and  encloses the p itch  control 
gear, w hich consists o f an  oil d istribu tion  box (19) contain ing 
a slide valve (20) w hich allows the oil to  pass under pressure 
to  one side o r the o ther of the servom otor piston. T he  oil 
is led th rough  tw o ring  cham bers, each com m unicating w ith 
one of the radial holes (14). T he  slide valve is connected to  a 
transverse rod  (21) adjoin ing tw o parallel arm s (22). T he 
lower ends of the arm s are linked to  a sleeve (16) and  the upper 
ends are in  the form  of toothed sectors w hich, th rough  the 
pinions (23) and  a contro l arm  (24), are coupled to  a remote 
control device. T he  m ain oil pressure pum p (26) is of the 
Im o type, draw ing oil from  the sum p in the fram e and 
delivering it th rough  a filter (27) to  the d istribu tion  valve (20). 
A standby p um p  (29) is provided. T he  hub is supplied w ith  a 
special grade of oil w hich is delivered to  the inlet (31) and 
passes th rough  holes (32), reaching the hollow propeller shaft 
and filling the hub, where it rem ains under constan t pressure. 
T he  pum ps (33, 34) are in  duplicate, one being a standby. 
T here is, however, an  overhead tank  w hich ensures sufficient 
oil pressure w hen the w orking pum p is stopped. T he  control 
colum n (35) on  the bridge has a lever (36) w hich alters the

p itch  of the blades and  a com pressed-air ind icator (37) is p ro 
vided. T he  engine revolutions are controlled from  the bridge 
by hydraulic telem otor gear (55, 56). T h e  rem ainder o f the 
m echanism  in  the complete device is indicated in  the table.—  
The M otor Sh ip , Vol. 33, M arch 1953; p. 527.

Fuels for Gas Turbines
It is generally agreed th a t the gas-turbine engine can expect 

no w idespread application in the m erchant m arine, industria l, 
or locomotive fields un til it is able to b u rn  residual fuel oil. 
G as-turbine engines will and  are being used extensively in the 
industrial field where natu ral gas is an  econom ic fuel. T he 
ability of the gas-turbine engine to  b u rn  coal will fu rther 
enhance its position in  the industria l an d  locom otive fields if 
and  when it is feasible. Inasm uch as th is prim e m over can 
now operate on  gasoline, kerosene, distillate fuel, and  natural 
gas, and  as the problem s yet to  be solved in  bu rn ing  coal are 
well know n, this discussion is lim ited to  residual fuels. T he 
actual design or fabrication of suitable com bustion  equipm ent 
fo r bu rn ing  residual fuel oil is, in  general, sim ilar to  th a t for 
distillate fuel. T he  heavier fuel m ay result in  a greater ten
dency for tem perature stratification a t the ou tle t o f some types 
of com bustion chambers. T h e  real problem  is caused by b u rn 
ing an ash-bearing fuel w hich in troduces the hazard  of deposi
tion in  the com bustion system, on  turbine blades, an d  all other 
surfaces exposed to  the exhaust gas. N um erous land  gas-turbine 
engines have been ru n  on  residual fuel b u t they have either had 
relatively low turbine-in let tem peratures (below 1,200 deg. F.) 
o r have had selected grades of such fuel. Even these units, 
in general, have experienced some difficulty. T he Oerlikon 
C om pany’s gas-turbine engine has been ru n n in g  on  residual 
fuel for a long period, w ith  some blade deposits (about 0 04 
inch). Every tw o weeks these are easily washed off and  no 
traces o f corrosion rem ain. N .G .T .E . ran  residual fuels in  a 
jet engine w ith no t only blade fouling  b u t also a significant 
degree of blade alloy corrosion. T he  M etropolitan  Vickers 
G atric  gas-turbine engine was ru n  a t id ling  speed for 20 
m inutes on residual fuel and  then  com pressor stalling occurred.
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A heavy carbon deposit was found in the com bustion cham ber 
an d  on the h igh-pressure-turbine blading. C om pressor stalling 
had been caused by partial blocking of the h igh-pressure-turbine 
blade passages. T he  experim ental C. A. Parsons and  C om pany 
500-h.p. gas-turbine engine experienced com pressor surge after
8 hours of operation on residual fuel w hich caused ash deposi
tion , resulting  in  turbine blockage. O ther com panies, such as 
G eneral Electric, E llio tt, W estinghouse, and  B row n Boveri have 
had considerable experience in bu rn ing  residual fuels. As 
serious as the ash-deposition problem  is, it is secondary to 
corrosion resulting  from  such deposition. T he  deposits m ay be 
cleaned off b u t the corrosion process is irreversible. Corrosion 
results from  the presence of vanadium  (in various form s, 
including vanadium  pentoxide) (V20 5), salts (especially N a.S O ,) 
and  su lphur (S) being present in the fuel ash. H igh-tem pera- 
tu re  boilers and  Diesel engines also suffer from  these same 
im purities. I t  has been suggested tha t the residual fuels used 
in Diesel engines be lim ited to  a low -ash and  su lphur (2 per 
cent o r less) content. G enerally, sodium  is in the fuel as a 
na tu ra l constituen t bu t it m ay be in troduced in  the refinery 
process, o r by salt-w ater con tam ination . T h is  latter con tam 
inating  process will make it m ore difficult to b u rn  residual 
fuel in  the m arine gas-turbine p lan t th an  in its land  coun ter
part. T he disastrous effects resulting  from  salt w ater in  boiler 
fuels are well know n. M ost residual fuel oil has a  considerable 
ash content. A large percentage of th is ash m ay be composed 
of V2O s and  alkali com pounds w hich com bine to form  low 
m elting slags. N o t only  is vanadium  present in alm ost every 
crude, b u t it  is often the predom inant im purity . A study 
also indicates th a t vanadium  concentrations do no t seem to 
occur in the absence o f su lphur. Sodium  is also a likely con 
stituen t, and , as has been m entioned in  the case of m arine 
service, m ay additionally  be in troduced  by sea water. T he 
relative percentages of these deleterious elements will vary 
according to  the source of the fuel oil. I t can  be seen th a t 
this problem  is com plicated in  m arine p lants because a vessel 
m ay receive fuel from  every p art o f the w orld and , therefore, 
m ust be able to bu rn  any  fuel likely to  be encountered.— A. A. 
H afer, T rans.A .S .M .E ., Vol. 75, February 1953; pp. 127-136.

Gas Turbine Progress— M arine
T he gas turb ine engine has now progressed to the po in t 

where its use is advantageous in a num ber of naval applications. 
These include small short-range boats, land ing  craft, P T  boats, 
emergency power generation, and  portable power equipm ent. 
Booster gas tu rb ine  engines com bined w ith  base-load Diesel, 
steam, o r gas turbine p lan ts are also attractive. In  general, all 
of these applications bu t the base-load p lan t will utilize a 
simple-cycle engine. F o r m erchant m arine propulsion the gas 
tu rb ine p lan t is no t now  econom ically superior to  either the 
Diesel o r steam p lan t except in special applications. T he  choice 
of a prim e m over is basically a question  of economies. A fter 
analysing such factors as engine first cost, m aintenance, life, 
fuel consum ption , and  cost of operating  personnel, the type of 
prim e m over m ost advantageous for a particu lar installation 
is usually  apparent. Such an analysis in  the case of the naval 
prim e m over is som ew hat m ore involved as it is difficult to  
give an  econom ic value to  certain  engine features. A ny progress 
m ade tow ards higher turbine tem peratures, ability to  bu rn  
residual fuel, o r a radical reduction  in regenerator size w ill 
make the use of the m arine gas tu rb ine p lan t tha t m uch  more 
advantageous. I t  should no t be an ticipated  th a t the gas turbine 
engine will replace bo th  the Diesel and  steam p lants in  the near 
fu ture, b u t th a t it will supplem ent them . I t  is safe to  say th a t 
the num ber of m arine gas turbine engines in  service in  several 
years w ill num ber in  the hundreds. A  large p roportion  of these 
w ill be small naval units. T here  is every reason to  believe tha t 
progress will con tinue a t a  high rate du ring  the next decade.—  
W . A . Dolan and A . A . Hafer, T rans.A .S .M .E ., Vol. 75, 
February 1953; pp. 169-175.

De-aerating System  for Tankers
T h e  first vessel to  be equipped w ith  the new Siemens- 

Schuckert ventilating  u n it fo r cargo oil tanks is the m otor

tanker Irvingbrook, bu ilt by the H ow aldtsw erke A .G . for the 
Irv ing  Oil Co., St. Jo h n ’s. I t is claim ed tha t, w ith  this equ ip 
m ent, considerably faster an d  m ore reliable ventilation of cargo 
tanks can be effected th an  w ith  the em ploym ent of canvas w ind 
sails. T he  device com prises a three-phase induction  m otor 
enclosed in a pressure-resistant flam e-proof casing, d riv ing  a 
ventilating  fan w hich operates as a blower. T he u n it is 
installed on a portable fram e w hich can be fixed either a t the 
coam ing of the m anhole o r placed in the B utterw orth  opening.

Siem ens ventilating u n it installed in m anhole

Fresh air is in troduced  th ro u g h  a ventilator rotatable to  any 
position and  is delivered a t a h igh speed tow ards the bottom  
of the tank. T he re tu rn  flow is m ixed w ith  the gas-laden a ir 
and  is driven ou t th rough  the m anhole. T he  capacity of the 
fan is 3,000 cubic metres of fresh a ir per hou r and , assum ing 
the air volum e of the tank  to  be changed six times hourly , a 
tank of 1,000 cu. m. capacity  w ill be gas-free in  about two 
hours, o r sufficiently so as to  allow  the tank  to  be entered. 
As the fan m o to r is an  A.C. m achine, it -will require to  be con 
nected to  a three-phase d istribu tion  system on board.— The  
M otor S h ip , Vol. 33, M arch 1953; p. 525.

Hazards in Operation of Tank Vessels
T h is  paper is a discussion of some hazards encountered 

in  the handling and  transporta tion  of bulk petroleum  and 
petroleum  products by tank  vessel, w ith  com m ent on  how these 
hazards are contro lled  by vessel design, equipm ent, and  safe 
w orking practices, together w ith  some suggestions as to  how 
the hazards m ight be better controlled. As a specific example, 
a fire occurred in  the fire room  of a tank  vessel w hen Diesel 
oil was spilled on  a superheated steam line w hich ran  under 
the grating. H ad  the line been unlagged, there w ould  have 
been no  fire. T he  line was, however, lagged and  there were 
breaks in  the lagging in  a w ay o f a flange th a t allowed the
oil to  ru n  dow n along the pipe. T he  lagging held the oil 
against the ho t p ipe perm itting  slow oxidation  to  proceed 
and it  subsequently ignited. Corrective action  was to  so 
shield the steam line w ith  metal as to  deflect any oil tha t 
m ight be spilled on  it. In  new design, superheated steam lines 
on w hich petroleum  products m igh t be spilled accidentally 
should be suitably protected. D esign should anticipate the 
possibility o f a firem an rem oving a bu rner w ith  the oil still 
tu rned  on. A chronic offender in  the fireroom  as regards oil 
spillage is the fuel oil strainer. I t  should be so designed as to  
make unnecessary the removal o f the covers o r  shou ld  be
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provided w ith  a safety device tha t will make it impossible to  
remove the cover from  the strainer in use. S trainers should 
be equipped w ith  large easily cleaned d rip  pans. O n S tandard
Oil C om pany of C alifornia tank  vessels, vapours are contained 
w ith in  a closed venting  system know n as a vapour control 
system. D etails of th is system are show n in Fig. 1. If the 
tanks are ou t-breath ing  as w hen cargo is being loaded, vapours 
are discharged a t the m asthead vents, a location removed from  
probable sources of ignition. I f  the tanks are in-breathing, 
as w hen cargo is being discharged, air is likewise draw n from  
the m asthead vent. T he  vapour control system differs from  
the conventional venting  arrangem ent in tw o im portan t respects. 
F irst, special weighted ullage hole covers are provided, w hich 
are equipped w ith  the usual p in  for securing when the vessel 
is underw ay. T h e  p in  is removed w hen handling cargo or 
ballast and  the lead w eight holds the cover closed against 
pressure from  w ith in  the tank. Should  this pressure exceed 
tw o pounds to  the square inch the cover will lift and  relieve 
the pressure to  prevent possible structu ral damage. Second, a 
float type of gauge tape is provided on  each cargo com part
m ent. T he top  of the tape is covered by a gastight housing 
w hich is no t show n in  the draw ing. T he ullage is read th rough  
a glass w indow  in  the housing. These tapes allow the liquid 
levels in  the tanks to  be ascertained w ithout necessitating the 
opening of the tanks’ ullage covers. These tw o features, the 
w eighted p lug  and  the tape, together w ith  the conventional 
venting system, effectively control vapours w ith in  the lim its of

the capacity of the system and, in the opinion of the author, 
contribute very greatly to  the safety of operations.— Paper by
G. D . W ashburn; Abstract in  S .N .A .M .E . B ulletin , Vol. 8, 
January 1953; pp. 11-20.

First Tanker for A ll-ga s  Turbine Propulsion
A con trac t o f ou tstand ing  significance has been placed w ith 

Camm ell L aird  and  Co., L td ., of B irkenhead, by the A nglo- 
Saxon Petroleum  Co., L td. (operators o f the Shell tanker fleet), 
of London. T h is  was for a single-screw vessel, of 18,000 tons 
deadweight, to  be propelled exclusively by gas turbines— the 
first tank  sh ip  in  the w orld w ith  all-gas tu rb ine propelling 
m achinery. T he ship will be constructed  to a specification 
prepared by the owners, and the m achinery to  a specification 
com piled jointly  by the B ritish T hom son-H ouston  Co., L td ., 
of Rugby, and  the owners’ research and  developm ent depart
ments. T he  B ritish T hom son-H ouston  C om pany will design 
and  prepare the detailed plans of the gas turbines and  A.C. 
electrical equipm ent, while Camm ell L aird  and  Co., L td ., will 
prepare the general arrangem ent p lan of the engine room . T h is  
interesting vessel, w hich is scheduled for com pletion in  1956, 
will be one of the “general purpose” class of tank  ships, of 
w hich fifty are either on order o r under construction  for the 
Shell fleet. As the other vessels will be powered by either steam 
turbo-electric m achinery o r by geared steam turbines, it  will 
be possible to obtain a direct com parison of the operating

F ig . 1— Vapour control system
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and  m aintenance costs of the three form s of propulsion. T he 
all-gas turbine-driven tank vessel is the latest developm ent in  a 
series of experim ents in  m arine propulsion  w ith  gas turbines 
w hich have been carried o u t since the w ar by the Shell m arine 
research departm ent, headed by M r. John  Lam b, O.B.E. T he 
first success was achieved in  1951 w ith  the A uris, w hich became 
the w orld’s first m erchant ship powered by a gas turbine engine, 
fitted in  place of one of the vessel’s fou r Diesel engines. T h is 
gas turbine functioned so well, th a t early in  1951, it propelled 
the A uris  across the A tlantic w ithou t any assistance from  the 
Diesel engines w hich were held in  reserve. In  com m on w ith 
all tankers being built for the Shell fleet, the all-gas turbine 
ship will be of the m ost m odern  design, incorporating  newly 
invented equipm ent to  ensure the safe handling  of highly 
volatile cargoes and  quick tu rn -ro u n d  in  port. T he  gas turbine 
com ponents will be m anufactured  jo intly  by the British 
T hom son-H ouston  Co., L td ., and  Cam m ell L aird  and Co., 
L td . T he  turbines will be tested a t the latter com pany’s 
Birkenhead works, under the supervision of the British 
T hom son-H ouston  Co., L td ., before installation  in  the ship. 
T he  m achinery will com prise two gas tu rbo-alternator units 
d riv ing  the single propeller shaft th rough  tw o electric m otors 
and  a  tw o-p in ion  single-reduction gearbox. Pow er for auxiliary 
requirem ents a t sea and  in p o rt will be draw n from  the p ro 
pulsion gas turbines, including th a t required for the cargo 
pum ps, w hich are capable of dealing w ith  2,000 tons of oil 
per hour. A Diesel a lternator will be provided to supply power 
for the sh ip’s services w hen the gas turbine alternators are no t 
in  use. O perating  on the open cycle, each u n it will have tw o- 
stage compression, w ith  intercooling. T he  h.p. line will com 
prise turbine, com pressor and  geared auxiliary alternator w ith 
exciter set; while the l.p. line will com prise turbine, com pressor 
and  propulsion alternator. T he  initial s tarting  of the turbines 
will be effected by steam turbines of 150 h.p. each. Steam  for 
cargo heating and  tank cleaning will be supplied by a small oil- 
bu rn ing  boiler, in con junction  w ith  waste heat boilers taking 
exhaust gas from  the heat exchangers of the turbine. T he p ro 
peller m otors will be of the double-cage induction  type. A stern 
ru nn ing  will be obtained by reversing contactors in the m ain 
electric circuit, and , consequently, w ith  no change in  the turbine 
direction of ro tation  and  w ith  fu ll pow er available for astern 
running . Between 100 r.p.m . and  approxim ately 55 r.p .m ., the 
speed of the propeller will be controlled a t the turbine. Lower 
propeller speeds will be obtained by reducing the voltage applied 
to  the propeller induction  m otors, the controls being in  the 
alternator exciter circuits. T he  four centrifugal cargo pum ps 
and  one of the two stripp ing  pum ps will be electrically driven, 
a t 3,000 volts, from  the propulsion  alternator. T he other s trip 
ping pum p is o f the steam reciprocating type.— The Shipbuilder 
and M arine Engine-B uilder, Vol. 60, 1953; p. 163.
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6 ,500 h.p. M arine  Gas Turbine
T he w orld’s highest powered m arine gas turbine, develop

ing 6,500 h.p., bu ilt under a developm ent con trac t fo r the 
A dm iralty , has recently com pleted extensive shore tests a t the 
R ugby w orks of the English  E lectric Co., L td . P rio r to  the 
com pletion of E .L.60A , as this turbine is officially know n, the 
m ost pow erful m arine gas turbines were the 3,500 s.h.p. u n it a t 
Pam etrada, the A llis-C halm ers 3,500 s.h.p. un it, and  the E lliott
3,000 s.h.p. set, the two la tter having been bu ilt in the U.S.A. 
fo r the A m erican Bureau of Ships. These earlier un its  have all 
given satisfactory perform ances on test, b u t none of them  were 
destined fo r actual m arine p ropulsion  service. T he  parallel 
flow cycle (Fig. 2) was chosen because it enabled a relatively 
small power turb ine to be designed. T h is  has to  pass only one- 
th ird  of the total mass flow of the cycle and  was thus suitable 
to  ru n  a t the 5,600 r.p.m . of the sh ip’s existing alternator. T he 
cycle was also an  attractive one fo r manoeuvring, as any  power 
from  full to  zero could  be provided by m anipu lation  of the 
th ro ttle  and  the blow-off valves, w ithout in terfering  in  any way 
w ith  the speed, mass flow, o r pressure ratio  of the compressor. 
T he  charging set turbine has eight sym m etrically-disposed gas 
inlet connexions an d  was designed to  develop 13,700 h.p. at

Fig. 2— Cycle diagram show ing design conditions. N o te  the 
power absorbed by the compressor

4,000 r.p.m . under full power conditions. T he 6,600 h.p. at 
5,600 r.p.m . power turbine is geom etrically sim ilar in all respects 
including blade form  an d  blade heights w hich are scaled down 
in the linear ratio  of 0'688 to  1. I t  has, however, only four 
gas inlets. B oth turbines were originally  designed as six-stage 
axial-flow  m achines w ith  vortex blading, bu t in  final assembly 
the first stages were rem oved by the sim ple expedient o f parting  
off the blades in a lathe, leaving the roots in  position to  provide 
a sm ooth  unbroken surface on the ro to r periphery. T h is  action 
was taken so th a t the turbines m igh t better m atch  the actual 
o u tp u t of the com pressor. T he  turbine ro tors were each built 
up  by w elding from  three separate austenitic  steel forgings, 
single forging o f this size being unobtainable. T he  design of 
weld involved m uch  research and  a pa ir of full-size dum m y 
ro to r discs were first welded an d  subsequently sectioned. T he 
success of the ro to r cooling system referred to  later has shown 
that the use o f austenitic  steel is unnecessary and  fu tu re  ro tors 
of this size will be in the m ore readily available ferritic material. 
T he ro to r and  the m ore heavily stressed parts of the blades are 
protected from  direct im pingem ent of the hot gases by a series 
of disc cover rings, built in  segm ental sections for expansion,

SECTION A-A.

F ig. 7— Section  show ing  the path o f the rotor cooling air and  
the weld between tw o  ro te  • sections
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Fig. 10— Perspective view  o f the charging set heat exchanger in 
a partially assembled condition. O n ly  one o f the twelve tube  

banks are show n in position

and  cooled by an air stream  passing th rough  the annu lar space 
between the disc covers and  the periphery of the rotor. T h is 
cooling air supply is tapped from  the com pressor discharge 
and fed in to  the centre o f the ro to r th rough  radial holes located 
between the h.p. end  labyrin th  glands. I t  is then distributed 
from  the centre of the ro tor th rough  a num ber o f small radial 
holes feeding in to  the blade roots and  beneath the disc covers 
(Fig. 7). A series of calibrated fusible plugs, examined after about 
one hundred  hours o f full gas tem perature runn ing , showed 
th a t th is a ir cooling system (w hich used less th an  2 per cent 
of the m ain cycle air) was able to  m aintain  the ro to r tem pera
ture everywhere a t least 250 deg. C. (450 deg. F .) below th a t of 
the ho t gases. T he  heat exchangers were bu ilt u p  from  a series 
of identical tube banks in  one casing fo r the charging set and 
six banks in another casing fo r the power turbine. T he general 
form  of construction  can  be seen in Fig. 10, w hich shows a 
perspective view of the partially  assembled charging set heat 
exchanger. Each bank of tubes contains 1,800 11-feet long by 
i- in c h  o.d. and  22 S.W .G. alum in ium  bronze tubes secured by 
induction  brazing in to  steel header plates.— T he M arine E ng in 
eer and N aval A rchitect, Vol. 76, M arch 1953; pp. 94-100.

Investigation of Fretting Corrosion
In  this paper a series of experim ents is described on the 

subject of fretting  corrosion, an  expression used to describe the 
surface damage occurring  between tw o closely fitting  surfaces 
subject to slight vibrational movement. T he em phasis of the 
research has been placed upon ob tain ing quantitative m easure
m ents of the degree of fre tting  damage, and  it has been shown 
th a t considerable reproducibility  can be obtained, thus m aking 
it possible to  correlate th is m easurem ent w ith  such variables as 
total num ber of oscillations, load, o r atm osphere hum idity

F ig . 1

F ig. 2

side wall (8). T he  o ther ou tboard  p art of the hold (6) is 
provided w ith  a sim ilar set of panels (11). Vertical girders (12) 
are provided in the planes (2 and  3) separating the hold parts, 
to  suppo rt the ends o f the panels. T he central section (5) is 
covered by ano ther set o f panels (13). These are preferably 
capable of stow ing vertically a t one end o f the hold, and  m ay 
w ith  advantage be of the M acG regor type. T he  panels shown 
are of a type described in  B ritish P aten t N o. 631,003.— Patentee:
H . K um m erm an. British Patent N o . 684,455. W orld  S h ip 
building, Vol. 3, February 1953; p. 35.

H um idity  variations have been show n to have a pronounced 
effect on bo th  the form  and  total am ount of damage, and  this 
probably accounts for the large discrepancies between the 
observations obtained by different workers. A lthough m ost of 
the m easurem ents have been made using lapped carbon-steel 
specimens, some results were obtained w ith  o ther m aterials such 
as chrom ium , nickel, and  gold. N ickel p la ting  has been advo
cated as an an ti-fre tting  surface, bu t the experim ents clearly 
show this to  be ineffective, unless it can be assum ed th a t the 
nickel p lating  has the additional effect of reducing the slip 
between the two surfaces. T he  use of lubricated phosphated 
surfaces can be strongly recom m ended for inhibiting  fretting  
corrosion, from  the results obtained w ith  th is fo rm  of surface 
preparation rubbing  against a steel flat. A dditional experiments 
have been carried o u t w ith  carbon-steel surfaces to  establish 
the significance of the absorption  and  diffusivity of oxygen in  
su rrounding  liquid  m edia .— Paper by K . H . R. W righ t, read 
at a General M eeting o f The In s titu tion  o f M echanical E ng in 
eers, 20th February 1953.

Removable Tweendeck
T h is  invention describes a removable p la tfo rm  providing 

a ’tween deck in  a ship’s hold. In  Figs. 1 and  2 the hold (1) 
of a ship is divided by two vertical planes (2 and  3) in to  three 
parts (4, 5 and  6). T he  actual num ber of such parts  will vary 
in  different cases. In  the invention a first series of panels (7) 
are provided to  cover one p art of the hold (4) hinged to  the
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Effect of Radial Pitch Variation on Propeller Performance
T h is  paper is a  description of the results of an  investiga

tion , by means of strip -theory  calculations, of the com parative 
effects of various form s of radial p itch-varia tion  on  the efficiency 
and  perform ance characteristics o f a m arine propeller w orking 
in a un iform  stream , and  also in various non -un ifo rm  wake- 
stream s representative of tw in-screw  and  single-screw wake 
patterns. In  th is investigation, strip -theory  calculations were 
first of all m ade fo r an  actual four-bladed aerofoil propeller of 
good m odern  design, as fitted to a large tw in-screw  liner, and 
the results were found  to be closely in  agreem ent w ith  expecta
tions, and  w ith  the tank-test figures. T he  follow ing conclu
sions are draw n: F rom  the po in t of view of overall efficiency and 
apart from  any consideration of cavitation or flow breakdow n, 
there appears to be no m aterial advantage to  be gained from  the 
adop tion  of a radial variation  of p itch , both  in  a uniform  
stream  and  in a variable-wake stream. In  particu lar, it  seems 
th a t there is no special advantage to  be gained from  the app li
cation of the various alternative m ethods of design, based on 
the principle o f m in im um  energy loss, w hich have been 
exam ined, as any gain w hich m igh t be achieved in the ideal or 
hydrodynam ic efficiency by the adoption  of these procedures is 
very small, and  is overshadowed by the effects o f blade- 
efficiency (i.e. section-drag losses, etc.) in troduced by the 
changes in  angles of incidence where the wake concentration  is 
high. O n the o ther hand, the above results suggest th a t no 
special loss in  efficiency is to be expected from  the adoption of 
m oderate p itch-variations w hich are favourable from  the po in t 
of view of cavitation or flow breakdow n, and  th is leaves the 
designer considerable freedom in the m atter of adop ting  such 
alternative p itch-varia tion  lines from  roo t to  tip  of the blades 
as m igh t be considered desirable from  this po in t of view. I t 
appears th a t the quan tity  designated relatively-rotative-efficiency 
has a real m eaning, in term s of the m ethods of analysis usually 
adopted, and  its value can be estim ated by calculation, in  the 
m anner described in the paper. T he num erical values obtained 
agree reasonably well w ith  the experim ental data. T he nom inal 
wake factor is slightly larger th an  the corresponding th ru s t- 
identity  wake factor, and  th is in  tu rn  is som ewhat greater than  
the equivalent torque-identity  wake factor. I t  appears th a t the 
differences between these factors are no t greatly dependent on 
pitch-ra tio . T he  value of the nom inal behind-efliciency jjm, for 
a propeller w orking in  a variable-wake stream , appears to  
increase slightly  as the value of W N is increased, fo r the same 
value of J N or nom inal mean wake speed V a. T h is  is reflected 
in  the value of the relative-rotative-efficiency, w hich increases 
w ith  increase in  the wake intensity, o r as the variation in  W ' 
increases.— Paper by Professor L . C. B urrill and C. S . Yang, 
read at a m eeting o f the In s titu tio n  o f N aval Architects, 26th  
M arch 1953.

“ Easifast” Hatch Covers
T he patented “Easifast” ha tch  cover is adaptable to suit 

round , oval o r rectangular hatches, the cover being strengthened 
by perim eter an d  o ther stiffeners to  perm it the reduction in the 
num ber of fasteners necessary to  secure oiltightness. F or 
example, a 4-ft. diam eter hatch  has three fasteners com pared

w ith the eight fasteners norm ally used w ith  the older type of 
hatch. In  the p rototype hatch  of th is size the cover was tested 
to  a head of 29 feet before show ing signs o f leakage (L loyd’s 
test for the hatches is 8-ft. head). T he  raising and  low ering of 
the hatch  cover is accom plished by m eans o f a screw gear, the 
lower end of w hich is secured to  the deck o r  to  the hatch  
coam ing (depending upon  the height o f ha tch  coam ing 
required). T w o of the cover stiffeners are extended over the 
hatch  side to form  a lifting  lever, and  a tru n n io n  in  w hich the 
screw works is fitted between the ends of these stiffeners. T he  
tu rn in g  o f the screw in  this tru n n io n  raises o r lowers the cover 
as required. N orm ally  the hatch  cover rem ains sta tionary  in 
any position, bu t to provide additional security a lock n u t is 
fitted above the tru n n io n  to  lock the cover a t any  position. 
T h is  lock n u t is fitted w ith  a hinged d rop  handle w hich when 
no t in  use falls dow n between the stiffeners so th a t w hen the 
screw is operated the lock n u t rises an d  falls w ith  the trunn ion  
an d  does no t need to  be separately operated. T he  hatch  cover 
can be fully opened in about half a m inute by one m an  and 
lowered in a few seconds, while the sm aller num ber o f fasteners 
m eans th a t the final tigh ten ing  can be done in  about one-quarter 
of the tim e required fo r a norm al cover of the same size. T he 
accom panying sketch shows a typical arrangem ent of a c ircular 
type hatch w ith a low coam ing, b u t the design is readily ad ap t
able to  su it hatches o f varying shape and  heights of coam ings.—  
T he Sh ip p in g  W orld, Vol. 128, 25 th  M arch 1953; p. 307.

Propulsion Plant of M ariner C lass Vessel
T he m ain  propulsion u n it o f M ariner class vessels consists 

of a 17,500 s.h.p. cross-com pound, double reduction , geared 
turbine of the latest m arine design and  h igh efficiency, driving 
a propeller th rough  a line of shafting  a t about 102 r.p .m . when 
delivering 17,500 s.h.p. T he  u n it is capable of continuous 
operation a t 19,250 s.h.p. under w ith in  A.B.S. design criteria. 
T he  turbines are designed to  operate a t norm al pow er w ith 
5851b. per sq. in. gauge pressure, 855 deg. F . to tal tem perature 
steam a t the throttles, and  exhausting  a t 28 jr" H g. vacuum  w ith 
sea w ater a t 75 deg. F . T h e  electric generating system consists 
of two turbo-generators supplied w ith  steam a t the th ro ttle  a t 
5851b. per sq. in. gauge pressure, an d  830 deg. F . to tal tem 
perature and  exhausting to  indiv idual condensers a t  2 8 i"  Hg. 
Each u n it is designed to  deliver 600 kW ., 450 volt, 3 phase, 60 
cycle alternating  cu rren t a t 0 '8  pow er factor continuously , and  
25 per cent overload for tw o hours. T w o m ain  boilers are 
provided. T he  steam conditions a t the superheater outlet are 
6001b. per sq. in. gauge pressure an d  865 deg. F .;  to tal tem 
perature, under norm al pow er conditions; m anually  operated 
superheat contro l is provided to  prevent the steam tem perature 
from  exceeding 865 deg. F . under m axim um  evaporation con
ditions. T he  m ain  turb ine and  gear u n it is of the cross
com pound, double reduction  type, consisting of one h igh pres
sure turbine and  one low pressure turbine, includ ing  astern 
elements, and  one double helical, double reduction  gear con 
nected to  the turbines w ith  flexible m echanical couplings. E ach 
turbine and  gear u n it is designed to  deliver norm al rated  ahead 
power of 17,500 s.h.p. a t about 102 r.p .m . w ith  initial steam 
conditions of 5851b. per sq. in. gauge pressure an d  855 deg. F. 
to tal tem perature a t the th ro ttle  and  exhausting under a 2 8 i"  
H g. vacuum . T he  u n it is also designed for con tinuous opera
tion  a t the m axim um  rated shaft horsepower of 19,250 an d  the 
m axim um  design shaft horsepower in  accordance w ith  the con 
ditions specified by the (U .S.A .) M aritim e A dm inistration . T he 
ahead turbine is of the im pulse o r im pulse-reaction type, and  the 
astern turbine consists of suitable im pulse wheels located in  the 
exhaust cham ber. T he  m ain  condenser is located below the low 
pressure turbine. T he  astern  turbine delivers a t  least 80 per 
cent of the norm al ahead torque, w hen tu rn in g  astern a t 50 
per cent of the norm al ahead r.p .m ., w hen supplied w ith  steam 
a t the norm al pressure and  tem perature. T h is  to rque is obtained 
a t 2 7 i"  Hg. vacuum , w ith  a steam flow no t exceeding the 
norm al ahead steam flow corresponding to extraction  operation. 
T he ahead and  astern  turbines are so designed th a t there is no 
overheating under con tinuous astern  operation  a t 70 per cent of
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the norm al ahead r.p.m . and  approxim ately 35 per cent of no r
m al ahead pow er w ith  inlet steam supplied a t the norm al 
design pressure and  tem perature. T he  condenser vacuum  for 
this operation  is m aintained a t 2 7 i"  Hg. T herm om eters are 
fitted a t the throttle, h.p. turb ine steam  chest, first stage shell 
and  all bleeder points. T he  ahead turbine is provided w ith 
sufficient hand controlled nozzle valves to  obtain  a relatively 
flat w ater rate curve from  12,000 to  19,250 s.h.p. Connexions 
are provided to  perm it independent operation of the high pres
sure and  low pressure turbines for emergency purposes. Blank 
flanges, gaskets and  pip ing  are provided to facilitate this emer
gency operation. T he  high pressure turbine operating alone 
develops a  shaft horsepower of 6,600 a t 75 r.p.m . of the m ain 
shaft and  the low pressure turb ine operating alone develops a 
shaft horsepower of 4,000 a t 64 r.p.m . of the m ain shaft. Steam 
for emergency operation of the low pressure turb ine is taken 
from  the desuperheated steam system. T he  design of all tu r 
bines and  the connexions is such th a t w ith rated load and  
norm al steam  conditions, the inlet steam velocity does no t 
exceed 9,000ft. per m inute. Steam  passages are sm ooth and 
free from  burrs o r other obstructions likely to  cause eddies. At 
rated load and  norm al steam conditions, the exhaust velocity 
does no t exceed 21,000ft. per min. for condensing operation.— 
T he Log, Vol. 48, M arch 1953; pp. 50-51.

Dutch Tw o-stroke  Engine
T h e  new S tork-T hom assen tw o-stroke engine has a bore of 

240 m m ., a stroke of 360 m m ., and  a  m axim um  speed of 600 
r.p.m . T he  engine is show n in  longitudinal and  cross sections 
in  the illustration. T he engine has been designed w ith uniflow  
scavenging along accepted lines, the scavenging air being in tro 
duced th rough  a  num ber of ports in  the cylinder wall during 
the low er p a rt of the stroke and  the exhaust gases being expelled 
th rough  a .central overhead valve in  the cylinder head. As is 
know n, the difficulty w ith  tw o-stroke engines is to  in troduce the 
scavenging a ir in  such a way th a t after the inlet and  exhaust 
period the cylinder is as far as possible charged w ith  clean 
air, while a t the same tim e measures m ust be taken to prevent 
th is a ir from  m ixing w ith  the exhaust gases of the previous 
pow er stroke. In  this respect the new design appears to  have 
its m erits, since the results achieved are such tha t the smoke 
lim it of the engine lies a t a  m ean effective pressure (pe) of 7'2

kg. per sq. cm. (1031b. per sq. in.). T o  enable a high mean 
effective pressure, w hich is generally accom panied by a high 
heat load, also to be carried w ith  safety as the designed norm al 
engine load, a num ber of special features have been incorporated 
in  the design, particularly  w ith  regard to cooling. So as to 
be on  the safe side a norm al (or com m ercial fu ll load) m ean 
effective pressure of 6 kg. per sq. cm . (851b. per sq. in.) has been 
adhered to  for the tim e being. F o r scavenging a ir supply com 
parative tests were carried o u t w ith  both  Roots and  centrifugal 
blowers; as a result of these tests it was decided to  employ 
the latter. T he speed of the centrifugal blow er used on the 
standard  engines is about ten  times th a t of the crankshaft.—  
P. C. B run ting  and G. W ieberdink, Gas and O il Power, Vol. 
48, M arch 1953; pp. 55-57.

The G2 Gas Turbine
Details have been issued by the M etropolitan-V ickers Elec

trical Co., L td ., of the G2 gas turbines w hich they have con
structed for the A dm iralty. Follow ing the successful trials of 
the M etropolitan-V ickers G atric gas tu rb ine in  M G B  2009, an 
order was placed for four basically sim ilar bu t larger gas tu r 
bines to give fu rther operating  experience a t sea. These G2 
gas turbines are now  a t sea in  the Coastal Forces c raft Bold  
Pioneer and  Bold Pathfinder. A nother tw o gas turb ines of this 
type have been ordered by the U nited  States N avy for trial 
and  evaluation purposes. T he G atric  gas turb ine was o f the 
open cycle type, w ithout heat exchanger, and  consisted of a 
gas generator w hich was based on  the F 2  jet engine, and  a 
pow er turbine. T he  G 2 gas tu rb ine employs the same cycle 
as the G atric engine. T he  gas generator (com pressor, com 
bustion cham ber, com pressor turbine and  auxiliaries) is, w ith  
certain  m odifications, th a t of the Beryl jet engine. T h e  G 2 gas 
turbine is designed to develop 4,800 s.h.p. Pending  operational 
experience a t sea, however, the m axim um  pow er has been 
declared at 4,500 s.h.p., w ith  a m axim um  con tinuous ra ting  of
4,000 s.h.p. T he  G 2 has been designed fo r a to tal life of 1,000 
hours, o f w hich 300 m ay be ru n  a t m axim um  power. These 
figures are low by m arine standards, b u t the engine, of course, 
is intended for developm ent purposes, w hile its use as a booster 
allows a shorter life requirem ent. A complete G 2 u n it con 
sists of a gas generator, a pow er tu rb ine w ith  exhaust duct, 
and  a reduction  gear. T he pow er turb ine, w hich is m echani-

N ew  Stork-Thom assen tzvo-stroke engine
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cally independent of the gas generator, drives the propeller shaft 
th rough  a single-helical, side p in ion  reduction  gear. T he 4,500 
s.h.p. gas turbines have a m uch better pow er/w eight ratio  than  
the 2,500 s.h.p. G atric  unit. T he gas generator is supported  by 
a bu ilt-u p  fram e on either side of the com pressor, bolted to  the 
engine bearers; the frames are so pivoted th a t they can swing 
ou tw ards to  allow for radial expansion. T h e  forw ard end of

ou tp u t is effected solely by regulating the fuel quan tity  to  the 
com bustion cham ber of the gas generator; the speed of the gas 
generator, w hich depends upon  the fuel quan tity , determines 
the tem perature, pressure, and  flow rate  o f the gas a t the inlet 
to  the power turbine. A lightw eight compressed a ir m otor, 
supplied w ith  high-pressure a ir a t 4501b. per sq. in. gauge from  
storage bottles by way of a reducing valve, is used for starting

T he M etropolitan-V ickers G 2 naval gas turbine, show ing the protective a lum in ium  casing

the gas generator; a t a speed of approxim ately 2,000 r.p.m . the 
u n it becomes self-sustaining an d  the m otor is no longer 
required .— The Sh ipp ing  W orld, Vol. 128, 7th January 1953; 
pp. 13-14.

the com pressor is supported  under the inlet b ranch by a small 
pivoted fram e w hich perm its axial expansion. A lignm ent of 
the un it is m aintained by a sliding key under the com pressor 
outlet branch. T he  com pressor has eleven axial flow stages, 
giving an  overall pressure ratio  of 4 03 a t an  air-m ass flow 
of 62 61b. per sec. fo r a m axim um  speed of 7,830 r.p.m . T he 
ro to r consists of an inlet end piece of m anganese-m olybdenum  
steel, a d rum  fron t extension, a  d rum  centre portion  and  drum  
conical extension pieces o f a lum in ium  alloy, and  a  turbine end 
shaft of nickel-chrom e-m olybdenum  steel. T h e  com pressor is 
of a lum in ium  alloy. T he  ro to r is carried  by tw o bearings, one 
ball and  one roller, w hich are lubricated by an  oil m ist. T he 
m oving and  fixed com pressor blades are of a lum in ium  alloy; 
the m oving blades are carried  in  longitudinal serrated grooves 
in  the ro to r and  the fixed blades in  dovetail grooves in  the 
casing. Provision is m ade for the removal o f salt deposits 
from  the com pressor b lad ing  by a distilled w ater spray. T he 
single stage com pressor turbine has a m olybdenum -vanadium  
steel disc m ounted on a steel shaft attached to the com pressor 
d rum  conical extension piece. T he  forw ard end of the power 
tu rb ine is carried by tw o semi-flexible legs attached to brackets 
on the outlet b ranch and  m ounted  on  a cross beam bolted to  the 
engine bearers; the a ft end of the tu rb ine is supported  from  
the gearbox. T he m axim um  design speed o f the pow er turbine 
is 5,200 r.p.m . T he mean gas tem perature a t the power tu r 
bine inlet, m easured by four therm o-couples, is 660 deg. C .; 
due to  stratification of tem perature across the annulus, this 
figure is some 20 deg. C. higher than  the average tem perature 
calculated from  fuel flow. T he pow er tu rb ine drives the p ro 
peller th rough  a side p in ion  single-reduction gear encased in  a 
lightw eight rig id  casing of all-w elded steel construction . 
T he  overall gear ratio  is 4 73 and  the m axim um  propeller shaft 
speed is 1,100 r.p.m . T h e  bearings fo r bo th  the p in ion  and  
wheel shafts are o f the roller type; a M ichell th ru s t block is 
incorporated in  the a ft end of the gear case. Solid flange coup
lings join the p in ion  and  pow er tu rb ine  shafts, and  the slow 
speed wheel shaft to  th a t of the propeller. T h e  engines are 
designed to operate on  pool gas oil. T he  contro l of power

Sh ip ’s Propeller
T his  invention is intended to  produce a  ligh ter propeller 

by a m ore scientific calculation of the propeller thickness 
required from  the aspect of bending strength. Fig. 3 shows a
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four-bladed propeller. A ssum ing tha t the m agnitude and  dis
tribu tion  o f the propulsive, tangential, centrifugal, and  frictional 
forces acting  upon  a  blade are know n, it is possible to  deter
m ine the stresses, in  particu lar the bending stresses, a t the root 
(1) of the upper blade (2) w hen the roo t is of given dimensions. 
In  the draw ing the graph  of m om ents (3) has been given for 
this purpose. T he forces m entioned thus set u p  a m axim um  
bending stress <r„. T he  m axim um  strength  of the m aterial m ay 
be know n an d  represents the m axim um  bending stress o-max 
w hich the m aterial can  w ithstand  w ithout giving way. T he 
difference between crmax and  crv is thus a “stress reserve” referred 
to  as crVl res, w hich represents an  additional stress w hich the 
blade can  absorb w hen any  unexpected force acts o n  the blade. 
A t a section (4) of the blade the calculable forces also cause the 
blade to  bend, p roducing  a m om ent (5) w ith  bending stress (cr). 
T he  thickness (d ) of the section is so calculated th a t an  add i
tional force (K ) acting  a t  the tip  o f the blade, w hich sets up  
the stress <r„, res a t the foot will also set up a stress <rres a t the 
section (4), also corresponding to crmax of the material. T hus, 
w hen the propeller is operating, a force K  will give rise to the 
<rmax along the whole length of the blade: there is no m ost 
unfavourable section, and  the blade will tend to bend along its 
whole length. T h e  blade w ill thus be considerably lighter and 
th inner than  conventional blades.— Patentee: M . M . H . Lips, 
D runen. (B ritish  Patent N o . 6 7 9 ^ 9 3 ). W orld  Shipbuild ing , 
Vol. 2, N ovem ber 1952; pp. 150-151.

Tanker Cargo  Pipe System
T he cargo space of a tanker is norm ally divided in to  a 

num ber o f w ater tigh t tanks by transverse bulkheads and  one 
o r tw o longitudinal bulkheads. T he  contents of the tanks are 
discharged th ro u g h  deck discharge pipes by means of pum ps, 
situated in  one or m ore pum p rooms. T o  connect the pum ps 
to individual tanks, a system of pipes and  valves is provided. 
T h is, in  conjunction  w ith  the deck discharge pipes, also serves 
to  load the tanks, w hen the pum ps are usually bypassed by 
connexions in  the p um p  room . As different tanks m ay be 
required to  carry  different grades of cargo, it is desirable th a t 
the system should  be capable of filling and  discharging a 
num ber of com partm ents sim ultaneously w ith  different cargoes, 
and  th a t any  section of the system should be capable of form 
ing p a rt of a circu lating  system th rough  w hich sea w ater, o r 
o ther liquid , can  be pum ped fo r cleaning. R eferring to Fig. 7, 
the tanker has an  engine room  (12) a t the after end of the 
ship, and  a single p um p  room  (13) adjoin ing  the engine room. 
T he  cargo space is divided by transverse bulkheads (14) in to  
eleven tanks (1-11) each of w hich is divided by tw o longi
tud inal bulkheads (15) in to  three com partm ents ( la , lb , lc , 
2a, 2b, 2c, etc.). L eading from  the p um p  room  are four 
longitudinal cargo pipes (16, 17, 18 and  19). T w o pipes (16 
and  17) serve one group  of tanks (1-5), while the second pair 
o f pipes (18 and  19) serves the rem aining tanks (6-11). Associ
ated w ith  each tank  is a cross-over pipe ( lp ,  2p, etc.). E ach 
cross-over pipe is provided w ith  valves (20, 21), and  w ith  three

outiet pipes (22a, 22b and  22c) connecting  the pipe w ith  the 
three sections of the associated tank. E ach outlet pipe has a 
valve (23). T he  cross-over pipes divide the longitudinal pipes 
in to  a num ber of sections. A t the beginning of each section of 
each pipe a  valve (34) is provided. A nother valve (35) is p ro 
vided a t the end of the sections between pipes l p  and  2p and  
pipes 6p and  7p respectively. T he  ends of the shorter longi
tud inal pipes (18 and  19) are connected to adjacent points of 
the longer pipes (16 and  17). E ach of these connexions is 
controlled by a  valve (26). T he various long itud inal an d  cross
over pipes are fitted in  the norm al way w ith  expansion fittings 
(27). Also leading from  the pum p room  (13) are fou r deck 
discharge pipes (28, 29, 30 and  31). These discharge in to  cross 
pipes each having an  outlet valve (32) on either side o f the 
ship. E ach of the deck discharge pipes (28-31) has a strainer 
(33). T he  upper p lan  also shows the valve wheels (36) fo r con
trolling the various valves and  the tank  hatches (37).— Patentees: 
Shell Refining and M arketing Co., L td ., London . (British  
Patent N o . 6 7 8 ^5 9 ). W orld Sh ipbuild ing , Vol. 2, N ovem ber  
1952; p. 152.

Development and M aintenance of Post-w ar Naval M achinery
A review of the pre-w ar m aintenance policy of the Fleet 

and the interdependence of design an d  m aintenance shows how 
it became necessary to  alter the naval m aintenance and  design 
policies so tha t advanced designs of naval m achinery could  be 
developed for w arships capable of m aintenance by a sh ip’s 
personnel w ith the tools and  equipm ent provided on board. 
Follow ing these changes in  policy certain  principles were 
adopted and  reorganizations took place w hich, w hen taken 
together, have enabled extremely rap id  advances to  be m ade in 
nearly every type of w arship m achinery. T h is  involved 
advances in  the practice and  techniques of m anufacture and  
some examples of the results of post-w ar naval m achinery 
designs are given. T he ultim ate aim  of naval m aintenance and 
repair is to  enable a w arship to m ain ta in  its efficiency, be always 
available w hen required and  to  “keep the seas” for as long as 
operational com m itm ents dem and, and  the paper concludes w ith 
a review of m aintenance and  repair developm ents in  the Fleet 
affecting both  post-w ar and  earlier naval m achinery designs.—  
Paper by C om m ander(E ) A . P. S m ith , R .N ., read at a m eeting  
o f the N orth-E ast Coast In s titu tio n  o f Engineers and S h ip 
builders, 20th M arch 1953.

Torsional Fatigue Strength of M arine  Shafting
T he paper deals w ith tests on  9 j- in  diam eter forged m ild 

steel shafts sim ilar to  those norm ally used in  m erchant vessels. 
Details of p roduction  of the test shafts, the testing m achine and 
m ethods of calibration, test and  contro l are given and  the results 
of the large-scale tests com pared w ith  theoretical and sm all- 
scale test results obtained by o ther investigators. Supplem entary 
chemical, physical, m etallurgical and  small-scale fatigue tests 
were carried o u t to  determ ine the properties and  structure of 
the test shaft m aterial, the stra in -harden ing  and  penetration of
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the fatigue cracks, the unnotched size effect and  the influence 
of such factors as surface finish and  m ild  understressing in 
unno tched  torsional fatigue. A m ong the conclusions draw n by 
the au th o r are the fo llow ing : T he  torsional fatigue streng th  of 
9 f-in . diam eter forged mild-steel shafts is considerably reduced 
by reducing the fillet radius, the rate o f streng th  reduction  
increasing w ith  the sharpness of the fillet. A fillet radius (r) 
of xeth of the shaft diam eter (d ) reduces the fatigue strength 
by 25 per cen t while a fillet radius of l /6 4 th  of the shaft dia
m eter reduces it by 40 per cent. T here is no appreciable size 
effect for unnotched specimens of the same m aterial subjected 
to  reversed torsional fatigue loading. T he size effect for notched 
specimens is no t yet know n and  is at present under investiga
tion. V ariations in  surface roughness from  a comm ercial 
sm ooth tu rned  finish to a polished surface finish do no t appreci
ably affect the torsional fatigue streng th  of i- in . diam eter 
unnotched mild-steel specimens. T he  presence of uniform ly 
d istributed  “A” segregates w hich were found  from  su lphur 
p rin ts and  m icrographs to  be coincident w ith  the fillet d id  no t 
appear to influence the direction of crack propagation. T he 
d istinct form s o f crack in itia tion  and  propagation  were observed 
in  the large scale specimens, apparently  depending on  the fillet 
radius. W ith  specimens having a sharp fillet, th a t is r /d  = -h 
an d  less, a  large num ber of cracks were in itiated  around  the 
fillet and  developed very slowly, whereas w ith large fillets a 
single crack was usually in itiated  and  developed rapidly. T he 
strain -hardening  produced by the fatigue testing is highest in 
the region of the stress concentration  and  along the lines of 
crack propagation .— Paper by T . W . B unyan  and H . H . A ttia , 
read a t a m eeting o f T he  In s titu tio n  o f Engineers and S h ip 
builders in Scotland on 7th A pril 1953.

Steam ship w ith 3 ,900 i.h.p. Reheat Eng ine

T he single-screw cargo steam ship Bohem e, bu ilt by B artram  
and  Sons for Rederi A /B  WaUenco of Stockholm , is equipped 
w ith the highest powered reciprocating steam u n it to  be com 
pleted by the N orth -E astern  M arine Engineering Co. (1938), 
L td . Indeed, the designed service o u tp u t of 3,900 i.h.p. a t 94 
r.p.m . is well w ith in  the range w hich now adays is alm ost the 
exclusive preserve of the Diesel engine. T he  Bohem e  is an  open

shelter-decker built to  the requirem ents of L loyd’s Register of 
Shipping, the Sw edish Board of T rade  and  the M in istry  of 
T ransport. She is intended for the ow ners’ tram p  chartering, 
w ith  special provisions for the N arv ik  iron-ore trade. T he p rin 
cipal particulars are as fo llow s: —

L ength  between perpendiculars ... ... 445ft. Oin. 
B readth . . .  . . .  ... ... ... 62ft. Oin.
M oulded d e p t h ............................................. 40ft. 2in.
D eadw eight capacity on  26ft. l l i i n .

d raugh t ... . . .  . . .  ... 10,400 tons 
Service speed w ith  3,900 i.h.p. ... ... 12 5 knots 

T he N .E .M . reheater engine has cylinders o f 27-inch, 44-inch 
and  76-inch bore w ith  a stroke of 51 inches. T he  cylinders are 
arranged in the .custom ary N .E .M . disposition of h .p ., i.p. and  
m .p., w hich provides im proved balance, very accessible valve 
gear and  easier steam passages. T he  designed o u tp u t is 3,900 
i.h.p. a t 94 r.p.m . in  service w hen bu rn ing  34 tons of fuel per 
day, an d  4,500 i.h.p. a t 98 r.p.m . on  trials. C am -operated 
poppet valves are fitted to  the h.p. and  m .p. cylinders while a 
M artin  and  A ndrew s balanced slide valve is fitted to  the l.p. 
cylinder. A num ber of new features have been incorporated  in  
this particu lar engine, in  view of its som ewhat higher ru nn ing  
speed. In  particu lar the lubricating  system has been modified 
as a result o f investigations carried o u t over the past eighteen 
m onths. A closed lubricating  system is now  em ployed fo r the 
top  end brasses, oil being pum ped by T  an d  K  lubricators 
th rough  flexible pipes a ttached to  the ind ica to r rods. T he 
bottom  end bearings are supplied w ith  oil th rough  banjo rings 
attached to  the crankwebs, a  supply  being taken to the inside 
of the bearings. Oil cups are retained for reserve purposes and 
these can be fed from  spare lines provided in  the T  and  K  lubri
cators. T h is  arrangem ent should  result in  a  considerable economy 
in  lubricating  oil. A nother m odification is the provision fo r h.p. 
and  i.p. valve gear tappet ad justm en t, while runn ing . T he 
expansion a t these points is considerable and  if left a t the correct 
th irty  thousand ths of an  inch  w hen hot, the valves w ould  be 
slightly opened when the p lan t cooled down. All eight valves 
can be adjusted  in  twelve m inutes. A th ird  m odification is the 
provision of a fabricated l.p. p iston, from  considerations of 
w eight and  balance. Solid top  end brasses an d  welded cross-

through the machinery spaces of the BohemeElevation and sections
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head shoes are now standard  practice in  N .E .M . reciprocating 
engines and  have been found  very successful.— The M arine  
Engineer and N aval A rchitect, Vol. 76, A pril 1953; pp. 135-141.

Difficulties in D riving Generator from Propeller Shaft
A recent sm all vessel was equipped w ith a Diesel engine 

w hich was coupled to  the propeller shaft th rough  a reversing 
gear. T he speed of the engine was variable between 110 and  
320 r.p .m ., and  it was decided th a t the drive to  the m ain 
generator should be taken from  the propeller shaft between the 
engine and  the gear box. T he  advantage of this arrangem ent is 
th a t no battery is necessary, since the m ain generator is p ro 
ducing electrical pow er all the tim e the m ain engine is running , 
and  a t o ther times power can be draw n either from  the shore 
supply or from  a  sm all auxiliary generator. In  practice, how
ever, it was found  th a t when the engine speed fell below 170 
r.p.m . the lights had a pronounced flicker, w hich became 
intolerable a t the lowest speeds. T he cause of th is flicker was 
found  to  be an  insufficiently high m om ent of inertia of the 
flywheel, w ith  the result th a t the speed of the engine was 
affected by the power strokes of the individual pistons. Since 
it was no t possible to install a larger flywheel, an  electrical solu
tion  was required. T h is  took the form  of connecting an  elec
tric  m otor in parallel w ith  the generator. As the generator 
o u tp u t falls, so the m otor, w hich by virtue of its inertia con
tinues to  tu rn  a t speed, becomes a generator, and  feeds power 
in to  the circuit. T h is  “electrical flywheel” was found  to 
elim inate the flicker.— W . van den Born, Sch ip  en W erf, Vol. 
20, 2nd  January 1953; p. 13; Journal, The British Shipbuild ing  
Research Association, Vol. 8, M arch 1953; Abstract N o . 7,312.

Use of Boiler O il in Diesel Engines
F or several years the F ia t C om pany has guaranteed its 

m edium  and  long stroke engines, both of the single-acting and  
double-acting types, to operate continuously on  boiler oil. T he 
Soc. Italnavi ru n s its eight m otor ships exclusively on  bunker 
oil C. T he  consum ption  of boiler oil is usually 7 to  8 per 
cent higher th an  th a t of Diesel oil, due m ainly to  the lower 
calorific value of boiler oil (about 5 per cent), com bined w ith a 
slight d im inu tion  in  therm al efficiency due to  the slower and  
retarded com bustion. T aking  into account the im purities in 
the boiler oil, w hich are expelled during  purification, and  w hich 
do no t exceed one per cent, it m ay be said that when runn ing  
on boiler oil the to tal consum ption is 8-9 per cent greater than 
w ith  Diesel oil. T he  m axim um  pressures are som ewhat lower, 
being in  the neighbourhood o f 48 to  50 kg. per sq. cm ., com 
pared w ith  54 to 65 kg. per sq. cm . T he tem perature of the 
exhaust gases is usually  20 to  30 deg. C. higher. A t one time 
there was some apprehension due to  the high rate of wear of 
the piston rings, bu t now tha t these are chrom ium  plated no 
difference is experienced between the wear occasioned when ru n 
n ing  on  boiler oil o r Diesel oil. T hey last a t least 8,000 to
10,000 hours. I f  the correct adjustm ents are made and  the

righ t tem peratures m aintained, the cylinder liner wear is 
between 40 per cent and  70 per cent greater w hen ru n n in g  on 
boiler oil, th a t is to say, about 0 1 7  to  0 1 8  m m . per 1,000 
hours, com pared w ith 0 1 0  mm . on  Diesel oil. T he  injectors 
have a slightly shorter life because the nozzle holes are sub
ject to m ore rap id  wear on  account of corrosive elements in  the 
boiler oils, bu t the additional loss involved is very small. I t  
may be taken th a t the cylinder liner wear averages 65 per cent 
more th an  tha t w ith Diesel oil. W ith  the F ia t engines of large 
size having the upper section of the liner (also the lower section 
of double-acting engines) in  steel, w ith  inserted rings of special 
cast iron, only the lower section and  the rings in  the upper 
section need be replaced. I t  is accepted th a t the life o f a liner 
runn ing  on Diesel oil is six to seven years (w ith  a liner wear 
of 0'8 to O'12 mm . per 1,000 hr.) com pared w ith  from  3 i  to 
4 years w ith  boiler oil, the m ean wear being 0 1 6  to  0 20 mm. 
per 1,000 hours. T aking  all the factors in to  consideration, 
therefore, it  is found  th a t w ith  single-acting engines of high 
power the net economy in  the fuel bill w hen operating  on boiler 
oil is 26 3 per cent. I f  the steam required for heating the oil 
is obtained from  an exhaust gas boiler the econom y is greater. 
A n exam ination of figures shows th a t the total add itional expen
diture for all purposes involved w ith  the em ploym ent of boiler 
oil represents about 12 per cent of the fuel econom y so tha t 
even if additional expenses come in to  question, due to  any  
special circum stances, there is still a great saving to be effected. 
I t  is also to be noted th a t after about 200 hours’ ru n n in g  the 
cost of the additional installation is covered.— Paper by E. C o tti 
and A . Marie, read at the Internal C om bustion  E ngine In te r
national Congress, M ilan, 1953. T he  M o tor S h ip , Vol. 34, 
M ay 1953; pp. 61-62.

New  Compressor Type
Experience gained a t the Slough laboratory o f the B ritish 

In ternal-com bustion  Engine Research Association by testing 
Roots-type pressure chargers, and  knowledge of engine air 
requirem ents, showed th a t th is type of com pressor was far from  
ideal as a positive-displacem ent pressure charger. I t  was, there
fore, decided to  develop a m ore suitable design. T he  casing of 
the new com pressor is of figure-of-eight form , sim ilar to  th a t 
of a Roots-type com pressor, bu t w ithout ports. T he  ro tors are 
in the form  of hollow cylinders ru nn ing  w ith in  th is casing and 
are geared together. O n each cylinder ro to r are two lobes 
w hich run , w ith w orking clearance, w ith in  the bore of the 
casing. O n one side of each lobe is a slot, equal in  length  to 
the lobe, w hich allows a lobe on  the con tra -ro ta ting  ro to r to 
pass a t each revolution. These slots com m unicate w ith  the 
centre bore of the cylinders and  are also used as ports for the 
inlet and  delivery of air. D ucts in  the end  plates of the outer 
casing are arranged to  connect w ith  the inner bores o f the 
rotors. Inserted in the bore of each ro to r is a tubular valve, 
illustrated in Fig. 2, w hich shuts off the p o rt over any desired 
p art of the rotation. T he cycle is described pictorially in

F ig . 2 — Tubular valve
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I
Inlet  c ommence s .

5
C a r r y  round  c o m m e n c e * .  
C o m p r e s s i o n  by l e a k a g e .

6

7

S t a r t  of di rect  compres s i on .

A t m o s p h e r i c  ai r

II
De l i ve r y  completed.

C o m p r e s s e d  a i r

9

De l i ve r y  c ommence s .

F ig . 3— D iagram m atic path o f a single air charge through tzvo-lobe compressor

Fig. 3, w hich shows the path  of a single charge th rough  one 
com plete cycle. D iagram s 1 to 4 (Fig. 3) show how the inlet 
a ir is draw n in to  the com pressor th rough  the left-hand  ro tor, 
thus filling the spaces between the lobes. T h is  a ir is divided 
in to  tw o volumes, know n as the “carry  ro u n d ” volumes, and  
taken round  the periphery of the ro tors u n til the position shown 
by diagram  7 is reached, w hen the lobe of the rig h t-hand  ro tor 
d ips in to  the pocket o f a ir carried  ro u n d  by the left-hand  ro tor, 
and  direct com pression commences. Com pression continues to  
the desired pressure, and  is contro lled  by the position of the 
tubu lar delivery valve, after w hich delivery takes place, as show n 
by diagram s 9 to  11. W hen the position  show n in diagram  11 
has been reached, the delivery is com pleted, and  the valve closes 
to  stop back-flow. D iagram  12 shows the “ dead” period, 
d u ring  w hich the lobes move in to  position  to  start the next 
cycle. I t  w ill be noted th a t the ro to r positions 1, 4 and  9 are 
sim ilar and  show the beginning of three cycles. T he  pressure- 
volum e diagram  describing this cycle is show n in  Fig. 4. I t  is 
descriptive only, and  intended to  indicate where the positions 
show n in Fig. 3 occur in  the com pression process. T hus, 
a lthough  the toe of the diagram  depicts the saving obtained by 
leakage recovery, it does no t give a true estim ate o f the work 
saved. A t po in t 1, the inlet p o rt is opening and  stays open 
th rough  points 2 and  3 un til just before po in t 4, when the 
po rt starts to  close. A fter th is, the air is carried round  the 
periphery of the ro tors w ithou t the volum e changing, bu t w ith

the pressure rising as the a ir leaking past the lobes from  the 
high-pressure side is trapped. O nly a very small p roportion  
escapes past the second lobes in to  the inlet space, as the pres
sure ratio  across these lobes is m uch  less. A t po in t 7, com 
pression begins and  continues th rough  po in t 8 to  po in t 9, where 
the valve starts to  open. As w ith  p iston-type com pressors, 
there is a slight over-com pression while the valve is opening, 
after w hich delivery is a t a steady rate th rough  po in t 10 a t the 
delivery pressure plus the delivery loss. Ju s t before po in t 11, 
the delivery loss rises slightly before falling, as, a t first, the

V O L U M E

F ig . 4 —P.V. diagram

WORK SAVED  BY
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valve starts closing before the rate of delivery has been reduced, 
and then the rate of delivery falls off rapidly  from  point 11 to 
point 12, w hen delivery is com pleted about 5 deg. before the 
valve closes.— D. IV. T ry  horn, T he  Shipbuilder and M arine 
H ngine-Builder, Vol. 60, M arch 1953; pp. 139-144.

A.C. Plant for Passenger Liner
T he transatlantic m otor passenger liner on order w ith 

Sw an, H un te r and  W igham  R ichardson, L td ., for the N o r
wegian A m erican Line will have an  alternating cu rren t installa
tion, the generating p lan t com prising four 1,000-kW. alterna
tors, each driven by a  R uston oil engine. F o r the m ain power 
circuits the busbar voltage will be 440, the alternators being 
three-phase m achines w ith  a frequency of 60 cycles per second. 
T he smaller electrical m achinery and  the fluorescent lighting 
will operate on a 220-volt 60-cycle single-phase circuit and  the 
complete lighting  installation, apart from  the fluorescent light
ing, will be a t 110 volts and  60 cycles. F or the call system, etc., 
a 12- o r 24-volt A.C. c ircu it will be used. There will be no 
direct cu rren t on board  apart from  small ro tary  converters 
situated in deckhouses for the operation of the deck m achinery. 
It is possible, however, tha t hydraulically operated deck 
m achinery may be utilized instead of electrical, and this question 
is now being examined. In  tha t case direct cu rren t will be 
w holly elim inated from  the ship. M ost of the electric m otors 
will ru n  a t constan t speed and  will be of the norm al squirrel- 
cage type. T he  pum ping  units in the engine room  are being 
split up  in different sizes, so th a t when the engines operate, say, 
at half-load onlv one pum p will be in service.— The M otor  
Sh ip , Vol. 33, M arch 1953; p. 519.

Doxford Engines on H igh -v iscosity  Fuel Oils
T here are now  nearly one hundred  D oxford-engined ships 

operating on heavy boiler oil and  including m any conversions. 
They are show ing savings approaching £8,000 per annum  for
3,000 b.h.p. installations, and  m ostly operate on  fuel oils w ith 
a viscosity u p  to  1,500 seconds Redwood I a t 100 deg. F. 
O wners are advised by D oxford’s to  restrict the viscosities of the 
fuels they bunker to this figure where possible. D oxford’s have 
proposed to  shipow ners operating their engines on heavy boiler 
oil tha t the sum  of the C onradson carbon value of the fuel and 
su lphur conten t should no t exceed 12 per cent. T h is  is an 
entirely em pirical rule. T he  au th o r gave some com parisons 
show ing the principal characteristics and  chemical analyses of 
various fuel oils, ranging from  m arine Diesel fuel oil up  to
3,500 seconds oil obtained from  Curacao. T he  m ain difference 
is in  their viscosity, C onradson carbon value and  cetane num ber. 
In  a table in the paper the consum ption and  pressures of 
D oxford  engines ru nn ing  on  the various fuels were given, the 
prim ary difference being that the fuel injection was advanced 
3 degrees of crank angle for the H aifa, O rdoil and  3,500 seconds 
fuel and  the injection pressure was also increased. T he fuel 
nozzles have the same arrangem ent of seven holes, b u t the size 
of hole was increased from  0 25 inch to 0 28 inch for the O rdoil 
and  3,500 seconds fuel. C om bustion is sm oother and  the m axi
m um  pressures lower for the heavier fuel oils, w ith  a constant 
injection tim ing. T here is no sign of heavy Diesel knock when 
bu rn ing  these heavy fuels and  there is no im provem ent in com 
bustion w ith pilot injection. T he fuel consum ption is only one 
per cent o r 2 per cent h igher th an  th a t when using m arine 
Diesel fuel, increased in p roportion  to  the difference in calorific 
value. T he consum ptions recorded respectively for Diesel fuel, 
A dm iralty  fuel oil, heavy H aifa fuel, O rdoil and  3,500 seconds 
fuel were 0 34, 0 355, 0 36, 0 364 and  0 3721b. per b.h.p. per hr. 
M echanical efficiency was about 86 per cent. I t  is D oxford’s 
practice to  fit a fuel steam -heated heater under the engine fuel 
pum ps, and  hand- and  m otor-driven high-pressure prim ing 
pum ps are provided so th a t any  congealed oil in the engine 
p ip ing  can be pum ped away by heated fuel th rough  vents p ro 
vided on the fuel pum p bodies and  on the filter blocks and also 
on each fuel valve. W here heavy oil has been allowed to  rem ain

in the pipes for a week o r more, this clearing ou t of the p ip ing  
may take upw ards of one hour. T he  fuel oil should reach a 
tem perature prior to  injection into the engine such th a t the 
viscosity is 150 seconds Redwood I and  even w ith  the heaviest 
fuels the viscosity a t the fuel valve should be less than  300 
seconds. I t  has become standard  practice to centrifuge the 
boiler oil in tw o stages: in  the first stage water, sand and  the 
heavier sludges are removed a t a tem perature of about 185 deg.
F., after w hich the fuel is reheated to  a som ewhat higher tem 
perature approaching 200 deg! F . and  in  th is second stage of 
centrifuging the asphalts and  other sim ilar unburnab le fractions 
of the fuel oil are removed. In  the au th o r’s view, the average 
rate of liner wear, judging from  the ru n n in g  of a large num ber 
of ships on  boiler oil du ring  the past fou r o r five years, 
is between two to three times the rate of wear w hen ru n n in g  on 
Diesel fuels. F o r 1,500 seconds fuel having a su lphu r content 
below 3 per cent and  a C onradson carbon value o f under 10 
per cent, the m axim um  wear rate is between 0 '007 and  0 '009in. 
per 1,000 hours. T h e  m axim um  wear for bo th  the upper and  
lower pistons of a  D oxford  engine appears to be some 10 inches 
from  the end of the stroke of the inner p iston ring  of each pis
ton. M axim um  wear occurs fu rther dow n the stroke than  when 
runn ing  on  Diesel oil.— Paper by P. Jackson, read at the In ter
nal C om bustion Engine International Congress, M ilan, 1953; 
T h e  M otor Sh ip , Vol. 34, M ay  1953; p. 60.

Cylinder Liner W ear w ith Boiler Oil
T he elements w hich m ay affect liner wear, apart from  the 

cetane num ber, are the viscosity, asphalt, carbon residues and  
sulphur. Of these the viscosity is the m ost im portan t factor. 
Bad pulverization can lead to  considerable increase in  liner 
wear; for effective pulverization the viscosity should be b rought 
down to a figure corresponding to th a t o f Diesel oil at 15 deg.
C. T he  F ia t C om pany lim its the viscosity to 6 deg. Engler 
(180 seconds Redwood I) w ith  the recom m endation th a t for 
m axim um  efficiency of pulverization it should not exceed 2 deg. 
Engler (57 seconds Redwood I). T he  little-know n fact is m en
tioned tha t the viscosity rises w ith  pressure and  tha t, for 
instance, a fuel w hich a t 50 deg. C. has a viscosity of 10 deg. 
Engler, at atm ospheric pressure, as a viscosity of 45 deg. Engler 
a t the same tem perature, b u t w ith  a  pressure o f 700 kg. per 
sq. cm. A t norm al injection pressures in  large engines, vis
cosity can vary rapidly w ith  a variation  in  tem perature. F o r 
instance, w ith  a bunker fuel of 60 deg. Engler a t 50 deg. C., 
if the norm al tem perature of heating is reduced 20 deg. C. (this 
tem perature being 150 deg. C.) the viscosity is doubled. T he 
practical result is th a t the boiler oil should be heated to a degree 
dependent on the ignition pressure. As practically  all bunker 
oils employed in m arine engines have viscosities from  8 to 
60 deg. Engler a t 50 deg. C ., it is necessary to keep them  
respectively between a m inim um  of 120 deg. C. and  a m axi
m um  of 150 deg. C. Changes in  the tem perature of heat
ing should be avoided, otherwise they influence pulverization. 
In  general, it is considered desirable th a t the fuel before 
injection should no t have an  ash con ten t above 0 02 per 
cent o r 0'03 per cent. T he asphalt w hich can be partially 
elim inated w ith the purifiers and  clarifiers should be dealt 
w ith  a t a tem perature not exceeding 80 to 90 deg. C., since 
at higher tem peratures the asphalt tends to  become fluid and 
its ejection by separation is rendered impossible.— Paper by
G. S im onetti, read at the Internal C om bustion  Engine In ter
national Congress, M ilan, 1953. T he  M otor Sh ip , Vol. 34, 
M ay 1953; p. 63.

Boiler Oil in Tw o-stroke  Engines
A t the beginning of operation  on boiler oil the liner wear 

increased between 10 per cent and  30 per cent, b u t some time 
ago there were indications th a t the increase in  liner wear may 
reach 100 per cent. Some exhaust valves had been p itted  and 
valve stems corroded and  the p itting  was overcome bv stelliting 
the valves. A table is given in the paper show ing the am ount
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of sludge found  in  purifiers and  clarifiers per 1,000 litres, and  
this varies from  82 gr. in  the purifier and  15 5 gr. in the clari- 
fier per 1,000 litres, w ith fuel having a viscosity of 400 seconds 
Redwood I, up  to 639 gr. per 1,000 litres in  the purifier and  
156 gr. per litre in  the clarifier, in a fuel of 3,300 seconds Red
wood I viscosity. T he  am ount w ith  fuels of assum edly the same 
viscosity varied substantially. T he  au th o r considers th a t the 
ash con ten t m ay be the possible cause of the cylinder liner wear 
and  is discouraged to learn tha t the difference in  ash content 
before an d  after centrifug ing  falls w ith in  the analytical error.—  
Paper by D. T . R uys, read at the In ternal C om bustion  Engine  
International Congress, M ilan , 1953. T he  M o to r S h ip , Vol. 
34, M ay 1953; p. 62.

Oil Fired Boiler
In  a boiler of the type show n in Fig. 1, the tubes adjacent 

to  the burner side will generate steam a t higher rates than  the 
rem aining tubes o f the bank. T h is  condition  prevails par
ticularly a t high rates of steam ing a t w hich a d istinct tem pera
ture gradient exists in  the flue gases flowing over the tube bank, 
the gas tem perature decreasing from  the end of the bank 
receiving the p redom inant po rtion  of the heat tow ard the other 
end. T h is  unequal d is tribu tion  of heat to  the bank of steam 
generating tubes m ay be caused by a num ber of influences, such 
as flow of the p roducts of com bustion longitudinally  to the

d rum  or bank, whereby the products of com bustion im pinge 
against a wall and  pile up  there to be deflected in to  the adjacent 
end of the tube bank. T h is  results in  a greater po rtion  of the 
flue gases passing th rough  the end of the bank so affected. 
As outlined in Figs. 1-3, the burners m ounted  in  openings (12) 
direct the flame th rough  the fro n t furnace wall (9) in to  the 
furnace in  direction longitudinal to  the steam d rum  (-1) and  to 
the banks of tubes (3) and  (5) and  tow ard the rear furnace wall 
(10). T h e  p roducts o f com bustion  pile up  against wall (10), and  
the pressure of the flue gases, therefore, is higher there than  
tow ard  the bu rner wall (9). T h is  results in  relatively increased 
rates o f flow of the flue gases over each tube bank portion  
adjacent to  wall (10) so th a t the ra te  in  steam generation is 
increased in  the portions affected. Obviously the same 
unbalanced heat flow to the m ain tube bank will occur if the 
flue gases are forced by baffles to  enter the bank a t  one end. 
T he result of the increased steam and  w ater discharge from  the 
steam ing tubes receiving the greater p ropo rtion  of the heat of 
the flue gases is to  raise the w ater level in  the steam and  w ater 
d rum  (1) above these tubes, while the w ater level above the 
rem aining tubes is a t a substantially  lower level. T h e  resulting 
water level in  the d rum  m ay be such as show n by the line (27) 
in Fig. 3. As a consequence the place where the greatest p ro 
portionate steam release occurs in  the d rum  has the least steam 
space above the w ater level fo r the separation of steam from  
water, w hich, of course, is objectionable. T o  overcome this
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objection the end of the steam drum  (1) experiencing the 
greatest p roportional steam generation is provided, according 
to  the invention w ith  a dow ncom er area to  the w ater d rum  or 
d rum s (2 and  6) w hich is greater than  the dow ncom er area at 
the opposite end of the steam drum . Such a greater dow n
com er area (8) w ithdraw s a proportionately greater am oun t of 
water from  the overloaded rear end of the steam drum  and 
thereby lowers the w ater level adjacent to  th a t end. By appro 
priate choice of the tw o dow ncom er areas (8 and  7) the water 
level in  the steam d rum  (1) m ay be caused to be substantially 
the same from  one d rum  end to  the other. In  this m anner a 
greater average steam releasing space becomes available, w hich 
is m ost desirable. Furtherm ore, the greater am oun t of water 
w ithdraw n from  the m ost active portion  of the steam drum  will 
be delivered to  the m ost active portion  of the w ater drum , 
thereby ensuring  am ple supply of w ater to  the tube bank where 
the circulation  is m ost rapid. Also there will be a substantial 
reduction in the longitudinal flow of w ater th rough  the steam 
d rum  (1) from  the overactive to  the underactive end. In  the 
lower water drum s (2 and  6) a m in im um  end flow is desirable 
since the w ater in  it is thus quieter and  the tendency fo r solids 
to  settle ou t increases. In  the upper d rum , the im provem ent 
effected contributes to the m aintenance of a more nearly hori
zontal w ater level.— British Patent N o . 687,711, issued to C om 
bustion Engineering-Super heater, Inc. Engineering and Boiler 
House Review, Vol. 68, A pril 1953; pp. 128-129.

Correct Adjustm ent of M arine Diesel Engines
As M . C ariou  in a recent issue of “ N avires, Ports, 

C hantiers” points ou t, w hen an  engine is first installed, or when 
it has been subjected to a m ajor overhaul, it is necessary to 
adjust it so tha t the same am ount of power is developed in 
each cylinder. T he  items capable of adjustm ent are the quan 
tity  of fuel injected, and  the point a t w hich injection begins. 
I t  is no t practicable to measure the power developed in each 
cylinder directly, so th a t the adjustm ent should be such as to 
result in the m axim um  pressure being the same in each cylinder. 
I f  th is is achieved, and  the same quan tity  o f fuel is injected, the 
cycle in each cylinder will be the same, and  the tem peratures 
of the gas in each cylinder at the m om ent the exhaust valve is 
opened will be the same. These tem peratures can be measured 
only by therm om eters placed in the exhaust m anifolds and the 
readings obtained are average values of the tem peratures of the 
gases of com bustion  and  the scavenging air. In  four-stroke 
engines the scavenging a ir is fairly evenly distributed between 
the various cylinders, and  the tem peratures recorded by the 
therm om eters are sensibly proportional to the actual tem pera
tures of the exhaust gases; in  tw o-stroke engines, however, the 
quan tity  of scavenging a ir supplied to  the different cylinders 
varies, and  it is no t possible to  com pare the tem perature of the 
products of com bustion in each cylinder by com paring the tem 
peratures recorded on the therm om eters. F o r these reasons, the 
use o f therm om eter readings as a measure of the m axim um  
pressure attained in each cylinder is no t considered accurate 
enough for the initial adjustm ent of the engine, and  recourse 
should be had to  the direct m easurem ent of the pressures. 
A lthough the readings of therm om eters placed opposite the 
exhaust openings are no t considered sufficiently accurate to 
serve as a basis for the ad justm ent o f Diesel engines, the values 
obtained when the engine is correctly adjusted should be noted; 
and these tem peratures should be checked periodically, since 
any abnorm al conditions existing in the cylinder will im m edi
ately result in a change in  the tem perature recorded by the 
therm om eter associated w ith  th a t cylinder. T he selection of 
suitable types o f therm om eters for this service is briefly dis
cussed.— Journal, T he  British Sh ipbu ild ing  Research Associa
tion, Vol. 8, M arch 1953; A bstract N o . 7/286.

Porous Chrom ium -plated Cylinders
In  the Porus K rom e process invented by D r. V an der 

H orst in H olland , the cylinder walls are plated w ith a layer of 
porous chrom ium . T he surface is a m icroscopic network of

pores an d  cracks, w hich hold the lubricating  oil, and  so ensure 
good lubrication and  reduce cylinder wear. T he  process has 
been adopted in  several countries; and  in  1949, for example, 
cylinders plated w ith  porous chrom ium  were provided for new 
ships to talling  161,600 tons, and  had replaced cast-iron  cylin
ders in 147,200 tons of existing shipping. T he new cylinder 
liners have been fitted on the N orw egian ship O slofjord, and 
will also be incorporated in  her sister ship, the Bergenfjord, to 
be built by Swan, H un ter and  W igham  R ichardson, L td . In  
the U .S ., the V an der H orst process is being extensively 
developed. T he  layer of porous chrom ium , whose thickness 
ranges from  0'005 to  0 015 inch, extends the life of a liner 
3 to  7 times, according to  the type of engine. T he layers are 
deposited electrolytically on the base metal and  no interm ediate 
layers are used. T he  cylinder is placed in  a chrom ium  bath 
and  acts as the cathode while the chrom ium  is being deposited 
by a cu rren t of 40,000 amperes. T hen  the cylinder is placed in 
another bath and  the cu rren t is reversed; it is du ring  this part 
of the process th a t the pores are form ed. As it is im portan t 
to avoid friction  between tw o very hard  surfaces, the chrom ium  
should never be plated on both  the cylinder and  the piston 
rings.— H olland Shipbuild ing , Vol. 1, N o . 10, 1952; p. 12. 
Journal, T he  British Sh ipbu ild ing  Research Association, Vol. 8, 
February 1953; Abstract N o . 7,176.

N ew  Great Lakes Ferries
T he Chesapeake and  Ohio Railway is add ing  tw o new ships 

to its present car ferry fleet and  lengthening and  repow ering 
two existing vessels. T he tw o new ships are the s.s. Badger and 
s.s. Spartan. T he  Spartan  was com m issioned in  Novem ber
1952, and  is now in service on the railroad’s M ilwaukee- 
L ud ing ton  lake route. T he two sister ships are 410 feet long, 
and  will carry th irty -tw o railroad freight cars (or 150 au to 
mobiles). plus hundreds of passengers, a t norm al speeds of 18 
miles per hour. T hey are said to  be the w orld’s largest and 
fastest freight car and  au to-carry ing  steamers. E ach vessel is 
powered by an 8,000 h.p. steam plan t tha t includes four Foster 
W heeler D -type tw o-drum  coal-fired boilers, arranged in  pairs 
facing a transverse firing aisle. Each has a norm al evapora
tion of 29,5001b. steam per hr. T hey are designed for operating 
steam tem peratures o f 750 deg. F . and  4501b. per sq. in. gauge 
a t the superheater outlet, w ith  feed tem peratures a t 225 deg. F. 
a t the economizer inlet. In  norm al operation, three boilers are 
used, while a fourth  boiler is kept available for inspection and 
cleaning. T h is  arrangem ent is necessary to  the full-tim e opera
tion  of the ship. Each boiler is provided w ith  a coil-type 
2,5001b. per hr. desuperheater. Coal handling  equipm ent from  
the bunker to the stokers consists o f two pan-type conveyors 
th a t receive coal th rough  m anually operated hopper-gates and 
discharge into two coal crushers located in  the coal bunker 
space. These coal crushers discharge th rough  w atertight gates 
into two “ L ” -type conveyors w hich, in tu rn , discharge th rough  
four screw-type conveyors feeding individual day bunkers over 
the stokers. General R egulator com bustion contro l is provided 
w ith three separate contro l un its  for each boiler. These con
trols a re : a ir volum e contro l by regulation of the forced draught 
fan inlet vanes, fuel contro l by stoker feeder regulation, furnace 
d raugh t regulation by sequence contro l of the induced d raught 
fan tu rb ine speed, and  the boiler ou tle t dam pers. Each ship 
has tw o m ain engines w ith  a norm al ra ting  of 3,500 shaft h.p. 
each at 125 r.p.m . w ith  4401b., 740 deg. F. steam a t the thro ttle  
and  2 7 i inches vacuum . T here are also tw o m ain generators 
on each ship, for the auxiliary and  hotel load, rated a t 500 kW. 
each and  driven by turbines w ith  steam at 4401b. per sq. in. 
gauge and  740 deg. F. T he  feed systems each consist of two 
steam turbine driven, centrifugal type feed pum ps w ith differ
ential pressure contro l so arranged tha t the contro l is au to 
m atically served by the m axim um  pressure boiler in  operation. 
T he propeller shafting  fo r each ship is supported  in water- 
cooled line shaft bearings. T he shafts are equipped w ith four- 
blade solid-tvpe steel propellers for operation in icy waters.— 
H eat Engineering, Vol. 27, December 1952; pp. 192-196.
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Heat Transfer Through Boiler Tubes
Results of induction-heated experimental boiler studies of 

tube-m etal tem peratures are show n in this paper fo r heat- 
transfer rates from 140,000 to  300,000 B .Th.U . per sq. ft. per 
hr. and for pressures from  250 to  2,5001b. per sq. in. Clean 
tube conditions and  different kinds of deposits were also studied. 
T he approxim ate relationship between metal thickness, heat- 
transfer rate, and  tem perature d rop  th rough  the metal are 
shown in graphic form . A pproxim ate relationship between 
scale thickness and  tem perature increase in the tube metal a t a 
given heat-transfer rate and  pressure is shown for fou r scales. 
Some of the factors w hich affected the accuracy of the results 
are: eccentric position of the induction-heating  coil, d istortion 
of the heat-flow pattern  by the therm ocouple hole, poor therm al 
contact between therm ocouple and  tube metal, conduction 
through the therm ocouple wires, non-uniform  distribution  of 
steam bubbles and  circulation  pa ttern  over the heated area of 
the tube, stray e.m.f. in  the therm ocouple from  the high- 
frequency induction  field, variation of heat-conductivity  coeffi
cient w ith tem perature, bo th  of the tube metal and the deposit, 
diverging heat pattern  in the wall of the tube, and  change in 
film coefficient between m etal-w ater and  deposit-w ater in ter
faces due to changes in surface area and  roughness. In  spite 
of the m any variables present in this m ethod of testing, the 
results are in good agreem ent w ith the results of previous 
experimental work by o ther investigators, the paper states. 
However, the observation m ade by previous investigators tha t 
porous deposits have low heat conductivities and  dense deposits 
have high heat conductivities does no t appear to  be confirmed 
by this investigation. T h e  relative positions of the deposits 
investigated based on their heat-conductivity  coefficients also 
coincide w ith generally accepted field experience.— Paper by
C. Jacklin, read at the 1952 A .S .M .E . A nnua l M eeting. Paper 
No. 52-A-30.
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Rotary A ir  Preheater for Cas Turbines
T his  paper is confined to  a discussion of the ro tary  type of 

regenerative heat exchanger (L jungstrom  type), although  several 
of the problems discussed could apply  equally well to  o ther 
types. T h is  paper is concerned w ith  a regenerator used as the 
air preheater in a simple open-cycle gas turbine. However, the 
conditions relating to  w orking tem perature, tem perature and 
pressure gradients, and  o ther factors are so severe th a t they 
m ay cover several o ther applications beyond the gas turbine. 
Advantages o f the regenerative-type heat exchanger are th a t 
small hydraulic diam eters can be readily attained, and th a t when 
the norm al counterflow  arrangem ent is used the m atrix  is self
cleaning to  some extent, particularly  during  th a t part of the 
operating cycle when high velocities and  pressure differences 
are experienced. A gainst this m ust be taken the problem of p ro 
viding an  efficient seal between the a ir and  gas flows. In  com 
parison, if flam e-trap m atrixes are employed in  both, the 
recuperator can be designed to  have hydraulic diameters of the 
same order as those in the regenerator. T h e  m atrix , however, 
is not self-cleaning, and  thus con tinuous outside provision 
m ust be made to keep it in  w orking order. T h is necessarily 
involves an equivalent pow er loss, bu t one w hich can justi
fiably be com pared w ith  the auxiliary power losses of the 
regenerator. T h e  separation of the gas and a ir  flows, however, 
m ust be made in the m atrix  itself, w hich complicates the 
problem of cheap and simple m anufacture.— Paper by A . T. 
Bowden and W . H ryniszak, read a t the 1952 A .S .M .E . A nnua l 
M eeting. Paper N o. 52-A-74.

Quick C losing Valves
T h is  invention relates to  a quick closing valve. In  Fig. 8 

the valve body (1) contains a movable valve closure member (2) 
entrained by a nu t (3) w hich engages a screw-threaded spindle 
(4). T he  la tter can slide axially th rough  a gland (5). T he
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spindle carries a handle (6) and  is pressed by a spring (7) to  
slide in to  the valve body (1). T he links (8 and  9) o f a toggle 
are connected together by a knuckle p in  (10), the links (8) being 
pivoted a t (11) to  a bridge (12). T he  latter is entrained by the 
spindle (4), an d  the links (9) are pivoted at (13) to  the valve 
body (1). A tr ip  mem ber (14) is pivoted a t one end to  the 
knuckle p in  (10) o f the toggle, the o ther end being engageable 
w ith  a fixed seat (15). T he  levers (16) are designed to  swing 
around  the respective pivot (13) and  are pivoted a t (17) to  a 
p iston  rod (18) w hich is connected to  a p iston  (19). T h is

|Q,-.

F ig . 8

piston slides in a cylinder (20). One lever (16) carries an ab u t
m ent (21) w hich can  engage the tr ip  m em ber (14), and  the 
o ther lever carries an abu tm ent (22) w hich can engage w ith the 
links (9) o f the toggle. In  norm al operation, the toggle links 
(8 and  9) are alm ost in  alignm ent, the tr ip  mem ber (14) being 
engaged w ith  the fixed seat (15) and  the p iston  (19) being at 
the lower end of the cylinder (20). W hen the valve is in this 
position, the valve closure mem ber (2) m ay be moved between 
the valve-closed and  the valve-open positions by ro tating  the 
spindle. W hen the valve is open and  is to be closed rapidly, the 
p iston (19) is moved upw ards by adm ission of operating fluid 
to  the lower end of the cylinder (20), the levers (16) sw ing about 
the pivots (13), an d  the abutm ent (21) comes in to  contac t w ith 
the tr ip  m em ber (14) from  its seat (15). T he abutm ent (22) 
thereupon breaks the toggle and  the spring (7) slides the spindle 
(4) in to  the valve body (1) and  thus effects closure of the 
valve. W hen the valve is to  be reset, the operating  fluid in the 
cylinder (20), below the piston (19) is allowed to  escape to 
exhaust.— British Patent N o . 688,141, issued to James H ow den  
and Co., L td . E ngineering and Boiler H ouse Review, Vol. 68, 
A pril 1953; p. 131.

Fatigue in Sh ip Structures
T he incidence of fatigue m ay be considered of small im por

tance fo r ship structures. Stresses of a high enough am plitude 
to produce fatigue failure m ay no t be applied frequently enough 
during  the lifetim e of a ship, w hich m ay explain the fact that, 
from  such inform ation  as can be obtained, fatigue failures in 
ships seem rare. Even if they occurred m ore frequently  than  
they appear to  do the problem  m ay no t be serious, since a 
fatigue failure— unless it  sets off a  brittle  fracture— w ould be 
expected to  propagate com paratively slowly an d  the damage, if 
it occurred after a num ber o f years in  service, could  be expected 
in  general to  be repaired a t small expense. I t  w ould n o t be 
reasonable o n  account o f fatigue to alter design practice w ith

regard to  certain com m on details in  ships if such alterations 
were likely to lead to  considerable increases in  the cost of 
building. Even if fatigue failures could  be to tally  elim inated 
the cost of such measures w ould be a m ultip le of the probnile 
cost of repair. T o  take a concrete exam ple: w hilst on the basis 
of these tests continuous fillet welds are undoubtedly  a better 
proposition  from  the po in t of view o f fatigue than  in term itten t 
welds, the increased cost of w elding, if all in term itten t welding 
were replaced by continuous w elding, could  n o t be justified. 
O n the o ther hand, if as has been show n the fatigue strength 
of b u tt welds reinforced by straps is no t only  no t increased 
b u t is likely to  be reduced, such b u tt straps could  readily be 
dispensed w ith, and  in this way a definite im provem ent in  the 
fatigue strength  of the struc tu re  and  perhaps a sm all saving in 
cost can  be obtained. I f  b u tt welds, however, were of such poor 
quality  tha t they m ust be considered to  be insufficiently strong 
even under static loading, the rem edy should no t be seen in  
reinforcing straps b u t only in  an  im provem ent in  the quality  
of welding. I f  there should be o ther com pelling reasons fo r 
using strap  reinforcem ents fo r b u tt welds, a n  angle strap  of the 
T ype K  is m uch  to  be preferred. Scalloped stiffeners attached 
by in term itten t chain w elding have no t show n u p  very favour
ably in  this investigation. W hilst it is qu ite  possible th a t a 
different form  of scallop m igh t give better results than  those 
obtained in  the present series o f tests, they could  really 
only be justified if appreciable saving in  dead w eight and  
cost can  be achieved by using scallops, unless fatigue as a 
likely form  o f failure is totally  ignored.— Paper by R . W eek, 
read at a m eeting o f the In s titu tio n  o f N aval A rchitects, 26th  
M arch 1953.

Mariner C lass Dry Cargo Ships
T h e  design of the M ariner calls fo r a  d ry  cargo vessel 

substantially larger than  previously bu ilt A m erican ships. A long 
w ith  the greater size is greater horsepower from  her engines and  
a large cargo carry ing  capacity, both  in d ry  cargo an d  refrigera
ted cargo. T he  M ariners are full scantling d ry  cargo ships, 
560ft. lOin. long, 76ft. beam and  44ft. 6in. deep, w ith  engine 
room  and  house am idships and  a raised forecastle deck. T he  
ships have seven cargo holds, five of w hich are double ganged, 
w ith  heavy lift equipm ent a t the forw ard  ends o f holds N o. 4 
and  6. T hey  are transverse fram ed w ith  solid floors under 
each frame. T he  ships are characterized by a raked stem, 
cruiser stern and  a tapered stack. K ingposts instead of m asts 
support the cargo handling equipm ent and  the stand ing  rigging. 
T here are tw o com plete steel decks, the m ain and  second, while 
below the second deck is a th ird  deck extending fo r a distance 
o f approxim ately 265 feet from  the bow. F orw ard  of the fore
peak bulkhead is a  steel chain locker located between the m ain  
and  th ird  decks. A w atertight steel flat is located under the 
second deck ru n n in g  from  the afterpeak bulkhead to  the stem  
of the ship parallel w ith  the baseline. A t a p o in t approxim ately 
335 feet from  the bow and  extending a f t fo r 65 feet a t the 
2 6 i feet level above the base line is ano ther partia l deck and 
below this, beginning at the same po in t and  extending a ft for 
177 feet is ano ther partia l deck. B oth of these are cargo spaces. 
T ransversely, the ship is divided by n ine w atertigh t bulkheads 
extending to  the w eather deck. Between the m ain and  second 
decks, tonnage openings have been c u t as required. D ouble 
bottom s begin at a p o in t 35 feet from  the bow and  extend a ft 
fo r a distance of 425 feet. T hey are subdivided to  provide tank 
space for ballast and  fuel oil.— T he Log, Vol. 48, M arch 1953; 
pp. 45-46.

Cargo  Liner w ith Supercharged Diesel Engine
T ria ls have recently been com pleted of the m.v. Songkla, 

built by Burm eister and  W ain  for the E ast A siatic Com pany. 
T h is  vessel is the first to  be specially designed fo r propulsion  
by the new B. and  W . tw o-stroke tu rbo-charged Diesel engine. 
T he  average speed attained was 18 84 knots, corresponding to  
the guaranteed speed of 16 8 knots on loaded trials. C om pared 
w ith  a 9-cylinder engine installation w ithou t tu rbo-chargers, 
developing 8,300 b.h.p. a t 115 r.p .m ., a  saving o f 30 per cent
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in  w eight and  20 per cen t in  length  is obtained fo r the m ain 
engine, corresponding to  a reduction  in  the length of the engine 
room  by three fram e spaces. A  fu rth er reduction  is obtained in 
thd^ ize of the starting  a ir receivers, com pressors, fresh and  salt 
water cooling pum ps; an d  a reduction  in  the pow er consum p
tion  corresponding to  the reduction in the num ber of cylinders 
from  9 to  7 for the m ain engine. T h e  Songkla  has been built 
to the highest class o f L loyd’s Register o f Shipping, w ith  
dim ensions corresponding to  a m ean d raugh t of 27ft. 2in. H er 
m ain characteristics are as fo llow s: —

Length  b.p. ............................... 460 feet
Beam ........................................  62 feet
D epth  to  upper deck .. .  .. .  38 feet
D epth  to  2nd  deck .................  29ft. 9in.
D raugh t ( a b o u t ) ............................... 27ft. 2in.
D eadweight (about) ... ... 10,100 tons 
Loaded speed (about) .................  16'8 knots

coupled to  a tu rb ine driven by exhaust gas from  the engine. 
F rom  the turbines the gas is led to  an  exhaust gas boiler w hich 
also serves as a silencer, and  w hich is able to generate the same 
q u an tity  o f steam as for an  unsupercharged engine of the same 
ou tpu t. A ir coolers are inserted between the blowers and  the 
scavenging a ir  receivers, and  the scavenging a ir is cooled to a 
tem perature o f about 10 deg. C. above the tem perature of the 
cooling water. In  the unlikely event of both  tu rbo-chargers 
breaking dow n sim ultaneously, a  sm all electrically-driven emer
gency blower is installed, capable of giving the vessel about 60 
per cent o f norm al speed. A part from  the fitting  of the tu rbo 
chargers and  the om ission of the chain-driven scavenging air 
blow er the engine is of norm al design.— T he S h ip p in g  W orld , 
Vol. 128, 15th A pril 1953; pp. 369-371.

V iew  o f m ain B. and W . engine

T h e  sh ip  is a  single-screw m otorsh ip  w ith  tw o continuous 
decks, raked stem, and  cruiser stern. T h ree  bipod m asts are 
fitted, and  in  add ition  there are tw o sam son posts forw ard of 
the bridge. T h e  hatchw ays are served by twelve 5-ton  cargo 
derricks and  tw o heavy derricks of 60 an d  20 tons capacity  res
pectively. A t the after end of the boat deck there are tw o 3-ton 
deck cranes. T h e  m ain  propelling engine of the m.v. Songkla  
is a  B. and  W. d irect reversible, single-acting, poppet valve, tw o- 
stroke, 7-cylinder crosshead engine w ith  turbo-chargers. T he 
engine has a cylinder diam eter o f 740 m m . and  stroke of 1,600 
m m ., and  is capable of developing 8,750 b.h.p. in norm al con
tinuous service, corresponding to  9,870 i.h.p. a t 115 r.p .m ., w ith  
an  indicated m ean pressure o f 8 kg. per sq. cm. T h is  is an 
increase o f 35 per cen t in  b .h .p . com pared to  the n on -tu rbo - 
charged engine of the same m ain  dim ensions an d  num ber of 
revolutions. A feature of the B. and  W. supercharged engine 
is the system by w hich supercharging is achieved. Scavenging 
a ir is supplied solely by tw o centrifugal blowers, each direct-

Steadiness of Route in Restricted W aters
I t  is well know n th a t either because o f the shallow depth 

o r the presence of banks, the manoeuvring behaviour o f a ship 
in  restricted waters differs com pletely from  the m anoeuvring 
behaviour o f the same ship in  w ater o f practically  infinite w idth  
and  depth. T he  problem  has taken on  greater im portance because 
of the increase in  size of ships w hich m ust pass th rough  cer
ta in  canals, in  particu lar the Suez C anal. T he  Paris M odel 
Basin has been carry ing  ou t tests on  this project fo r the past 
fifteen m onths. T h e  stra igh t-line tow ing  tests w ith  yaw have 
dem onstrated th a t the hydrodynam ic forces on  the hull are 
radically changed by the shallow ing of the w ater and  the 
presence of the banks. F rom  these tests have come coefficients 
of m agnification o f the yaw ing force of the order o f 10, com 
paring  m otion in  the open sea and  in  a canal. T h e  p o in t of 
application  of th is force is shifted aft, an d  the m om ent about 
the centre o f gravity  is m ultip lied  by approxim ately three. T he  
forces on  the rudder, w hen a t an  angle o ther th an  zero, are 
modified only a very little. I t  is deduced, therefore, th a t the 
efficacy o r  steering ability  of the ru dder is very m uch  reduced 
com pared to  th a t w hen the ship is in  open water. T o  th is effect 
there is added the action  of the bank, w hich produces a  repel
ling force on the bow of the ship and  an  a ttrac tin g  force on the 
stem . These prelim inary  tests have indicated the great im por
tance of the rap id ity  o f laying the rudder. However, th is can 
be studied only on  a self-propelled model. T h e  Paris M odel 
Basin has set u p  a canal m odel o f sufficiently large dim ensions 
to enable self-propelled m odels to  be tested. T he  first tests w ith  
this m odel showed th a t the phenom ena were very sim ilar to  
those w hich are observed in  the fu ll scale. However, the m an 
oeuvring behaviour of the m odel differed essentially from  th a t of 
the ship in  the follow ing respects. T h e  operator w ho steers the 
model is in  a m uch  less favourable position  to  notice the begin
n ing  of a sw ing than  is the p ilo t w ho stands up o n  the bridge 
of the ship. C onsequently, the yaw of the m odel is m uch 
greater th a n  th a t o f the full-scale ship. I t  appears th a t the 
behaviour o f the m odel canno t be com pared directly w ith  tha t 
of the ship, b u t th is com m ent does no t elim inate the possi
b ility  of com paring  tw o m odels and  of classifying them  from  
the standpo in t of ease o f manoeuvring in  an  arrangem ent w hich 
should be the same as th a t o f the actual ships. T o  carry  the 
m atter farther, it is necessary to  define the param eters w hich 
may be m easured on the m odel, selecting those whose value 
enables a firm  conclusion to  be form ulated  concerning the ease 
o f manoeuvring the ship. T he  action  of the In s titu te  of 
Research has, therefore, been directed tow ard  the determ ination 
of the behaviour of actual ships as a means of enabling charac
teristic param eters to  be selected and  of defining desirable values 
for them . T he  difficulty w ith  th is is th a t it is evidently no t 
possible to  undertake a system atic test on a ship in tran sit in 
the (Suez) Canal. I t  is only  possible, a t the best, to  make the 
m ost o f such inform ation  as can  be gathered in  the course o f a 
transit made under o rd inary  conditions. T h e  first attem pts 
showed th a t it  was m ost difficult to  take sufficiently detailed 
data to  make it possible to  reproduce the tran s it conditions com 
pletely. O ne test w hich involved an a ttem pt to  fix the position 
o f the sh ip  w ith  reference to the banks by range-finder observa
tions while sim ultaneous records were m ade of the heading and
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rudder angle, gave only a very doubtful reconstruction of the 
actual conditions. One o ther experimental difficulty has been 
encountered, having to  do w ith  the quite different m anner in  
w hich individual ships are handled. As an example, the num 
ber of rudder shifts in the course o f a  single hour of runn ing  
in stra igh t sections of the Suez Canal are given for two sh ip s : —

F irs t Second 
ship ship

Shifts o f ru dder angle less th an  15
degrees .. .  ... ... 8 122

Shifts of rudder angle from  15 to  30
degrees .. .  ... . . .  ... 63 21

Shifts of rudder angle exceeding 30
degrees .. .  ... ... ■ • ■ 3 0

A t the present tim e it  is no t possible to  determ ine w hether these 
differences arise from  individual styles in handling the ship on 
the part of the pilots o r w hether they can be related to  certain 
characteristics o f the ships themselves. O n this po in t one is led 
to  ask w hether the greater frequency of rudder shifts a t small 
rudder angles on the second ship do not really stem from  the 
fact tha t it answers its rudder m uch better and  tha t an  incipient 
yaw can be checked m uch m ore quickly and  w ith  a smaller 
rudder angle. F inally , the Institu te  of Research has requested 
the Paris M odel Basin to  test a ship w hich has made a large 
num ber of Suez Canal transits and w hich is considered to  be a 
ship easy to handle in the C anal.— Collected French Papers on 
the S tab ility  o f R oute o f Sh ips at Sea. Issued by T he In s titu te  
of Research in N aval C onstruction, Paris. N a vy  D epartm ent, 
T h e  D avid IV. Taylor M odel Basin, Translation 246, January 
1953; pp. 47-49.

A n ti-fou lin g  Paints for A lum in ium  A lloys
T he developm ent of technique in anti-fou ling  alum inium  

ship bottom s is traced. E arly attem pts to  use paints con tain
ing copper and  m ercury com pounds failed because both  cor
roded the alum inium . P ain ts contain ing organic com pounds 
such as 10-chloro 5 :1 0  dihydrophenarsazine (D .M .) m ay be 
used, bu t com pounds developed so far, while no t attacking 
a lum inium , have only lim ited an ti-fou ling  power. In  the 
interim  of the developm ent of better organics, an  excellent pro
cedure is the use of m ultiple layers of zinc chrom ate prim er 
protecting the alum inium , and  overlaid w ith, say, cuprous 
oxide in a vinvlite type m edium . As a result of w ork a t the 
N aval Research L aboratory, W ashington, an ti-fou ling  pain t, 
specified in 1944, contained copper resinate as a suspension 
agent and m ercurous chloride as an ti-fou ling  agent. T he 
varnish m edium  was an alkyd resin and  a high-viscositv ch lor
inated rubber to  give films w ith  good flexibility. T he  specifi
cation was am ended three times. Recently the U .S. N avy has 
changed over com pletely to  paints based on vinyl resins for 
coating alum inium  P T  boat hulls and  o ther craft. T he  paint 
system specified consists o f a wash prim er based on  polyvinyl 
butvral resin and  pigm ented w ith zinc tetroxychrom ate followed 
by an undercoat com prising  a polyvinyl copolym er and  resin, 
w ith cuprous oxide as the sole pigm ent and  poison. As a result 
of trials by the A dm iralty  begun in 1949, it  has been shown 
th a t one coat of etch prim er or pretreatm ent w ith  A.C.P. 
D eoxidrine followed by one coat each of A dm ar anti-corrosive 
(w hite lead, basic lead sulphate and  iron  oxide in a linseed 
stand oil phenol-form aldehyde varnish m edium ) and  one coat of 
a cuprous oxide plasticized resin varnish type an ti-fou ling  pain t 
allowed only very little corrosion of the alum in ium  alloy after 
two years’ exposure. T he pain t coating rem ained alm ost intact 
when a red lead V invlite undercoat applied over an  etch prim er 
was substituted fo r the A dm ar anti-corrosive paint. Specimens 
in w hich the an ti-fou ling  pain t con tain ing  cuprous oxide was 
applied direct to  the alum in ium  alloy (AW 6) showed severe 
corrosion after three m on ths’ im m ersion, w hich became increas
ingly worse up  to tw o and  a half years. T he  above pain t 
systems were com pared w ith  a proprietary  system as contro l, in 
w hich the an ti-fou ling  pain t contained organic com pounds as 
the sole toxic constituents. In  each case, except where the 
cuprous oxide anti-fou ling  pain t was applied direct to the

alum inium  alloy, the an ti-fou ling  perform ance an d  corrosion 
resistance of the systems under tria l were superior to  those of 
the control. I t  is concluded th a t pain ts con tain ing  organic 
com pounds as the only poison constituen ts have so far fallen 
short of the required standard  of an ti-fou ling  efficiency for 
a lum inium  alloy vessels. T he  m ost satisfactory coatings to  date 
consist of corrosion inh ib iting  prim ers an d  undercoats o f the 
zinc chrom ate type followed by an an ti-fou ling  pain t con ta in 
ing sufficient copper com pounds as the poison to  give com plete 
an ti-fou ling  protection for at least six m onths. F u rth e r develop
m ents are to  be expected as m ore than  one au tho rity  has w ork 
in  hand to  produce better an ti-fou ling  pain ts fo r th is  require
m ent; fu rther organic poisons are being investigated, an d  other 
types of m edium  are under consideration.— P aint M anufacturer, 
Vol. 23, 5 th , 10th, 29th  January 1953. A bstract in L ig h t 
M etals Bulletin, Vol. 15, 20th M arch 1953; pp. 180-181.

Salvage Vessel w ith Hydraulic Aux iliary  M achinery
A n order has been received by the A /S  S to rd , N orw ay, for 

a salvage ship to  be propelled by a W ichm ann four-cy linder 
tw o-stroke engine driv ing  a variable p itch  propeller a t 325 r.p.m . 
T he  vessel is unusual in  several respects, having a  com bination 
of hydraulic and  electrical auxiliaries. She is classed to  the 
requirem ents of D et N orske V eritas and  is strengthened for 
navigation in  ice. T he length  is 31 635 m etres o.a. (104ft.), 
the breadth being 6 9  m etres (22'75ft.) and  the depth 3 45 m etres 
(11 4ft.). O n deck are a w indlass, a w inch fo r general lifting  
purposes and  a tow ing w inch, all of the hydraulic type. T here 
are two pum ps in  the engine room  fo r the supply  of oil under 
pressure, one driven from  the m ain  engine and  the o ther coupled 
to  an  electric m otor. C urren t for the electric auxiliaries is 
supplied by two Pelapone 60 b.h.p. Diesel engines, each coupled 
to  a T hrige  alternating  curren t, three-phase 37-kW ., 220 volt 
generator. T he speed is 1,000 r.p.m . and  there is also a 6-kW . 
auxiliary set. T h e  salvage p lan t includes an  A tlas com pressor 
w ith  a capacity of 4 cubic metres per m inute, the pressure being 
7 kg ./cm .2, and  there is a diving com pressor w ith  a capacity 
of 2 cubic metres per m inute. T h e  salvage p um p  is o f the 
centrifugal type w ith  an  o u tp u t of 200 tons per hour. T he 
auxiliary p lan t includes a 20-ton bilge pum p, a 25-ton fire 
pum p, a 3-ton  fuel transfer pum p, a s ta rting  a ir com pressor 
and a w ater pressure installation, also a refrigerating  m achine 
for the sh ip’s provisions.— T he M o to r S h ip , Vol. 33, M arch  
1953; p. 519.

Largest Diesel-engined Tankers
Six ships are now on order for various N orw egian owners 

to the new standard  design for a 32,250-tons deadw eight tanker 
w hich has been developed by Eriksbergs mek. V erkstads A /B , 
G othenburg. Like all the other vessels to  be bu ilt a t this yard, 
these tankers will have Diesel propulsion , and  are likely when 
completed to  be the largest D iesel-engined tankers in  the world. 
T h e ir nearest rivals are the F rench-ow ned and  bu ilt Berenice 
and  Bethsabee, o f some 31,200 tons deadw eight, w hich are 
already in  service. Like the F rench  ships, the Eriksberg tankers 
will have tw o Diesel engines direct-coupled to  tw in  shafts, the 
engines being of Eriksberg-B. and  W. type. T h e  principal par
ticulars of the Eriksberg tankers are given below, an d  those of 
the Berenice are added for com parison. I t  is noticeable that 
while the F rench ships have been designed to  have the greatest 
d raught permissible a t present for passage th rough  the Suez 
Canal, Eriksbergs have adopted a m uch shallower section, and 
the depth of the larger ships is actually  the sm aller: —

Eriksberg 
design Berenice

Length b.p. ... 625ft. Oin. 619ft. lin .
B readth m ou lded ... 86ft. Oin. 85ft. Oin.
D epth  to  m ain deck 45ft. 9in. 46ft. 5in.
L o a d e d  d raugh t

(sum m er) ... 34ft. 3in. 35ft. 3in.
T ank  capacity ... 1,500,000 cu. ft. 1,400,000 cu. ft.
Fuel capacity ... 2,650 tons 2,950 tons
I.H .P ..........................  13,800 13,100
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T he Eriksberg design specifies a ship qualifying for thr. highest 
class of D et N orske Veritas, longitudinally  fram ed and  w ith 
corrugated bulkheads. An unusual feature is the adoption  of a 
straigh t s tem : this choice has presum ably been m ade in order 
to keep dow n the overall length as fa r as possible. T he  hull 
shape is full, as is com m on w ith m odern large tankers and  ore 
carriers, the block coefficient being 0 79. T here are two longi
tud inal bulkheads, dividing the eleven tanks into centre and 
w ing sections. There are tw o m ain p um p  room s, one im m edi
ately forw ard o f the engine room  and  the other between Nos. 
3 and  4 tanks, while an  auxiliary pum p room  fo r ballast and  
fuel oil pum ps is situated just abaft the forw ard collision bulk
head. T here are four cargo pum ps, each w ith  a capacity o f 
750 tons per hour. T he tw o in  the fo rw ard  pum p room  are 
steam driven, and  the o ther tw o are electrically-driven cen tri
fugal pum ps, the electric m otors being situated in  the engine 
room  and  driving the pum ps th rough  the bulkhead. T he m ain 
cargo p ip ing  is o f 14-in. diam eter, w ith  10-in. branches to  the 
m ain and  w ing tanks. T h e  m ain  propelling m achinery  will 
consist o f tw o Eriksberg-B. and W. Diesel engines of tw o-stroke 
single-acting type. E ach has six cylinders w ith  a diam eter of 
740 m m . and  stroke of 1,600 m m ., and  the com bined o u tp u t is
13,800 i.h.p. a t 115 r.p.m . A uxiliary m achinery is largely 
steam driven, and  three oil-fired boilers are included in  the 
design. E lectric power is supplied by tw o 330-kW . Diesel 
generator sets, and  there is also a steam dynam o of 75 kW. 
capacity.— T h e  Sh ipp ing  W orld , Vol. 128, 18th M arch 1953; 
p. 281.

N ew  Cargo  Vessels w ith Passenger Accom m odation
T he second series of Santa  vessels o f T he H am burg-S iid- 

am erikarische D am pfschiffahrts-G esellschaft Eggert and  Amsinck 
K G , is now build ing a t the yard of the H owaldtsw erke H am 
burg A .G. These vessels, of w hich the first, Santa Teresa, was 
recently placed in service, have the follow ing principal dim en-

Dimensionless Frequency Parameter in Unsteady Flows
T his  report presents some theoretical results in  connexion 

w ith the unsteady flow research program m e a t the D avid  T aylor 
M odel Basin. T he com plex and  relatively unknow n field of 
tim e-dependent hydrodynam ic phenom ena is approached from  
a general po in t of view. O nly a few special flows are discussed 
em phasizing the diversity of unsteady flow problems. Since 
tim e effect occurs only in the acceleration term  of the m om en
tu m  (or N apier-Stokes) equation, an  analysis of the two types 
of acceleration is presented in  detail. A dim ensionless ratio  
of the local and  convective accelerations is in troduced. I t  is 
show n th a t w ith  the m agnitude of th is ratio , the unsteadiness of 
the flow can be described and  characterized. Previously p u b 
lished results on hydrodynam ic im pact represent one lim iting 
case for the above “measure of unsteadiness” (S  —> x ) .  Steady 
(tim e-independent flows) are associated w ith  zero value of this 
measure (S  = 0). A detailed report on  flows w ith  interm ediate 
values (0 <  S  <  30) is under preparation. I t  will be published 
in the near fu tu re  in  connexion w ith  recent oscillator experi
ments. A short discussion of accelerationless flows is included. 
— V. G. Szebehely, N a vy  D epartm ent, T h e  D avid  Taylor M odel 
Basin, Report 833, N ovem ber 1952.

B.S.R.A. Resistance Experiments on the Lucy  Ashton
Sir M aurice D enny’s paper, w hich was read before the 

In s titu tion  of N aval A rchitects a t the In ternational Conference 
of N aval A rchitects an d  M arine Engineers 1951, dealt w ith the 
details o f the experim ental equipm ent an d  the conduct of the 
ship trials o f the L u cy  A sh ton , carried  o u t by the B ritish S hip
build ing Research Association. In  add ition , some of the fu ll- 
scale resistance results were given in view of their interest and  
im portance and  in  o rder to  dem onstrate the quality  and  accu
racy o f the experim ental observations. T he' present paper is 
com plem entary and  deals p rim arily  w ith  the correlation of the 
m easured full-scale resistance of the sh ip  w ith  the results of
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Santa Teresa type vessel

s io n s :— Length, o.a., 14604 m .; L ength  b.p., 13514  m .; 
B readth m oulded, 18 6 m .; D raugh t, 8 61 m .; D eadweight,
11,710 tons; D isplacem ent, 16,910 tons; G ross registered tons, 
8,996; N et registered tons, 6,682. T here is accom m odation for 
28 passengers in twelve single berth  and  eight double berth 
first class cabins. T he  m ain  propulsion  p lan t consists of a six- 
cylinder single-acting tw o-stroke cycle crosshead Diesel engine 
of M .A .N . design, bu ilt by the H ow ald t yard  under licence. 
A t 125 r.p.m . the engine develops 4,000 b.h.p., the speed of 
the vessel being 13 knots in  the fully laden condition . C ylinder 
diam eter is 700 mm . and  stroke is 1,200 m m ., w ith  a m.e.p. 
of 6 2 kg. per sq. cm. T he  bronze propeller is of 4 85 m. dia
meter. T here are two auxiliary Diesel sets generating 130 kW. 
and 250 kW. respectively. A n emergency Diesel set of 25 kW. 
is also provided.— Hansa, Vol. 90, 28th  February 1953; pp. 
343-348.

tests carried o u t in  an  experim ental tank  on a series o f six 
geometrically sim ilar m odels rang ing  in  length  from  9 to  30 
feet. T he  translation  of the m odel results to  the fu ll scale has 
been effected in  the usual m anner, using  F roude’s sk in-friction  
coefficients, and  also by several m odern sk in-friction  form ula
tions. T he  scope is restricted to  correlation on  the basis of 
resistance for the fou r naked hull conditions of the ship, w hich 
included tests w ith  tw o different pa in t surfaces in  conjunction  
w ith  the effect of fairing  the seams of the shell plating. An 
account is given of the various corrections w hich had to  be 
applied to  the sh ip  results and  also the analysis of the com pre
hensive measurem ents of hu ll surface roughness m ade on  the 
ship. Full details of both  ship an d  model results are given in 
appendices.— Paper by J. F. C. C onn, H . Lackenby and W . P. 
W alker, read at the m eeting o f the In s titu tio n  o f N aval A rch i
tects in L ondon , 25th  M arch 1953.
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Skin Friction Determ ination Using W a ll-s id ed  M odels
T w o fundam ental assum ptions made by F roude can be 

stated as fo llow s: (a) Skin friction and  wave resistance are 
separate entities w hich do not m utually  affect each o ther; (b) 
skin resistance could only be determ ined by p lank experiments, 
and  residuary resistance (chiefly wave resistance) could only be 
determ ined by sub tracting  the skin resistance from  the total 
resistance. T he  w riter has of necessity retained assum ption (a) 
bu t has reversed assum ption  (b). An attem pt has been made to 
produce a friction  line, tha t is to say, a line corresponding to  
zero beam, by subtracting  the calculated wave resistance from  
the total resistance. T he  apparatus used was a specially designed 
gravity dynam om eter, based on the simple form  described by 
the w riter in  a previous paper. A line free from  edge effect 
under fairly fu ll beam conditions has been obtained by tests on 
a fam ily of three models, all of 15-in. d raught, and  having 
beams l \  inches, 2 \  inches, and  3 inches respectively. Care 
was taken to  ensure tu rbu len t flow. F inally the wave profiles 
of the models were recorded photographically  and  com pared 
w ith the calculated profiles.— Paper by R. T . Shields, read at a 
m eeting o f the In s titu tio n  of N aval Architects, 27th  M arch  
1953.

Preservation of Oil Tanker Hulls
T he problem  of preserving the hulls of oil tankers, includ

ing the interiors of cargo com partm ents, is discussed and  the 
measures already adopted or being considered to  reduce wastage 
are described. T he  effect of corroded surfaces in contact w ith 
the sea upon  a sh ip’s speed is referred to and an estim ate given 
of loss in  the sh ip’s earning capacity from  this cause. P ro 
tection of the outside of the hull is show n to depend for its 
success as m uch  upon  initial preparation of the surface as upon 
paint. Experim ents w ith  flame cleaning are described and the 
advantages of this m ethod of surface preparation for large areas 
treated in situ  illustrated, while the beneficial effect of applying 
the prim er pain t to  w arm  plating  is proved. I t  is claim ed tha t 
red-lead graphite pain t, frequently used for ships’ hulls, is 
inferior to  other pain ts tested and  now readily available, the 
difference being m ost m arked on under-w ater surfaces. The 
difficulty of preparing  the interior surfaces of cargo tanks and  
of finding a suitable pa in t for their protection is show n by the 
results of num erous tests carried ou t and  described, while the 
cost to  protect p lating  in  this way is given .— Paper by John  
Ixcmb, O .B.E ., and  E. V . M athias, read at a m eeting o f the 
N orth -E ast Coast In s titu tion  o f Engineers and Shipbuilders, 
30th M arch 1953.

Rolling, Stability, and Safety in a Seaway
I t  is generally assum ed tha t when a ship is proceeding at 

right-angles to  the waves, only p itch ing  movem ents will take 
place, and  th a t since the forces are sym m etrical in  a tran s
verse plane there will be no rolling. In  actual fact, however, 
/o iling does occur. T h is  rolling m ovem ent is found  to  be due
io variations in  the stability of the vessel, since the m etacentric 
height varies ow ing to  the m ovem ent of the water. Theoretical 
analysis shows th a t the central up righ t position of the ship is 
unstable w hen the frequency of the variation in  m etacentric 
height coincides w ith  the natural frequency of the ship or one 
of its harm onics. A n experim ental investigation in  w hich a 
m odel was equipped w ith  an  eccentric weight ro tating  in  its 
longitudinal centre plane confirm ed th is result. T he experi
m ental results are analysed and  discussed a t some length. T he 
behaviour of a ship in  a sea w hich makes an  acute angle w ith 
the course is briefly considered. T he  danger th a t a  ship m ay 
capsize in a heavy sea is discussed, an d  it is show n th a t the 
righ ting  m om ent is considerably reduced when the ship is on 
the crest of a wave; it  is considered th a t if there is a following 
sea, and  the relative speed of the ship w ith  respect to the wave 
is sm all, there is a danger th a t the ship m ay be carried on the 
crest of the wave fo r a length  of tim e sufficient for capsizing 
to take place. A m athem atical analysis of the ro tary  m otions 
of a ship, nam ely yawing, rolling, and  pitching, shows that

they are interrelated, and  th a t one can give rise to  the others.—
O. G rim , H am burg Sh ipbu ild ing  E xperim ent S ta tion , M em o- 
random N o. 269. Journal, T he  British Sh ipbu ild ing  Research 
Association, Vol. 8, M arch 1953; Abstract N o . 7,229.

Corrosion Resistant Steel for Tankers
A considerable am ount of damage is done to  the interior 

of oil cargo tanks by the corrosive substances present in  the oil, 
and by rusting  caused by the carriage of sea w ater as ballast. 
L. F. D ert in a recent article in  “ Schip en W erf” suggests tha t 
the time and expense involved in  carry ing  ou t the repairs m ade 
necessary by this corrosion can be considerably reduced by 
em ploying a corrosion-resistant steel con tain ing  ch rom ium  and  
alum inium  as alloying agents. T h is  steel has the fu r th e r advan
tage tha t it has a higher tensile streng th  and  elastic lim it than  
the conventional sh ipbuild ing  structu ra l steels, so th a t the 
w eight of the hull can be reduced w ithou t im pairing  the 
strength. As an example, the cost o f bu ild ing  a 17,000-ton
d.w. tanker in w hich the cargo tanks are bu ilt of th is steel is 
com pared w ith the cost of bu ild ing  the ship entirely from  the 
norm al structural steel. T he  cost o f using the new steel is 
estim ated as about \ 2 \  per cent greater. T he  reduction  in the 
w eight of the hull will perm it an  increase in  deadw eight of 2 \  
per cent, w hich will increase the annual profit by 6 to  8 per 
cent, according to the freight rates obtained. T h e  m ain  advan
tage of using this corrosion-resistant steel is, however, apparen t 
when the ship has been in service for, say, twelve years, when 
about 65 per cent of the cargo tanks of the vessel bu ilt o f s truc
tural steel will require replacement, against 5 per cen t in  the 
vessel bu ilt of corrosion-resistant steel. A t the conclusion of 
these repairs, the total cost of the tanker bu ilt of special steel 
is found  to be about 15 per cent less than  th a t o f the tanker 
built of norm al steel. T he norm al tanker requires fu rther con 
siderable repairs when it has been in service a total o f 20-25 
years, and  these are often considered uneconom ic. T h is  new 
steel will, however, extend the vessel’s useful life considerably 
beyond th is period.— Journal. T h e  British Sh ipbu ild ing  
Research Association, Vol. 8, M arch 1953; A bstract N o . 7251 .

Diesel Fuel Additives
As a result of year-long tests the U .S . N avy has approved, 

for the first time, the use of additives in Class I Diesel fuel. 
C onsum ption of Diesel fuel has grow n fourfold  since 1941 and  
authorities foresee a doubling by 1960. A n adequate supply  of 
fuel is a problem ; for the N avy heretofore relied stric tly  on 
straight ru n  distillates o f a certain cetane quality— 50 cetane 
num ber as a m inim um . N o additives were perm itted  to  bring  
up  a distillate of a lower num ber. N avy specifications fo r Class 
I fuel imposed difficulties for refiners to m eet the general com 
peting demand. In  view of these conditions, the E thy l C or
poration conducted a four-year research on  the use o f fuel 
additives and  their ability to  raise cetane num ber. E arly  in
1951 the U .S. N avy sponsored a test program m e involving the 
additive, o r ignition im prover, to stra igh t ru n  distillates having 
a lower cetane num ber. Use was made of E thy l C orporation’s 
additive in conjunction  w ith  Venezuelan stra igh t ru n  Diesel 
fuel of 46-5 cetane num ber. Between O'18 per cent an d  0 20 
per cent bv volum e of the ignition, im prover was added to  each 
gallon to bring  the average cetane quality  to  535 .  P rim e test 
criterion was th a t the added cetane quality  should equal th a t 
in the natural state; th a t this quality  should  be stable and  be 
retained in storage; and  it m ust no t create any  harm ful engine 
operating conditions (wear, cleanliness, operation, smoke, noise, 
odour): nor m ust it be a health hazard. A squadron o f twelve 
subm arines tested the fuel w ith  the additive and  individual 
operating tim e ran  upw ards o f 1,700 engine-hours on  the m any 
weeks’ test. N one o f th e  engines was preconditioned fo r the 
fuel. A t the same tim e the N aval E ngineering Experim ent 
S tation  conducted fuel analyses w hich found  the treated fuel 
to be stable.— M otorsh ip  (N ew  Y o rk ) , Vol. 38, M arch 1953; 
p. 38.



Shipbuilding and Marine Engineering 79

New  French C ross-Channel Vessel
A new French  passenger vessel, the tw in-screw  steamship 

Lisieux, has joined the small fleet of vessels w hich m aintain  the 
cross-C hannel service between N ew haven and  D ieppe. T he 
Lisieux  has been built a t the G ranville yard  a t Le H avre of 
Forges et C hantiers de la M editerranee. In  general design and 
appearance the Lisieux  is a m in iature  version of the Cote 
d ’A zur, w hich was com pleted tw o years ago for the service 
between Folkestone and  Calais, and  she can be employed as a 
relief ship on  this route. H er p rincipal particulars are as 
fo llow s: —

Length  o.a. ..............................  312ft. 7in.
L ength  b.p. ............................... 308ft. 4in.
B readth o.a. ... ... ... 45ft. Oin.
D epth  m oulded to B deck ... 24ft. Oin.
G ross tonnage .. .  .. .  ... 2,800 tons
D isplacem ent at full load ... 2,221 tons
H orsepow er . . .  . .. ... 22,000 s.h.p.
Speed .. .  .. .  .. .  ... 24 knots 

C onditions at N ew haven place lim its on both the length and  
the d raugh t of ships on the N ew haven-D ieppe service, while the 
schedule dem ands high speeds. In  the Lisieux  these conditions 
have been com bined w ith  adequate accom m odation space by the 
use of unusual lines. A very long an d  fine entry  blends into

au tho r had stressed the im portance of protective m easures for 
X -ray  and  gam m a-ray workers, there is general apathy  in this 
m atter. I t  should be realized th a t a few m inutes o r even a 
few seconds m ay be sufficient for an accidental overexposure, 
and  he w ondered if any a ttem p t was m ade to  m easure by means 
of films or pocket ionization cham bers the rad iation  received 
by operators. T he  au th o r in  his reply suggested th a t it is the 
responsibility o f those in  charge of the rad iographic departm ent 
to fam iliarize themselves w ith  the various necessary precautions 
to be taken to  avoid accidental exposure. In  add ition , steps 
should be taken to  m easure the am o u n t of rad iation  being 
received by the operator, and  firms no t possessing a pocket 
ionization cham ber should be encouraged to  take advantage of 
the services provided by the N ational Physical Laboratory , 
Tedciington. T h is  service m ay be em ployed either continuously  
o r in term itten tly , and  the au th o r recom m ends the form er at 
least du ring  the first few m onths in  order to  check th a t the 
operator is no t being unw itting ly  exposed to  rad iation .— S h ip 
build ing and  Sh ip p in g  Record, Vol. 81, 12th M arch 1953; pp. 
327-328.

M easuring W a ll Thickness of Long Tube
An illustrated description is given of an  appara tus for the 

direct m easurem ent of the wall thickness of a tube a t a po in t

Profile o f the  Lisieux

a flat ru n  aft, the latter to  counteract the inevitable tendency to  
squatting  a t high speeds w ith  so short a length. Below the 
waterline, therefore, the po in t of m axim um  beam is well abaft 
am idships. Above it, however, the lines are of norm al full 
shape, and  the transition  has been achieved by the use of a 
p rom inent knuckle forw ard. T h e  hull is constructed  of 
S iem ens-M artin  steel, and  partly  welded. L igh t alloys have 
been used for the deck houses and  the funnel, and  the eight 
boats are also of ligh t alloy. F o u r of the boats are carried on 
the after deckhouse, w ith  the chocks fitted on projecting spon- 
sons, and  these boats can  be moved dow n to the deck below in 
w inter. As in  the Cote d ’A zure, the funnel is of the F C M - 
Valensi “ Strom bos” type. T h e  m ain propelling m achinery con
sists of a tw in-screw  arrangem ent of Parsons geared-steam 
turbines. W ith  the lim itation  on draugh t, small propellers have 
to  be used (9 18ft. diam eter) tu rn in g  a t the high speed of 400 
r.p.m . Single reduction  gearing is therefore employed. T w o 
boilers of the F C M  47 /60  type are fitted, delivering a total of 
132,0001b. of superheated steam per hour a t 4251b. per sq. in. 
and  705 deg. F . T he  F C M  4 7 /60  is the latest type of boiler 
developed by Forges et C hantiers de la M editerranee, and  it is 
claim ed tha t steam can be raised in  th irty  m inutes. A bow 
rudder is fitted, and  th is an d  the rudder a ft are controlled 
bv hydraulic telemotors.— The Sh ip p in g  W orld, Vol. 128, 8th  
A pril 1953; pp. 353-354.

Risks in Industrial Radiography
D u rin g  the course of the discussion on  M r. E. J. D uffy’s 

paper, “R adiography in  a Clyde S h ipyard” , recently presented 
to  the In s titu tion  of Engineers and  Shipbuilders in Scotland, 
D r. J. M . A. L enihan, M .Sc., P h .D ., stated th a t while the

along its length w hich is no t easily accessible. T h e  apparatus 
consists of a beam of channel section carry ing  an  alignm ent 
telescope a t one end and  a  m easuring anvil a t the other. A 
m easuring stylus is held directly over the anvil by a  thin-w alled 
sm all-diam eter support tube, the o ther end  of w hich is con 
nected to  the beam by a sim ple form  of universal joint. A n 
illum inated target is situated near the plane of the m easuring 
stylus and  displacem ents o f the stylus and  target relative to  the 
m easuring anvil can  be viewed th rough  the bore of the stylus- 
support tube by the alignm ent telescope, and  m easured by an 
optical m icrom eter incorporated in the telescope. T he  in s tru 
m ent is first standardized by inserting  a slip  gauge between the 
stylus and  the anvil and  aligning the telescope o n  to  the target 
in this position. T hen  the stylus and  target are inserted into 
the tube th rough  an  open end, the tube wall thus separating the 
stylus and  anvil in  place of the slip gauge. T h e  telescope is 
again adjusted, and  the difference between the new  and  the 
standard  reading gives the difference between the thickness of 
the tube and  the gauge. T h e  optical m icrom eter can indicate 
target displacem ents up  to  0 1  inch  in un its  of ± 0 ’0005 inch, 
and  the accuracy of the instrum ents is w ith in  ± 0'0005 inch. 
T he  apparatus is no t restricted to  the wall thicknesses of tubes, 
bu t w ith  some m odifications m igh t be adapted  to  obtain 
measurem ents a t inaccessible positions on  m any o ther types of 
p roducts.— H . R. D avenport, M in is try  o f S u p p ly , A .l.D . 
D evelopm ent R eport N o. M e tro /4 , December 1951. Journal, 
The British Sh ipbu ild ing  Research Association, Vol. 8, February  
1953; Abstract N o . 7,197.

New  Ultrasonic Inspection M ethod
In  the contac t-scanning m ethod em ployed in  the u ltra -
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sonic exam ination of large m etal objects, it is usually necessary 
to  m achine or g rind  the surface of the metal before it can  be 
inspected. W ith  a new system of inspection, the metal is 
im mersed in  rus t-inh ib ited  water, and  the crystal scans the 
m etal w ithout being in  contac t w ith  it. T he  several inches of 
w ater between the crystal and  the m etal make it possible for the 
crystal m otion  to be mechanized w ithout concern fo r the small 
con tour changes in  the m etal under inspection. Also, a un it 
operating according to  the new system should be operated in 
conjunction  w ith  an  echo type flaw detector to  give the echo 
height standardization . T he use of the m echanized crystal 
scanning allows electronic circuits to calculate the position of 
the crystal relative to the object being inspected. Once this 
position  is know n in electrical term s, the data can be fed to  a 
television-type display tube. Changes in  the horizontal position 
of the crystal cause sim ilar changes in  the horizonal position of 
the beam in  the cathode ray television tube. T he  vertical posi
tion  of the cathode ray tube beam is determ ined by the elapsed 
tim e between sending the u ltrasound  pulse and  the received 
echoes from  the m etal object being inspected. U ltrasound  
frequencies of from  five to  twenty-five megacycles are used. 
T he higher frequencies are claimed to  give the best resolving 
power, because they will perm it the distinguishing of flaws 
w hich lie close to  the surface. Some metals, such as low carbon 
steel, however, require the frequency to be kept as low as five 
megacycles. T h is  is due to the high absorption of u ltrasound 
of higher frequencies. A lum inium  alloys w hich have been 
rolled, extruded, o r forged can  be inspected a t twenty-five mega
cycles.— T he Engineers’ D igest, Vol. 14, A pril 1953; p. 109.

Oil Cargo  Tank  Heating
D ue to  the fact th a t oil tankers necessarily carry  seawater 

ballast and  oil cargoes alternately, postw ar experience w ith cor
rosion of the steel pipes has m ade it advisable to  substitute 
pipes less susceptible to corrosion. C ast iron  is less susceptible 
to  corrosion th an  m ild  steel, bu t the substitu tion  of cast iron 
for steel in  heating coils for tankers was no t institu ted  un til 
M r. John  Lam b, head of the research and  developm ent staff of 
the A nglo-Saxon Petroleum  Co., L td ., developed a special form  
of cast iron pipe em bodying fins w hich provided both  strength 
and  additional heating area. T he first ship to be fitted w ith 
cast iron heating coils was the Am astra, in  1946. A fter six

years the installation is still in  use, and  shows no sign of p itting  
or corrosion. T he system was patented and  in  1949 C olvin- 
Sm ith, L td ., were entrusted  w ith the sole licence in  the U n ited  
K ingdom  for fu rther developm ent and  installation. T he  pipes 
are usually supplied in  6-ft. lengths w ith  fo u r fins 1 inch  high, 
spaced equidistantly  ro u n d  the external surface of the pipe and 
runn ing  longitudinally  between the flanges, w hich  are m ated 
and  connected by four bolts. T he paten t crucifo rm  section 
ensures efficient heat transference and  gives added strength  to  
the pipe. T he  heating surface of cast iron  finned pipe is 16 6  
sq. ft. per linear foot, as com pared w ith  the figure o f 1 0 4  sq. 
ft. per linear foot fo r plain round  pipe. T he  ow ners of the 
M erchant Baron specified the follow ing heating surfaces: 
Centre tanks 1 sq. ft. per 120 cu. ft. tank  capacity  and  1 sq. 
ft. per tank  capacity for the w ing tanks. U sing  finned cast 
iron  pipe, a total length of 4,820 feet is required as com pared 
w ith  a total length of 12,950 feet of p lain  2-inch  bore steel 
pipe. T he  com parative weights are 70 tons fo r the cast iron 
installation and  49 tons fo r a steel pipe installation. T he 
patented cast iron  pipes are supported  a t intervals o f no t more 
than  8ft. by 2£in. x 2in. x fin . angle welded between the longi
tudinals and  secured to  these angles by 2in. x f in . steel clips. 
T he  pipes are arranged a t no t less th an  4 inch  distance from  
the shell of the ship, and  the w hole installa tion  is free to  move 
w ith expansion or contraction .— T h e  S h ip p in g  W orld , Vol. 
128, 22nd A pril 1953; p. 393.

Carbon in Ferrous M etals
T he role of carbon as an  alloying elem ent in  iron  and  steel 

is often  overlooked, according to this paper. I t  is the m ost 
essential element used and  the to tal tonnage of carbon steel 
exceeds th a t of all other alloy steels, the paper states. P rincipal 
properties of ferrous metals are largely the result of the am oun t 
and  type of carbon alloyed w ith  the iron. T h is  paper describes 
experim ental w ork starting  w ith a base iron  to  w hich carbon 
and  other alloying elements are added. E ngineering properties 
of the various steels produced are com pared and  related to their 
alloy content. C arburization and  decarburization are also dis
cussed. D etrim ental effects of carbon in  both  stra igh t carbon 
and  stainless steels are pointed out. Effect of both  the am ount 
and the form  of carbon in cast irons is show n experim entally 
in  this paper. T he  role o f carbon in  the p roduc tion  of the

F inned cast iron heating coils in  the tanker M erchant Baron
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nodular cast irons, w hich are new engineering materials w ith 
unique properties, is also shown. In  conclusion, the paper 
states tha t carbon increases the strength  and  hardness in  steels, 
particularly  after heat-treatm ent. T he u ltim ate possible strength 
and  hardness is largely determ ined by the am oun t of carbon 
present. Tensile strengths of 50,000-350,0001b. per sq. in. can 
be obtained in  steels w ith  a carbon variation  of less than  1 per 
cent. N o  other alloying elem ent gives results com parable to 
carbon in such small am ounts. In  cast irons the type of carbon 
largely determines the properties of the metal. N odu lar iron 
w ith  its carbon in  spherular form  has the best properties of any 
of the cast irons. T he  im portan t role of carbon in ferrous 
metals should be considered when designing m achines or struc
tures.— Paper by H . K . Ih rig  and J. T . Jarman, read at the 
1952 A .S .M .E . A nnua l M eeting; Paper N o . 52-A-81.

Single Pass Separator for Heavy Fuels
T he rap id ity  w ith  w hich the practice of bu rn ing  heavy 

residual grades of fuel in m otorships has spread, is one of the 
m ost significant features of postw ar m arine engineering. D ue 
to  their higher specific gravity, the purification of heavy boiler 
grades is a  m ore difficult p roposition  than  th a t of distillate fuels. 
S tandard  separators can  be used fo r these duties, b u t it is 
generally found  necessary to  operate a t the highest permissible 
tem perature, w ith  a  th ro u g h -p u t considerably less than  tha t 
when centrifug ing  fuel of lighter specific gravity. Furtherm ore, 
the treatm ent is generally divided in to  tw o separate stages, viz., 
centrifug ing  to  remove w ater and  the bulk of the solids, and  a 
subsequent clarifying stage to  extract the finest solids. Used 
thus, separator equipm ent gives satisfactory perform ance, but 
ru n n in g  costs are naturally  raised by the necessity for duplicate 
machines. Sharpies C entrifuges, L td ., have developed a one-

pass bowl w ith in  w hich the centrifugal treatm ent of heavy boiler 
oils is com pleted in one pass th rough  a single m achine. E xten
sive tests in  the purification  of heavy oils w ith  viscosities of up  
to 3,500 seconds Redwood I a t 100 deg. F . have been carried 
o u t w ith  com plete success. T he  particu lar feature of the new 
bowl is th a t it can  be fitted in to  m any existing m achines and  
requires only modified covers w ith  trapped  discharge spouts 
to  accom m odate the som ew hat larger bowl diameter. T he 
centrifug ing  process is com pleted in  one stage. T here is a small 
annu la r space, having a greater diam eter th an  the m ain  body, 
at the upper end of the bow l; a w ater layer accum ulates in  this 
space, thus leaving the m ain  body v irtually  filled w ith  oil. T he 
norm al type of bowl has a substantial w ater layer th roughou t 
its length, w hich naturally  reduces its effective volum e and  
efficiency as a clarifier. T he  o ther features of the Sharpies 
separator rem ain. In  the new type 23-B bowl, the discharge 
screws w hich regulate the height of the w ater layer, and  the 
undrilled  screws of the clarifier are replaced by a  r in g  dam  
w hich can be adjusted  to suit the gravity  of the fuel to be 
treated. If oil is found  to  come over w ith  the w ater, the 
effective ring  dam  m ust be raised by fitting  one of a lower 
num ber and  conversely.— T he M arine Engineer and N aval 
Architect, Vol. 78, A p ril 1953; pp. 142-144.

Recent Developments in Ship Plate
T he au th o r points ou t th a t the tim e is n o t yet ripe for the 

general application  of an  acceptance test for the no tch  ductility  
of ship plates. A part from  the difficulties of an agreed form  of 
test and  interpre tation , there is the uncertain ty  about the level 
of no tch  ductility  w hich w ould be adequate fo r the purpose, 
w ithout being extravagant, fo r it m ust always be borne in  m ind  
tha t notch  ductility , like any o ther property , has to  be paid  for. 
However, there are struc tu ra l m ild  steels available w hich p ro 
vide exceptional no tch  ductility  an d  w hich  are supplied to  a 
specification includ ing  a no tch  bar acceptance test. O ne of 
these steels, know n as C o ltu f “28” , w hich was developed by the 
au thor, has been used in  the construction  of large all-welded 
tankers by K ockum s of Sweden. T h e  particu lars o f C oltuf 
“ 28” are as follow s: —

C h e m i c a l  A n a l y s i s

C Si S P M n
per per per per per M n /C

cent cent cent cent cent ratio
Specification 0'16 0-30 0 0 4 0-04 1-3 —

max. max. max. max. max.
T ypical plate 0-40 0 1 5 0-03 0-025 1-0 7

M e c h a n i c a l  P r o p e r t i e s  
U .T .S . ... ... ... .. .  28 /32  tons per sq. in. 
Yield po in t ... ... 17 tons per sq. in. m in im um  
E longation ... . .. 25 per cent on 8in. gauge length 
C harpy  V -notch  45ft./lb . m in im um  a t — 10 deg. C. 

T he steel was developed prim arily  to  m eet the dem ands of 
chemical engineers for a fully weldable struc tu ra l steel for use 
a t sub-zero tem peratures. In  spite of its relatively high cost, 
however, the above m entioned application  to  shipbuild ing  in 
Sweden is evidently an  econom ical p roposition , since its use is 
confined to  the m ore vulnerable parts  o f the vessel am idships, 
including the sheerstrake, the bilge strake, and  the deck stringer. 
— Paper by IV. Barr, read at a m eeting o f the Belfast Associa
tion of Engineers, 25 th  M arch 1953.

Sketch  o f 23-B  bowl in  operation show ing  
water entrained in  the annulus by the ring dam

Hardfacing by W e ld in g
H ardfacing  is carried ou t by w elding and  all the available 

m ethods of w elding are used. In  add ition , a special m ethod 
term ed “braze-w elding” has been developed to  enable a deposit 
of alloy to  be laid dow n w ith  little, if any, m ixing w ith  the base 
metal. M etallic arc deposition: T o  ensure m axim um  hardness 
in  the deposit the penetration in to  the base m etal should  be 
kept to  a  m in im um  by using a short arc and  low curren t. T he 
first ru n  is softened m ost by d ilu tion  w ith  the base m etal and  
the th ird  layer is usually  pure and  und ilu ted . T h is  is p a r
ticularly  im portan t w hen depositing stainless an d  non-ferrous
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alloys. A  cleaner and  sm oother deposit results from  connecting 
the rods to the positive pole when using direct current. All 
rods used for arc depositing are flux-coated to give deposits free 
from  flaws. R apid  rates of deposition can be obtained by hand 
and  hardfacing can be carried o u t w ith  autom atic w elding 
heads in  the same way as ordinary  welding. Carbon arc deposi
tion: T here is less penetration  by th is process th an  w ith  the 
m etallic arc an d  in  some respects, therefore, the process is 
better. A to m ic  hydrogen and argon arc deposition: D eposits 
are laid  dow n w ith  good adhesion and only little more m ixing 
w ith  the base m etal than  w ith  the oxy-acetylene brazewelding 
process.— M . R iddohough, Journal o f the Junior In s titu tion  of 
Engineers, Vol. 63, A pril 1953; pp. 213-216.

Progress in M arine  Electrical Installations
O w ing to  the rig id  electrical requirem ents of L loyd’s 

Register and  o ther classification societies the use of electric 
power in  tankers has in  the past been chiefly confined to ligh t
ing, ventilation, galleys and  pan try  gear, domestic services and 
supplies for wireless an d  o ther essential navigational circuits. 
T he installations for the smaller tankers are all somewhat 
sim ilar and  very simple in  their layout. T hey com prise gener
ally, three generators— tw o steam engine-driven and  one Diesel 
engine-driven, one being standby, the size of p lan t varying 
between 40, 75 and  100 kW. capacity each according to  con
nected load requirem ents. T he  dynam os are arranged for 
parallel operation, each feeding into a com m on set of bus bars 
and  controlled by triple pole circu it breaker (d.p. and  equalizer) 
w ith  overload and  reverse cu rren t trips. T he  m ain sw itchboard 
is of the open type, com prising polished sindanyo panels and  
angle iron  fram e, w ith  d.p. c ircu it breakers for am idship m aster- 
board and  shore supply and  d.p. switches and  fuses for supply 
to  the various services, i.e. engine room  and  boiler room  fans, 
deck ventilation, galley equipm ent, refrigerating equipm ent, 
domestic m achines, laundry , lighting , wireless and  radar, etc. 
In  recent years, however, a considerable expansion has taken 
place in  the connected electrical load for tanker installations; 
this particularly  applies to  larger vessels w hich are now being 
built— 18,000-32,000 tons d.w., and  the change is prim arily 
due both  to the advent o f the larger vessel and  the adoption 
of electric power for engine room  auxiliaries, and  to recent 
changes in Classification Societies’ Rules perm itting  increase 
in  supply voltage fo r these installations to  the following 
lim its : —

D .C. system s: Power, heating and  cooking 230 volts 
L ighting , cabin fans, e tc .... 110 volts

A .C. systems: Power— 250 volts single-phase o r 440
volts three-phase 

H eating and  cooking circuits 250 volts 
L ighting , cabin fans, e tc .... 115 volts 

These increased voltage lim its have brought about a change in 
the electrical supply systems for m any of the larger tankers, and
A.C. supply  or A.C. plus D .C . generators for 110 volt D .C. 
ligh ting  is now  favoured by m any shipowners, and  has been 
adopted in  a num ber of vessels recently com pleted or a t present 
in the course o f construction . T he increased load fo r these 
installations is due to  the adoption  of electric pow er for all 
engine room  auxiliaries, viz. m ain circulating pum ps, forced 
and  induced d raugh t fans, forced lubrication oil pum ps, fuel 
oil service pum ps, fire, bilge and  sanitary pum ps, extraction 
pum p, general service pum ps, feed pum ps, steering gear and 
tu rn in g  gear, etc., w hich are in  add ition  to the services referred 
to above. T h e  supply systems generally accepted fo r these 
installations a r e :— A.C. for pow er; D .C . for lighting. E lectri
cal energy is supplied norm ally by two turbine-driven alter
nators arranged for parallel runn ing , one w orking and one 
standby, of 600 kW. or 550 kW. capacity as decided, 0 8 power 
factor, supply voltage 440 volts, 3-phase, 60 cycles. As an 
alternative m eans of supply a D iesel-driven alternator o f 150 
kW . capacity 440 volts 3-phase is also installed, prim arily  for 
harbour duties. F o r  the 110 volt D .C . supply for lighting, 
etc., one steam driven direct cu rren t dynam o 50 kW. is installed, 
and , in add ition , tw o  m otor generators, 440 volts, A.C. inpu t

and each designed to give an o u tp u t of 50 kW . 110 volts D .C. 
These three equipm ents are standby to each other. T w o 75 
k.v.a. 440 volt 3-phase A.C. transform ers arranged to  give an  
ou tp u t pressure of 230 volts are also fitted fo r supply to  galley 
and  pan try  equipm ent, one transform er being a standby.—  
Presidential address by E. Salthouse, M .B .E ., read at the open
ing m eeting o f the 62nd Session of the Belfast Association o f 
Engineers.

Industrial Fires and Explosions from Electrostatic Origin
T he au tho r gives a survey of the m echanism  of com bus

tion and  explosion and  of the generation of electrostatic charges 
by the friction  between non-conducting  m aterials. W hen the 
charged areas are separated, the voltage increases a n d  sparks m ay 
occur. In  this m anner, conditions often  exist in  industry  for 
the production  of electrostatic sparks. T he  risks are p a rticu 
larly great in the petroleum  industry , where fuels o f h igh flash
point m ay become exceedingly dangerous ow ing to  electrostatic 
action. T h is  m ay happen during  the loading o r un loading  of 
oil products in  barges and  tankers. F ine d u st of substances 
like copra, even in  small concentrations, m ay be explosive, as 
the fine particles m ay become charged by m otion  th rough  the 
air and  the m ixture ignited. Explosions have been know n to 
take place in  the anaesthetic apparatus used in  hospitals ow ing 
to  the generation of electrostatic charges by the flow of gas. 
T he au th o r believes th a t electrostatic risks can  be practically  
elim inated if proper precautions are taken .— Paper by R . Beach, 
read at the 1952 annual m eeting o f the A m erican Society o f 
M echanical Engineers; Paper N o . 52-A-156.

Rotary Regenerator Performance
T he effect of leakage and  pressure d rop  in a ro tary  

regenerator on gas-turbine p lan t perform ance is investigated in 
this paper. Effect of the regenerator dim ensions— length, cross- 
section area, an d  rotative speed— on the regenerator and  p lan t 
perform ance is illustrated. T he  efficiency of a simple gas- 
turbine p lan t can be increased, the paper states, by using a 
regenerative cycle in  w hich a heat exchanger is used to  transfer 
heat from  the ho t turbine exhaust gas to the cooler com pressor 
discharge air. In  general, the  type of heat exchanger con 
sidered for gas-turbine applications has em bodied a stationary  
wall separating the ho t and  cold fluids. These have com m only 
taken the shell-and-tube geometry, arranged for either coun ter
flow o r crossflow passes. P rincipal advantage of the ro tary  
regenerator is the possibility of designing a m ore com pact un it

RO TARY R E G E N E R A T O R

than  is possible w ith the conventional shell-and-tube or plane- 
fin stationary-surface type. C alculations show th a t as passage 
diam eter is reduced to  very fine dim ensions, heat-exchanger 
volume, for a given effectiveness and  pressure drop, can  be 
reduced appreciably. T he m atrix  of the ro tary  regenerator can 
be finely divided, w ithout structu ral difficulty, and  the resulting 
m atrix  volum e m ay be one-tenth  or less th an  the correspond
ing tube-bundle volum e of a conventional heat exchanger. T he 
sealing and  ducting  arrangem ents, and  the like, especially for 
m ulti-d isc regenerators of larger capacities, w ould occupy a 
considerable volum e but indications are th a t a regenerator could 
be bu ilt to  occupy perhaps one-th ird  o r one-quarter of the 
volum e of a conventional heat exchanger. Inheren t in  the 
operation o f a ro tary  regenerator is a leakage o f some of the
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high-pressure air into the low er-pressure turb ine exhaust-gas 
side. Leakage will occur at the seals due to  constructional 
difficulties and  therm al distortion. As these seals are present on 
each side o f the rotor, cold a ir will leak in to  the cooled gas 
stream  and  will no t pass th rough  the m atrix ; and  heated air 
will leak in to  the ho t gas stream  and  re tu rn  th rough  the exhaust 
side of the regenerator. In  addition  to  seal leakage there is the 
positive displacem ent or “ let-dow n” loss of compressed air 
trapped in the m atrix  com partm ents as they pass the seals into 
the gas side. T he let-dow n loss will be proportional to m atrix  
r.p .m ., and  to  the pressure ratio  across the regenerator. T he 
seal leakage m ay be considered essentially independent of ro ta 
tional speed bu t will depend on pressure ratio .— Paper by D . B. 
Harper and W . M . Rohsenow, read at the 1952 A .S .M .E . 
A nnua l M eeting; Paper N o. 52-A-149.

Back -to -back  Testing of M arine  Reduction Gears
In  this paper is discussed the principle of testing gears 

by the back-to-back or pow er-circulation  m ethod. Results 
obtained from  tests by th is m ethod on full-size m arine gear
boxes are described. T h e  coefficient of fric tion  fo r the teeth 
was found  to be in  the region of 0-047 for hobbed pinions of 
3 j  per cent nickel steel m eshing w ith  forged-steel hobbed 
wheels, and  0-03 w ith  a case-hardened and  g round  mesh. T he  
bearing losses in  a gearbox, w hich am ount to  65-85 per cent 
of the to tal losses, depending on the particu lar design, can be 
analysed w ith  tolerable accuracy from  simple theory. T he  oil 
flow in  the bearings can also be analysed, and  is found  to  consist 
of tw o com ponents w hich can be separated from  one another, 
one dependent upon  inlet pressure and the o ther upon  speed. 
T he  second com ponent (the m ore im portan t of the two) can 
be calculated. A considerable am ount of w ork on the p itting  
of gear teeth is described. In  a test-to -destruction  of a gear, 
the crack w hich caused ultim ate too th  failure started  along a 
line of p itting  near to  the pitchline, and  no t nearer the root 
of the too th  where the m axim um  bending stress w ould norm ally 
be expected. T he  inform ation  w hich can be obtained from  a 
norm al shop test of a gearbox— a ligh t ru n — is discussed. T he  
Pam etrada torque loader is described.— Paper by A . Cameron

and A . D . N ew m an, read at the Conference on Steam  Turbinc  
Research and D evelopm ent, T h e  In s titu tio n  o f M echanical 
Engineers, 6th M arch 1953.

Development of M arine  Steam Turbine Design
T he histo ry  of the developm ent of steam -turbine designs 

at the Pam etrada research station  is outlined in this paper, and 
an  a ttem pt is m ade to  set dow n the functions aim ed at in 
a design and  the reasons fo r adopting  particu lar configurations 
and m ethods of construction . T he  first of a series of tu rb ine 
installations is illustrated  and  described, and  the fu rth er 
developm ent th a t has been carried  o u t d u ring  the six succeeding 
years is illustrated  by recent draw ings. Figs. 21 and  22 in d i
cate the style of tu rb ine p u t forw ard at the present tim e (1953) 
for installations where the highest possible efficiency is desired. 
T he  high-pressure tu rb ine show n in  Fig. 21 is of the double
casing type. T he  outer casing is fabricated from  plate, and 
the inner casing is a steel casting supported  o n  brackets provided 
w ith in  the ou ter casing, and  suitably located in  both  the 
athw art-sh ip  and  fo re-and-aft directions. T h e  side members 
of the outer casing are extended forw ard and  aft to  form  a 
girder, w hich additionally  supports the casing of a h igh- 
pressure astern-turb ine consisting  of a tw o-row  im pulse wheel, 
whose b lading is carried on  an  extension of the ahead ro tor 
overhung beyond the forw ard bearing. T he  bottom  half of 
the ahead tu rb ine  outer casing is of rectangular form , stiffened 
by in ternal ribs. As the w orking pressure for th is casing is in 
the neighbourhood of only 30-401b. per sq. in. above atm osphere, 
the rectangular construction  can be adopted w ithou t difficulty 
and, to  some extent, it simplifies fabrication. T h e  to p  half 
of the outer casing is of sem i-cvlindrical form , w ith  m uch 
th inner plating. In  the design illustrated, steam is adm itted  
to  the tu rb ine from  below th rough  an inlet b ranch  cast integral 
w ith the inner barrel (no t visible in  the draw ing). T he  fore 
and aft location of the barrel w ith in  the outer casing is in 
the same vertical plane as th e  centre-line of this branch , and 
the b ranch  itself emerges radially  on  th e  bottom  centre-line. 
Consequently, provision fo r radial relative expansion needs to 
be made only at the junction  between the b ranch and  the bottom

FIG . 2 1 — Design for 1953 high-pressure turbine
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FIG. 22— Design for 1953 low-pressure turbine

wall of the outer casing. T h is connexion is by means of a 
m ultip le annulus plate bolted at its outer periphery to  the 
bottom  wall and  at its inner periphery to  a flange carried on a 
th in  steel sleeve (“top  h a t”), w hich is welded to  the flange 
of the high-pressure inlet facing. T h is  is show n in  m ore detail 
in  the single-cylinder tu rb ine illustrated in  Fig. 23, in  w hich 
the construction  is used. T he  inner barrel o f the high-pressure 
ahead tu rb ine is open at its exhaust end, and steam discharges 
stra igh t in to  the outer casing and exhausts th rough  a suitable 
b ranch  provided in  the to p  cover. T he inner barrel is not 
lagged, b u t is jacketed by a th in  steel radiation shield to prevent 
excessive rad iation  of heat to  the outer casing, and to reduce 
the convection loss. Calculations show th a t the losses from

these tw o sources are very small. T he  design illustrated  is for 
an installation under construction , in  w hich the steam inlet tem 
perature is 950 deg. F . In  th is instance only one group  of 
nozzles is required, in  con junction  w ith  a small overload by
pass th a t is provided by a pipe of 1 inch  bore. I f  tw o or 
m ore groups of nozzles should be required, the preferred way 
of arranging for this w ould be to  fit steam -operated contro l 
valves, attached to  the inner barrel and  operated by small steam 
pipes w hich pass th rough  the outer casing. T h e  provision of 
“bled” steam belts is no t required in  th is design.— Paper by
H. G . Yates, read at the Conference on Steam  T urb ine  Research 
and D evelopm ent, T he  In s titu tio n  o f M echanical Engineers, 
6th M arch 1953.

F ig . 2 3 — Single-cylinder turbine
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Cavitation-erosion of Ships' Propellers
At present, it is possible to d istinguish  between three d if

ferent types of cavitation, viz. laminar, burbling  and cloud  cavita
tion. U n til recently, cloud cavitation was regarded as a particular 
form  of burbling  cavitation. C avitation, i.e. the form ation of 
vapour-filled pockets in  the liquid , occurs particularly  at the 
blade tip , where the peripheral velocity is highest. T he  tip  
cross-sections are usually very th in , w ith  s/1 ratios (th ickness/ 
length ratios) of 0 03-0 05. F o r these cross-sections profiles 
w ith a shock-free en try  are used, th a t is, a stagnation  po in t at 
the leading edge, and  a pressure d is tribu tion  as constant as 
possible on  the suction side, w ithou t a negative pressure peak. 
O w ing to  their small s/1 ratio , these profiles have a fairly sharp 
leading edge. D u rin g  the propeller ro tation , the angle of 
incidence varies, so th a t shock-free en try  is no t m aintained, 
and  the stagnation  po in t d rops then  to  a position on the 
pressure side (see Fig. 3a). W ith  a fairly  sharp con tour, the 
velocity on  the suction  side im m ediately behind the leading 
edge becomes very high and  the pressure decreases considerably. 
T he  fluid breaks away at this position and form s a vortex as 
a result of viscosity effects. As the vortex core, where pressure 
is m inim um , is no t at a position on the blade surface, it is not 
very likely tha t th is type of vortex w ill be the cause of erosion. 
T he  vortex core is filled w ith  vapour, b u t it is separated from  
the blade surface by a th in  layer of liquid. T h is  type of 
cavitation is know n as lam inar cavitation. I f  the leading edge 
has a rounded contour (Fig. 3b), the flow will rem ain along the 
contour, instead of breaking away, w hen the stagnation  point 
and  the leading edge do no t coincide. A liquid  particle of 
mass A m , m oving w ith  a velocity c a long a circu lar path  of 
radius R, will rem ain on  th is p a th  only if the pressure gradient 
in  the norm al direction Hp/Stj is at least equal to  the centrifugal 
force (w /g) c2/R - Hence, th is gradient is inversely proportional 
to  the radius. F o r aerofoil type sections w ith  a b lun t leading 
edge, the value of R is large, so th a t the liqu id  can provide 
enough pressure to  avoid a breaking away of the flow. T he 
b lu n t nose section, however, even under shock-free conditions, 
has the effect of increasing velocitv and reducing the pressure 
on the suction side behind the leading edge, so th a t cavitation
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m ay again occur. However, the conditions differ trom  those 
previously considered for sharp  sections, since in th is instance 
the m inim um -pressure positions are situated right on the blade 
surface. Bubble form ation  occurs and  the bubbles are not 
stationary  bu t bu rst close to  the blade surface, so tha t it is 
possible th a t they m ay cause destruction  of the blade material 
T h is  type of cavitation is know n as burb ling  cavitation. C loud 
cavitation was only recently d istinguished as a separate type 
of cavitation. It consists of hardly  discernible small bubbles

F ig . 3— Pressure distribution  o f aerofoils w ith  sharp and 
zvell rounded leading edges.



86 Engineering Abstracts

in  a com pact cluster w hich gives them  a cloud-like appearance. 
H itherto , it was considered th a t burbling  cavitation w ith  fairly 
large bubbles was the cause of erosion and  th a t the danger of 
erosion increases w ith  large-size bubbles. T o  investigate this 
theory, a bronze propeller was covered w ith  a m aterial having 
a low erosion resistance and  was rotated continuously in  the 
cavitation tunnel for several days. A t the end of th is test, 
no trace was found  of cavitation erosion on the blades. 
Repeated attem pts were m ade to  obtain erosion by means of 
o rd inary  burbling  cavitation, bu t none gave the desired result. 
D u rin g  a tunnel test w ith  a non-un ifo rm  velocity field (pro
duced by m eans of a board  w ith  strips of gauze-type netting), 
cloud-like cavitation phenom ena were observed on the p ro 
peller, and  after some tim e there was clear evidence of erosion. 
T he  cloud cavitation is no t stationary, so th a t photographs 
cannot be taken w ith  norm al exposures. H aving  found  the 
conditions under w hich cloud cavitation is generated, erosion 
can be produced in  the cavitation tunnel in  a period of a few 
days o r even a few hours.— Article by J. Balham , D e Ingenieur, 
abstracted in T he Engineers’ D igest, Vol. 14, M a y  1953; pp. 
163-167; 170.

Application of Research to M arine Turbine Development
T he 3,500 s.h.p. m arine gas turbine set at the Pam etrada 

station  has now been ru n n in g  for some years and  its behaviour 
under heating-up and  load conditions has been determined. 
T h e  results of a complete series of tests to  determ ine fu ll- and 
part-load  efficiencies w ith  and  w ithout reheat are set ou t in  
Figs. 99 and  100. Fig. 99 shows the m easured variation of 
specific fuel consum ption  w ith  load. These test results are 
corrected to  am bient conditions of 80 deg. F . and  14-71b. per 
sq. in. abs., and  the speed of the low -pressure (ou tpu t) turb ine 
was adjusted to  follow the propeller law. T he  fuel supplied 
to  the prim ary  and  reheat com bustion chambers can be varied 
independently, giving in  theory an  infinite num ber of possible 
ru n n in g  conditions a t each power. T he  results of four 
different m ethods of contro l are p lo tte d :— (1) M ain tain ing

F ig . 99— Variation o f specific fuel consum ption  
w ith  load. 3 J 0 0  h.p. m arine gas turbine, part
load trials; all results corrected to air inlet condi
tions o f 80 deg. F . and 14 71b. per sq. in abs.

--------------------------  Specific fuel consumption.
-------------------------- Thermal efficiency.

A. Thermal efficiency based on lower calorific 
value; equal turbine inlet temperatures.

B. Equal turbine inlet temperatures.
C. No reheat.
D. +  Maximum high-pressure-line speed;

A  Maximum reheat temperature.

equal tu rb ine inlet tem peratures; (2) M ain ta in ing  constant 
reheat tem perature; (3) M ain ta in ing  constan t h igh-pressure- 
line speed. T h is  involves a slow falling-off in  h igh-pressure- 
tu rb ine inlet tem perature w ith  power, and  is the nearest 
approach possible to  constant h igh-pressure-turbine in let tem 
perature; (4) U sing no reheat. T he  m axim um  power obtainable 
w ith this condition  is approxim ately 2,000 h.p. M ethod  (1) 
gives the highest efficiency at part loads and  is the m ethod tha t 
w ould be adopted in  service. M ethods (2) and  (3) give alm ost 
identical results over the range 70-100 per cent power, the 
efficiency being slightly lower th an  by m ethod  (1). T he 
elim ination of reheat, as in  case (4), causes a large d rop  in 
efficiency, bu t the relative loss becomes less as the power is 
reduced, and  at 30 per cent pow er the fuel ra te  becomes alm ost 
the same as th a t given by m ethod (1). Fig. 100 show s the 
variation of cycle conditions w ith  pow er fo r the case of equal 
turb ine inlet tem peratures. T h is  series is given because the 
final fuel consum ption at full load was the same as w hen the 
test started. T he  lowest consum ption  recorded in  o ther tests 
was 0-4911b. per s.h.p. per hr., th e  fuel being a ligh t Diesel 
fuel oil. I t  is hoped th a t th is figure w ill be bettered when

F ig . 100— Variation o f cycle conditions w ith  
power. 3 J 0 0  h.p. m arine gas turbine, part-load  
trials; all results corrected to air inlet conditions 

o f 80 deg. F. at 14'7lb. per sq. in. abs.
A. Air mass flow (low-pressure compressor 

inlet).
B. High-pressure compressor delivery pressure.
C. High-pressure and low-pressure turbine inlet 

temperatures.
D. Low-pressure turbine exhaust temperature.
E. High-pressure turbine exhaust temperature.
F. Heat exchanger air outlet temperature.
G. Compressor-line speed.
H. Total percentage pressure loss.
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some fu rth er m odifications are made. T he  set com pleted a 
100-hr. endurance ru n  early in  1952 under L loyd’s supervision 
and has recently been operated on heavy residual fuel oil con
tain ing  vanadium  in the ash to  the extent of 0-05 per cent. 
L aboratory  tests have been carried ou t on  the corrosion of 
high-tem perature alloys by vanadium  pentoxide at tem peratures 
from  1,200 deg. F . upw ards. These were followed by rig  tests 
w ith com bustion cham bers operating  a t atm ospheric pressures 
firing on  targets m ade from  various h igh-tem perature alloys and 
fitted w ith  therm ocouples to  record the m etal tem peratures. 
V arious inhibitors were employed, in  m ost of w hich metallic 
oxides were used. L ater, w ater-soluble com pounds such as 
m agnesium  sulphate (Epsom  salts) and  m agnesium  acetate were 
used; they were injected by a chemical p um p  in  m easured quan 
tities in to  the fuel entering the burners.— Paper by T . W . F. 
B row n, read at the Conference on Steam  T urb ine Research and  
D evelopm ent, T he  In s titu tio n  o f M echanical Engineers, 6th  
M arch 1953.

Torsional V ibration  in Diesel Engines
W hilst it is axiom atic th a t an engine should be finalized in  

the d raw ing office in  such a w ay th a t critical speeds will cause no 
trouble in service, it frequently  happens th a t an  engine designed 
fo r one speed is installed to  ru n  a t some o ther speed, o r th a t an 
engine m ay be ultim ately coupled to  a generator in  some 
unsuitable fashion. S uch  being the case, the engineer is faced 
w ith  a dual problem  of ensuring  th a t h is engine is righ t in 
the first place and  a t the same tim e having in  the background 
a rem edy should unpredictable conditions necessitate a change 
in  the engine system. T he basic calculations described in  th is 
paper make it quite clear th a t natu ral frequency contro l is 
governed solely by shaft stiffness and  the m agnitude of the 
associated masses. F u rther, it will have been fairly clear tha t, 
to  change the natural frequency, a shaft stiffness change m ust 
be m ade near the node or, alternatively, a mass alteration  m ust 
be m ade at some po in t rem ote from  the node. B ut alterations 
are no t always desirable o r practicable. In  certain  cases, engines 
m ay have to  operate over a speed range in  w hich there is a 
critical speed w hich canno t be sufficiently moved by mass or 
stiffness alterations. In  such cases the usual practice is to  fit a 
torsional v ibration dam per. T h e  in troduction  d u ring  relatively 
recent years of some of the h igh viscosity silicones has m ads 
possible the construction  of a dam per w hich has few w orking 
parts  and  w hich gives every prom ise of being the m ost reliable 
of all types so far made. T h is  dam per consists of an inertia 
mem ber in  the form  of a ring  of rectangular cross section 
herm etically sealed w ith in  a housing consisting of m achine 
welded pressings w ith  clearances between the inertia member 
and  the housing, the side clearance space being filled w ith  high 
viscosity silicone. T h e  dam per housing is securely fixed to  the 
engine crankshaft and  d u rin g  norm al operation, i.e. at non
resonant speeds, bo th  the housing and  inertia  mem ber revolve 
at the same speed. A t a critical speed, the crankshaft vibrates 
and  the housing takes up  the v ibratory m otion of the crankshaft. 
T h e  inertia mem ber, however, tends to  revolve uniform ly  and 
there occurs a relative m otion between the housing and  inertia 
m em ber causing the film of viscous flu id  in  the clearances to 
be sheared, thereby creating  opposing shear forces, w hich 
dam p the vibration.— Paper by C. H . Bradbury, Diesel Engine  
Users Association, M arch 1953.

N om ad D iese l-gas Turbine Unit
T h e  N apier N om ad Diesel-gas tu rb ine u n it consists o f a 

simple valveless port-scavenged tw o-stroke Diesel engine to 
w hich is added a tu rb ine com pressor set. T h e  axial-flow  com 
pressor is on a com m on shaft w ith  a m ulti-stage exhaust 
turbine, and the tu rbine-com pressor set th u s form ed is coupled 
m echanically to  the com pression-ignition engine th rough  su it
able gearing. T he  pow er of the com pression-ignition  engine 
and  the surplus power available from  the exhaust gas turbine 
are transm itted  to  a com m on, single-rotation propeller shaft, 
by a reduction gear in  th e  nose of the engine assembly. A 
com pound engine of th is type has great possibilities for certain 
m arine applications, includ ing  m oto r torpedo boats. T h e  w eight

of the com plete engine is 3,8501b. and on  the static  ra ting  the 
equivalent horse pow er is 3,135, giving the rem arkable specific 
w eight figure of 1 - 141b. per h.p. If  the m arine con tinuous- 
service ra ting  is reduced to  2,000 h.p., we still have a  very low 
specific w eight— 1 • 791b. per h.p. Rem em bering th a t the overall 
length of the engine is 1 inch  less th an  10 feet, and  th a t the 
fu ll load specific fuel consum ption  on Diesel oil m igh t be 
of the order of 0-33/0-341b. per h.p. per hou r at th a t ou tp u t, 
it will be seen th a t a particu larly  in teresting  pow er u n it for 
such vessels— and one or tw o o ther special c raft— w ould be 
available. T here is no  com plication about engine contro l, no  
bulky exchangers w ould  have to  be accom m odated, and  it m ight 
even be possible to  make the engine direct-reversing. I n  the 
event of the la tter feature being used, the engine-turbine gearing 
w ould have to  be disconnected w hen manoeuvring o r ru n n in g  
astern.— Gas and O il Power, Vol. 48, A p ril 1953; p. 79; pp. 
85-86; 88.

Napier Deltic Diesel Engine
T he N apier D eltic engine has been designed and  developed 

fo r the Royal N avy by D . N apier and  Son, L td ., A cton, 
L ondon, on behalf of their paren t firm , the English  Electric 
Co., L td ., Rugby. T h e  nam e D eltic was derived from  the 
triangu lar form  in  w hich the engine cylinders are disposed. 
T he  engine has 18 cylinders, and  it operates on the tw o-stroke 
cycle, utilizing  the opposed-piston principle. T h e  cylinder 
diam eter is 5£ inches and  the stroke is 1 \  inches, giving an 
effective capacity of 5,300 cu. in. W ith  the crankshaft ro ta ting  
at 2,000 r.p .m ., a m axim um  of 2,500 b.h.p. is available, the 
con tinuous ra ting  being 1,875 b.h.p. at 1,700 r.p .m . T he  com 
ponents of the engine are small enough to  perm it the use of 
the m ost m odern  aero-engine m aterials and m anufactu ring  tech
niques, and  th is has m ade possible the use of such items as 
fully-hardened crankshafts, th in-w all lead-bronze bearings, and 
case-hardened and  g round  gears, w hich, at the designed ratings, 
give extremely long life. T h e  D eltic engine is p roduced as a 
self-contained pow er p lan t, com plete w ith  all pum ps and  filters,

F ig . 3— Section through N o . 5 cylinder o f the N apier D eltic  
Diesel engine, view ed from  driving  end
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and  contro l of both  the engine and reverse gear is effected by 
a single lever. T he ou ts tand ing  feature of the engine is, 
undoubtedly, the disposition of the cylinders, w hich, in  cross- 
section, form  an  equilateral triangle. W ith  th is arrangem ent, 
one crankshaft (in practice, the bottom  one) m ust rotate in  the 
opposite sense from  the other two. F rom  this geometrical lay
ou t, tw o im portan t technical advantages arise. F irstly , there 
is a phase-angle difference of 20 degrees between exhaust and 
inlet crankshafts, w hich leads to  an extremely efficient porting  
layout fo r scavenging and  cylinder charging. T he second 
advantage is th a t each crankpin  carries one inlet and  one 
exhaust p iston, so th a t the loading on each crankpin  and  the 
power transm itted  th rough  each crankshaft are identical. W hen 
th is triangular arrangem ent is extended th rough  the length of 
the six-throw  crankshafts, the resultant 18-cylinder engine has 
equal firing intervals of 20 degrees, w hich gives extreme 
sm oothness in  running . T he  triangulated  u n it is built u p  from  
three identical cast-alum inium  six-cylinder blocks, w hich form  
the sides, and  there are three cast-alum inium  crankcases at the 
corners. T he resulting  structure  is held together by high-tensile 
steel th rough-bolts, w hich extend from  each crankcase th rough  
the cylinder block to  the other crankcase. These bolts carry all 
the com bustion loads, the cylinder blocks rem aining in  com 
pression. T he  cylinder liners are o f the wet type and  are 
m achined from  hollow steel forgings. T he  bores of the liners, 
in  addition  to  being chrom ium -plated  and lap-finished, are so 
treated in the p lating  th a t they have a com paratively close- 
grained, dim pled surface arranged in  a definite pattern. T he 
depressions caused by th is arrrangem ent will, in  tim e, fill w ith 
carbon, w hich will absorb enough lubricant to ensure, even when 
starting , th a t the p iston  will no t operate in  a d ry  condition. 
E xhaust ports are m achined around  approxim ately half the 
circum ference at one end ; while, at the end, inlet ports are 
provided around  the whole circum ference, and  are m achined 
w ith  a partially  tangential direction of entry, thus im parting  a 
“ sw irl” to  the inlet air. T w o  injectors of the outw ard-opening 
valve type are provided fo r each cylinder and  both  are fed w ith 
fuel from  a single-injection pum p. T he nozzles inject a t a 
w ide angle from  the axis of the injectors, delivering fuel at 
the outer edge of the com bustion cham ber, the fuel being tran s
m itted  to  the centre by virtue of the air swirl. T he pum ps 
are of norm al C.A.V. type, modified to  suit the design require
m ents o f the engine. T he  six pum ps fo r each cylinder bank 
are carried on a cam shaft casing, w hich extends for the length

of the cylinder block. Rack contro l is by a ro ta ting  shaft, the 
pum ps being connected together by small couplings w hich are 
torsionally stiff bu t axially flexible, thus elim inating differential 
expansion effects. T he  design allows any one p um p  to  be 
removed and replaced by another, correct tim ing  and  m atching 
being autom atically obtained.— T h e  Shipbuilder and M arine  
Engine-Builder, Vol. 60, June 1953; pp. 384-386.

Steam Purifying Equipment
H igh  steam purity , w hich is essential fo r trouble-free 

operation of the m odern  high pressure and  h igh tem perature 
steam pow er p lant, can be attained only th ro u g h  the use of 
efficient steam drum  internals. Foster W heeler d rum  internals 
now incorporate a system of horizontal centrifugal type 
separators and integral chevron driers, recently developed, tha t 
works in tw o stages. T he  first stage of separation is effected 
by the use of the separators, while the second is perform ed by 
the integral driers, w hich are used to  extract the last traces of 
w ater rem aining after the first stage of separation. T he  draw ing 
shows a typical set of these d rum  internals w ith  the horizontal 
separators located on each side of the d rum , and the integral 
chevron driers a t the top. In  th is arrangem ent, the p rim ary 
separation is com pleted after the steam -w ater m ixture has made 
less th an  a full tu rn  around  the periphery of the separators. 
T h e  w ater is rem oved by the p rim ary  d ra in  and  discharged 
horizontally at the norm al w ater level. T h e  separated steam 
then  leaves th rough  orifices in  the side plates and  flows to  the 
chevron driers, where the purification is com pleted. T he 
resulting steam-free w ater and  h igh pu rity  steam  have the 
apparent advantages of m ain tain ing  m axim um  circulation  in 
the first instance, and preventing superheater tube failures and 
elim inating soluble deposits th a t reduce tu rb ine  efficiency in 
the second. Such results are particu larly  im portan t in m odern 
power p lan t installations th a t require constantly  increasing 
pressures and  tem peratures. T o  meet these requirem ents, Foster 
W heeler steam generating installations are now being equipped 
w ith  th is new steam purify ing system. T he  sim plicity  of its 
design also allows ready access for tube and  d rum  inspection.—  
H eat Engineering, Vol. 28, January 1953; p. 16.

Service Performance of Boiler Brickwork
T he investigation described in th is paper was undertaken 

by the B ritish Shipbuild ing Research Association and  the B ritish 
Ceram ic Research Association w ith  the follow ing ob jects: to

Typical set o f drum  internals
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determ ine the extent of deterioration of refractory materials 
in  w ater-tube boilers in  the m erchant service; to  form ulate the 
m ain  causes of wastage; to  consider w ays of im proving the 
life of furnace brickw ork; and to  provide a background for 
any experim ental w ork th a t m ay be desirable. Follow ing an 
in troducto ry  section w hich gives brief details of furnace linings 
com m only used, the inform ation gained from  the exam ination 
of over fo rty  boilers of eight different types is sum m arized. 
I t  was found  th a t therm al spalling or fracture is undoubtedly  
the m ost com m on and serious type of damage. C racking of 
bolted blocks and oxidation  of the bolts is probably the second 
m ost serious form  of failure. D am age directly a ttributable to slag 
action is negligible, bu t it is possible th a t slag penetration  of the 
firebrick m ay play some p art in  p rom oting  spalling. M ore serious 
dam age of all types occurs where the lin ing  is swept by flame. 
T h e  alum inous firebricks now  generally used have adequate 
refractoriness, bu t it appears th a t ram m ed plastic refractory 
materials could be substitu ted  w ith  advantage in  certain posi
tions, notably in  those sections con tain ing  the burner openings. 
T he  influence of service conditions o n  the life of refractories is 
exam ined in  a fu rth er section and  it is concluded th a t the 
fo rcing  rate (lb. o il /h r ./sq . ft. projected rad ian t heating surface) 
m ay be taken as a general ind ication  of the severity o f the 
operating  conditions and  also the extent of slag deposition. 
In fo rm ation  relating to  the useful life of sections of the linings 
of various types of boilers is given and  in  a concluding section 
suggestions are pu t forw ard for im proving the perform ance of 
boiler brickwork.— Paper by Bryan Taylor and H . Booth, read 
before the In s titu te  o f M arine Engineers, 12th M a y  1953.

Caustic  Cracking in M arine Scotch Boilers
“C austic cracking” is the term  used to  describe the in ter

crystalline fractures w hich occur occasionally in  boiler com 
ponents under the influence of static stress and in  contact w ith 
fairly concentrated solutions of caustic soda. D u rin g  the past 
th irty  years a great am ount of w ork has been done in  an 
endeavour to  obtain basic inform ation  on  the phenom enon 

"known as caustic cracking. I t  has been established th a t the 
sim ultaneous action of fou r factors is necessary. These are: 
(a) A boiler w ater w hich contains a caustic alkali; (b) high 
and  unhom ogeneous stresses in  the m etal; (c) very slow leakage 
o r o ther processes causing concentration  of caustic alkali at 
h ighly  stressed po in ts; (d) contac t of the concentrated solution 
w ith  the highly stressed boiler metal. M uch  of the w ork done 
has been done on small specimens in  laboratories and practical 
experience has no t produced conclusive evidence of the value 
of these laboratory results. A t present, however, a few recom 
m endations can be m a d e :— (a) C austic alkalinity of boiler-feed 
w ater should be avoided whenever possible, (b) T he production  
of high and  unhom ogeneous stresses by bad w orkm anship, 
such as fau lty  alignm ent of rivet holes o r the use of excessive 
riveting pressure, greatly increases the risk of cracking, (c) As 
concentration  occurs in  seams and crevices, in ternal caulking 
should be as effective as possible. I t  should be noted th a t very 
slight leakage is m ore dangerous th an  heavy leakage. T he 
specification for the contro l of the sod ium -su lphate/sod ium - 
hvdroxide ratio  included in  B ritish S tandard  1170: 1947 should 
be m aintained, (e) C u rren t investisations in to  the use of 
lignins, tann ins, and  nitrates as inhibitors should be watched 
closely as these show prom ise.— W . M cC lim on t, R eport N o. 79. 
T he British Sh ipbu ild ing  Research Association. (Released 
1953.)

Investigation  of Slam m ing
E xperim ental results are presented for im pact tests on  the 

m odel of a ship’s hull. T he  im pact was produced bv d ropping  
the model on to  the w ater surface o f a test basin. T he  vertical 
distance of free fall before strik ing the w ater was 0-6 feet. 
T h e  tests were perform ed both  for zero forw ard speed and 
fo r a forw ard soeed of three knots. T he  hull was 11 feet in 
length and, w ith  an additional mass attached near its centre, 
w eiahed about 2931b. Accelerations were m easured w ith  a 
S tatham  accelerometer attached near m idship  on to  a s tru t 
fastened to  the bottom  of the hull. T hree  acceleration-tim e

curves are show n for the experim ental data, and these are com 
pared w ith  theoretical results based on  a simplified assum ption 
of tw o-dim ensional fluid flow treated in  a previous paper. 
M axim um  deceleration m easured was 4-4g., while the 
corresponding theoretical deceleration is 4-7g. A pproxim ate 
tim e to  reach peak acceleration is 3 millisec from  experim ent 
and about the same from  theory. T he au thors state th a t m ore 
tests are necessary and th a t these should include a larger num ber 
of such param eters as hull shape. T h is  fu rther experim entation 
should provide m ore realistic tests to  represent conditions 
actually encountered in service.— V. G. Szebehely and S. H . 
Brooks; D avid  W . Taylor M o d i Basin Rep. 812, 12 pp., Ju ly
1952. A bstracted in A pplied  M echanics Review, Vol. 6, M arch  
1953; A bstract N o . 760.

Use of Hydrofoils to Reduce W ave  M a k in g  Resistance
T he bulbous bow has an advantageous effect on the 

resistance characteristics of ships in  the range of V / V L  of 
0-8 to  1-0. T here have been several explanations fo r th is 
phenom enon. T he  tw o m ost com m on ones are: (a) T he  shift 
of the b luntness of the bow away from  the w aterline tow ard 
the keel moves the high-pressure area away from  the waterline, 
resulting  in  less bow wave th an  th a t created by the norm al 
bow form , (b) T he  bulb sets u p  its ow n wave pattern  w hich 
interferes w ith  the wave pattern  o f the hull. T h is  produces a 
resultant wave w hich is less th an  th a t produced by the norm al 
form  w ith in  a certain speed range. T h e  above explanations 
are true, b u t they do no t tell us w hat is happening  hydro- 
dvnam ically at the bulb. A n insight in to  the flu id  m echanics 
o f the phenom enon m ay be obtained from  the pressure d is tribu 
tion  in  the v icin ity  of the bulb as reported by Eggert. A n 
analysis of the pressure d is tribu tion  plots indicate th a t a low - 
pressure region is developed on  the upper p art of the bulb 
slightly a ft of the fore foot. T h is  low -pressure region is felt 
at the surface as a wave hollow aft of the bulb. T h e  higher 
the speed, the farther aft the hollow occurs. A t certain  speeds, 
th is wave hollow moves in to  a position where it combines in 
an  advantageous m anner w ith  the h um p  of the norm al bow 
wave. A t a higher speed it moves o u t o f position and  some 
o f the effect is lost. In  th e  opin ion of the authors, the m ost 
im portan t effects of the bulb are the m agnitude of the low- 
pressure region (wave hollow) caused by the bulb, and its loca
tion  relative to  the high-pressure region (wave hum p) caused 
by the bow a t the waterline. T h is  is considering the bulb 
action by itself. Since we are looking fo r a large low -pressure 
region an d  some contro l over its  long itud inal position, the 
hydrofoil a t an  angle o f attack, as an appendage, should be 
prom ising from  a hydrodynam ic po in t of view. T h e  investiga
tion  of a properly placed hydrofoil, as an  anti-w avem aking 
device, is u nder way at the present tim e in  the Ship  M odel 
T ow ing  T an k  at M .I .T . T he overall project can be con
veniently divided in to  three phases. I t  should be stressed at 
th is po in t th a t the investigation is purely  from  the hydro- 
dynam ic po in t of view. Phase 1. As in  the initial investigation 
of any physical phenom enon, the o rder o f m agnitude of the 
effect m ust first be established before too m uch  effort is 
devoted to  specific details. H ence, the initial phase of the 
program m e is to  investigate orders o f m agnitude. Several 
hydrofoils, a rb itrary  in size, shape and  location, are attached 
to  specific ship models (arb itrary  shapes) and resistance tests 
w ith and  w ithou t hydrofoils are com pared in  their w avem aking 
characteristics. Phase 2. A hydrofoil at the bow can produce 
tw o effects w ith  respect to  the seaworthiness prooerties o f the 
ship ; these are slam m ing and p itch  dam ping. T h e  possibility 
o f slam m ing is a m ajor disadvantage; b u t the fin m ay produce 
sufficient dam ping  to  cu t dow n the overall p itch ing , thereby 
reducing the probability  of slam m ing. T he  overall perform ance 
of a ship equipped w ith  hydrofoils at the bow and  stern are 
to  be investigated. T he  investigation is aimed tow ard deter
m in ing  w hether the hydrofoil m ay act also as an an ti-p itch ing  
fin. T h is  w ould  be a beneficial by -p roduct to  its still water, 
anti-w avem aking properties. Phase 3. Once orders of m agni
tu d e  have been determ ined in Phase 1 and certain  practical 
aspects checked in Phase 2, the determ ination  of specific design
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inform ation  by means of theoretical calculation, using potential 
theory, w ill be attem pted .— Part 2 of paper by M . A . A bkow itz  
and ‘j .  R. Paulling, entitled " T he S h ip  M odel Tow ing  T ank at 
M .I .T .”, read at the Spring  M eeting of The Society o f N aval 
A rchitects and M arine Engineers, N ew  York, 7 th -8 th  M a y  1953.

Frictional Resistance of Flat Plates in Zero Pressure Gradient
T he laws of the tu rbu len t boundary  layer on a sm ooth 

flat plate in  zero pressure gradient are briefly reviewed and 
evaluated. O n the basis of the “ law of the wall” and the 
“velocity defect law” of the boundary  layer, the displacem ent 
and  m om entum  thickness, the form  param eter H  and the shear 
stress at the wall are obtained as functions of a local Reynolds’ 
num bsr, and the coefficient of to tal frictional resistance is 
derived as a function  of Reynolds’ num ber based on  distance 
along the plate. F o r the num erical calculation of these quan
tities, form ulations of these laws are chosen w hich are based 
on boundary  layer profile data from  various sources. I t  is 
show n th a t results derived by the aforem entioned procedure

are valid only beyond a certain critical Reynolds’ num ber. A 
corollary of this result is th a t form ulations of shear stress and 
total frictional resistance of flat plates, w hich have been derived 
by assum ing tha t the laws of a tu rbu len t boundary  layer could  
be extrapolated to  zero Reynolds’ num ber, are fundam entally  
incorrect. T he  results of the present analysis are com pared 
w ith  values obtained from  boundary  layer m easurem ents and  
also w ith  Schoenherr’s form ula as representative of a m ean of 
to ta l d rag  measurem ents of sm ooth flat plates.— Paper by  
L . Landweber, read at the Spring  M eeting  o f T he  Society of 
N aval Architects and M arine Engineers, N ew  Y ork , 7 th -8 th  
M ay 1953.

North Sea Passenger Steamship
T he new tw in-screw  passenger, m ail and  cargo steamship 

Leda  is the fastest vessel in  regular service across the N o rth  
Sea. She was built by Sw an, H u n te r and W igham  R ichardson, 
L td ., fo r the Bergen Steam ship Co., L td . T he m achinery 
was supplied by the W allsend Slipw ay and  E ngineering Co.,

[ELEC REV

General arrangement o f the m achinery spaces. T he  divided main feed tank and nozzle-type boiler
uptake discharges are o f interest
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L td ., and  a D enny-B row n ship stabilizer is installed. T he 
leading particulars are as follow s:

L eng th  between perpendiculars .. .  410ft. Oin. 
M oulded  breadth .. .  .. .  .. .  57ft. Oin. 
M oulded  depth  to  upper deck .. .  30ft. Oin.
G ross tonnage .. .  .................  ... 6,670 tons
D eadw eight capacity on  20ft. Oin.

draugh t ... .. .  . . .  . . .  1,970 tons
C argo c a p a c i ty ............................................  75,630 cu. ft.

(approxim ately) 
Service speed .. .  . . .  . . .  . . .  21 knots 

T he hull form  is based upon  tank  tests carried ou t at the 
N ational Physical Laboratory. W ith  the exception of the frames 
and  beams w hich have been riveted, the struc tu re  is welded. 
T he steel castings incorporated in  it were supplied by A /S  
S trom m ens Vaerksted and  include the stern and rudder frames, 
upper and lower ru dder stocks and  bearings. T here are three 
continuous steel decks, a lower deck forw ard and  aft of the 
m achinery spaces, tw o  superstructure decks am idships and 
seven w atertight bulkheads. T h e  deckhouse on  the boat deck, 
160 feet in  length  an d  w eighing 34 tons, is constructed  of 
alum in ium  alloy, erected on  the ship and  riveted th roughout. 
Special bulb angle sections were used fo r the deck beams and 
stiffeners, by w hich a m axim um  saving of w eight is obtained 
and  the struc tu ra l efficiency im proved. T h e  Leda  is the first 
Scandinavian  vessel and  also the first N o rth  Sea passenger ship 
to  be fitted w ith  a D enny-B row n sh ip  stabilizer. T h e  equip
m ent is installed in  a com partm ent, fo u r fram e spaces long, 
forw ard  of the boiler room  and  separated from  it by a screen 
bulkhead. T he  com partm ent contains the contro lling  gyro
scope, V .S.G . hydraulic pum ps and  their driving m echanism  
w hich has the ac tuating  cylinders arranged vertically, thus 
econom izing in  fo re-and-aft space. T he  Leda  is propelled by 
tw in-screw  W allsend-Pam etrada geared turbines designed to  
develop a to tal of 13,000 s.h.p. at 150 r.p.m . in service. A 
tw o-casing articulated double-reduction  design has been 
adopted, the h.p. tu rb ine  being of im pulse pattern  and  ru nn ing  
at about 6,000 r.p.m . while the im pulse-reaction l.p. turbines 
ru n  at about 3,500 r.p .m . A n astern elem ent designed to  
develop 70 per cent of the ahead power, and  consisting of 
three tw o-row  im pulse wheels, is incorporated  at the after end 
o f each l.p. tu rb ine casing. T h e  nickel steel prim ary  pinions 
are connected to  their respective turbines th ro u g h  flexible claw 
couplings and  engage w ith  b u ilt-u p  prim ary  gearwheels having 
cast-steel centres and  shrunk-on  forged steel rims. T here are 
tw o Babcock and W ilcox integral furnace type boilers, built 
by the W allsend Slipway and  E ngineering Co., L td . They 
deliver steam at 4501b. per sq. in. and  800 deg. F . w ith  a feed 
tem perature of 310 deg. F . and  an air tem perature to  the 
oil fuel burners of 339 deg. F . Each boiler has a heating surface 
of 7,436 sq. ft., a superheater surface of 868 sq. ft. and  a 
to ta l airheater surface of 8,040 sq. ft. T h e  airheater is of 
vertical tubu la r construction  arranged in  prim ary  and secondary 
sections. M anual contro l of the final steam  tem perature is 
obtained by m eans of a surface-type attem perator, the coils of 
w hich are arranged in  the lower boiler drum . T he  upper d rum  
is provided w ith  Babcock cyclone steam separators, w hich 
ensure dry  steam delivery under all conditions and , by keeping 
steam  bubbles o u t of the m ain  body of w ater in  the drum , 
prevent wide variations in  w ater level w hen manoeuvring.—  
T h e  M arine Engineer and N aval A rchitect, Vol. 76, M a y  1953; 
pp. 183-196.

Estim ating Tow ing Resistance of Ships from Small M odels
T he resolution in to  com ponents o f the to tal resistance to 

m otion  of models of ships is discussed. In  particu lar, the 
influence of the form  on  the frictional resistance and the 
separation phenom ena at the stem  is dealt w ith  on  the basis 
o f previous investigations. Experim ents a t low values of the 
Reynolds’ num ber (5-105-2, 5 TO6) have been m ade w ith  1-metre 
and  2-m etre models. In  these experim ents, the extent and 
the shape of those parts of the w etted surface where lam inar 
flow  is present have been determ ined by means of the soluble 
film technique. A description is given of a m ethod for routine

applications of this technique. C om parison is m ade w ith  earlier 
tests w ith  models of about 6 m etres in  length. T he  results 
seem to  indicate a possibility of using such sm all m odel sizes 
for transform ing  test data to  fu ll scale conditions, if corrections 
are m ade for the lam inar flow portions of the h u ll’s surface.—  
C. Falkend, Transactions o f the Royal In s titu te  o f Technology, 
S tockho lm , N o. 64, 1953.

Hobby W orkshops in Tankers
A recent issue of “J.L . N ew s” , house m agazine of 

J. L auritzen , of C openhagen, contains a report on  the 
developm ent of hobby w orkshops in  several vessels o f the fleet. 
T he  report re ad s: I t  m ay be recalled th a t M rs. T hork il 
K ristensen, wife of the D anish  M in iste r o f F inance, once 
threw  out the idea of p roviding certain  ships w ith  a hobby 
w orkshop. W e found  it  a brillian t idea, and  tried  to  p u t it 
in to  practice on  o u r tanker N erm a D an  in  1950. T h e  experi
m ent proved successful, and  we decided to  continue on the 
same lines. T h e  Petra D an  was also equipped w ith  hobby 
w orkshops, w ith  im provem ents gained in  experience on  the 
N erm a Dan. O u r th ird  tanker, the Berta D an, delivered in  
A pril th is year, also has a hobby w orkshop on  board  as will 
the three new reefer vessels, though  their floor space will not 
allow such big room s as on  the tankers. O u r seafaring staff 
makes great use of the sh ip’s hobby workshops. As show n in 
the p lan  above, the hobby w orkshops also have a darkroom , 
w hich we have found  to  be o f great value in  o u r tanker, 
because these ships do no t stay long enough in  p o rt to  leave 
sufficient tim e fo r developing and  prin ting . I t  m igh t be neces
sary to  em phasize th a t the idea of hobby w orkshops, and  welfare 
w ork in  general, is no t th a t spare tim e m ust be spent on  w ork 
of some sort. T he  idea is th a t no  person need ever be bored 
on our ships.— T he Sh ip p in g  W orld , Vol. 128, 13th M a y  1953; 
p. 447.

Sea Tria ls on a V ictory Ship
D u rin g  the years 1951 and  1952 an extensive series of trials 

was undertaken fo r the C entre Beige de Recherches Navales 
on a V ictory sh ip  AP3 of the C om pagnie M aritim e Beige. 
T he  basic purpose was the determ ination  of the efficiency and  
econom y of the ship and m achinery in  different conditions of 
w eather and  fouling. By collecting reliable and  accurate records 
o f fuel and  steam consum ption  and  engine o u tp u t, it was 
possible to  ascertain efficiency of boiler and  engine under 
varying service conditions. As a predom inant p art o f the 
program m e, a com parison between service data in  sm ooth w ater 
and  tank  results was to  be carried out. D u rin g  one of the 
voyages a progressive m easured-m ile tr ia l was undertaken w hich 
gave basic in form ation  fo r the com parison w ith  m odel experi
ments. D r. A llan, Superin tendent of the Ship  D ivision, N .P .L ., 
undertook to  ru n  a m odel and  to  m ake the com parison as 
p art of the investigations. C alibration  of the pitom eter log 
was achieved, too, on the m easured-m ile trial. In  different 
conditions o f d raugh t, fouling  and  w eather, num erous records 
were collected of power, th ru s t, revolutions, speed th rough  
the w ater, ship m otions, w ind, and waves. T h e  service data 
are analysed and the results given in  a series of tables and 
diagrams. A sim ilar series of trials w ill shortly  be carried ou t 
on a D iesel-driven cargo ship.— Paper by Professor G. Aertssen, 
read before T h e  In s titu tio n  o f N aval A rch itects and The  
In s titu te  o f M arine Engineers, 27th  M arch, 1953.

Large Dry Docks
In  relation to  its m ercantile shipow ning interests, the 

declining position of the U nited  K ingdom  in failing to  keep 
pace w ith  increasing size in  private and  public docks is signifi
cant. T here  is a probable deficiency in  th e  num ber of dry  
docks fo r m erchant ships in  th is country , no t only  in  the 
larger ranges b u t certainly for all sizes o f ships over 65 feet 
beam, w hich need a w orking w id th  of about 75 feet o r m ore 
fo r repairs, and  the grow th in  num bers of these vessels in  the 
last th irty  years w ith  an alm ost unchanged U nited  K ingdom  
d ry  dock position is very considerable, i.e., probably about 
ten  times. T w o  or three years at least are required for the
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construction  of a large dock at present, so tha t th is is a 
m atter th a t cannot be suddenly righted. T h is  country  is no t 
a large user of floating docks, and  one of the chief reasons 
is th a t apart from  life and m aintenance and  vulnerability, the 
depth  of w ater available is no t generally sufficient on the rivers 
and  estuaries where ou r m ajor repairing facilities and  m an
pow er are available.— Paper by E. L . Champness, read at a 
m eeting o f T he  In s titu tio n  of N aval Architects, 26th M arch  
1953.

while the refrigerating installation has been supplied by Paul 
D uclos of Marseilles. A speed of 2 0 i knots was attained w ith
15,000 s.h.p. at a fuel consum ption of 0-5941b. per s.h.p. for 
all purposes. I t  is stated th a t th is  was partly  due to  a special 
stream lined design of shaft bracket and  fairing.— T he M arine  
Engineer and N aval Architect, Vol. 76, M a y  1953; p. 217.

N ew  W h a lin g  Vessel
A new m other ship fo r w haling, w hich is to  replace the 

present m other ship W illem  Barendsz, will be built at a yard 
a t Schiedam  (N .V. D ok- en W erfm aatschappij W ilton 
Fijenoord). T h e  vessel will have a displacem ent of 44,000 tons 
and  a deadweight of 26,500 tons. T w o 5,250 h.p. Diesel 
engines w ill be installed, giving the vessel a service speed of 
14 knots. T he  vessel, w hich will be the largest floating whale 
oil factory in  the w orld, will be able to  reach a p roduction  of 
about 30,000 tons of whale oil and  by-products per season. 
She will be provided w ith  an evaporation p lan t w ith w hich 
about 1,000 tons of fresh w ater per day can be produced. T he 
crew will num ber 500.— N etherlands Econom ic Bulletin, N o. 
126, M arch ( I I )  1953.

M etals under Tensile Load of Short Duration
T he object of the tests described in  th is paper was to 

determ ine the dynam ic yield strengths of various materials 
when subjected to  a certain type of dynam ic loading. Such 
tests have been carried ou t on  fifteen m etals, using  constant 
loads of 5 and 10 milli-seconds duration . These loads were 
produced by the longitudinal im pact o f a brass bar 58 feet 
long. M easurem ents of stress and  stra in  were m ade during  
the tests, and  a com parison of static and  dynam ic strengths 
was m ade on the basis of a 0 1  per cent proof stress when 
possible. I t  was found  th a t for a m aterial w ith  a yield point 
there is a delay period before yielding (under constan t applied 
stress), and for the m ild steel a fu rther investigation was m ade 
using longer load durations, w hich were produced by an 
arrangem ent of buckled stru ts .— Paper by J. G ibson, subm itted  
to The In s titu tion  o f M echanical Engineers for w ritten  d is
cussion, 1953.

French Passenger Liner
A recent issue of the Journal de la M arine M archande 

gives a description of the steam ship Bretagne w hich is now 
engaged in  the M arseilles to  South  America service of the 
Societe G enerale de T ran sp o rts  M aritim es. She is a sister 
ship in  silhouette, general arrangem ent and subdivision, to  
the Provence, com pleted some eighteen m onths ago on  the 
T yne by Sw an, H un ter and  W igham  R ichardson, L td ., and 
has the follow ing principal p a rticu la rs :

Average loaded d raugh t ... ... ... 26ft. Oin.
L ength  overall ... ... ... ... 580ft. Oin.
L ength  between perpendiculars ... ... 540ft. Oin.
M oulded beam ... ... ... ... 73ft. Oin.
D ep th  to  D  deck ... ... ... ... 42ft. 6in.
G ross tonnage ... ... ... . . .  15,500 tons 

T here is accom m odation for 131 first-class, 99 to u ris t and
1,062 th ird-class passengers. T he  crew num ber 258. A pproxi
m ately 353,150 cu. ft. of cargo space is provided in  six 
holds, of w hich N os. 1, 2 and 4, to talling  122,000 cu. ft. 
are insulated. T h e  m ain  m achinery consists of tw o sets of 
three-casing Parsons-Penhoet single-reduction geared turbines 
having a to tal o u tp u t of 15,000 s.h.p. at 150 r.p.m . in  service 
and  17,000 s.h.p. fo r trials. T he h.p. turbines ru n  at 
3,720 r.p .m ., the i.p. turbines at 3,170 r.p .m ., and the l.p. 
turbines at 2,400 r.p .m . for a norm al shaft speed of 150 r.p.m . 
T he h.p. turbines are bladed th roughou t w ith  Hecla A TV -1 
steel. T he  turb ines take steam at 5701b. per sq. in. and 850 
deg. F. from  three Penhoet P  41 w atertube boilers. In  this 
respect, the m achinery differs som ewhat from  the Provence, 
w hich has three Babcock and W ilcox integral-furnace boilers 
delivering steam at 4501b. per sq. in. and 750 deg. F . I t  is 
claimed th a t the Bretagne has an advantage in  th is respect, and 
th a t m achinery has a higher overall therm al efficiency. T he 
o u tp u t of each boiler is 30 tons per hour, and the full load 
efficiency is 87-8 per cent, based on the gross calorific value of 
the fuel. T he superheaters are tubed in chrom e-m olybdenum  
steel and  Penhoet economizers are fitted in the uptakes, followed 
by tw o-pass air-heaters w ith bypasses fo r ligh ting-up  and 
when operating at low  speeds. Each boiler has ten soot blowers 
and  a L indero th  g rit extractor is fitted in each uptake. Bailey 
autom atic feed regulators are employed. As w ith the Provence, 
a Lascroux funnel has been installed to  reduce the nuisance of 
furnace fum es reaching the decks. All the auxiliaries are driven 
by electric m otors w ith  the exception of the tu rbo  feed pum ps. 
A uxiliary pow er supplies are m aintained a t 220 volts D .C . by 
fou r 500 kW . Diesel generator sets and  tw o 750 kW . tu rbo 
generators. T he  Diesel generator sets are driven by six-cylinder 
four-stroke tu rbo-charged S .G .C .M ., G 6V U  55 engines. M ost 
of the pum ps in the m achinery spaces are of G uinard  type,

Inert Arc  W e ld in g
T he sketch show n in  Fig. 6 is a schem atic representation 

of the inert-gas-shielded tungsten-arc  w elding process show ing 
the arc end of the torch. T h is  process is very sim ilar to  the 
carbon-arc process in  th a t the electric arc established between 
the electrode and the w ork provides only a concentrated source 
of intense heat w hich m elts the abu tting  edges of the parts 
being joined. W hen filter metal is required, it m ust be added 
from  an external source. In  th is process, inert gas is conducted 
around  the electrode and  th rough  a nozzle form ing  a gas 
envelope th a t protects the term inal end of the electrode and  
the m olten weld pool. Since the electrode is no t consum ed to  
any appreciable extent, it is held by the w elding cu rren t con
ducto r in  the upper p art of the torch. T h is  process has found  
wide popularity  because of its sim plicity  of operation , its 
ability to  weld practically all metals and  the freedom  from  slag. 
T he  success of th is process soon ted to  the developm ent of 
an  inert-gas-shielded m etal-arc w elding process in  w hich the 
electrode was consum ed and  deposited on  the w ork as filter

F i g . 6— Inert-gas-shielded tungsten arc w elding ( non
consum ing type electrode)
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F ig . 7— Inert-gas-shielded m etal arc welding  
(consum ing  type electrode)

metal. A schem atic sketch of this process is show n in Fig. 7. 
T he  sim ilarity of the tw o processes is quite apparent. In  place 
of the tungsten  electrode a m etal electrode has been substituted 
w hich m aintains the arc between its term inal end  and the 
work. However, in  th is process, the electrode is consum ed by 
the arc and  deposited as weld metal. C onsequently, the electrode 
m ust be fed in to  the arc at a constan t rate to  m ain tain  the 
proper conditions for continued welding. Therefore, instead 
of a connector, the w elding cu rren t m ust be conducted to  the 
electrode by a contac tor along w hich the w ire m ust slide. 
Since, in  th is process, this portion  of the equipm ent not only 
provides the heat for w elding b u t also the filler w ire as well, 
it is no t generally referred to  as a to rch  b u t ra ther as the 
w elding head or gun. As in  the tungsten  arc to rch , the outer 
po rtion  o r barrel o f the m etal arc gun  form s the channel 
th rough  w hich the inert gas flows to  form  the gas envelope 
fo r the protection of the arc stream  and m olten weld metal.—  
T he W eld ing  Journal, Vol. 32, A pril 1953; pp. 299-312.

Photo-elastic Technique for Three-dim ensional Problems
F or the application of photo-elasticitv  to  the stress analysis 

o f three-dim ensional problem s, the existing m ethods rely on 
the “stress-freezing” property  o f therm osetting  resins. T h is  
again requires the m odel m aterial to  have certain characteristics 
th a t are no t always present. T h e  lack of these leads to  experi
m ental difficulties th a t m ay be overcom e only  by skilful 
technique. In  the “sandw ich” m ethod described in  the paper, 
the difficulties associated w ith  stress-freezing— as, fo r example, 
large d is to rtion  of the model and  rind  effect— are avoided by 
loading at room  tem perature. In  add ition  a series of fringe 
patterns is obtained fo r the specific plane selected for investiga
tion , as d is tinc t from  one pattern  only for a frozen slice. 
These patterns are repeatable for the same loading. T he 
difficulties th a t arise in  the p roduction  of a sandw ich in 
“ Perspex” , w ith  “C atalin  800” as the birefringent layer, are 
discussed in  detail. I t is em phasized th a t, before it is made 
u p  in to  the sandw ich, the C atalin  800 m ust be subjected to 
additional curing  to  b ring  its elastic properties in to  line w ith 
those of Perspex; th is also im proves its behaviour at room  
tem perature. Sem icircular notches on round  bars subjected to  
axial tension have been selected to  dem onstrate the correctness

of the solutions obtained, and  the results are in  good agree
m ent w ith  those predicted by N euber. T h e  m ethod has been 
applied also to  the case of a thick cylinder under in ternal 
pressure, to  investigate the increased stresses arising at a 
diam etral po rt, and also to  the estim ation of the stress d is tri
bution  in  n u t and  bolt assemblies. D espite certain  lim itations 
m et w ith  in  each particu lar application, it is evident th a t the 
“com posite m odel technique” described in  the paper provides 
a very useful tool for stress analysis in  three-dim ensional 
problems.— Paper by J. H . Lam ble, read at a m eeting o f The  
In s titu tion  o f M echanical Engineers, 20th  M arch 1953.

Photo-elastic Study of Stresses in Screw Threads
T he several com ponents of the deform ation  of a screw 

subjected to  tension th rough  a n u t have been examined 
theoretically by Sopw ith. H e showed th a t the d is tribu tion  of 
load along the thread was far from  un iform  and  th a t it reached 
its m axim um  intensity  at the plane of the bearing face of the 
nu t. Sopw ith’s conclusions have now been investigated photo- 
elastically w ith  a Fosterite m odel of a stud  and  n u t, using 
the “ frozen-stress” m ethod. A n additional investigation was 
m ade of the stress d is tribu tion  in  a tension n u t w ith  a recessed 
stud , suggested by Sopw ith  as a m eans of rendering  the load 
distribu tion  m ore uniform . T h e  experm en ta l results confirm  
the theory  in  bo th  cases, show ing a large rise in  stress in  
the stud  near the bearing face of the o rd inary  n u t and  a m uch 
m ore un iform  d istribu tion  of stress when the tension n u t is 
used. T h e  stress concen tration  factors determ ined fo r the 
norm al n u t are higher th an  those found  by H etenyi, w ho used 
Bakelite B .T . 61-893 as the m odel material. T h is  difference 
m ay be accounted for partly  by im provem ents in  technique and 
partly  by the greater accuracy w hich becomes possible w ith  the 
use o f Fosterite.— Paper by A . F. C. B row n, subm itted  to  The  
In s titu tion  o f M echanical Engineers for w ritten  discussion, 
1953.

Diesel-electric Pilot Vessel
T he Diesel-electric p ilo t vessel W yuna , bu ilt by Ferguson 

Brothers, P o rt G lasgow , for the P o rt P h illip  Sea P ilo ts’ 
A ssociation of M elbourne, is 185 feet long, 39 feet b road and 
2 2 i feet deep, w ith  a gross tonnage of 1,400. T here is com 
plete liv ing accom m odation fo r tw enty pilots, consisting of ten 
double-berth cabins, w ith  d in ing  saloon and  lounge. C rew ’s 
accom m odation consists of single cabins on  the m ain  deck, w ith 
lounges and  mess-room. Some of the upperw orks, including 
a specially designed m ast and  rad ar support, are of a lum inium  
alloy construction . T h e  Diesel-electric propulsion  m achinery 
was supplied by the English E lectric C om pany, and  installed 
by the shipbuilders. T h e  tw o m otors are capable of developing 
a to tal of 1,400 s.h.p. A n in teresting  feature of the installation  
is th a t all m ain  m achines are fitted w ith  resilient m ountings 
to  isolate m achinery noise from  the p ilots’ and  crew’s accom 
m odation. T he  B ritish Shipbuild ing  Research Association have 
chosen the W yuna  to  carry  ou t special tests on her trials.—  
Sh ipbu ild ing  and Sh ip p in g  Record, Vol. 81, 23rd A pril 1953; 
p. 544.

Com pound Beam Experiments
T h e  in troduction  o f alum in ium  to  ships’ structures 

inevitably raises the problem  of com pound beams, and , indeed, 
if an alum inium  superstructure  of stressed design is used, 
the entire ship itself constitu tes a com pound beam. As part 
of a program m e investigating the stresses produced in  such 
a com posite ship by external loadings and  differential therm al 
expansion, a series of experim ents has been carried ou t under 
the direction of Professor L . C. B urrill a t K in g ’s College, 
N ew castle-upon-T yne. T ests were carried ou t on com pound 
beams fabricated from  B.S. steel and alum inium  sections. These 
researches covered p art of a long-term  program m e and were 
sponsored by T h e  A lum inium  D evelopm ent Association. 
K now n loads were applied and  th e  resulting  strains were 
measured, in  all cases in  detail about a central transverse section 
of the beam, and in  some cases longitudinally  along the flanges 
as well. T h e  basic in tentions were to  check the valid ity  of



94 Engineering Abstracts

the com pound beam theory and also to  get some prelim inary 
idea of the effect of length  on the contribution  of the alloy 
com ponent to  the com pound beam. Some fourteen composite 
sections were tested, the ratio  between alum inium  area and  steel 
area ranging between 3-95 and  0-46. As suitable facilities were 
no t continuously  available at the U niversity, a special testing 
fram e had  to  be constructed. T h is  consisted of a triangu lar 
fram ew ork on  w hich the load bearing rollers rested. T he 
test beam rested on  these rollers and was loaded by a strong- 
back. T h is  strongback was, in  tu rn , acted upon  by a tie bar 
w hich entered a w orm  gear at its lower end. T he strongback 
was so arranged th a t it was possible to  apply a constant bending 
m om ent to  the beam over the length between the load applica
tion  points. In  design th is m achine was given a h igh factor 
of safety and  the scantlings of the m ain fram e were such as 
to  m inim ize deflexion. I t  was capable of an axial load of 
20 tons o r 10 tons on  each load point. T h is gave a m axim um  
constant bending m om ent over the central portion  of the test 
beam of either 180 tons per inch for 3 feet o r 270 tons per 
inch  for 2 feet, there being tw o positions for the load pins. A 
full description of the tests is given in  a report entitled “Some 
Investigations in to  the Behaviour of C om pound Beams in  Pure 
Bending” by E. C. B. C orlett, published by the A lum inium  
D evelopm ent A ssociation .— T he Sh ipp ing  W orld, Vol. 128, 
1st A pril 1953, p. 328.

Insulation of Refrigerated Cargo Liner
T h e  au thors review the various ways in  w hich heat enters 

the cargo spaces of a refrigerated ship. T h is  is discussed in 
relation to  the to ta l dem and on  the refrigerating machinery. 
T h e  effect of various depths of insulation  on  the ship as a 
carrier of refrigerated cargo is examined. In  particular, the 
interdependence of the power of the fans used to  circulate air, 
and  the standard  of insulation, is illustrated for a particular 
example. T he  effect of insulation  and fan  power on cargo 
capacity and  deadw eight is shown. T here is an  optim um  
depth  of insulation  w hich will give a m inim um  of capacity 
lost to  insulation  and  air ducts and a m inim al penalty on  dead
weight. T h e  necessity, in  some cases, to  use insulation  as a 
m eans of m inim izing condensation m ay m ean a heavier insula
tion  in places th an  w ould  be required on  grounds of tem 
perature control. T h e  effect on  heat leakage of position in  
the ship and  type of space is shown. T he  disposition of 
insulation  as between overheading and deck in  a locker is 
discussed. W hile no suitable insulating  m aterial of lower 
therm al conductiv ity  th an  those in  com m on use is at present 
available, the possible savings in  capacity, should one become 
available, are indicated. T he  calculated figures for heat leakage 
are m inim al. In  practice, m argins for deficiencies in  construc
tion  of insulation  and perform ance of refrigerating m achinery 
have to  be allowed. T h e  m ost com m on causes of excessive 
heat leakage are by exchange of air between inside and outside 
of the space and  by a ir m ovem ent th rough  the body of the 
insulation. T h e  m ethods of m easuring the perform ance of the 
refrigerating equipm ent and insulation are discussed and results 
o f m easurem ents on a num ber of ships are quoted. These 
suggest tha t, in  some cases, heat leakage can be fa r in  excess 
o f any estim ate, bu t th a t in  some ships at least agreement 
between m easured and  estim ated heat leakage is reasonably good. 
— Join t paper by K . C. Hales and J. D. Farmer, read before 
T he In s titu te  o f M arine Engineers and The In s titu tion  o f N aval 
Architects, 27th M arch 1953.

Pumps for Solid Fuels
O ne of the first problems w hich faces the designer o f a 

solid-fuel system fo r an open-cycle gas turbine is how to  in tro 
duce the pulverized or granulated particles in to  the com bustion 
space against the cycle pressure. By far the m ost convenient 
m ethod o f achieving th is is to  em ploy a solid-fuel pum p 
designed to  do m uch  the same du ty  as a liqu id  pum p. T he 
prim e need is to  pressurize the fuel particles or, m ore accurately, 
to  pressurize the air in  w hich  they are entrained. U n til recent 
years, no such device had been required and very little work 
had been done on the pum ping  solids, b u t the advent of the

coal-burning gas turbine provided a stim ulus to  research in  
th a t direction. T w o d istinct designs of pum p were developed, 
one of the reciprocating ram  type and  the o ther of the rotary 
plate type. B oth are now giving a good account of themselves 
and are being m anufactured  in  a num ber of sizes. T hey  enable 
b itum inous coal, brow n coal, peat, saw dust o r o ther pow dered 
solids to  be metered and  pum ped in to  vessels pressurized up 
to 10 atmospheres. F o r applications where the w orking pressure 
of the pum p need no t exceed 6 to  7 atm ospheres, the ro tary  
plate u n it is likely to  be chosen on  account of its efficiency, 
com pactness and ability to  handle a w ide range of fuel sizes 
and types. T he  higher pressures call fo r a ram  pum p, as 
described also. T o  date, ro tary  plate pum ps have been made 
in  sizes from  20 to  125 cu. ft. of pulverized fuel per hr., 
bu t larger units can be built if required. C onstructional details 
of these pum ps are as fo llow s: H oused w ith in  a cast-iron  casing 
is a horizontally-m ounted  carrier plate o r disc, w hich rotates 
at constant speed and  is driven by a squirrel-cage m otor 
coupled to  a w orm  reduction  gear-box. A series of pockets 
in  the disc pick u p  fuel at an atm osphere feeding po in t and 
carry  it  around  to  a high-pressure delivery m anifold. A t the 
base of each pocket is a spring-loaded poppet valve w hich 
prevents the fuel particles from  escaping as the disc ro tates; 
w hen the high-pressure discharge p o rt is reached, a blast of 
air unseats the valve and  conveys the pow dered fuel in to  the 
delivery line to  the com bustion chamber. T o  isolate the high- 
pressure side of the system from  the atm ospheric feed po in t, 
tw o circu lar sealing pads are m ounted  one above and  one 
below the carrier disc, spring  loading being provided to  ensure 
a close contact. A ny wear th a t takes place is confined to  the 
sealing pads, w hich are relatively soft com pared w ith  the hard 
chrom ium  plating  of the carrier disc surface. T he  abrasive 
action of solid fuels is liable to  cause differential wear on the 
seals, so the tw o pads are slowly ro tated  by means of a gear 
drive from  the m ain shaft o f the carrier p late; th is keeps the 
surface of the pads lapped in  and  th u s prevents a ir o r fuel 
from  blow ing back in to  the feeding chute. In  the sealing pads 
are ports of a size and section to  m atch  those of the carrier 
plate, sufficient lap and lead being available to  ensure efficient 
and  rapid  evacuation of the pockets d u rin g  the fuel discharge 
period. A continuous stream  of airborne fuel at a un iform  
density is thereby provided. H igh-pressure air trapped  in  the 
em pty pockets is allowed to  escape th ro u g h  an  exhaust pipe 
before the pockets re tu rn  to  the atm ospheric filling point. 
Pum ps of this type have behaved encouragingly in  service, the 
first prototype having com pleted several h u nd red  hours of 
ru nn ing  w ithout any m easurable w ear on the sealing pads or 
carrier plate. Ready access to  the sealing pads is a feature 
of the design, so th a t periodic inspections can be m ade w ith 
ou t difficulty and replacements fitted if necessary. Im portan t 
advantages of these un its  are the m odest pow er consum ption  and 
the range of particle size w hich can be handled ; perform ance 
is equally good on -J-inch lum ps of coal o r on solids pulverized 
so th a t 60 per cent passes a 200-mesh screen.— T h e  O il Engine  
and Gas Turbine, Vol. 21, M a y  1953; pp. 28-30.

Ash  Deposition in Cas Tuib ines
T he loss of power due to  the deposition of fuel-oil ash 

on the tu rb ine blades at present lim its the use of boiler fuels 
in  open-cvcle gas turbines, and therefore prevents the more 
w idespread application of th is form  of prim e m over in the 
m arine and  industrial fields. T h e  natu re  and  occurrence of 
the ash-form ing constituents are discussed, followed bv con
sideration of the possibilities of rem oval o f these from  the oil. 
T here appears to  be no solution along these lines n o r by removal 
of the ash from  the gas stream. A lthough the factors con
tro lling  the deposition of ash on  tu rb ine  blades are no t yet 
fu lly  know n, it has been possible to  th row  some ligh t on  the 
chem istry and  m echanism  of deposition by m aking com para
tive analyses of ash com position of fuels and deposits, and by 
system atic variation of the natu re  of the ash in  the fuels used. 
I t  seems highly probable th a t certain sulphates of low  m elting 
po in t plav a decisive p art in  blade deposition at the tem pera
tures of the Parsons experim ental gas-turbine. T w o  d istinct
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m ethods of reducing ash deposition on  tu rb ine blades have 
been established. I t  has been found  possible, by contro lling  the 
particle size of the fuel droplets, to  lim it com bustion in  such 
a w ay th a t sufficient carbon rem ains in  each particle after it 
leaves the com bustion cham ber to  hold the ash in  an  innocuous 
form . In  th is m anner deposition of the otherwise sticky ash on 
the blade surfaces is very largely reduced. C om bustion loss 
by th is m ethod is considered to be of the order of 1 per cent. 
T h e  second m ethod involves the add ition  of certain  materials 
to  the flame, either by the m edium  of the fuel or of the com 
bustion air. T he  m ost p rom ising m aterials appear to  be the 
oxides o f silicon, zinc, m agnesium , and  possibly alum inium . 
I t  is considered th a t these m aterials function  by preventing 
form ation of the com pounds of low m elting  po in t responsible 
fo r sticking. A lthough all these tests have been carried ou t 
at the norm al turbine inlet tem perature of 565 deg. C. for 
the experim ental p lan t, this is equivalent to  the part-load  opera
tion  of gas turbines operating  w ith  the higher inlet tem peratures 
m ore cu rren t today. I t  is also considered th a t the results will 
be applicable to  gas turbines using som ewhat higher inlet tem 
peratures. In  the tests the beneficial effects of com bustion 
contro l and  the use of certain additives have been confirm ed 
over a relatively short period of tim e only. I t  is no t possible 
to  carry  o u t fu rth er lengthy tests on  the experim ental gas- 
tu rb ine  and  confirm ation of their effectiveness over long periods 
of tim e will be obtained only w hen gas tu rb ine p lan t burn ing  
residual fuel comes in to  operation. T he  authors consider it

likely th a t neither of the above m ethods m ay be completely 
satisfactory on its ow n, bu t th a t a com bination  of factors such 
as tu rb ine design, com bustion contro l, and  the use of additives, 
w ill eventually enable gas turb ines to  operate successfully fo r 
reasonably long periods on  residual fuel w ithou t intolerable loss 
of perform ance.— Paper by  A . T . B ow den, P. Draper and
H . R ow ling, read at a m eeting o f The In s titu tio n  o f M echanical 
Engineers, 24th  A p ril 1953.

Gas Turbines in Closed Com partm ents
T he U .S. N avy is presently constructing  a g roup  of wood

hulled vessels. T o  meet size and  w eight lim itations, gas- 
turb ine engines are being installed fo r generator drive. Problem s 
of design w hich arose in  connexion w ith  the installation  of 
gas-turbine engines in  a closed com partm ent are discussed and 
the solutions as developed at the U .S . N aval E ngineering 
E xperim ent S ta tion  are given. T he  problem s discussed in  
th is paper are: (1) T he  m ain ta in ing  of satisfactory tem perature 
lim its in  the com partm ent, (2) the m ain tain ing  of satisfactory 
lim its on  the exhaust duc ting  and  stack, (3) a com bustion 
air-in let system th a t w ill prevent sea-water droplets entering  
the com pressor, partia lly  silence the com pressor noise, and  give 
a low intake pressure loss, and (4) an  exhaust m uffler tha t 
will partially  silence the tu rb ine  exhaust noise and  give a low - 
exhaust system pressure loss.— Paper by L . W . Shallenberg, 
J. O. W hite  and K . E. Schlachter. A .S .M .E . 1952 A nnua l 
M eeting; Paper N o . 52-A-130.

Schem atic  draw ing show ing com bustion  and  ven tila tion  air-inlet sys tem s, 
com bustion  gas and ven tila tion  a ir-exhaust sy s tem s, and exhaust m uffler
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Temperature and Cas Analysis of Cas Turbine Com bustors
Problem s encountered in  the design of gas-turbine com 

bustors are not essentially different from  those associated w ith 
any o ther industria l com bustion equipm ent except for the 
com plications in troduced by the extreme space lim itations and 
the wide range of fuel-air ratios under w hich the form er m ust 
function . In  a satisfactory gas-turbine com bustor, optim um  
conditions w ith  respect to  preparing  the fuel, perform ing the 
m ixing of fuel and  oxidant, and  p ilo ting  the com bustion m ust 
be accomplished w ithou t the aid of adjustable dam pers o r other 
contro ls w hich function  as operating conditions change. T o  
achieve expeditiously such a design, detailed inform ation  as 
to  the adm ission of the fuel and oxidant and  their subsequent 
m ixing and  reacting is highly desirable. T h is  paper presents a 
report o f explorations of the possibility of obtaining such 
in form ation  by tem perature and gas-analysis surveys in  the 
com bustion zone of a gas-fired com bustor. A rad ian t target 
pyrom eter, developed especially for gas-tem perature m easure
ments, and a sonic-flow  orifice probe sim ilar in  design to  th a t 
proposed by Blackshear have been successfully used in  m aking 
tem perature explorations in  the com bustion zone of a gas- 
turb ine com bustor. A continuous gas-sam pling procedure 
em ploying a Beckman oxygen analyser was used to  make the 
gas-analysis surveys in  the com bustor. F rom  measurem ents of 
oxygen concentration  in  the sample at specified points in  the 
analysis tra in , the percentage by volum e of carbon dioxide,

[  ?

SECTION AA

C om bustor test apparatus

oxygen, carbon m onoxide, saturated hydrocarbons, and  nitrogen 
were determ ined. F rom  such gas analyses the fuel-to-air ratio 
th roughou t the traversed region was calculated. D ata  presented 
indicate tha t the m axim um  gas tem perature in the com bustor 
occurs where the fuel-air ratio  is near stoichiom etric. There 
are regions of unburned  fuel and  carbon m onoxide w ith  a 
deficiency of oxygen in  the upstream  portions of the chamber, 
indicating  th a t these regions are not being used effectively for 
com bustion. T here is a good correlation between the tem pera
tu re  and  the fuel-air ratio  in  the com bustion zone. T he  Black
shear tem perature probe proved to  be a m ore convenient and 
reliable tem perature-m easuring instrum ent th an  the target 
pyrom eter fo r th is  application. T he  gas-analysis procedure 
gave consistent and reproducible results for fou r constituents, 
oxygen, carbon dioxide, carbon monoxide, and hydrocarbons 
w ith in  + 2 per cent. T h rough  the use of the tem perature- 
m easuring and  gas-analysis techniques discussed, valuable 
design inform ation  for use in  gas-turbine com bustors m ay be 
obtained, the paper states. T he  effect of variation of fuel and 
air d istribution  in  the com bustion cham ber on the bu rner per
form ance m ay be studied.— Paper by K . L. Rieke, A .S .M .E
1952 A nnual M eeting  Paper, N o. 52-A-97.

Corrosion in Condenser Systems
T he m ain  effort of long-stand ing  research in to  th is subject 

by the B ritish N on-F errous M etals Research A ssociation is 
now devoted to  a study of intercrystalline attack  of certain 
m aterials w hich are widely used because of their h igh resistance 
to  im pingem ent attack. In tercrystalline attack, sim ilar in  form  
to  th a t occasionally encountered in  practice, has been repro
duced in  the laboratory, and  the factors responsible fo r such 
failure are being studied. O ne of the alloys developed for 
m arine w ater services in  the course of th is w ork is extensively 
ho t- and  cold-w orked in  installation, and  some troubles have 
been encountered in  hot-w orking the sem i-finished products. 
D u rin g  the year it has been show n th a t these are largely 
attributable to  the effects of m inor im purities and  recent 
experience suggests m ethods of contro lling  their effects.— T he  
M arine Engineer and N aval A rchitect, Vol. 16, M a y  1953; 
p. 218.

Tests w ith Stork Hesselman Engines Runn ing on Heavy Fuel
After having pointed ou t tha t the fuels indicated by the 

term  “boiler oil” com prise a wide range of viscosities and  con
stituents, m aking the task of the engine builder a ra ther diffi
cu lt one, the au thors deal w ith  the various aspects o f adap ting  
the large engine in  question to  the use o f such fuels. I t  is 
stated tha t the wear of cylinder liners, pistons and  piston rings 
will undoubtedly  be considerably higher as com pared w ith  
operations on Diesel oil, involving higher costs o f m aintenance 
and  more frequent overhauls. A w ell-trained engine room  staff 
is of the u tm ost im portance. S tork have confined their test 
m ainly to heavy fuel grades w ith a m axim um  viscosity of 1,500 
seconds Redwood I at 100 deg. F ., an d  a double-acting tw o- 
stroke engine type of 720 mm . bore by 1,200 m m . stroke was 
chosen for the tests. A single-cylinder test engine of 540 mm. 
bore and  900 mm . stroke was ru n  successfully on a 3,500 
seconds Redwood I fuel. Tests have also been carried o u t for 
a short time on four-stroke trunk-p iston  m arine auxiliary 
engines, where rapid  contam ination  of the crankcase oil was 
experienced. O n the first-m entioned engine it was found  th a t 
the preheated fuel had  to be circulated to  the h.p. fuel pum ps 
a t a pressure of 2-2 5 kg. per sq. in. to  ensure an un in terrup ted  
flow to the pum ps. T he rather long fuel pressure delivery 
pipes were heated by small steam pipes, both  pipes being lagged 
together. T he m aster fuel valve fo r the bottom  cylinders, used 
up  to 1952, had to be dispensed w ith  in  order to  get good 
injection on  boiler oil and  the inner diam eter o f the fuel 
delivery pipes was decreased when using ho t fuel so as to  bring  
the static pressure between injections to  an  acceptable low level. 
(These sm aller-diam eter fuel lines are now standard  on S tork 
engines.) Fuel cam  settings rem ained unaltered w hen changing 
over from  Diesel oil to heavy fuel. In jector valve cooling was 
switched over from  Diesel fuel to fresh w ater, kept a t 15 deg. 
C. in order to  avoid carbon trum pet form ation a t the nozzles. 
G radual heating up of the fuel pum ps by gradual c irculation  of 
heated fuel oil is practised, the fuel lines are heated by means 
of the steam pipes adjacent to them , and  the fuel injection 
valves are heated th rough  a heater in  the nozzle cooling water 
circuit. Fuel consum ption  rem ained norm al, taking in to  
account the slightly  lower calorific value of the heavy oil. 
Piston rod stuffing boxes had to  be lubricated w ith  a doped 
lubricating  oil to prevent lacquer form ation  on  the p iston  rod 
protecting  tubes. T he  cap nu ts o f the bottom  fuel valves were 
chrom e-hardened to prevent corrosion from  com bustion  p ro 
ducts. T he fuel valve parts com ing in to  con tac t w ith  the cool
ing w ater were cadm ium  coated against corrosion. As for 
cylinder cooling w ater tem peratures, S tork  recom m ends 60 deg. 
C. inlet and  70 deg. C. a t the outlet. As a b road conclusion, 
in the light o f these tests i t  m ay be said th a t no m ajor m odifica
tions have been found  necessary on the large S tork  tw o-stroke 
engines to  enable them  to use heavy fuel.— Paper by G. W ieber- 
dink, and A . H ootsen, read at the In ternal C om bustion  In ter
national Congress, M ilan, 1953. A bstract in Gas and  Oil 
Power, Vol. 48, M ay 1953; p. 124.
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Grinding Large Crankpins on Board
W hen the crankpins of a large Diesel engine require to be 

trued  up  and  grind ing  can  be em ployed, it represents an 
extremely im portan t saving of tim e and  m oney if the opera
tions can  be effected w ith  the m achinery in  place. A n illustra
tion  is given of this procedure being undertaken on  a D oxford- 
type engine, one of two un its on board a P. and  O. S.N . C om 
pany’s cargo liner, the aggregate o u tp u t of the m achinery being
12,500 b.h.p. a t 112 r.p.m . T he cylinder diam eter is 725 mm . 
and  the com bined stroke 2,250 m m ., the diam eter o f the centre 
crankpins being about 560 m m ., or approxim ately 22 inches. 
T he side rod  pins require no attention , in th is instance. T he 
necessity for th is g rind ing  operation was no t due to  norm al 
wear on  the engine bu t to  a m ishap in  w hich the sh ip  was 
involved. T he  w ork was undertaken by N icol and Andrews, 
G lasgow, w ho com pleted the g rind ing  of the p ins, five in  each 
engine, in  a fraction of the tim e otherwise needed had the 
engines been dism antled for the shafts to be taken ashore. Such 
a process w ould have m eant im m obilizing the ship fo r about 
three m onths and  the m onetary saving can scarcely be estim ated. 
T he m achine is driven by an  electric m otor and  the tool is 
traversed along the p in  by hand. However, an autom atic 
m achine will shortly  be in p roduction .— T h e  M o t err Sh ip , Vol. 
34, June 1953; p. 107.

N ew  Hand Propelling Gear for Lifeboats
M inistry  o f T ran sp o rt approval has now been given for 

the hand-operated  propulsion gear developed and  m anufactured  
by V iking M arine Co., L td ., builders of corrosion-resisting 
a lum inium -alloy  lifeboats. I t  consists of a m ain  pulley on  the 
centre thw art by three vee-belts connecting  the pulley to the 
propeller shafting. A crank is fitted forw ard and  a ft of the 
pulley, each being set a t 90 degrees to  the other. T o  propel 
the boat, the persons operating  the gear sit facing inboard and 
each rotates the respective crank. T he  gear show n is fitted on a 
24-ft. boat having a beam of 8ft. 6in. and  a  depth  of 3ft. 6in. 
I t was tested by the M .o .T . w ith  a load corresponding to  forty 
persons, and  w hen propelled by ten m en gave a speed of 3-73 
knots. O n larger boats of, say, 30 feet, it is likely tha t an

charging air, etc., be kept as small as possible. So it is just a  m atter 
of getting as m uch  energy as possible from  the exhaust gases 
in  order to  obtain  the highest possible charg ing  density in  the 
cylinder, thus to reduce the m echanical w ork required for 
scavenging and  charging, and  w ith  it the fuel consum ption. 
T h is  can  on the one hand  be achieved by h igh efficiencies of 
exhaust gas turb ine and  blower, w hich can  be obtained by 
system atic developm ent of norm al un its  o r by special designs, 
like the T osi u n it described in  the paper by Scirocco-Casci, or 
the M .A .N . tu rbo  un it, m entioned tw o years ago in  Paris. O n 
the o ther hand  the energy available for the turbine can w ith in  
certain  lim its be artificially increased by the use o f the exhaust 
pulse. T he  system described, however, only partly  uses dynam ic 
im pulse waves and  their reflections and  is m ainly based on the 
static loading of the exhaust volum e between cylinder and  tu r
bine, w orking, therefore, w ith  a definite storage capacity  to  the 
turbine. In  a four-stroke engine the factors are favourable in 
th a t the cylinder on  starting  u p  acts as its ow n scavenge pum p 
and tha t, as a result o f the higher com bustion tem peratures per
missible, the exhaust tem peratures and  thus the exhaust energy 
are higher. H ere tu rbo-charg ing  has become general since its 
in troduction  about th irty  years ago by Biichi and  usually  makes 
use of the exhaust pulse principle. In  the tw o-stroke, for some 
tim e it has n o t been th o u g h t possible to  om it the separate 
scavenge pum p, w hich, especially on starting  up  and  a t part 
load, where the exhaust gas tem peratures are insufficient for the 
exhaust turbine, delivers the excess energy required. N ow , by 
the m axim um  use of the exhaust energy it has been found  pos
sible to leave o u t the scavenge pum p. In  the large tw o-stroke 
engines w ith  com m on charging pressures of 1'6 atm ., sufficient 
energy can be obtained by using the exhaust im pulses if the 
exhaust cross section is increased sufficiently fast and  the volum e 
of the exhaust line is kept sufficiently small. W ith  higher 
charg ing  pressures on the other hand the constan t pressure 
turbine can become m ore favourable. T he  au th o r discusses the 
advantages and  disadvantages of operation w ith  and  w ithout 
scavenge pum p, w ith  different arrangem ents of turbine and 
scavenge pum p (series, parallel, etc.). A fter a general discussion 
of the turbo-charg ing  of bo th  four-stroke and  tw o-stroke

P O R T A B L E ' 
BUO YAN CYl 
\ T A N K S  I

General arrangement plans o f V iking  lifeboat w ith  hand-propelling gear
M ID S E C T IO N  L O O K IN G  A F T

extra pulley and  cranks will be fitted. Installation  is a rela
tively simple m atter and  the gear could  be fitted to  all types 
and  sizes of boats. A lthough still in the early stages of p ro 
duction , it is stated tha t the cost of the gear for a 24-ft. 40- 
person boat will be alm ost £70 less than  th a t fo r the lowest- 
priced 8 h.p. m otor installation  and  cheaper than  existing form s 
of hand-propelling  gear. C urren t regulations can be interpreted 
to  allow  such a m echanical arrangem ent to be used instead of a 
m otor for lifeboat p ropulsion duties. T he  ten tankers w hich 
have been ordered by the Low land T anker Co., L td ., will each 
have one of the four  lifeboats fitted w ith  the new V iking hand 
gear, w hich is based upon  an original design by Burness, 
K endall and  Partners, L td ., naval architects.— The M o tor Sh ip , 
Vol. 34, June 1953; p. 97.

Turbo Supercharging of Large Tw o-cycle  Diesels
T he essential advantage of supercharging is, th a t one burns 

m ore fuel by having a greater w eight of air in the cylinder and 
thus the o u tp u t is increased. A t the same tim e the increase 
of the heat load should, by sufficient residual air, cooling or

engines, the au tho r passed on to a consideration of troubles 
w hich m ay occur in  the turbo-charger w hen using heavy oils. 
These include fouling by coke-like residues o r ash deposits of 
both engine parts and  the tu rbo-charger turbine. T he deposits 
are sometimes corrosive at tem peratures over 500 deg. C., the 
corrosion being vanadium  attack. Experience shows th a t acid 
condensation, due to  the tem perature falling below the dew 
points, very rarely occurs.— Paper by Dr. Carletti, read at the  
Internal C om bustion Engine In ternational Congress, M ilan,
1953. A bstract in  Gas and O il Power, Vol. 48, M ay  1953; 
pp. 121-122.

Lim itations of Boiler Fuel for Diesels
T h e  paper deals w ith  service experience w ith  m arine p ro 

pulsion engines and  tests on  relatively small m edium -speed 
engines operating  o n  various grades of boiler fuel. I t  is held 
th a t no t all such engines, having a bore of from  200 to  500 
m m . w ould be capable of operating  satisfactorily on  the m ore 
viscous fuels, bu t reasonable perform ance can be expected from  
m any engines in this category on  low or m edium  viscosity fuel
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oil, especially w hen used as generating sets w ith steady opera
ting  conditions. Results on tw enty-three tankers ow ned by the 
British T anker C om pany on  fuels of up  to  1,500 seconds Red
wood I at 100 deg. F . are reported on in the paper and it  is 
m entioned th a t tw o ships have operated experimentally on  fuels 
up  to 3,500 seconds. Special a tten tion  is given to fuel valve 
w ater-cooling, w ith  inlet tem perature of 46 deg. C. and  52 deg.
C. a t the outlet, for the purpose of preventing local fuel tem 
perature rise and  therm al cracking of the fuel a t the nozzle tips. 
C ylinder liner wear figures are given for both  tw o-stroke and 
four-stroke engines ru n n in g  o n  Diesel fuel and, for com parison, 
on boiler fuel. I t  is held th a t ash-form ing constituents o f the 
boiler fuel are .m ainly responsible for the increase of abrasive 
wear experienced, su lphur only playing a small p a rt because 
liner skin tem peratures do n o t norm ally fall below the dew 
po in t of su lphurous gases; the thickness of cylinder liners on 
large m arine engines ensures th is condition. Regular drain ing 
of scavenging belt spaces of two-stroke engines is strongly 
recom m ended w hen using heavy fuels, so as to  avoid the 
accum ulation of excessive deposits and  the danger of scavenge 
m ain fires. E xhaust valve guttering  is reported to  be a com m on 
phenom enon w hen ru nn ing  four-stroke engines on  boiler fuel, 
and  th is necessitates m ore frequent a tten tion  to  exhaust valves. 
I t  appears th a t fuel valve condition  has a m ajor effect upon 
exhaust valve failure from  seat guttering. G uttering , w hich 
is illustrated in the paper, can be counteracted by using 
im proved valve lid  m aterials and  better cooling of the valve 
assembly and  seats. T he  phenom enon of valve guttering  is 
explained as being due to  the valve seat becoming coated w ith 
m olten sodium  sulphate, w hich ultim ately breaks away locally 
to  allow gas passage and  erosion to  occur. Increased nozzle 
hole diam eters were adopted for heavy fuel operation for two 
reasons: (a) to  com pensate for the reduced volum etric calorific 
value of the fuel oil as com pared w ith Diesel oil, and (b) to lim it 
the increase in fuel line pressure. Increased nozzle hole size 
results in  increased droplet size and  greater penetration of 
the sprays, w ith  the effect tha t an  increase in  spray im pinge
m ent upon  the p iston  crow n becomes noticeable. I t  is believed 
by the au thors tha t m ore holes should be a better way of getting 
more orifice area, and  it is also though t th a t increased fuel 
valve lift pressures should affect the spray droplet size favour
ably and  so yield better results. I t  m ay be noted th a t other 
investigators recom m end a decrease in  nozzle hole diam eter for 
runn ing  on  heavy fuel. L aboratory tests were carried ou t on 
m edium -speed four-stroke engines of 230, 250 and  400 mm. 
bore a t 450, 600 and  333 r.p.m . respectively, both norm ally 
aspirated and  pressure charged. Sprayer tip  location was m odi
fied after ru n n in g  for some tim e at different loads in order to 
get rid  of carbon deposits on the cylinder head and  spray valve 
caused by spray im pingem ent. Small carbon trum pets were 
found  on  the spray nozzles and  all exhaust valves were fairly 
heavily pitted, w ith  one slightly guttered. T he m ean wear rate 
over 1,310 hours operation on heavy fuel was 2 i  thousandths 
per 1,000 hours. Bearing in  m ind  the severe test schedule, it 
is considered th a t such an  engine w ould ru n  for 1,000 hours 
between piston overhauls a t norm al service load factors. T h is  
period could be extended if a heavy-duty lubricating  oil were 
used; stra igh t m ineral lubricants were used during  the tests.—  
Paper by G. M . C hristie and C. L . Bailey, read at the Internal 
C om bustion  E ngine International Congress, M ilan  1953. 
Abstract in Gas and Oil Power, Vol. 48, M ay  1953; pp. 
124-125.

New  De Laval Pressure Charger
T he new D e Laval turbocharger has been designed and 

developed specifically for high-pressure pressure-charging ser
vice. T he series A model, w hich has been bu ilt in tw o different 
sizes, is designed for a pressure ratio  of 2 to  1 under full-load 
engine operating  conditions, and  slightly higher under engine 
overload conditions. T he  later m odels are being p lanned to  
be capable of p roducing  pressure ratios of 3 to  1 under engine 
full-load conditions. One of the ou tstand ing  characteristics 
of the D e Laval pressure-charger is the high efficiency of the

turbine and  the compressor. T he com pressor is o f the m ixed- 
flow type, so called because the air enters axially an d  flows 
th rough  and  ou t of the impellers p a rd y  axially an d  partly  
radially. T h is  type of com pressor was orig inated  by De Laval 
m ore than  twenty-five years ago, and  has gradually  been refined 
aerodynam ically and im proved structurally , u n til today efficien
cies and perform ance characteristics are obtained w hich are sub
stantially better than  those w hich can  be achieved w ith  either the 
axial-flow  type or the radial-flow  centrifugal type, the latter being 
com m only used in  conventional pressure-chargers. A departure 
from  conventional practice was also m ade in  the design of the 
turbine, because it was found  tha t the desired turbine characteris
tics and  high turbine efficiency could  no t be obtained by using 
the conventional axial-flow type o f turbine. T he  mixed-flow  
centripetal turbine— w hich De Laval first developed as long 
ago as 1928— was found to  be m uch  m ore suitable for service 
in  exhaust-gas-turbine-driven pressure-chargers. One of m any 
attractive features of the centripetal tu rb ine is the fact th a t 
its blades are very rugged and  th a t they are few in num ber. 
In  the axial-flow  turbine, m any m ore blades are necessary and, 
therefore, they m ust be com paratively narrow  an d  delicate. 
T he  construction  of the ro to r in  the new design is also different 
from  th a t of any o ther pressure-charger curren tly  available. 
T he mixed-flow im peller and  the centripetal tu rb ine wheel are 
com bined in  a single ro to r structure  in  w hich the com pressor 
blading is carried on one side of the ro to r hub and  the turbine 
blading on the opposite side. T h is  arrangem ent elim inates all 
parasitic losses such as turbine and  com pressor leakage, w indage 
and  friction  of non-w orking surfaces— losses w hich are 
unavoidable in  a design em ploying separate com pressor and 
turbine rotors. By elim inating these losses, the turbine and  
com pressor efficiencies are substantially im proved over and  
above the im provem ents already achieved by the aerodynam i
cally highly im proved mixed-flow com pressor b lading and  the 
refined centripetal turbine blade configuration. T h is  so-called 
“M onoro to r” construction  offers the additional advantage of 
extreme sim plicity, e lim inating a great num ber of parts such 
as a ir and  gas seals and  partition  walls. T he  m ixed-flow  com 
pressor has an  axial a ir inlet and  a vaneless diffuser, term inating  
in a scroll housing from  w hich the a ir is discharged tangen- 
tially. T he  use of a vaneless diffuser is largely responsible for 
the wide com pressor operating range, and  makes the com pressor 
capable of efficiently serving a variety o f engines having different 
airflow  requirem ents. T he turbine nozzle box receives the 
engine exhaust gases in  a tangential direction, th rough  a single 
inlet, and  contains the tu rb ine nozzle guide vanes w hich p ro 
vide for full adm ission in all applications. T h e  guide vanes 
d irect the flow radially inw ard in to  the turb ine blades, from  
where they are discharged in to  the passages form ed by the 
blades of the turbine wheel. T he exhaust gases are then dis
charged into an  exhaust diffuser, w hich is coaxial w ith  and  a 
p art o f the turbine housing. T he turbine housing is m ade from  
a heat-resisting alloy, and  is insulated and  lagged instead of 
being water-cooled.— Gas and O il Power, Vol. 48, M a y  1953; 
pp. 105-107.

Heavy Fuel Oil for Geared M arine Diesels
Crosshead engines w ith p iston rod  stuffing boxes do not 

suffer from  crankcase oil contam ination  by com bustion  resi
dues. Even if the ash content o f the fuel is reduced to  0 02 
per cent, it should be appreciated th a t th is apparen tly  very 
low figure works ou t to  be about 8 kg. of abrasive products 
a day passing th rough  a 10,000 b.h.p. engine. Sp lit-type  filters 
in  the delivery fuel lines to  the injectors are recom m ended to 
prevent choking o f the nozzles. All norm ally used analysis 
figures of the fuels are thoroughly  discussed in  the paper and  
their value for judging com bustion quality  indicated. C on
cerning the measures to be taken to  im prove the ru n n in g  of 
Diesel engines on these heavy fuels the au th o r recom m ends a 
tho rough  preheating of the engine before starting  w ith  fresh 
cooling w ater to 40 to  50 deg. C. Also, pistons cooled by oil 
should be b rought to  an adequate tem perature. A m ple time 
should be allowed for this, eight hours being norm ally required.
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G reat im portance is attached to the m ethods of purify ing  and  
filtering the fuel before use and  also before taking the fuel 
in to  the bunkers. A com bination of disc type filters w ith 
strainers is recom mended. Engine room  personnel should be 
well trained in  the use of heavy fuels and  supplied w ith  such 
m eans an d  instrum ents as are needed to examine the properties 
of the fuel bunkered and  to judge the engine condition  in  ser
vice. Oil concerns and  engine builders together should make 
system atic efforts to  facilitate the ru n n in g  of Diesel engines 
on heavy fuels for the benefit of engine users. T he au tho r 
stresses the increasing tendency to  use geared Diesel engines 
as a com petitor of geared turbine drive and  generally examines 
geared Diesel drive. A favourable p o in t regarding operation 
on  heavy fuels is tha t geared engines can quickly be discon
nected w hen lower ship speeds are required, enabling the 
rem aining engines to  continue to  ru n  a t h igh  load. T h u s the 
heating of heavy fuels and  the cooling of cylinder jackets, 
cylinder covers, and  pistons, and  o ther conditions rem ain m ore 
or less unchanged. T he same applies to  the fuel injection 
pum ps and  valves.— Paper by W . Brose, read at the Internal 
C om bustion  International Congress, M ilan, 1953. A bstract in 
Gas and Oil Power, Vol. 48, M ay  1953; pp. 126-127.

Tests on the Use of Heavy Fuels in Tosi Four-stroke Exhaust Cas  
Supercharged Diesel Engines

T he au th o r describes com parative tests w ith  gas oil, Diesel 
oil and  heavy oil w hich the firm of F ranco  T osi carried o u t on 
the test bed a t Leguano w ith two m edium -size engines. One 
of them , an  unsupercharged engine, had  one cylinder o f 310 
m m . bore by 405 mm . stroke and  ran  a t 500 r.p.m . W ith  heavy 
oil a m ean pressure of 6'5 kg. per sq. cm. was reached against 
7 '2  kg. per sq. cm . w ith  gas oil, the exhaust tem perature being 
slightly  higher th an  w ith gas oil at the same load. T he  second 
engine was a six-cylinder engine o f 310 mm . bore and  450 mm . 
stroke ru n n in g  a t 428 r.p.m . I t  was pressure-charged on the 
B uchi system w ith extensive u tilization  of the exhaust impulses. 
T he turbo-charg ing  set used was of the latest B uchi design 
w ith centripetal turbine and  centrifugal blower and  was m ade

Section through the new B u ch i-T o si centripetal turbo-charger 
m entioned in the paper by Prof. Casci and D o tt. Ing . Scirocco

by T osi. T h is  arrangem ent excels by its effective use of the 
exhaust energy, dem onstrated by high charg ing  pressures w ith 
low exhaust tem peratures. B oth w ith  gas oil an d  w ith  heavy 
oil m ean pressures of 9 5 kg. per sq. cm. were reached, w ith 
fuel consum ption  increased in  roughly the inverse proportion  
of the calorific value of the fuel. In  order to  determ ine the 
extent of fouling of the engine in  continuous service, tests were 
carried ou t w ith Diesel oil fo r 48 hours’ du ra tion  at 9 8 kg. 
per sq. cm. m ean pressure and  w ith  heavy oil for 88 hours a t 
9 25 kg. per sq. cm. T he  rate of fouling is show n in diagram s 
in  the paper. T he  deposit was, as expected, som ewhat greater

Transverse section through the T osi Q 34- 
type  engine w hich is one o f the test units  

referred to

w ith  heavy oil operation than  on gas oil; bu t, a lthough  the 
tests were short, the deposits were no t excessive w ith  either fuel. 
In  order to  estim ate the increase in  fouling, the deposits in  the 
individual cylinders were scraped off and  weighed several times 
during  the tests. F rom  th is it was apparen t tha t, after a rapid  
increase o f deposits du ring  the first hour, the rate slowed down. 
T h e  conclusion was draw n th a t in  longer service no difficul
ties need be expected in  this respect b u t the rappo rteu r thinks 
th is to  be a little optim istic. N o th ing  definite could  be said 
about wear because of the short du ra tion  of the tests.— Paper 
by Prof. Casci and D r. Ing . Scirocco, read at the In ternal C om 
bustion Engine International Congress, M ilan, 1953. A bstract 
in  Gas and O il Power, Vol. 48, M a y  1953; p. 120.

Tw o  Y ears’ Experience w ith Sulzer Engines on Heavy Fuel
A review is given of the application  of boiler oil to  three 

Sulzer tw o-stroke, double-acting p ropulsion  engines o f the 
6 D S D  60/100  type. T hey  are installed in  the m otorsh ip  
Bastogne. In  the Sulzer engines m entioned the crankcase is 
properly separated from  the cylinders, w ith  stuffing boxes on 
the p iston  rod  protecting  tubes. T he fuel pum ps and  nozzles 
are o f the classic Sulzer design. T he  pistons are oil-cooled, 
the cylinder liners an d  cylinder heads being cooled by water. 
A n efficient spark arrester has been found  absolutely necessary 
w ith  heavy oil operation so as to  prevent fires on the bridge 
orig inating  from  carbonaceous deposits in  the cylinder ports 
w hich m ight be carried to the outside atm osphere by the exhaust 
gases. T he  injectors are cooled w hen the engine is ru n n in g  
and  preheated before starting  by means of a w ater circuit. T he 
injectors were modified in  o rder to  circulate heated fuel th rough  
them  w hen stand ing  and  to  obtain really efficient cooling around  
the nozzles w hen running . D etailed in form ation  on  the m odi
fications carried ou t on the p iston  rod  stuffing boxes is given 
by the au thors w ho note th a t the norm al un its, com prising 
three scraper rings w ith  dow nw ards edges, have been supple
m ented by tw o additional upper scraper rings w ith  upw ard  
edges for collection of the oil and  com bustion  deposits. T he 
tw o sets of scraper rings are separated by an  interm ediate piece 
th a t drains the oil collected by the tw o u pper scraper rings,
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and fitted w ith a connexion to  the scavenging air receiver. The 
stuffing boxes call for very efficient and  careful m aintenance. 
T he nozzle hole diam eters were decreased from  0 45 to  0'40 
m m . for the upper nozzles. Those of the undersides were 
reduced from  0 40 to  0 375 mm . and  from  0 45 to  0 425 mm. 
T h is  resulted in  less penetration of the sprays while no trouble 
was experienced th rough  the increase in injection pressure. 
T he  pipelines for boiler oil on the engines were heated by 
steam lines insulated w ith the fuel lines. Each engine has an 
inspection box from  the cooling water outlet of each injector 
so as to enable each valve to be checked individually. T he 
injector needles have a clearance in the guide of 0 01 mm . 
instead of the usual value of 3 to 4 m icrons. T he fuel pum p 
plungers have the same clearance in  their bushes in  order to 
avoid sticking w hen warm. T he  clearance of the eccentric- 
driven push  rod drives for the fuel pum p suction valves has 
been modified to  about 6 m icron. T here are no spill valves 
in the pum ps. These considerable clearances cause rather heavy 
leakages if Diesel oil is used interm ediately. T he authors give 
w arning tha t a ra ther high test pressure is required for the steam 
jackets of the filter bodies and  the fuel preheaters in order to 
avoid the risk of cracking w ith consequent contam ination  by 
fuel oil of the boiler w ater circuit. In  conclusion, it is stated 
tha t ash and  u n b u rn t fuel residues are more likely than  sulphur 
to  be the cause of difficulties w ith  cylinders and  pistons. T he 
remedy to  the present situation  should be found  in  an  im proved 
preparation of the fuel, in  m ore efficient ways of centrifuging 
and  filtration. Generally, the cylinder wear of two-stroke 
engines doubles w hen boiler oil is used instead of Diesel oil. 
T ria ls  w ith chrom ium -plated  cylinder liners are to be made a t a 
later stage.— Paper by W . Sazanoff and P. P luys, read at the 
Internal C om bustion  Engine International Congress, M ilan,
1953. A bstract in  Gas and Oil Power, Vol. 48, M ay  1953; 
p. 127.
Increased Steam Efficiency for M otor Ships

W ith increasing steam requirem ents on  m any classes of 
cargo and  oil-carry ing m otor ships, there is special interest in 
the proposals p u t forw ard by T he Superheater Co., L td ., to 
im prove the superheat conditions for the auxiliary m achinery 
and  ancillary steam services. By such provision, the loss is 
avoided from  the appreciable steam condensation w hich occurs 
w ith  saturated steam, leading to the cost of feed w ater replace
m ent by evaporation. M aintenance costs, too, can  be high for 
the auxiliary m achinery, ow ing to the expenditure required to 
make good the wear and  tear on valves. T hus, m any British 
and  C ontinental owners have favoured the superheating arrange
m ents for oil-fired Scotch-type boilers, whereby an  increase in

tem perature of 50 degrees is given. However, it has been found 
difficult to  m aintain  a constan t superheat tem perature ow ing to  
the wide variation in boiler load encountered in  cargo ships, 
and  m ore especially tankers. I t  is only possible to  design a 
superheater to give a specific tem perature a t a given evapora
tion, and , as in  the past it has been custom ary to  base the 
design on the norm al evaporation, the consequence has been 
th a t a t the lower boiler loads little or no superheat is obtained. 
M any m otor ships have their boilers arranged for forced 
d raught w ith  cold air, this being due to  difficulties in  fitting a 
g as/a ir heater in  the lim ited available space. However, the new 
scheme evolved by T he Superheater Co., L td ., embodies a 
smoketube superheater w hich, a t norm al evaporation, will 
increase the steam tem perature by 150-180 degrees, w ith the 
superheated steam passing th rough  a s team /air heater. Usually, 
the size of boiler tubes is 2% inches outside diam eter and a 
superheater giving a 50 deg. F . rise can be fitted in these w ith 
ou t restriction of the gas-free area. If  the superheater is to 
have a greater heating surface, as is now  proposed, the size of 
the boiler tube should be a t least 3 inches outside diameter. 
In  a typical installation w ith  a boiler evaporating a t norm al 
load (17,0001b. o f steam per hr.), the steam tem perature of 
580 deg. F. is reduced a t the outlet of the s team /air heater to 
430 deg. F .; at the same time the a ir tem perature is increased 
from  80 deg. F . to 326 deg. F. A dam per is fitted in  the air 
ducting  to  the steam /air heater so tha t the final tem perature 
leaving this heat exchanger can  be m aintained a t 425 deg. F., 
irrespective of the boiler load, by con tro lling  the am oun t of 
air passing over, or bypassing, the s team /air heater. F o r this 
installation, the overall dim ensions o f the s team /a ir heater 
w ould be 3ft. 3in. by 3ft. 2in. by 1ft. 9 iin ., an d  it w ould 
com prise a num ber of gilled tubes attached to inlet and  outlet 
headers. Such a com pact u n it could  be fitted in any position 
between the fan and  the furnace fron ts— an  advantage in the 
norm ally restricted space in  m otor ships. T he  pressure loss 
on the steam side is about 31b. per sq. in. an d  the d rau g h t loss 
on the a ir side about 1-2 inches. I t  is contended th a t 50 deg.
F. superheat in  the steam, m aintained constantly , will give a 
saving in  the fuel bill of about 5 per cent, and th is can  be 
m aintained w ith  the proposed arrangem ent a t a constan t figure 
of 425 deg. F ., w hich meets the classification societies’ require
m ents fo r allow ing norm al materials fo r the valves and steam 
lines. F urther, this tem perature, 425 deg. F ., is m aintained 
over the whole range of boiler loads, so tha t full econom y is 
obtained a t all times w hen the steam auxiliaries, heating coils 
and  other services are in  use, both in p o rt and  at sea.— The  
M otor Sh ip , Vol. 34, June 1953; pp. 123-124.
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Some Notes and Results Relating to the Use of Heavy Fuel Oils 
in Marine Diesel Engines

T he au tho r states tha t the interest of the Diesel engine 
m anufacturers in arranging for the use o f boiler oil is to give 
the owners the best possible assistance in reducing operation 
costs and  thereby further increase the advantage of Diesel 
engines com pared w ith steam turbines. F rom  the  po in t of 
view of the engine builder it is held th a t norm ally boiler oil 
can be used w ith  propulsion engines provided w ith  suitable 
scavenging and  fuel injection systems. A possible increase of 
m aintenance w ork w hen burn ing  boiler oil will generally be 
due to deposits and  greater wear in  com parison w ith  operation 
on  Diesel oil. In  m any cases it seems possible to  reduce these 
difficulties th rough  the cylinder lubrication. Auxiliary m edium - 
speed engines will be more sensitive to  boiler oils of poor quality  
than  the m ain engines. T he  fuel valves of m ain and  auxiliary 
engines of the B. and  W. type are norm ally cooled w ith Diesel 
oil from  a separate circuit w hen ru n n in g  on  boiler fuel. 
S uperior com bustion properties and a simple fuel injection 
system, w hich is easy to  adjust and to  overhaul on  board, are 
the first and  forem ost requirem ents for runn ing  on  heavy fuel. 
T runk -p iston  engines carry  the risk of lacquer form ation and 
abnorm al sludging and  coking, as well as contam ination  of the 
crankcase oil. These risks are avoided w ith  crosshead engines 
w hen complete separation by p iston  rod  stuffing boxes is used. 
T h e  essential disadvantages of bu rn ing  boiler fuel are generally 
the increase o f cylinder liner and p iston  ring  wear and  breakage 
of p iston rings. Piston overhauls should be easily effected and 
cylinder liners should be of a simple and  no t too expensive 
design. L iners should be easy to replace sim ultaneously w ith 
piston overhauls w ithin an  eigh t-hour w orking day. Even a 
doubling of the cylinder liner wear when using  boiler fuel will 
not reduce the replacement period of the liners to  less than
15,000 hours and  will no t decrease to  an  im portan t extent 
the economic advantages of the bu rn ing  of boiler fuels at the 
present price difference. I t  is quoted from  a chief superin
tendent’s report tha t the use of boiler fuel in a low-speed
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B. and  W. tw o-stroke crosshead engine had no t necessitated 
alterations to  fuel valves, nozzles o r fuel pum ps. N o  signs of 
damaged exhaust valves were reported, and  there was no abnor
m al contam ination  of the crankcase oil. Fuel consum ption  
w ith  boiler fuels of from  400-4,000 seconds Redwood I a t 100 
deg. F. was generally unaltered, bu t in  some cases an  increase 
of 5 per cent was recorded. Cylinder liner wear was from  0 4 
to 0 8 m m . w ith  an average of 0'5 m m . per 1,000 hours 
against 0 '2 -0 '3  m m . per 1,000 hours on  Diesel fuel, a t an 
average mean indicated pressure of 6 5 kg. per sq. cm. P iston 
ring  wear was also increased, b u t no  sticking occurred; in 
some cases p iston  rings were found  to be broken in  several 
pieces. C hrom ium  plating  of cylinder liners was no t found 
to work ou t to  the same im proving extent on  cylinder w ear as 
when runn ing  on  Diesel oil.— Paper by M . H . Andresen, read 
at the Second Internal C om bustion Engine International C on
gress, M ilan, 1953. Abstract in Gas and Oil Power, Vol. 48, 
M ay 1953; p. 127.

Ultrasonic Apparatus for Descaling Boilers
In  the “ C rustex” boiler descaler, u ltrasonic vibrations are 

generated and  transm itted  th rough  the boiler w ater in o rder to 
remove scale. T he descaling action depends upon  the difference 
in the m oduli of elasticity of the scale and  of the steel beneath 
it and  is effective in all parts of the boiler reached by the pulses 
of ultrasonic energy. T he  “C rustex” apparatus, w hich is an 
electrical device producing  a mechanical effect, and  is operated 
from  the m ain  electricity supply, was first developed and  made 
in Sw itzerland— the British version of the p roduct is m ade by
H. N . Electrical Supplies, L td ., London. T he  equipm ent con
sists of tw o parts, a generator and  an  oscillator fo r p roducing 
pulses of energy a t 28,000 c /s , and  directing them  th rough  the 
boiler water. T he generator is a simple transform er and  valve 
rectifying circu it w hich is housed in a dustproof metal case, 
13 inches by 10 inches by 6 inches, and  supplies pulses of 
direct cu rren t to an oscillatory c ircu it com posed of a con
denser and  a solenoid. T h e  oscillator is fitted to the boiler,
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and  it takes the form  of a nickel-plated brass cylinder 11 inches 
diam eter and  5 inches long, w hich contains a nickel tubs su r
rounded by the solenoid of the oscillatory circuit. T he genera
to r is wall m ounted a t any convenient position up  to 50 yards 
from  the boiler, and  is connected to the oscillator by flexible 
cable. A simplified sketch of the oscillator is show n in the 
accom panying diagram . T he  condenser (C) is charged from

in $

T
Sim plified  diagram shozving the arrangement of the oscillator

the rectifier c ircu it of the generator and is discharged via the 
cable th rough  the solenoid su rrounding  the nickel tube (B). 
T h is  tube is housed in the oscillator body (D ), attached to  the 
boiler in  order to  give the u ltrasonic vibrations free access to 
the w ater in the boiler. A lternate charging and  discharging of 
the condenser is effected by the m ercury com m utator (A). T he 
pulses o f cu rren t in the solenoid produce m agnetostriction (con
traction  and  expansion under the influence of a m agnetic field) 
in the nickel tube (B). D am ped pulses of vibration are thereby 
produced in  the nickel tube, the frequency being 28,000 c /s . 
T he  tube is brazed a t its m id  po in t into the oscillator body (D), 
w hich is attached to the boiler by the threaded portion  to  some 
convenient p o in t of the boiler. T he dam ped oscillations are 
then transm itted  from  the free end of the nickel tube, w hich 
is closed by a metal disc, into the water. T he po in t of a ttach 
m ent to  the boiler varies w ith  the type of boiler, and  m ust be 
a po in t on the shell, end plates, o r any po in t where the u ltra
sonic vibrations have free access to those parts of the boiler 
where scale forms. T he  u ltrasonic vibrations dislodge the scale 
from  the heating surfaces of the boiler w hen it  reaches egg
shell thickness. T h icker layers of scale form ed a t inaccessible 
parts of the boiler prior to  the installation of “C rustex” will 
also be dislodged, and  will collect a t the lower parts of the 
boiler. T he heating surfaces are thus kept free from  a thick 
layer of scale, bu t are given some measure of protection from  
corrosion by a th in  layer of scale some few thousandths of an 
inch thick.— Engineering and Boiler H ouse Review, Vol. 68, 
June 1953; p. 188.

French Fire Floats
T he fire floats Pytheas and  C om m andant-Filleau  were built 

by the C hantiers N avals Franco-Belges, one to  b “ employed at 
Marseilles, the other a t Bordeaux. T he m ain m achinery of each 
boat consists of a pair of non-reversible Diesel engines, each 
developing 180 h.p. a t 1,500 r.p.m . These engines are arranged 
to  drive either tw in variable-pitch propellers th rough  reduction 
gearing, o r a pair o f pum ps, o r both. T he m ain centrifugal 
pum ps can be operated either in parallel or in series; their 
com bined o u tp u t can  be varied from  3,500 gal. per min. at 
851b. per sq. in. to  770 gal. per m in. a t 3101b. per sq. in. F our 
m onitors are fitted on deck, one forw ard, two on top  of the 
wheelhouse, and  the fourth  on  top  of a hinged m ast w ith the 
nozzle 28 feet above w ater level when in the operating position. 
H ydran ts to  supply tw enty-six hoses of different sizes are fitted. 
T w o foam -generating installations are provided, one fixed on 
board to fight fires on the surface of the water, while the 
second comprises two portable foam generators. A battery 
of C 0 2 cylinders w ith a total capacity of 2,0001b. o f liquid  CO, 
is provided. T here are four portable submersible salvage 
pum ps; these are driven by hydraulic turbines supplied w ith 
water under pressure by the m ain  fire-fighting pum ps. W hen 
the w ater supply consists of 185 gal. per min. at 851b. per sq. 
in., each pum p has a capacity of 370 gal. per min. against a 
head of 30 feet o r 220 gal. per m in. against a head of 60 feet. 
T he principal dim ensions of the floats are: length, o.a., 69 feet;

breadth m oulded, 15 4 feet; depth, 6 7  feet; d raugh t, m axi
m um , 6 feet; speed. 11 knots.— Journal de la M arine M ar- 
chande, Vol. 35, 5 th  M arch 1953; p. 519. Journal, T h e  British  
Shipbuild ing  Research Association, Vol. 8, A pril 1953; Abstract 
N o. 7£74.

Scientific Research in Sh ipbuild ing in Holland
T he au thor reviews sh ipbuild ing research in  H olland, 

w hich is divided between the Research C entre for Shipbuild ing 
and N avigation, and  the D u tch  S h ipbuild ing  Experim ent 
S tation. T he results achieved include the w ork on the W agen- 
ingen propeller series, while the resistance tests being carried 
ou t on a series o f geosims of a V ictory  ship, rang ing  in  size 
from  1 /60 to full-scale, are likely to  produce im portan t results. 
T he subjects on  w hich research is either in  progress o r envis
aged in the near fu ture  include an  investigation in to  the upper 
and  lower lim its desirable for the m etacentric heigh t; an inves
tigation in to  the m otion of ships a t sea; the analysis of voyage 
reports; the provision of design recom m endations for welded 
construction ; investigations on corrugated  bulkheads and 
bottom  deform ations; stress measurem ents in  decks; the deter
m ination  of the damage caused by v ibration ; and  an  investiga
tion into heat-insulating m aterials. F u tu re  research program m es 
m ay include such subjects as ligh t alloys as shipbuilding 
m aterials; the determ ination of the stress d is tribu tion  in  s truc
tures stressed beyond the elastic lim it; the m agnitude of the 
dynam ic loads on a ship a t sea; m ore accurate measurem ents 
of the frictional resistance and  the surface roughness of ships; 
manoeuvrability; gas-turbine propu lsion ; atom ic propulsion; 
cavitation; and  tests on full-scale ships to  determ ine the useful 
th ru st, the loading on the superstructure, and  the m otions at 
sea.— H. E. Jaeger, Sch ip  en W erf (1953), Vol. 20, 10th A pril; 
p. 180. Journal, T he  British Sh ipbu ild ing  Research Associa
tion, Vol. 8, N o. 5, M a y  1953; A bstract N o . 7£00.

Performance of M ariner C lass Vessels
Sea trials held on the M ariners to  date have show n them  

to be seaworthy and  well designed. Extensive trials are being 
conducted on the first vessel o u t of each yard  to  test the ship 
and  her m achinery thoroughly. O n all bu t the O ld C olony  
the trials have been conducted a t ligh t d raugh t, averaging about 
12ft. 6in. forw ard and  23ft. a ft (11,600 tons displacem ent). 
Fuel consum ption was m easured during  a 6 -hour econom y run  
a t norm al power and  a 2 -hour ru n  a t 22,000 s.h.p. In  add ition , 
fuel m eaurem ents of shorter du ra tion  were m ade on the O ld  
C olony M ariner a t  three other points. T h e  results of the tests 
to  date are show n in  Fig. 2. In  order fu rth er to check 
efficiency, the w ater rate of both  m ain  and  auxiliary turbines 
was m easured a t norm al rating. T he  m ain u n it was ru n  non
extracting for one hour, and  flow determ ined by either disc 
meters or by calibrated orifices. Flow  meters were used fo r the 
auxiliary turbines. T he w ater rates of both  m ain and  auxiliary 
units in each case met the specification requirem ents w ith in  the

F ig . 2
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lim its o f accuracy to  be found  during  a  test o f th is nature. 
T he  capacities of the evaporators, contam inated  evaporator and 
boilers were m easured to  ensure th a t they meet design require
ments. All successfully passed w ith  am ple m argin. Severe 
tests were applied to  the steering gear an d  anchor w indlass to  
prove their adequacy for all service conditions. Steering tests 
were conducted  a t 22,000 s.h.p. on  each ship, and  the speed 
a t w hich m ost o f the un its  responded was rem arkable; the 
average tim e from  hard-over to 30 degrees was only  22 seconds. 
A nchor tests were held in  60 fathom s of w ater on the first 
ship ou t o f each yard, including a free fall between 45 and  
60 fathom s in  order to check the ability of the brake to  operate 
properly under extreme load. A fter p roving the design and 
installation on the first ship, 30 fathom s anchor tests were felt 
sufficient on the rem aining vessels. Several m ethods of deter
m ining tactical diam eter were t r ie d : cross bearings, range read
ings, and  radar trace. T h e  results so far have been d isappoint
ing as only three rig h t and  left circles have plotted a t all and 
the accuracy of even these diam eters is felt to  be som ewhat 
open to question. T he  average tactical diam eters m easured 965 
and  900 yards respectively. T he  ships seem to close a little 
faster in  a left circle, averaging 5 m inutes 11 seconds as com 
pared w ith  5 m inutes 29 seconds for a righ t circle. Z - 
manoeuvres were carried ou t in  the standard  m anner. 
T here  was little difference in  the to tal manoeuvring tim e 
am ong the various ships, the average being 3 m inutes 37 
seconds. Considerable differences were found  in  the crash 
stop manoeuvres, however. T he tim e to  “crash” a ship and 
the reach obtained is n o t only a function  of the characteristics 
of the astern turbine and  the general w ind  and  sea con
ditions, bu t it also will vary in accordance w ith  the practices 
of the operating  engineer.— M arine Engineering, Vol. 58, M ay  
1953; pp. 111-113.

Napier Engine w ith Exhaust Cas Turbo and M echanically-driven  

Blowers
In  Fig. 1 is illustrated a blower system fo r an  engine of 

the D eltic type, w ith  three crankshafts (A) in  casings (B), con
nected by blocks of w ater-cooled cylinders (C). Scavenging air 
is supplied by m echanically-driven and  exhaust gas tu rbo
blowers, a hydraulic c lu tch  being provided between the two

m achines. W hen the engine is in  operation , the exhaust gas 
passes th rough  the m anifo lds (D ) to  the tu rb ine (K ), w hich 
drives the shaft (N ) and  the im peller (F) of the first stage of a 
centrifugal com pressor th rough  the c lu tch  mem bers (G , J). 
A ssum ing the hydraulic coupling  (O) to  be filled, any power 
developed by the turbine (K ) in  excess of th a t required to  drive 
the im peller (F) o f the first stage w ill be transm itted  to  the 
shaft (M ) o f the im peller (H ) fo rm ing  the second stage. T h is 
power is either sufficient only to  assist in  the driv ing  of the 
impeller, o r it m ay also tran sm it the torque th rough  the gear
ing (L) to  the crankshaft o f the engine, so as to  add  to the 
power delivered to  the propeller shaft (S). In  th is m anner, the 
im peller (H ) is driven from  the crankshafts th rough  tw o parallel 
transm ission lines, each includ ing  torsional flexible shafts (R). 
These shafts ensure an  even distribu tion  of the load and  prevent 
over-stressing of the gearing (P) d u ring  rap id  acceleration or 
deceleration o f the engine. O ne p a rt (T ) of the coupling (O) 
is connected to the tubu la r shaft (M ), while the o ther p a rt (U) 
has a tubu la r extension (V) to  w hich is connected the splined 
mem ber (W). A sim ilar coupling (J) is m ounted on  the shaft 
(N ) an d  the splined rim s o f the tw o couplings engage corres
ponding in ternal splines in  the tubu la r coupling  (G ) secured 
to  the tu rb ine ro to r (E).— Patent N o . 689,795. H . Sam m ons.
D. N apier and S on , L td ., London. T he  M o tor S h ip , Vol. 34, 
June 1953; p. 132.

Tank C leaning Vessel

A recent arrival on the River T yne is the converted ligh t 
escort c raft Tulipdale, of about 459 gross tons, w hich is 
equipped fo r the B ritish W heeler process o f tank  cleaning. 
T h is  vessel will be based on  the T yne an d  will cover the whole 
of the no rth -east coast. Self-propelled, the ship can proceed 
to any  p o rt in  the U n ited  K ingdom  or near C on tinen t and , 
being of a handy size, can  manoeuvre com fortably in  congested 
areas. T h e  T ulipdale  is equipped to deal w ith  any oil, inc lud
ing crude, having a flash po in t above 150 deg. F . and  is avail
able for the cleaning an d  gas-freeing of oil fuel tanks in  the 
double bottom s and  elsewhere, and  deep tanks w hich have been 
used for the carriage of edible oils. T he  vessel, equipm ent and  
precautionary m ethods have been fu lly  approved by L loyd’s 
Register and the harbour authorities, and  it  is em phasized th a t



104 Engineering Abstracts

in  dealing w ith passenger liners, the fire hazard is reduced to 
the m inim um . W ith  the suction m ethod employed in th is p ro 
cess, the tank cleaning w ork can be carried ou t m uch  more 
quickly than  by norm al m ethods and  is, furtherm ore, a cleaner 
operation. T he tw in  vacuum  pum ps fitted on th is vessel are 
capable of pum ping  th rough  a pipe line u p  to  a quarter-of-a- 
mile in  length. T he  steadily increasing num ber of m otor ships 
being equipped to  b u rn  boiler oil has contributed  largely to  the 
dem and for th is service, and  it is contended tha t there is a 
saving in  tim e of some 70 to  80 per cent over the usual m ethod 
of hand  cleaning. T he  Tulipdale  has a service speed of 11 
knots and  carries a crew of twelve, excluding the tank cleaners, 
and  has six sludge tanks forw ard having a total capacity of 
200 tons.— T he M otor Sh ip , Vol. 34, June 1953; p. 97.

Bipod on T ravelling Platform
A novel arrangem ent of cargo-handling gear is fitted in 

the m otor vessel M u p h r id  N , owned by V an Nievelt, G oudriaan 
and  C om pany’s S toom vaart M ij., o f R otterdam . T h is  ship, a 
vessel of about 500 tons gross, has a single hatch  90ft. 2in. 
in length, w ith  a bread th  of 16ft. 5in. T he  hatch  is covered 
by M acG regor “single pu ll” hatch  covers operated from  either 
end, and  w hen closed these link u p  in  the centre w ith  a p la t
form  w hich moves along the hatch coam ing on  wheels. O n 
th is p latfo rm  is m ounted  a bipod m ast carry ing tw o derricks, 
together w ith  the tw o associated winches. F o u r wheels on 
the p latform  can be lowered on  to  the hatch  coam ings by means 
of jack screws, and the p latform  can then  be w arped along the 
hatch by means of the winches. These winches are of a self- 
contained D iesel-driven type, the use of w hich avoids the 
necessity of tra iling  electric leads o r other connexions between 
the p latfo rm  and  the ship. W hen cargo is being handled the 
p latform  is lowered on to  the coamings, and secured in  position

by m eans of rigging screws. In  operation the p la tfo rm  can be 
moved to  the position m ost convenient fo r hand ling  any p a r
ticu lar p art of the cargo. Presum ably it w ill norm ally be 
kept in  the centre of the hatch , bu t can be moved righ t to  one 
end or the o ther w hen long loads are handled. I t  is supple
m ented by tw o other derricks m ounted  on sam son posts abaft 
the hold, just forw ard  of the bridge. T h is  arrangem ent of a 
m oving platfo rm  is dependent on the use of a bipod m ast, as a 
m ast of the norm al stayed type could obviously no t be accom 
m odated on  the p latform .— T h e  Sh ip p in g  W orld , Vol. 128, 
27th M a y  1953; p. 491.

Experiments w ith Tanker M odels
T h is  paper describes some experim ents w ith  models of a 

single-screw tanker w ith  a displacem ent of 22,000 m .“ and  a 
designed fully loaded trial speed o f about 15 knots. T he tests 
were intended to  form  a systematic investigation in to  the effect 
of the shape of fore-end sections o n  the perform ance qualities 
of the hull. O riginally, the experim ents were p lanned bearing 
in  m ind  the different prevailing opinions about suitable fore
body lines fo r this type of ship, bu t account was also taken 
of the fu rther knowledge w hich has been obtained in  recent 
years concerning the character of the boundary  layer on  models 
w ith  full entrances. T h u s , it has become apparen t th a t there 
is a risk, particularly  w ith  a full m odel, o f lam inar flow occur
ring  along the forw ard part. T he  usual m ethods of calculation 
assume turbu len t flow over the whole m odel and it is, there
fore, w ith  full models th a t there is the greatest risk of error 
in  com puting  the ship resistance. I t  has also been discovered 
tha t lam inar flow is m ore stable w hen there is a pronounced 
negative pressure gradient, i.e. pronounced acceleration in the 
flow. These facts, w hen applied to  the relative qualities of 
models w ith  different types of entrance, can  be taken to  im ply
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th a t full models w ith  extreme V -form  forw ard sections are 
m ore liable to  lam inar flow th an  corresponding m odels w ith  
m ore U -fo rm  sections. In  view of the above statem ents, it 
seems probable th a t in  earlier model experim ents, before the 
effect o f the boundary  layer on large m odels had been fully 
appreciated, the qualities of V -form  sections for full entrances 
were overestim ated in com parison w ith  those of m ore U -fo rm  
sections. A t first hand, this applied, of course, in  such experi
m ents where artificial turbulence stim ulation  was no t provided. 
In  the tests in  question, a system atic com parison was m ade on 
the basis o f both resistance and propulsive qualities between 
forw ard sections of V - and  U -fo rm , all the models being fitted 
w ith  turbulence stim ulators. F o u r m odel versions were investi
gated ; one w ith  pronounced V -form  forw ard sections, one w ith 
pronounced  U -fo rm  forw ard  sections and  tw o interm ediate 
form s. In  add ition  to  the original program m e, however, tests 
were m ade w ith  the Extrem e  U  m odel fitted w ith  a bulb and 
the Extrem e  V  m odel w ith  a som ewhat modified stem contour. 
T h e  experim ents were carried ou t a t the Swedish State S hip
bu ild ing Experim ental T an k  in  G oteborg.— H. E dstrand, E. 
Freim anis, and H . L indgren, Publications o f the Sw edish State  
Sh ipbu ild ing  E xperim ental T ank, N o . 23, 1953.

Bolts Under Shock Loading
A n investigation in to  the properties of bolts subjected to 

the types of shock likely to be m et w ith  on com bat-type naval 
vessels is being carried ou t by the N aval Research Laboratory, 
W ashington a t the request o f the B ureau of Ships. T he  pre
lim inary  results given in th is paper are fo r bolts of S.A.E. 1020 
cold-rolled steel. I t  was found  th a t the physical properties of 
these bolts under conditions of shock were better than  m ight 
have been expected from  the results of static tests. O w ing to  
the w ork-hardening tha t occurs under dynam ic conditions, 
there is m ore general strain  before necking begins, w hich gives 
rise to  greater elongation in  long bolts; th is indicates th a t long 
bolts will absorb about twice as m uch  energy under dynam ic 
conditions. F o r  short and  stra igh t-shank  bolts, little difference 
was observed between the elongation under dynam ic and  under 
static conditions. T h e  to tal elongation to  fracture is roughly 
constan t for a given type of bolt, regardless of the num ber of 
shock cycles to fracture. In  stra igh t-shank  bolts, necking and 
considerable strain  always occur in  the threads, and  the result
ing  d isto rtion  makes it difficult to  retighten the bolts after 
relatively small s tra in ; w ith  reduced-shank bolts retightening 
is simple, since necking always occurs in  the shank. T he 
initial tension of holding-dow n bolts should be enough to 
prevent m otion  under steady-state v ibrations; bu t where the 
storage of elastic strain  energy is small com pared w ith  the 
energy absorption  for plastic flow, the bolts should be tightened 
to  nearly the value of yield. A m inim um  of tigh ten ing  is best 
for a high-tensile m aterial of low ductility. Stress raisers, such 
as scratches, threads, and  fillets, are no t as im portan t for shock 
as for the endurance lim it associated w ith  fatigue. T h is  con
clusion m igh t n o t apply  to m aterials liable to  brittle  fracture 
under im pact.— H. M . Forkois, R. W . Conrad, and I. Vigness, 
Proc.Soc.Exp. Stress A nal. 10, N o . 1, 1952; p. 165. Journal, 
T h e  British Sh ipbu ild ing  Research Association, Vol. 8, N o. 5, 
M ay 1953; Abstract N o . 7£55.

Effective Flange
In  the analysis of the bending of beams w ith  flanges large 

in com parison w ith  the span, a knowledge of the effective w idth 
of the flange is of great im portance. T he  stress in  the flange 
will be greatest over the web, and  decrease tow ards the edges. 
F o r sim plicity in design, it  m ay be considered th a t a constant 
stress equal to this m axim um  value acts over a w id th  o f flange 
reduced in such a m anner th a t the total force rem ains the 
same in the section under consideration. T h is  reduced flange 
is know n as the effective flange, and  the concept is o f particu lar 
use in the design of stiffened panels and  sections w ith  asym m et
rical flanges. T he  au th o r gives a theoretical treatm ent o f the 
problem, and  presents formulae for calculating  the effective 
flange of beams w ith  bo th  sym m etrical and  asym m etrical

flanges. In  the case o f asym m etrical flanges, the forces from  
the web will ac t outside the neu tral axis of the flange, and 
bending in  the plane of the flange occurs. B ut fo r the stiff
ness o f the web, the effectiveness of the flange (especially in  the 
extreme cases of channel and  Z  sections) could  be reduced to  a 
value of about 0 25. T he  usual sections have values a little 
higher than  this. A treatm ent is given of stiffened panels, and  
particu lar a tten tion  is pa id  to  the effect of buckling an d  initial 
deflexion upon  the effective flange.— J. R . G etz, N orw egian  
Inst.Sh ip .R es.; R eport N o . 1, N ovem ber 1951. Journal, The  
B ritish Sh ipbu ild ing  Research Association, Vol. 8, M a y  1953; 
Abstract N o . 7,485.

Explosion Bulge Test
In  the N .R .L . Explosion Bulge test for investigating the 

structu ra l perform ance o f welds in sh ips’ plates, only  simple 
equipm ent is required. C ontrolled stress an d  stra in  conditions 
are developed in  a m odel struc tu re  o f the sim plest possible 
initial geometry— a plate w hich is loaded by the application  of 
the un iform  gas pressure resulting  from  the explosion of a  fixed 
charge of pentolite, while the plate is supported  in  a die. T he 
bulging produces a biaxial stress, w hich is balanced in  the case 
o f a circu lar die and  unbalanced w hen an  elliptical die is used. 
T he  charge is offset from  the test piece to  ensure un iform  load
ing and  true bulges, of controlled geometry, while reducing  the 
“slap effects” (brisance) to  a m inim um . T he  size of the bulge 
is adjusted to include the weld, the heat-affected zone, and  an 
equal w id th  of base plate. Susceptibility  to the developm ent of 
brittle  cracking in  welds is tested by deposition on  the plate 
of a short bead of brittle  surfacing weld m etal, w hich is then 
notched to  half its thickness by m eans of an abrasive wheel. 
T h u s , w hen the plate is bulged by the explosion, the m etal is 
presented w ith  a sharp m aterial crack a t the in s tan t it is loaded 
to the yield point. B rittle cracks propagate by release of elastic 
strain  in  the material. In  the bulge test, the rap id  transm ission of 
load by the gas pressure causes the elastic stra in  to  be replaced as 
rap id ly  as it  is lost in  feeding the advancing  crack, so th a t 
the high potential elastic energy of large structures, such as 
ships, is sim ulated. Surface shear an d  the natu re  o f the cleavage 
fracture affect the rate of crack propagation. In  ship fractures, 
the m axim um  surface shear is 0 01-0 '02 inch, b u t in  the bulge 
test, i t  reaches 0 05 inch, ow ing to  the rap id  replacem ent of 
strain  energy. T h e  tem perature a t w hich th is critical surface 
shear (0 01-0 02 inch) is developed is defined as the “fracture 
tran sition” tem perature. Above th is tem perature, the am oun t 
o f shear is too great for free-running  cracks to  occur in  ship 
structu res; below th is tem perature, crack ru n n in g  occurs w ith 
little absorption of energy since the surface shear approaches 
zero w ith  decreasing tem perature. A t a lower tem perature, the 
“ductility  transition” tem perature, plastic deform ation is not 
necessary to  initiate the ru n n in g  of the crack. These transi
tions are o f fundam ental im portance in  struc tu ra l design. 
S tructures operating  entirely in  elastic loading do n o t develop 
the am oun t o f deform ation needed to  trigger a brittle  crack at 
tem peratures above the ductility  transition , and  w ould, there
fore, rem ain safe, despite serious flaws, so long as th e  service 
tem peratures rem ained above the ductility  transition  tem pera
ture. I f  the service conditions cou ld  give rise to  plastic 
deform ation, the s truc tu re  w ould  no t be safe a t tem peratures 
below the m axim um  tem perature of crack propagation .— W . S. 
Pellini, U .S. N aval Research Laboratory, R eport N o . 4,034, 4th  
Septem ber 1952. Journal, T he  British S h ipbu ild ing  Research 
Association, Vol. 8, A p ril 1953; A bstract N o . 7>387.

Unusual Tank Vessel Corrosion
An unusual type of localized corrosion attack  has recently 

made its appearance on relatively new tank  vessels in exclusive 
crude oil service, both  coastwise and  transoceanic. T he  fact 
th a t th is occurs w ith  crude oil service is notew orthy in th a t 
c rude oil, even sour crudes, is no t norm ally considered to be 
of serious corrosivity. I t  is of interest also th a t attacks of 
equivalent degree are being reported both  by foreign and  domes
tic tanker operators. T he  w riter has observed th is corrosion
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on several vessels and  finds tha t it appears as discrete pits of 
continuous chains of pits in  the lower reaches of the cargo 
tanks and  in every case on the top  of exposed surfaces of the 
p ip ing and  structu ral mem bers, e.g. heating coils, cargo lines, 
transverse and  longitud inal members, etc. In  an  a ttem pt to 
find the cause of th is corrosion, investigation was m ade of the 
m any possible con tribu ting  factors, such as type of cargo, 
ballast operations, relative times in  cargo and  in ballast, cleaning 
procedures, etc. Several o f these factors appeared to  be sig
nificant. 1. Serious p itting  occurred in tanks alternately carry
ing cargo and  ballast and  no t in tanks carry ing cargo only. T his 
indicated th a t the attack  was associated w ith the sea water 
ballast phase. 2. A close inspection showed that p itting  
occurred no t only on the top  surfaces of the various members 
described above bu t actually  was oriented— attack was slightly 
to  one side o r the o ther of centre, the nearest side— w ith res
pect to  the location of the cleaning nozzles (these nozzles 
deliver revolving stream s of high pressure, high tem perature 
salt w ater w hich is used to  clean the tanks between cargoes). 
T h is  established th a t the cleaning operation was tied in  w ith 
the corrosive attack. M ost severe attack  occurred on  vessels 
m ost frequently cleaned. In  way of explanation, independent 
carriers because of change in  cargo or change in ow nership of 
cargo find it necessary to clean cargo tanks after practically 
every trip. By contrast, vessels on long term  charter to  a 
single oil com pany m ay find it necessary to  clean only tw o or 
three times a year and then prim arily  to  avoid bu ild -up  of 
heavy residues. M axim um  penetration of the p itting  attack 
was A -in ch  and  th is was observed in  just under three years. 
In  this respect, it should be noted tha t the ship’s log showed 
that the service life was divided roughly in to  tw o-th irds time 
in cargo and  one-th ird  tim e in  sea w ater ballast. T he w riter 
considers the provable m echanism  of attack to be as follows: Steel 
in tanker service is norm ally covered w ith scale— this can be mill 
scale a t the outset b u t after varying intervals of service life 
m ay well be a com bination  of mill scale a n d /o r  ru s t scale 
w hich develops as a result o f alternate exposure to  cargo and 
ballast. C haracteristic o f such scaled surfaces are “breaks” in 
the scale w hich m ay be present a t the outset o r develop as a 
result of “w orking” of the vessel. W hen exposed to  crude oil 
only  o r to  alternate exposure of crude oil an d  sea w ater ballast 
w ithout cleaning, such surfaces suffer no  unusual corrosion. 
However, w hen these same surfaces are freed from  protective oil 
o r residues by cleaning, thereby exposing small areas of bare 
steel and  large expanses of cathodic scale, and  the tanks are 
then ballasted w ith  sea water, galvanic attack  occurs a t the 
“breaks” in  the scale as influenced by the su rround ing  areas 
of cathodic scale. In  this latter respect, measurem ents showed 
substantial cu rren t flow between pits and  su rround ing  areas 
of scale, w hich bears ou t the galvanic nature of the attack. In  
way of sum m ary, it is suggested th a t the observed p itting  attack 
occurs d u ring  the clean ballast period only and  is accelerated 
by a galvanic couple between scaled and  unsealed steel w ith the 
attack  concentrated a t the small anodic areas of bare steel.—  
L. M . M osher, Corrosion, Vol. 9, M ay  1953; pp. 1-2.

Dynam om eter for Adm iralty
One of the m ost im portan t pieces of equipm ent installed 

in the new A dm iralty  test house at the N ational Gas T urb ine  
Establishm ent, Farnborough , H ants., is a highly specialized 
form  of hydraulic dynam om eter, m anufactured  by H eenan and 
F roude L td ., o f W orcester, fo r developm ent testing of m arine 
gas turbines. In  view of the unusual com binations of powers 
and  speeds provided by gas turbines, the m achine had to  meet 
an exacting specification. T he requirem ents were fo r a m axi
m um  of 10,000 s.h.p. at a speed of between 575 and 1,100 r.p.m . 
in each direction of rotation. T h is double-ended, reversible, 
hydraulic dynam om enter is capable o f being sited, as required, 
on  the test-bed. Remote contro l o f th e  back-pressure valves, 
w hich regulate the load, is arranged from  the contro l room , 
and  hydraulic w eighing gear also enables the to rque to be 
measured from  the contro l room . A feature of the weighing 
gear is an  oscillator, w hich prevents inaccuracies in readings

caused by sluggishness in  the tran sm itting  and  receiving pistons 
and  in  the long lengths of connecting piping. M eans are p ro 
vided whereby test loads can be applied to  the dynam om eter 
casing to  check the accuracy of the to rque readings. Speed 
readings are given electrically. T h e  dynam om eter can' operate 
w ith  its shaft at any angle u p  to  11 degrees from  the horizontal. 
W ith  th is arrangem ent, it is possible to  test engines, intended 
for the p ropulsion of small ships, w ith  their shafts raked to  
the angle at w hich they will be installed.— T h e  Sh ipbuilder and  
M arine E ngine-Builder, Vol. 60, Ju ly  1953, p. 459.

New  Unaflow  Steam Engine
T h e  Skinner U naflow  steam reciprocating engine, developed 

and  m anufactured  in  the U nited  States by the Skinner Engine 
C om pany, has proved a popular engine in  N o rth  America 
despite the com petition of the steam turbine. I t  is m anufac
tured  under licence in  C anada by C anadian  Vickers, L td ., in 
addition  to  being built by the Skinner C om pany. In  recent 
m onths licences to  build the Skinner engine have been taken

S59C

Cross section through the new steeple-com pounded Skinner
engine

out by tw o European shipyards, one in  F rance and  one in 
H olland. In  this new engine, steam can be employed a t the 
very high conditions fo r steam reciprocating m achinery of 
4401b. per sq. in. and 740 deg. F . I t  has been em ployed to 
propel tw o tra in  ferries w hich have recently been completed 
for service on the A m erican G reat Lakes. These tw o ships, 
Spartan  and  Badger, were bu ilt by the C hristy  C orporation , of 
S turgon  Bay, W isconsin, fo r the Chesapeake and  O hio Railway 
Com pany. T hey  are vessels of 7,920 tons displacem ent each, 
designed to  accom m odate th irty -tw o  40-ft. fre ight cars with 
an average load of 80 tons each. T hey  have a length  overall 
of 410ft. 6in., breadth  m oulded of 59ft. 6in. and  depth  to  m ain 
deck of 24 feet. Each ship is propelled a t a speed of 15i knots 
by an 8,000 s.h.p. steam reciprocating pow er p lan t, consisting 
of tw o Skinner U naflow  engines fed from  fou r Foster-W heeler 
D -type coal-fired boilers. T h e  engines operate on  the Wolff 
cycle, in  w hich there is no  steam receiver between the cylinders, 
the exhaust valve of the h.p. acting as the inlet valve of the
l.p. cylinder. T h e  transverse section th rough  one pair of 
cylinders shows the general construction  and  design features 
of these engines. T h e  base and fram e, w hich constitu te  the 
enclosed crankcase, are rigid weldings patterned after the design 
norm ally used on the more fam iliar U naflow  engines. T he
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un it assemblies of the h.p. and l.p. cylinders are m ounted 
individually on  the frame, after alignm ent, and are free to 
expand separately w ithout im posing any therm al stresses on 
any of the engine parts. T he tw o cylinders are arranged on 
each crank in  steeple form ation  w ith  the h.p. above and  the
l.p. below. A single cylinder head serves the tw o cylinders and 
is fitted w ith three Skinner expansion-com pensating steam -tight 
poppet valves, the transfer valve being the one show n in the 
illustration. T he  com bination of bo th  cylinders on  the one 
crank results in  a double-acting cycle w hich is equivalent to  
the simple “U naflow ” engine. T herefore the steeple com pound 
m ay be bu ilt w ith  any num ber of cranks all having equal 
reciprocating w eight and op tim um  balance of the inertia forces. 
T h e  engines in  the Spartan  and  Badger, fo r example, each 
have four cranks and  m ay be term ed “four-cylinder” although 
each crank  has a high-pressure and  a low -pressure cylinder. 
T he  h.p. cylinder liner is m ade o f steel w hich is electro-plated 
w ith porous-chrom e to provide a hard , o il-retain ing surface. 
B oth the h.p. and l.p. p iston  rings are of the sectional type 
for a m edium  of lubrication. As an  additional precaution, 
copper-lead bearing m etal rings are perm anently  fitted to the 
p istons to  bu rn ish  th e  cylinder walls and  to prevent contact 
w ith  the p iston  body. As the steeple com pound is designed 
to  ru n  at high tem peratures, low -pressure steam  is used as a 
cooling m edium  fo r the critical parts. T h is  is the secondary 
purpose of the annu lar space round  the outside of the h.p. 
cylinder liner, the l.p. steam reducing the liner wall tem pera
ture to  a po in t at w hich lubrication  is readily accomplished. 
T h e  heat extracted from  the liner in  th is m anner is no t wasted, 
as it is recovered in  the l.p. cylinder. T he  engine is therefore, 
in  effect, a type of reheat engine.— T he S h ip p in g  W orld , Vol. 
128, 24th June 1953; pp. 581-582.

Roller Bearings
Prelim inary  investigation of the possible advantages of 

antifric tion  bearings fo r m arine lineshafting was conducted in 
G erm any in  1930. A sim ple and apparently  fairly reliable 
torquem eter was developed, and  power losses of from  5 to  
6 per cent in  lineshaft p lain  bearings were found. Follow ing 
th is, the H am burg-A m erican  Line, in  1933, applied one 
spherical roller bearing to  the m otorsh ip  M ilw aukee, on the 
151-in. diam eter propeller shaft. Satisfactory experience w ith 
th is and  follow ing complete installations has led to  the build ing 
of 192 ships in  Europe, between 1934 and  1947, using spherical 
roller bearings on the lineshafting. These ships had shafts 
ranging in size from  31 inches to  181 inches in  diam eter, the 
greater p art being in  the size range from  91 inches to  151 inches 
T he  spherical roller bearing, being inherently self-aligning, 
seems especially well suited for m arine use, where alignm ent 
cannot be m aintained. T h e  very high load capacity of these 
bearings is also advantageous, no t only fo r the extremely long 
life w hich should be realized, bu t also to  cope w ith  transient 
heavy load conditions resulting  from  the weaving of the hull. 
F rom  the standpoin t o f fatigue streng th , spherical roller bearings 
have capacity to  show  anticipated lives in  m arine service 
m easured in hundreds of years. C oncerning stern tube bear
ings, an tifric tion  bearings were first used in  E urope in  1936. 
In  1936, the m otorsh ip  W upperta l was bu ilt using spherical 
roller bearings in  the stern tubes. T h e  shafts have ranged in 
size from  1 \  inches to  151 inches. T h e  use of antifric tion  
bearings in  the stern tube is attended by several desirable 
consequences. T he  conventional bronze sleeve m ay be 
elim inated, since the surface of the shaft no longer is a w earing 
surface, and since the shaft, now  being surrounded  by oil 
instead of sea water, is no  longer exposed to  corrosion. Bearing 
clearance is quite small to  start, and  does no t increase du ring  
operation, th u s reducing or elim inating  tailshaft vibration. 
M aintenance should be decreased, since the periodic renewal 
of p lain  stern bearings is no  longer required. T h e  stern tube 
itself no longer need be a strength  mem ber, since the shaft and 
propeller loads are, w ith  antifric tion  bearings, concentrated in 
the stem  eye and  at the forw ard end of th e  stem  tube. C on
sequently, the  stern tube need be only an  o il-tigh t pipe.—  
Paper by W . L. A iken, abstracted in S .N .A .M .E . Bulletin, 
Vol. 8, June 1953; pp. 42-43.

N ew  Swedish Diesel Engine
T h e  official w orkshop tests of a new type of Diesel engine 

fo r the Swedish N avy have recently been com pleted at the 
G otaverken shipyard and  the engine is now  being installed 
in  a ship. T he  engine operates on the tw o-stroke cycle and 
is of the opposed-piston type w ith  tw o crankshafts. T he  
lower crankshaft is directly  connected to the propeller shaft 
by an hydraulically  operated fric tion  clu tch  and  the upper 
crankshaft is geared to  the low er crankshaft by a sp u r gear- 
tra in . Scavenging and  pressure-charging of the engine is 
accom plished by an exhaust gas driven tu rb o  pressure-charger. 
T he  new G otaverken design is know n as the T .O .P . (tu rbo
charged opposed piston) engine and  is directly reversible w ith  
a norm al con tinuous fu ll load ra ting  of 2,500 s.h.p. at 920 r.p .m . 
T he  m axim um  ra ting  is 3,000 s.h.p. at 975 r.p.m . and  during  
the official tests the engine was ru n  fo r a period at a ra ting  
of 3,100 s.h.p. T he  design is entirely  self-contained, w ith 
d irect-driven pum ps for sea w ater and  fresh w ater, engine 
lubricating  oil, lubricating  oil fo r the propeller shaft clutch 
and  fuel oil feed supply. S ta rting  and  reversing of th e  engine 
is accom plished by m eans of com pressed air. T h e  engine is a 
ten-cylinder in-line u n it w ith  a cylinder bore of 7 087 inches 
and  a stroke of 9 055 inches fo r bo th  top  and bottom  pistons; 
the to tal swept volum e is 7,138 cu. in. A t the m axim um  rating  
the p iston speed is 1,472ft. per m in . and  the m ean effective 
pressure is 168' 3lb. per sq. in. T h e  upper pistons control 
the exhaust ports and  the low er p istons con tro l the scavenging 
ports. A t low engine load the pow er developed in  the turbine 
is insufficient fo r com pressing th e  necessary am ount of scaveng
ing  a ir and  additional pow er m ust be supplied to  the tu rbo
com pressor un it. T h is  pow er is transm itted  from  the upper 
crankshaft of the engine by an auxiliary drive consisting of 
bevel gears w ith  free wheel arrangem ents so th a t additional 
power is transm itted  w hen ru n n in g  astern as well as w hen 
ru n n in g  ahead, w ith  the tu rbo-com pressor ru n n in g  in  its 
norm al d irection of ro tation . A t the norm al ra ting  of
2,500 s.h.p., and  a t higher loads, the pow er developed by the 
tu rb ine is sufficient fo r d riv ing  the tu rbo-com pressor and  the 
u n it consequently runs free w ithou t tak ing  any pow er from  
the Diesel engine. A t the m axim um  ra ting  the tu rbo-com 
pressor u n it ru n s a t about 16,000 r.p .m . and the pressure of 
the scavenging air is 231b. per sq. in. gauge. T he  exhaust gas 
pressure before the tu rb ine  is then  151b. per sq. in. gauge. 
Between the com pressor and  the Diesel engine an  interm ediate 
air cooler is fitted cooling the com pressed air to  about 105 deg. F . 
at the norm al ra ting  and to  about 130 deg. F . at the m axim um  
rating .— Gas and O il Power, Vol. 48, June 1953; pp. 145-146.

Corrosion of Fuel Injection Nozzles
T he B ritish In te rna l C om bustion  Engine Research Associa

tion  at S lough recently received a request fo r assistance from  
a mem ber com pany w hich  was confron ted  w ith  a serious 
problem  in  connexion w ith  engines of a modified design. A 
considerable num ber o f these engines had  been sold m ainly 
to  overseas custom ers. A fter they had been in  service a short 
time, reports were received of rap id  nozzle failure due to  
loss of m etal from  the wall of the nozzle body resulting  in 
m any cases in  discharge of fuel th rough  the nozzle wall 
M ost of the affected engines were operating  on  class A fuels. 
I t  was later learned th a t th e  same trouble has been experienced 
in  varying degrees of severity in  m any engines of o ther makes. 
I t  was ascertained th a t the tem perature of the surface exposed 
to  com bustion p roducts is a factor o f first im portance in 
th is type of corrosion problem . C onsequently, w hen tw o 
examples o f the affected fuel injection nozzles were received at 
the laboratory, a tten tion  was given to  the possibility of the 
surface being overcooled. T h e  surfaces of the nozzles had 
m any interesting features, bu t the m ost significant was judged 
to  be the com plete absence, in  all cases, of attack at the dis
charge end  of the nozzles. T h is  end, being subjected directly 
to  the heat produced in  the com bustion  cham ber, is at a high 
tem perature while the end adjacent to  the cap -n u t is shielded 
from  the heat and  cooled via a short heat-flow  path. I t  was 
considered very probable th a t the attack was due to  the tem 
perature of the nozzle surface rem ote from  the com bustion
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cham ber being too low and  it was therefore suspected th a t the 
nozzles were being cooled m ore effectively th an  usual. A  brief 
investigation sufficed to  show tha t this type of nozzle corrosion 
can be elim inated sim ply by a suitable increase in  nozzle tem 
perature. Raising the cooling w ater tem perature is norm ally 
an effective m ethod of achieving this. W here the use of cold 
water cannot be avoided, the cylinder head should be designed 
to ensure th a t a m oderate nozzle tem perature is attained shortly 
after starting  the engine. O n the o ther hand, it  is well know n 
that excessively h igh tem peratures lead to  other nozzle troubles. 
— W . P. M ansfield, Gas and Oil Power, Vol. 48, June 1953; 
pp. 147-149; 153.

for regulating or changing flame con tour is practically  no n 
existent. T he  register should actually be o f such design as 
to  perm it narrow ing  o r spreading of flame, at w ill, by the 
operator. T h is  is a m atter of varying longitud inal com ponent 
of air flow to  increase o r decrease its spin. W ith  th is so rt of 
bu ilt-in  flexibility the furnace could be m ore effectively used 
over w ider ranges in  capacity.— Paper by O. de Lorenzi, 
abstracted in S .N .A .M .E . Bulletin , Vol. 8, June 1953; p. 37.

Cylinder W ear in Diesel Engines
T h is  lengthy paper is based on a study of the available 

literature on the subject of cylinder wear in  Diesel engines. 
T he  au tho r begins w ith  a general section in  w hich he discusses 
m ethods of investigating and m easuring cylinder wear, and the 
nature  and m agnitude of norm al cylinder wear. H e then gives 
a survey of the various causes of wear, w hich he classifies under 
the follow ing head ings: — R ubbing or Scuffing  Abrasion. T h is 
is due either to  abrasive particles introduced into the cylinder 
in  the fuel oil, lubricating  oil, o r air; or to  particles formed 
in  the cylinder, as, for example, carbon or recrystallized 
alum inium  oxide. Corrosion  is due to  various organic and 
inorganic substances present in  the fuel. Erosion and Surface  
Disintegration. T he  au thor then discusses the various structural 
factors th a t influence wear, namely the effect of the type of 
engine, fuel injection, scavenging systems, loading, bore and 
stroke, revolutions, com pression ratio, type of m aterial used 
and  m ethods of w orking, and the form  of liners and  piston 
rings. T he  influence of conditions of operation are then 
considered, particu larly  fuels and conditions of com bustion 
(w ith m ention of the im portance of correct injection fo r oils 
of different viscosities), m ethods of lubrication  and lubricating 
oils used, and  tem perature of operation. I t  is pointed ou t 
th a t the use of a large stroke-diam eter ra tio  m ay cause increased 
wear, since, if the stroke is increased beyond a certain lim it, 
the lubrication in  the cylinder w ill be affected. I t  is also stated 
th a t the dura tion  of b u rn ing  increases w ith  increasing cetane 
value of the fuel, w ith  th e  result tha t the lubrication is affected 
over a greater p ropo rtion  of the stroke, causing m ore wear. 
F or this reason, it is no disadvantage to  use a low cetane 
value fuel. T h e  paper concludes w ith rem arks on the possi
bility of research to  reduce wear in  Diesel engines by improved 
fuels and o ther m ethods.— J. B. G ulbrandsen, Norwegian Inst. 
S h ip  Res. Report N o . 3, January 1953. Journal, T h e  British  
Shipbu ild ing  Research Association, Vol. 8, June 1953; Abstract 
N o. 7641.

Com bustion in M arine  Boilers
In  the discussion of furnace design factors, the au thor 

presents data fo r com parative purposes only, on furnace tem 
peratures, heat-liberation, and  heat-absorption rates. These 
should no t be regarded as either upper or lower lim its. Each 
set o f operating  conditions m ust be carefully analyzed to  deter
m ine w hat the permissible lim its are for the design under 
consideration. O perators are aware of the increase in  fireside 
deposits w hich have m ade operation  at high rates, over long 
periods of tim e, a m atter of considerable difficulty. Some of 
these are due to  im proper bu rner adjustm ent. In  the m ajority 
of cases, however, the cause is traceable to place of origin of 
the fuel oil, a lthough variations in  analyses and  blending are 
also con tribu ting  factors. Considerable research is now  under 
way to  establish effective and low-cost means for avoiding such 
fireside deposits. Some suggested remedies seem to have m erit 
b u t require tim e-tested operating  experiences, under m any 
differing conditions, to  establish their real w orth . T he  per
form ance of oil burners available for m arine applications is 
good. M odifications should, however, be developed to  fu rther 
increase the ir flexibility. T h e  w ide-range nozzle is of recent 
orig in  and has served to  im prove som ewhat flexibility o f opera
tion. T he  next step indicated is a change in  register design. 
At present these are v irtually  strait-jackets in th a t a possibility

Modern Sh ips’ Propulsion
From  the m om ent the Diesel m oto r had definitely estab

lished its position, the m axim um  pow er developed by th is 
type of engine obviously became an im portan t factor. F o r the 
single-screw slow-speed Diesel engine th is m axim um  power 
norm ally lay at 6,500 b.h.p., fo r the reciprocating  steam  engine 
at about 2,500 s.h.p., and  fo r the steam  tu rb ine  a t about
10.000 s.h.p. W hen, after the w ar, the speed of ships was 
considerably increased, th is affected the required  engine power 
and the m axim um  o u tp u t reached about 12-14,000 b.h.p. per 
shaft for Diesel propulsion , about 4-5,000 s.h.p fo r the 
reciprocating engine, and  about 15,000 s.h.p. fo r the steam 
turbine. W here the ship is driven by m ore th an  one propeller, 
the pow er fo r the steam tu rb ine per shaft m ay even attain
50.000 s.h.p. and  more. T h is  m ore o r less spectacular develop
m ent has, so far as the Diesel engine is concerned, resulted from  
a considerable increase in  m ean pressure, and  an  im provem ent 
in  the scavenging system, etc., while for steam reciprocating 
engines and steam turbines, the im provem ents have been m ainly 
achieved by increase of steam pressure and tem perature, as well 
as heat econom y produced by o ther refinem ents, such as heating 
feed w ater by bled steam and  o ther sm aller details. Coupled 
w ith  th is im provem ent in  efficiency was an endeavour to 
sim plify the construction  of the engine, and cu t dow n its weight. 
Here, too, m arked results have been obtained, m ore particularly  
w ith  the Diesel engine, and for equal o r even higher powers 
savings in  w eight have been reached of 20 per cent and more. 
T h is  result is principally  due to  the application  of welded 
instead of cast iron  construction . T he  results fo r steam engines 
are less striking, although here too, savings in  w eight have been 
obtained, i.e., in  high-pressure boiler construction , ro tors, etc. 
I t  m ay be expected th a t also for this type of m achinery fu rther 
reductions in  weight are possible. T h e  follow ing table outlines 
some im portan t characteristics of fou r m odern  propulsion 
eng ines:

F ast-runn ing  
S low -runn ing  4-stroke 

Reciprocating 2-stroke highly
T ype of steam Steam  single-acting supercharged

installation engine tu rb ine Diesel Diesel 
Steam  pressure 4401b. 600 —  —

per sq. in.
S t e a m  tem 

perature ... 740 850 —  —  
deg. F. deg. F.

Feedw ater tem 
perature ... 225 240 —  —  

deg. F. deg. F.
Fuel consum p

tion,
lb ./s .h .p ./h r. 0-67 0-53 0'372 0-348

T o ta l efficiency 
per cent of
installation... 20-5 26-0 37 0 39-4

T he  ow ner will no t be guided in  his choice of a certain type 
of propulsion  installation by its technical m erits only, bu t 
also by factors bearing on the exigencies of the trade. T he 
tu rb ine  installation com m ends itself for instance, as being low 
in  height and  by the possibility to  use heat produced in  the 
boilers for purposes other than  propulsion  alone, w hich, more 
especially on passenger liners and  big tankers, is a factor of 
im portance. F u rther, there are the low cost of repair and over
haul, and the problem  of personnel. T h is  la tte r considera
tion  has become of forem ost im portance since the tra in ing  of 
responsible engineroom  personnel has failed to  keep pace w ith
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the rap id  expansion of the w orld fleet. A t present, the Diesel 
m otor dem ands m ore personal supervision and  a tten tion  and 
calls fo r a longer tra in ing  of the staff th a n  the steam -driven 
engine.— Paper by S. van W est read before the Baltic and In te r 
national M aritim e Conference at the H ague on 11th June 1953; 
T he Sh ip p in g  W orld, Vol. 128, 24th  June 1953; pp. 571-572.

H igh  Powered Diesel-electric Icebreaker
In  order to  keep the entrances to  F inn ish  harbours free 

from  ice d u ring  the w inter, the F inn ish  G overnm ent, in  1950, 
ordered the highest-pow ered Diesel-electric icebreaker th a t had 
hitherto  been constructed. T h is  ship, the Voim a, has been com 
pleted by the Sandvikens Skeppsdocka. She is about 274 feet 
long w ith  a breadth of 63 feet and  a d raugh t o f 20-3 feet, 
the displacem ent being 4,415 tons. In  tw o engineroom s six 
Polar engines of 2,000 b.h.p. are installed, each driv ing a d.c. 
generator of l,370kW . T here  are fou r propelling m otors, two 
forw ard and  tw o aft, each w ith  an o u tp u t of 3,500 b.h.p.— The  
M otor Sh ip , Vol. 34, Ju ly  1953, p. 172.

Electrolytic Tank Development
A recent report describes the design and  developm ent of 

an electrolytic tank  for the study of hydrodynam ic flow about 
torpedoes and o ther bodies. In  th is tank  it is possible to  
survey velocity d istributions o f the potential flow about tw o- 
dim ensional bodies of revolution w ith an  accuracy com parable 
to  th a t obtained by direct m easurem ent in  th e  tow ing basin 
o r w ater tunnel. T he  m ethod m ay eventually be extended to 
study  m ore general types of flow on  three-dim ensional bodies,
e.g., pressure d istributions on a ship model. E lectrolytic tanks, 
of course, have been built a t m any laboratories in  various 
countries, bu t there still rem ains m uch  scope in  the refining 
of testing  techniques, as, for instance, for ob tain ing pressure 
d istributions. Also, considerable care is necessary in  designing 
and  constructing  an electrolytic tank. T h e  lin ing  of the tank  
described in  the report was cast of a wax com pound and  the 
surfaces were m ade sm ooth and  plane by hand  scraping. T h is  
type of lin ing  was adopted after considerable trouble  was 
encountered w ith  a glass lining. T h e  dielectric models 
investigated were m achined ou t of the same hard  wax com pound 
used fo r ship models, and  sprayed w ith  a hydrophobic w ater
proofing plastic com pound to  elim inate the m eniscus of the 
w ater surface. Polarization  of the electrolyte adversely in 
fluences accuracy of readings, b u t polarization  m ay be reduced

by increasing the frequency of the pow er supply  and  by 
coating the probe and  electrodes w ith  A quadag.— The Engineers' 
D igest, Vol. 14, June 1953; pp. 199-200.

Challenge in Ship Design
In  his paper, the au tho r acknowledges the con tribu tions 

to  the science and  practice of sh ipbuild ing  and  m arine engineer
ing by those w ho have gone before b u t asserts th a t great fields 
fo r endeavour rem ain, new m ethods bring  problem s and  fresh 
dem ands fo r their challenge. A fter m aking reference to 
C anadian  shipbuild ing  achievements in  past and present days, 
he po in ts ou t th a t present-day ships are either w holly o r largely 
electrically welded. A tten tion  is directed upon  the m erits of 
long itud inal fram ing  of electrically welded bottom  structures. 
T he  case of the welded Ocean Vulcan  and  the riveted Clan  
A lpine, upon  w hich investigations were carried ou t under the 
direction of the B ritish A dm iralty  W elding Com m ittee, is cited 
and  it is pointed  ou t th a t corrugation  on the bottom s, wholly 
or partially  welded, of transversely fram ed ships causes con
siderable concern. D ifferent m ethods of transverse and  
longitud inal fram ing  of the bottom  structu re  are discussed, 
supported  by tables giving steel w eights and  electric w elding 
quantities, w ith  a view to nullify ing believed reasons for reluc
tance o f builders to  incorporate long itud inal fram ing  in  sea
going d ry  cargo vessels. Brief reference is m ade to  the strength  
of fram ing  required by the L oad  L ine Rules and  Classification 
Societies, and of opportun ities som etimes available to  designers. 
T he  question of deck supports is considered, alternative p illar 
and  girder arrangem ents are indicated and  their features dis
cussed. V arious types o f pillars are show n and  atten tion  draw n 
to  savings in  w eight m ade possible by the better disposition and 
balance of m aterial perm itted by designs fo r electric welding. 
In  conclusion, the au tho r m entions several necessary guides 
tow ard  good s truc tu ra l design.— Paper by H . L . W alker, 
abstracted in S .N .A .M .E . B ulletin , Vol. 8, June 1953; p. 34.

Sh ip 's Freeing Port
T he accom panying sketch illustrates a form  of freeing po rt 

recently designed by M eehans, L td ., of G lasgow, fo r fitting  in 
covered spaces above the freeboard deck and  in  well deck 
bulw arks. T he  port is fitted inside the line of the sh ip’s p lating  
so as to  avoid any interference from  the w ash of the sea 
ru n n in g  along the side of the ship, and  to  prevent dam age from  
contact w ith  quay walls o r o ther vessels. I t  is so designed

2x 2 W

Sketch shozving arrangement of M eehans’ self closing port

LOCKING  BAR 
IV *  V "D ‘ ANGLE
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th a t as soon as the in ternal head of w ater is 6 inches above the 
sill, it opens and  allows the w ater to  drain , after w hich it closes 
autom atically and silently against the w atertight rubber seating, 
preventing the en try  of sea water. A locking bar, w hich m ay 
be operated locally at the freeing port or from  the deck above 
by link bar and  operating  screw being coupled to  the locking 
bar, can be fitted to  prevent pilfering of cargo. All parts are 
readily accessible from  inboard  to  facilitate inspection and 
m aintenance. I t  is claimed tha t the po rt will rem ain in the 
closed position in  a ship w hich m ay be rolling heavily, and 
th a t its ability to  do so ensures th a t there is no d im inution  
of the ship’s righ ting  arm . T he sill of the port is sufficiently 
high above the deck or waterway to  prevent its being fouled 
by refuse.— T h e  Sh ip p in g  W orld, Vol. 129, 1st Ju ly  1953; p. 21.

Ship M aintenance and Future Design
T he decisions made during  the design stage will ultim ately 

be of u tm ost im portance in  the m aintenance expense of the 
vessel. A ccordingly, and  w ith in  the lim itations im posed by 
ow ner’s requirem ents, laws, class rules, and  norm al economy, 
the designer is urged to  pay the utm ost attention  to  those details 
w hich m ay result in  excessive m aintenance. In  attem pting  to  
com bat shell corrosion, the use of a m inim um  num ber of 
scupper connexions is strongly indicated, and attention  directed 
to  consideration of sewage sum ps elim inating all sanitary dis
charges above load line. O ther suggestions are advanced in 
the same vein, a ttem pting  to  allow m axim um  shell protection 
from  corrosion and  m axim um  perform ance from  standard  
preservative coatings. Examples of recurring  defects observable 
in  the various mass produced vessels are described, po in ting  to 
faulty  design or m aterial choices. C onsideration is urged for 
the use of alloy m aterials in  a variety of applications. In  
general, suggested applications for alloys are confined to  situa
tions wherein (a) the cost of materials in  the com pleted article 
is m inor com pared w ith  the cost of fabrication and  (b) the 
w eight of m aterial involved in  the finished article is relatively 
negligible. O bvious examples are those deck pipe line systems 
subjected to  corrosion from  w ith in  and  w ithout, and ventilation 
louvres and  sim ilar ligh t sheet metal assemblies exposed to 
weather. In  lieu of the use of alloys, careful surface treatm ent 
is urged fo r m etal joiner w ork at deck level and the interiors 
of hollow m etal joiner item s such as doors and a irport boxings. 
T he designer is urged to  restrict the use of com fort insulation 
and  sheathing to  those areas specifically requiring  such trea t
m ent, both  as a construction  econom y and to  relieve the necessity 
of expensive rem ovals and  replacements in  the event of fu ture 
repairs. Increases in  shell plate weights over rule requirem ents 
and  use o f add itional stringers and intercoastal bars is sug
gested in  the bottom  areas of dry cargo vessels usually vulnerable 
to  pound ing  damage. U n ifo rm  spacing of m achinery is urged 
to  provide adequate space around  all m achinery fo r routine care 
and  m aintenance. I t  is poin ted  o u t th a t selection of certain 
vital auxiliaries solely on  the basis o f m in im um  first cost and 
m axim um  initial m echanical efficiency will in  m any cases impose 
overall restrictions upon  the perform ance of the p lan t and 
result in  h igh  m aintenance cost. Sim ilarly, the absence of 
adequate speed contro l in  the various circulating w ater pum ps 
m ay result in  accelerated corrosion w ith in  the exchangers 
served. Electrically, the designer is urged to  provide adequate 
protection fo r wireways from  the elements and from  m echanical 
damage, to  look particularly  to  the ease and adequacy of lubrica
tion  arrangem ents for electric m otors, and  to  provide adequate 
ventilation to  all m otors located in high am bient tem perature.—  
Paper by W . K . B. Potts, abstracted in  S .N .A .M .E . Bulletin, 
Vol. 8, June 1953; p. 35.

w hich dispose of it in to  the S ou th  A tlantic some ten  miles 
out. These hopper barges m ade the voyage across the A tlantic 
under their ow n power. T hey  have a carry ing  capacity of 
800 tons of spoil at a hopper content of 17,500 cu. ft. An 
ou tstand ing  feature is the absence of any obstruction  above 
the hopper com partm ent, where cross mem bers have been 
dispensed w ith  by incorporating  all necessary transverse 
strength  in the bottom  construction . T he  principal dim ensions 
of the hoppers are: —

L e n g th ............................... 164 feet
B read th ... ... ... 29-6 feet
D e p t h ............................... 14-7 feet
D raugh t, loaded ... 12-9 feet (at a speed of 10 knots) 

T he  propelling u n it is a 600-h.p. M .A .N . Diesel engine. T he 
overall measurem ents of the hopper com partm ent are 
65 x 22 x 14 feet. In  the bottom , twelve doors, arranged in 
tw o rows of six, w hich are operated by hydraulic ram s on 
the foredeck, ensure efficient discharge of the spoil.— Journal, 
T he British Sh ipbuild ing  Research Association, Vol. 8, June  
1953; Abstract N o . 7598.

Dredging Equipment for Brazil
A ccording to  an  article in H olland Shipbuild ing, the self- 

propelled bucket dredger Vera C ruz, bu ilt by I. H . C. H olland 
for w ork in  the harbour at Santos, has a pontoon-shaped 
hull and a capacity of 17,500 cu. ft. per hour a t a  m axim um  
dredging depth  of 50 feet. She has been designed for opera
tion  in  the open sea to  clear the harbour approaches. Spoil 
is transferred to  a fleet o f fou r D iesel-propelled hopper barges,

Term inal Facilities for Large Ocean Tanker
T he high initial and  subsequent operational costs of large 

ocean tankers necessitates th a t these vessels should load and 
discharge their bulk oil cargoes at the m axim um  loading and 
discharging rates com m ensurate w ith  safety, w ith  resultant 
reduction  in port tu rn -ro u n d  and increased overall carrying 
capacity. T he  m odern 26,800 d.w .t type tanker, it m ust be 
pointed ou t, is a vessel capable of discharging cargo at average 
pum ping  rates of 16,000 to  18,000— 42 gallon barrels per hour,
i.e. 2,100 to  2,400 long tons per hou r (crude oil basis) using 
centrifugal type cargo pum ps. Experienced tanker personnel 
and  term inal staff supervise all cargo loading and discharging 
operations in  po rt, having regard to the requirem ents of the 
local harbour authorities’ by-laws and  G overnm ental regula
tions relating to  the loading and  discharging of “high flash” 
and  “low flash” petroleum  products, in  addition  to  w hich 
tanker owners’ and oil com panies’ safety regulations have to  
be observed at all times. “In  po rt” tu rn -ro u n d  tim e is an 
im portan t factor in  the economical operation of tankers and 
th is means tha t m arine term inal facilities used by vessels 
discharging and loading bulk oil cargo at the oil refineries and 
bulk storage term inals at the various po rts  are designed to  
elim inate unnecessary delays to  tankers. T h is  m ay entail im 
provem ents in  the navigational approaches to  the p o rt and  at 
the various tanker term inal berths located therein, having regard 
to the dim ensional characteristics of tankers using such facilities. 
In  order to  determ ine w hether o r no t a tanker can  be safely 
accom m odated at a po rt/te rm ina l, consideration m ust be given 
to  the dim ensions of the vessel, i.e. overall length , beam, 
m axim um  draught, deadweight and  displacem ent tonnage, the 
pum ping  capacity o f the vessel’s pum ps, and  also the tons-per- 
inch im m ersion factor in  relation to  the navigational and  berth 
facilities obtain ing in  the approaches to  and  w ith in  the port. 
I t  is necessary to  ensure th a t the vessel can  safely proceed to  
and be accom m odated “always afloat” at the prospective berth, 
and  th a t a laden tanker having the designated dim ensions 
can discharge sufficient cargo to  lighten  to  a safe d raugh t, 
inclusive of “bottom  clearance” before first low w ater after 
berth ing at o r near high w ater at tidal berths. T h is  latter 
consideration is related to  the m axim um  receiving capacity at 
w hich each grade of petroleum  product can  be safely passed 
th rough  the term inal pipelines and  associated flexible hoses 
having regard to  the diam eter and  length of the lines, elevation 
of shore storage tanks, and  m axim um  permissible purnping 
pressures allowed in  the pipelines, flexible hoses and  con
nexions. C onsideration  m ust also be given to  w hether o r no t 
the tanker berth  and  its associated structures (m ooring 
dolphins, bollards a n d /o r  buoy m oorings, also fendering 
arrangem ents) are suitably positioned and of sufficient stability, 
w eight and  streng th  safely to  w ithstand  the breasting m ooring 
and “pull loads” of a tanker having the designated dim ensions 
under the w orst conditions o f w eather and  tide likely to  be 
experienced in  the locality. I t  is also im portan t th a t the
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positioning of the tanker’s discharge m anifold connexions 
w hen at the berth , are in  alignm ent w ith  the dock m anifold 
connexions, when the parallel m iddle body length  of the tanker 
is evenly distributed  over the breasting face of the berth  w hich 
it is ly ing  alongside.— Cargo H andling, Vol. 1, June 1953; 
pp. 34-35.

Research in Dredging Problems
A recent extension of the M ineral Technological Institu te  

a t D elft, comprises a tank  fo r study ing  the behaviour of 
dragheads of tra iling  suction hopper dredgers. T he  spoil o u t
p u t of a tra iling  suction dredger is determ ined, am ongst other 
th ings, by the volum e of the m ix ture  of spoil and  w ater w hich 
is pum ped u p  d u ring  a certain  u n it o f tim e, and  the p ropo r
tion  of solids in  the m ixture of spoil and  w ater; i.e. concentra
tion. F o r a given shape of draghead the o u tp u t of m ixture 
and  its concentration  depend u p o n : 1, V acuum . 2, T he  speed 
at w hich the draghead is draw n along the bottom . 3, T he 
position of the suction  opening in  regard to  the bottom  surface.
4, T he  force by w hich the draghead is pressed upon  the bottom .
5, T h e  natu re  of the soil. W hen a dredger is at w ork the 
influence of factors 1-5 cannot be verified, since it is no t possible 
to  contro l the conditions of dredging w ith  sufficient accuracy, 
and  th is  afforded an  adequate reason fo r proceeding w ith  the 
construction  of a testing installation. T he  installation consists 
of a concrete tank  90 feet (27m.) long, fitted w ith  glass panes 
on one side. T h is  tank  is constructed  a t a fa ir height above 
floor, and below it, on  g round  level is a second tank  w hich 
serves as a collector. Over the m ain  tank  a travelling carriage 
is fitted, from  w hich a suction tube is suspended. T he  suction 
tube is divided lengthwise on its centre line, and  is also fitted 
w ith  a glass wall. T he  speed of travel of the carriage and 
consequently the speed at w hich the draghead is draw n along 
the bottom  of the tank , can  be regulated from  very slow to 
very fast by m eans of a hydraulic variator. O n the carriage 
a p latfo rm  is fitted w ith  m easuring instrum ents, a film 
apparatus w ith lam ps, and  room  fo r the attendants and  their 
controls. By means of th is installation  it is possible to  regulate 
and to  m easure the factors 1-5, and  furtherm ore, to  determine 
the force required to  draw  the draghead along the bottom . 
T he  results of research carried ou t up  to  the present are very 
interesting in  th a t they have produced figures h itherto  unknow n, 
w hich in  com bination w ith  visual observations greatly widen 
the views on the w orking of dragheads.— H olland Shipbuild ing , 
Vol. 2, M a y  1953; pp. 14-15.

N ew  Lubricating Oil Tanker
T he Vacuum  Pioneer, w hich is a single-screw steam tanker 

for the carriage of lubricating  oil, petrol o r kerosene, has been 
com pleted by the G rangem outh  D ockyard Co., L td ., for the

V acuum  Oil Co., L td . T h is  tanker is in tended for service 
between the ow ner’s new C ory ton  refinery on  the T ham es and 
their oil com pounding and  blending and  grease m anu factu ring  
w orks at B irkenhead. D ue to  the m ultip lic ity  o f grades of 
lubricating  oil w hich are to  be carried, special pum ping  and 
pipeline arrangem ents have been incorporated  in  o rder to  give 
her the m axim um  flexibility in  cargo handling . T h e  tanker 
is so designed th a t she will be suitable fo r foreign going as 
well as coastal service. T h e  principal particu lars of the Vacuum  
Pioneer are as follow s: —

L eng th  b .p ................................................  245 feet
B readth m oulded 
D epth  
D raugh t 
T onnage d.w. 
Speed
D ry-cargo  hold

40 feet 
16ft. 6in.
15ft. 3in.

1,640 tons 
l l i  knots 
8,200 cu. ft. bale

T here are ten separate tanks, each one varying in  capacity 
between 130 and 170 tons, fo r the carriage of various grades 
of lubricating oil. H eating coils of malleable steel p ip ing  are 
installed and have a heating capacity of one square foot for 
each 42 feet of tank  capacity. T h e  pum ping  arrangem ents 
are unusual due to the m ultip licity  of grades of oil tha t are 
to  be carried. T here are fou r 8-in. pipelines, tw o of the 
lines runn ing  th rough  the starboard tanks. Each pipe has an 
8-in. suction w ith  bellm outh s trum  and a valve w ith  extended 
spindle in  each cargo tank, m aking a total of fou r suction 
pipes in  each of the ten  tanks. Each pipeline is connected to 
one of the fou r steam -driven cargo pum ps and there are four 
separate overboard discharge lines on deck, p o rt and  starboard, 
one from  each pum p. A 4-in. s tripp ing  line is fitted, w ith 
separate connexions to  each oil cargo tank  and  to  a recovered 
oil tank  in the engine-room . T he pum p discharges overboard, 
po rt and starboard, and to the oily w ater separator. There 
is an 8-in. loading and discharging connexion on  deck from  
each pum p w ith  connexions p o rt and starboard. A ’ direct- 
loading connexion is arranged to  each tank line, bypassing the 
cargo pum ps, and fitted w ith  the necessary valves. T h e  valve 
operating hand  wheels are painted in  distinctive colours in 
order to  m inim ize errors. A four-tons oil recovery tank  and 
a 20-tons per hour C oastguard oily w ater separator are installed 
to prevent oil being discharged overboard w hen pum ping  out 
ballast, thu s po llu ting  the w ater a round  the coast. F our 
horizontal duplex m ain cargo pum ps m ade by C arru ther, each 
of 150 tons capacity, and a 60-tons capacity stripp ing  pum p, 
are installed in  the pum p room. A N o rth  Eastern M arine 
direct acting, trip le expansion, reciprocating type of reheat 
engine is installed and  gives the  vessel a speed of about 
l l i  knots at 115 r.p .m .— T he S h ipp ing  W orld , Vol. 129, 15th 
Ju ly  1953; pp. 56-58.
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N ew  Cerm an Cyro Pilot
W ith  the object o f reducing the am ount of yaw w hich 

m ay take place w hen a gyro pilot installation is in  use, 
the Allgemeine E lektricitats Gesellschaft have in troduced a 
device designed to  ensure the greatest possible steadiness of a 
ship’s course. I t  is stated th a t the adjustm ent of large rudder 
angles, in  accordance w ith  the am ount of deviation from  the 
sh ip’s course, is no longer necessary and the new gyro pilot is 
suitable bo th  in  com bination w ith  gyroscopic and magnetic 
com pass installations. In  operation, fixed rudder angles are 
determ ined fo r the po rt and  starboard sides of the helm. Once 
off the adjusted course, as soon as the ship begins to  tu rn  
back again, the helm is p u t am idships and yaw ing w ith  the 
rudder is avoided. A handle is provided w hich allows the 
course to  be altered w ithout the apparatus being switched over 
to hand steering. O n the steering pedestal are red and green 
control lam ps, ind icating  port and  starboard helm. In  the 
centre of the pedestal cover, w hich is arranged at a suitable 
angle for easy exam ination by the helm sm an, is a repeater

compass w hich can  be used as a steering compass 
w hen hand  steering is employed. A buzzer is installed for 
giving w arning if unin tended  deviations from  the ship’s 
course occur. T he  cover, w ith  all the instrum ents, show n in 
the accom panying illustration , can be raised and  the entire 
apparatus is thereby accessible by a single movement. T he 
colum n contains a sw itch for selecting autom atic o r hand 
steering, together w ith  switches for d im m ing the indicator 
lam ps and o ther ligh ting  devices. T he  w eight of the installa
tion  is 80kg. o r about 1771b. I t  is explained by the makers 
th a t the installation  does no t follow the principle of corrective 
steering, m eaning th a t the degree of rudder angle depends upon 
the deviation of the ship from  its course. T h e  use of the 
term  “program m atic steering” is suggested, and steering con
ditions can be adjusted by means of knobs on the steering 
colum n. These conditions include the am ount of the rudder 
angle to  starboard  and  port, the  degree of deviation from  the 
course at w hich the m ovem ent o f the rudder is started" and the 
degree of th is m ovem ent from  the largest deviation from  the 
course at w hich the ru dder is moved back again. W ith  these 
possibilities of contro l, the installation can be adjusted to  suit 
cargo and  w eather conditions at any time. In  good weather, 
deviations from  the course of 0-4 degrees to  one degree take 
place, according to  the sensitiveness of the gyro compass 
installation. In  bad weather, the am oun t of deviation naturally  
depends on the yaw ing of the ship.— T he M o to r S h ip , Vol. 34, 
Ju ly  1953; p. 147.

Flow About Slender Bodies
A linearized theory is developed for steady, tw o-dim ensional 

cavity flows about slender sym m etric bodies. T h e  theory  is 
applied to  the cases of zero and  non-zero (positive) cavitation 
numbers. I t is show n tha t, for the case of finite cavities, the 
linearized theory avoids the necessity fo r choosing an artificial

cavitation model as m ust be done in  any exact theory  attem pts. 
T he  problem of calculating cavity shapes and  drags for 
arb itrary  slender bodies is reduced to  one of quadratures. As 
an  example, calculations are m ade fo r the fam ily of wedge 
profiles and  results are show n to be in good agreem ent w ith 
“exact” theory results fo r sufficiently slender bodies. In  p a r
ticular, the example dem onstrates th a t the linearized theory is 
a valid first order theory.— M . P. T u lin , N a v y  D epartm ent, The  
D avid Taylor M odel Basin, W ashington, D .C ., Report N o . 834, 
M ay 1953. _______ _
Tank Cleaning Installation at Cardiff

T he M o u n tstu art D ry  D ock Co., L td ., have bu ilt a large 
tank  cleaning plan t in  the Roath D ock, C ardiff, where ships 
up  to  31,000 tons d.w. can be dealt w ith. T h is  new p lan t 
has been designed to  gas-free and clean the tanks of oil tankers 
after discharge and  obviates the necessity for their proceeding 
to  sea for 6-8 days in  order to  do so. Sea pollu tion , w hich 
is causing so m uch concern at the present tim e, is also avoided. 
T he  installation consists of a boiler house, an  oil separator 
designed by the com pany, filter and  oil storage tanks. T he 
cargo o r fuel tanks are washed ou t by M o u n tstu a rt employees, 
using the B utterw orth  system, and  the oily ballast is pum ped 
ashore th rough  the separator and filter, whence the oil-free 
w ater is discharged in to  the dock. T he  separator and  the 
associated oil storage tanks are protected from  the possibility 
of fire by a new system of fire prevention, by W . C. Holmes 
L td ., of H uddersfield. T h is  involves the generation of an 
inert gas w hich fills the space between the surface of the oil 
and  the to p  of the tank, and is m aintained there under a 
slight pressure. In  addition , and  to  com ply w ith  existing Hom e 
Office requirem ents, a complete Pyrene foam generating and 
d is tribu ting  system is fitted, connected to  all tanks and the 
boiler house. All parts, including pipelines, are protected against 
the possibility of dam age caused by the existence of static 
electricity. T he  p lan t has dealt very successfully w ith  two 
tankers belonging to  the A nglo-Saxon Petroleum  Co., L td ., 
the first ship being completed in  tw o days and  the second one 
in  three days, before proceeding to  the repair berths. T he 
M o u n tstu a rt Com bine is the largest sh ip-repairing  com pany 
in  the Bristol C hannel, and, in  fact, in  the w hole coun try , and 
owns eleven dry  docks at C ardiff, N ew port and  B arry, together 
w ith  a m odern  repair establishm ent at A vonm outh .— The  
M arine Engineer and N aval A rch itect, Vol. 76, June 1953; 
p. 239. _________
Preventing Stainless Steel Ca lling

W here o rd inary  lubrication  m ethods are no t applicable, 
the prevention of galling and  seizure of stainless steel surfaces 
in  m utual rubbing contact presents a considerable problem. 
T he  results of an investigation of the galling characteristics 
of various stainless steels will, therefore, prove valuable. A 
special galling test was developed fo r th is purpose after a 
num ber of m ethods involving the use of to rque  wrenches, 
strain  gauges and  n u t and  bolt assemblies had been studied. 
In  the new test, th e  polished base of a cylinder section is 
ro tated  under pressure against a polished block surface for 
one revolution, a series of such assemblies being compressed 
under increasing loads un til galling occurs. I t  was found  from  
these tests th a t stainless steel sections at a relatively high 
hardness level or w ith  a substantial difference in  hardness 
generally exhibit better resistance to  galling th a n  the com bina
tion  of tw o soft members. Since there m ay be no change in 
chemical com position, th is relationship between hardness and 
resistance to  galling is probably due to  the difference in 
m echanical properties of the hardened and  of the  soft specimen. 
T h e  explanation has been p u t fo rw ard  th a t the hardened 
sections deform  elastically near the contac t p o in t under loading, 
while the softer, weaker pieces yield plastically fo r a significant 
distance beneath the contact points. D u rin g  m ovem ent, 
hardened surfaces m ay recover elastically w ith  decrease in 
pressure, and  th is m otion  tends to  sever any m etallic welding, 
whereas, in  the case o f the soft specimens, the surfaces probably 
continue to  adhere closely d u ring  th e  m ovem ent o f the 
specimens w ith  relatively little elastic recovery and  separation — 
T he Engineers' D igest, Vol. 14, June 1953; p. 199.
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Pressure W e ld in g
Pressure w elding, o r solid-phase w elding as it is also 

term ed, has attracted  considerable a tten tion  in  recent years. 
I t  is true th a t in  the early stages of developm ent considerable 
trouble was experienced in ob tain ing consistent results, b u t the 
fact th a t the process is now  in  full com m ercial use, although 
still on  a lim ited scale, bears w itness to  the u tility  of the p ro 
cess as such. I t  is no t always realized th a t this process 
is basically different from  ord inary  w elding methods. In  
fusion-w elding, m etallic contact is achieved by the use of 
m olten  metal, w ith  o r w ithou t flux. Once intim ate con
tact has been produced by the m erging of m olten metal or 
by the w etting o f solid m etal by m olten metal, solidifi
cation  produces a continuous crystalline structure between the 
faying surfaces and  a  sound weld is obtained. T he  m olten 
m etal serves tw o vital func tions: (1) it eliminates the need for 
sm ooth  faying surfaces to  secure in tim ate m etallic contact, 
because m olten metal accom m odates itself to the con tour of the 
m etal being joined; and  (2) the m olten metal, w ith  the help of 
fluxes o r parent metal m elting, removes non-m etallic m atter 
from  the surfaces being welded, thus assuring in tim ate metallic 
contact. In  pressure w elding, n o  m olten  metal is present to 
perform  these two essential functions; some o ther m echanism  
m ust function  to accom plish th is vital need. C areful study  and  
analysis have show n th a t th is  m echanism  is recrystallization 
and  th a t the so-called pressure-w elding process should be more 
correctly  know n as recrystallization welding. T h e  fundam ental 
mechanism  causing recrystallization is no t as yet established, 
a lthough  there are several postulates concerning it. N o  explicit 
relationship relating quantitatively  the dependence of recrystal
lization  tem perature to  the deform ation has yet been found. 
M etallurgists have been conten t to  observe th a t the greater the 
degree o f deform ation, the low er will be the recrystallization

tem perature, and  have contended th a t the m any variables 
involved defy statistical analysis of the lim ited data available.—  
The Engineers' D igest, Vol. 14, Ju ly  1953; p. 239.

Large Train Ferry
T he first post-w ar tra in  ferry to be p u t in to  service by the 

G erm an S tate Railways is the tw in-screw  m.s. D eutschland, 
recently com pleted a t Kiel by H ow aldtsw erke A .G . T h is  vessel 
is designed for the G rossenbrode-G jedser service, w hich will 
now  be m aintained by the D anish  and  G erm an railw ay con
cerns. B uilt to the requirem ents o f G erm anische L loyd and 
specially strengthened for navigation in  ice, the D eutschland  
has been constructed  w ith in  six m onths, as the keel was laid 
on 1st N ovem ber 1952, and  the ship com pleted on  22nd April. 
She will carry  either ten passenger railw ay coaches o r tw enty- 
four goods waggons, o r a corresponding cargo of m oto r cars 
and  lorries. A ccom m odation is provided fo r 1,000 passengers. 
T he principal characteristics a r e : —

L ength  overall ... .. .  .. .  375ft. lOin.
L ength  b.p. .. .  ... ... 356ft. 4in.
B readth m oulded ... ... 56ft. 6in.
D ep th  to  tra in  deck ... . . .  23ft. 2in.
D ep th  to boat deck ... .. .  47ft. 9in.
D rau g h t .. .  .. .  .. .  14ft. 9in.
G ross r e g i s te r ...............................  3,863 tons
D eadw eight capacity ... . . .  1,200 tons 
D isplacem ent ... . . .  . . .  4,900 tons 
Brake horsepower ... . . .  5,500 
Service speed ... ... . . .  16 knots 
M axim um  speed ... . . .  17'5 knots 

A bow rudder is fitted and all rudders are stream lined and 
strengthened for navigation in ice, the general extent of the 
strengthening of these, the bow, stern and o ther parts of the
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Engine room plans o f the  
1.— Auxiliary engines. 2.— Generators. 3.— Lubricating 
oil and piston cooling pump. 4 and 5.— Lubricating oil filters. 
6.— Lubricating oil cooler. 7.— Lubricating oil separator. 8.— 
Lubricating oil heater. 9.—Water heater. 10.— Starting air 
compressor. 11.— Auxiliary compressor. 12.— Starting air 
receivers. 13.— Starting air bottle for auxiliaries. 14 and 15.— 
Sea water cooling pumps. 16 and 17.— Fresh water cooling 
pumps. 18.— Fresh water back cooler. 19.— Fuel oil transfer 
pump. 20.— Fuel oil daily service pump. 21.— Fuel oil 
separator. 22.— Fuel oil heater. 23.— Water heater. 24.—

vessel well exceeding the requirem ents of the classification 
society. T he hull, w hich is alm ost wholly welded, is divided 
by eleven w atertight bulkheads extending to  the m ain— or tra in - 
deck. Sliding w atertight doors are fitted to  fou r of the bulk
heads and  those for the m ain  engine room  have been fireproofed 
w ith  asbestos linings. T h e  propelling m achinery consists of 
tw o H ow aldtsw erke-M .A .N . single-acting, tw o-stroke engines 
w ith  eight cylinders w ith  a bore of 520 m m . and  a  stroke of 
900 mm . Each engine has an  o u tp u t of 2,750 b.h.p. a t 155 
r.p .m ., and  the corresponding fuel consum ption is estim ated 
a t 165 gram s per b .h .p .-hr. (0 361b.). Oil cooling is used for 
the pistons, the cylinder jackets and covers being freshwater 
cooled, as are also the shaft bearings. T he steering gear for 
each rudder is o f the A .E.G . electro-hydraulic type, either of 
w hich can  be controlled from  the forw ard and  after bridge. 
A rrangem ents are m ade in  the double-bottom  tanks fo r the 
carriage of 22 tons of lubricating  oil— sufficient for eigh t days 
w ith  three double trips daily— and there is provision for 140 
tons of fuel. T he  service speed of 16 knots is atta ined  a t 68 
per cent of the full power o u tp u t under favourable weather 
conditions .— T h e  M o to r Sh ip , Vol. 34, Ju ly  1953; pp. 152-155.

ferry ship  D eutschland
Warm water geyser. 25.— Ballast pump. 26.— Bilge and 
deck washing pump. 27.— Fire-fighting pump. 28.— Sea 
water pressure tank pump. 29.— Fresh water pressure tank 
pump. 30.— Deck washing and fire-fighting pump. 31.— Sea 
water cooling pump for refrigerating machinery. 32.— Refrig
erating machinery. 33.— Dry air cooler. 34.— Auxiliary boiler.
35.— Boiler feed pump. 36.— Preheater. 37.— Lubricating 
oil drain tanks for auxiliaries. 38.— Sea water pressure tank.
39.— Fresh water pressure tank. 40.— Fuel oil container for 
auxiliary compressor. 41.— Switchboard. 42 and 43.— T rans
formers.

Free-piston Gas-turb ine Plant
In  th is paper the latent possibilities in  heavy-duty  free- 

p iston  m achinery are discussed. T he  cycle prom ises Diesel 
efficiency from  a simple low -tem perature gas tu rb ine having 
low first cost. M any  features are described in  the paper. 
Cooper-Bessemer has built a test p lan t and  is now  investigating 
its operating  characteristics. N o  conclusions have been 
announced. Econom ic evaluations are being m ade requiring 
additional field work, w hich includes an  exam ination  of the 
general acceptance by engineering and  operating  people who 
will ultim ately decide the actual utility . D etailed cost studies 
o f com plete p lants, including careful estim ates o f the m achinery, 
have been made for electric-pow er generation, pipe-line p um p
ing, and  m arine installations. Some of these have been made 
available for use in  this paper. T he  Cooper-Bessemer investi
gation  of a heavy-duty free-piston turbo-pow er p lan t has been 
followed w ith  interest by the U .S. N avy Bureau of Ships 
because of its possible fu tu re  application  to  a ll types of auxil
iary vessels such as cargo ships, troop  transports, tankers, and 
others. F ree-piston m achinery m ay be applied  to  w ide ranges 
of weights and  ou tpu ts, some of w hich have only  recently been

Engineering Abstracts
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undertaken. However, these findings indicate a very definite 
su itability  to  m any heavy-duty applications. In  th is case the 
free-piston m achine weighs about 301b. per h.p. norm ally 
aspirated an d  will weigh less than  201b. per h.p. w hen super
charged. I t  is designed structu rally  as heavy as a 1001b. per 
h.p. m otorsh ip  Diesel. T he  paper has three objectives: 1. T o  
describe the potential effectiveness of heavy-duty free-piston 
m achinery. 2. T o  discuss an  investigation of a heavy-duty 
free-piston tu rbo  prim e mover. 3. T o  make a realistic appraisal 
of free-piston turbine power in  three heavy-duty service app li
cations— an  electric-pow er generating station , a pipeline p um p
ing  station , an d  a cargo vessel.— Paper by J. J. M cM ullen  and  
R. P. Ramsey, read at the 1953 A .S .M .E . Spring  M eeting. 
Paper N o. 53-S-13.

Sh ip ’s Hatches
T he invention consists of a hatch opening in  w hich the 

covers, w hen closed, lie flush w ith  and  form  a con tinuation  of 
the deck, guard  rails being provided for the hatch  w hich are 
autom atically  erected when the covers are opened. Referring to

tage of the p roperty  o f su lphu r of com bining w ith  ferrous 
metals, an d  form ing  a surface layer th a t reduces friction . T he 
process consists of im m ersing the steel o r cast-iron  com ponent 
to  be treated in  a ba th  of an  appropriate  com position  a t a 
tem perature of about 1,040 deg. F . fo r a tim e rang ing  from  
one-half to three hours. T he  surface hardness is n o t increased 
to  any notable degree, bu t the coefficient o f fric tion  is reduced 
and  the resistance to  wear becomes superio r to  th a t o f the 
hardest steels. T he  results o f tests on  treated an d  untreated  
specimens are discussed. All ferrous m etals so far tested have 
proved capable of being “su lph inuzed” . A pplications include 
the cylinder-head n u ts  for large m arine oil engines, w hich 
then do n o t seize or oxidize even after long service a t sea. 
T he  rate of wear of p iston  rings treated by th is process is only 
a fraction  of th a t o f sim ilar un treated  rings. T he  process is 
also used o n  tools, w hen the life o f the tool before regrind ing  
becomes necessary is found  to  be considerably increased.— G. de 
Lavalette and  E. Partiot, J .Soc.Ing.A uto .F rance, 1952; p. 119. 
Journal, T h e  British Sh ipbu ild ing  Research Association, Vol. 
8, June 1953; Abstract 7/134.

F ig . 4

Fig. 4, the hatch covers (1) are arranged in  pairs each hinged at 
an o u te r edge (2) and  opening in  an  athw artsh ips direction. 
T he  covers m ay be form ed in  any convenient length  and  in 
sections to  provide the desired opening. T he covers (1) m ay 
be constructed  of any suitable m aterial an d  m ay com prise a 
steel cover struc tu re  (3) w ith  w ooden sheathing (4) to  conform  
to the sheathing of the deck (5). E ach cover is hinged to  the 
deck (5) by hinge links (6) p rov id ing  double hingeing axes (7 
and  8) so th a t the cover (1) w hen open can  lie flat on the 
deck. W hen the cover reaches a vertical position  by hingeing 
about the first axis (7), it engages the hinge link w ith  a  squared 
edge (9) so th a t fu rther m ovem ent takes place about the second 
hinge axis (8). T h e  hinge links (6) are provided w ith  a square 
edge (9) to  ensure the reverse action  occurring  on  closing the 
cover. W hen the length o f th e  covers w arrants their use, 
sw inging beams (10) m ay be provided to  give additional longi
tud inal streng th  to  the hatch  covers w hen in  the closed posi
tion. These beams are carried by the covers on their inner 
surfaces, the beams are secured to  the covers by cleats (14) and 
are cu t away to  allow them  to sw ing in to  position  as the covers 
are closed.— Patentees: L . W alker and V. Walker. (B ritish  
Patent N o . 686,015.) W orld  Sh ipbuild ing , Vol. 3, M ay  1953; 
pp. 68-69.

Bacterial Corrosion
R eports published by the B ritish A dm iralty  and  by in d i

viduals in  E ngland  and  the U n ited  States, show th a t sulphate- 
reducing bacteria can  cause corrosion of iron  under some con
ditions. Because of the im portance of m ain tain ing  in  good 
cond ition  the steel p iling  of offshore structures in  the G ulf of 
M exico, a research investigation of the possibility of bacterial 
corrosion of these installations was inaugurated . L aboratory  
tests were directed tow ard  developing fairly  pu re  cu ltu res o f 
su lphate-reducing bacteria and  using  them  in bo th  natu ra l m uds 
and  synthetic cu ltu re  m edia fo r the purpose of determ ining 
their effect on the corrosion rate of steel coupons under anaero
bic conditions. M axim um  corrosion rates obtained were of the 
o rder o f 0 001 inch  per year. Several assemblies of tw enty 
coupons each were installed a t a m arine p latfo rm  approxim ately 
seven miles off G rand  Isle, L ouisiana; the coupons on  each 
assembly were spaced to  extend a few feet above an d  a few 
feet below the m ud  line. Som ew hat sim ilar assemblies were 
installed im m ediately offshore a t B arbour’s C u t, near La Porte, 
Texas. Results of the study  show th a t the corrosion rate due 
to  bacterial action is low, an d  th a t cathodic  protection  is a 
sufficient safeguard against bacterial corrosion.— J. A . Caldwell 
and M . L . L ytle , Corrosion, Vol. 9, June 1953; pp. 192-196.

Sulphinuzation of Surfaces y se 0f Flue Cas to Retard Corrosion
T he “ Sulph inuz” process of surface-finishing takes advan- T ankers in  gasoline service are subject to  excessive cor-
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rosion, greatly shortening their service life. T he  paper dis
cusses various m ethods utilized in  the past to correct this 
situation  and  presents no t only  data on  corrosion rates bu t dis
cusses the economics of previous m ethods and  th is present 
m ethod now being evaluated by the Navy. W hile d ry  weather 
a ir in troduced  in to  the com partm ents can reduce corrosion 
substantially, tests indicate it m ay increase the hazard of explo
sion. D ry  flue gas blankets the cargo and  prevents explo
sion. T he  prim ary  problem  involved in the w ork was the 
elim ination of con tam inan t particles in  the flue gas by various 
m ethods of filtering and  cleaning to  prevent contam ination  of 
cargo. T he contro l system fo r the subject system is described 
and  m any charts and  graphs are included giving inform ation on 
efficiency of filters, tank  therm al pressures plotted against 
atm ospheric tem peratures; vapour concentration  versus tem 
perature of gasoline and  sim ilar data. Conclusions are as 
follow s: 1. F lue gas in above the m in im um  concentration  of 
38 per cent by volum e will prevent explosion in  gasoline tanks.
2. F lue gas is the m ost acceptable means of inerting the tanks 
w hen properly cleaned. 3. In troduc tion  of clean flue gas into 
the tank  will no t in jure the cargo. 4. A dditional tests are 
required for establishing the effect of dehumidified weather 
air on the explosibility hazard of the tanks.— Paper by W . P. 
Stew art and H . W . K eeling, abstracted in S .N .A .M .E . Bulletin, 
Vol. 8, June 1953; p. 32.

Com bined Gas and Steam Turbine
T he p lan t show n in  Fig. 1 comprises on the one hand  a 

gas tu rb ine  u n it w ith  an  air com pressor (C) driven by a gas 
turb ine, the latter consisting of tw o units (T g H P  and  T gB P) 
arranged in  series w ith  the shafts of both turbines connected 
to  one ano ther th rough  a flu id  coupling (A), a com bustion 
cham ber (F ) inside w hich a liqu id  fuel is bu rn t, an  exhaust 
gas a ir heater (R ); and  on the o ther hand, a steam p lan t whose 
boiler (Ch) is arranged ' w ith  its furnace in  parallel w ith the 
com bustion  cham ber (F). By means of a gate valve (V) it  is 
possible to  vary a t w ill from  0 to  100 per cent the stream s of 
compressed and  heated a ir directed respectively tow ards the 
furnace of the boiler (Ch) and  the com bustion cham ber (F). 
T he  flue gases m ix a t the outlets o f the two, expand in  the gas 
turb ine and  flow th rough  the a ir heater (R) from  w hich they

escape to  the atm osphere. In  the steam  circu it the ahead and  
astern turbines (TvA V  and  TvA R ) are n o t provided w ith  any 
bleeder po in t for stage heating, bu t the evaporating  tubes are 
preceded by an  economizer (E) w hich completes the abstrac
tion  of heat from  the flue gases after they have passed th rough  
the air preheater.— Patentees: Societe Rateau and R. A nxionnaz. 
(B ritish  Patent N o . 684,959.) W orld  Sh ipbu ild ing , Vol. 3, 
M ay 1953; p. 68.

Maintenance of Reduction Cears
T he care w hich should be exercised in  o rder to  experience 

the greatest am ount of trouble-free service from  gears in  any 
rating  is no t particu larly  influenced by the size o r ra ting  of 
the gear. However, the am ount of tim e and  expense involved 
in  repairing or replacing a gear as a result of im proper opera
tion  or m aintenance m ay be influenced greatly by th e  size 
of the unit. I t  behoves the operator, therefore, to  be sure his 
equipm ent is operated and m aintained in  such a m anner as 
to  retain  its desirable good operating qualities. One of the 
best ways to  accom plish th is aim  is th ro u g h  preventive m ain 
tenance. Some of the rules followed by operators w ho have 
experienced years of satisfactory service from  their m arine gears 
m ay be listed as fo llow s: 1. Establish and  follow  a regular 
program m e of inspection. 2. M ain ta in  accurate and  complete 
records of operational data and  inspection reports. 3. T ake 
care of m ino r irregularities as soon as possible. 4. Refer to  the 
m anufacturer’s operating m anual as an  aid to  establishing 
proper operating procedures. 5. Seek the assistance of m an u 
facturer’s representatives for any irregularities w hich cannot 
be corrected easily in  a short tim e o r w hich appear to  assume 
m ajor proportions. Perhaps the m ost im portan t single item 
affecting the continued satisfactory operation  of a reduction 
gear w hich has been installed properly and  placed in  operation 
concerns the lubricating-oil system. T h e  oil system of the 
gear is designed for oil having the characteristics set fo rth  in 
the operating m anual as a guide to  the oil vendor. T h e  sh ip’s 
lubricating-oil system should be kept clean at all tim es, and 
samples of the oil should be checked a t regular intervals against 
vendor specifications to  determ ine its effectiveness as a lub ri
cant. M ost m arine-gear bearings are designed to  operate 
properly w hen the inlet-oil tem perature is 120-130 deg. F. 
and the pressure 8-101b. per sq. in. gauge. O il-tem perature

F ig. 1
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rise, as indicated by the tem perature of the oil leaving a bearing, 
should no t exceed 50 deg. F . under norm al conditions. T he 
m axim um  tem perature of the oil leaving a bearing should not 
exceed 180 deg. F. H igher exit tem peratures indicate insuffi
cient bearing cooling. P ropulsion-gear high-speed couplings 
connecting  the prim e mover(s) to  the reduction  gear pinion(s) 
are lubricated  in  one of tw o ways; by a separate orificed nozzle 
supply ing  oil to  a lip on  the coupling sleeve, from  w hich oil 
flows about the coupling teeth, o r by an orificed nozzle supplied 
w ith  oil from  the adjacent p in ion  bearing to  a lip  on the 
p in ion  flange from  w hich oil flows about the coupling teeth. 
Recently designed couplings are equipped w ith  dam s to  m ain
ta in  a level of oil at the coupling teeth so th a t they operate 
in  a bath  of oil. Provision is m ade fo r trap p in g  foreign m atter 
deposited by centrifugal action  in  a groove located at one side 
of the coupling teeth. M ateria l trapped  in  the groove should 
be rem oved w hen inspection indicates an  accum ulation  is 
present. F irst-reduction  propulsion-gear th ru s t bearings m ay be 
either the babbitted-plate type or the pivoted-shoe type. T he 
pivoted-shoe type bearings are flood-lubricated. T he  second- 
reduction , o r m ain , th ru s t bearing is the pivoted-shoe type 
fo r bo th  ahead and  astern th ru st, and  is flood-lubricated from  
the gear lubricating-oil system. Interm ediate couplings are of 
the too th  type, lubricated th rough  an orificed nozzle supplied 
w ith  oil from  the adjacent second-reduction p in ion  bearing. 
A uxiliary gears differ from  propulsion gears, in so far as 
lubrication  is concerned, in th a t the auxiliary gear norm ally 
is lubricated by a system w hich is complete w ith in  the auxiliary 
un it, whereas the p ropulsion-gear lubrication  is supplied by 
the sh ip ’s lubricating-oil system. Therefore, the oil pum p and 
pressure-regulating valve supply high-pressure oil fo r the 
governing system of the prim e m over (if required) and  low- 
pressure oil fo r lubricating  bearings and gear mesh. Such an 
auxiliary system, therefore, has its ow n oil cooler and  strainers. 
T he  principles of p roper operation regarding cleanliness, oil 
tem peratures, pressures and o ther factors are the same as for 
propulsion  gears. M arine-gear ro tors generally are supported 
in  cylindrical babbitted bearings. Supplied  w ith clean oil of 
p roper characteristics, pressure and  tem perature, these bearings 
will give years of trouble-free service. P roper m aintenance of 
gear-ro tor bearings is of particu lar im portance because m ain
tain ing  proper gear-tooth contact is dependent alm ost entirely 
on  the bearings in  w hich the ro to r journals operate. Irregu
larities in  to o th  contact result in  rap id  w ear o f the teeth, 
objectionable noise, and  o ther indications of im proper opera
tion .— A . D . S u tto n , M arine Engineering, Vol. 58, A ugust 
1953; pp. 79-83.

Five-blade Propeller Results
Substitu ting  five-blade propellers for the original four- 

blade wheels on its C-3 passenger and  cargo ships Del N orte, 
Del M ar  and  D el S u d , has produced w orthw hile economies for 
the Delta L ine of the M ississippi S h ipp ing  C om pany, Inc. O pera
tion  w ith  the five-blade propellers m anufactured  by B aldw in- 
L im a-H am ilton  C orporation , has show n a m arked im prove
m en t in  fuel consum ption, cu ttin g  it 3-75 to  8 1 5  per cent, 
depending on boiler pressures and  num ber of turbine nozzles 
used. F urtherm ore, there is a considerable reduction  in 
m achinery and  ta ilshaft v ibration  and, therefore, less m ain
tenance is needed on  the m echanical equipm ent. R eduction in 
vibration  is especially evident w hen the ships are slowed down 
and  w hen going fu ll speed astern. D u rin g  perform ance tests 
w ith  24 nozzles in  operation  on the turbine, ship’s speed 
increases half a knot over th a t w ith  the old propeller. I f  the 
tu rb ine  is operated on 21 nozzles and the steam pressure raised 
to  bring  the speed to  slightly  above th a t under the old con
ditions the fuel econom y is greatest.— M arine Engineering, Vol. 
58, A ugust 1953; p. 64.

Active  Rudder Installation
T h e  new Diesel-electric d ry  cargo ship Falkenstein  built 

by H . C. Stiilcken Sohn, H am burg, for Robert B ornhofen, 
H am burg , is fitted w ith  an  active rudder o f the Pleuger type. 
T h e  salient particulars of the vessel are as fo llow s: Length

o.a., 134 4 m .; leng th  b.p., 120 0 m .; bread th , 16 0 m .; dead
weight, 7,685 tons; speed, 14-6 kno ts; m achinery aft. F our 
m ain  Diesel engines of the non-reversible, single-acting four- 
stroke eight-cylinder, tru n k  p iston  type, each developing
1,400 h.p. E ach engine drives a three-phase synchronous 
alternator of 1,150 kva. con tinuous o u tp u t a t 3,000 volts and 
50 cycles. T he  single propeller is driven by a three-phase syn
chronous m otor developing 4,650 h.p. at 125 r.p.m . T h e  design

of the active rud d er is show n in  the accom panying engraving. 
I t  incorporates a subm erged electric m oto r of the squirrel 
cage type capable of a con tinuous o u tp u t of 500 h.p. at 
720 r.p .m . Overall diam eter of the m otor is 680 m m ., and 
length w ithou t propeller is 2,400 m m . I t  is claim ed tha t 
w hen bo th  m ain propeller and  ru dder propeller are runn ing , the 
efficiency of the m ain  propeller is increased by the presence of 
the rudder propeller.— S ch ifj und  H afen, Vol. 5, June 1953; 
pp. 245-268.

Turbines for Norw egian Vessels
T he reason w hy the Scandinavian  shipowners are now 

interested in  steam tu rb ine drive seems to  be the tendency to  
bu ild  large tankers of about 30-40,000 tons d.w. U p  to  50 per 
cent of the N orw egian m erchant fleet, reckoned in t.d .w ., 
consists of tankers, and  AB de Lavals A ng tu rb in  is therefore 
w atch ing  w ith  great interest th is renaissance of steam fo r the 
propulsion of vessels. D e Laval has the follow ing standard  
types: 7,300/8,100, 8,300/9,200, 12,500/13,700, 15,000/16,500 
and  18,000/20,000 s.h.p. T h e  consum ption  of fuel varies 
between 270 and  235 g ./s .h .p . depending on the size of the 
tu rb ine  and  the preheating  arrangem ent fo r the feed water. 
A t present three N orw egian ships are ordered w ith  de Laval 
tu rb ines: A nders Jahre & Co., Sandefjord, 8 ,900/9,800 s.h.p., 
H alfden D itlev Sim onsen and  Co., Oslo, 12,000/13,700 s.h.p., 
and  H ilm ar Reksten, Bergen, 8 ,300/9,200 s.h.p. T h e  8 ,900/
9.800 s.h.p. m achinery is a modified 8,300/9,200 s.h.p. standard  
turbine. T h e  8,300/9,200 s.h.p. tu rb ine  consists of a
4.800 r.p .m ., nine-stage, high-pressure turbine, a 4,150 r.p .m ., 
six-stage, low -pressure tu rb ine, a tw o-stage astern element 
w hich is bu ilt in to  the low pressure turbine, and  a set of double 
helical, double speed reduction  gears. T h e  un its  are designed 
fo r norm al operation requ iring  8,300 s.h.p. at 104 r.p.m . of 
the propeller w ith  the tu rb ine  tak ing  steam  at 1.36 atm . gauge, 
and 390 deg. C. tem perature, exhausting  against 0-05 atm . abs., 
and bleeding steam for a ir heater, feed w ater heating, evaporat
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ing, and  low -pressure steam generator in  norm al service at 
about 16, 7, 5, 2-6 and  0 05 atm . abs. M axim um  load and 
speed ratings, based upon  operation under the above steam 
conditions, are 9,200 s.h.p. and 108 r.p.m . respectively. T he 
astern tu rb ine is capable of developing 5,000 s.h.p. at 84 r.p.m . 
w hen operating  on  steam at 31-6 atm . gauge and 390 deg. C. 
tem perature, exhausting  to  0-05 atm . abs. N orm ally, steam is 
exhausted from  the h igh  pressure ahead turbine in to  the ahead 
stages of the low pressure tu rb ine and  hence to  the condenser. 
T he  steam and  exhaust pipe connexions are so arranged, how 
ever, th a t in  an  emergency either tu rb ine can be operated alone 
on  h igh presssure steam, exhausting in to  the condenser. T he 
high pressure ahead tu rb ine is supported  at the aft end by the 
gear casing, to  w hich it is secured by fitted bolts. T he forw ard 
end is carried on a welded steel pedestal w hich is bolted to  the 
hull s truc tu re  and  w hich is so designed as to  perm it axial 
expansion and  contraction . T he turbine shaft is connected by 
m eans o f a flexible coupling to  the starboard h igh speed pinion. 
T he  first stage is velocity com pounded, having tw o rows of 
revolving buckets separated by a row  of stationary  buckets. 
T hey  are dim ensioned to  stand  stresses o f speeds considerably 
higher th an  the norm al one, and  they are tested to a speed 
30 per cent in  excess of the latter. T he com bined low 
pressure ahead tu rb ine and  astern turbine is connected by means 
of a flexible coupling  to  the port high speed pinion. T he  ahead 
and astern elem ents are located in  the aft and forw ard ends 
of the casing respectively, and  are separated by a com m on 
exhaust chamber. As at the high pressure turbine, the aft end 
is supported  on  the gear casing and  the forw ard on a flexible 
pedestal, bolted to  the hull structure, and  the casing is divided 
horizontally  in to  tw o m ain  sections. All six pressure stages of 
the low pressure ahead turbine and the second stage of the 
astern tu rb ine are of the single bucket row  type. T he  first 
astern stage is velocity com pounded. T h e  first stage nozzle 
elements in  both  ahead and astern turbines, as well as the steam 
pipe connexions, are placed in  the lower sections.— E. Hildebeck, 
European Sh ipbuild ing , Vol. 2, N o . 3, 1953; pp. 65-71.

Noise and Noise Abatem ent in Engine Rooms
T his  report gives a survey of the literature on  noise and 

noise abatem ent in  ships’ engine rooms. T he  acoustical p rin 
ciples involved are first briefly reviewed. T h e  m ain  points 
considered are the difference between air-borne and  structure- 
borne sound, m ethods of reducing the streng th  of the sound 
sources, m ethods of reducing the propagation  of both types 
of sound, and  reducing sound levels by means of sound 
absorption. T he  application of these principles to  the abate

m ent of noise in  engine room s is then  discussed. T he  logical 
sequence fo r noise reduction  is silencing of engines, shielding 
the engines by means of sound-absorbing casings, the applica
tion  of resilient m ountings, and  the reduction  of noise levels 
by using sound-absorbent materials. N one of these measures 
is likely to  be sufficient by itself, and  atten tion  will probably 
have to  be paid  to  all the poin ts m entioned.— N etherlands Res. 
Centre Shipbuild . N avig. R eport N o . 12M , A pril 1953. 
Journal, T he  British Sh ipbu ild ing  Research Association, Vol. 
8, Ju ly  1953; A bstract N o . 77773.

Unusual Tailshaft Repair
Bethlehem Pacific San F rancisco S h ipyard  recently com 

pleted an  unusual repair to  a new Federal P -2  type tailshaft 
whose liner had  been dam aged because the shaft had  been 
im properly prepared for shipm ent. D am age consisted of 
parallel grooves for the full length  of both  liners on the shaft. 
These were approxim ately A  inch  wide and  tV inch  to  » inch 
deep. T h e  owners were desirous of repairing  these grooves 
only in  the way of the packing gland area. T h e  grooves were 
cleaned fo r 36 inches from  the end of the liner, preheated 
un iform ly  w ith  natural-gas ring  heaters to  300 deg. F . and 
welded w ith  the H eliarc process. A fter w elding, tem perature 
was equalized th roughou t the repaired area (approxim ately 
300 deg. F.). T he  ring  burners were cu t off and  the liner 
was w rapped heavily w ith  asbestos. T h e  shaft was then  
allowed to  cool. T he  repair was successful and  there was not 
d istortion  in  the shaft. T he  welds were then  m achined off flush 
w ith  the liner.— M arine Engineering, Vol. 58, Ju ly  1953; p. 52.

Unsteady-flow  W ater  Tunnel
A project to  investigate flu id  fric tion  and cavitation 

phenom ena in  unsteady m otion is under w ay in  the hydro
dynam ics laboratory at M assachusetts In s titu te  of Technology. 
I ts  objective is to  obtain fo r transient-flow  conditions th rough  
conduits and around  immersed bodies the same kinds of basic 
in form ation  th a t have been determ ined fo r steady-flow cases. 
A pilot-m odel w ater tunnel, developed to  produce flow in 
w hich the basic m otion is accelerating or decelerating, is of 
unconventional design. I t  is of the blow dow n type and  con
sists essentially of tw o tanks 20 inches in diam eter and  6ft. 8in. 
long, m ounted  vertically, one above the other, and connected 
by a tube, o r w orking section of 1 inch  ID . F low  from  the 
upper tank  passes th rough  guide vanes and  an entrance nozzle, 
th rough  a quick-opening valve. T he velocity and  acceleration 
of the flow th rough  the tube are governed by the difference 
in  a ir pressure above the w ater surfaces in  the upper and  lower
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tanks. T h is  differential pressure, in  tu rn , is controlled by a 
servo-system. H igh-frequency-response electronic cells were 
developed for m easuring differential w ater presssures directly. 
These cells have been em ployed in  experim ents to  determine 
loss o f head along the test section and  fo r m easuring the 
instantaneous average velocity.— Paper by J. W . Dailey, read 
at the 1953 A .S .M .E . Spring  M eeting; Paper N o . 53-S-31.

Controllable Pitch Propeller Survives Accident
One of the tw o 9-ft. diam eter K aM eW a controllable p itch  

propellers of the 3,000 h.p. tow boat Delta Cities ow ned by Lake 
T ankers C orporation , N ew  York, was recently involved in  an 
unusual accident and  survived w ith  only a m in im um  of 
damage. T he  D elta C ities g rounded while tu rn in g  its tow 
a round  in  St. L ouis harbour on  19th January. T he  starboard 
rudder touched bottom , and  the force of the ground ing  broke 
the rudder loose from  its connexions inside the vessel to such 
an extent th a t the after po rtion  of the rud d er actually came 
in to  contac t w ith  the tips of the propeller blades. These blades, 
w hich are m ade of stainless steel, cu t th ro u g h  alm ost an  inch 
of steel plates to  make a hole in  the ru dder m ore th an  a foot 
w ide and  nearly tw o  feet high. Since it was evident th a t 
there had  been no serious dam age to  the propeller and  since 
th e  ru d d er connexions inside the vessel were repaired quickly, 
it w as decided to  continue operation of the vessel un til a more 
convenient tim e for drydocking and  repairs of the underw ater 
damage. T h e  D elta Cities continued operation w ith  only a 
slight loss of efficiency fo r over a m on th  before repairs were 
undertaken.— M arine Engineering, Vol. 58, Ju ly  1953; p. 54.

Accuracy of Torsionmeters
D oubt is frequently  th ro w n  u p o n  the accuracy of to rsion 

meters, b u t the question is of m ore im portance w ith  turb ine- 
driven ships th an  w ith  those equipped w ith  Diesel engines. 
There is no o ther ready means of ascertaining the shaft horse
power developed by a steam tu rb ine w hen installed in a ship 
o ther than  by torsionm eter, whereas w ith  Diesel m achinery 
indicator cards are always available. Nevertheless, torsion
meters are being installed to  an  increasing extent in  m otor 
ships, and  w ith  th is in m ind  some experim ental w ork was 
recently carried ou t in F rance in  connexion w ith  the calibra
tion  of the apparatus. T h e  results were given in  a paper read 
by P. Villepelet and  M . Jou rda in  before the m eeting of the 
Association Technique M aritim e et A eronautique, recently, 
entitled “T arage S tatique et D ynam ique des T orsionm etres” , the 
torsionm eters in  question being of the S iem ens-Ford type. T he 
experim ents were associated w ith  the trials of the starboard 
engine of the m otor passenger liner Jean Laborde  a t ou tpu ts 
ranging  from  3,000 b.h.p. a t 112 r.p .m . to  6,600 b.h.p. at 
150 r.p.m . T he  results of the investigation led the au thors to  
the conclusion th a t if the torsionm eter is fitted correctly and if 
the calibration is carried o u t w ith  m odern  and  efficient equip
m ent, the m easurem ents of the torsionm eter in  norm al service 
a t sea can be relied upon  to  w ith in  a very small m argin .— The  
M o to r Sh ip , Vol. 34, A u g u st 1953; p. 198.

High-pressure  Turbines for Ships
F or a num ber of single-screw vessels of 10,250 tons d.w. 

the S iem ens-Schuckert W erke have supplied turbines of
9,000 s.h.p., w hich gives these vessels a speed of 171 knots, 
the propeller speed being 115 r.p.m . T h e  turbines are supplied 
w ith  superheated steam of 40 atm . g. and  425 deg. C. at the 
tu rb ine throttle . T he high-pressure and  low -pressure cylinders 
develop approxim ately equal power. T he  p lant is so designed 
th a t in  an emergency either the h.p. o r the l.p. tu rb ine can 
be operated independently. T h e  boiler feed w ater is preheated 
to  165 deg. C. by bled steam taken from  tw o bleeder points 
at the high-pressure turbine. B oth the h.p. and  the l.p. u n it 
are bu ilt as m ulti-stage reaction tu rb ines; the astern turbine 
is o f the C urtis type. T he  capacity of the astern tu rb ine  is 
40 per cent of the ahead power, th a t is, 3,600 s.h.p. T he  tu r 
bines are coupled w ith  the propeller shaft by a double reduction 
gear.— E. E hm sen, Hansa, Vol. 90, 21st Ju ly  1953; pp. 1184- 
1189.

M agnetic  M icrom eter
T he problem  of m easuring the horsepower being delivered 

by the propulsion  shafting  of full-scale vessels is exceedingly 
difficult. T he  huge am ounts of pow er transm itted  by p ro p u l
sion shafts (up to  100,000 h.p. per shaft in  naval vessels) 
preclude any  possibilities of using reaction dynam om eters in  
such lim ited spaces. Since the torsional deflexion of a p ropu l
sion shaft is p roportional to the torque being delivered by the 
shaft (w ith in  H ooke’s law), the m ost logical m ethod of obtain
ing  such shaft horsepower is to  m easure the torque by means 
of the torsional deflexion. T h e  shaft horsepower m ay be readily 
determ ined w hen the shaft revolutions per m inu te  are know n. 
A lm ost every know n type of stra in -m easuring  device has been 
used for the purpose of m easuring this torsional deflexion. M ost 
of these devices have no t proven satisfactory in  operation due 
to  one factor, namely, inability  to  m easure the zero torque 
position  effectively. As the p ropulsion shafts are carried in  a 
large num ber of bearings, p a rt o f them  being outboard , the 
propulsion  shaft is always in  an indeterm inate state of strain  
due to  the restrain t of these bearings. T he  T .M .B . M agnetic 
M icrom eter and M agnigage was developed to  overcome the 
difficulty of m easuring the zero to rque position. T he  advantage 
of th is  m easurem ent system is th a t all m easurem ents can be 
reduced to  a dim ensional basis. A special torsionm eter shaft 
has been developed fo r use w ith  the T .M .B . M agnetic M icro 
m eter and  procedures established fo r the m easurem ent of the 
zero torque position before installation  in  the ship. W ith  the 
advent of the T .M .B . M agnigage a linear, variable, differential 
transform er w hich is inherently  m agnetically shielded, a whole 
new field of application  was opened up. I t  was now  possible 
to  apply th is m agnetic stra in  gauge w ithou t regard  to  the 
m agnetic am bient, i.e. such as p lacing it in  th e  centre of the 
shaft. As a result, the  T .M .B . D ynam om eter Shaft came in to  
being. H ere the magnigage is placed in  the centre of a hollow 
steel propulsion  shaft and  arranged so as to  m easure the 
deflexion of an axially deform able po rtion  of the shaft in  order 
to  obtain  th ru st. A portion  of the shaft utilizes the magnigage 
to  measure the torsional deflexion w hile a counter ring  in  the 
slip ring  assembly furnishes pulses to  actuate a to talizing  revolu
tion  counter. Hence, by u tiliz ing  the T .M .B . M agnetic 
M icrom eter, the T .M .B . D ynam om eter S haft is completely 
self-contained fo r the m easurem ent of torque, th ru s t, shaft 
revolutions and  shaft horsepower. I t  has been bu ilt and used 
in  sizes rang ing  from  a 35-h.p. m odel dynam om eter shaft to  a 
7,000-h.p. full-scale subm arine dynam om eter shaft. D esign 
studies are also u nder w ay fo r u tiliz ing  the T .M .B . D ynam o
m eter S haft in  a g ian t a ircraft carrier having upw ards of
100,000 h.p. and  3 m illion pounds of th ru s t per shaft. T he 
T .M .B . M agnetic M icrom eter principle has also been developed 
to  cover the entire range of sh ip  m odel testing in  the form  of 
transm ission dynam om eters and  resistance dynam om eters. T he 
use of exactly the same instrum enta tion  for bo th  full-scale and 
model testing  has greatly im proved the predictive value of 
m odel data. T he  com plete in strum en t consists of a m anually 
operated ind icator un it, a p ick-up  gauging elem ent, and  regu
lated power supply. A specially designed calibrator is also 
provided for m echanically calibrating  the m ovem ent of the 
p ick-up gauging elem ent w ith  the ind icator p rio r to  installa
tion. T he electrical c ircuit for the T .M .B . M agnetic M icro 
meter M k. II consists essentially of tw o variable-reluctance 
m agnetic gauges connected to  form  a M axwell bridge. T he 
ou tp u t of the M axwell bridge is fed in to  an electronic amplifier 
and  nu ll-detector netw ork w hich indicates on a nullm eter when 
the tw o m agnetic gauges are m agnetically balanced o r the direc
tion  and m agnitude of unbalance.— J. R. P im lo tt, (U .S .)  N avy  
D epartm ent, T he  D avid Taylor Basin, M a y  1953; R eport 847.

O ily-w ater Separator
In  the W hite patented oily-w ater separator, the oil and 

w ater m ixture to  be separated is pum ped th rough  a m ixture 
inlet valve and enters th e  p rim ary  separation cham ber th rough  
vertical apertures in  the d istribu tor. Som ething like 90 /95  per 
cent of the oil in  the m ixture is separated in  the prim ary  
cham ber, the oil rising and collecting in  the upper section,
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the rem aining m ix ture  passing dow n th rough  the p rim ary 
chamber. Because of a convergent passage, the oil is com pacted 
in to  larger droplets and  progressive separation occurs. T he 
m ixture then  passes in to  the secondary cham ber via com pacting 
nozzles before entering  the tertiary  cham ber contain ing  the 
filter bed. As the m ixture changes direction to  enter the filter 
bed, the small am oun t o f com pacted oil rem aining is released 
and  rises th rough  passages in to  the top  section of the prim ary 
chamber. T he  filter bed m entioned perform s an im portan t 
function  by rem oving the sm all percentage of oil, o r grit having 
a coating of oil, still rem aining in  suspension in  a very finely 
divided condition. T he  filter consists of specially graded 
m aterial th rough  w hich the discharge w ater passes dow nw ards 
and  where all traces of oil contam ination  are removed. An 
interesting feature of the W hite separator is the provision of an 
electronic m ethod  of control. T h is  is independent of the 
specific gravities of the liquids involved and  therefore no 
adjustm ents are necessary on change of specific gravity. F or 
th is type of contro l the electrostatic properties of the liquids 
are utilized. T h is  is achieved by inserting tw o metal probes 
in  the oil cham ber at the desired upper and lower w ater levels, 
and  applying a voltage at radio frequency to  each. Each probe, 
the liqu id  su rround ing  it, and  the tank  of the separator, acts 
as an  electrical condenser. Because different liquids have 
different dielectric properties, the capacitance of th is condenser 
changes w ith  the change of liquid  su rround ing  the probe. T he 
change of capacitance causes a relay to  operate, w hich in  tu rn  
operates the contac tor contro lling  the discharge valves, e.g. 
when the oil level reaches the lower probe, the relay operates 
and  the oil discharge valve is opened by its electric m otor, thus 
d ischarging oil from  the separator un til such tim e as the water 
level reaches the upper probe; w hen th is occurs another relay 
operates and  sim ilarly opens the w ater discharge valve, thus 
discharging w ater from  separator un til the  oil level again reaches 
the lower probe. T he  oil and  w ater discharge valves are elec
trically  and  m echanically interlocked to  prevent both  oil and 
w ater being discharged from  the separator at any one time. 
Because of the low voltages and  powers applied to  the probes, 
there is absolutely no danger of spark or fire hazard to  the 
oil in  the separator.— T he M arine Engineer and N aval A rch i
tect, Vol. 76, A u g u st 1953; pp. 323-325.

Steam M otor
T he M .A .N . w orks have developed a “steam m otor” w hich 

develops 60 h.p. per cylinder at 1,000 r.p.m . Vertical sections 
of th is engine are show n in  the accom panying engraving. T he 
engine is designed as a single-acting uniflow  engine w ith

poppet valves. P iston  and  crosshead are joined together so tha t 
no p iston  rod  is required. Condensate is drained off between 
cylinder and  crosshead guide. T he  engine is available as three, 
four, o r six-cylinder u n it fo r pressures up  to  30 atm . g. and 
400 deg. C. steam tem perature.— H ansa, Vol. 90, 21st Ju ly  
1953; p. 1,222.

Evaporators for M otor Liner
F o r the m oto r liner K ungsho lm , under construction  at the 

D e Schelde yard, F lush ing , fo r the Sw edish A m erican Line, 
tw o evaporating installations of the Schelde-Prache-B ouillon 
type will provide all the fresh w ater fo r d rink ing , showers and 
baths required for about 800 passengers. T h e  evaporators, of

Diagram show ing operation o f evaporating plant in  the m otor 
liner K ungsholm

w hich the design is illustrated, are of the forced circulation 
type and  the to tal capacity is 90,000 gallons daily. In  order 
to  avoid m echanical cleaning of the evaporators, chemicals are 
added to  the sea w ater w hich prevent the p recip itation  of salt 
deposits and  allow the p lan t to  w ork fo r longer periods than  
is norm ally the case.— T he M o to r Sh ip , Vol. 34, A u g u st 1953; 
p. 189.

Pressure Charged Four-stroke Diesel Engines
T he therm al and  m echanical loading of a pressure-charged 

Diesel engine increases w ith  the degree of pressure charging 
employed. Tests have show n th a t w ith  sm all degrees of pressure 
charging the wall tem peratures increase b u t little because of 
the cooling effect produced by the larger am ounts of cold air

O ld design N ew  design
F ig . 1
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introduced into the engine. B u t this observation does not 
ap p ly  to all engine parts to the same extent, and changes 
in  design w ill have to be resorted to when pressure charging 
in  excess of 30 per cent is intended. T h e  greater heat supply 
to the piston can be m itigated by im proving heat transfer 
conditions as far as the piston rings are concerned and by 
cooling the piston crown. It  is essential to keep piston tem
peratures as low  as possible, especially near the piston rings, 
in order to prevent sticking o f the latter because o f coking of 
the oil. A s  shown in  F ig . 1 ,  this can be achieved by relatively 
sim ple means. W ith the original piston a m axim um  of 30 per 
cent pressure charging w ould have been permissible, but by a 
few  changes in  the w all thicknesses o f the piston it was found 
possible to m aintain a pressure charging o f 50 per cent with 
the temperature of the first piston ring  still being 30 deg. C . 
below that o f the original piston. T h is  makes it possible to 
increase charging to 60 per cent. In  this case low ering o f the 
temperature o f the first piston ring  is due to a greater heat 
transfer via the second and third piston rings. I f  it is necessary 
to low er the temperature o f the piston crow n, this can be 
effected by oil jet cooling, w hich in the case of m edium  size 
and o f high speed engines provides an econom ically more 
attractive solution than cooling by forced oil circulation w hich 
is m ore applicable to the large engine. In  oil jet cooling the tem 
perature rise of the oil does not exceed 10  to 16  deg. C . and 
there is thus no danger o f prem ature ageing o f the oil. F ig . 8 
shows a pressure-charged M .A .K . Diesel engine o f the trunk 
piston type. T h is  engine type is built as six- or ten-cylinder 
unit fo r powers up to 2,000 h.p. E xh aust turbo-chargers o f 
the B row n Boveri type are fitted. T h e  specific fuel consum p
tion o f the ten-cylinder engine at one-half load is 16 3  gram s 
per b.h.p. hour and 160  gram s at fu ll load.— P. Kornacker and 
P. Grossmann, M .T.Z., Motortechnische Zeitschrift, Vol. 14, 
July 1953; pp. 207-211.

M edium  Speed Engines on Heavy Fuels
T h e increasing use o f heavy fuels in the m ain propelling 

engines of ships has every indication o f becom ing general. 
I t  seems desirable from  every angle that the auxiliary engines 
should be capable o f operating on the same type o f fuel, the 
paper states. T h is  is dictated b y  fuel cost as well as con
venience. T h e  technical problems associated with heavy fuels 
in  large low-speed m ain engines have had some years o f 
development and study w ith  such success that there are now 
close to 500 m otorships operating on boiler fuels. Problems

of the low-speed auxiliary engine (under 500 r.p.m .) m ay be 
sim ilar to m any of those problems encountered in the large 
low-speed m ain engines. H ow ever, as engine speeds increase, 
the o ld  problem s become m ore acute and new difficulties arise. 
H igher-speed auxiliary engines w ill be demanded because of 
increased power requirements, lighter w eight, and sm aller space. 
Su ch  engines operating on regular Diesel fuels are already 
highly developed as typified by present-day locom otive and 
m arine engines. T h e  m ost desirable course w ould  seem to be 
to adapt this type o f engine to heavy fuels even though such a 
course involved development and design changes. In  con
clusion, the paper states that in  spite o f the great number o f 
difficulties involved in  burn ing residual fuels in high-output 
m edium -speed Diesels, the attainm ent of the goal is w orth the 
development effort. T h e  w ork reviewed in this indicates that 
this can be accom plished by recognizing the problem s and 
applying sound available engineering remedies. One point 
seems definitely established— a standard engine, well developed 
and giving  em inently satisfactory service on good N o. 2 Diesel 
fuels, cannot be expected to give equivalent perform ance nor 
reasonable m aintenance when operating on residual fuels. T o  
achieve this, the basic engine’s accessories and certain parts 
m ust be retailored fo r the special conditions. T h is  includes 
provision fo r burn ing the high viscosity and greatly con
tam inated fuels. Preparation o f the fuel requires further study 
as it is a m ajor problem . F ilterin g  alone is not sufficient nor 
is centrifuging com bined w ith  filtering. Possibly double 
centrifuging— the purified and clarifier— m ay suffice but there 
is a further step holding promise w hich is now  under develop
ment, com prising water w ashing o f the fuel. It m ay seem 
strange to add water to the fuel when every effort has been 
made to remove it. H ow ever, a great percentage o f the corrosive 
m etallic contam inants in  the fuel are present as water-soluble 
salts. M ix in g  w ater w ith the fuel results in such salts going 
into solution. Subsequent centrifuging separates the con
tam inated-ash-bearing w ater from  the fuel and gives the engine 
a more digestible diet. In  order to efficiently handle the higher 
viscosity fuel even at 200 deg. F . the injection system  requires 
changing in nozzle orifices, plunger diameter, and mechanical 
strengthening o f cam s, rollers, and pum p parts to w ithstand 
higher injection pressures. Im proved fuel preparation w ill 
reduce ash and deposit tendencies in  the exhaust system but 
Stellite or equivalent valve facing as well as valve rotation seem 
necessary. T h e  solution to  abrasive and corrosive cylinder wear 
lies in the com bination o f the fo llo w in g : 1. H igh  jacket-water
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temperatures to m inim ize condensation. 2. A  cylinder wall 
m aterial having extreme resistance to abrasion and corrosion 
such as chrom ium . 3. A  lubricating oil o f the high-additive 
type such as M ilita ry  Specification 0 -2 10 4  Series I or I I  with 
extreme dispersant and corrosion-inhibiting qualities.— Paper by 
R. Pyles, D. P. Cryor and J. M. A. Van der Horst, read at the
1953 A.S.M.E. Oil and Gas Power Conference; Paper No. 
53-OGP-6.

Supercharging W ith o u t Blower
T h e object o f the present study was the development of 

a clear basic concept w hich w ould afford a direct and rational 
approach to the optim um  m anifold design. T h e  m ajor interest 
w as in  the m anifold  proper, rather than in long external 
piping. Because four-stroke cycle scavenging has been less 
thoroughly explored than that o f two-stroke-cycle engines, 
and because four-stroke-cycle engines are more sensitive to 
intake conditions than to exhaust conditions, the bulk o f the 
work was concentrated upon the four-stroke-cycle intake 
system. T h e  project was begun w ith a number of ideas of 
how “ ram  supercharge”  or “ m anifold tuning”  m ight be accom 
plished, and other ideas were taken from  the literature in the 
field. O nly the final line of approach is discussed. The 
fo llow ing conclusions are draw n from  the results o f this 
stu d y : 1 . I t  is possible to achieve a very substantial super
charge in a four-stroke-cycle engine by proper proportioning of 
the intake pipes. T h e  condition required is that the resonant 
frequency of the Helm holz resonator, consisting o f the intake 
pipe and the cylinder w ith the piston in its m id position, be 
approxim ately twice the operating speed at w hich the peak 
supercharging effect is desired. T h e  supercharging effect is 
m aintained over a wide speed range. 2. It is possible to increase 
the power output o f an engine o f the four-stroke-cycle type by 
tun ing the exhaust system  in substantially the same fashion. 
T h e  ratio of resonant frequency of the cylinder and pipe 
resonator to operating speed range has yet to be determined.
3. T h e  scavenging o f blowerless two-stroke-cycle Diesel engines 
is sim ple and rationally explained as a resonance phenomenon, 
considering the cylinder as a cavity resonated by the intake 
and exhaust pipes in parallel. T h e same approach also serves 
to explain blowerless supercharging. T h e  characteristics o f a 
tw o-stroke-cycle engine which is to scavenge itself without a 
blower are dependent upon the intake pipe as well as the 
exhaust pipe.— Paper by H. W. Engleman, read at the 1953
A.S.M.E. Oil and Gas Power Conference; Paper No. 53- 
OGP-4.

Cylinder W ear in M arine  Diesel Engines
T h is  report is based on recent publications on the subject 

o f cylinder and p iston-ring wear in m arine m ain and auxiliary 
Diesel engines. In  view of the small amount of inform ation 
published regarding tests perform ed on engines o f this class, 
use has also been made of data obtained from  higher-speed 
engines. T h e  author first considers the effects o f w ear; during 
the initial running-in  period, the wear results in  the sliding 
parts bedding-dow n, and the effectiveness o f the seal between 
cylinder and piston rings increases. A  lengthy period then 
follow s during w hich  the wear is sm all and the leakage and
oil consum ption are at a m inim um ; this is followed by a period 
during w hich the wear increases and the leakage finally reaches 
such proportions that the liner and rings m ust be renewed. 
V arious types o f wear can be distinguished, nam ely mechanical 
wear, scuffing, wear caused by im purities in the fuel or air, 
plastic deform ation of the surface, and corrosion w hich m ay 
be o f either chemical or electro-m echanical origin. T h e  author 
discusses the effects on the wear o f the structure, com position 
and hardness o f the m aterial, o f m achining and o f the engine 
design; and the results o f a number of tests carried out by 
various investigators to determine the effects o f variations in 
fuel and lubricating oil on the wear are summarised. A  section 
is devoted to the effects o f such operating conditions as starting 
from  cold, the temperature o f the cooling water, the load and 
the speed. F in a lly , brief details o f the two m ain m ethods of 
m easuring cylinder wear are given. It  appears that it is not

possible to draw definite general conclusions as to the relation
ship between the various factors prom oting wear, and that wear 
in any particular case m ay be due to a variety o f causes or 
their com bination.— H. Visser, Netherlands Res. Centre Ship- 
build. Navig. Report No. 7M, December 1952. Journal, The 
British Shipbuilding Research Association, Vol. 8, July 1953; 
Abstract No. 1141.

Chromized Pump Casings
W ilton-Fijenoord, o f Schiedam , have recently delivered the 

17 ,30 0  tons d.w. m otor-tanker Hilversum to the Ostzee C om 
pany. H er two fuel service pum ps by the Com et Pum p and 
Engineering C o., L td ., are the first ever to be made o f chrome- 
diffused iron castings. Chrom e-diffusion has been used in 
the past fo r steel and a few  other m aterials but it is only 
recently, and by an E nglish  process, that it has been possible 
to adapt the method to iron castings. T h e  diffusion is not a 
deposit or a plating. It  is a transform ation o f the iron 
surface into a chrom ium -rich alloy by inter-crystalline penetra
tion into the surface o f the iron under prolonged and intense 
heat. Chrom e-diffused iron is h igh ly resistant to corrosion 
and thermal oxydization and not only has a low  coefficient 
o f friction but it has an intensely hard and wear resisting 
surface w ith a Rockwell “ C ”  hardness o f approxim ately 70.— 
The Marine Engineer and Naval Architect, Vol. 16, August 
1953; p. 338.

Repair of M arine  Boiler by W e ld in g
A  paper by D . E . Herbert in  N ew  Zealand Engineering 

describes the m ethods used in the repair o f two ship ’s boilers 
o f identical pattern. On inspection o f the first boiler, it was 
found that the lower part o f the back end plate had inter
mittent cracking in the knuckle fo r a distance o f approxim ately
3 feet. It was decided to remove the dam aged part and replace 
with a patch which w as to be p artly  riveted and p artly  welded. 
A fter all lagging, pipes and floorplates had been removed from  
around the outside of the back end, the collision chocks were 
then dism antled and the lower end laid bare. T h e  damaged 
part was then marked off and centre popped ready for cutting. 
T h e  part to be cut aw ay m easured approxim ately 4ft. x  10in. 
and went the fu ll depth of the flange. T h e  seam w as a treble 
riveted one with rivets I f  inches in  diameter, countersunk in 
the shell plate. In  all, 2 1  o f these had to be removed. T h is 
was a very aw kw ard job, fo r between the bottom  o f the boiler 
and the tank top w as only 19  inches, w hich m eant burning 
overhead. C uttin g the rivets through I f  inches of shell plate 
and |  inch o f end plate w ithout dam aging the holes was not 
an easy task. W hen the rivets were rem oved, the rest o f the 
plate was cut aw ay, and care also had to be taken in cutting 
the flange of the end-plate so as not to dam age the shell plate. 
T h e damaged plate was then rem oved, and all edges cut and 
ground ready fo r w elding, all preparations being m ade fo r a 
single vee butt. A  template w as fashioned from  the old patch, 
and a new one (also prepared w ith a single vee butt) cut to 
size and fitted. T h e  plate was offered in  position, held, and the 
position o f the rivets marked. It was then rem oved and rivet 
holes drilled and the edges finished. T h e  plate was finally 
placed in position and bolted up tight w ith a 1 |  inch bolt in 
every rivet hole until both the shell-plate and the patch were 
hard up. T h e  patch was then welded w ith electrodes which 
possessed excellent hot forging properties. T h e  sequence of 
welding was as fo llow s: F irst, the joint between the line of 
rivets was welded, then along the top, after w hich the sides were 
completed. A fter every run the weld was caulked ligh tly with 
a pneum atic caulking tool, so as to remove all slag and to ease 
the weld. A ll the w elding was done at the one time so as to 
weld the patch com pletely while the plates retained the heat. 
W hen the w elding had been completed, there was no distortion 
o f the plates. T h e  bolts were then removed and the patch 
finally riveted. H aving riveted up the patch, the welded joints 
were then ground nearly flush, and all seams adjacent to the 
patch caulked. T h e  first row  o f screw stays was also caulked, 
and when all this had been completed, the boiler was ready 
fo r testing. T h e test was applied, the patch show ing no signs
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of leaks or deform ation whatsoever.— The Marine Engineer and 
Naval Architect, Vol. 76, August 1953; p. 341.

Supercharged M arine Engine
In  F ig . 3 is show n a sectional elevation o f a six-cylinder 

supercharged m arine Diesel engine built by M irrlees, Bickerton 
and D ay , L td . T h e  engine has a bore o f 15  inches and a 
p iston stroke o f 18  inches. T h e  in-line engines of this class 
are available in  norm ally aspirated form  w ith  from  five to 
eight cylinders, the powers ranging from  485 b.h.p. at 
300  r.p .m . to 1 ,10 4  b.h.p. at 428 r.p.m . W ith  the b.m.e.p. 
increased from  801b. per sq. in. by turbo-charging up to about 
1201b . per sq. in ., the six-, seven- and eight-cylinder engines 
deliver from  870 b.h.p. at 300 r.p.m . to 1,656  b.h.p. at 
428 r.p.m . W ith the 12 -cy lin d er vee-class o f engine, the out
p ut is 1 ,16 4  b.h.p. at 300 r.p .m ., w hen norm ally aspirated, but 
when supercharged, the output is 2,484 b.h.p. at 428 r.p.m . 
T h e  six-cylinder engine is a supercharged direct-reversing unit 
w ith a 12 -h r. rating of 955 s.h.p. at 250  r.p.m . T h e  tempera
ture at the exhaust is 700 deg. F .,  at the cylinder, while 
that at the turbo-charger inlet is 775 deg. F . A t 330  r.p.m . 
the piston speed is 990ft. per m in. and the m axim um  cylinder 
pressure 9501b. per sq. in ., w hile the fuel-injection pressure 
is 18 0  atm. T h e  exhaust-gas turbo-charger runs at 
12 ,50 0  r.p .m ., the exhaust pressure being 8-2 inches of m ercury. 
T h e  m echanical efficiency is given as 85 per cent, the thermal 
efficiency being 39-2 per cent. T h e cylinder casings carrying 
close-grained cast-iron liners are m ounted on top o f the 
colum ns; the cylinder heads are also o f cast iron and house 
tw o inlet and tw o exhaust valves, also the air starting, cylinder 
relief and the centrally disposed injection valves. T h e  exhaust 
valves are caged to facilitate easy removal. T h e  cylinder head 
cooling arrangements are particularly interesting, each head 
being divided into an upper and lower chamber. Vanes are 
cast in  the water space to direct the flow  o f water and ensure 
that the hottest part o f the cylinder head, around the fuel 
nozzle, is adequately cooled. R eversing is effected pneum atically, 
using a cam  changeover m echanism  so that the fo llow er gear 
is w ithdraw n, m oved longitudinally and re-inserted over the 
appropriate cams. T h e  return flow  of p iston-cooling oil m ay 
be observed through glass inspection ports on the starboard

side o f the engine. T h e  fuel consum ption at the 12 -h r . rating 
is 0 -35 11b . per b.h.p. hr. N o  propelling engines o f this class 
are yet in  service on  residual fuel, although developm ents are 
proceeding satisfactorily in  this direction as an outcom e of 
research on a three-cylinder engine now  running on fuel o f 
about 950 sec. Redwood N o. 1 at 10 0  deg. F . and w ith  2 i  per 
cent sulphur content.— The Motor Ship, Vol. 34, August 1953; 
pp. 210-212.

Generating Irregular W aves
N atu ral waves such as those to w hich  a ship is sub

jected when proceeding in  a seaway are not usually o f regular 
form . It fo llow s therefore that the conventional type o f wave- 
m aker em ployed in  experim ent tank w ork does not exactly 
sim ulate the conditions experienced at sea. Attention m ay there
fore be draw n to a paper entitled “ Laboratory  m ethods fo r the 
generation o f irregular w aves whose principal characteristics 
correspond to those of natural w aves”  recently published in 
“ Com ptes Rendus”  de l ’Academ ie des Sciences (Paris). T h e 
authors give brief details o f a statistical analysis o f wave m otion 
from  w hich it appears that there are three parameters involved, 
viz. the average am plitude, the average frequency, and an 
irrgu larity  factor w hich is a function  o f the am plitudes and 
frequencies o f the large num ber o f com ponent waves that 
make up the wave pattern. T h e  conventional type o f wave- 
m aker in  w hich two or three waves o f different am plitudes and 
frequencies are com bined to make up  a w ave pattern, the 
authors consider to be unsatisfactory. T h ey  suggest a wave 
pattern w hich fo r practical purposes corresponds sufficiently 
closely to the natural w ave pattern can be obtained by using 
a cam  or an electronic or electro-m agnetic tim ing device which 
subjects the w ave-m aker to a cycle com prising 20 to 50 different 
wave form ations. A  second m ethod is described in  w hich air 
jets are em ployed b low ing across the surface o f the w ave.—  
Shipbuilding and Shipping Record, Vol. 82, 2nd July 1953; 
p. 3.

M arine  Boiler
T h is  invention concerns a boiler w hich  supplies superheated 

steam to a turbine. T h e  therm al efficiency of such plants 
can be increased by preheating the com bustion air, fo r which

F ig . 3— L o n g itu d in a l section  through  a s ix -cylin der supercharged engine
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purpose low-pressure steam is sometimes bled from  the turbine 
and made to give up  some o f its heat to the air. F ig . 4 depicts 
the outline arrangem ent o f a boiler w ith a steam drum  (10 ) 
and a water drum  ( 1 1 )  connected by steam generating tubes (12) 
and a tw o-stage superheater (14 ), (16). T h e  boiler is fired 
by means of burners (18 ) to w hich air is supplied through a 
duct (20). T h is  air duct (20) is divided by a partition to form  
two parallel passages w hich contain two indirect heat exchange 
aid preheaters (22) and (24). Steam  from  the steam drum  (10) 
passes through a line (26) to the first superheater stage (14) 
and thence through a line (28) to the air preheater (22). In 
the latter, its temperature is lowered, and it then passes through 
a line (30) to the last superheater stage (16 ). F ro m  the outlet 
(32) the steam passes through a line (34) to a turbine (36). 
Bled steam from  the turbine is draw n off from  one o f a 
num ber o f outlets (38) and passed through a line (40) to the

F ig . 4— Brit. Pat. 690,708

air preheater (24). T h e  bled steam is thus condensed, the con
densate being draw n off through the line (42) to serve as boiler 
feed. T h e  tw o air passages in the air duct (20) are provided 
w ith baffles (44), (46). T h e  air flows past the preheaters 
(22), (24), the position of the baffles being under the control o f 
the steam temperature supplied to the turbine. T o  this end, 
a thermostat (48) in  the superheated steam outlet (32) is con
nected to a controller (50) w hich applies pressure to one end 
or the other o f a cylinder (52), the piston (54) o f w hich is 
connected to the baffles (44) and (46). W hen the temperature 
o f the steam supplied to the turbine rises above the lim it fo r 
w hich the controller (50) is set, the baffles are reset so as to 
increase the am ount o f air flow ing past the preheater (22) 
and decrease that flow ing past the preheater (24); more heat 
is thus extracted from  the superheated steam from  the first 
superheater stage so that the temperature o f the feed to the 
last superheater stage is controlled in accordance with that of 
the steam supplied to the turbine. W hen the temperature of 
the steam supplied to the turbine drops, the baffles (44), (46) 
are reset in  the reverse direction and the temperature o f the 
feed to the last superheater stage is increased. In  this w ay, the 
final steam temperature can be m aintained constant, within 
limits. T h e  arrangem ent here described leads to a high thermal 
efficiency because the air not required to reduce the temperature 
o f the steam from  the boiler is used to extract heat from  the 
bled steam.— Brit. Patent No. 690,708 issued to Poster Wheeler, 
Ltd. Complete specification published 29th April 1953. Engin
eering and Boiler House Review, Vol. 68, June 1953; p. 
195.

Modern European Coasters
In  m ost o f the m aritim e countries o f N orthern Europe an 

upper size lim it o f 500 tons gross is set fo r ships w hich are 
to be classed as coasters and are to be allowed a tw o-w atch 
m anning scale. W ith  ships o f this size the num ber o f crew to be 
carried is an im portant factor in successful operation, prin 
cipally because of the wages involved but also because the 
provision of any additional accom m odation w ill d irectly reduce 
the earning capacity of the ship. Since the w ar there has been 
keen com petition in the short sea and coastal trades of Northern 
Europe, in  contrast to the easier conditions w hich  existed for 
quite a considerable period fo r ocean-going tonnage, and just 
as before the w ar the depressed state o f the deep sea tram ping 
market led to the introduction o f “ econom y”  types of ship, 
so has the last year or so seen the entry into service of a 
number o f new coaster designs, intended to obtain the 
m axim um  earning capacity w ith in  the 500-tons gross lim it. 
A lthough classified as coasters these ships are not, o f course, 
confined to the coastal waters o f their country o f origin. T h ey  
are able to trade freely in  the B altic  and the N orth  Sea, and 
in  at least one case m aintain regular services to the M editer
ranean. In  all the vessels described in the original article, 
fu ll use has been made o f m odern practice in  ship design; but 
even m ore advanced ideas are reflected in  a recent design by a 
D utch  naval architect, M r. F ran k  R ijsd ijk . T h e  m ost unusual 
feature o f this design is the propelling m achinery, w hich con
sists o f high-speed Diesel engines d riv in g  tw in  V oith-Schneider 
propellers. It  m ight have been thought that a design which 
includes such innovations w ould not be readily acceptable to 
shipowners, w ho fo r obvious reasons m ust often be conserva
tive where new technical developments are concerned. However, 
this has not proved to be the case, as it is reported that two 
orders have already been received from  Sw eden, another is under 
negotiation from  the same country, and a Fren ch  firm  is also 
interested. T h e  design has been named Dutch Glory. T h e 
vessel has a tonnage o f 499 tons gross, 250  tons net, and 
1,060 tons d.w. Length  o.a. is 2 14 ft . 3in ., and draught loaded 
is l i f t .  9Jin . T h e  m ain propelling m achinery consists of 
four supercharged high-speed Diesel engines, made by the Cater
p illar T racto r Com pany. T h ey  are six-cylinder engines, with 
a norm al speed o f 1,500  r.p.m . and a m axim um  speed o f
2,000 r.p.m . and are connected in  pairs to the tw in  V oith- 
Schneider propellers by Vee belts. T h e  engines are uni
directional and the propellers are controlled from  the bridge. 
A t continuous rating the fo ur engines deliver a total o f 
680 s.h .p .; at intermittent ( 12  hours) rating, 840 b.h.p. and 
at peak ( 1  hour) rating 1 ,10 0  b.h.p. T h e  loaded speed is 
expected to be 12 -7  knots, and the econom ic speed 12  knots. 
Stow age capacity fo r fuel and lubricating oil totals 97 tons, 
g iving a m axim um  radius of 7,000 miles. W ith  tw o propellers 
o f this type a rudder is not required, and the stern is therefore 
of cutaw ay spoon shape, w ith  a m arked absence of deadwood. 
D irectional stability is assisted by two fins or skegs outboard 
and just forw ard  o f the propellers. T h e  fo u r m ain engines 
are arranged side by side across the sm all engine room , which 
is right in  the stern of the ship. T h e  drive to the propellers is 
taken off the forw ard  ends, and in  addition the tw o inboard 
engines drive the tw o m ain alternators at their after ends. 
Im m ediately forw ard o f the engines are the two propellers, and 
forw ard of this again and tw o com partm ents side by side, one 
containing m ost o f the engine room  pum ps, the other a 
refrigerated com partm ent. A lthough the m ain engines require 
the fu ll w idth of the ship at the stern, the afterm ost cabins at 
this level are situated abreast the propellers, w ith  other cabins 
on either side of the pum p room and refrigerated com partm ent. 
— World Shipbuilding, Vol. 3, August 1953; pp. 107-109.

Radiant Heat Absorption in O il Fired Furnace
Proceeding from  the w ell-know n Stefan-Boltzm ann 

equation, the author establishes an em pirical form ula fo r the 
absorption of heat by radiation in the oil fired furnace o f a 
m arine boiler. F ig . 5 is the final plot o f the radiation absorp
tion in an oil fired furnace as a function o f the net heat fired 
per square foot of effective projected radiant heat absorbing
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area and the per cent excess air. F o r convenience the tempera
tures of the gases leaving the furnace have been noted on this 
curve. T h e  net heat fired plotted as the abscissa fo r F ig . 5 
is the product o f the pounds o f oil fired per hour and the net 
heating value at constant volum e of the oil. T h e  utility  of 
this curve lies in the fact that once the net effective heat 
absorbing area has been evaluated, the absorption and the 
furnace exit temperature can be quickly evaluated fo r m any 
load conditions. A lso this curve can be used if some of 
the assum ptions are changed. F o r  instance, assume that the 
air entering the furnace is at 300 deg. F . instead of the 
10 0  deg. F . used to construct the curves. In  this case it is 
on ly necessary to add the difference in heat content of the 
entering air above 100  deg. F . to the net heat fired and then 
use the curves as before.— I. Granet, Journal of the American 
Society of Naval Engineers, Vol. 65, May 1953; pp. 319-327.

Foil-type Strain Cauges
T h e m ajority o f the advantages w hich fo il-type strain 

gauges have over wire gauges are o f particular interest to the 
shipbuilding and heavy engineering industries. T h e  junction 
of the fine wire filam ent to the lead out tags is a vulnerable 
point and failure here can be costly. T h e  fo il gauge has no 
such discontinuity and is m uch more robust, while being entirely 
insusceptible to m oisture. T h e  ratio o f contact surface area 
o f the resistance element to volum e is very high for the foil 
gauge w hich means that the heat dissipation characteristics and 
hence its current-carrying capacity is m any times that of the 
w ire gauge. T h is  feature is particularly useful fo r the voltage 
output from  a strain gauge per unit strain is directly propor
tional to the current flow ing in  it. T h is  represents a consider
able increase in sensitivity when the gauges are required to 
operate voltage-sensitive recorders or indicators. T h e  power 
output of a gauge is proportional to the square o f the current

input. Therefore, a tenfold current increase yields a hundred
fo ld  increase in  power output. In  the course o f their experi
m ental w ork on aircraft and helicopters, Saunders-Roe, L td ., 
were frequently faced w ith the problem  o f accurately m easuring 
torque in such a m anner as to absorb the m inim um  of power 
in the m easuring device. It is rarely possible to measure torque 
by complete absorption in a dynam om eter as is the practice on 
engine test beds, fo r exam ple: strain gauges are generally used 
and they are applied at 45 degrees to the principal axis o f the 
shaft or torque-carrying member, usually as a four-gauge bridge 
to give fu ll com pensation fo r shaft bending, etc. T h ere are 
tw o parallel patterns sensitive to strains at 45 and 13 5  degrees 
to its long axis and the gauge is m ade accurately as a parallel 
sided ribbon in  6in. or 12 in . lengths. A ll that has to be done 
is to cut off the length required, w rap it round the shaft and 
bond it in  position. T h e  electrical supply and signal wires 
are soldered on and connected into the circuits. I t  is not 
even necessary to m ark out the shaft (note that this can be a 
difficult job using norm al gauges). T h e  strains in  the shaft 
are integrated circum ferentially and not picked up at only four 
points as in the case o f the wire gauge application. T h e  out
put can be taken out through sliprings.— The Marine Engineer 
and Naval Architect, Vol. 76, August 1953; p. 338.

N ew  Bosphorus Ferries
F o u r new Bosphorus ferries are propelled by Su lzer Diesel 

engines. A ll four vessels have been built b y  the Societe 
Anonym e des Anciens Chantiers D ubigeon at Nantes, to 
specifications draw n up b y  a technical committee o f the Devlet 
D eniz Y o llari ve L im anlari. T h e  Su lzer propulsion engines, 
tw o of w hich are installed in each ship, have been constructed 
under licence by the Ateliers et Chantiers de la Lo ire  at St. 
Denis. T h e  same com pany has also supplied the fo ur pro
pellers fo r each vessel, w hich are driven by the engines through 
disconnectable couplings. T h e  Kizkulesi and the Kasimpasa
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F ig . 21— Plans of the new Sulzer-engined Bosphorus ferries 
The arrangement and equipment of the Kasim pasa and K izkulesi of 300 tons deadweight were reproduced almost 
unchanged in the two smaller ferries K arakoy and Kurugesm e of 200 tons deadweight. The differences are limited almost

entirely to the dimensions.
(I) Navigating stations; (2) Funnels; (3) Gangways connecting navigating stations; (4) B ar; (5) First-class saloon; (6) Runway 
on main deck; (7) Adjustable ramps for loading and unloading; (8) Steering gear; (9) Crew’s quarters; (10) Officers’ cabins;
(II)  Second-class saloons; (12) Engine room; (13) Propulsion engines; (a) Flywheel, (b) Disconnectable coupling, (c) Thrust

bearing; (14) Auxiliary engines; (15) Store and workshop; (16) Shafting tunnel

have a deadweight capacity o f 300 tons each, w hile the smaller 
but otherwise sim ilar m otor ferries Karakoy and Kurugesme 
are of 200 tons deadweight. T h e  Kizkulesi and Kasimpasa 
have a loaded displacement of 1,24 0  tons each at a draught 
o f 9ft. lOin. T h e  length is 19 7  feet, while the w idth of the car- 
deck runw ay is  25 feet. E ach  o f the boats is able to take 
th irty-six  m edium -sized m otor-cars or sixteen lorries o f 12  tons 
each, in  addition to the 700 passengers. T h e  norm al service 
speed o f 12  knots is com paratively high fo r ships only 19 7  feet 
long, especially as their breadth is alm ost one-fifth of their 
length. T h e  tw o propellers fitted at each end o f the ferries and 
the fo ur rudders, each in line with a transm ission shaft, give 
the vessels excellent m anoeuvrability in spite of their breadth. 
T h e  rudders are remote-controlled in pairs from  the bridge 
by w ay o f hydraulic servo-m otors, less than fifteen seconds 
being needed fo r their greatest sw ing o f 35 degrees. A  diameter 
of 590 feet, o r about three times the length o f the ship, was 
specified fo r turning, but in fact these vessels can turn almost 
in  their ow n length even when using only tw o propellers. 
These useful features perm it unusually safe navigation even in 
the crowded waters o f the Bosphorus. T h e  propulsion output 
necessary fo r  attaining the m axim um  speed of 12 -5  knots 
specified in the contract was calculated as 2,000 s.h.p., o r about
1,000 b.h.p. per engine. Sulzer engines o f type 7 T S 3 6  were 
chosen, their output being 1,0 50  b.h.p. at 250 r.p.m . T h e  
arrangement of the two engines is shown in F ig . 2 1 .  T h eir 
output can be transm itted as required to the propellers either 
fore or aft. T h e shafting is engaged and disengaged by means 
o f M essian couplings w hich can be operated either from  the 
engineroom or from  the bridge. T h e  shafts o f the secondary 
half-couplings are connected direct to the m ain shafts, which 
are supported in M ichell thrust bearings. T h e  tw o 7 T S 3 6  
propulsion engines are direct-reversible two-stroke units, each 
having seven cylinders of 360 m m. (14 -2 in .) bore and 600 mm. 
(23-6in.) stroke. T h e  double-acting scavenge pum p is fitted at

the forw ard end o f the engine and delivers air into a scavenging- 
air receiver from  w hich the m ain cylinders are fed through ports 
o f new design. T h e  piston rod of the scavenge pum p is carried 
up at the top to drive a single-stage starting-air com pressor 
w hich has an intake of about 1,000  cu. ft. per hr. and a 
discharge pressure of 4251b. per sq. in. T h e  two ferries 
Karakoy and Kurugesme, o f 200 tons deadweight capacity each, 
are sim ply smaller versions, all o f their equipm ent having been 
reduced almost to scale. T h e  m ain dim ensions and capacities 
o f these sm aller ships are: length o.a., 18 0 ft .; beam, 45ft. 6 in .; 
w idth o f runw ay on car deck, 22ft. 4 in .; displacem ent, loaded, 
950 tons. C arryin g  cap acity : m otor cars, 25 , or lorries o f
12  tons each, 10 ;  passengers, 200. E ach  o f these ships is pro
pelled by tw o 5 T S 3 6  Diesel engines developing 1,500  b.h.p. 
in  all at 250 r.p.m . T h e  engines are o f the same type as those 
installed in the larger ferries, but have five instead of seven 
cylinders. T h e  arrangem ent o f the M essian couplings fo r the 
drive o f the shafting to the two propellers fore and aft is 
also the same as described above.— J. Biaggi, Sulzer Technical 
Review, No. 1, 1953; pp. 12-22.

Resistance of Single-screw  Coasters
Som e years ago a great deal o f research w ork was carried 

out at the N ational Physical Laboratory  by F . H . T o d d  and 
J .  Weedon. Since that tim e there have been m ajor changes 
in  model testing technique, and the analysis o f model propulsion 
results, w hich have made earlier data unreliable and sometimes 
m isleading. A  new research fo r these vessels is now  in  progress 
and an outline o f the whole scheme is given. T h e  paper gives 
results o f the first part o f the investigation into resistance, 
w hich is confined to a len gth : breadth ratio o f 6. T h e  effects 
on resistance o f block coefficient, position o f longitudinal 
centre o f buoyancy, m idship area and draught have been 
investigated, and the results are discussed. T h e  effect o f 
elim inating lam inar flow  on some o f the models is shown.—
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Paper by J. Dawson, read at a meeting of The Institution of 
Engineers and Shipbuilders in Scotland, 10th March 1953.

Hatch Corner Design
T h e  large num ber o f welded ship failures early in  W orld 

W ar I I  focused attention upon the destructive potential o f 
structural notches. Com plete elim ination o f notches from  a 
ship is impossible. H owever, elim ination o f the destructive 
effects originating at structural notches is generally possible 
through design. T h is  has been demonstrated b y  successive 
stages o f development o f satisfactory all-welded hatch corners. 
T h e  original hatch corner o f the L ib erty  vessel proved to be 
one o f the w orst crack initiators. A s a result this hatch corner 
w as m odified and those o f later Liberties were redesigned. In  
the V icto ry  class o f vessels, and other vessels subsequently 
constructed, additional design im provem ents were incorporated 
into the hatch corner. Because o f the im portance of the prob
lem, complete service and fracture records have been analysed 
and fu ll-scale laboratory tests o f hatch corners, duplicating as 
closely as possible construction and service conditions, were 
perform ed. Results o f these tests have been analysed fo r 
correlation w ith actual service perform ance. In  view  o f  the 
significant volum e o f accum ulated service data and associated 
laboratory test data available, the Sh ip  Structure Committee 
has undertaken to evaluate and interpret these data in  term s of 
design features intended to produce crack-resistant hatch 
corners in  welded steel vessels. T h e  results o f such under
takings are contained in  this report.— The Welding Journal, 
Vol. 32, July 1953; pp. 316-s - 324-s.

O il-engined  Liners
In  an article dealing w ith the characteristics o f oil-engined 

liners, the author draws attention to the fact that the grow ing 
dem ands fo r fresh w ater have made it im perative even in oil- 
engined ships to fit evaporators o f large size. A m ong the first 
liners to have such installations were the tw o D utch  ships 
Oranje and Willem Ruys, w ith  their large requirements for 
the F a r  Eastern run. T h e  new Kungsholm, though a trans- 
Atlantic ship, is one o f the latest exponents. She has tw in 
independent evaporators, each w ith  a capacity o f 45,000 gallons 
per day. Average consum ption o f fresh w ater in  the Kungs
holm, even in trans-A tlantic traffic, is expected to be 50 gallons 
per person per day, and the figure rises to 90 gallons in the 
tropics. These evaporators w ork on steam generated by exhaust 
gas from  the m ain engines.— A. C. Hardy, The Journal of 
Commerce, Shipbuilding and Engineering Edition, Vol. 128, 
23rd July 1953; p. 5.

Adm iralty W e ld in g  Com m ittee
A  further report has been published by the A dm iralty Sh ip  

W elding Com m ittee on the trials w hich  were carried out with 
the steamships Clan Alpine and Ocean Vulcan. These vessels 
were sister ships, one of riveted and the other o f welded con
struction. Com parative experim ents w ith the tw o ships under 
various states o f loading in  still w ater were follow ed b y  inves
tigation of the loads im posed on  one o f the ships (Ocean 
Vulcan) during prolonged periods o f sea service. F rom  the 
results o f these trials it is intended to calculate the probable 
m axim um  stresses at sea fo r both the welded and the riveted 
ship. T h e  report now published, Report N o. R .8 , is con
cerned w ith  the sea trials carried out on the Ocean Vulcan. 
T h e  conclusions reached are as fo llo w s : ( 1)  T h e  greatest range 
o f vertical bending mom ent derived from  these observations at 
sea was 190,000 tons-ft., corresponding to a range o f stress o f 8 
tons per sq. in. at the top o f the steer strake am idships. There 
is no experim ental evidence to show  the actual division o f this 
range between hogging and sagging, but theoretical considera
tions suggest that the sagging mom ent constituted about 55 per 
cent o f the total range. (2) T h e  above range of vertical bending 
mom ent w as associated w ith  waves 35 feet high and between 
600 and 700 feet long. A ccord ing to oceanographical data, 
waves o f even greater severity m ay be encountered, but it is 
estimated that fo r the Ocean Vulcan the m axim um  bending

mom ent range due to waves is never likely to exceed 260,000 
tons-ft. T h is  corresponds to a stress range o f 1 1 - 0  tons per 
sq. in . at the top o f sheer strake am idships. (3) Slam m ing 
action w as observed to cause stress ranges o f up  to ± 1 1  tons 
per sq. in. at the top o f the sheer strake am idships. In  the 
few  cases in  w hich slam m ing stresses were recorded these 
increased the peak sagging stress but d id  not increase the peak 
hogging stress. (4) H orizontal longitudinal bending m oments 
were observed in  alm ost all w ave conditions, and sometimes 
caused stresses o f sim ilar m agnitude to those due to the con
current vertical bending. T h e  m axim um  range o f horizontal 
bending mom ent observed w as 80,000 tons-ft. corresponding 
to a stress range o f 2 1  tons per sq. in. at the sheer strake am id
ships. T h e  horizontal and vertical bending m om ents were 
frequently in  phase, and this resulted in  the stress range on 
one sheer strake (or bilge) being very different from  that on 
the other. (5) T h e  greatest horizontal bending m oments 
occurred when the inclination o f the w ave advance relative to 
the ship ’s course was between 20 and 50 degrees. In  head 
or fo llow ing seas, w hich caused the highest vertical bending 
m om ents, the horizontal bending m om ents were relatively 
sm all. (6) T o rsion  m om ents derived from  the records were 
sm all and therefore had little effect on the stresses on the hull 
girder. (7) T h e  records show  that, w ithin  the lim its o f the 
experim ental accuracy, the w ater pressures measured on the 
hull were in agreement w ith those predicted from  the trochoidal 
theory o f waves. (8) Theoretical considerations, supported by 
the experim ental evidence show that fo r this ship in  a seaway, 
the dynam ic terms in  the determ ination o f the vertical longi
tudinal bending m om ents at am idships tend to cancel each 
other. In  consequence a reliable estim ate o f these bending 
moments fo r any particular w ave length and height in  head 
or fo llow ing seas can be m ade from  the assum ption that the 
ship is in  static equilibrium  on the w ave, provided the Sm ith  
correction is applied. (9) F o r  the Ocean Vulcan, the greatest 
range o f bending mom ent at am idships occurs when the length 
o f the w ave approxim ates to the length o f the ship (4 16 ft. b.p.) 
and according to oceanographical data the m axim um  height 
ever likely to occur fo r such a w ave is about 35 feet.— The 
Shipping World, Vol. 129, 12th August 1953; p. 128.

Sea-go ing Qualities of Ships
Loss of Speed at Sea. M ockel’s collection o f observations 

from  ships in service seems to indicate that the speed loss is 
roughly proportional to the square o f the w ind force. F o r 
ships trad ing between G erm an y and South  Am erica the speed 
reduction at w in d  force 4, B eaufort scale, w as 10  per cent fo r 
a 10-knot ship, 2-7  per cent fo r a 12 -k n o t ship, and 1-5  per 
cent fo r a 19-knot ship. In  all trade routes, at w ind force 4, 
the loss o f speed increased heavily w hen the shaft horsepower 
per ton displacem ent w as less than 0-4, but w ith  s .h .p ./A  
greater than 0-6 the speed loss in  per cent was very nearly 
constant and independent o f the power. F ig . 1 gives the speed 
loss in  the N orth  A tlantic at w ind force 6 as a function of

F ig . 1
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the block coefficient C B fo r G erm an ships com pared w ith  the 
observations published by K en t fo r B ritish  ships in the same 
ocean w ith waves 6 feet high. T h e  m ean curve has a critical 
knee separating moderate losses from  heavy losses at a block 
coefficient o f about 0-72. T h e  position o f this knee w ill 
be somewhat higher in low er waves or more m oderate wind. 
In  F ig . 2 , w hich gives the speed reduction in  the N orth  
A tlantic as a function o f the prism atic coefficient, C P, the 
figures have been subdivided according to the ratio between 
wave length A and ship length L .  M ean curves for different 
constant values o f this ratio have been drawn. T h e  curves 
can be subdivided into three characteristic parts, a horizontal, 
an intermediate, and a third part where the speed losses rise 
rapidly. F ig . 3 gives the cross-curves obtained b y  vertical 
sections through the three groups in F ig . 2. T h e y  seem to 
indicate a nearly linear rise o f speed reduction w ith  ratio of 
wave length to ship length. T h e  ships studied have all been 
fa irly  large vessels, w hich is probably the reason w h y the greatest 
value given fo r A / L  in  F ig . 2 is 0-75. One w ould expect 
the curves of F ig . 3 to reach a m axim um  at A / L  somewhat 
greater than un ity and then to drop again. A llan ’s tank tests 
w ith drifters at V / v /L  =  0-98 indicate a m axim um  speed 
reduction at A / L  between 1-3  and 1-4  and considerably less 
reduction at larger wave length. A t A / L  =  2-2  the speed loss 
has been reduced to about the same as fo r A / L  =  0 32. From  
the reference to A / L  in  F igs. 2 and 3 it w ill be seen that small 
ships suffer a m uch heavier speed loss than large ones when 
running in the same sea.— G. Vedeler, European Shipbuilding, 
Vol. 2, No. 2, 1953; pp. 28-36.

N ew  Cargo  Liner
T h e  combined passenger and cargo liner Braunschweig is 

the latest addition to the fleet o f the H am burg-A m erika Lin ie 
and is one of a num ber o f 10 ,000 tons d.w . vessels delivered 
fo r the F a r  Eastern service operated jo in tly w ith  the N o rd - 
deutscher L lo yd . Length  o f the vessel is 159-06  m. o.a. and 
146-50  m. b.p. Breadth m oulded is 19 - 10  m . Service speed 
is 17 -5  knots. T h e  vessel is driven b y  a tw o-casing A .E .G . 
steam turbine o f 9,000 s.h.p. connected w ith  the single screw 
through a double reduction gearing. Steam  is supplied by 
two L a  M ont boilers at 42 atm. g. and 450 deg. C. steam 
temperature. Each  boiler has an evaporative capacity o f 18  tons 
per hour. T here are tw o electrically operated Saacke oil burners 
per boiler g iving  an infinitely variable firing rate o f 80 to 
840 kg. o f oil per hour.— Schrff und Hafen, Vol. 5, July 1953; 
pp. 310-314.

V I

F ig . 3

Sulphur Trioxide Content of Flue Cases
A n  investigation into the effect o f fuel, load and C 0 2 on 

the S 0 2 content o f flue gases from  an oil-fired boiler was 
planned, and the results analysed, statistically. F iv e  oils, the 
sulphur contents of w hich ranged from  0-75 to 3-55 per cent, 
were tested over a wide range o f boiler operating conditions. 
T h e  S 0 2 produced under each set o f conditions was measured 
at various stages through the boiler, (a) w ith  the B .C .U .R .A . 
dewpoint meter, and (b) b y  chem ical analysis. T h e  results, 
based on 1 6 1  dew -point readings and 72 chem ical analyses 
under 44 different conditions, show that SO , can be produced 
in oil-fired boilers in  am ounts sufficient to cause some trouble 
from  low-tem perature surface corrosion, i f  arrangem ents are 
not made either to prevent its form ation o r to remove its effect. 
T h e  statistical survey has indicated relationships between certain 
variables, but w ith  other variables no relationship has been 
found on the basis o f the data available. In  particular, it has 
not been possible to establish a direct relationship between the 
SO . (as measured either analytically or b y  the dew -point meter") 
and the total sulphur in  the oil. T h e  results show that with 
all the oils tested, from  1 per cent to 3 per cent o f the S 0 2 
is oxidized to S O „  giving  rise to the dew points o f from  
250  deg. to 300 deg. F . T h e  w ork has confirm ed the results 
o f previous laboratory investigations.— P. F. Corbett, Journal of 
The Institute of Fuel, Vol. 26, August 1953; pp. 92-106.
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First 18,000-ton  Standard Tanker for Shell Fleet
H arland &  W olff, L td ., have completed at their Belfast 

Sh ip yard  fo r the A n glo-Saxon  Petroleum  C o., L td ., the
18,000 ton d.w. tanker Harpa, first o f a series o f 58 sim ilar 
vessels fo r general purpose duties in  the Shell fleet. T h e 
design incorporates m any new features including a permanent 
tiled sw im m ing pool. T h e  Harpa has the fo llow ing principal 
d im en sions: —

Len gth  between perpendiculars... . . .  530 ft. Oin.
M oulded breadth... . . .  . . .  . . .  69ft. 3in.
M oulded depth to upper deck . . .  . . .  39ft. Oin.

T h e  vessel is o f usual tanker design w ith m achinery aft, poop, 
bridge and forecastle decks connected by fore and aft gang
w ays, boat deck aft, and upper bridge and navigating bridge 
am idships. T h e  hull is constructed on the combined trans
verse and longitudinal system  o f fram ing and is divided by 
bulkheads into 33 cargo o il-carryin g com partm ents. T here is 
one m ain cargo pum proom  and a forehold pum proom , a coffer
dam , a gastight cargo hold forw ard, and under this space a 
deep tank fo r oil fuel. W in g bunkers forw ard of the engine 
room  and the double bottom  under the m otor room are also 
arranged fo r the carriage of oil fuel. T h e  peak tanks are 
arranged fo r w ater ballast. W elding construction has been 
adopted to a considerable extent. Com fortable accom m odation 
is provided am idships fo r the captain and officers, and on 
and under the poop deck fo r the engineers, officers, petty officers 
and crew. A  large d ining saloon, petty officers’ mess with 
adjoining smokeroom, and mess room s fo r crew and catering 
staff are arranged on the poop deck convenient to the galley 
and pantries, the crew ’s recreation room  being situated under 
the poop deck and the officers’ smokeroom on the boat deck. 
T h e  bulkheading in the P .O .’ s and crew’ s accom m odation is 
constructed o f Form ica-clad  M arin ite incom bustible panels. 
T here are fo ur B irm abright lifeboats, one o f  w hich  is powered.
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T h e  propelling m achinery consists o f a single-screw arrange
ment of H arland and W olff-Pam etrada double-reduction geared 
turbines having a total power in service o f 7,500 s.h.p. Steam  
at 5001b. per sq. in. and 800 deg. F . is generated in two 
H arland-Babcock and W ilcox integral-furnace watertube boilers, 
fitted w ith  superheaters and air heaters. T h e auxiliaries are 
in general electrically driven, but the standby feed pum p, the 
tank cleaning booster pum p and the m ain cargo pum ps are all 
independently driven by sm all steam turbines. T h e  electrical 
installation is subdivided as fo llo w s: power circuits, including 
ventilation and cooking gear, 440 volts A .C ., lighting circuits 
1 1 5  volts A .C . E lectric and energy is supplied norm ally by 
tw o 550 kW . 450 volt, 3-phase, 60-cycle, 8 power factor, 
Peter Brotherhood-H arland and W olff turbo alternators. As 
an alternative means of supply fo r use in port, a 200 kW . 
450 volt 3 -phase, 60-cycle, N ational-C am pbell and Isherwood 
Diesel alternator is fitted.— The Marine Engineer and Naval 
Architect, Vol. 76, August 1953; p. 350.

Performance of Free-piston Generators
T h e free-piston gas generator turbine power combines the 

high thermal efficiency o f the Diesel-engine com bustion cycle 
with the sim plicity and flexibility o f the turbine pow er take-off. 
It  consists o f a gas generator producing high-tem perature and 
pressure gas w hich is used to drive a turbine. T h e  gas genera
tor has two opposing pistons in  a single-power cylinder. These 
pistons compress their own air for scavenging and charging 
the power cylinder. T h ey  also store the energy required to 
halt their outw ard movement and return them fo r the next 
compression stroke. Com bustion proceeds on the two-stroke 
Diesel cycle and power is produced by the exhaust gas which 
drives the turbine. T h e  crankshaft, connecting rods, and bear
ings o f the Diesel engine are eliminated. In  com parison to a 
gas-turbine power plant, the free-piston gas generator supplants
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the com pressor, com pressor turbine, combustion chamber, and 
heat exchanger. D ucting  is m uch less. T h e use o f a free- 
piston gas generator-turbine com bination fo r producing power 
has long passed the theoretical stage. T est data are available 
on tw o designs o f  free-piston units w hich have been developed 
to an  operating condition and w hich provide factual in form a
tion fo r their evaluation. A  third unit is now  in  the test phase 
and inform ation w ill be available at a later date. T h e paper 
notes that the free-piston gas generator-turbine power plant has 
already shown its com m ercial suitability and acceptability by 
the variety o f installations made w ith the S .I .G .M .A . units in 
France. Developm ents in  this country have shown that several 
concepts o f the same principle o f operation can be perfected. 
Operational data have show n that the therm al efficiency of 
m odern Diesel engines can be surpassed w ith  a power plant of 
no greater bulk or weight, fewer w orking parts, and reduced 
cost and time o f construction. T h e  free-piston engine has 
shown that it has m any peculiar advantages, such as absence of 
m echanical vibration. I t  provides an independent high-speed

o f a com paratively simple com bustion cham ber o f low  weight 
and yet m aintaining the same operating conditions in  the gas 
generator, the possibilities are apparent. A  parallel line of 
development w ill be perfection o f heavy-duty units fo r installa
tion where low  initial cost, easy maintenance, econom y o f opera
tion, and long life  and reliability are the m ore im portant factors. 
L o w  exhaust pressures and temperatures w ill reduce cost and 
increase life  o f the turbine. T h e  power plants w ill still have a 
specific weight and m ass superior to that o f com parable Diesel- 
power plants.— Paper by J. J. McMullen and W . G. Payne, 
read at the 1953 A.S.M.E. Spring Meeting. Paper No. 53-S-18.

N ew  33 ,000 -ton  d.w. Tanker
T h e first o f two 33,000-ton vessels to  be built at the 

W alker N aval Y a rd  of V ickers-A rm strongs L td ., fo r  the W orld 
Tankers Corporation, o f M onrovia, L iberia, has successfully 
completed her trials. T h e  World Enterprise is the largest tanker 
so far launched in  the U nited K in gd om , and has been built 
to the highest class o f L lo y d ’s Register, the A m erican Bureau

Cross section of Sigma model GS-34 free-piston gas generator
1 .— Engine case. 2.— Compressor cylinder. 3.— Dished ends. 4.— Motor cylinder. 
5.— Scavenge air receiver. 6.— Suction valve. 7.— Delivery valve. 8.— Balance
pipe. 9.— Coolant inlet. 10 .— Coolant outlet. 1 1 . — Gland. 12 .— Starter, 13 .—  

Stabilizer. 14 .— Synchronizing rod.

drive well-suited to various types o f applications. T h e  free- 
piston unit as presently available in this country is the result 
o f com paratively little development. A  total o f on ly seven 
gas generators has been constructed. T w o  models now  appear 
ready fo r com m ercial exploitation. These models have not 
reached the stage o f perfection w hich w ill be possible w ith con
tinued development, but they are com m ercially competitive. 
One line o f development certain to be continued, especially fo r 
uses where low  specific weight and mass are required, is super
charging o f the power cylinder. Outputs approaching twice 
the present output with little increase in  severity o f operation 
w ill be obtained. T h e weight o f the power plant w ill be 
decreased accordingly. A nother line o f development is after
burning. T h is  possibility is attractive because the exhaust gases 
from  the gas generator contain approxim ately 75 per cent of 
the original oxygen, and by after-burning the power output 
can be increased about 30 per cent w ith  only an approxim ate 10  
per cent increase in specific fuel consum ption. W hen one con
siders that this increase in power is obtained by the addition

o f Sh ippin g, and the M in istry  o f T ran spo rt, and complies 
with all the latest requirements fo r the carriage o f petroleum 
in bulk. She has been chartered by the A n g lo -Saxon  Petroleum  
C o., L td ., and makes her m aiden voyage to M ena al A hm adi 
to load crude oil fo r the U .K . or the Continent. T h e  principal 
dim ensions and particulars o f the World Enterprise are as 
fo llo w s : —

Len gth  overall .. . . . .  . . .  . . .  663ft. Oin.
Len gth  b.p. . . .  . . .  . . .  . . .  635ft. Oin.
Breadth m oulded .. .  .. .  . . .  86ft. Oin.
D epth m oulded .. .  . . .  . . .  . . .  45ft. 9in.
Load ed  draught .. . . . .  . . .  . . .  34ft. 5in.
D eadw eight . . .  .. . . . .  . . .  33,000 tons
Service speed .. . .. . .. . .. . 16  knots 

T h e  World Enterprise is powered by geared turbines of 
Pam etrada design, m anufactured by the Parsons M arine Steam  
T urbine C o., L td . T h e  turbines were designed to develop 
a norm al service power o f  12 ,50 0  s.h.p. a t 10 0  r.p .m ., and 
they are capable o f developing a m axim um  o f 13 ,7 5 0  s.h.p. at
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10 3  r.p.m . continuously, i f  required. T h e  astern turbine w ill 
develop about 45 per cent o f the ahead service power at 
50  per cent o f the service revolutions per m inute. T h e  
m achinery has been constructed to the requirements o f L lo y d ’ s 
Register o f  Sh ip p in g and the A m erican Bureau of Shipping. 
T h e  set consists o f an h.p. and l.p. turbine w orking in  
series, operating w ith  superheated steam at the exceptionally 
high pressure o f 8501b. per sq. in. and a total temperature 
o f  850 deg. F . T h e  h.p. turbine is o f the all-im pulse type 
and  com prises 15  single row  stages, the solid rotor fo rging 
being gashed to form  the discs to w hich the blading is 
attached. T h e  l.p. turbine is o f the single flow  type, com 
prising 2 1  row s o f reaction blading w hich is o f the segmen
tal type throughout the cylinder, and in  17  row s in the rotor, 
the last fo ur row s being o f the integral type. T h e  astern 
turbine is situated w ithin  the exhaust end o f the l.p. ahead 
turbine and consists o f tw o 3 -row  im pulse wheels w hich are 
forged solid w ith  the l.p. ahead rotor. T h e  astern casing is 
separate from  the m ain casing and supported in  such a w ay 
that no distortion can be transferred to the m ain casing. T h e 
im pulse and reaction b lading throughout the turbines is o f 
stainless iron. T h e  h.p. turbine casing and rotor, and the 
astern casing, are m ade of 0-5 per cent m olybdenum  steel. 
D ouble reduction articulated type gearing is em ployed, the 
prim ary gears o f the h.p. and l.p. turbines each being enclosed 
in  a fabricated steel case; the m ain gearing is sim ilarly enclosed 
in  a fabricated case to w hich  the prim ary gear cases are secured. 
E ach  turbine drives through a flexible coupling to a pinion 
w hich  engages w ith  its  ow n prim ary wheel. T h e  secondary 
p in ions w hich engage w ith  the m ain  gear wheel are driven 
through flexible couplings and quill shafts from  the prim ary 
wheels. A  single collar M ich ell thrust block is fitted imme
diately aft o f the gear case. A  Siem ens-Ford  type torsionmeter, 
w ith  the indicator conveniently located, is installed fo r m easur
in g  shaft horse power. T w o  Foster W heeler “ D ”  type watertube 
m arine boilers supply steam at a pressure of 8501b. per sq. in. 
and a temperature o f 850 deg. F . at the superheater outlet. The 
boilers complete w ith  superheaters, desuperheaters, economizers 
and uptakes, were constructed b y  Richardsons, W estgarth and 
C o ., L td ., and operate in  conjunction w ith bled steam W eldex 
air heaters, m ade b y  the W ellington T ub e W orks. H owden 
forced draught fans supply air to the boilers.— The Shipping 
World, Vol. 129, 8th July 1953; pp. 36-37.

H igh -ou tpu t Free-piston Cas Generators
T h e development o f free-piston gas generators suitable for 

naval propulsion purposes was started in 1943 at the Baldw in- 
L im a-H am ilto n  Corporation, then the General M achinery 
C orporation , under a contract w ith the U .S . N a v y  D epart
ment. F o r  certain naval propulsion purposes, the free-piston 
gas generator-gas turbine or “ gasifier-turbine”  power plant has 
potential advantages. T h e  developments at B a ld w in -L im a- 
H am ilton have been concerned exclusively w ith gasifiers o f high 
specific output, suitable fo r naval propulsion, or other ap p li
cations w hich require lightweight machines. T h e  weight and 
volum e o f a  gasifier-turbine plant o f a given total output power 
is largely fixed by the weight and volum e o f the gasifier part

of the plant. T h is  is influenced by the fo llow ing factors: 
T h e  size and num ber o f the gasifier units used fo r a given total 
pow er; the arrangem ent o f the parts o f the gasifier; the pressure 
and temperature o f the cycle ; the piston speed o f the gasifier; 
and the design as regards m aterial used, thickness o f stressed 
parts, and other sim ilar factors. O f the gasifiers constructed 
by B ald w in -L im a-H am ilton , the M odel A  is o f 7-in . bore 
power cylinder, 2 1- in . bore com pressor cylinder x 10 -in . fu ll 
power stroke and the M odel B  o f 8^-in. bore pow er cylinder x 
23-in . bore com pressor cylinder x 1 l- in . fu ll power stroke. A ll 
arrangem ents utilize a pair o f opposed pistons connected by 
some type o f synchronizing m echanism  to ensure their operation 
in  exactly opposite phase. T h is  opposed-piston arrangem ent 
gives a balance o f inertia forces, so that an y vibratory reactions 
between the gasifier and its foundations are lim ited to forces 
produced by the pulsating flow  o f the discharge and scavenge 
gases.— Paper by R. A. Lasley and P. M. Lew s, read at the 
1953 A.S.M.E. Meeting, paper No. 53-S-34.

A  Modern Tanker Using A lternating Current
T h e use o f alternating current on ships is still a controver

sial subject but its adoption has increased considerably in  the 
last tw o or three years, and build ing program m es now in 
hand fo r the m ajor tanker com panies w ill show an  even greater 
rate o f grow th in  this form  of electricity supply. T h e  m ajor 
oil com panies, through their tanker-operating associates, have 
in  hand an extended program m e of m edium  and large tankers 
in  w hich alternating current is used, probably m ore com pletely 
than in  any other existing B ritish  tonnage. One o f the early 
ships in  this program m e is the 18,000-ton San Florentino, 
built by Cam m ell L a ird  and C o., L td ., fo r the Eagle O il and 
Sh ip p in g C o. L td ., and the m ajor part o f the electrical equip
m ent has been supplied by T h e  General E lectric C o., L td . T h e 
m ain propulsion m achinery in  the San Florentino consists o f 
double reduction geared turbines m anufactured b y  the ship
builders and supplied w ith  steam at 4851b. per sq. in. super
heated to 790 deg. F . and generated by Jo h n  T hom pson “ L a  
M o n t”  oil-fired boilers. E lectric pow er is obtained from  tw o 
turbo-alternators each com prising a Brotherhood m ultistage im 
pulse turbine operating under the same steam conditions and 
driving, through 6 ,00 0 /1,20 0  r.p.m . reduction gears, a G .E .C . 
alternator of 687 kva., 0-8 p .f., 440 volt, 3-phase, 60 cycles. 
T h e  alternator is o f the salient pole type and has a direct 
coupled m ain exciter and “ V ”  belt-driven pilot exciter. A lso, 
fo r em ergency and port use, there is a G .E .C . 250  kva., 
600 r.p.m . alternator driven by a British  P o lar six-cylinder 
Diesel engine; this m achine also has m ain and pilot exciters. 
T h e  pilot exciters generate at a constant voltage o f 1 1 5  volts, 
and those on the turbo-alternators also sup p ly  current fo r the 
speed-control m otor on the turbine and fo r the circuit breaker 
closing and tripp in g coils. F o r  this reason they are rated at 
4 kW ., and are over-com pounded so that the peak current of 
the circuit breaker solenoid does not affect the voltage o f the 
alternator. Each  pilot exciter supplies only the circuit breaker 
fo r its ow n set and there are no cross-connexions. T h e  alter
nators are d rip-proof self-ventilated w ith term inal boxes on the 
upper half conveniently disposed fo r overhead cable connexions 
to the m ain switchboard. T h e  norm al sea load is carried on 
one large alternator and the port load m ain ly on  the Diesel 
set w hich has an output sufficient to start from  cold ship, 
including running the forced draught fans, boiler fuel and 
circu lating pum ps, as well as other essential auxiliaries. A ll 
three alternators can be synchronized and paralleled, and 
although it w ill be norm al practice to parallel the steam sets 
to the Diesel set before shutting dow n the latter, it w ill not 
norm ally be necessary to carry out the reverse procedure. F o r  
this reason the m ain alternators have rem ote-control speeder 
gear and electrically-operated circuit breakers, whereas, fo r the 

'D iese l set, both speed and circu it breaker are hand-controlled. 
A ll alternators have N ew ton-D erby carbon pile autom atic 
voltage regulators in  the field o f the m ain exciter and these, 
in  conjunction w ith  the appropriately designed alternators, aimGasifier with outward compression, outer bounce cylinder
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at m inim um  voltage dip and rapid  voltage recovery on peak 
loads, especially in  respect o f the starting currents of the larger 
motors when switched direct on the line. T h e  engine room 
m otors are all 3-phase squirrel cage induction m otors ranging 
from  the 4i  h.p. extraction pum p to the 178  h.p. boiler feed 
pum p, and are all single-speed machines except those driving 
the forced draught fans, transfer pum p, fire and bilge pum p 
and engine room  ventilation fans w hich have double-wound 
stators fo r different speed ratios to suit each individual case. 
A ll the m otors are started by sw itching direct to line except 
the 178  h.p. feed pum p w hich has an  air-cooled auto
transform er. A n  all-insulated 440 volt, 3 -phase system has been 
adopted on this vessel, em ploying the spur system o f distribu
tion.— C. P. Harrison, G.E.C. Journal, Vol. 20, July 1953; 
pp. 168-183.

Closed C ircuit M odel Tank
A  tank, w ith  a closed circu it fo r experiments w ith ships’ 

hulls and propellers, has been erected at the U niversity of 
Genoa. T h is  tank differs from  the original insofar as the 
model is now  static w hile the water is in  m otion, whereas 
form erly the m odel was m oving and the water was static. 
In  the illustration, the apparatus fo r m easuring the m odel’s 
resistance and the speed o f the w ater is shown. T h is  consists o f 
a 5 cm. dia. Pitot tube, in  w hich is placed a float that controls, 
by  means of a lever, a stylus operating on a revolving drum. 
T h e  resistance o f the m odel is measured by a balance which 
also records on a revolving drum . T h is  new tank possesses 
the fo llow ing advantages over the older typ e : it costs less to 
construct and requires less tim e to carry  out experiments. In  
addition to allow ing the resistance o f the model to different 
speeds to be m easured, the new tank makes it possible to measure 
the pressure o f the w ater on  different types o f hull, to follow  
the track o f the threads used fo r observing the flow  round the 
hull, to estimate the efficiency o f the model, test propellers 
either on their ow n or fitted to the hull, and study generally 
the behaviour o f solids in liquids. A n  air tunnel has been

fitted to the tank and, by regulating the speed o f the w ater with 
the speed o f the w ind, it is possible to test yachts fitted w ith 
sails. T h e  tank is about 75ft. 6in. long and the channel sec
tion is about 4ft. by 4ft.— The Shipping World, Vol. 128, 17th 
June 1953; p. 561.

Vanad ium  Ash  Problems
V anadium  bearing, residual fuels have been a continuous 

source o f fireside problems in boilers at the U .S . N aval Experi
ment Station during the past decade. T h e y  have produced a 
variety o f troublesome deposits in  saturated tube nests, played 
havoc with refractory and caused serious w asting o f superheater 
tubes. W hile these furnace problems resemble those o f fleet 
boilers, sea water contam ination played no part in  them. Analyses 
show that while the m ajor constituents in all o f the furnace 
deposits are the same as the m ajor constituents o f the heavy 
fuel ash, their proportions vary  m arkedly fro m  one furnace 
area to another and rarely agree w ith  the typical proportions of 
the ash. T h is  variation in  proportion o f m ajor constituents in 
different parts o f the furnace suggests selective deposition related 
to furnace temperature gradients, com bustion characteristics, 
or ash properties. N either fuel im pingem ent nor un iform  ash 
deposition w ould explain these variations, since both should 
yield approxim ately the same ratio o f vanadium  to sodium  from  
front to rear. I t  is im probable that a m echanism  exists for 
concentrating sodium  in  some areas and vanadium  in  others 
once a uniform  ash has been deposited. T h e  selective deposition 
o f vanadium  com pounds on the hot, rear tubes m ay m ean that 
the vanadium  is derived from  organic complexes w hich burn 
w hile passing through the furnace and fin ally  deposit as ash 
or molten droplets on the last tubes. O n the other hand it 
could mean that low  m elting vanadium  com pounds, travelling 
as m olten droplets in  the gas stream , select the hottest tube 
surfaces because they wet m ore readily. Su ch  w etting is m ost 
apt to occur when the tube skin tem perature approaches the 
m elting points o f the com pounds involved. W hile the rear 
row  tubes o f 8001b. per sq. in. generating nests probably are 
several hundred degrees below the m elting points o f ordinary 
vanadium  com pounds like V 20 3, they could easily approach 
m elting points o f unusual vanadium  com pounds like the hydro
trisulfonates. T h e  black slag w hich  recurs in  this area melts 
at about 1,000 deg. F . These hypotheses b y  no m eans exhaust 
the possible mechanisms. It is conceivable that selective deposi
tion is based on  ash classification due to relationships between 
particle size and gas velocities. T h e  high concentrations o f 
sulphate and acidity in the granular deposits show that sulphur 
oxides influence deposition. T h e  general character o f the 
deposits in  the central, transition zone w ould  appear to indicate 
that deposits can be altered considerably in  com position and 
appearance after they have been laid down. T h e  greater thick
ness of the black slags several tubes behind the fire row  m ay 
m ean that this is another selectivity point based on skin tem 
perature, gas pattern or particle size, or sim ply that the fire 
row  deposits are thinner because o f continuous dripp in g under 
the intense heat. Even  though pow dery deposits have been 
found on forw ard  tubes, there is no p ro o f that they are a 
necessary prim ary stage o f the other deposits. Steam ing periods 
as short as eight hours have developed scattered m eandering 
islands o f fused slag on the fo rw ard  tubes and un iform , thin, 
dark blue slags on the after tubes. Both  the islands and the 
uniform  coating contained about 25 per cent vanadium . Either 
fusion o f powders or coalescence of m olten droplets could have 
produced the islands. W hatever their source, this early occur
rence o f fused deposits on clean tubes show s that true slagging 
can start im m ediately on ligh ting off and that it need not 
involve an “ induction”  period. T h e  phenom enon o f  precoat 
and secondary slagging continues to  be a prom inent and 
puzzling one. L o n g  period operation generally yields deposits 
w ith  4 inch or m ore o f  vanadium  tube-side slags, overlaid with 
heavier deposits o f sodium  sulphate slags. T h e  reverse struc
ture never has been found in these boilers. V ariation  in  fuel 
com position does not explain  this stratification because both the 
heavy fuel and the tube-side layers are consistently high in
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ratio o f vanadium  to sodium . T h e  structure suggests that 
vanadium  com pounds deposit first because o f low er m elting 
points, better w etting properties, or other characteristics and 
then instigate deposition o f other slags by m echanical trapping 
or therm al insulation effects. T h is  does not explain w hy the 
proportion o f sodium  is higher in the secondary slags than in 
the fuel. I t  m ay be that vanadium  com pounds tend to separate 
from  m ixed deposits and collect on the tube surfaces after 
deposition has occurred.— F. E. Clarke, Journal of the American 
Society of Naval Engineers, Vol. 65, M ay 1953; pp. 253-270.

Cyclone Separator for Suction Dredger
T h is  patent describes a suction dredger in  w hich  the 

delivery side o f the pum p is connected to a series o f cyclones 
disposed in parallel. T h e  cyclones m ay be installed on an 
auxiliary  vessel alongside the m ain dredging vessel. T h e  vessel 
show n in  F ig s. 2a and 2b is equipped w ith  a centrifugal pum p 
(2) operated by an engine (3). T h e  suction pipe (4) is sus
pended in tackles (5) w h ich  are operated b y  winches (6). T h e  
delivery pipe (7) rises vertically, passing through a valve (8),

but by both m ethods the m axim um  fo r an Iraq  oil was only 
fourteen times that o f the original fuel oil, viz. 0 07 per cent 
vanadium . B oth  vanadium  and nickel com pounds could be 
concentrated in  a fraction  representing about 5 per cent o f 
the Iraq  crude used and in about 20 per cent o f a Venezuelan 
crude, and they are com bined w ith  a significant part o f the 
asphaltenes. Previous w ork suggesting that all the vanadium  
is present as porphyrins is criticized. N o  m ethod was found 
o f preparing fuel oils free from  vanadium  w hich  w ould  be 
cheaper than distillation.— F. H. Garner et alii, Journal, The 
Institute of Petroleum, Vol. 39, May 1953; pp. 278-293.

Research into Oil Burning
A  new organization has been set up  b y  W hite’ s M arine 

Engineering C o ., L td ., to deal w ith  the m any and varied 
problem s that arise in connexion w ith  the com bustion o f fuel 
oils. O ver the past few  years the rate o f research into the 
com bustion o f fuel oils has increased steadily and it  has become 
necessary to erect a test furnace designed to absorb 42 x  10 “ 
B .T h .U ’s per hour as well as a shell boiler capable o f absorbing

and discharges into a horizontal distributing conduit (9) at a 
considerable height above the deck o f the vessel and connected 
through a valve (10 ) w ith  an overflow  pipe ( 1 1 ) .  S ligh tly  
low er and to either side o f the d istributing conduit are arranged 
tw o series, each o f twelve cyclones (13 ) . Beneath these cyclones 
is placed a collecting tank ( 15 )  w hich receives the thickened 
suspension leaving the cyclones. F rom  this tank the suspen
sion can be transferred in  the usual m anner through tip  chutes 
( 16  o r 17 )  into barges (18 ). T h e  w ater separated off in the 
cyclones w hich has been freed o f solid m aterial is discharged 
via another pipe (25).— Patentees: N.V. Aannemersbedrijf, Berg 
en Dal. (British Patent No. 692,668.) World Shipbuilding, 
Vol. 3, August 1953; p. 119.

M eta llic  Elements in Fuel Oils
D eposition o f ash and corrosion, both m ajor difficulties 

in  the use o f residual fuels in  gas turbines, are due m ain ly  to 
vanadium  and sodium  in  the oil. Iron , sodium , vanadium  
and nickel are the chief metals present in  an Iraq  residue 
exam ined, and m ethods have been developed fo r the determina
tion o f  these elements in  oils. Iro n  and sodium  com pounds 
can be removed b y  filtration and w ater-w ashing respec
tively, but vanadium  and nickel com pounds cannot 
be removed b y  sim ple means, and are present as organic 
com pounds dispersed in  the oil. Adsorbent and solvent extrac
tion have been found  to  concentrate the vanadium  com pounds,

i9  x 10 ° B .T h .U ’s per hour. T h ere is a large am ount o f data avail
able on the spray characteristics o f the various types o f sprayer. 
T h e  problem o f design and development o f air registers, how 
ever, is a  b ig  one and no large and com prehensive program m e 
o f research has ever been undertaken by an y authority as far 
as is known. Consequently little data exists and air registers 
are norm ally designed b y  rule o f thum b, the design being per
fected after a considerable am ount o f trial and error. D u e  to 
this lack o f knowledge, it was decided that the research facilities 
at H ebburn should be developed m ostly on the air flow  side 
o f oil burner design and the testhouse was laid  out accordingly. 
T h e  test furnace is at present capable o f taking burners up to 
8001b. per hour capacity and is supplied w ith  a pum ping and 
heating set capable o f delivering 14  tons o f oil at 4501b. per 
sq. in. and 300 deg. F . W hen extended and fitted w ith  water 
cooling coils the furnace w ill be suitable fo r testing burners 
o f one ton o f oil per hour capacity. Pu m pin g is done electrically 
and in  two stages, first to 2001b. per sq. in ., then to 4501b. 
per sq. in. T herm ostatically controlled heating, either by steam 
or electricity, is em ployed. C om bustion air is delivered to the 
furnace b y  a D avid son  fan  at a pressure o f 20in. W .G ., almost 
all o f w hich  is available fo r discharge through  the register. 
Velocities o f over 17 ,50 0 ft. per m in. can be obtained fo r m ixing 
w ith  the oil spray. W ith  these facilities it is anticipated that 
pressure jet burners obtaining C O  . figures o f over 14  per cent 
from  fu ll to h alf load can be developed and in form ation now



134 Engineering Abstracts

available suggests that these anticipations w ill be realized. T h e 
boiler is o f the natural draught Scotch m arine type, and is 
used fo r the development of natural draught registers and for 
the rigorous testing o f blast (i.e., air or steam atomizing) 
burners. Results obtained so fa r  on natural draught are 
interesting, as w ith  the latest development tests 13  per cent 
C 0 2 has been obtained w ithout difficulty w ith a draught loss 
through the register o f on ly 0-25 W .G . T h e  work on oil 
burners is now  proceeding extensively and covers the fo llow ing 
item s: (a) H igh  pressure oil burning equipm ent: A  detailed 
study has been going on fo r some time into the aerodynam ics 
affecting air register design in an endeavour to determine the 
governing characteristics fo r optim um  com bustion efficiency,
(b) W ide range spill type burners: T h e register design in  this 
case is extrem ely com plex as, due to the wide variation in 
capacity, high efficiency over the w orking range is difficult to 
obtain. T h is  w ork is running parallel w ith the high pressure 
equipm ent, (c) Remote controlled oil burners fo r lighting up 
P .F . flames in  power station boilers: T h is  type of burner is 
very specialized and is o f the constant capacity type. W hite’ s 
have designed several control systems, the one now  undergoing 
test being o f the type where an operator on the floor of the 
station can flash up a boiler at the touch o f a button and where 
the sprayer is scavenged b y  compressed air after shut down. 
A  scheme is being considered where this takes place auto
m atically i f  the P .F . flam e is extinguished. Three form s of 
ignition equipm ent are under survey, v iz .: the resistance coil,
10 ,000-volts spark and the “ H igh  E nergy”  ignitor. T h e  latter 
is expected to be the m ost effective, (d) L o w  pressure air 
atom izing oil b urn ers: T h is  burner is controlled by a single 
lever and is thus h igh ly efficient over its whole range of capacity. 
A  turn  dow n ratio o f 4 : 1  is being obtained w ith the present 
burner and tests are continuing in an attempt to increase the 
ratio to as high as 6 : 1 .  A  large am ount of experim enting 
has been done on the flow  o f air and oil, resulting in  a burner 
h aving a sensible constant o il/a ir ratio. T h is  feature enables 
the burner to be handled efficiently by unskilled firemen.— The 
Shipping World, Vol. 129, August 1953; pp. 147-148.

process, it m ay be preferable to take a rope or w ire (29) from  
a convenient w inch and attach it to the bight o f the fa ll ropes 
(28) w hich is tem porarily disconnected from  the centre stand. 
T h e  w inch is then operated so as to w in d  the fa ll ropes on 
to its drum .— Patentees: Marepa Trust, Ltd., Whitstable 
(British Patent No. 691, 676.) World Shipbuilding, Vol. 3, 
August 1953; p. 121.

Anti-v ibration  N u t
T h e tem porary fastening of m achinery parts by means of 

bolts and nuts presents certain problem s to engineers, particu
larly when vibration is likely to be present. M a n y  ingenious 
devices have been tried such as special nuts and washers, 
locking plates and so on, but im provem ents to ensure bolt 
tightness are still being studied. A  recent fastening w hich 
appears to solve the problem , is the Lester anti-vibration nut, 
m anufactured by the Lester L o c k  N u t and W asher Com pany. 
T h is  nut consists o f an element o f conical discs firm ly assembled 
in  a hexagon body, and then drilled and tapped, f t  is free- 
running when first screwed on to the bolt, but on  tightening 
the nut against the w ork, the stack o f coned discs flattens until 
the threads cut in  them contact at great pressure both sides 
o f the thread o f the bolt, w hich  thus become fu lly  supported 
against deform ation and thread-fatigue. Radial, bending and 
tangential stresses are un iform ly distributed and vibration, 
transm itted through the elastic nut body and periphery o f the 
coned disc lam inated element, is very  considerably reduced 
before reaching the fu lly  supported bolt threads. V ibration 
thereafter autom atically continues the effect o f the initial 
tightening o f the nut by further increasing the elements’ wedge
like inw ards pressure on both sides o f the bolt threads in  pro
portion to the intensity o f vibration present in  the assembly. 
T h is  ensures that the nut’s grip  on  the threads of the bolt at 
all tim es exceeds the unscrew ing tendency o f the nut when sub
jected to vibration.— Shipbuilding and Shipping Record, Vol. 
82, 16th July 1953; p. 79.

Launching Cear for Lifeboats
T h is  invention relates to a new type o f launching and 

low ering gear fo r ships’ lifeboats. In  the norm al position 
w ith  the boat stowed, the tw o threaded blocks (2 1)  in  F ig . 10  
are close together on either side o f the stand (15 ). T o  launch 
the boat the threaded drive shaft ( 13 )  is allowed to rotate under 
the control o f a brake or b y  operators at one or both of 
the handles (20). T h e  resulting m ovem ent o f the blocks (2 1) 
gradually pays out the fa ll ropes (26) as the distance between 
the blocks and the sheaves (25) on the stands (10 a  and 1 1a )  
is decreased. T h e  boat m ay be hoisted by the reverse process, 
turn ing the shaft ( 13 )  by means of the handles (20) so as to 
move the blocks (2 1)  back again. A s this will be a slow

Influence of Lloyd 's Register of Sh ipping on W e ld in g  Problems
It is inevitable that a ship classification society whose rules 

and regulations set a standard o f strength fo r ships and their 
m achinery throughout the w orld  should be closely associated 
w ith  all aspects o f engineering progress and development, 
especially in regard to m ethods o f construction, design and 
operation. From  the earliest days o f w elding L lo y d ’s Register 
o f Sh ipping, through its technical officers, played an active 
part b y  conducting tests to establish the strength properties 
o f welds, and by regulating the application o f w elding in  ship 
construction. A  feature o f the Society’ s Rules fo r Sh ip  Con
struction w hich has had considerable influence on welding 
development is the control o f the quality o f electrodes. 
Electrodes are required to be o f an approved type, and approval 
depends not only upon com pliance w ith a series o f prelim inary

F ig . 10
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tests to prove the quality o f the w eld deposit but also upon 
the quality o f the weld deposit and also upon periodical inspec
tion by L lo y d ’s Register surveyors o f the establishments where 
the electrodes are m anufactured. Furth er efforts to im prove 
the standard of shipyard w elding include the encouragement 
w hich L lo y d ’s Register has given to the use o f rad iography as 
a m eans o f  quality control and in  the train ing and testing of 
welders. In  regard to the w elding o f boilers and other pressure 
vessels, L lo y d ’s Register o f Sh ip p in g w as the first authority 
in  Europe to issue regulations governing standards o f design 
and construction. These first rules were p rim arily  intended 
to ap p ly  to pressure vessels fo r land plant. In  consequence, 
num erous welded pressure vessels, including water tube boiler 
drum s, steam receivers, condensers, evaporators and other vessels 
fo rm in g part o f chem ical, oil-refining and refrigerating plants, 
were constructed under the Society’s inspection, and on the 
basis o f their experience the Rules fo r W elded Pressure Vessels 
were extended to cover m arine installations in  1938. The 
w elding o f C lass I  pressure vessels is a specialized branch of 
the w elding in dustry and involves 100  per cent radiographic 
exam ination o f butt welded joints. So  far as L lo y d ’s Register 
o f Sh ip p in g  is concerned, this class o f w ork is accepted only 
provided the vessels are m ade by approved firm s w ho are 
properly equipped fo r this type o f construction and who have 
dem onstrated that their w elding w ork is o f the highest standard, 
both as regards quality and consistency.— H. N. Pemberton, 
The Welder, Vol. 22, June 1953; pp. 38-39.

Crane for Unloading Tankers
T h is  patent relates to a crane fo r use in  loading and 

unloading tankers. T h e  invention is intended to give a means 
w hereby a group o f pipes can be connected between the shore 
pipe lines and the m anifold on board a tanker in such a m anner 
that tankers o f vary in g  sizes and at vary in g  conditions of 
loading can be autom atically accomm odated at all states of 
the tide, sea and weather. In  F ig . 7  the jib  (10 ) is form ed from  
six 8-in. diameter m ild steel oil pipes ( 1 1 )  braced together 
by means o f strut members (12 )  to fo rm  a rigid  structure. T h e 
jib is secured to a pair o f outer rings ( 13 )  w hich are free to 
rotate about inner rings (14 ), roller bearings (15 )  being pro
vided between the tw o sets o f rings. T h e  jib can therefore 
rotate about a horizontal axis (16). T h e  inner rings (14) are 
secured to supports ( 17 )  w hich  rest on a cradle (18 ). T he 
cradle is m ounted on  roller bearings (19 ) on a table (20) so as 
to be free to rotate about a vertical axis (2 1) . T h e  table has 
fo u r braced leg members (22) w hich rest on the jetty (23). 
T h e  jib has a rearw ard extension (24) supporting a counter
weight (25) w hich ensures that the jib head (26) tends to rise 
even w hen all the oilpipes are fu ll. T h e  length o f the jib from  
the lu ffing axis to the jib head is, fo r exam ple, 50ft., w hich  is

sufficient fo r tankers o f all sizes to be accomm odated under all 
conditions of m ooring, loading, etc. Oil connexions are m ain
tained through sw ivelling joints (33 , 37), arranged in  the 
horizontal and vertical axes o f rotation.— Patentees: Anglo- 
Iranian Oil Co., Ltd., and G. S. Barrass, London. (British 
Patent No. 692,892.) World Shipbuilding, Vol. 3, August 
1953; p. 121.

Carbon Paste as Protection During W e ld in g
On m any w elding jobs some sections o f the part need 

to be protected against the heat o f the blowpipe. On 
other jobs, sections m ust be rebuilt to specific contours or 
dimensions. Fire-resistant carbon products are v irtu a lly  the 
only m aterials that are com pletely satisfactory fo r these p u r
poses. Carbon does not shrink or crack when heated, and does 
not stick to metal. T h a t is w h y carbon is so w idely used as 
a w elding aid. M an y  form s o f carbon are available. Carbon 
paste possesses all o f the m oulding qualities o f plaster o f Paris, 
clay or other m oulding substances w ith  the added fire-resistant 
qualities o f carbon. In  solid form , carbon can be machined 
to practically any shape desired. Som e uses fo r carbon paste 
in w elding are to protect a threaded or irregu larly shaped hole 
near the break to be welded and to prevent distortion o f a 
part due to excess heat. So lid  carbon can be threaded to fit a 
threaded hole w hich has broken. Su ch  a carbon bolt w ill 
act as a m ould fo r rebuilding the threaded hole. Carbon in 
bar shape form s a m ould fo r rebuilding a p lain  hole in  the 
same w ay.— E. E. Olson, The Welding Journal, Vol. 32, July 
1953; p. 632.

Autom atic  W e ld in g  Process
T h e A rgonaut w elding process uses a shielded arc with 

direct current (electrode positive) o f relatively high amperage 
(50,000 am ps, per sq. in. m inim um ) on  a continuously-fed 
bare-wire electrode o f sm all diameter. T h e  high current gives 
a very fast deposition rate, and the m anner o f m etal transfer 
(by projecting across the arc) perm its w elding in  all positions. 
These advantages, naturally, give the process a wide field of 
application on all types o f fabrication where alum inium  of 
relatively heavy section is welded in situ. N o  flu x  is needed 
fo r the process, and the welds are o f good quality, free from  
slag and inclusions, and also, o f course, from  post-weld 
corrosion problems. W ith m ulti-pass techniques, there is no 
practical thickness lim it, and com paratively few  passes are 
needed because of the large am ount o f filler m etal deposited. 
T h in  m etal (dow n to -Ain. in  thickness) m ay also be welded 
by using a sm aller-diam eter electrode w ire and low er current. 
The efficiency o f the A rgonaut process o f this type o f work 
is com parable w ith that on heavy sections. T h e  arc is self- 
adjusting, and the equipm ent includes a reel and feed m otor
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to sup p ly  the filler wire to the torch or gun. T h e  feed to the
gun  is v ia  a special cable, w hich also conducts the argon gas 
to provide the air-excluding shield around the arc and over 
the weld pool. T h e  autom atic adjustm ent o f the arc is 
governed by the burn-off rate o f the w ire, w hich is fed at a 
constant speed through the gun. In  the event o f the operator 
lengthening the arc by draw ing the gun aw ay from  the w ork, 
the burn -off rate is reduced, the w ire feeds to the w ork, and 
the arc is, therefore, shortened. I f  the gun is brought too 
close to the w ork, the process is reversed, and the operator 
therefore has a reasonable degree of latitude, w ithout any adverse 
effect on the weld. T o  commence the w elding operation, the 
electrode or filler w ire is brought forw ard  so that it projects 
about -Jin. from  the nozzle of the gun. W ith the depression 
o f the trigger, the w elding circuit is switched on and the argon 
starts to flow . T h e  tip  o f the w ire is then brought dow n to 
the face o f the joint and the arc is struck. A t this stage, a 
relay starts the w ire-feed m otor, the w ire is brought forw ard, 
and the burn-off action continues. T h e fusion rate is very 
m uch higher than that w ith  conventional arc welding, and, 
consequently, a higher weld speed is obtained. T h e  A rgonaut 
welding process is not confined to light alloys. It  m ay also 
be used on stainless steel and copper-base alloys. Certain types 
o f welds between dissim ilar metals, such as copper to steel, 
can also be effected successfully b y  em ploying an alum inium - 
bronze w ire as the filler m aterial. T h e  A rgonaut process is very 
easy to use in  the downhand position, fo r both fillet and butt 
w elding. I t  is, however, in  the vertical and overhead w elding of 
fillets and butts that m ost advantages can be claim ed fo r the 
A rgonaut process, since operation in  the m ore difficult positions 
is m uch easier than w ith the com parative m ethods fo r norm al 
m anual arc welding. In  this connexion, the m ost notable im 
provem ent is that, when w elding in  the overhead position, the 
effect o f gravity on  the weld metal crossing the arc is hardly 
noticeable. T h is  allow s an operator of on ly average welding 
skill to carry  out w ork in positions w hich w ould norm ally 
require a highly-skilled operator. T h e  m ain difference in  tech
nique between the A rgonaut process and the more conventional 
methods o f w elding is, principally, the necessity to move along 
the joint fa r  m ore quickly. Once this technique has been 
mastered, the A rgonaut process can be used in all positions, 
and, it is claim ed, w ill produce satisfactory welds.— The Ship
builder and Marine Engine-Builder, Vol. 60, August 1953; pp. 
496-497.

Control of Distortion
A  problem  o f distortion, w hich presents itself regularly, 

occurs when a heavy bar is welded round a cylindrical vessel 
to form  a flange. It  is usually found that distortion takes 
place in flanges w hich  have to be used fo r m aking joints for 
covers on  top of vessels, ft  is possible to avoid a great deal 
o f this distortion by means o f step and sequence w elding, but 
th is is not necessarily an economical method and the results 
indicated by the dotted lines on F ig . 9 show what happens 
in the m ajority o f cases. T h e  method o f correction is simple. 
Where the flanges are rolled into shape, stresses are set up in 
the m aterial itself w hich  are partly released b y  w elding, and 
therefore it is as a rule impossible to predict the reaction of 
the flanges to the w elding operation. A pplication o f heat as 
indicated in the sketch w ill do all that is necessary to bring 
the flanges straight and flat, if  care is taken to see that it is 
applied quickly and that the fu ll thickness is not heated to 
an appreciable extent, since the skin shrinkage creates the stress 
or force which flattens the flange.— Transactions of the Institute 
of Welding, Vol. 15, December 1952; pp. 151-160.

F ig . 9.

Very H igh  Frequency Radio
V ery high frequency radio, w hich  has a range lim ited to 

visib ility distance, is inherently a fo rm  o f localized com m unica
tion and the establishment and grow th o f such networks falls 
naturally into the w orking o f a well ru n  port. E x istin g  m edium  
frequency radio telephone services are unsuitable to port 
w orking and port control and in  m ost ports their use is fo r
bidden, as also is the use of morse on  500 kc/s. Consequently, 
until the development and exploitation o f  V .H .F . com m unica
tions in  a port, the operations o f berthing, docking, tugging, 
rad ar control and adm inistration o f traffic w as conducted by 
cumbersome visual signalling methods or b y  hand messages. 
A fter W orld W ar I I ,  when V .H .F . had successfu lly  been used 
fo r convoy com m unications on the lim ited scale perm itted by the 
rules o f radio silence, a rad io convention w as held at Atlantic 
C ity  in  19 47  to decide upon the international use o f radio 
com m unication as a whole and, fo r the first tim e, a substantial 
band of V .H .F . frequencies was allocated fo r the w orld  wide 
use o f m aritim e mobile services. A t first, adoption o f this new 
m edium  was slow , although it was in  G reat B rita in  that the 
first V .H .F . licence in the w orld  w as granted to a m arine user. 
T h is  user was, and still is, F ran ce Fenw ick T y n e  and W ear 
L td ., owners o f the A nchor L in e tugs, 26 o f w hich  are 
equipped w ith V .H .F . radio telephones fo r com m unication to 
their tw o dock offices, whence instructions and orders are passed 
to the tugs.— R. I. T. Fcdkner, Cargo Handling, Vol. 1, No. 1, 
1953; pp. 3-7.

Refrigeration Equipment on Board Ships
T h e design of refrigerating installations fo r ships usually 

reflects a compromise between safety and reliability on the 
one hand, and space econom y on the other. A  completely 
enclosed room  fo r the refrigerating m achinery is desirable and 
sometimes essential; only fo r Freon installations does this not 
alw ays apply. In  this m achinery room  there are, inter alia, 
the com pressors, condensers, m ain valves and possibly also 
the cooling-w ater pum ps. It  is also advisable to have a com 
plete em ergency unit, w hich m ay consist o f a com pressor, 
an electric m otor, and a condenser. A  spare cooling-w ater 
pum p is not alw ays necessary, since this can be tem porarily 
replaced by the deck-w ashing or fire pum ps. W hen brine is 
used as the cooling medium!, brine coolers and pum ps are 
usually also installed in  the m achinery room. W ith ammonia 
com pressors, it is desirable that a w ater-sprinkler system  should 
also be provided. T h e  gravity system  o f cooling cargo holds, 
in  w hich the cooling coils are m ounted against the w alls and 
ceiling o f the hold, has now  been abandoned because o f the 
danger o f m echanical dam age to the coils b y  the cargo during 
loading or at sea. Instead, forced-air cooling is used. The 
cooling element lies flat against one o f the w alls and has one 
o r tw o ventilators to provide the air flow . I t  is often specified 
that this cooling element shall consist o f tw o independent sec
tions. Ventilator-speed control is advantageous, and it is 
desirable to have access to the ventilators w ithout entering the 
hold. Sometimes a separate ventilator room  is provided. As 
regards the cooling agent, there are not rigid rules applying in 
all cases, but, in  general, am m onia is preferred fo r the larger 
installations. T h e  construction o f an am m onia system  is simpler 
than that fo r Freon, so that the initial cost is lower. A lso, 
Freon is about five times as expensive as am m onia and twice 
as heavy. F o r  smaller installations, Freon  is often preferred. 
Brine cooling is m ost suitable where there are m any holds 
to be cooled and long pipes are necessary. T h e  disadvantages 
o f brine cooling as com pared w ith  cooling by direct evaporation 
are the high cost o f installation, larger m otor capacity, greater 
space requirements, and heavier construction.— Dutch Ship
building, Vol. 2, March 1953; p. 16. Journal, The British 
Shipbuilding Research Association, Vol. 8, July 1953; Abstract 
No. 7765.

Voltage  Regulators
Probably the m ost im portant type o f  autom atic regulator 

found in  the m arine in dustry is the voltage regulator used 
fo r auxiliary power systems. E very  ship o f  any consequence
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has an auxiliary power system fo r ship ’s service. T h e  generating 
plant fo r these systems m ay be as m uch as 12 ,000 kW . fo r one 
o f the N a v y ’s large aircraft carriers. T h e  voltage m ust be 
regulated w ithin relatively close lim its. A n  exam ple of m odern 
voltage-regulating m ethods in the m arine industry is the type 
W R N - 1 1  voltage regulator. T h is  regulator has found wide 
use in  the U .S . N a v y  fo r ship’ s service generators, vary in g  in 
size from  60 to 1,500  kW . It is o f the rotary-am plifier type 
and consists o f ( 1)  a Rototrol exciter directly connected to 
the generator and (2) a static electrical m easuring circuit. It 
is show n diagram m atically in  F ig . 1 . T h e  output voltage of 
the generator is fed through a static m easuring circu it whose 
output is a D .C . potential that varies in  polarity, according to 
a high or low  condition o f the generator voltage, to energize 
the control field o f the Rototrol exciter. T h e  term inal voltage 
o f the exciter is regulated b y  this low -energy controlled field 
to effect the required change in  the generator excitation and 
consequently the generator output voltage. Physically , the 
equipm ent involved in  the W R N - 1 1  regulator consists prim arily 
o f an autom atic-control unit and a so-called potential unit, 
together w ith  a m anual-control unit (not shown in the figure), 
a voltage-adjusting rheostat, and a current transform er. T h e 
potential un it is energized by the A .C . generator voltage and 
current. Its output is a single-phase A .C . voltage that is used 
to energize the autom atic-control un it through the voltage- 
adjusting rheostat. T h is  autom atic-control unit is a voltage- 
sensitive device, the output o f w hich is a D .C . voltage; this 
output is then im pressed upon the Rototrol exciter control 
field. W hen the generator output voltage is at the desired 
value, the output voltage of the autom atic-control unit is zero. 
I f  the generator A .C . output voltage increases above the 
regulated value, the D .C . output voltage o f the regulator will 
be in  the direction to decrease excitation voltage through the 
Rototrol exciter. W hen generator voltage falls below regulated 
value, the opposite is true. T h e  voltage-sensitive device consists 
o f two parallel circuits, one containing a capacitor and the 
other a saturating reaetor. T h e  volt-am pere characteristics of 
these tw o elements are show n in  F ig . 2. T h e  point where the 
tw o curves intersect is the balance point o f the two impedances. 
T h e  operation of the voltage regulator depends on the fact 
that, if  the voltage decreases below the balance point, the 
capacitor current is greater. W hen any unbalance occurs, a 
current flows in  the Rototrol control field. Since the voltage-

Rototrol Control Field 
Rototrol 

Forcing Fields Rototro; 
Rototrol p jm j— n Series Field

7 V

F ig . 2— Volt-ampere characteristics of the capacitor and reactor 
circuits for the W R N -ll’s voltage-sensitive device

Irl =  reactor current with low voltage 
Ikh =  reactor current with high voltage 
le t =  capacitor current with low voltage 
Ich =  capacitor current with high voltage 
I =  reactor or capacitor current at normal 

or E A-C line volts

sensitive circuit consists o f elements responsive to frequency, 
some means o f frequency com pensation m ust be provid ed; this 
is introduced in  the W R N - 1 1  regulator by a circuit between the 
generator and the voltage-sensitive circuit. T h e  effect o f an 
increase in  frequency w hen the voltage-sensitive circu it is 
operating at the balance point is to increase the current in 
the capacitor branch and decrease that in  the reactor branch. 
T h is  causes control current to flow  in  the “ raise”  direction, 
w hich is the same effect that w ould be obtained by a decrease 
in voltage. In  order to com pensate fo r th is effect, the voltage 
across the voltage-sensitive circu it m ust be increased as the 
frequency increases, or, conversely, it m ust be decreased as the 
frequency is decreased below norm al. T h is  response is obtained 
by means o f a series condenser o f the proper value such that 
it, together w ith  the reactance o f the circu it, w ill accurately 
com pensate fo r frequency variation. T h e  autom atic-control 
unit used in the regulator responds to a single-phase voltage. 
Since the three phases of the A .C . generate^ load are not alw ays 
balanced, the voltage drop in  the w indings m ay be different. 
Correction fa r  this condition is  m ade b y  the positive-sequence 
filter circu it o f the potential unit. T h is  filter circu it involves 
the tw o current transform ers (C T ), w hich  energize a m utual 
reactor (M ) and resistor in  series w ith  the secondary o f the 
potential transform er (P T ). T h e  voltage output o f the unit is 
proportional, as a result o f the filter, to a balanced three-phase 
voltage (the positive-sequence voltage) o f the m achine. T h e 
perform ance o f the W R N - 1 1  regulator is approxim ately + 1  per 
cent at rated frequency and at un ity power factor. Its fre
quency com pensation holds voltage w ith in  + 1 - 5  per cent fo r a 
± 5  per cent frequency variation.— S . A. Haverstick, Westing 
house Engineer, Vol. 13, July 1953; pp. 130-134.

-Automatic Control Unit—

F ig . 1— Diagram of the WRN-11 voltage regulator, widely used 
for U.S. Navy ship’s service generators of many different sizes

Radiation Suppressing Coatings
T h e  object o f the present w ork was to develop a refractory 

coating o f low  therm al em issivity w hich could be applied to 
alloys used in  gas turbine construction and w hich w ould  w ith 
stand the severe operating conditions in volv in g thermal shock 
and vibration w hich  are encountered in  certain parts o f such 
m echanism s. T h e  m ost obvious application o f such coatings 
is fo r the internal surface o f flam e tubes in w hich a flame, 
w hich  m ay be at a temperature o f 1,800-2,000 deg. C ., is 
surrounded by a cylindrical metal w all w hich, fo r reasons of 
strength or of resistance to oxidation, m ust not be heated to a 
tem perature m uch in  excess o f 800-900 deg. C . F o r  highly 
lum inous flam es, such as result from  the com bustion of
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m arginal fuels, the transfer o f heat by radiation is a significant 
proportion o f the total heat transferred from  the flam e to 
the surrounding w all and the m axim um  advantage accrues 
from  a reduction o f the therm al absorptivity of the inner 
surface o f the w all. T h e  results described show that the 
coatings which have been form ulated are capable of reflecting 
a high proportion o f incident radiation and moreover, when 
correctly applied, can w ithstand a very considerable am ount of 
vibration and therm al shock w ithout loss o f adhesion to the 
basis metal. T h ey  can be applied to nim onic 75 and, w ith 
the use o f a protective enamel undercoat, also to stainless steel 
and to m ild steel. T h e y  are potentially suitable to application 
to any metal parts o f engines, furnaces, etc., w hich are 
undesirably heated largely by radiation, and in  such applica
tions their use w ill result in a substantial reduction in the metal 
temperature com pared w ith  the temperature attained by an 
oxidized metal in the same application. T h e data which have 
been presented on the em issivity of polished metals, however, 
show that the latter are excellent reflectors o f radiation as 
long as they remain unoxidized and the use o f refractory 
coatings is not to be particularly recommended fo r application 
to metals w hich rem ain unoxidized at service temperatures. 
T h e  m ain application o f refractory coatings of the type described 
w ill be fo r parts w hich norm ally operate in the range of tem
perature 600-900 deg. C . T h e coatings are not to be recom 
mended fo r temperatures higher than the firing temperature 
o f the coatings due to physical changes w hich occur at these 
temperatures and w hich m ay result in an increase in  thermal 
em issivity and a loss o f adhesion o f the coating to the basis 
metal. It is not considered that these coatings w ill afford any 
protection to the metal against attack by volatile constituents 
o f fuel such as vanadium  or lead com pounds. Indeed, it is 
possible that the adhesion of the coatings m ay be adversely 
affected by such attack. There is, however, not yet sufficient 
data from  practical trials w ith  the coatings to enable their 
behaviour w ith fuels o f this type fu lly  to be assessed.— Fulmer 
Research Institute, Special Report No. 1, 1953.

Collapsible Tanks for Fluid Cargo
A  projected scheme fo r a possible means of transporting 

bulk liquids while also provid ing facilities fo r carrying dry 
cargo w ithout having to remove the containers fo r the fluid , 
was on view recently at the International Oil Bunkering 
Exhibition held by the A nglo-Iran ian  Oil Co., L td ., in London. 
T h e  idea originates from  the firm  of R . and H . G reen and 
Silley  W eir, L td ., w ho hold patents on the scheme. The 
tanks in question are square in section and so constructed that

only upw ard and dow nw ard m ovement is possible. T he 
flexible inner containers are like a concertina and are encom 
passed by square tubular section fram es, each connected to 
its immediate neighbour by equal sets o f hinged links offset 
by stops to prevent them from  opening too fa r and so failing 
to close again. These hinged links are m ade w ith  a simple 
bearing surface at the pivot in  order to prevent side wracking. 
Stron g fabric, suitably im pregnated w ith  synthetic rubber, 
plastic or pure rubber, and im pervious to the flu ids w hich  m ay 
be carried, is used fo r the flexible containers. W hen these con
tainers are filled w ith  flu id , all air is driven out so that there 
is no room  fo r swashing at the top o f the tank and all m ove
ment o f the flu id  w ithin  is thus prevented. T h e  greater the 
head applied to the flu id  in the tank, the m ore rig id  the tank 
becomes, thereby increasing its self-supporting characteristics. 
T h e  weight o f the d ry cargo carried on top  o f the tank when 
it is collapsed is transferred through the top cover to a 
supporting fram e built w ithin  the tank, thus preventing damage 
to the container. T h e  partial side fram es situated between 
the m ain square fram es are, on closing, forced inw ards by means 
o f the hinged links, and autom atically control the fo ld in g of 
the container, as flu id  is discharged. D elivery, suction and 
air vent connexions are all brought to the bottom  channel frame. 
E ach  tank is a separate but standard unit and is secured at 
the base by quick release clips so that a tank in  need of repair 
or overhaul can be quickly replaced w ithout delaying the ship. 
A lum inium  alloy w ill be used alm ost entirely in  the construc
tion o f the tank bottom and plates, fram es, hinges and all metal 
parts, w hich w ill be standard and interchangeable. C leaning 
the containers is simple, and the w ork m ay be undertaken on 
the spot, or exchanged fo r a set o f clean tanks, thus avoiding 
delay in sailing. W hile the tank is collapsed, a tank w ashing 
machine can be passed through the m anhole in  the centre of 
the top cover and, as cleaning progresses, the tank top is 
hoisted b y  a tackle round the m achine and hose, while the 
drainings are draw n off at the bottom. A lternatively, i f  hand 
cleaning is desired, one m an only w ith equipm ent is needed.—  
The Shipping World, Vol. 129, 22nd July 1953; p. 78.

Cathodic Protection in Sea W ater  w ith Craphite Anodes
T h is  paper discusses in  detail the experience gained with 

the use o f graphite anodes at the N aval Research Establish
ment, D artm outh, N .S ., o f the R oyal C anadian N a v y . T he 
trials discussed show that active ships can  be cathodically 
protected by impressed current systems using graphite anodes 
provided a current shield is placed around the anode to ensure 
a fa irly  uniform  current distribution out from  the anode.

Fluid cargo
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T h e current shield m ust be a high duty insulating m aterial, 
such as a polym et m aterial, m ust be m uch thicker than the 
usual thickness obtained w ith  paint film s and it m ust be 
bonded m ore firm ly to the underlying steel than a paint film. 
Vulcanized rubber has proved satisfactory but is costly. Some 
success w as obtained w ith flam e sprayed Polythene but the 
coating applied was not thick enough to give this m aterial a 
fa ir trial. T h e  results and experience obtained w ith  these tugs 
is applicable to larger ships and an impressed current system 
using graphite anodes has been designed fo r an active ship 
o f 16,000 sq. ft. underwater area and w ill be fitted shortly. 
T h e trials also indicate that if  alternating current is available 
on the ships, A .C .-D .C . rectifier units w ould be preferable to 
m otor generators w ith the resultant interruption of cathodic 
protection. I f  m otor generators are used, it is im perative to 
have a spare on board at all times.— K. N. Barnard, G. L. 
Christie and J. H. Greenblatt, Corrosion, Vol. 9, August 1953; 
pp. 246-250.

Cargo Liners for Mediterranean Trade
In  19 5 1  an order was placed by the C unard  Steam -Ship  

C o ., L td ., fo r three 14 -kn ot m otorships w hich are to serve 
the M editerranean and Levan t trades of the Com pany. T h e  
first o f these was delivered recently and sailed on her m aiden 
voyage from  Liverpool to Greece and T urkey. T h e  Pavia, 
as the ship is named, has the fo llow ing principal particulars, 
w hich also apply to the sister vessels Lycia and Phrygia.

Len gth  b.p. ................................  320 ft. Oin.
Len gth  o.a.
M oulded breadth .. .  
D raught
D eadw eight capacity 
G ross tonnage 
N ett tonnage 
Service speed

348ft. 3in.
49ft. 6in.
23ft. 4in.

4,400 tons (approx.) 
3 ,4 10  tons 
1,828  tons 
14  knots

T here are fo ur holds w ith ’tween-deck com partm ents above each. 
The insulated cargo spaces, situated in  N o. 3 ’tween deck are well 
subdivided fo r the carriage o f different com m odities, being cooled 
by fo ur independent cross-current air coolers designed to m ain
tain a temperature of 0 deg. F . in  one and 10  deg. F . in  the 
rem aining three com partm ents. T h e  m ain  and auxiliary 
m achinery w as supplied and installed by D avid  R ow an and 
C om pany L td . T h e  m ain engine is a four-cylinder R ow an- 
D o xfo rd  unit w ith  a bore o f 600 m m . and com bined piston 
stroke o f 2 ,320  mm. T h ere are tw o side-lever-driven scavenging 
air pum ps attached to the centre crossheads o f N os. 1 and 2 
cylinders, the beam from  the latter also driv ing a forced lubrica
tion pum p, a cylinder-jacket and piston fooling-w ater pum p, 
and a salt-water pum p. T h e  cylinder jackets and pistons are 
cooled b y  fresh w ater and a fresh w ater cooler is installed 
w ith  sea-water circulation from  the engine driven sea-water 
pum p. Independent pum ps fo r standby duties are a Sim plex 
steam -driven forced lubrication pum p and a D u p lex  steam- 
driven jacket and piston cooling pum p. T h e  ballast pum p 
can be arranged to circulate salt w ater through the fresh water 
and lubricating oil coolers. F o r  valve cooling, by fresh water, 
there are tw o pum ps, one m otor-driven and one steam -driven,

each, capable of fu ll duty. T h e  distilled fresh water storage 
tank is installed at a sufficient height to supply the separate 
service tanks by gravity. T h e  engine-driven and independent 
fresh w ater cooling pum ps draw from  one tank and the valve 
cooling pum ps draw  from  the other. T h e  m ain engine can burn 
either Diesel or heavy fuel oils. Separate gravity tanks and 
connexions are provided fo r each class o f fuel w ith connexions 
to tw o centrifugal oil fuel purifiers.— The Marine Engineer and 
Naval Architect, Vol. 76, August 1953; pp. 321-323.

Filiform Corrosion
F ilifo rm  corrosion is a thread-like type o f corrosion which 

develops under protective coatings on certain metals, usually 
in  hum id atmospheres. It  is characterized by directional 
grow th and definite structure. C ontrollin g factors are the 
physical nature o f the coating and the exposure conditions. 
N orm ally  each grow ing thread consists o f an active head of 
an unstable corrosion product and an inactive body of a stable 
corrosion product. F ilifo rm  corrosion usually appears in  an 
apparently haphazard or disorderly pattern. H ow ever, its 
grow th is un iform  and orderly in  direction, rate and dim ensions 
when developed under controlled conditions. T h e tracks do 
not cross one another but deflect or join  in  a predictable 
m anner. T o  date no direct relationship has been found between 
filiform  corrosion and the m etallurgical pattern o f the surface, 
the presence or absence o f light, b iological activity or the 
presence of inhibitive pigm ents. It  has been observed under both 
non-m etallic and m etallic coatings, provided that the coatings 
are semi-permeable and are sufficiently elastic to yield without 
rupture to the volum e o f the oxide form ed. A  theoretical 
explanation is offered fo r filiform  corrosion, involving an 
in itiating force, a d riv in g  force and a directing force. It is 
suggested that corrosion anodes are initiated by an electrolytic 
m echanism  as in  ordinary corrosion. T h e  driv ing force is 
the diffusion of the corrosive atmosphere into the active head, 
resulting in  further m etallic corrosion. T h e  directing force is 
explained on the basis o f concentration cells.— M. Van Loo, 
D. D. Laiderman and R. R. Bruhn, Corrosion, Vol. 9, August 
1953; pp. 277-283.

Propeller M anufacture
D u rin g  the past tw enty-five years there have been very con

siderable changes in  the design o f m arine propeller blades. In  
the m erchant-ship field, fo r exam ple, m ost propellers now  have 
a variable pitch from  root to tip , the shape o f the blade sec
tions varies from  radius to radius, and it is quite com m on to 
find that while the inner blade-sections have a rounded o r 
positively cambered face, the outer sections w ill have a flat face, 
or m ay even have a hollow  or negatively cambered face. T h e  
adoption of these new sections has led to an entire change of 
attitude tow ards the degree o f precision w ith  w hich the blades 
o f m arine propellers require to be defined and finished. 
Im provem ents in design technique have called fo r im proved 
m ethods o f m anufacture, and the propeller industry has not 
been slow  in  pro vid ing the necessary means fo r achieving the 
desired objective. In  the first place, there has been the intro
duction o f  the sand-cem ent process fo r the construction of

Inboard profile of the new Cunard cargo liner
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propeller m oulds to replace the earlier brick and loam  con
struction. T h is  has led to im proved rig id ity  o f the m oulds and 
consequently to an im provem ent in the accuracy o f the initial 
propeller castings. T h en  there has been the development of 
new m achines enabling the whole pitch face of the blades to 
be planed w ith  a single-point tool to a uniform  or variable 
pitch, thus p rovid ing an accurately m achined surface, or base 
line, fo r the subsequent definition of the shape o f the blades. 
A nd, finally, there have been developed new and im proved 
instrum ents fo r m arking off and m easuring the blades, and 
there is also the more general use of templates to define the 
shape of the ends o f the blade sections. The position reached 
at the present time is that the largest m arine propellers, up to 
22 feet or so in diameter, are finished to standards o f dimen
sional accuracy w hich, when viewed in relation to size, are not 
possible for the corresponding models used in connexion with 
self-propelled ship m odel tests. F o r  example, the thickness 
tolerance o f 1  m m . applied to the outer parts o f the blades o f 
a propeller 20 feet in  diameter w ould be represented by 0 0 0 15  
inch on a m odel 9 inches in diameter.— Paper by Professor 
L. C. Burrill, read at the Autumn Meeting of the Institution 
of-Naval Architects, 16th September 1953.

Fuel Consum ption of 10,000-ton  Motorship
T h e m.s. La Hacienda returned to Lon don  after the com 

pletion o f a m aiden voyage o f 37 ,647 miles at a mean speed of 
13 '0 9  knots fo r the whole trip  on an  average daily consum ption 
fo r all purposes of 12 -23  tons of fuel, o f w hich the m ain engine 
accounted fo r 1 1 5  tons o f boiler oil, the auxiliary engines 
operating on Diesel fuel. T h e  propelling engine output was
3,600 i.h .p., the speed 10 4 '9  r.p.m . and the specific fuel con
sum ption (for all purposes) 0'2991b. per i.h.p. hr. T h e  cylinder 
lubrication am ounted to 10-7 gallons per day and that fo r the 
engine 6 8 gallons, the total, including other requirements, being 
18  66 gallons daily. There was a negative slip o f 1 2  per cent; 
these figures are averaged fo r the complete voyage. T h e  engine 
did not have a single stop at sea and there were no m achinery 
troubles, apart from  the usual small incidents associated with 
the m aiden voyage of every ship. T h e  La Hacienda is a vessel 
o f just over 10,000 tons total deadweight and is equipped w ith 
a standard four-cylinder Sw an  H unter-D oxford  engine having 
cylinders 670 m m . in diameter w ith a piston stroke of 2 ,320  
m m ., the designed speed being 1 1 5  r.p.m . T h e  length is 465ft. 
9in. (435ft. b.p.) the beam 60ft., and the depth to the shelter 
deck 39ft.— The Motor Ship, Vol. 34, October 1953; pp. 284- 
285.

Com bination Propulsion Plants for Naval Vessels
A  m ajor consideration in the design o f a com bination plant 

is the division o f pow er between steam and gas-turbine booster 
power, this paper states. T h e optim um  division of power m ust 
be made o n  the basis o f operational requirements and w ill 
depend on the type o f vessel, m axim um  desired cru ising speed, 
the relative m achinery weight, and the astern power require
ment. A t first it w ould  appear that use o f the lowest possible 
cruising power w ould give the m axim um  gain in  weight of 
m achinery p lus fuel, but this is not quite true fo r several 
reasons. F irst , the w eight o f auxiliary m achinery is not pro
portional to the cru ising power. Secondly, the astern power 
requirement usually  fixes the m inim um  capacity o f the steam 
base load or cru ising plant because boiler capacity m ust be 
provided. T h ird ly , the operating tim e o f the gas turbines 
should be kept to a m inim um . In  determ ining the division of 
power, the m axim um  speed required w ith  the cru ising plant 
is im portant from  an  operational point o f view  because it is 
desirable, when cruising in form ation, not to have to change 
from  one plant to the other. C alculations indicate that a steam- 
to-gas turbine ratio o f about 50 per cent is probably desirable 
for m ost light-displacem ent high-speed com batant vessels. T h is  
higher percentage o f steam power reduces the m aintenance o f 
the gas-turbine portion o f the plant and adds appreciably to 
its life. T h e  advantages of com bination m achinery plants are 
as fo llo w s: 1 .  A  decrease in overall weight and space, resulting

in m ore speed fo r the same displacement, increased endurance, 
o f greater installed power. 2. A  decrease in  maintenance 
and repair; also easier handling during m aintenance o f 
the smaller, lighter m achinery. 3. Q uick-starting. T h e  ship 
can get under w ay on the gas turbines alone. T h is  is a  limited 
advantage because the ship cannot be backed dow n unless con
trollable pitch propellers or reverse gears are installed. 4. Fast 
acceleration from  m axim um  cru ising pow er to fu ll power. The 
gas turbines require a very short w arm -up period and w ill 
provide quick power. T h e  m ain disadvantages o f combined 
plants are as fo llo w s: 1 .  T h e  necessity fo r selecting a fuel 
acceptable to the gas-turbine booster units. W hen the base-load 
plant does not burn the same fuel as the gas turbines, the percent
age o f gas-turbine fuel to base-load p lant fuel m ust be decided 
by operational requirements. 2. T h e arrangem ent requires a 
rather special gear configuration to accom m odate the larger 
number o f pinions. 3. Som e extra ingenuity is required in dis
posing the various turbines around the gear. T here are several 
different types o f com bination plants, such a s : ( 1)  Steam  and 
gas turbine; (2) gas turbine and gas turbine; (3) free piston 
and gas turbine; (4) Diesel and gas turbine. E ach  o f these 
fundam ental types has several possibilities, and are outlined 
briefly in  the paper.— Paper by J. J. McMullen, Bureau of 
Ships, U.S. Navy Department, Washington, D.C., given before 
the 1953 A.S.M.E. Semi-Annual Meeting; Paper No. 53-SA-71.

Diesel Engine Repair
T hose w ho have had m uch to do w ith  the running or 

m aintenance o f Diesel engines w ill sooner or later have 
experienced the cracking o f piston crow ns or cylinder heads, 
and the rapid wear of air and exhaust valves and their seatings. 
In  some larger engines the piston crow n is separate from  the 
piston skirt. W hen cracks occur in the head it is easy to 
unbolt it, place in a lathe and bore out the cracked portion. 
N ext drill a hole right through the head, as show n in F ig . 1 , 
w hich illustrates a 20-in. diameter piston head. A fter rem oving 
the head from  the lathe, turn  and fit a m ild  steel washer into 
the bored-out recess as shown in the same sketch. G rin d  the

M S  Bo/t
ffl. S  Washer 

O'OOS C /earanee

F ig .  1— Showing the method adopted for repairing a cracked 
20-in. diameter piston head

washer into the head to ensure that the joint is gaslight. N ext 
turn and fit a bolt, as shown, grind ing the bolt head into the 
recess provided in the washer. Leave a clearance o f 0-005 inch 
between the periphery of the washer and the bored-out part 
o f the piston head to allow  fo r any unequal expansion between 
them. N o w  fit a concave m ild  steel washer at the bottom of 
the bolt as shown, screw up the castellated nut and insert a 
split pin. T h e  bolt passed through the washer and piston head 
should not be too tigh t a fit in  either. P iston  heads thus 
treated have remained in  service fo r at least ten years. In  the 
particular instance sketched, tw o fo ur-cylin der engines were 
involved, so the econom y effected w ill be appreciated.— I. E. K. 
Peterson, Gas and Oil Power, Vol. 48, July 1953, pp. 169-170.
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Kinetic Study of Deterioration of Crankcase Oils
M athem atical equations are derived w hich describe the 

kinetics o f the deterioration o f I.C . engine crankcase oils in its 
various aspects, such as the accum ulation o f oil-insolubles and 
soluble oil oxidation products and the depletion o f additives. 
B y  the application of these equations it is shown how a closer 
understanding can be obtained o f the m echanisms o f oil 
deterioration. W hen applied to additive depletion the kinetic 
approach is shown to be useful in throw ing light on the causes 
o f additive depletion. In  addition, the kinetic approach makes 
possible the calculation o f the optim um  additive concentrations 
required fo r specified engine operating conditions and o f the 
m axim um  oil change periods. T h e  kinetic approach to oil 
deterioration phenomena suggests how  engine tests can be 
designed to give the m axim um  inform ation.— J. H. Hughes and 
J. B. Matthews, Journal of The Institute of Petroleum, Vol. 
39, July 1953; pp. 463-475.

Deterioration of I.C. Engine Crankcase Oils
T h e significance of lubricating oil oxidation tests is dis

cussed with particular reference to the catalytic conditions 
em ployed. From  experim ental data it is deduced that two 
lacquer-form ing reactions m ay occur in engines. T h e  first is 
a slow  reaction, the effects o f w hich can be predicted from  
oxygen absorption measurements on the oil, provided that the 
appropriate catalytic conditions are chosen fo r the test. T h e 
second is a m uch more rapid reaction, w hich only occurs above 
a critical temperature dependent on the oil, is controlled by an 
adsorption m echanism , and is m ain ly responsible fo r ring- 
sticking caused by oil oxidation. A part from  the deleterious 
results produced by oil oxidation, some beneficial results can 
be obtained if a certain class o f oxidation product is produced 
in service in sufficient quantity. In  engine tests this oxidation 
product prevents sludge deposition and im proves ring-sticking 
properties.— J. H. T. Brook, J. B. Matthews and R. P. Taylor, 
Journal of The Institute of Petroleum, Vol. 39, July 1953; pp. 
454^62.

Radiation and Furnace Design
T h e art o f furnace design is that o f transferring heat from  

flam e or com bustion gases to solids by conduction, convection 
and radiation, and in high-tem perature furnaces one m ust rely 
on radiation. C om parison is m ade between the radiation from  
C O = and H 20  and that from  a black body. T h e radiation 
from  burn ing fuel oil is o f a higher order ow ing to the carbon 
particles, the size of w hich is o f prim ary im portance. A s the 
temperature o f a flam e falls, its em issivity falls, but the 
em issivity o f H ,0  and C O = tends to rise with falling tem pera
ture. In  low-tem perature furnaces the m aterial on one side 
of the metal w all frequently cannot remove the heat transferred 
by the flam e to the other side. T h is  problem  is tackled by 
reducing the com bustion intensity, by screening and by lower
ing the com bustion-cham ber tem perature by recirculation of 
the products o f com bustion. In  shell boilers the heating sur
face m ust be correctly divided between that receiving radiation 
and that heated by convection. In  watertube boilers the high 
em issivities m ay lead to trouble in  the exposed tube banks if  
water treatment is neglected. In  high-tem perature furnaces the 
flam e m ust be stretched to cover the receiving surfaces, but 
when using a flam e of em issivity o f 0 -5 - 1 , gaps m ust be left 
round or between flames to keep the roof at a reasonable tem
perature. T h e  initial burner m om entum  m ust be such as to 
enable the flam e to cover the desired distance in  approxim ately 
0-2 seconds.— G. J. Gollin, Journal of The Institute of Fuel, 
Vol. 26, September 1953; pp. 151-162.

Effect of M eta l Oxide Sm oke on Com bustion Cases
A  previous paper (Engineering Abstracts, September 

19 5 3 , p. 128) has described the results o f system atic tests on 
an oil-fired watertube boiler to determine the effects o f (i) sulphur 
content of fuel oil, (ii) rate o f firing, and (iii) com bustion 
conditions, on the production of SO.,. T h e  present w ork was 
undertaken to provide the quantitative data on the influence 
of various additives to the fuel burnt, as a m ethod o f decreasing 
the quantity o f S O a. M easurem ents were m ade w ith  a dew-
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point meter on three relatively small oil-fired appliances. T w o  
o f these were sectional boilers and the third, on w hich most 
of the w ork was done, was a refractory furnace. F ive  oils, 
varying  from  a heavy fuel oil (3-5 per cent sulphur) to a 
gas oil (0-75 per cent sulphur) were burnt in the refractory 
furnace and the dew -point of the com bustion products was 
in the range of 250 to 300 deg. F . M easurem ents on the gases 
from  the heavy fuel oil, treated w ith (i) soda residue (A S), 
(ii) calcium  residue (A C ), (iii) com m ercial zinc naphthenate 
(A Z ), showed that the latter alone was successful in decreasing 
greatly the am ount o f SO ,. U nder good combustion conditions 
there was no acid dew-point when burning oil containing 
0 1 4  per cent zinc (by weight). W ith 0-07 per cent zinc the 
am ount o f S O , was still very low, a dew-point o f 160 deg. F . 
being measured.— D. Flint, A. W. Lindsay and R. F. Littlejohn, 
Journal of The Institute of Fuel, Vol. 26, September 1953; pp. 
122-127.

Autom atic  M arine  Tank Gauge
T h e Shand and Ju rs  autom atic marine tank gauge, which 

is now being m anufactured in  the U nited K in gd om  by 
Whessoe, L td ., is claim ed to perm it accurate gauging without 
loss o f vapour and w ithout the explosion and fire hazards 
attendant on open hatch gauging. T h e gauge consists o f a 
float-operated tape w hich can be lowered into the tank by 
means of a crank, the tape being read through a glass sighting 
w indow  on the top o f the cover. W hen not in use the float

cargo hold is arranged forw ard, the capacity being 29,360 cu. ft. 
(grain). • In  the fo llow ing table are the m ain d eta ils : —  

Length  o.a. . . .  . . .  . . .  . . .  5 8 1ft . 4in.
Length  b .p ......................................................  540 feet
Breadth, m oulded . . .  . . .  . . .  72 feet
D epth, m oulded ................................  37 ft. lOin.
D eadweight capacity .. . .. . . . .  18 ,290  tons 
Corresponding sum m er draught . . .  30 ft. 3in.
G ross register .. .  . . .  . . .  . . .  12 ,984  tons
N et register ............................................... 7,488 tons
Service speed, loaded .. . .. . .. . 14  knots 

There are two m ain pum p rooms, one between N os. 4 and 5 
tanks, and the other between N os. 7 and 8, in each com part
ment being two Atlas-W erke duplex steam pum ps. E ach  pum p 
has a capacity o f about 400 tons an hour. In  the bilge and 
ballast pum p room forw ard are two duplex steam pum ps for 
fuel and water. T h e  Ernst G. Russ is propelled by an eight- 
cylinder two-stroke single-acting M .A .N . engine of the cross
head type, developing 7,200 b.h.p. at 1 1 5  r.p.m . T h e cylinder 
diameter is 780 m m . and the piston stroke 1,400  mm. I t  is 
calculated that the fuel consum ption w ill be approxim ately 
28 tons daily.— The Motor Ship, Vol. 34, October 1953; pp. 
290-293.

French Tw in-screw  Passenger Steamship
T h e latest addition to the fleet o f the C om pagnie Generate 

T ransatlantique, L td ., is the tw in-screw  passenger steamship

R E A D I N G  W I N D O W

M A I N  C O V E R

S P R I N G  C A P

C L U T C H  L O C K

F L O A T  H A N G E R  
K N O B

W I N D O W  W I P E R  
H A N D L E  ---------------

H U B  F O R  
C R A N K

C L U T C H  C A P

M A I N  B O D Y

The Shand and Jurs automatic marine tank gauge 
manufactured by Whessoe, Ltd.

is held at rest on a hanger. T h is  prevents damage to the float 
during voyage or, should a pressure cleaning system be installed, 
when the tank is being cleaned. T h e  heavy glass reading 
w indow  is equipped w ith a wiper. T h e  gaugehead m ay be 
m ounted either flush  w ith  the deck or on a trunk to elevate it 
above the wash. T h is  type o f gauge has been effectively used 
in m any tankers built in  the U nited States, particularly by 
the U .S . N a v y  and the Standard Oil Com pany o f California. 
Recent orders have included equipment fo r tankers of 32,000 
tons d.w. build ing in  Ita ly  fo r Fratelli d ’Am ico, o f Rom e.—  
The Shipping World, Vol. 129, 16th September 1953; p. 237.

New  German Tanker
F o r the time being, the m otor tanker Ernst G. Russ, built 

by the Deutsche W erft fo r M r. Ernst Russ, is the largest 
vessel in the G erm an m ercantile fleet, and the first o f a series 
with sim ilar characteristics ordered from  the same builders by 
different owners. T h e  vessel has a well-raked stem and a 
cruiser stern and is constructed to L lo y d ’s highest classification. 
T h ere are 10  centre tanks and 12  side tanks, the total capacity 
being 8 7 1,26 2  cu. ft., allow ing 2 per cent fo r expansion. A

Antilles, built at the N aval D ockyard, Brest, to plans prepared 
by Soc. des Ateliers et Chantiers de France, o f D unkirk. The 
Antilles is, o f course, a sister ship of the Flandre, w hich entered 
service towards the end o f last year. T h e  principal dimensions 
and other leading particulars o f the Antilles are given in the 
accom panying tab le : —

Length  overall... 597ft. Oin.
Breadth moulded 80ft. Oin.
Breadth extreme .................. 80ft. 3in.
D epth m oulded to promenade deck... 56ft. lin .
G ross tonnage .. . 20,464
Num ber o f passengers... 777
Speed in service, knots 22
Corresponding s.h.p. ... 36,000
M axim um  s.h.p. 44,000
Steam  conditions: —

Pressure, lb. per sq. in. 900
Tem perature, deg. C . .................. 480

T h e  Antilles has a cargo-carrying capacity o f 5,035 tons, o f 
which 590 tons are insulated. T h e  cargo is carried in four 
holds, three forw ard and one aft. T h e  cargo hatchways are
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served by a comprehensive outfit o f electric deck cranes, which 
are disposed as fo llo w s : — Fou r, each o f 5 tons, serving N os. 1 
and 2 holds; tw o, each o f 3 |  tons, serving N o. 3 h o ld ; and 
tw o each o f 2 \  tons, serving N o. 4 hold. These cranes, 
w hich are operated by high-speed electric winches, have a 
w ork ing radius o f 16  feet. T h e m ain propelling m achinery 
consists o f two sets o f Rateau-Bretagne double-reduction, 
geared turbines developing 36,000 s.h.p. in norm al operation, 
and capable o f developing a m axim um  of 44,000 s.h.p. Steam  
is supplied at a pressure o f 9001b. per sq. in ., and a temperature 
o f 480 deg. C ., b y  fo ur (type P -4 1)  forced-draught, rapid- 
firing, watertube boilers, constructed by the Chantier et Ateliers 
de Saint-N azaire-Penhoet, Saint N azaire-sur-Loire. Electric 
power is provided by tw o generating plants, w hich  are accom 
modated in separate watertight com partm ents. T h e m ain plant 
consists o f two groups o f turbo-alternators, each o f which 
has an output of 2,000 kW . T h e  secondary plant, w hich is 
fo r use when the ship is at anchor, consists o f tw o groups of 
Diesel alternators, each capable o f developing 750 kW .— The 
Shipbuilder and Marine Engine-Builder, Vol. 60, October 1953; 
pp. 582-588.

Crankcase Explosion Door
T h e accom panying illustration shows the crankcase relief 

valve developed by W illiam  D o xford  and Sons, L td ., and now 
being fitted on the D o xfo rd  oil engines built under licence by 
Jo h n  B ro w n  and C o., L td ., Clydebank. Crankcase explosion 
doors have also been fitted to F airfie ld -D oxford  engines. None 
has yet been fitted to the engines built b y  D o xfo rd  and Sons 
themselves, approval being awaited on a modified design w hich 
has been tested at their Pallion W orks, Sunderland, before repre
sentatives o f L lo y d ’s Register and the M in istry  of T ransport. 
I t  w ill be seen that the door is sim ple in  construction and 
meets the m ain requirements fo r this p u rp o se :— (a) T h at the 
gases can be released at a rate w hich ensures that the pressure 
is kept w ithin  the safe w ork ing pressure o f any part o f the 
crankcase, and (b) that im m ediately the excess pressure has been 
released, the valve is instantly closed to prevent the ingress 
o f air, and a second explosion. T h e  weighted door is hinged 
at the bottom and lifts at a pressure of 2£-31b . per sq. in. A

Details of crankcase relief door

plastic cover to retain the oil m ist is fitted across the port and 
secured by a spring.— The Motor Ship, Vol. 34, September 
1953; p. 248.

Tests of Launching Creases
A n  extensive investigation into the frictional properties o f 

launching greases has been carried out fo r the British  Sh ip 
building Research Association by Jo h n  Brow n and C o ., L td ., 
Clydebank. F o u r series o f tests were made, three of w hich 
were concerned w ith Tallene grease, the fourth  w ith m ineral 
launching grease. D etails o f tests, testing procedure and records 
are g iven ; the principal results are presented in  a series o f 
diagram s and discussed in  the text. A n  im portant feature 
was observed, nam ely the variation in  frictional values over 
the first two feet o f travel, and the m uch greater uniform ity 
fo r travels o f slider beyond tw o feet. Valuable results were 
obtained from  the th ird  series o f tests in w hich the force acting 
on the launching trigger was m easured b y  w eighing the force 
required to “ hold”  the slider. These forces were found to be 
of considerable m agnitude. T h is  aspect o f the tests could be 
o f great interest to the practical shipbuilder. T h e  results o f 
these tests indicated a striking disparity between the coefficient 
o f static friction  and the coefficient o f initial sliding 
friction. A  hypothetical explanation of this phenom enon 
is offered. T h e  fo urth  series o f tests on m ineral launching 
grease produced im portant results when com pared with 
those fo r Tallene.— Paper by J. Brown and J. M. Ferguson, 
read at the Autumn Meeting of the Institution of Naval Archi
tects, 15th September 1953.

Investigation  of Sh ips’ Hull and M ach inery Defects
T h is  paper presents a num ber o f exam ples of techniques 

em ployed by the Research D epartm ent of L lo y d ’s Register o f 
Sh ip p in g in investigating machinery' defects. Strain  gauges 
have been used with satisfactory results in  the measurement of 
surface strains on submerged parts such as propeller blades, 
rudders, pressure vessels, hydraulic cylinders internally, ships’ 
underwater shell plating, etc. S tra in  gauges were used in an 
investigation o f the tightening and ru nn ing stresses in  large 
bolts as installed in  the runn ing gear of large oil engines. 
W here am ple access is available, the norm al method o f slogging 
up using a heavy ham m er and rin g  spanner can produce initial 
tightening stresses in a 3-in . diam eter bolt greatly in excess 
of those w hich are necessary. It  is, however, problem atical 
as to w hat the initial tightening stresses m ight be w ith  large 
coupling, bottom  end, crosshead or piston rod bolts which 
have to be hammered up in  the cram ped confines o f the crank
case. Experience of a num ber o f such failures w hich have 
alm ost in variab ly indicated that the soundness o f the material 
was never in  question, leads one to the conclusion from  an 
exam ination of the fractured surfaces that it is under-tightening 
w hich has been responsible. T h is  suggests that unless a 
regular and conscientious crankcase inspection involving 
sounding and hardening u p  o f ru nn ing gear bolts is carried 
out, there is alw ays the possibility o f the pre-stress in  the bolt 
being reduced under running conditions to such proportions 
as w ould perm it dynam ic stresses to be im posed, w hich at points 
of stress concentration, and aggravated by local bending, m ight 
reach such proportions as w ould  q uickly cause failure. H eavy 
explosions at starting, racing in  heavy weather are tw o factors 
w hich make an early inspection of such bolts a prudent safe
guard. M u ch  can still be done tow ards im proving certain 
Hreigns o f bolted assemblies. Shank relief, generous fillets, 
controlled and positive pre-stress and adequate locking are all 
factors w hich increase the safety m argin. T h e  coupling bolt 
w hich theoretically has m erely to  transm it shaft torque as a 
shear strain, fo r w hich it is adequate, in  practice m ay be sub
ject to cyclical bending stresses of large m agnitude due to 
m alalignm ent w hich m ay be produced in  lin in g out or in  service 
resulting from  unequal w ear dow n o f bearings. It is under 
exceptional circum stances lhat the hogging, sagging or 
vibratory movements o f a ship’ s hull w ill, in themselves, cause 
bending strains o f serious proportions in the shafting. It is
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well proven and now  generally accepted that unless the elasticity 
o f the bolt is greatly in  excess o f that o f the bolted assembly 
in a dynam ic system , the bolt m ay be subjected to appreciable 
dynam ic stress fo r which it is not a suitable design. T h u s 
it w ould be clear that in  crankshaft or lineshaft couplings which 
are liable to be subject to bending, the design should ensure 
that the requirements as to relative elasticity have been met. 
Therefore, particularly under these conditions, it is not good 
practice to drive or force coupling bolts through a fit that is 
so hard as to ensure that the effective elasticity o f the bolt in 
tension is practically nil, nor is it good practice to have 
coupling faces butting over their whole area o f contact; 
adequate relief should be given to ensure that the bolting load 
is concentrated in w ay o f an annular fitting strip in  radial 
depth about one and a half times the bolt diameter above and 
below the pitch circle o f the bolts. A s in  the case of the 
bolts fitted in the running gear of the engine, adequate shank 
relief w ith generous fillets should be provided and the fitted 
portion of the shank at the butting surfaces of the coupling 
should be reduced to a m inim um , say one-half the reduced shank 
diameter on either side of the abutment. H olding-dow n bolts 
can be another source of constant trouble, but here again, 
observing the same principles already discussed, failures can 
be avoided even under severe conditions of engine unbalance 
or transverse rocking modes o f vibration o f the engine, it being 
assumed that the tank top plating or seating is adequate for 
the job. T h e  size o f chocks should be kept dow n to a m inim um  
and the fitting surfaces should preferably be annular around 
the bolt. Stu d s are m uch inferior to through bolts and should 
be avoided wherever possible. Adequate pre-stress o f about 
8 tons per sq. in. should be provided and a positive locking 
o f the nuts arranged. It is m uch m ore difficult to make a 
sound job o f rechocking an engine which has fretted into its 
chocks than to start off w ith a sound, well-designed and fitted, 
bolted arrangem ent.— Paper by T. W. Bicnyan, read at the 
Autumn Meeting of the Institution of Naval Architects on 
16th September 1953.

F ig . 4— Diagrammatic arrangement of pellet feeder unit of 
latest design

feed rate and portability. T h e  first model gun resulting from  
this investigation, using A -in . diameter glass marbles, was 
operated successfully to remove slag from  local areas on boilers 
while on load. It  proved in  principle that pellets could be used 
fo r this purpose. T h e  final design of the pellet feeder mechanism 
is outlined in F ig . 4. Pellets are fed into the centre o f a

hollow  disc by gravity. A  feeder jet o f air enters the disc at 
the bottom and tangentially, and produces circulation o f pellets 
in the feeder. T h e outlet, placed 18 0  degrees from  the jet inlet, 
allows pellets to pass one at a time and discharges them into 
the barrel, the feed rate having been successfully varied from  
50 to 250 pellets per second. U se of com pressed air is com 
paratively economical. Supplies at pressures between 80 and 
2501b. per sq. in. have been successfully used, g iving  air con
sum ption rates varying  from  100  to 340 c.f.m . free air per 
feeder. A  booster jet further downstream  adm its compressed 
air at a pressure higher than that in the feeder. T h is  pressure 
governs the force with w hich the pellets are discharged. Strik ing 
power of the pellets varies w ith barrel length, m ass of the 
pellet, booster air pressure and diam etrical clearance between 
the pellet and the barrel. Velocities as high as 1,40 0 ft. per sec. 
have been recorded. A  gun with a 24-inch barrel and 701b. 
per sq. in. tank pressure in  one test shot pellets at a velocity 
o f 5 7 1ft . per sec. Feed rate and velocity o f pellets are com 
pletely divorced in this model. F u rth er study is also being 
carried out to determine a suitable and econom ical m aterial 
fo r all types o f pellet guns. G lass marbles, wooden beads, plastic 
beads, screened gravel, compressed slat, asphalt and asbestos 
m ixtures have been considered, and at present £-in . diameter 
asphalt-asbestos pellet is considered the best.— Engineering and 
Boiler House Review, Vol. 68, September 1953; pp. 286-287.

N ew  M ethod for Rem oving Slag Deposits
A n  article in Pow er Engineering describes a specially 

designed pellet gun fo r rem oving slag deposits in very high 
duty furnaces and in furnaces using particularly low  quality 
fuel developed recently by engineers of the D iam ond Power 
Specialty C orp . T ests, in w hich use of 0-22 calibre rifle bullets, 
various bore shotguns (previously used off and on fo r more 
than fifty  years to remove slag) and even small calibre machine 
guns resulted in the adoption o f compressed air as a propelling 
m edium  on account of the high cost o f explosive cartridges. 
Sm all steel shot o f B -B  calibre were first selected as pellets, 
and during development, care was taken to perfect a feeder 
w ith no m oving parts, low  power requirements, un iform ity of

9,350 -ton  17-knot Ship
F o r  their service between N orw egian and other N orth 

European ports to the Pacific coast o f N orth  A m erica (Los 
Angeles, San  Francisco, Seattle, V ancouver and other ports), 
Fred  Olsen and C om pany recently took delivery o f the m otor 
vessel Bonanza, w hich was constructed b y  G otaverken at 
Gothenburg. She is, in  general details, practically a sister ship 
o f the Buffalo, except that the m achinery is o f a different type. 
T h e  Buffalo has been in satisfactory service fo r some m onths, 
operating on boiler oil and Diesel oil alternately. T h e  m ain 
particulars o f the Bonanza, w hich was constructed to the highest 
class o f D et Norske Veritas, are as un d er: —

G ross register .. .  . . .  . . .  7 ,14 7 -7 4  tons 
N et register ... .. . . . .  4 ,0 71 tons 
Len gth  overall . . .  . . .  . . .  5 1 1 f t .  l^ in .

(15 5 -8  m.)
Breadth m oulded .. . .. . 63ft. 6in. (19 -4  m.) 
D epth m oulded to shelter deck 40 feet ( 12 -2  m.) 
Depth m oulded to m ain deck... 3 1  feet (9-4 m.)
M ean draught .. . .. . . . .  26ft. 1 1  J in .

(8-2 m.).
M achinery .. . .. . . . .  8,200 b.h.p. or

10 ,000 i.h.p. 
Speed, loaded .. . .. . .. . 17  knots 
Deadweight capacity . . .  .. . 9 ,530  tons
C argo capacity ( t o t a l ) .................. 54 1,0 0 0  cu. ft.
Refrigerated space ... .. .  132 ,0 0 0  cu. ft.
Service speed .. .  .. . . . .  1 7  knots 

A  nine-cylinder Gotaverken two-stroke engine is installed. It 
is o f the welded design, having cylinders 760 m m. in diameter 
with a piston stroke o f 1,50 0  mm. A t 1 1 2  r.p.m . the output 
is 8,200 b.h.p. (10 ,000 i.h.p.), g iving  the vessel a speed when 
loaded o f 17  knots. T h e  m ain engine is arranged to operate on 
boiler oil, and it drives a three-bladed propeller w ith a diameter 
o f 5,450 mm. (17 ft . lO Jin .), the m axim um  pitch o f the pro
peller being 5,070 mm. (16 ft. 7£in .).— The Motor Ship, Vol. 
34, October 1953; pp. 304-308.

Superheated Steam Temperature Control
T h is  invention is concerned with the problem  o f enabling 

a watertube boiler to provide w idely different degrees o f super
heat w ith a very low  m inim um , otherwise than at the expense 
of the thermal econom y of the boiler. T h e  boiler shown in 
F ig . 5 is constructed on conventional lines. It  has an upper 
steam drum  (10) and a low er water drum  (12 )  connected by 
steam generating tubes (14 ). T h e  tubes are arranged in a 
furnace (18 ) fired by a number o f burners (20) supplied with
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fuel and w ith preheated air. A t the outlet end of the furnace, 
a duct (22) is provided w hich contains a two-stage superheater. 
Steam  from  the drum  (10 ) passes through the line (24) and 
through tw o banks o f tubes (26) w hich are connected in series 
and form  the “ earlier superheater stage” . T h e  steam then 
passes through the line (28) to a heat exchanger or desuper
heater (30) and thence through the line (32) to a further bank 
o f tubes (34) in  the superheater duct (22), w hich bank com 
prises the “ later superheater stage” . T h e  superheater duct (22) 
is in  com m unication w ith the furnace at the bottom so that 
the furnace gases w hich pass through it flow  countercurrent to 
the steam. It also has a side inlet (38) between the tw o super
heater stages. D am pers (40) and (42) are provided, and they 
can be set in such a position as to close the side inlet (38) 
and allow  free passage fo r the furnace gases through 
the tw o superheater sections as shown in  F ig . 5, or to 
open the side inlet and close the superheater duct (22) 
between the tw o stages and thus bypass the later superheater

F ig. 5

stage. T h e  desuperheater (30), through w hich  the steam 
passes between the tw o superheater stages, is arranged in a 
duct (44) through w hich air is passed to the burners 
(20). D am pers (46) and (48) are provided, and these can 
be set so as to cause a portion or all o f the air to flow  
through the desuperheater or to bypass the desuperheater. On 
leaving the superheater duct (22), the heating gases pass through 
a heat recovery section (50) including an economizer (52) and 
an air preheater (54). D am pers (56) and (58) are provided 
w hich can be set to cause the air to flow  through the heater (54) 
as show n in F ig . 5, or to bypass the heater. W hen a high 
degree of superheat is required, the various dampers are 
set as shown in  F ig . 5. W hen a low  degree of super
heat is required the dampers (40), (42), (56) and (58) 
are set in the opposite positions to those shown in F ig .

5. In  that case the furnace gases enter the superheater 
duct through the side inlet (38) and bypass the later super
heater stage (34), and the air bypasses the preheater (54). A s 
the air w hich reaches the desuperheater (30) is not preheated, 
it extracts a relatively large am ount o f heat from  the steam 
w hich is superheated in the earlier superheater stage (26), and 
as the steam is not further superheated in  the later superheater 
stage (34), it issues from  the outlet pipe (36) at a relatively low 
temperature. T h e  extent to w hich the steam is desuperheated 
depends on the setting o f the baffles (46) and (48). Although 
the air extracts a relatively large am ount o f heat from  the steam, 
it is not overheated, because it is caused to bypass the pre
heater (54). Instead o f, or in  addition to, causing the a ir to 
bypass the preheater (54), the furnace gases can be caused to 
bypass that heater by control o f the dam per (60).— Brit. Pat. 
No. 693,910 issued to Foster Wheeler, Ltd. Complete specifica
tion published 8th July, 1953. Engineering and Boiler House 
Review, Vol. 68, September 1953; pp. 289-290.

Electrical Characteristics of Tankers
T h e tanker presents quite a departure from  passenger liners 

and the cargo ship w ith  regard to the electrical load distribu
tion. W hereas the loadings in the liner and cargo ship are 
broadly speaking well spread throughout the m idships and 
after sections w ith lighter loading at the fore end o f the ship, 
the electrical loading in  the tanker is alm ost w holly concentrated 
in the engine room  and its v icin ity , w ith  about 95 per cent 
o f the total connected load, leaving o n ly  5 per cent fo r the 
bridge and vicinity , w hich  is usually  situated slightly forw ard 
o f am idships. A  steam -driven w indlass is in variab ly installed 
in tankers, rendering the forw ard  electrical loading negligible. 
In  the largest tanker subsequently reviewed the loading is 96 per 
cent fo r engine room  and adjacent spaces and 4 per cent 
only fo r bridge distribution. Sh ou ld  75,000-ton tankers be 
constructed, these proportions w ould probably advance to 97i 
and 2 i  per cent respectively. T h u s  the substantial credits in 
favour o f the A .C . system  w ith  440-volts, three-phase distribu
tion due to the saving o f long lengths o f considerable numbers 
of sm aller cables, tray plates, bulkhead glands, deck tubes and 
labour set out in  previous articles on  passenger liners cannot 
be realized in  tankers, and the saving in  A .C . credits on 
generator cables to sw itchboard and big h.p. engine room feeders 
is m ore than offset by the cum ulative econom y o f the D .C . 
cabling fo r other connexions, even w hen approval is obtained 
from  the classification societies to install 440-volts galley equip
ment. A n  even m ore prom inent tanker characteristic is the 
very high percentage o f cost due to the generating plant, w ith 
its erection p iping, seatings and trials. T h e  author has reviewed 
ten tankers ranging from  8.000 tons to 32,000 tons deadweight, 
and w ith  one exception the (16 ,500-tons tanker w ith  steam- 
driven auxiliaries) the percentage of total electrical costs o f the 
generating plant ranges from  34 per cent to 62 per cent of 
the entire electrical cost excluding radio, radar and equipm ent 
supplied by the owners. T h e  larger the tanker the higher the 
percentage cost o f this item, and it seems possible that this 
percentage w ould progress to as m uch as 70 per cent in a
75,000-tons tanker.— H. J. D. Thompson, The Shipping World, 
Vol. 129, 9th September 1953; pp. 211-212.

Recent Canadian Icebreakers
T h e Canadian D epartm ent of T ran sp o rt’s new icebreaker 

d’Iberville is the largest and m ost pow erful icebreaker on the 
N orth  A tlantic Continent and in  the Com m onwealth. She has 
been designed specially fo r w ork in  A rctic  waters and equipped 
w ith up-to-date navigational equipm ent and has a range of
12 ,000  m iles w ithout refuelling. She is unlike m any other 
icebreakers in  having tw o screws aft and none forw ard. T h is  
is because her d u ty is p artly  that o f a passenger and cargo 
carrying ship and only during certain seasons o f the year is 
she em ployed as an icebreaker proper. T h e  d’Iberville is 
3 10  feet overall w ith  a m oulded beam o f 66-5 feet, a depth 
to the forecastle o f 40-25 feet and an extrem e draught o f 
30ft. 5in. She has a dry cargo capacity o f 47,300 cu. ft. and
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a refrigerated space of 5 ,15 0  cu. ft. She w as built by the 
D avie Sh ipbuild ing and Sh ip  Repairing Com pany, a subsidiary 
o f C anada Steam ship L ines, L td ., at Lauzon, P.Q . H er two 
Skinner U naflow  engines were built under licence by Canadian 
V ickers, L td ., and each has six  cylinders, developing a total of
10.800 i.h.p., taking steam from  watertube boilers. A  contrast 
to the steam -driven d'lberville is the 10,000-s.h.p. icebreaker,
H .M .C .S . Labrador, built at Sorel fo r the R oyal Canadian 
N avy. T h is  ship, w hich has an overall length of 269 feet, is a 
tw in-screw  Diesel-electric unit w ith m ain propelling m achinery 
consisting of six  Fairbanks M orse 10-cylinder opposed-piston 
engines, rated at 2,000 h.p. at 8 10  r.p .m ., each d riving a 
Canadian W estinghouse 1,375-kW . generator. There are also 
fo ur seven-cylinder opposed-piston Diesel engines of the same 
make, each coupled to a 250-kW . alternator, to supply power 
fo r all the electrically-driven equipm ent in  the ship, w hich 
includes an electro-hydraulic D en ny-B row n stabilizer, heeling 
and trim m ing pum ps, in  addition to the ordinary ship’ s pumps. 
Another ship fo r A rctic  service is the C. D. Howe, w hich, like 
the d'lberville, is owned by the Canadian Departm ent o f T ran s
port. T h is  ship is designed fo r the Eastern A rctic  Patrol 
Service during the sum m er m onths and fo r servicing and m ain
tain ing navigational aids in the G u lf o f St. Law rence and 
adjoin ing water in the winter. T h e  ship is propelled by two 
Skinner U naflow  engines o f 4,000 total i.h.p. taking steam from  
tw o watertube boilers. She is 276 feet in length between per
pendiculars w ith a beam m oulded o f 50 feet and a depth 
moulded of 26 feet, and a deadweight on a salt water draught 
of 18 ft. 6in. o f 2 ,673 tons. H er loaded speed is 1 3 1  knots. 
A  further ship o f icebreaking type fo r the Canadian Departm ent 
of T ran spo rt, o f all-welded construction and specially 
strengthened fo r navigation in ice, is the Edward Cornwallis, 
constructed to carry  out lighthouse supply and buoy service 
on the Canadian A tlantic coast. T h e  m ain buoy-handling 
derrick has a 25-tons lift and the ship is fitted up w ith special 
mechanical aids. Here again, two Skinner U naflow  engines 
are em ployed w ith an output totalling 2,800 i.h.p. T h ey  take 
their steam from  three Scotch boilers. T h e  loaded speed is 
1 3 J  knots. Length  between perpendiculars is 240 feet, w ith a 
beam m oulded o f 43 feet, a depth to upper deck o f 20ft. 6in. 
and deadweight with an 18 ft. 6in. draught in salt w ater at
1.800 tons.— A. C. Hardy, The Shipping World, Vol. 129, 
2nd September 1953; pp. 182-183.

Optical M a rk in g -o ff  System
T h e application o f the optical m arking-off system for 

plates and sections in shipbuilding during the last five years 
has proved that there are certain advantages over the classical 
method. A n  analysis o f this classical m arking-off method is 
given and, further, the new method is described in fu ll. A  
com parison is made between the two systems, show ing clearly 
the advantages o f the optical method. Special attention is 
given to the advantages regarding m an-hours, cost and space. 
A  few  examples o f m an-hour calculation are given. Reference 
is made to the application o f the m ethod in  several shipyards. 
T h e  argum ents w hich have led to the introduction o f the 
system into the reorganization of the yard  in w hich the author 
is engaged are dealt with. A  few  remarks are given in  con
nexion w ith the expected further development of the system, 
especially in  face o f the new fu ll autom atic m arking-off and 
oxy-acetylene flam e-cutting machine. A  list o f references is 
added.— Paper by J. H. Krietemeijer, read at the Autumn 
Meeting of the Institution of Naval Architects, 15th September 
1953.

Criticism  of Sea Trials
It is considered that sea trials in  their present form  give 

results w hich are subject to a num ber o f inaccuracies, and 
that it should be possible to im prove the techniques employed 
so that m ore valuable results are obtained. T h e various causes 
of error are first studied. T h e  factors considered in this section 
o f the paper include the surface roughness o f the hull, the 
temperature of the w ater, the depth o f water, inaccuracies in

the actual measurements made, the current or tidal stream, 
the effect o f waves, the w ind, and movem ents of the rudder. 
T h e dispersion o f the results obtained is then considered, and 
statistical methods o f analysing them are discussed. These 
methods are illustrated by reference to  the results o f a large 
num ber o f observations specially carried out on certain ships. 
T h e  use made o f the results obtained from  sea trials is then 
discussed. T h e  method norm ally em ployed fo r determ ining 
the fuel consum ption is given and certain im provem ents are 
suggested. T h e  laws governing the propulsion o f ships are 
considered, and a method of evaluating the trial results is 
derived from  these laws. In  conclusion, the authors state that 
if fu ll advantage is taken o f the accuracy o f existing instrum ents 
and methods o f measurement, and i f  the execution o f the 
trials is organized so that the best use m ay be m ade o f the data 
obtained, it is possible to obtain results w hich w ill define the 
perform ance of the ship com pletely, and w hich w ill be applicable 
not o n ly  on trials but also in  service.— Paper by R. Brard and 
M. Jourdain, read at the Annual Meeting of the Association 
Technique Maritime et Aeronautique, Paris, June 1953. 
Journal, The British Shipbuilding Research Association, Vol. 
8, August 1953, Abstract No. 7789.

Research in Netherlands Ship M odel Basin
T h e  development o f model research in  the Netherlands, 

in the N .S .M .B . at W ageningen and in  the Laborato ry for 
N aval Architecture at D elft, progresses now adays along care
fu lly  thought-out lines. T h e  w ork concerns a large num ber 
o f subjects w hich are classified and discussed in this paper 
in their logical order. T h e  aim o f all the experim ents headed 
under A  and B  is the constant im provem ent o f recom m enda
tions supplied to shipowners and shipbuilders w ho avail them
selves o f the services offered by the model basin. T h e  subject 
m atter is classified as fo llo w s : —
A. Research aiming at improvements in hull forms, propellers

and rudders.
I. H ull form s.

(a) Incidental research during w ork on orders.
(b) Research on system atically varied ship models.
(c) M ore fundam ental research.

I I . Propellers.
(a) System atic propeller-series.
(b) Developm ent o f the propeller theory.
(c) Im provem ent in  methods o f design (correction 

factors).
(d) Cavitation and the problem of cavitation erosion.
(e) Special constructions.

I I I .  Com binations of hull-form  and propeller.
(a) Incidental research during w ork on orders.
(b) T h e  influence o f flow -irregularity on cavitation 

characteristics and efficiency.
IV . Rudders.

B. Research dealing with the correlation between tank results
and trial-trip and service results.

I. T h e  influence o f scale-effect.
“ V icto ry” , Arabia and M arn ix  projects.

II . T h e  influence of roughness o f the hull form .
D . C . Endert, J r . ,  project.

I I I .  T h e  influence o f flow ing and restricted water.
A rabia project.

IV . T h e  influence o f w ind and seaway.
“ V ictory”  project.

—Paper by Professor W. P. A. van Lammeren, read at the 
Autumn Meeting of the Institution of Naval Architects, 15th 
September 1953.

Hydrom echanics Research of U.S. Bureau of Ships
T h is  paper gives some account of the organization of 

naval research in the U nited States, and in particular describes 
the scope and methods o f adm inistration o f the Bureau of 
Sh ips Program m e o f Fundam ental H ydrom echanics Research 
T h is  program m e is planned in close association w ith other 
agencies engaged in this field, such as the Office o f N aval
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Research, the Society o f N aval Architects and M arine Engineers, 
the Am erican T o w in g  T an k  Conference and various universities 
and laboratories. T h e research w ork under the program m e is 
carried out partly in  the N av y ’ s ow n laboratories, partly in 
the universities, the responsibility fo r the planning and adm inis
tration of all the various projects being vested in the C om 
m anding Officer and D irector o f the D avid  T a y lo r M odel Basin. 
T h e  paper describes these projects and some o f the results 
obtained in  different fields. A n  account is also given o f recent 
developments in  facilities and instrum entation.— Paper by F. H. 
Todd, read at the Autumn Meetings of the Institution of Naval 
Architects, 16th September 1953.

Boiler C leaning by A ir

T h e Babcock-D iam ond air-puff soot-blower is now being 
m anufactured in  G reat B ritain  fo r Babcock and W ilcox by 
D ew rance, L td ., and a subsidiary com pany. T h e  use o f air 
instead o f steam fo r b low ing affords a valuable saving of make
up w ater and shows also a definite thermal gain over a steam 
system. Operation is extrem ely sim ple, the blow ing sequence 
being initiated by opening tw o valves, after w hich the operation 
is entirely autom atic. T h e  boiler is thoroughly cleaned and, 
because the blow ing cycle is spread over a relatively long period 
— usually 3 to 4 hours, depending on the number o f blowers—  
there is no soot nuisance on deck or disturbance o f boiler 
operating conditions. A ir  for the system is supplied by a 
com pressor d ischarging into a receiver o f approxim ately 100 
cu. ft. capacity at 1251b . per sq. in., and it is com m on practice 
to provide a standby compressor. T h e  system is operated by 
a m aster controller using air from  the receiver, supplied via a

sm all pressure control tank. D u rin g  the blow ing, each soot- 
blower element produces a series o f “ puffs”  o f one second dura
tion, during each o f w hich the element is rotated autom atically 
through an arc o f \1 \  degrees by means o f an air engine 
operating a ratchet mechanism . A fter each “ p u ff” , the element 
rem ains stationary fo r one m inute, w hile the air compressor 
replenishes the receiver, and is then rotated through a further 
Y l\  degrees, and so on, until it has completed a b low ing arc o f 
up to 360 degrees. T h e  m aster controller then shuts o ff the air 
supply to that blower and transfers it to the next blower in 
the sequence. A fter the final b low er in  the sequence has been 
operated, a whistle blows continuously until the operator shuts 
off the air supply to the m aster controller. A lthough operation 
o f the air-puff system is autom atic, the norm al sequence can 
be interrupted at any tim e during the cycle to enable the blow ing 
o f a particular element to be repeated or to bypass the blow ing 
o f an element— by turning the knob o f the indicator dial to 
the number of the element w hich it is desired to blow. W hile 
it is possible to arrange the control m echanism  to cover more 
than one boiler unit, it is com m on practice to have one master 
controller fo r each boiler. T h e  com pressor is autom atically 
controlled to shut off when the receiver pressure is slightly 
higher than the w ork ing pressure and the setting o f the master 
controller is such that the com pressor is w orking at a steady 
load throughout the b low ing period, T h e  blower elements used

in the air-puff system fo llow  the design o f the w ell-know n 
Babcock-D iam ond steam soot-blowers. W hile the vessel is in 
port the air com pressors of the a ir-pu ff soot-blower system can 
be used fo r the operation o f boiler-tube cleaners or air-operated 
tools and fo r general scavenging purposes. T h ey  can also be 
used as a standby to the com pressors of an autom atic com 
bustion control system .— The Shipping World, Vol. 129, 26th 
August 1953; p. 165.

Special Service Vessel
T h e  tw in-screw  steam ship Vigilant is a buoyage, salvage, 

survey and fire-fighting vessel built b y  Jo h n  I. T h o rn ycro ft &  
C o ., L td ., fo r the M ersey D ocks and H arbour B oard , and 
intended fo r service in L iverpool B a y  and the M ersey Estuary. 
T h e vessel w ill be engaged in  the regular periodical servicing 
o f over 100  autom atically illum inated buoys and one lightship 
in the R iver M ersey and its environs. T h e  leading particulars
are as fo llo w s : —

Length  overall . . .  . . .  . . .  . . .  17 2 ft . 6in.
Len gth  b.p. ...............................................  160ft. Oin.
Breadth m oulded ... . . .  . . .  . . .  35 ft. Oin.
D epth m oulded to m ain deck .. .  . . .  16 ft. 6in.
M ean load draught ................................  l i f t .  lin .
I.H .P . at fu ll power .. .  . . .  . . .  1,450
Corresponding r.p.m . . . .  . . .  . . .  198
I.H .P . at service power .. .  . . .  . . .  1,30 0
Corresponding r.p.m . . . .  . . .  . . .  188
Speed at fu ll power, fu lly  laden, knots 1 2 J

T h e  com pressed-air equipm ent fo r d iving purposes is designed 
to deliver 75 cu. ft. o f free air per m inute at a pressure of 
1201b. per sq. in. T h is  w ill perm it the use o f one pneum atic 
tool, taking 50 cu. ft. o f air per m inute, and supplying two 
divers at a depth of 100  feet, or one diver at a depth of 220 feet. 
T h e Vigilant is fu lly  equipped w ith  the m ost up-to-date fire
fighting apparatus, capable o f dealing w ith  m ajor outbreaks 
o f fire, including oil fires. T h e  principal items o f equipment 
com prise two D ixo n  6-in. m onitors, one o f w hich  is fitted on 
the wheelhouse top and the other above the boat deck, aft. 
E ach  unit has a capacity o f 1,600  gal. per m inute at a pressure 
of 2301b. per sq. in ., and is provided w ith  a w ide range of 
nozzles in order to meet vary in g  conditions. In  addition, 
there are fourteen portable rail guns fo r operation from  the 
bulw arks, or from  the platform s on the fore mast. T w en ty  
10 0 -ft. lengths o f 3 4-in. diameter, and eighteen 10 0 -ft. lengths 
o f 24-in. diameter, high pressure canvas delivery hose have also 
been provided. A  pow erful electrically-driven fire and salvage 
pum p lOin. by 10 in ., w ith  a capacity o f 440 tons o f sea-water 
per hour, at a pressure o f 2301b. per sq. in. is installed in the 
auxiliary-m achinery space. T h e  pum p is driven by an electric 
m otor rated to develop 435 b.h.p. at 2 ,10 0  r.p.m . W ater is 
impelled via a 10 -in . steel-tube fire m ain, w hich is gradually 
reduced to  6 inches as the various branches are taken off. 
D istribution boxes and hose connexion valves are provided 
throughout the ship. T h e  Vigilant is capable o f undertaking 
any type of salvage w ork, and m uch careful thought has been 
exercised in the design and arrangem ent of the salvage equip
ment. In  addition to the usual arrangem ent o f bollards, fa ir- 
leads and m ooring pipes, provided in  connexion w ith  the norm al 
handling o f the vessel, a specially designed steel bow  casting, 
capable of taking a load o f 100  tons, is arranged forw ard. T h e  
unit operates in conjunction w ith  four 100-ton  roller bollards, 
each o f w hich has an 18-in . diameter roller. A n  anchorage to 
take a 100-ton  purchase is arranged on each side o f the deck, 
to line up w ith the bow casting. T h e  deck arrangem ents are 
augmented b y  suitably arranged bollards, fairleads, samson 
posts, eyeplates and m ooring pipes o f special design, in  order 
to assist in  heavy salvage operations. T h e  Vigilant is pro
pelled by tw in screws, directly driven by triple-expansion, 
surface-condensing, open-typte, reciprocating steam engines, 
capable o f developing, collectively, a m axim um  o f 1,4 50  i.h.p. 
at 198 r.p.m . and 1,30 0  i.h.p. at 188 r.p.m .— The Shipbuilder 
and Marine Engine-Builder, Vol. 60, October 1953; pp. 589- 
595,
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Arc W e ld in g  of A lum in ium  in Shipbuilding
Practical experience proves that arc w elding w ith coated 

electrodes is a convenient join ing method for alum inium  and 
its alloys, fo r m aterial in thicknesses from  2 mm. and up. 
T h is  is the case as far as strength, corrosion, resistance and 
econom y is concerned. T h e  condition fo r this is that, when 
choosing base m aterials, one should consider the weldability. 
T h e  presence and am ount o f the different elements is o f great 
im portance. W hen selecting electrodes one should have an 
open eye to the im portant factors. Considering the various 
standard electrodes, the type containing approxim ately 1-3  per 
cent M n  seems to be the best w ith regard to m echanical- 
corrosion-cracking properties. A s fo r the porosity, which m ay 
be a great inconvenience, one should try to find and eliminate 
the causes. T h e  m ost dangerous point here is the m oisture 
entering the m elting bath. D istortions caused by shrinking 
stresses m ay be avoided or reduced by simple precautions. T he 
results o f experiments here mentioned are in  accordance with 
practical experience gained, especially in connexion w ith  the 
shipbuilding industry, this being the field in  Scandinavia 
where arc w elding o f alum inium  has found its most extensive 
application. T h e  conditions and experiences here m ay o f course 
be transferred to other industries where alum inium  and its 
alloys are o f great im portance.— Paper by G. Aronsen, read at 
the 5th International Mechanical Engineering Congress, 
Turin, 1953.

Distortion and Shrinkage Stresses in W elded and Riveted Hulls
C arefu l m easurements were m ade on several butt welds 

and riveted joints during the construction o f a cargo vessel 
(9,300 tons dead weight) and an oil tanker (17 ,20 0  tons dead 
weight). M ovable m echanical extensometers and resistance 
strain gauges were used to measure distortions and shrinkage 
stresses. F ixed  m echanical extensometers and acoustic extenso
meters were not applicable under shipyard conditions. Shrinkage 
stresses were estimated by drilling holes at strain gauge 
rosettes. T h e  measurements showed that shrinkage stresses 
reach and, in  some places, exceed the norm al service stresses. 
T h e  shrinkage stresses, due to w elding, were higher than those 
due to riveting. N ear welded joints, inelastic deform ation 
reaching 5 per cent at a joggled joint was observed. In  several 
locations near butt and fillet welds, biaxial tension was observed. 
O n the contrary, in  riveted joints, the shrinkage stresses are 
com pressive, w hich explains the value of riveted crack arresters. 
— R. Spronck and J. J. L. van Maanen, The Welding Journal, 
Vol. 32, September 1953; p. 474-s.

Effect of Heat Treatment on Transition Temperature
In  a previous investigation, it had been found that the 

steels A  and C  considered by the Am erican Sh ip  Structure 
Com m ittee exhibited a zone of m inim um  ductility immediately 
adjacent to the weld area in  a region w hich was not heated 
above the low er critical temperature (A ,) at any time. The 
occurrence o f the region o f highest transition temperature out
side the so-called heat-affected region has been observed by 
other investigators. A lthough no weld failures have been found 
to originate in this embrittled zone, it m ay play an im portant 
role in  the brittle failure o f welded structures by allow ing a 
crack, once it has been initiated, to propagate at a high rate 
with the absorption o f on ly  a sm all am ount o f energy. In 
this investigation the em brittling characteristics o f base plate 
o f a ship plate steel (C  steel) were studied under m ore closely 
controlled subcritical thermal cycles than can possibly exist in 
weldments. Isotherm al heat treatment in the 700 -1,20 0  deg. F . 
range resulted in little or no embrittlement when em ploying 
an air or furnace coo l; water quenching resulted in a signifi
cant decrease in ductility. T ran sitio n  temperature-isothermal 
time curves indicated that tim e and temperature had little effect 
on the ductility. Room  temperature ageing studies o f quenched 
specimens revealed that this steel was susceptible to em brittle
ment b y  the quench-ageing m echanism. T h e  degree of 
embrittlement increased with an increase in solution temperature 
from  650 to 1,30 0  deg. F . Characteristic quench-ageing curves

were obtained after quenching from  1,30 0  deg. F . and em 
ploying ageing temperatures up to 350 deg. F ., i.e. the peak 
embrittlement reached and the tim e to attain this peak decreased 
w ith increasing ageing temperature. Specim ens aged above 
250 deg. F . “ overaged”  so rapidly that no peak in the ageing 
curve was detected. M etallographic exam ination o f quench-aged 
specimens indicated that a two-stage precipitation reaction was 
operative. T h is  study suggests that a low -tem perature post
heat at about 650 deg. F . w ould lead to rapid  recovery of 
ductility, by overageing, in  the subcritically em brittled zone 
previously found in ship plate weldm ents.— E. B. Evans and 
L. J. Klingler, The Welding Journal, Vol. 32, September 1953; 
pp. 417-s-431-s.

W e ld in g  C r -M o  Pipe
T h e arc w elding of 1  -25 per cent M o  alloy steel pipe, 

using 1 0  to 1 -25 per cent C r— 0-5 per cent M o  and 2-25 per 
cent C r— 1 0  per cent M o  low -hydrogen alloy electrodes, has 
been investigated. It has been determined that a significant 
correlation exists between hardness and ductility and between 
hardness and tensile strength, fo r heat-treated 1-2 5  per cent C r 
— 0-5 per cent M o  alloy steel pipe m aterial and fo r 1-0  to
1 -25 C r— 0-5 per cent M o  alloy weld deposits. O n these bases 
the properties o f the various zones in the welds have been more 
realistically evaluated. S im ilarly , longitudinal bend tests have 
provided confirm ing evidence fo r weld m etal and heat-affected 
zone ductilities w hich are not apparent from  results o f the 
usual reduced section tensile tests o f butt-welded specimens. 
T h e  results o f this investigation indicate that satisfactory static 
and im pact physical properties are obtained fo r unrestrained 
w elds m ade in  1 -25 per cent C r— 0-5 per cent M o  alloy steel 
pipe using 1-0  to 1 -25 per cent C r—-0-5 per cent M o  low - 
hydrogen alloy electrodes, welded w ithout preheat or postheat 
treatment. F o r  w elding under conditions o f restraint, and 
in the absence o f data reflecting restraint v. preheat, it is 
suggested that a nom inal preheat o f 300 deg. F . be used in order 
to m inim ize the possibility o f cracking o f root passes.— J. Bland, 
The Welding Journal, Vol. 32, September 1953; pp. 803-814.

A ir  Condition ing in Submarines
A n  article by H . S . D ew ey in H eating, P ip in g  and A ir 

C onditioning, describes a heat transfer system applied to sub
marines where unwanted excessive heat is extracted from  com 
partm ents with constant heat sources and transferred to spaces 
requiring heat instead o f being discharged overboard. T h e  air 
conditioning system includes a com pressor taking heat from  
its source and thus perform ing cooling or dehum idification 
duty and raising its level through com pression. T h e  heat is 
transferred to fresh w ater heaters via  refrigerant gas and retained 
fo r use inside the submarine. T h e  refrigerant is alw ays routed 
through the chiller regardless o f whether the unit is perform ing 
heating, cooling, or both.— Bulletin de Vlnstitut International 
du Froid, Vol. 33, 1953, No. 3; pp. 540, 542.

Corrosion in the M oisture  Region of Large Steam Turbines
Tests to com pare the resistance o f various actual and 

possible steam-turbine materials to corrosion-erosion were run, 
using wet steam extracted from  an operating turbine. T o  
determine the cause o f  the corrosion, chem ical studies were 
made of the liquid phase, herein called initial condensate, at 
the temperature and pressure o f the dew point in the turbine. 
I t  was learned that the p H  o f the fu lly  condensed steam from  
the same point and the sulphur com pounds from  boiler sulphite 
were a principal cause of the lowered p H  w ith  its attendant 
corrosion. A  program m e w as laid  out whereby actual and 
prospective turbine m aterials could be com pared under corro
sion conditions duplicating turbine service as closely as possible. 
T esting  w as done in  wet steam extracted from  a turbine where 
corrosion was known to exist. A  prom inent N ew  England 
utility  com pany perm itted the tests to be run  in one o f their 
stations. T h e  turbines in  this station are 40,000-kW .
3,600 r.p.m ., 2 1  stage, tandem -com pound, double-flow  turbines, 
operating w ith initial conditions o f 1,2001b. per sq. in. and
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900 deg. F . T h e  dew point occurs in the 14th-stage extraction 
line through stainless-steel pipes. T h e  test apparatus inlet 
valve w as run w ide open and m ost o f the pressure drop 
occurred through the restriction in the specimens. T h e  inlet 
pressure to the specimens was, therefore, very near the 14th-stage 
pressure. A  short section on uninsulated pipe supplied steam 
to each tester from  the top o f a drained header to ensure that 
equal am ounts o f fresh condensate w ould be supplied to all 
metal specimens. A ccord ing to the paper, good p H  equipment 
w as used and the chemical determ inations were made by the 
methods o f m icrochem istry. A  statistical study o f the relation
ship o f various boiler-water treatments to corrosion in 
representative power stations is being carried on. Plans are 
being made fo r additional chemical studies in other power 
stations.— Paper by T. W. Bigger, J. F. Quinlan, and C. C. 
Carson, given before the 1953 A.S.M.E. Semi-Annual Meeting; 
Paper No. 53-SA-12.

Steering Cears
T h e steam steering engine w ith its long steam pipes to and 

from  the engine room  is now  fast becom ing a th ing o f the past. 
T o d a y  the hydraulic-ram  type o f steering gear has become stan
dard in most naval and merchant vessels. T h is  type is unlikely 
to be further developed since little, i f  any, saving in weight 
results from  the use o f higher pressures. A n  im provem ent 
could be m ade by the use of servo-controls. T h e  present trend 
in control systems is to reduce the effort at the wheel. T h e 
hydraulic telemotor has predominated fo r the last fifty  years, 
but it is now  giving place to hand-pow er electrical synchronous 
systems. In  merchant ships, the gyro-pilot, a true servo
m echanism , is becom ing popular. It is now possible to produce 
a ball-bearing screw w ith an efficiency of over 90 per cent. A  
steering-gear design could be based on such a screw using a 
single one-handed screw with a single nut. T h e end or ends 
o f the screw w ould be connected to the tiller or tillers by m otion 
gear. T h e nut w ould be rotated by a hydraulic m otor through 
gearing, suitable duplication o f drive to ensure safety being 
arranged. H and em ergency steering w ould be easy but it would 
be necessary to ensure that the high-efficiency screw was pre
vented from  over-hauling. Power to the hydraulic motors 
w ould be provided from  two variable-delivery pum ps controlled 
from  the wheelhouse through an electrical system and servo
m otors. A  steering gear on the lines described w ould weigh no 
more than half the weight of the equivalent hydraulic-ram  type, 
and w ould occupy considerably less space. It w ould cost more, 
however. A  new design o f hydraulic gear could be developed 
in w hich a cylinder o f fa irly  large diameter is fitted concentric 
w ith the rudder head. T h e tiller arm s, shaped like vanes, and 
tw o diaphragm s w ould divide the interior o f the cylinder into 
four pressure-tight com partm ents. B y  closing the cylinder 
top and bottom, and adm itting pressure to two diam etrically 
opposite com partm ents and opening the other two to exhaust, 
it w ould be possible to m ove the rudder as required. T h is  m ay 
be described as the “ vane type”  o f steering gear fitted in some 
foreign vessels. Sealing the pressure chambers w ould be a 
difficulty, but the advent o f new seals should allow  this prob
lem to be solved. In  order to reduce the size o f such a gear, 
high pressures w ould be necessary. T h e possibility o f using 
differential linkage connexion in steering gears to increase the 
leverage at large rudder angles is discussed.— Paper by A. M. 
Butterfield, read before the New England section of the Society 
of Naval Architects and Marine Engineers, June 1953; Journal, 
The British Shipbuilding Research Association, September 1953, 
Vol. 8, Abtract No. 7,933.

Ship M odel Correlation and Tank W a ll-e ffe c t
T h e paper first emphasizes the insufficiently appreciated 

fact that model tests in shallow  water tanks give very exaggera
ted resistances com pared w ith ship results in w ater o f the same 
relative depth but o f unrestricted width. A  re-presentation o f 
Com stock and H ancock’s 19 42  work clarifies the extent o f the 
exaggeration and suggests a new principle in model testing 
technique. T h is  states that fo r constant speed-length ratio,

specific resistance is increased linearly w ith blockage, where 
blockage is measured by the ratio of model cross-sectional area 
to tank net cross-sectional area. T h e  use of this principle 
eliminates previous errors in shallow -w ater prediction work. 
T h e problem is shown to appear in  analogous form  in the 
analysis o f a “ geosim ”  series, since all constituent resistance 
observations require to be corrected fo r blockage before the 
series can be extrapolated to the ship. A ccepting the linearity 
o f the blockage resistance differentials it becomes statistically 
possible to determine their num erical value at each speed-length 
ratio. These determine the real geosim extrapolator freed from  
the wall-effect which distorts the apparent extrapolator and 
prevents extrapolation to the ship. T h e approach is show n to 
be particularly useful when the same series is tested in two 
tanks differing only in w idth. T h is  practice is also recom
mended for com m ercial testing w ith a single model. T h e  appli
cation o f the m ethods developed to the recently published 
geosim tests and ship trials o f the Lucy Ashton is illustrated in 
fu ll detail; and it is significant that the derived real extrapolator 
agrees exactly w ith that previously found from  fu lly  turbulent 
planks, pontoons and pipes o f the same length-girth  ratio as 
the Lucy Ashton. T h e  ship model correlation shows the paint 
roughness to take the expected viscous form , but unexpectedly 
a further residual difference between model and ship is shown 
to exist. T h is  is either a w ave-m aking scale-effect or a ship 
shallow -water effect and is a challenge to the Froude prin
ciple. T h e  paper concludes w ith a review o f the possibilities o f 
other geosim series. Furth er considerations of application 
detail are discussed.— Paper by Professor E. V. Telfer, read at a 
meeting of the North-East Coast Institution of Engineers and 
Shipbuilders, 16th October 1953.

Superheat Temperature A ffects Plant Design
T h e possible increase of operating temperature, w hich is 

one o f the best methods of increasing the efficiency o f steam- 
propulsion plant, is lim ited by the reduction in allowable stresses 
in the m aterials used that occurs as the temperature rises. F o r  
example, the hoop stress o f chrom ium -m olybdenum  pipes at
1,000 deg. F . is reduced to 58 5 per cent o f its value at 900 
deg. F . ;  whereas w ith carbon-m olybdenum  pipes the reduction 
is only 7 per cent between 800 deg. F . and 900 deg. F . A llow 
ance m ust be made fo r the com ponents to  w ithstand short 
operational periods at 25 deg. F . in excess o f design tempera
ture with very short periods in excess o f that m argin. Su per
heaters prim arily o f convection design, but placed so as to 
receive a portion of heat by radiation from  the furnace, have 
been installed in destrovers, w ith a m axim um  design temperature 
o f 750 deg. F . A  sim ilar arrangem ent operating at 850 deg. F . 
is being used in new naval and m erchant ships, w hilst a few  
go up to 950 deg. F . C ontrol o f the superheated steam tem 
perature is essential and should (a) prevent the temperature 
from  exceeding the m axim um  at all times, except fo r short 
periods w hich w ould cause negligible increases in metal tem 
perature; (b) m aintain the superheat temperature at the allowable 
m axim um  over a wide range o f load, to m aintain cycle efficiency 
and to prevent excessive m oisture in the last turbine stages; (c) 
have adequate range and speed to m aintain this constant super
heat temperature under fluctuating conditions of feedwater 
temperature, excess com bustion air, and quantities o f saturated 
or cooled steam flow  to auxiliaries. F o r  highly-rated naval 
boilers, three methods of approaching the subject are indicated 
and illustrated. T h e  first com prises a tw o-furnace three-drum  
single-uptake superheat-control boiler, w ith autom atic com bus
tion control for both pressure and temperature. T h is  is heavier 
and more com plicated than the plant used in the second method 
— a single-furnace boiler with spray cooling fo r control o f the 
superheat. F in a lly , there is a single-furnace boiler w ithout 
superheat control but w ith pipes and turbines designed for the 
m axim um  temperature anticipated under adverse operating con
ditions of excess air, reduced feed temperature, and rapid 
changes in load.— G. M. Boatright, Bur.Ships.J., Vol. 2, 1953; 
p. 19. Journal, The British Shipbuilding Research Association, 
September 1953, Vol. 8, Abstract No. 7,986.
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T he purposes behind the freezing-fish-at-sea project now 
under w ay at the Boston Technological Laboratory of the 
United States o f Am erica F ish  and W ild L ife  Service’s branch 
o f Com m ercial Fisheries a r e :— 1. T h e development of handling 
freezing and storage facilities w hich can be installed and used 
successfully on  existing N ew  England  vessels. 2. T h e investiga
tion o f the technical and economic feasibility o f freezing fish 
“ in the round”  at sea fo r later processing, that is to say, thaw
ing, filleting and refreezing ashore. Em phasis has been placed 
on m ethods easily adaptable to present N ew  England vessels, in 
preference to com prehensive systems requiring extensive con
versions. T h e  Delaware is a typical present-day large N ew  
E n glan d  traw ler w ith the fo llow ing p articu lars: —

E xp erim en tal F reez in g  T raw ler

Len gth  o.a.
Beam  ...
D e p t h ..................
D eadw eight tonnage 
C ru isin g  ran ge...
S p e e d ..................
Crew

14 7ft. 6in.
25ft. Oin.
14 ft. 8in.

544 tons
8,000 nautical miles
10  knots approxim ately
20 persons

round frozen fish and housing the fish freezing tank, and one 
pen right a ft  fo r housing the refrigerating m achinery. T h e  
Delaware was originally  insulated w ith 4 inches of cork laid in 
hot asphalt and sheathed w ith l j  inches wood sheeting. T h e 
refrigeration equipment now on the Delaware consists o f : —  
1. Brine tank and fish freezing m echanism . T h is  method of 
freezing the round fish by im m ersion in refrigerated brine was 
chosen over other methods because it appears to offer such 
advantages as economy o f space and m anpow er, short freezing 
time, and sim plicity o f m achinery. 2. H old cooling equipment. 
T h e frozen fish storage holds, wherein the design temperature 
is 0 deg. F . ( — 17  8 deg. C .), are refrigerated by banks o f l j - in .  
(3-2 cm.) iron pipe coils m ounted on bulkheads, deckhead, and 
port and starboard surfaces. T h e refrigerant is a solution of 
ethanol and water. 3. Refrigeration plant. A  25-ton  am m onia 
absorption refrigeration machine is used for the freezing and 
cold storage o f the round fish.— Shipbuilding and Shipping 
Record, 24th September 1953, Vol. 82; pp. 425-426.

She is propelled by a 7-cylinder 2-cycle engine o f 735 h.p. at 
300 r.p.m . T h e  tw o units supplying the 1 1 5  v. D .C . electrical 
system  are a 40-kW . Diesel generator and a 25-kW . Diesel 
generator standby set. T ra w l winch power is provided by one 
80-kW . Diesel generator set connected to the 100  h.p. electric 
w inch motor. She has a fresh water capacity of 1 1  9 tons, 
fuel oil capacity of 63 2 tons and a lubricating oil tank capacity 
o f 400 gallons. Since delivery to the East Boston laboratory 
the vessel has been altered m ainly in the fish hold and equip
m ent added to fit her out for experimental freezing and storing 
o f the round fish. She had originally a fish hold o f about
8,000 cu. ft. capacity, the 3 6 i- ft . length o f w hich had been 
divided into seven sections. T h e new partitioning arrange
ment by cork insulated bulkheads are as fo llo w s :— One pen- 
section right forw ard for storing iced gutted fish, tw o pen- 
sections insulated and refrigerated fo r storing round frozen 
fish, three pen-sections insulated and refrigerated fo r storing

Free-piston Engined Cargo Ship
In  view of the increasing interest w hich is being shown 

throughout the w orld in  the free-piston engine, both fo r indus
trial and marine purposes, the com pletion o f the first cargo 
vessel to be equipped w ith such m achinery is o f importance. 
T h e ship in question, the Cantenac, is one o f  tw o coasters 
ordered from  the Ch. et At. A ugustin  N orm and, at H avre, by 
W orm s et Cie, and the general arrangem ent and engine room 
plans are now given, also illustrations o f the m achinery under 
test in  the m anufacturers’ works. Several sim ilar engines have 
been fitted in French minesweepers but no installation has been 
made in a merchant ship. T h e fo llow ing are the m ain par
ticulars o f the sh ip : —

Length b.p. . . .  . . .  59 4 m. ( 18 5 ft. Oin.)
M oulded beam ... 9 3 m. (30ft. 6in.)
M oulded depth .. . 5 6  m. (14 ft . 5in.)
M ean draught .. . 4 - 1 13  m. ( 13 ft . 6in.)
M achinery .................. 1,20 0  b.h.p.

T h e  vessel has three holds and the m achinery is aft. M acG regor

Engine room arrangements of the Cantenac
1.— Free piston gas generators. 2.— Geared gas turbine. 3.— Exhaust pipe between generators and turbine. 4.—  
Servo motors and valve for reversing machinery. 5.— Pipes between reversing valves and inlets (astern running). 
6.— 25-ton fresh water circulating pumps. 7.— 60-ton sea water cooling pumps. 8.— Fresh water coolers. 9.—  
Emergency generating unit. 10 .— 60-ton ballast pump. 1 1 . — Fuel transfer pumps. 12 .— A ir compressors, 13 .—  

Fuel oil purifiers. 14 .— Fuel oil heaters. 15 .— 80-kW. generators.
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steel hatch covers are employed. In  a free-piston engine there 
is a horizonal cylinder in w hich are two free pistons, one o f 
w hich m ay be termed the com bustion piston and the other the 
com pressor piston. T h e  latter supplies the air to the com bus
tion cylinders for scavenging and supercharging, and the 
m ixture o f  excess air and products o f com bustion passes out 
through exhaust ports to a gas collector and thence to a gas 
turbine (there are two in the Cantenac) w hich drives the pro
peller shaft. T h e  diameter o f the com bustion cylinder is 340 
m m . and the total output o f the two units and the turbine is
1,20 0  b.h.p. It  is to be recorded, however, that the plant is cap
able of developing 1,800 b.h.p. but the power is lim ited ow ing to 
the characteristics o f the hull, as it w as intended in the first 
place to have a sm aller engine. T h e  two gas turbines run  at
9,000 r.p.m . and can operate independently if  desired. Each 
turbine has three stages ahead and one astern, the m axim um  
power astern being about 800 b.h.p. T h e  double reduction 
gear reduces the speed to 220 r.p.m . T h e free-piston generators 
are started on Diesel fuel but operate on light fuel oil. T h e 
weight o f the complete engine, including the piping, is 7 1 5  
tons, w hich is equivalent to 891b. per b.h.p. at the rating of
1,800 b .h.p .— The Motor Ship, November 1953, Vol. 34; pp. 
322-323.

Synthesis of Tw o M arine W atertube  Boilers
In  this paper a brief resume is given o f the im portant 

lessons learnt from  the operation of oil-fired watertube boilers 
at sea since 19 25 . These are linked w ith  the shipowners’ 
requirements— particularly those pertaining to the post-w ar 
merchant service— and the development o f two designs o f boiler 
from  these requirements is shown. T h e  first design is the m ain 
boiler fitted in the s.s. Nestor, and the second is the auxiliary 
boiler fitted in the same ship and in m otorships building at the 
same time. T he m ain boiler is designed fo r a norm al output 
o f 25,0001b. per hr. and a m axim um  output o f 30,0001b. per 
hr., the feedwater inlet temperature being 240-230  deg. F . and 
the boiler efficiency to be 88'5 per cent at overload. T h e  speci
fied steam conditions at the superheater outlet are 6251b. per 
sq. in. pressure and 950-750  deg. F . steam temperature. It

was considered desirable to ensure that creep phenomena could 
not adversely affect the safe operative life. It w as, therefore, 
essential to provide a design o f temperature control such that 
the steam temperature w ould be lim ited autom atically to a 
m axim um  o f 950 deg. F .,  any necessary tolerance being taken 
as negative. In  addition, to provide as m uch safety as possible, 
the high temperature end o f the superheater should also be 
arranged so that unbalanced gas or steam flow  could not occur. 
As a result o f w ar-tim e experiences w ith  slagged superheaters, 
it was specified that the superheaters should be designed so 
that they could be washed w ith fresh w ater w ith  m in im um  
interference and the least possible risk of damage to the furnace 
refractory. S im ilarly , as a result o f the very satisfactory experi
ences w ith superheaters o f the M eL eSco  type in A dm iralty 
boilers, it was decided to use the Concen tube join t fo r  up to 
a m axim um  temperature o f 850 deg. F ., w hich is approxim ately 
the top lim it fo r this type o f fitting. T h e  design produced 
by the Superheater C om pany was the neatest fo r this section 
o f the superheater, as intermediate headers were eliminated 
between the first two sections. T h e  turbine m anufacturers 
required the steam to the astern turbines not to exceed 750 
deg. F . at the m axim um  boiler output, so that the superheater 
was to provide fo r means o f control over a narrow  range o f 
temperatures at 950 deg. F .,  and of reducing the temperature 
to 750 deg. F ., and it had to be physically remote from  the 
furnace. T o  prevent overheating by m al-opsration, it w as con
sidered essential to have all the fuel fired into one furnace, as 
there is alw ays a risk o f the tw o-furnace design o f boiler being 
incorrectly fired. W ith one furnace, a  new m ethod o f super
heater control had to  be devised and, by integrating this require
m ent w ith the physical separation o f the superheater and the 
furnace, it was concluded that dam per control provided the 
best solution. Exam ination o f the details showed that this 
decision resulted in  a reduction in  weight. S im ilarly , the 
physical separation o f  the two com ponents was found to have 
the m erit o f allow ing the superheater to be designed as a heat 
exchanger w ithout regard fo r the geometrical lim itations 
imposed upon it by other sections o f the boiler. T h e  require
ment fo r good steam distribution meant a long steam path 
and relatively few paths in parallel, w hich also suited the 
geom etry o f the space lim itations in the ship. T h e  long steam 
path meant a considerable num ber o f “ U ”  tubes or, and this 
was preferred, a welded design, w ith the length of elements kept 
w ithin reasonable proportions fo r handling by separation into 
three sections. T h e  m axim um  temperature under the astern 
conditions was found not to exceed 800 deg. F . at the outlet 
o f the second section, so that the first two sections were of the 
M eL eSco  design. T h e  final section of the superheater was of 
all-welded design, to elim inate possible tube end leakage due to 
fluctuations in temperature. T h e  m aterial fo r the headers and 
tubes was 1 per cent chrom ium  - 0 6 per cent m olybdenum  
steel, w hich could be easily welded. T h e  division o f the super
heater into three sections also enabled a convenient arrange
ment o f gas dam pers to be made, so that the surface o f  the 
superheater was greatly reduced fo r astern operation. T h is  had 
a secondary advantage, nam ely, that the high-tem perature 
section o f the superheater was out o f the gas path when there 
was greatest risk o f the boiler being m ishandled during a 
rapid manoeuvre. F in a lly , it was also sim ple to arrange fo r 
the attem perator to be fitted conveniently into the steam and 
air circuits. Adjustment of Steam Temperature. T h e  attem
perator is constructed o f finned tube and is dam per-controlled. 
U nder norm al operating conditions, preheated a ir  is used as the 
cooling m edium , and the dam per is operated autom atically to 
adjust the final steam temperature as near as practicable to 950 
deg. W hen, however, a low  final temperature is required, the 
bypass on the a ir heater is opened and the dam per is put in 
the full-open position, so that cold  air is used to reduce the 
temperature of the steam from  the second section o f  the super
heater as far as is practicable. T h e  sm all am ount of heating 
done in the final section, w hich is now  bypassed, raises the 
temperature to a m axim um  o f only 750 deg. F . These damper
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operations are carried out by a system o f remote control, and 
can be controlled by a single lever on the engine manoeuvring 
platform . In  this w ay, the control o f steam temperature essen
tial fo r the operation of the turbines is under the control of 
the turbine operator, instead o f being remote from  him as has 
hitherto been m arine practice.— Paper by Com'r(E) L. Baker, 
D.S.C., R.N.(ret.), read at a General Meeting of The Institu
tion of Mechanical Engineers, 13th November 1953.

W ater-lubricated  Thrust Bearings
W ater-lubricated carbon thrust bearings, w ith the correct 

am ount of circum ferential and radial taper, can carry loads 
o f at least 110 1b . per sq. in. successfully at speeds from  860 
to 2 ,450 r.p.m . R adial tapers perform  acceptably at high 
rotative speeds. A t low  speeds they m ay reduce the ultimate 
load capacity o f the bearing. C ircum ferential tapers o f extremely 
slight angle appear to be associated w ith the greatest friction. 
M oderate tapers have low  friction loss and are m ost dependable 
at low  speeds and high loads. F rom  the data on hand, a good 
all-round design fo r a w ater-lubricated 2 J-in . outside diameter, 
l| - in . inside diameter fixed-land, carbon thrust bearing w ould 
incorporate: (a) S ix  lubricant-distributing grooves, (b) Rounded 
or bevelled leading edges on the six  lands, (c) Circum ferential 
taper in § or f  o f the land area, 0'0006 to 0 0008 inch deep at 
the lowest point, (d) R adial taper o f zero to 0-0003 inch per 
inch sloping down tow ard the inner diameter, (e) Untapered 
portion o f the lands flat and smooth. T h is  research was carried 
out at the U .S . N aval Engineering Experim ent Station, 
Annapolis, M d .— M. Levinshon and N. E. Reynolds, Trans. 
A.S.M.E., August 1953, Vol. 75; pp. 1137-1145.

meat room on the port side w hich m ay be cooled dow n to 14  
deg. F . T h e  propelling m achinery consists o f an 8-cylinder 
direct reversible two-stroke cycle single-acting Gotaverken 
engine. T h e  cylinder bore is 630 m m . and the stroke 1,300  
mm. A t 105 r.p.m . the engine is rated at 5,000 b.h.p. (metric). 
Three Gotaverken Diesel generators, each consisting o f a 3- 
cylinder, four-stroke cycle oil engine o f 300 h.p. direct coupled 
to a 200-kW . generator, supply current to the refrigerating 
plant, deck m achinery, engine room auxiliaries and lighting.—  
Shipbuilding and Shipping Record, 1st October 1953, Vol. 82; 
pp. 455-456.

Refrigerated Cargo Ship
T h e single-screw m otorship Penja, a refrigerated cargo 

vessel designed fo r the carriage of bananas, was recently 
delivered to her owners, L . M artin , S .A .R .L ., Paris, by Oresunds- 
varvet A / B  Landskrona. U nusual features include increased 
thickness shell p lating in the w ay o f insulation, the fitting o f 
air-conditioning throughout the accom m odation spaces and a 
general arrangem ent w hich gives three cargo holds forw ard and 
one aft. A lthough the contracted speed was 16  knots, a mean 
speed o f 18  28 knots was attained. There are two continuous 
steel decks, a forecastle deck extended into the boat deck aft 
to the m ainm ast and an additional fru it deck in w ay o f the 
forw ard holds. T h e  engine room is situated about one-third 
o f the length from  the after end. W hile the Penja is trans
versely fram ed, longitudinal fram es are incorporated in the 
m idship portion of the double bottom. In  view of the very 
high cost o f repairs to an insulated shell, the shell p lating has 
been made extra heavy w ith  a m inim um  thickness o f 18 mm. 
T h e  hull is m ainly welded but the frames are riveted. T h e 
deckhouse on the navigating bridge is o f light alloy. The 
leading particulars o f the Penja a re : —

Length o.a. .. . .. . . . .  362ft. 5 Jin .
Length b .p.................................... 336ft. 6£in.
Breadth m oulded .. . ... 49ft. Oin.
D epth m oulded to upper

deck .. .  . . .  .. . 28ft. 6in.
D raught .. . . . .  .. . 23ft. lin .
N et to n n age ... ... . . .  2,077 tons 
G ross tonnage .. . .. . 3,805 m etric tons 
Contracted speed on 18ft. 

mean draught corres
ponding to banana cargo 
and with 70 per cent 
engine output .. . .. . 16  knots 

T h e four hatch covers on the weather deck are o f the builders’ 
own design, while the light alloy and insulated hatch covers 
in the ’ tween decks are o f M cG regor-C om arain ’ s design and 
m anufacture. A ll cargo spaces are com pletely insulated with 
granulated cork and they are divided into seven sections with 
separate refrigerating systems. Tem peratures o f 33  deg. F . m ay 
be m aintained throughout the cargo spaces under tropical con
ditions. A t the forw ard end o f N o. 4 ’ tween deck is a small

New  Swedish Passenger Liner
T h e new 22,000-ton 19-knot transatlantic liner Kungsholm, 

of the Sw edish-A m erica Line, was built by the D e Schelde 
yard at F lush ing, H olland. T h e  vessel is o f striking appear
ance, w ith restrained stream lining, well raked and flared bows 
and a cruiser stern. There are two funnels, and the masts 
are arranged so that they can be lowered to perm it navigation 
under bridges in the K iel Canal and elsewhere. T h e  principal 
characteristics o f the ship are as fo llo w s: —

Length  o.a. .. . .. . .. . 600ft. Oin.
Length  b .p .................................... 530ft. 2£in.
M oulded breadth ... ... 77ft. Oin.
D epth to upper deck .. . 57 ft. 2in.
D epth to m ain deck .. . 48ft. 8in.
D raught on sum m er free

board .. . . . .  .. . 26ft. 4in.
Displacem ent on summer

freeboard .................. 18 ,33 5  tons
The hull is subdivided into eleven vertical sections by means 
of ten watertight bulkheads, w hich have a total o f thirty-three 
watertight doors. T h e two Burm eister and W ain eight-cylinder 
engines together have a norm al output o f  17 ,50 0  i.h.p. at 1 1 5  
r.p.m ., the cylinder bore being 740 mm. and the piston stroke
1,600 mm. These are o f the two-stroke, single-acting type, o f 
standard design and construction. T h e exhaust gases are 
utilized in two Schelde-Lam ont boilers, each w ith  a heating 
surface of 266 sq. m. and an evaporation rate of 3,300 kg. per 
hr. In  addition, there are two Scotch-type oil-fired boilers, 
each with a heating surface o f 1,208 sq. m . and an evaporation 
rate o f 3,500 kg. per hr. These operate on Diesel oil, gravity 
fed, and are fired by Laid law  D rew  steam or a ir atom izing oil 
burners with a method o f control w hich autom atically regulates 
the firing rate in relation to the steam pressure. These boilers 
are intended only fo r port use, and the control arrangem ents 
are such that only the m inim um  of supervision is required. 
Electrical power fo r all duties, this including the deck m achinery, 
lighting, engine room auxiliaries, etc., is supplied by fo u r 725- 
kW. and two 200-kW . A .S .E .A . generators, all o f  w hich  are 
driven by N ohab Diesel engines. Each of the 200-kW . genera
tors is driven by a five-cylinder 300 b.h.p. engine runn ing at 
330  r.p.m ., and the four 725-kW . sets by seven-cylinder 1,080 
b.h.p. engines running at 300 r.p.m . In  the course o f 10  double 
runs on the N ew biggin  measured m ile, off N orthum berland, 
the highest average speed recorded was 2 1-2  knots at almost 
full draught; the contract speed was 19  knots. T h e  corres
ponding r.p.m . were 12 5  and the m achinery output 22,800 
i.h.p.— The Motor Ship, November 1953, Vol. 34; pp 327-333.

Engines for Fishing Industry
A  noticeable feature o f the m any papers presented at the 

International F ish in g  Boat Congress, 19 5 3 , in Paris and M iam i, 
is the greater attention being paid b y  owners and builders o f 
fishing vessels to the advantages o f m arine Diesel propulsion, 
and the conflicting claim s o f  high- and m edium -speed engine 
builders. M r. D . E . Brow nlow , in his paper, “ T h e  U se of 
M edium -speed Diesel Engine on Board F ish in g  Vessels” , refers 
to the variety of engines from  w hich a choice can be made, 
e.g. four-stroke norm ally-aspirated, four-stroke turbo-charged, 
two-stroke engine, and these m ay be low-speed, medium -speed 
or high-speed engines. T o  meet the requirements o f the fishing 
industry, the M irrlees K S -ty p c  engine was designed and
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developed fo r speeds from  200 to 450 r.p.m . U p  to the present 
tim e, the demand and preference fo r a 12 0 -ft . vessel o f 323 
gross and 1 1 5  net, and with a fish hold capacity o f 7,000 cu. ft., 
has been largely fo r engines running at speeds o f 230  to 300 
r.p .m ., directly coupled to the propeller shafting. W hen the 
engines are required to operate at higher speeds and powers, 
it is necessary to fit a reduction gearbox between the engine 
and propeller, in order to m aintain propeller efficiency. The 
M irrlees K S  engine is a four-stroke turbo-charged engine having 
a bore o f 15  inches (38 1 mm.) and a stroke of 18  inches (457 
m m.) and built w ith six, seven and eight cylinders. It is direct- 
reversing, o r m ay be unidirectional when coupled to a reverse- 
reduction gearbox, for the higher engine speed o f 300 to 450 
r.p.m . These engines are designed and built as pressure-charged 
units. A  B iichi-type o f pressure charger is incorporated, w ith 
out increasing the length of the engine. T h e  advantages in a 
turbo-charged engine fo r fishing duty a r e :— 1. T h e horsepower 
is increased by 50 per cent w ithout any increase in the size of 
the engine, and recent developments in turbo-charging are 
m aking available increased powers up  to 100  per cent. T here
fore, the space taken fo r a  given power is used econom ically, 
thus allow ing a  m axim um  space fo r the catch. 2. N o  power is 
taken from  the engine to drive the turbo-charger, w hich is 
driven by the exhaust gases, thus elim inating gears or chain 
drives and couplings. 3. Since there is no fuel required to 
drive the turbo-charger, the fuel consum ption o f a modern 
turbo-charged engine is extrem ely good. Diesel engine pro
duction is classified as being in three stages by W illiam  C. 
G ou ld  in his paper “ High-speed Diesels fo r Use in F ish in g  
C ra ft” , these stages being slow-speed (75-500 r.p.m .) m edium - 
speed (500-1,000  r.p .m .) and high-speed (1,00 0  r.p.m . and 
above). It is suggested, however, that too m uch attention is 
paid to the convention that piston speeds should not exceed 
1,500 ft. per m in., to ensure lengthier service. Su ch  a lim ita
tion disregards the vast development and engineering work 
on the design, finish and m aterials utilized in the liners, pistons, 
and piston rings. Em phasis is laid  that piston speeds have little 
to do with the actual wear rates o f liners and piston rings but, 
despite this, m ost high-speed engines adhere to piston speeds 
w ithin  the region o f 1,500 ft. per m in. It is po ’ nted out that 
records show that m odern engines running at an average piston 
speed of 1,750 ft. per m in, are g iving  about 32 per cent longer 
life between servicing than older slower-speed models. In  any 
case, it m ust be remembered that as sm aller cylinder sizes are 
adopted, so is a shorter stroke, consequently the engine m ay 
run considerably faster and still have the same piston speed 
as a slower running engine w ith a longer stroke. In  m any 
cases, the actual piston speed of high-speed engines has been 
found to be m uch less than that of m edium - and even slow- 
speed engines. It is also noted that the present-day high-speed 
Diesel engines have a frictional horsepower loss, in relation to 
the m axim um  b.h.p. rating o f the engine, considerably less 
than the percentage of frictional horsepower loss generally 
encountered on the m edium - and slower-speed engines. It is 
acknowledged that the high-speed Diesel engines cannot pro
perly burn the lower grade fuels that w ill operate in the slow - 
speed and medium-speed Diesels. On the average-sized fishing 
vessel o f 150  feet or less, the use of boiler oil is not practicable. 
Because o f the large use o f gas oil throughout the w orld for

all purposes, it is probably the most readily available. W hile 
its cost is m ore than some o f the other Diesel fuels, this is 
offset in high-speed m achinery by the reduction in cost o f 
com ponents at overhauls.— The Motor Ship, November 1953, 
Vol. 34; pp. 339-340.

Noise of Ventilating Fans

T h is  paper presents the results o f acoustical measurements 
made on five com m ercially available ventilating fans. Three 
vaneaxial fans of different diameters and two centrifugal fans 
o f different sizes were tested. In  an attem pt to generalize the 
results o f these investigations, an em pirical form ula was derived 
that permitted the com putation of the overall acoustic power 
levels expected from  fans o f known design characteristics. T h e 
procedures adopted in  using this equipm ent were arrived at 
by a process o f trial and error, and are felt to offer a sim ple 
and efficient approach to the problem o f m easuring fan noise. 
T h ro u gh  the co-operation o f the Bureau o f Sh ips, N avy  
D epartm ent, three U .S . N a v y  Standard vaneaxial-type fans 
were made available fo r testing, and w ith  the co-operation o f 
the W estinghouse E lectric C orporation , Sturtevant D iv ision , 
two com m ercial centrifugal-type fans were also tested. T o  test 
the various fans to determine their exhaust noise characteristics, 
each fan  was run at about twelve different speeds, at an incre
mental speed o f 200 r.p.m . fo r the highest speed fans, and 50 
or 100  r.p.m . fo r the slower speed fans. Since m ost of the 
fans tested were driven by D .C . m otors, the various speeds were 
regulated by vary in g  the arm ature current on the sm aller fans, 
and the field current and field voltage on the larger fans. T h e 
lowest practicable speed o f each fan was first determined, and 
the readings begun on the next highest m ultiple o f  the speed 
increment chosen. T h e  speeds were measured accurately by 
means o f a strobotac properly calibrated over the desired fre
quency range. F irst, the overall level o f the exhaust noise at 
each speed was determined. T h en  readings were taken succes
sively through the tw enty-four one-third octave frequency 
bands. A t the end o f each series, the overall level was deter
mined again as a check. In  addition, at each speed the electrical 
input power was determined. F rom  a study o f the data 
obtained, the fo llow ing conclusions were d r a w n :— 1. T h e 
general shape o f the exhaust noise spectra is contained in  the 
lower frequencies. 2. T h e m ajority o f the noise in these outlet 
spectra is contained in the lower frequencies. 3. T h e  fu n d a
mental blade passage frequency o f  a fan  does not have as great 
an effect as expected, and is more apparent in the inlet noise 
spectra than in the exhaust noise spectra. 4. Changes in  the 
back pressure on the fans make no significant change in the 
frequency spectra. 5. In  duct systems, the duct dim ension in 
the direction o f a bend is a m ajor factor in predicting the 
attenuation w hich that duct w ill provide.— C. F. Peistrup and 
J. E. Wesler, Journal of the American Society of Naval Engin
eers, August 1953, Vol. 65; pp. 605-612.

Am erican Supertankers
T h e 30,200 deadweight ton Delaware Sun, built by Sun  

Sh ipbuild ing and D ry  D ock C om pany, is the latest and iargest 
vessel to join the Su n  Oil C om pany tanker fleet. O n her first 
voyage, com pany records were broken when the vessel made 
the 1,776-m ile  trip  from  Aransas Pass to O verfalls L ig h t in

Inboard plan of the Delaware Sun
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641 feet 
6 15  feet 

84 feet 
45 feet 
34  feet 
30,200

2 5 1 , 1 1 4

1,345

1,890
18,798
13,500

100
16i

4 days 8 hours and 54 minutes w ith an average speed loaded 
o f 17  88 knots. In  port, 2 13 ,0 0 0  barrels o f crude oil were, 
unloaded in twelve hours for an average o f 18 ,500 barrels per 
hour. T h e principal characteristics o f the Delazuare Sun  and 
sister ships are as fo llo w s : —

Length, overall
Length, b .p .................................................
Breadth moulded ...
D epth moulded 
D esign draught, keel
D eadweight, t o n s ................................
C argo oil capacity, 10 0  per cent

fu ll, bbl...............................................
Fuel capacity, 100  per cent fu ll,

tons ...............................................
Reserve fuel, forw ard, 100  per cent 

fu ll, tons 
G ross tonnage 
Sh aft horsepower, norm al ...
R .P .M ., norm al ................................
T ria l speed, knots ...

T h e vessel is of the three-island type— poop, set-in bridge, and 
forecastle; w ith raked stem incorporating a bulbous bow, cruiser 
stern and single continuous steel deck. Propulsion is by a 
single screw with the conventional location a ft fo r propelling 
m achinery, consisting o f geared turbines and two watertube 
boilers. T h e  m ain cargo pum p room is located at the aft 
end o f the cargo oil space. T h e  principal dimensions and 
characteristics o f the vessel were selected to provide a suitable, 
sea-kindly, easy driv ing hull form . Self-propelled model tests 
in  load and ballast conditions were conducted at the T ay lo r 
M odel Basin , Carderock, M d . It has been observed that the 
supertankers in service have a tendency to plough through the 
N orth  A tlantic waves rather than rise up to them and, accord
ingly, the form  forw ard was given a decided flare in order to 
throw off the green seas. T h e  vessels have flat sheer line, and 
the forecastle and poop are raised at the end of the vessel to 
give a sheer effect, thereby contributing to the seaworthiness. 
T o  give added protection, solid bulwarks are fitted fo r 40 feet 
aft o f the forecastle. T o  provide adequate longitudinal strength, 
a length/depth ratio o f 1 3 '7  was selected. T h e vessel is welded 
throughout, w ith the fo llow ing exceptions riveted: T w o  seams 
o f bottom shell, upper and lower seams of bilge strake, lower 
edge of sheer strake, seam o f stringer strake and two seams of

deck plating. In  addition, the outboard edge o f the deck 
stringer is welded to a 9 i-in . by l| - in . gunwale plate w hich is 
double riveted to the sheer strake. T h e vessel has a high degree 
o f fire protection. A  C O j system is installed fo r the m achinery 
spaces and cargo pum p room, and a flue-gas system  supplies 
inert gas fo r the blanketing o f all cargo tanks. Cargo Tank- 
Flue Gas System. T h e flue-gas system fo r the cargo tanks is 
installed in the upper level o f the engine room  and consists o f 
a “ Sutorbilt”  type positive rotary, heavy-duty type blower 
driven by a 35-h .p . 900 r.p.m ., 4-speed m otor and is capable 
of delivering 3,000 cu. ft. o f hot dam p flue gas per m in., at a 
discharge pressure of 21b. per sq. in. T h e  flue gas is drawn 
from  each boiler uptake through a water-cooled tray-type 
scrubber and cooler; the scrubber is capable o f cooling the flue 
gases from  400 deg. F . to 10 0  deg. F . using sea w ater as the 
cooling medium. T h e inside of the scrubber is neoprene-coated. 
— Marine Engineering, September 1953, Vol. 58; pp. 50-59; 
64-66.

Special Se lf-un loading Tim ber Ships
T h is  paper discusses the characteristics o f a self-unloading 

timber ship o f high capacity o f novel design, w hich w as evolved 
in the Netherlands tw enty-tw o years ago and subsequently put 
into practice in  a modified form  in three ships built fo r the 
Soviet U nion. Some prototypes are also com pared. The 
author’s knowledge o f w hat m ay be called the “ A m sterdam ”  
ship began in 19 32  as a result o f a conversation w ith M r. Piet 
Goedkoop o f the Netherlands D ock and Sh ip bu ild in g  Co., 
L td . T h is  was followed by several visits to the Walerii Mesh- 
lauk, first o f the m odified ships for Russia. T h e  inform ation 
so gained has lain dorm ant in  files until reactivated by 
I .C .H .C .A ’s timber sym posium . T h e A m sterdam  ship was 
designed originally for the B altic trade but could, no doubt, be 
modified fo r other duties. A t the time the original vessel was 
designed, a large factory in the c ity w as im porting timber for 
the m anufacture of wooden doors and w indow  fram es for 
export. Im porting the raw material in large quantity demanded 
m axim um  efficiency in unloading. E x istin g  lum ber carriers 
were not considered so perfect that im provem ent could not be 
effected and the result was the highly mechanized design shown, 
Diesel propelled and intended specially for the Baltic trade. The 
ship was a complete breakaway from  current three-island ships 
o f Frederikstad and Ornefjell type w ith  w hich N orthern  Europe 
ports are fam iliar. It endeavoured to carry  m echanical hand-

F ig . 1 — The original Am sterdam  ship which was designed primarily for the Baltic trade. Note the special arrangement
of cranes
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ling  to its m ost logical conclusion and com bined this w ith a 
carefu lly  thought-out hull form , hold shape, and a m ost 
complete use o f electricity, including distant control o f the 
cargo handling gear. G ear fo r handling the timber standards 
is m ounted on lattice structures and the “ cranes”  rotate in a 
horizontal plane. T h e cranes themselves are o f a gantry type, 
w ith  the block and cargo hook so arranged that whatever the 
angle o f the gantry to the fore and a ft  centre line o f the ship, 
the hook can traverse the length o f the crane arm  from  the 
outer end to the inner end and plum b where required. F ig . 1 
shows some details o f the cargo w orking gear, com prising the 
fo ur cranes w orking in a horizontal radius from  two “ bridges”  
built up on a lattice structure. These cranes are operated from  
electric winches, the controls being at the ends of the two 
bridges. T h e cranes are well clear o f the topm ost standards of 
wood and loading and unloading can be carried out under the 
m ost unfavourable shore conditions. There is one hold bounded 
by vertical bulkheads at the sides and ends, and as far as prac
ticable devoid o f any internal structure. T h e hatch opening 
extends the fu ll w idth o f the cargo hold and its fu ll length, 
w ith the exception o f the necessary divisions fo r strength. The 
large box-shaped hold com bined w ith  an  equal sized hatch is 
acceptable fo r rapid loading and discharge of bulk cargoes 
w hich the vessel m ay be called upon to carry  when not carry
in g timber. T h e  hatch covers were o f M acanking (now known 
as the M acG reg o r hatch cover) steel type w hich could be 
opened or closed in  about thirty m inutes and which could 
hinge upw ards against the sides o f the deep bulwark. T he 
latter is equivalent in height to the poop and fo ’c ’sle. Those 
responsible fo r the Am sterdam  ship claim ed that, because o f its 
special form  and the favourable ratio o f standards of timber 
per ton deadweight, the ship could carry  m ore cargo than its 
contem poraries. A s the net tonnage was low , harbour dues 
were low  also. W hen in ballast, good im m ersion o f the single 
screw was possible, because o f the large capacity of tanks in 
the double bottoms, and at the sides o f the holds. A  small 
diameter propeller was fitted, w orking well below the ballast 
load line, thus assuring a good speed in  ballast condition. A  
speed of ten knots is given by a single 900 h.p., 2-cycle oil 
engine, driving the screw through an hydraulic cou p lin g ; the 
reason fo r this was to perm it reasonable engine power and 
revolutions to be m aintained at slow  propeller revolutions when 
the ship was navigating in ice conditions. In  view  of the possi
bilities existing today fo r the increased m echanization o f cargo 
handling, it w ould be interesting to know  w hy greater success 
has not attended the building, in  num bers, o f ships o f the 
original Am sterdam  type. Each  port presents a problem o f its 
ow n fo r timber w orking, but it is suggested that the Am sterdam  
type w ith the fu ll gantry arrangem ent appears to solve the 
problem o f rapid discharge in  a unique manner. It w ould also 
be interesting to know w hy the tendency has persisted fo r so 
m any years to em ploy three-island ships w ith  deep bulw arks, 
m achinery am idships and derricks and winches on poop, bridge 
and fo ’c ’sle respectively clear of the wells. D o such ships 
possess exclusive virtues? A re they so handy fo r the carriage 
o f bulk cargoes and particularly those now  offering, when not 
definitely engaged in  the tim ber trade? T h e Am sterdam  ship 
appears to possess virtues fo r the carriage o f timber and to be 
reasonably adaptable fo r handling the bulk cargoes o f today 
and tom orrow.— A. C. Hardy, Cargo Handling, September 
1953, Vol. 1; pp. 134-137.

The N ew  M .A .N . Engine
T h e new highly supercharged M .A .N . engine, T yp e  K V , 

has aroused worldwide attention and deservedly so. It was 
show n fo r the first time, and attested by such recognized 
authorities as Professors Eichelberg and Pflaum  that an  internal 
com bustion engine can produce pow er at the unbelievably low  
fuel consum ption o f 0 3 11b . per b.h.p. per hr., corresponding 
to a thermal efficiency o f 45 per cent, at 2 3 11b . per sq. in. 
continuous b.m.e.p. C om paring the new M .A .N . engine with 
another m arine engine o f sim ilar power output, it is found that 
the M .A .N . engine weighs 3 1 '51b. per. h.p., and it puts out

2 03 h.p. per cu. ft. space com pared to G .M ’s 2 '2  h.p. per cu. 
ft. T h e com parison w ith sm aller cylinder displacem ent engines 
is still less favourable w hich, however, is understandable because 
the specific output (h.p. per cu. in. displacement) approxim ately 
is in inverse ratio to the bore. T h e  new M .A .N . engine is an 
experim ental rather than a production engine. It represents 
a remarkable accom plishm ent as it shows the w ay to very high 
b.m .e.p’ s and very lo w  fuel consum ptions. W ith equally refined 
design and grade of w orkm anship, sim ilar perform ance can, 
no doubt, be achieved in production engines, but whether such 
high grade o f workm anship is practically obtainable in  produc
tion has not yet been demonstrated. T h e  design features that 
are obviously responsible fo r the outstanding perform ance are 
high supercharge, high efficiency turbine and blowers, inter
cooling and crosshead construction. A ll o f these features are 
applicable to two-stroke cycle engines and m ost o f it w ith 
presently available skill and materials. T h e  power output o f

F ig . 1

any listed two-stroke cycle engine could be increased substan
tially by adopting a m ore efficient blower, i.e. by im proving the 
blower efficiency from  60 to 70 per cent adiabatic efficiency. 
In  adopting turbo-charging, the practicality o f w hich has been 
recently demonstrated by the Burm eister and W ain turbo
charged 7,500 h.p. two-stroke cycle engine in the tanker Dorthe 
Maersk, w hich has com pleted its shakedown cruise, 35 per cent 
increase in b.m.e.p. was obtained w ithout reduction in  rotative 
speed. B y  m oderate intercooling, w hich  w ould  reduce the inlet 
air temperature from  60 deg. F . above am bient to 30 deg. F . 
above am bient, another 6 per cent could be picked up. A  better 
exhaust system using “ aspirator type”  exhaust m anifolds can 
easily add another 3 per cent to the power output. B y  these 
steps the present 921b. per sq. in. b.m.e.p. (cont.) o f a uniflow  
engine can be increased to 135 1b . per sq. in. and the present 
751b. per sq. in. b.m.e.p. o f the loop-scavenged engine to 110 1b . 
per sq. in ., w ithout reducing the rotative speed or the engine life. 
T h e  specific output per pound w eight or cubic foot space w ould 
increase in alm ost the same proportion. Therefore, i f  the tw o- 
stroke cycle is ahead now  in specific pow er output it  w ill be 
still m ore ahead w hen these design advancem ents w ill be applied. 
There is, however, another recent development w hich is more 
suitable to two-stroke cycle than to  the four-stroke cycle turbo
cooling. T urbo-coolin g  is the nam e o f a cycle in  w hich the 
engine intake a ir is cooled b y  expansion by passing it through 
an a ir turbine. I t  w as originated by M r. H . A . Steiger, now 
w ith Su lzer Brothers, L td ., in  Sw itzerland. T urbo-coolin g  has 
already been successfully applied to the cooling of a ircraft com 
partm ents, where its com pactness makes it attractive even
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though the work produced by the turbine is unused. However, 
the a ir turbine is also efficient in doing work while it cools 
the air. In  the Steiger cycle a centripetal air turbine (the 
expander) is coupled w ith a centrifugal blower (the com pres
sor), the two fo rm in g an integral unit as shown in F ig . 1. 
T h is  unit is connected to the intake system o f an engine. 
F ig . 2 shows the connexion in a simple installation to an 
unsupercharged two-stroke cycle engine, in  w hich case the 
turbo-cooling boosts the engine output by 20 to 30 per cent 
w ithout increasing the heat load on the engine. W ith the design 
improvements listed, the specific output o f the two-stroke cycle 
engine can easily be increased by 60 per cent w ithout sacrificing 
sim plicity and reliability.— P. H. Schweitzer, Journal of the 
American Society of Naval Engineers, August 1953, Vol. 65; 
pp. 620-627.

w ill drain aw ay quickly at the outlet (7). A s soon as the 
water level in the container (4) sinks below the orifices (17 ) 
provided in the riser pipe (15 ) , steam enters at those orifices 
and the rate of flow  through the ball packings slows down, more 
time being thus available for the accum ulation o f condensate. 
I f  air accum ulates with the condensate, this w ill be discharged 
through the orifices (17 )  in the pipe ( 15 ) , but being a gaseous 
substance will not itself cause a reduction in pressure or of

Steam Trap

T h is  particular invention has a direct reference to steam 
traps o f the type provided w ith  balls or other shaped bodies 
packed in tubes. A s show n in F ig . 5, the steam trap com prises 
an open-topped container (4) and a removable head (5), an inlet
(6) and outlet ports (7) in  the head and a needle valve (8) 
also w ithin the head. A  series o f packing tubes (9) and pipes 
(10 ) are suspended from  the head (5) w ith suitable connexions 
at the respective upper and lower ends. In  use, the steam 
entering the enclosure housing by the port (6) fills the con
tainer (4) and passes through the strainer (16 ) and up the riser 
pipe (15 )  by the openings ( 17 )  and eventually through the nozzle 
o f the needle valve (8). F rom  this valve the steam flows down 
the central pipe (10 ) to the first o f the packing tubes (9) packed 
with a ball packing. From  there it is led by a passage (23) 
into the successive pipes (10 ) and packing tubes (9) and finally 
to the outlet port (7). T h e steam passing through the successive 
packings w ill encounter a reduction in pressure to such an 
extent that the speed o f the flow  w ill be reduced to a m inim um , 
in fact nearly to zero. T h is  w ill cause condensate accum ulated 
in the steam conduit to fill the container (4) until the water 
level reaches the top opening (17 )  o f the riser pipe ( 15 ) , when 
the water w ill rise in that pipe because o f the steam pressing 
on the top surface o f the water, and w ill eventually reach the 
nozzle o f the valve and the several ball packings. Condensate 
w ill drain through an  opening (17 a ), through w hich steam will 
also pass when this opening is uncovered. T h e  water, not 
being an elastic m edium , w ill pass through the ball packings 
without experiencing an appreciable reduction in pressure and

rate of flow in the condensate flow ing through the packings. 
In  order that the level o f water in the container (4) m ay be 
seen, there is provided a gauge glass (18 ) protected by rods (19) 
and m ounted in  right-angled tubes ( 13 ) .— British Patent No. 
695,864, issued to E. Seaton. Complete Specification published 
19th August 1953. Engineering and Boiler House Review, 
October 1953, Vol. 68; p. 320.
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Gravity Fenders

T h e horizontal forces o f im pact on m arine structures are 
often the most costly to resist, unless effective shock absorption 
is provided by some kind o f resilient fendering. V arious kinds 
o f springs and rubber blocks have been used, but it is difficult 
to obtain more movement than 12  to 15  inches w ith such 
devices, which is often not enough. M oreover, substantial 
vertical structural members are necessary to receive the pressure 
from  the ships and to span it back to the springs. It  is, there
fore, logical to make use o f such heavy members fo r shock 
absorption and to suspend them in a suitable m anner fo r this 
purpose. F ig . 1  shows such a fender, w hich m ight be a 
concrete filled steel tube or reinforced concrete, or pre-stressed 
concrete, member suspended b y  a pair o f links at the top and 
the bottom so that the load is fa irly  equally divided between 
them. Such  fenders m ay be designed to recede when pressed 
tw o to five feet according to requirements, and to rise about 
tw o-thirds of the horizontal travel. T h ey  m ay weigh from
5 to 50 tons according to requirements, so that when fu lly  
pressed a 5-ton fender rising 20 inches w ould absorb 100  inch 
tons o f kinetic energy and a 50-ton fender rising  40 inches,
2.000 inch tons. I t  is generally assumed that the kinetic o f

a glancing blow is 0-4 ) where M  is the S ross tonnage

o f the vessel, and V  the velocity in  the direction o f the blow. 
O n exposed sites, or where navigational approach is difficult, 
vessels o f 20,000 to 30,000 gross tonnage m ay collide against 
fendering and before collision have a kinetic energy' o f 500 to
2.000 tons inches. It is not easy to predict the m agnitude 
o f a blow on w hich a design should be based, and there is not 
sufficient data fo r statistical treatm ent, but at exposed berths, 
such as at K u w ait and H eysham  where suspended fenders 
have been used, it has been possible to observe the movement 
o f the fenders and thus to measure the kinetic energy of 
collision, and to com pare w ith  a value calculated from  an 
assessment o f the velocity o f the ship at the time o f impact. 
A  velocity of one foot per second is a reasonable assum ption 
to m ake on an exposed site fo r a large vessel and higher speeds 
fo r sm all vessels. I f  rubber and spring shock absorption devices
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are used where heavy collisions m ay occur, since their movement 
is limited generally to about one-third or one-fifth o f the m ove
ment of gravity fenders of sim ilar shock absorption capacity, 
the im pact of collision is three to five times as great for 
collisions from  vessels approaching w ith  the same kinetic energy. 
G rav ity  fenders can also have the advantage o f being able to 
rotate and move longitudinally slightly in  order to evade pro
jecting plates on ships, and so prevent heavy longitudinal 
rubbing. In  cases where this is likely to occur, it can be seen 
From  F ig . 1  that if the suspension points o f the links are 
spaced farther apart, so that in elevation they are splayed 
upw ards, the distance between the tops o f the links being 
nearly twice as m uch as at the bottom, considerable longitudinal 
movement and rotation w ill be available. In  addition to the 
liftin g  of the weight of the fender, the friction between the 
rubbing strips and the ship as the fender rises also absorbs 
energy. T he determination o f the size o f the fender and length 
of links and position of their suspension points is im portant.

F ig . 1
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T h e links m ust be set out so that extended lines through the 
centres of suspension intersect a vertical line through the centre 
o f gravity of the fender. T h e  face of the fender then remains 
vertical in  the norm al position. T h e  length of the links must 
be sufficient to allow  the fender to recede and to rise as m uch 
as possible and at least the required am ount fo r energy absorp
tion without the links being excessively stressed. A  stop should 
be provided as a safeguard. T h e  fenders m ust recede when 
pressed anywhere on the rubbing strip. W ithout care cases 
can occur in w hich a low level blow causes outward movement 
at the top. T h e  fender m ust, o f course, when fu lly  receded, 
prevent ships bearing against all parts o f the m ain structure. 
T h e horizontal force required fu lly  to recede the fender m ust 
not be excessive in relation to the horizontal strength of the 
jetty or the resistance of ships to side pressure. T h e work 
required to lift the fender to its receded position m ust not be 
greater than the kinetic energy of the m ost severe collision 
which m ay occur. T h e  required dimensions and weight of 
the fender or group o f fenders therefore can be calculated from  
assumed weight o f ships colliding at assumed velocities related 
to navigational conditions. It is found that such fenders can 
considerably reduce the forces o f im pact transm itted to the 
m ain structure, thereby effecting great economy and also 
preventing dam age to shipping w hich w ould otherwise occur. 
H orizontal resistance is sm all fo r the initial movement so that 
the fenders work easily fo r norm al conditions. G rav ity  fenders 
have been used successfully at H eysham , K u w ait and Tham es- 
haven oil jetties and are being installed at Ham ble.— Professor 
A. L. L. Baker, Hansa, Vol. 90, 1953; pp. 1498-1499.

Safety Valve  for Crankcases
A lthough crankcase explosions continue to be rare, L lo yd ’s 

Register o f Sh ip p in g now recommends that devices to prevent 
damage to an engine, or in jury to personnel, be fitted to all 
crankcases in w hich explosions m ay occur. Several devices are 
now  being fitted to prevent a dangerous build-up o f pressure, 
and one o f these, the L igh tn in g  safety valve, is o f interest in

- BOSSES O N LY  IN W A Y  
OF PILLAR BOLTS

8 STEEL 
PILLAR BOLTS,

that it also affords protection to the personnel and engine room 
against the effects from  flame being emitted from  the crankcase 
as the result o f an explosion. It is marketed by Trew ent and 
Proctor, L td ., Lon don, and can be made in any size, the 
smallest yet having a diameter of 6 inches and the largest 
30 inches. W hen assembled, the valves are bolted to those 
parts o f the crankcase where the effect o f an explosion would 
be m ost violent. T h ey  are com pletely independent of the 
installation, except fo r a sm all-bore pipe connecting the valve 
to a source o f compressed air, the pressure of w hich may 
range from  50-5001b. per sq. in. T h e  valve is usually designed 
to open when the pressure in the crankcase exceeds 21b. per 
sq. in. and to close when the pressure fa lls to atm ospheric. 
T h e operations are instantaneous, so that not only w ill a serious 
build-up in pressure be avoided, but entry o f air into the crank
case, w hich is generally responsible fo r a second and more 
violent explosion, is prevented. W ith  this safety valve, it is 
claim ed that it is possible fo r an engine to continue running 
w ithout any alteration in  speed or output during and after 
an explosion. M oreover, the valve remains intact and is 
ready to cope with any subsequent explosion. M ethod of 
o peration : Referring to the accom panying illustration, com 
pressed air enters the central hole, as indicated, and passes 
through radial holes (H) into the loading cham ber (C). 
T h e air pressure in  this cham ber produces an out
w ard force, indicated b y  the arrow s, and holds the valve 
(B) firm ly on its seat. T h e  loading o f this valve is such that 
the explosion disc (A) is held in position until a predetermined 
pressure in the crankcase results. W hen this pressure occurs 
and acts on the explosion disc, the disc, and w ith it the 
chamber (C) and plunger (F ), m ove to the left. T h is  has the 
effect o f “ cracking”  the valve (B) and closing the radial holes 
(H ); thus the compressed air in  the cham ber (C) immediately 
spills and further replenishment is prevented by the closing of 
the radial holes (H). W ith  the valve now  unloaded, the disc 
(A) opens instantly to its fullest extent, the fu lly  open position 
being indicated by the dotted line. W hen the crankcase excess 
pressure has been released, the compressed air acts on the inner 
end o f the plunger (F ) and forces the loading cylinder (C ), 
and w ith  it the explosion disc (A ), to the right. T h is  has the 
effect o f reseating the valve (B) and uncovering the radial holes 
(H ), when the loading pressure in the chamber (C) is im m e
diately built up.— The Motor Ship, Vol. 34, October 1953; 
p. 285.

Section through the Lightning crankcase relief valve.

Boiler w ith Pressure Firing
Pressure-fired boilers are known as those in w hich the 

variable am ount o f fuel supplied to the generator is burnt at a 
constant pressure exceeding that o f the atmosphere. T h is  pres
sure is produced by a com pressor w hich supplies the com bus
tion a ir ; this com pressor being driven by a gas turbine w hich is 
operated by the com bustion gases from  the boiler. In  this boiler 
the com bustion gases are conveyed at a  high velocity (for 
example about 200 metres per second) through the evaporator 
and superheater tubes which form  the heating surfaces o f the 
generator. A  feedwater heater is located in  the system  in  the 
usual m anner after the gas turbine o f the steam generator, so 
that the heat contained in the exhaust gases can also be utilized. 
F o r a steam generator to have as high an efficiency as possible, 
it is necessary to cool the com bustion gases to a temperature as 
low  as possible. T h is  cooling process is restricted in two res
pects. T h e  feedwater w hich is supplied to the generator often 
has a relatively high temperature, fo r exam ple over 100 deg. C ,  
fo r some reason or other. In  such a case the com bustion gases 
can only be cooled down in the feedwater heater to a tempera
ture w hich is determined by that o f the feedwater, and which 
is somewhat low er than that. Even  if  cold  feedwater were 
available, this cannot be supplied directly to the feedwater heater 
without being previously heated. M oisture contained in the 
com bustion gases w ould condense on the outside o f the pre
heater tubes through which the cold water flo w s; this conden
sate dissolves harm ful com ponents w hich are present in the 
gases, fo r exam ple, sulphuric acid or sulphurous acid, and this
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supplied through pipe (6) to the consum ing com ponents. The 
turbine (7) is the first turbine arranged in  the path of the com 
bustion gases. T h e  feedwater heater (8) is supplied through 
pipe (9). T h e  gas turbine at the end o f the gas path is indi
cated by reference num ber (10). Com pressor ( 1)  and the two 
gas turbines (7) and (10 ) are m ounted on the same shaft. In  
F ig s. 5 and 6, the m achines, apparatus and pipes, w hich are the 
same as those in F ig . 4, are designated by the same reference 
numerals. Since it m ay often be expedient to divide the com 
pressor into the separate units like the gas turbines, these com 
pressors ( la ) and (lb ) together w ith  their driv ing turbines (10 ) 
and (7) respectively are located one behind the other. F ig . 6 
shows the tw o com pressors ( la ) and (lb ) w hich are arranged in 
parallel and are each driven by a turbine (10 ) and (7) res
pectively.— British Patent No. 697,074, issued to Aktiengesell- 
schaft Brown, Boveri et Cie. Engineering and Boiler House 
Review, November 1953, Vol. 68; p. 354.

F ig .  4 (upper), F ig .  5 (middle), F ig .  6 (lower)

can result in the destruction of the preheater tubes. T h is  con
densation o f the m oisture in the gas is not determined by the 
temperature o f the gas, but by that o f the tube w alls, the latter 
temperature being considerably below that o f the gas. In  view 
of these conditions it is an advantage if  the last stage of the 
cooling of the com bustion gases is not achieved by means o f a 
transfer o f heat in a feedwater heater but by allow ing the gases 
to expand in a turbine. T h e  w alls o f the casing and the rotor 
o f a  turbine attain practically the same temperature as the com 
bustion gases; that is, they are not colder than the gas. T he 
gases can, therefore, be cooled to a lower temperature in  a gas 
turbine than in a feedwater heater, and this im proves the 
efficiency. Furtherm ore, the am ount o f m aterial in a turbine 
is m uch smaller than in  a preheater, so that from  the point o f 
view of cost there is a greater possibility o f using a special 
m aterial which is more durable. In  F ig . 4 the num eral (1)  
indicates an air com pressor w hich raises the pressure of the 
air drawn in from  the atmosphere to the pressure required in 
the combustion chamber. T here is a starting m otor (2), a com 
bustion chamber (3) w ith the fuel nozzle (4), an evaporator (5) 
and a superheating surface. T h e  steam w hich is generated is

Radial Inw ard-flow  Turbines
Recent developments in  the field o f sm all gas turbines have 

focused new attention on the radial inw ard-flow  principle of 
turbine design. T h o u g h  the interest has been great, it is said 
that the m ost im portant m erit o f the inw ard-flow  design has 
been overlooked. In  a recent A .S .M .E . paper (N o. 5 3 -S - 16 )  it 
is stated that the in w ard-flow  turbine can be designed for 
specific outputs far exceeding those o f the axial-flow  wheel. 
T h is  characteristic is attributed to the ab ility to handle larger 
flow s and higher enthalpy drops at higher r.p.m . w ith better 
efficiency and lower stresses. In  the hydraulic turbine field, the 
in w ard-flow  (centripetal) turbine— known as the Fran cis turbine 
— has been used w idely fo r the past 10 0  years. N o  counterpart o f 
the Francis turbine was designed fo r elastic flu ids, however, until 
studies by D e L a v a l, begun in 19 28 , led to the construction o f 
two different experim ental units. Experim ents w ith these units 
proved the low-specific-speed type to be in ferior to the axial-flow  
in m any cases and led to the abandonm ent o f the low -specific- 
speed version, and concentration on the high-specific-speed ver
sion. T h e  high-specific-speed unit frequently can be-used to better 
advantage than the axia l-flow  type. Three lim itations are 
characteristic o f the inw ard-flow  turbine, though they are not 
alw ays considered disadvantages. These a re : I t  usually occupies 
a greater axial space than an equivalent axia l-flow  type— T he 
stationary flow  passages m ust be arranged outside the turbine 
wheel to allow  radial inw ard feed into the wheel— M u lti
staging is not as sim ple as it is w ith the axia l-flow  type, but 
it can be achieved— see F ig . 3. T h is  factor m ay lim it the 
design to single stage turbines or to the last stage or stages of 
m ulti-stage turbines. Contrasted w ith the preceding lim itations, 
the fo llow ing distinct advantages over the axial turbine are 
offered by the inw ard-flow  type: It  is capable of handling 
larger flows and /or of operating at higher rotational speeds 
under conditions o f equal stress— It is capable o f handling 
larger stage enthalpy drops efficiently— It  gives higher turbine 
efficiency because the fo llow ing factors are taken into account: 
Ca) T h e  effect o f expansion takes place against the centrifugal 
force. (b) It  operates at a higher Reynolds’ number, (c) It 
operates at a low er M ach  number. (d) Blades can be designed 
fo r balanced flow , while all-rad ial blade sections are maintained.
(e) Excellent recovery is possible in a simple diffuser o f the

REVERSE TURBINF FORWARD TURBINE

P i g . 3 — Diagrammatic representation of a multi-stage inward radial flow 
turbine of the marine type
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kinetic energy leaving the turbine blades. It  is sim pler and 
cheaper to m anufacture and is more rugged because of the low  
num ber o f blades and because o f their configuration. The 
blades and hub can  be m ade as a single piece, elim inating the 
age-old problem of blade fastenings. It has a lower moment 
of inertia perm itting m ore rapid acceleration. Blades and hubs 
can be air-cooled effectively in a simple manner, perm itting 
operation w ith  very high gas temperatures fo r w hich the 
strength o f the uncooled metal w ould be insufficient.— Power 
Engineering, Vol. 57, No. 9; p. 100. Engineering and Boiler 
House Review, November 1953, Vol. 68; p. 351.

Return Flow Fuel Burner
M echanical atom izing liquid fuel burners adapted to 

operate w ith the return flow  o f fuel from  a w hirl chamber 
have the advantage that the efficiency can be m aintained over 
a wide output range. T h e present invention includes the 
method o f regulating the firing rate and w ith  it flue gas pro
duction by a m echanical atom izing liquid fuel burner adapted 
to operate w ith the return flow of fuel from  a w hirl chamber 
w hich com prises concurrently, varying the pressure o f fuel sup
plied to the burner, the pressure at the burner o f fuel in return 
flow  from  the w hirl cham ber and the pressure difference between 
the supply and return pressure, so that all three quantities 
increase or decrease as the burner output increases or decreases.

F ig . 6

F ig . 6 shows in outline a com bination of oil piping, pum ps 
and control apparatus to serve a num ber o f return flow  atom i
zers so that burner operation m ay be efficiently performed 
through a wide range of burner capacities without carbon 
deposition and with a relatively low rate o f return oil flow , and 
w ith a fixed axial position o f the atomizer. T h e oil is taken 
from  a storage tank (55) by a pum p (60), which delivers it under 
pressure to a  heater (65) to heat the oil so that its viscosity is 
sufficiently reduced. Pum p (70) raises the pressure to such 
an extent that the oil m ay be delivered through piping (6 1) (62) 
(63) and (64) and control valve (75) to a number of atomizers 
(10 ) at the desired m axim um  inlet pressure. T h e  return flow 
passage (20) o f the several individual atomizers is connected by 
branch lines (66) to a return oil m ain (67) and this m ain con
nects through control valve (80) and pipe (58) to the oil tank 
(55). F o r  operation through a wide range of loads an  oil 
pressure of a predetermined value is required in the m anifold 
(63) fo r m axim um  output operation, and the two pum ps (60) 
and (70) operating in series are selected to provide such a

pressure, while provid ing fo r the pressure drop through the 
connecting piping and control valve (75). F ig . 7 shows the 
relation o f desired oil pressures in supply header (63) and return 
header (67) in a specific installation and as m easured and indi
cated by respective gauges (68) and (69). F o r  m axim um  or 
fu ll rating operation o f the atomizers, the control valve (80) 
on the discharge from  the return header (67) is closed, while 
the control valve (75) is opened to effect the desired pressure

F ig . 7

in  the sup p ly  header (63). U nd er such an arrangem ent the 
atom izer w ill operate as a straight m echanical atom izer without 
any return oil flow. Observation o f the pressure gauge (69) of 
an operating installation o f the described capacity has shown 
that the w hirl cham ber static pressure is o f the order o f 7401b. 
per sq. in. if  the supply pressure is, fo r exam ple, o f  the order 
o f 1,0001b. per sq. in., and the atomizers operate w ith a pres
sure difference o f 2601b. per sq. in. between the supply header 
and the w hirl chamber at such supply pressure. F o r  effective 
wide range operation dow n to a m inim um  output, a predeter
mined reduction o f pressure difference between the supply 
header and the return header is effected as shown for the 
specific installation by curve C  of F ig . 7  through m anipulation 
of both of the control valves (75) and (80).— British Patent No. 
696,071 issued to Babcock and Wilcox Limited. Application 
in U.S.A. made on 8th September 1949. Complete specification 
published 26th August 1953. Engineering and Boiler House 
Review, October 1953, Vol. 68; pp. 320-321.

M arine  Diesel Engine Installation
A  m arine Diesel engine cannot be arb itrarily  installed in 

the ship, and the foundation m ust be correlated w ith  the ship ’s 
structure. I f  the fram es and plates below the engine founda
tion are designed solely in consideration o f hull construction, 
there is a strong possibility o f the engine inducing resonance 
vibration in the hull, due to flexibility o f the foundation and 
resultant low  frequency range o f transverse vibration. In  order 
to eliminate the latter vibration, it is essential that the forces 
originating from  the engine be directly transm itted to the hull 
through members w orking in tension so as to avoid  resonance 
w ithin the speed range of the engine. T h e  foundation should 
be rig id ly secured to the hull frames. It is advisable to design 
the frames in the region o f the engine as closed fram es and to 
install not less than three o f them over the length o f the engine. 
M axim um  rigid ity o f the foundation is a point to w hich  atten
tion should be given in the earliest possible stage, since subse
quent alterations require m ore m aterial, time and expense and 
the results are often questionable. A s a rule, it is very difficult, 
if  not impossible, to elim inate vibration in a finished installa
tion. I f  vibrations o f large am plitude persist, they w ill adversely
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affect the engine, foundation and hull over the long run, 
and damage is liable to ensue after an extended operation 
period. It  is possible to secure the engine to the hull ribs with 
tie-rods at the level o f the cylinder heads, w ith the result that 
the inertia moment is considerably increased and the transverse 
vibration resonance is shifted above the operational speed range. 
Su ch  expedients, however, are a m ixed blessing since they cu r
tail the lim ited available space, render the engine more difficult 
o f access and inconvenience the personnel. Such  measures can 
on ly  serve a useful purpose in cases where the hull as such 
has adequate rig id ity and the engine foundation or its con
nexion w ith  the hull is too weak. Recent measurements have 
show n that stiffening of the aforem entioned type can be 
em ployed to advantage w ith high-powered engines if the stiffen
in g members are integrated into the hull structure. Efficient 
cross-staying o f the engine at the level o f the cylinder block, 
o f course, presupposes stiffness o f the elements to w hich the 
cross-stays are attached. T h e best w ay of ensuring rig id ity  
is to install cross-members o f the hull fram es at the ends o f 
the engine, thus transform ing the fram es into ring-shaped 
structures. T h e  cross-m em bers, o f course, m ust be rig id ly  
secured to the fram e to ensure stiffness of the ring frame. T h is  
arrangem ent results in large moment o f inertia and provides 
points o f attachm ent for reamed bolts or cross-stays w ith  which 
the engine can be braced at the level o f the cylinder block. T h e 
natural vibration frequency of the system is thereby pushed up 
to such a degree that transverse vibration becomes practically 
impossible. T h is  expedient has been successfully tried in long 
high powered engines (ten cylinders) w hich were made to run 
so quietly throughout their speed range that it was no longer 
possible to notice any vibrations in the whole ship ’s hull. Since 
this eliminates resonant conditions, the stresses im parted to the 
bolts or stays are so unim portant as to be of no consequence. 
In  order to protect the engine against the action o f external 
forces, the fastening bolts can be designed as shear bolts ca l
culated to withstand a predetermined fracturing load.— W. 
Biber, M .A.N. Diesel Engine News, No. 27, 1953; pp. 7-15.

Turbo-electric Tanker
T h e Helix is the first o f fo ur turbo-electric vessels form ing 

part o f the A n glo-Saxon  Petroleum  C om pany’s order fo r fifty - 
one general purpose tankers, the rem ainder o f w hich (apart 
from  the Hemisinus w hich w ill be propelled by gas turbines) 
are to be steam turbine driven. T h e  turbo-electric form  of 
propulsion enables a m ain turbine to be removed from  the ship 
fo r survey and replaced b y  another unit in  a very short time, 
since the prim e m over is independent m echanically o f the p ro 
peller drive. T h e Helix embodies a num ber o f interesting new 
features developed by the Shell Research and Developm ent 
D epartm ent under the direction o f M r. Jo h n  Lam b. T h e  Helix 
is a single-screw turbo-electric vessel, o f w hich the fo llow ing 
are the principal p articu lars: —

Length b.p.
Breadth m oulded 
D epth m oulded 
Load  draught . . .
Load  deadweight 
G ross tonnage .. .
C apacity o f oil cargo tanks

530ft. Oin.
69ft. 3 in.
39ft. Oin.
29ft. 8 fin . 

17 ,78 0  tons 
12 ,089 tons 
17 ,46 7  tons at 
50 cu. ft. per 
ton 98 per cent 
fu ll
1 4 J  knotsService speed ...

T h e  cargo spaces are fitted w ith what is called the “ double ring 
m ain pipeline” . T h e purpose o f this is to obtain w ith one 
pum p room the same cargo flexibility as is obtained in a vessel 
w ith  two pum p rooms. F o u r m ain turbo-driven cargo pum ps 
o f the vertical centrifugal 12 in . by 12 in . two-stage type, each 
having a discharge rate o f 400 tons of oil per hour, were sup
plied by D rysdale and C o., L td ., and are fitted in the m ain 
pum p room  fo r dealing w ith  the m ain oil cargo, w ith the 
necessary pipe lines fo r loading and discharging. T h e  steam 
turbines driving the pum ps are placed in the engine room  on a

F ig . 1— The pump drive gas seal

T he gas seal casing (1) is partly  filled w ith light turbine oil, 
which is the sealing medium. T h e  stationary sleeve (2) and 
ro tating  air bell (3) form  the gas-tight labyrinth sealed by the 
oil. W hen sleeve (3) is rotating, the oil tends to be thrown 
off in a forced vortex which would seriously reduce the effec
tiveness of the seal. T h is is prevented by the closely fitting 
gauze screen (4) which stops the form ation of the vortex and 
also prevents undue aeration of the oil. T he engine room  is 
protected against ingress of oil should the pum p room become 
flooded by the shaft seal (5) and the float operated a ir vent 
valve (6). T he seal casing is air cooled by the fan  (7). T he 
joint between the turbine stool and the deck plating is made by 
a gland and packing ring. T h e  seal is effective against a gas 
pressure of 3in. w ater gauge when the pum p is running  and 

6in. w ater gauge when the pum p is stopped.

flat situated 18  feet above the keel, thus reducing the risk of 
petroleum entering the engine room  in the event of partial 
flooding of the pum p room. Su ch  an arrangem ent saves floor 
space and at the same time enables a frictionless gas sealing 
gland (see F ig . 1)  to separate the pum p and engine rooms 
and, therefore, eliminates the explosion hazard o f an overheated 
packed gland. Special cargo pum p relief valves are fitted, since 
w ith centrifugal type pum ps it is particularly im portant that 
excessive build-up  of pressure should be prevented. It  is also 
an advantage if the load on such pum ps can be throw n off in 
a m uch shorter time than w ould be required to stop the pum p 
or to open a screw -dow n valve. T o  meet these conditions the 
“ L igh tn in g”  relief valve is loaded by compressed air instead of 
a spring, the compressed air being applied in such a w ay that 
the load on the valve remains constant throughout the whole 
o f its travel instead of being progressively increased as is the
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F ig . 2— 5-in. bore “Lightning”  relief valve for oil cargo pumps

case when loaded by a spring. A  section view o f this patented 
relief valve is shown in F ig . 2, from  w hich it w ill be seen 
that com pressed air at 1001b. per sq. in. enters at A  and passes 
into the 3-p ly  corrugated bellows B , the upward pressure exerted 
on the upper end of the bellows holding the mitre valve C  
firm ly on its seat. Should  the pum p discharge pressure exceed 
the m axim um  permissible pressure the relief valve w ill open. 
A s the loading pressure on the relief valve remains uniform  
the predetermined relief pressure w ill not be exceeded even 
should the discharge line be abruptly blocked. T w o  stripping 
pum ps, one 15 in . by lOin. by 18 in ., vertical duplex steam-driven, 
supplied by H ayw ard  T y ler, L td ., and one rotary pum p sup
plied by D rysdale and C o., L td ., driven by an electric m otor, are 
fitted, the motor being situated in the m achinery room. Instead 
o f the usual stuffing box, w hich m ay leak and cause con
tam ination or adm ixture of cargoes, the cargo line expansion 
fitting is in one piece and permanently bolted at both ends to 
the cargo pipeline, thus elim inating any possibility o f leakage. 
T h e fitting is in the form  o f a corrugated tube and is made 
o f a m aterial w hich is resistant to corrosion. T h e  propelling 
m achinery in the Helix is sim ilar to that supplied fo r the 
Helicina and the Hyalina, completed shortly after the w ar, in 
that two propulsion turbo-alternator sets are m echanically 
paralleled to pow er the single screw. In  this system the pro
peller m otor fram e contains two electrically independent units, 
the rotors o f w hich are mounted on the same shaft, but each 
stator is supplied independently by one o f the turbo-alternators. 
T h e equipm ent was supplied by the British  Thom son-H ouston 
C o., L td ., and includes the 7,500 s.h.p. norm al rated turbo
electric propelling m achinery, tw o 700 kW . norm al rated geared 
turbo-altem ator/exciter sets, auxiliary m otors, control gear and 
switchgear. T w o  ratings are allowed in the design o f the pro
pelling m achinery, the norm al rating o f 7,500 s.h.p. at a pro
peller speed of 100  r.p .m .; and the trials rating, which is also

the m axim um , o f 8,300 s.h.p. at 10 3  r.p .m . Steam  conditions 
at the turbine stop valve are 4251b. per sq. in. gauge, 750 deg. 
F . temperature, and the turbines exhaust to a vacuum  of 2 8 iin . 
Each  turbo-alternator set is rated 2,900 kV A . norm al, 3,000 
r.p.m ., 3,000 volts, three-phase, at un ity power factor, which 
condition corresponds to a propeller speed of 10 0  r.p.m . F o r  
the m axim um  rating each set is to be capable of 3,200 kW . at 
3,090 r.p .m ., w ith sea water not exceeding 75 deg. F .— The 
Shipping World, 4th November 1953, Vol. 129; pp. 377-379; 
383.

Oil Burning M ethod
It is well known that as the operating temperatures o f oil 

fired equipm ent such as boilers have been gradually increased 
during the past decade, the general problem  o f slag form ation 
and decom position o f the metal heating surfaces and supports 
o f such equipm ent has become more acute. In  m ore recent 
years, this problem has been further com plicated by the fact 
that the present fuel oils, w hich are m ostly Venezuelan and 
Arabian oils, result in the form ation o f com bustion products 
which, at the higher operating temperatures are extrem ely cor
rosive as regards the metal tubes, a lloy supports, partitions, 
plates and so forth, w hich are located in the high temperature 
zone of the boiler. T h is  corrosion problem  appears to result 
from  the fact that the present fuel oils have a high vanadium  
content as com pared w ith Am erican oils. It has been noted 
that w ith these fuel oils, the actual type o f attack on the heat
ing surfaces is o f two types. One is a w ashing flu x in g  or local 
rapid oxidation o f the various metal tubes, supports, partitions, 
plates, etc., due either to a direct attack by the vanadium  oxides, 
such as V a20 ,  acting as a catalyst, or reaction o f the vanadium  
w ith the sulphur com pounds present in the ash, such as sodium 
sulphate, N a 2S O ,, to form  a lower m elting eutectic and, in 
addition, the form ation o f substantial quantities o f the more 
corrosive sulphur trioxide. In  an y case, the vanadium  ap p ar
ently exists in  some phase in the oil ash and this phase is 
molten and runs like molasses at temperatures approaching
1,200  deg. F . A  eutectic or m elting point o f 950 deg. F . has 
been noted with 75 per cent V 2O s, and 25 per cent N a 2SO ,. 
T h e other type of attack is a  corrosive or oxidation attack w hich 
is general on the heating surface but exceeds the norm al oxida
tion rates o f the materials. Since m any of the com ponent parts 
o f present oil fired equipm ent operate at surface temperatures 
o f at least 1,200  deg. F ., the p itting, worm  tracking, and w ash
ing aw ay o f the surfaces is particularly evident. F o r example, 
the life o f the boiler tubes and supporting elements under these 
conditions m ay be only a matter o f m onths. V arious methods 
have been proposed fo r rem edying this situation. F o r  exam ple, 
ceramic and metallic protective coating on the surfaces w hich 
are subject to attack have been tried w ith some degree o f success. 
However, such coatings do not alw ays adhere w ell, and the 
ceram ic coatings are inherently poor heat transfer materials. 
A t the best, such coatings offer only tem porary protection, par
ticularly in the case o f vanadium  bearing oils. Even  in those 
cases where good adherence of the coatings is obtained, their 
effective life as neutralizing agents is limited. T h e  aim  o f the 
present invention is to prevent the form ation o f a  vitreous 
coating w hich adheres to the furnace w all, and to ensure that 
the ash occurs in a loose state. T h is  is achieved by raising the 
m elting or fusing point o f the ashes above the usual furnace 
temperature (i.e. 1,200  deg. F .)  so that the ashes can exist only 
in the form  o f loose or pulverizable m aterial, and are not liable 
to deposit as a hard continuous coating on the furnace wall. 
T h is  is achieved by introducing into the com bustion zone a 
m ixture w hich com prises, or upon com bustion results in titania, 
alum ina and silica. It has been found that norm ally coal 
fly-ash  obtained from  burn ing pulverized coal contains such 
a m ixture w hich can be readily used fo r the purpose of the 
invention. T h e  coal fly-ash  in itself has a fu sing  temperature 
o f from  1,900 to 2,300 deg. F ., and m ay be em ployed in 
amounts sufficient to introduce into the com bustion zone from  
0 5 to about 1 5  parts coal fly-ash  fo r each part oil ash nor
m ally obtained, so that the m ixture o f the oil ash, including
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the vanadium  oxide, and the fly-ash  w ill produce a material 
having a m elting point well above the operating temperatures of 
surfaces com prising the oil fired equipm ent. A bout a 1 :  1 ratio 
o f coal fly-ash  containing titania and oil ash is preferred.—  
British Patent No. 697,101, issued to The British Thomson- 
Houston Co., Ltd. Engineering and Boiler House Review, 
November 1953, Vol. 68; p. 355.

M arine  Applications of Polyvinyl M aterials
T h e special properties o f po lyvin yl chloride have been 

know n fo r m any years, but the emergence o f this material as 
a m ajor plastic is a com paratively recent development, largely 
a consequence o f the rapid  increase in the production o f home- 
produced acetylene to meet wartim e demands. P .V .C ., as it 
is generally know n, is derived from  vin yl chloride, a gas which 
is produced com m ercially by the catalytic hydrochlorination of 
acetylene. T h e  single molecules of v in yl chloride m onom er are 
caused to link up under carefully  controlled conditions to form  
the longer chain molecules w hich constitute polyvinyl chloride. 
T h e  polym erization products can be made w ith considerably 
varying  properties by m odifying the conditions under w hich 
the reaction takes place. T h e  resins so produced are com 
pounded w ith  various other m aterials in  order to develop 
the particular properties w hich their ultim ate purpose demands. 
A lthough P .V .C . w ill soften under heat it w ill not propagate 
flame. T h e  basic resins are by their chem ical nature non- 
inflam m able and their inherent fire resistance can be increased 
by a suitable choice o f added ingredients. Com pounds which 
fo r all practical purposes are com pletely non-inflam m able can 
be produced w ith selected plasticizers, such as the phosphates, 
w hich  are themselves fire-repellant. P .V .C . products are 
extrem ely hard wearing, are easily cleaned, and apart from  a 
slight and tem porary stiffening in extreme cold , are unaffected 
by low  temperatures. D ue to its fire-resistant properties, P .V .C . 
is replacing rubber to an increasing extent as a wire and cable 
insulation. T h o u gh  its resilience is not so great as that o f 
rubber, P .V .C . sheathing is tough and flexible and w ill stand 
up  to most applications. It  is m ore resistant to abrasion than 
all but the toughest grades of rubber, and fo r this reason wires 
insulated w ith this m aterial need no outer covering. T h e  elec
trical properties o f P .V .C . are influenced by the nature o f the 
com pounding materials used, but in  general the dielectric 
strength is comparable w ith that o f  vulcanized rubber. T h ough  
its temperature range is m ore lim ited than that o f rubber, P .V .C . 
is readily com pounded to com ply w ith  the requirements fo r 
tropical and arctic service. A  considerable am ount o f work 
has been carried out in B ritain  on P .V .C . linoleum -type floor 
covering. T h is  product is made in tw o-yard  w idths, has a 
hessian back and all the appearance o f conventional linoleum , 
but the linseed oil binder has been replaced by plasticized 
P .V .C . T h e A dm iralty has been greatly interested in this floor
in g and has produced a specification (D N C /M /9 2 )  controlling 
its performance. Som e years ago several sm all ships were 
equipped w ith this m aterial as a  deck covering and observations 
show that its wearing qualities are equal to that o f linoleum .—  
The Marine Engineer and Naval Architect, October 1953, Vol. 
76; pp. 408-414.

Sweat Dam age on Board Ship
T h e new Cargocaire system prevents sweat damage by 

rem oving the norm ally present excess m oisture and m aintaining 
a balance in the hold so that the m oisture w ill not condensate 
in the air. T h e  three m ain com ponents o f this system are as 
fo llo w s: the Cargocaire unit, the hold ventilation system, and 
the Brow n recorder and Foxboro Dewcels. A  unit is installed 
in  the engine room o f a Mariner-class vessel and, through a 
d ry  a ir duct, supplies dry a ir to the hold ventilation system. 
Once started the unit is com pletely autom atic, thereby assuring 
a continuous supply of dry a ir when required. T h e  hold ven
tilation system is, in  effect, com prised o f two separate duct 
systems, supply and exhaust. T h e  flow  o f air through each o f 
these systems is controlled pneum atically by dampers fitted in

the cargo hold dam per houses. T here is one dam per house fo r 
each hold. A  supply fan  located in each produces the necessary 
air flow through the sup p ly  duct system  in each hold. The 
exhaust ducts provide a path fo r the air to return to the 
dam per house. It  is then exhausted to the atmosphere or 
returned to the supply duct, depending on the position o f the 
recirculation damper. T h e  dry air duct from  the Cargocaire 
unit is also connected to each cargo hold damper house. Selec
tion o f the correct m ethod o f operating the system  is determined 
by reference to the Brow n recorder. T h is  recorder indicates 
the condition of the a ir in  each hold, outside air, and the con
ditions of the dry a ir produced at the Cargocaire u n it; as well 
as keeping a perm anent record o f the factors involved. These 
three com ponents, the Cargocaire unit, the hold ventilating 
system , and the recorder and D ew cels make up the system — a 
system for m aintaining the dewpoint o f the a ir in the holds at 
safe level. T h e unit is fundam entally an air d ryin g  machine. 
It  takes air from  the atm osphere (m achinery space) and extracts 
m oisture from  it, thereby p rovid ing a supply o f air w hich has 
a low  dewpoint. T h is  air, when m ixed w ith the hold air, 
lowers the dewpoint o f the hold a ir so as to prevent sweating 
on either cargo o r structure. T h e  a ir d ryin g  agent used in 
the new Cargocaire unit is triethlyene glycol, known as “ Caire- 
co l” . I t  is a green liquid  that is soluble in w ater, odourless, 
w ith an initial boiling point o f 540 deg. F . It  has a specific 
gravity  o f 1 1 2 5  and weighs 9 '31b. per gallon. In  its pure 
state, it has the ab ility to absorb large quantities o f moisture. 
In  the Cargocaire system , the air stream is brought into intimate 
contact w ith the C aire-col solution by passing it through a 
cham ber w hich is continually sprayed w ith finely divided par
ticles o f Caire-col. T h e difference in the partial pressure 
(vapour) o f the water in the concentrated Caire-col and the 
partial pressure o f the w ater vapour in the a ir causes the 
water vapour to be given up by the air to the Caire-col. The 
w ater vapour is condensed during this operation and its addi
tion to the Caire-col solution results in a decrease in its con
centration. T o  keep the solution at a high concentration, a 
portion o f the absorbent m ust be continuously reconcentrated. 
T h e weight o f the initial charge o f C aire-col is 1,4001b. Both 
m ain and stripping sum ps are provided w ith a system  o f baffles. 
In  this w ay operation o f the unit is not affected by pitching 
and rolling o f the vessel.— The Shipping World, 30th September 
1953, Vol. 129; pp. 268-269.

Oil Pollution Research
A s a contribution to the cam paign against the pollution o f 

the beaches by oil residue jettisoned by ships, the N ational 
Institute of Oceanography w ill shortly initiate an  intensive 
research into the surface currents in the N o rth  A tlantic to 
the west o f the British  Isles. It is planned to drop into the 
sea 10,000 plastic envelopes, m any o f w hich w ill eventually 
float ashore on the coasts o f B ritain  and other N .W . European 
countries. Each  envelope w ill contain a franked addressed 
postcard, on w hich w ill be printed a sim ple questionnaire, and 
a small sheet o f instructions fo r com pleting it. T o  make the 
envelopes catch the eye more readily, the postcard w ill bear 
a wide red stripe and the instructions w ill be on yellow paper. 
Finders w ill be asked to w rite on the postcard their name and 
address, and the date and place o f recovery o f the envelope. 
T h e  instructions w ill be printed in eight different languages. 
A  reward o f 2s. 6d., or its equivalent in foreign currency, 
w ill be paid to the sender o f each postcard w hich is received 
by the N ational Institute of O ceanography at its headquarters 
at W orm ley, near G odalm ing, Surrey. T h e  cards w ill be 
numbered, and the date and position in w hich each is dropped 
w ill be recorded. It w ill thus be possible to w ork out the 
approxim ate speeds and directions o f the currents from  the 
inform ation received on the postcards. I f  a large percentage 
of the envelopes dropped in any area is recovered, it follow s 
that oil jettisoned in that area is very likely to d rift ashore. 
D rop p ing w ill be carried out from  Coastal Com m and aircraft 
on navigational training flights. In  order to learn more about



164 Engineering Abstracts

seasonal changes in  the currents, about 2,000 envelopes w ill 
be dropped in early spring, autum n and winter o f 19 5 4 ; double 
that quantity w ill be released in early summer, when the chances 
o f recovery by holidaym akers between one and three months 
later, w ill be greater than during the other seasons.— The Ship
ping World, 28th October 1953, Vol. 129; p. 355.

Largest Cerm an-bu ilt M otor Tanker
T h e largest D iesel-engined ship built in G erm any since the 

end o f the w ar is the 2 1,50 0 -to n  tanker Jarmina, recently com 
pleted by the K ieler Howaldtswerke A .G . for the S .A . N oravind, 
Sandefjord (mgrs. Anders Jahre). T h e hull is identical w ith 
that o f a series o f eleven turbine-driven tankers ordered from  
the same yard, the Jarmina being the only vessel o f this type 
to be Diesel-engined. She has the fo llow ing m ain p articu lars: —

Len gth  overall .................. 590ft. OHin.
Length b.p. . . .  .. .  .. .  552ft. Oin.
Breadth m oulded . . .  .. .  73ft. lOin.
D epth to m ain deck . . .  4 1ft . Oin.
D eadweight capacity . . .  2 1,50 0  tons 
Corresponding draught ... 3 1 ft . 6in.
G ross register .. .  .. .  13,996 tons
N et re g is te r ................................  8,298 tons
C apacity o f cargo tanks ... 1,020,508 cu. ft. 
C apacity o f dry hold .. .  38,387 cu. ft.

T he ship has been built to the requirements of Norske Veritas 
Class + 1 A 1 -  carrying petroleum in bulk. T h e equipment is 
in accordance with the Board o f Trad e Rules and the accom 
m odation complies w ith the regulations o f the Norske Seekon- 
trolle. T h e  Jarmina is of all-welded construction except for 
tw o riveted bilge seams and m ain deck stringer angle bars. 
T h e forw ard and after ends o f the hull and the w ing tanks 
have been constructed on transverse frames, while the centre 
tanks, deck and bottom are built on longitudinal frames. T he 
ship has ten centre tanks and twelve w ing-tanks and there are 
two pum p rooms. T h e  whole crew has been accommodated 
in single-berth cabins, partly am idships, partly in the poop. 
A  service speed o f 15  knots is maintained by a seven-cylinder 
two-stroke double-acting H ow aldtsw erke-M .A .N . engine of 
8,400 b.h.p. running at 1 1 6  r.p .m .; the cylinder bore is 700 
mm. and the stroke 1,200  mm. T he turbine-driven vessels of 
this type w ill have 10,000 s.h.p. and a speed of 16  knots.— The 
Motor Ship, September 1953, Vol. 34; p. 245.

Junkers Free Piston Compressor
F o r several years Junkers compressors have been used in 

G erm an submarines and merchant vessels, and reports have

been received of Junkers compressors giving 25,000 hours’ ser
vice without m ajor overhaul. T h is  type o f unit em ploys the 
opposed piston principle o f the Junkers engine and completely 
dispenses with the crankshaft, rotating parts, flywheel, coup
lings and other connecting parts, etc., w hich are to be found 
in conventional Diesel-driven air compressors. N o  separate 
prime mover, either electric, petrol or Diesel is required, the 
unit being completely self-contained. T h is  being so, there is 
no clutch to operate, adjust or to get out o f order. T h e Diesel 
section is a fu lly  scavenged single-cylinder two-stroke built-in 
unit. In  view o f the fact that there is but one fuel injector 
and one fuel pum p unit, there is a m inim um  o f sm all high 
precision parts to give trouble w hich are costly to renew. Due 
to the sim plicity o f this design, such parts as m ay require 
attention are readily accessible and little delay is caused 
through repair work. A  very high efficiency, coupled with 
low  fuel consum ption, is brought about by the fact that the 
stroke o f the engine is not lim ited m echanically and that it 
is autom atically varied according to the load put on the com 
pressor. T h e amount o f fuel injected is also autom atically 
adjusted at the same time. A s a result o f this variab ility of 
stroke the compression ratio varies between 2 0 : 1  and 2 8 : 1 .  
T h is ratio is m uch greater than the usual one o f 1 5 : 1  found 
in norm al Diesel engines. These points, coupled w ith the 
spherical form  of the com bustion cham ber, gives high thermal 
efficiency, low  heat losses and low  fuel consum ption. For 
example, the model 2 F K 1 1 5 A  gives 12 0  cu. ft. F .A .D . per 
minute at 1001b. per sq. in., using approxim ately one gallon 
less per day o f fuel oil than a comparable size o f a normal 
designed compressor. A ir is cooled between each stage and an 
aftercooler is fitted. Because of the few m oving parts in  this 
type o f compressor, there is less likelihood o f m echanical break
down. The total enclosure o f all parts gives 10 0  per cent 
protection from  dirt and damage by extraneous causes, yet 
complete accessibility is not sacrificed. Lubricating oil is 
metered to all parts requiring lubrication giving  positive feed 
in correct proportions. Another factor leading to reliability 
is the slow speed of the unit, being approxim ately 800 strokes 
per minute. A s no connecting rods are used, side thrust to 
pistons is eliminated and cylinder wear reduced. D ue to the 
fact that lubricating oil is held in the metering oil pum p 
reservoir and there is no sum p for holding the bulk oil, there 
is no necessity to provide a filtering medium as no oxidization 
can take place. T he method o f operation is sim ple and is 
effected in the fo llow ing m anner: F o r starting, the pistons are 
brought to their outer positions and compressed air is adm itted 
to the compressor cylinders, the pistons thus being forced

Sectional view of two-stage free piston compressor
1.— Engine housing. 2.— Compressor housing. 3.— Power piston. 4.— Power cylinder. 
5.— Com pressor piston, single-stage. 6.— Compressor piston, 2-stage. 7.— Com pressor 
cylinder, single-stage. 8.— Compressor cylinder, 2-stage. 9.— Scavenging ports. 10.—  
Injection nozzle. 11.— Exhaust. 12.— Air intake filter. 13.— Suction valves. 14.— Pressure 

valves. 15.— Scavenging air valves.
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Junkers free piston Diesel compressor
inw ardly to com press the air fo r com bustion in the power 
cylinder. Diesel oil is then injected into the air heated by the 
high com pression and the resulting com bustion in  the cylinder 
causes a build-up o f pressure that drives the pistons outward 
again. A  part o f the air confined in the com pressor cylinder 
is used fo r scavenging the power cylinder and is passed on 
through the scavenging a ir valves to an air receiver. The 
rem aining part o f a ir is com pressed in  two stages up to the 
w orking pressure o f the com pressor.— The Shipping World, 
21st October 1953, Vol. 129; pp. 337-338.

Cargo  Liner Speed Ten Years Hence
T h e average service speed o f new cargo liners is now con

siderably above that o f corresponding vessels constructed fifteen 
years ago. It  is uncertain whether this trend towards higher 
speed w ill continue, but the probabilities are that it will. In  
ten years’ time, w hich is only half the lifetim e of a cargo liner 
built today, it is not unlikely that an average speed o f about 
164 knots w ill be considered desirable rather than one o f 15  
knots, w hich represents the speed o f a good proportion of the 
w orld ’s cargo liner tonnage today. British  cargo liner owners 
cannot ignore the higher speeds of some of the new vessels 
which have lately been ordered or completed by Scandinavian, 
Germ an and Netherlands owners, all w ith substantially higher 
speeds than those now  current. These include, for instance, 
the East A siatic C om pany’s 10 ,000-ton 17-k n ot ships with 
about 9,000 b.h.p. m achinery, vessels fo r A. P. M oller, Copen
hagen, o f the same tonnage w ith 10,600 b.h.p. m achinery and 
a speed o f 18  knots, the W ilhelm sen 10 ,600-ton 174-kno t cargo 
liners with 9 ,100  b.h.p. m achinery and the H am burg Am erican 
Line’ s 10,000-ton class w ith a speed o f 1 7 J  knots and geared 
m achinery of 10,600 b.h.p. A ll o f these are single-screw ships, 
the power in question com ing well w ithin  the scope of the 
Diesel engine. T h e higher speed involves a substantially bigger 
outlay and some owners m ay not consider the time is ripe 
for paying the large sums w hich are called fo r to give the 
necessary power. Nevertheless, w ith the demand for faster ships 
probably becoming insistent in the next few years, the expen
diture w ill be deemed necessary, but in cases where it is thought 
that the lower speed is sufficient fo r norm al circum stances 
under present conditions, it w ould seem to be a wise plan to 
design the ship so that the power o f the m achinery can be 
increased without difficulty. T h e  opportunity is now offered 
fo r such an arrangem ent to be made, since if  two-stroke single- 
acting non-supercharged engines o f a power suitable fo r the 
lower speed be installed, the additional speed o f, say, 1 4  knots 
could be obtained by provid ing the necessary equipm ent for 
turbo-charging at a later date, since the extra power w ould 
not be less than 35 per cent. T h is , however, means m aking 
the necessary provision in the early design stage so that the

modifications do not involve a larger engine room , or structural 
alterations that w ould be difficult or impossible to make. It 
is alm ost certain that the turbo-charged two-stroke engine w ill 
become universal w ithin  the next five to ten years, so that there 
is not m uch risk in m aking the necessary plans at the present 
time. It  need hardly be added that in order that such a ship 
should be economic it should, in  the first instance, be designed 
to operate on boiler oil, but here again, i f  owners do not w ish 
to go so far at the time o f building, the design should be such 
that the changeover to heavy oil can readily be made. W ith 
turbo-charged two-stroke engines becom ing more com m on, the 
question w ill undoubtedly arise in the m inds o f shipowners 
as to the feasibility, in  certain cases, o f increasing the speed 
o f existing ships by adding the necessary turbo-charging equip
ment to norm ally aspirated two-stroke engines. There are 
possibilities in this direction, no doubt at the expense o f higher 
fuel consum ption unless some m odifications are made to the 
engine, but the disadvantages m ight be accepted provided the 
increased power could be obtained in the existing m achinery 
space. T h e  cost m ight be substantial, especially if  new pro
peller shafting were required— w hich is probable— but w ould 
be very m uch lower than that involved by the installation of 
new m achinery.— The Motor Ship, September 1953, Vol. 34; 
p. 222.

Lighting on Tankers
T h e classification societies lim it the ligh ting system, 

whether D .C . or A .C ., to 1 1 5  volts on tankers, w hich is readily 
accepted as a wise and right regulation. It  presents an easy 
proposition through the use o f transform ers fo r any A .C . 
system , and also fo r those tankers where 1 15 -v o lts  generation 
is adopted throughout fo r the D .C . system on account o f the 
restricted displacem ent of the tanker or the use o f steam -driven 
auxiliaries m aking the lighting load a high proportion of the 
whole. F o r m edium  size and large tankers where 230-volts 
generation is installed, the sim plest and m ost econom ical pro
vision fo r lighting is to install the three-wire system w ith a 
static balancer or com pensator. F o r  this, the generator of 
standard m arine construction has added to it slip  rings m ounted 
on its shaft, connected to a com pensating or choking coil 
m ounted in a protecting case. T h e coil resembles the prim ary 
w inding o f a sm all transform er having no secondary w inding, 
and the m iddle point of the w in ding m aintains a constant 
potential while enabling the out-of-balance current to flow  
freely from  this point to the arm ature, and thence through the 
arm ature conductors to w hichever brush is at the tim e con
nected to the m ore heavily loaded w ire o f the distribution 
system. T h e slip rings receive an alternating current from  the 
arm ature, its frequency being proportional to the speed o f the 
arm ature m ultiplied by the num ber o f pairs o f poles, w ith the
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m axim um  voltage value the value of the voltage between the 
m ain com m utator brushes. T h is  voltage w ill provide only a 
small m agnetizing current in  the choking coil, which w ill be 
chiefly idle since the iron losses are very sm all, but the self 
inductance o f the coil w ill be so high as to prevent any but a 
very small A .C . passing through it. A t any instant, the voltage at 
the terminals o f the coil w ill be the voltage between the rings 
at this instant, and the potential o f the m iddle point o f the coil 
w ill be m idw ay between the potentials o f the ends. O f course, 
large out-of-balance currents cannot be satisfactorily dealt w ith 
by the standard design of generator, and 20 to 25 per cent o f 
norm al fu ll load is the heaviest out-of-balance current effectively 
dealt w ith. G reater out-of-balance currents require special 
designs, but there is no difficulty in m anufacturing generators 
to give satisfaction fo r higher out-of-balance loads up to 33 per 
cent.— H. J. D. Thompson, The Shipping World, 7th October
1953, Vol. 129; pp. 297-299.

Alum in ium  Funnels
A lum inium  is w idely used fo r the outer casing o f large 

funnels and, in  fact, is rap id ly becom ing standard practice. 
W eight ratios of 0 '45 are obtainable, w hich perm it the pre
fabrication o f very large units. T h e design o f an alum inium  
funnel is fundam entally the same as that o f a steel one. It is, 
however, o f advantage to use specially designed sections, but 
particular attention m ust be paid to the elastic stability o f com 
pression members used for internal staying. T h e inner casing 
w ill generally be of steel, as w ill the internal m achinery and 
equipment. D ifferential expansion m ust, therefore, be allowed 
for by suitably designed connexions, which m ust avoid direct 
bimetallic contacts. Where sm all funnels, such as fo r trawlers, 
are to be considered, it is, in general, advantageous to m anu
facture them from  flanging quality material w hich is flanged at 
one end and lap riveted. T h is  results in integral stiffening 
and is especially suitable where the temperatures involved are 
fairly  high. Single funnels without inner casing are, in general, 
recommended, and there are some very successful examples afloat. 
There is no evidence that the material suffers in  any w ay from  
the temperatures involved. A s replacements on the older trawlers, 
single alum inium  funnels present a very attractive case econo
m ically, due to the greatly reduced expenditure on repairs and 
painting.— The Shipping World, 7th October 1953, Vol. 129; 
pp. 292-294.

Torsional Vibration Dampers and Electric Slip Couplings
It has been suggested that some m isapprehension m ay arise 

over the dual fitting o f torsional vibration dampers and electric 
slip couplings to geared Diesel installations. In  certain instances 
one device m ay be com plem entary to the other, but an electro
m agnetic coupling should possess, o f course, the required elastic 
and dam ping characteristics to give the gearwheel teeth all the 
protection needed. W ith  the B .T .-H . type, to quote an example, 
the makers undertake that the torque at the gearing w ill not 
become negative even should the engine run at any torsional 
critical speeds in the operating range. On the other hand, there 
m ay occur w ithin this range criticals which represent orders 
o f a dangerously high m agnitude, w ith the certainty o f crank
shaft breakage if means are not adopted to dam p out the effects. 
T h e trouble can be m inim ized, if not entirely eliminated by a 
torsional vibration dam per secured to the crankshaft. T h is  
damper is im m ediately associated with the electric slip coupling, 
insofar as it takes care of the shafting up to and including the 
fixed half o f the coupling w hich, w ith its highly elastic pro
perties does no perm it vibrations, sm all or large, to pass through 
the teeth o f the gearing. T h e question o f fitting the two types of 
device arose in connexion w ith the geared Diesel m achinery of the 
Middlesex class o f m otor cargo liner, in w hich Holset dampers 
are arranged on each crankshaft and B .T .-H . electric slip coup
lings transm it the power to the tailshaft through reduction gear
ing. T h e  electric couplings also serve the im portant purpose of 
allow ing one engine to be stopped while the other continues to 
propel the ship.— The Motor Ship, October 1953, Vol. 34; p. 
299.

Large Ferry
One o f the most remarkable m otor vessels now  under con

struction is a twin-screw passenger and car ferry  intended for 
service between Yarm outh, N o va  Scotia, and B ar H arbour, 
M aine, U .S .A . She is being constructed by the D avie Sh ip 
building and Repairing Co., L td ., Lauzon, L ev is, Quebec, and 
the keel was laid on 30th Ju ly . T h e  ferry is fo r the D epart
ment o f T ran sport and w ill be operated by the Canadian 
N ational Railw ays. D elivery w ill be taken in the autum n of
1954. There are to be two autom obile decks, each having a 
capacity of seventy-five m otor cars, and the low er m otor car 
space has increased ’ tween deck height to give headroom  for

age o f heavy trailers. T h e m ain particulars a re : —
Length  o.a. 345ft. lOin.
Length  b.p. 320 ft. Oin.
Breadth, m oulded at m ain deck 65 ft. Oin.
Breadth, m oulded at l.w .l. 57 ft. Oin.
D epth, m oulded to m ain deck 22ft. Oin.
D epth, m oulded to mezzanine

deck 30ft. Oin.
D epth, m oulded to upper deck 37 ft. 6in.
D epth, m oulded to promenade

deck 45ft. 6in.
D raught, loaded 16 ft. 6in.
N um ber o f automobiles 15 0
N um ber o f passengers... 600
B .H .P . total ................................ 12,000
Service speed ... 1 8 1  knots

The m achinery consists o f two sets o f opposed-piston engines 
with hydraulic couplings and reverse-reduction gear. Each 
group comprises three 12-cylind er C anadian Fairbanks, M orse 
units, w ith a continuous rated output o f 2,000 b.h.p. at 750 
r.p.m . Each set o f three is connected through hydraulic coup
lings to a M od em  W heel D rive reverse-reduction gear, g iving  
a total s.h.p. o f about 5,580 at 200 r.p.m . T h e  engines are o f 
a type o f which large numbers were built during the w ar fo r 
U nited States submarines. T h e  diameter of the cylinders is 
8 1  inches and the piston stroke 10  inches. T here are two crank
shafts driven respectively by the upper and lower pistons and 
these are connected by a vertical shaft and gearing. T h is  
vertical shaft is made up o f three sections; the upper and lower 
pinion shaft and the flexible intermediate shaft. T h e  two spiral 
impellers o f the scavenging blower are driven by flexible gear 
from  the upper crankshaft. T h e overall length o f the engine 
is 27ft. 2in. and the w idth 6ft. 8in.— The Motor Ship, October 
1953, Vol. 34; p. 294.

Viscous Drag of Bodies of Revolution
A  completely immersed body m oving rectilinearly with 

uniform  velocity in an infinite flu id  at rest experiences a resist- 
ting force which m ay be termed viscous drag, as it results 
prim arily from  the viscous properties o f the fluid. In  design
ing low -drag bodies there often arises the need fo r  calculating 
the viscous drag of streamlined bodies o f revolution in axial 
motion when considering various proposed shapes. F o r  bodies 
m oving at high Reynolds’ numbers, w hich are o f  great technical 
im portance, the viscous drag o f streamlined bodies o f revolution 
is readily amenable to analytical treatment on the basis o f the 
boundary layer concept. H istorically , the theoretical analysis 
o f the drag o f bodies in uniform  m otion by assum ing an ideal 
(non-viscous) flu id  gave the fruitless result o f zero drag for 
all bodies, the classical D ’Alem bert paradox. A t the other 
extreme, the theoretical analysis o f drag by ap p lyin g  the com 
plete set o f N avier-Stokes equations o f m otion fo r the flow 
o f a viscous flu id  led, in general, to m athem atical difficulties 
w hich were virtu ally  unresolvable ow ing to the com plicated 
non-linear nature o f these equations. F o r  bodies m oving at 
high R eynolds’ numbers, however, the flow  is v irtu ally  that of 
an ideal flu id  except in a thin boundary layer next to the body 
where substantial viscous forces are produced by the rapid drop 
in velocity to zero at the body surface. A ccord ingly , by con
sidering the viscous flow  confined to the boundary layer, 
Prandtl was able to derive the sim pler boundary-layer equations
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of m otion from  the N avier-Stokes equations. T h e  principal 
purpose of this report is to describe methods of solving the 
boundary-layer equations of m otion to arrive at the viscous drag 
o f bodies o f revolution of arbitrary shape in uniform  axial 
m otion. T h e study is restricted to hydraulically or aero- 
dynam ically smooth streamlined bodies in incompressible flow. 
A  streamlined body m ay be defined as one w ithout appreciable 
separation of flow  from  its surface and consequently w ith small 
pressure drag resulting from  the generation o f separation eddies. 
It  is to be noted, however, that some pressure drag is still 
present in the viscous drag o f even perfectly streamlined shapes 
ow in g  to the effect o f the boundary layer in displacing the m ain 
flow  outw ard, especially near the tail. T h e  calculation of the 
viscous drag of a body o f revolution requires a detailed analysis 
o f the development of each phase of the boundary layer from  
its origin  on  the nose o f the body to its final phase as the 
frictional wake far downstream. In  the downstream  direction 
the boundary layer m ay consist successively o f a lam inar 
boundary layer, a transition zone from  lam inar to turbulent 
flow , a turbulent boundary layer, and a frictional wake. In 
the lam inar boundary layer an approxim ate method involving 
a simple quadrature is derived fo r the rapid calculation o f the 
changes in  m om entum . T h e  derivation consists o f an exten
sion to axisym m etric flows past bodies o f revolution o f a 
method o f successive approxim ation introduced by Shvets for 
tw o-dim ensional lam inar boundary layers. N ew  em pirical 
criteria are presented fo r locating the position o f transition for 
either low-turbulence or turbulent free-streams from  the posi
tion o f neutral stability. T h e position o f so-called self-excited 
transition occurring in low-turbulence streams or under flight 
conditions is based on the average pressure gradient from  the 
position of neutral stability to that o f transition. A lthough 
the test data are fo r two-dim ensional flow s, the criterion is 
extended to axisym m etric flows past bodies o f revolution by 
means o f M angler’s transform ations. A n  approxim ate criterion 
fo r estim ating the position o f transition on a body in a tur

bulent free-stream is established on the basis o f m easured posi
tions o f transition for flat plates in free streams w ith various 
degrees o f turbulence. T h e  analysis o f the axisym m etric tur
bulent boundary layer on a body o f revolution is divided into 
that fo r the m ain portion o f the body, where the boundary layer 
is relatively thin com pared to the radius of the body, and that 
for the tail portion, where the boundary layer is relatively thick. 
T h e m om entum  changes in the thin boundary layer m ay be 
calculated by a rapid method involving a sim ple quadrature 
wherein a pow er-law  relation fo r the skin friction  o f flat plates 
is incorporated. F lat-p late values for skin friction are deemed 
reliable even where the local skin friction  is dim inishing in an 
adverse pressure gradient ow ing to the com psnsating effect o f 
the Reynolds’ norm al-stress term. T h e  turbulent boundary 
layer on the tail is analyzed b y  means of appropriate linear 
sim plifications w hich give a rapid m ethod for calculating the 
m om entum  changes. A n expression is derived fo r the change 
in m om entum  produced by the pressure difference in the wake 
at the tail and in the wake far downstream  in accordance with 
a method presented by Y oun d wherein, however, a more general 
relationship is em ployed fo r the variation o f the shape p ara
meter o f the velocity profile. F o r quick reference the various 
steps involved in calculating the development of the boundary 
layer on a body o f revolution are sum m arized at the end of 
the report.— P. S. Granville, Navy Department (U .S.A .), The 
David W. Taylor Model Basin; Report 849; July 1953.

Pametrada Steam and Cas Turbine Research
T h e  3,500 h.p. gas turbine w hich Pam etrada has designed 

and w hich has run so satisfactorily could itself be installed in 
a sh ip ; but it is considered that the knowledge and experience 
gained by the association should be applied to the construction 
of new units o f im proved design. A t present the turbine is 
being developed to burn residual fuels. These are m uch 
cheaper, but their use presents considerable problems, w hich 
are being investigated. T h e  fo llow ing items are included in the

Layout of Pametrada 3,500 s.h.p. marine gas turbine installation
A.— Low pressure compressor. B.— Intercooler. C.— High pressure compressor. D .— High pressure combustion 
chamber. E .— High pressure turbine. F .— Low pressure combustion chamber. G .— Output turbine. H .— Double 
reduction gear. J .— Heat interchanger. K .— Starting turbine. L .— Air inlet to low pressure compressor. M .—

Exhaust duct to funnel.
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research program m e. T h e  Pam etrada 3,500 s.h.p. m arine gas 
turbine is am ong the first gas turbines designed fo r use in a 
ship and to drive the propeller directly. T h is  turbine has been 
developed to a point where it can be regarded as a working 
proposition fo r a ship, but before gas turbines are accepted 
by the shipping industry it has to be shown that they offer 
economic advantages because they require fewer auxiliaries, 
occupy less space, and have a lower fuel consum ption than 
com parable steam turbines. Last year the 3,500 s.h.p. gas 
turbine completed a continuous run of 100  hours at fu ll power, 
when it w as com pletely opened up and inspected by L lo y d ’s 
Register, who produced a very satisfactory report. T h e test 
was carried out on distillate fuel, a fuel consum ption of 0 5051b. 
per b.h.p. per hr. being recorded. M oreover, it has operated 
at a specific consum ption o f 0 4911b . per s.h.p. per hour. T o  
compete with Diesels, however, m arine gas turbines m ust be 
capable o f running on residual oils, and difficulties are pre
sented because these oils contain im purities w hich cause cor
rosion and fo u ling  of the turbine blades. F o r  instance, trouble 
was experienced w ith distortion o f the h.p. and l.p. turbines at 
high temperatures. T h is  was largely overcome by m odifying 
the flanges and altering the method of support o f the cylinders. 
T h e behaviour o f the turbine casings is still not satisfactory 
under conditions o f rap id ly changing temperatures, but a new 
method o f supporting the casing has been developed, which 
should overcome the rem aining distortion problems. Further 
m odifications are being made to a reversing coupling which 
has been developed at Pam etrada. W hen the set is running 
again, manoeuvring trials w ill be carried out to determine the 
behaviour o f the set and o f the hydraulic transm ission under 
rapidly changing conditions. W hen these trials are completed, 
further work w ill be carried out on the problems attending the 
burning of residual oils. T h e marine gas turbines at present 
being tested are constructed from  austenitic stainless steels, and 
both open cycle and closed types are being investigated. T h e 
com bustion chambers o f the Pam etrada 3,500 s.h.p. m arine gas 
turbine are m ade w ith heat resistant steel flame tubes o f the 25 
chrome 20 nickel type, w ith a m ild  steel outer casing w hich 
is alum inized to give increased resistance to oxidation. N o  
troubles have been experienced w ith the flame tubes of these 
com bustion cham bers, w hich are capable o f operating with 
metal temperatures up to 1.0 50  deg. C. without excessive scaling. 
A ll the com bustion equipment fo r this gas turbine was built 
entirely to Pam etrada’s design, and is w orking well. A  new 
com bustion system is now under development for the high-tem - 
perature, liquid-cooled gas turbine w hich it is proposed to con
struct. It consists o f a number o f flame tubes exhausting into 
a com m on m ixing zone, an advantage o f this arrangement 
being that the gas reaches the turbine at a uniform  temperature 
under all conditions. It  should be possible to shut off one or 
more flame tubes at part load, or in  order to change a fau lty  
sprayer. A n  aerodynam ic model o f this cham ber has been built 
and tested fo r pressure loss and m ixing. Several different m ixing 
zones have been tested in this w ay and m uch valuable design 
inform ation has been collected. R unning on distillate fuels, the 
Pam etrada gas turbine has given satisfactory results. T o  com 
pete with Diesels, however, m arine gas turbines m ust be capable 
o f using heavy residual oils, w hich are the cheapest form s of 
fuel oil. There is no difficulty in burning these oils, but the 
products o f com bustion present two m ajor problems. L e ft  in 
the gas stream are sm all particles o f im purities w hich are incom 
bustible. These particles tend to be sticky and m ay be com 
pletely molten when they enter the turbine, so that they are 
apt to adhere to the blades o f the turbine and block up  the 
passages between them. T h e  second problem is caused by the 
presence o f vanadium , which is a constituent o f nearly all 
residual oils. T h e products of com bustion usually include 
vanadium  pentoxide, which is molten at temperatures o f the 
order o f 650 deg. C . V anadium  pentoxide when molten is 
highly corrosive and w ill attack all com m ercially available heat 
resisting a lloys; in fact, no metal appears to be com pletely

immune. T h e rate o f attack is very high and increases pro
gressively with temperature. Pam etrada and other research 
organizations are endeavouring to solve the corrosion and foul
ing problems, the m ain line of attack being the addition of 
com pounds to the fuel, or to the gas stream at the com bustion 
chamber, that w ould have the effect o f rendering the ash non
sticking and non-corrosive. A  certain am ount o f success has 
been obtained with additives o f the basic metal oxide type; e.g. 
zinc oxide, calcium  oxide, m agnesium  oxide, etc. These addi
tives reduce corrosion to a considerable extent, but they have 
not provided a solution to the fouling problem , w hich is being 
attacked on other lines. There is every indication that before 
long these problems w ill be solved. T o  provide experience with 
high temperature steam in  conjunction w ith high pressure, an 
experimental unit known as Pamela has been designed. Par
ticular attention w ill be paid to the perform ance o f the special 
m aterials used. T h e investigations w ill also include the effect 
o f thermal stressing and distortion of the austenitic steel casing 
under changing temperature conditions. Pamela is a six-stage 
impulse turbine, w hich represents the h.p. cylinder o f a 3-  
cylinder turbine developing about 3,000 h.p. T h e m axim um  
conditions are 1 ,10 0  deg. F . and 1,10 0 1b . per sq. in. T h e  power 
is absorbed by a steam brake w hich uses steam exhausted from  
the driving turbine and consists o f a tw o-row  astern turbine. 
Pow er is measured by a torque meter situated between the two 
turbines. T h e steam temperature leaving the brake w ill be of 
the same order as that at the inlet to the d riving turbine. In 
order to lower it sufficiently to allow  it to be condensed in a 
surface condenser, a desuperheater, consisting of six  water 
sprayers, is incorporated in the exhaust line. A  boiler using 
norm al residual oil delivers steam at about 1,2001b. per sq. in. 
and 950 deg. F . T h e steam is superheated to 1 ,10 0  deg. F .  
by a separately fired second-stage superheater burning gas oil. 
T h e  use o f a reversing gear offers im portant advantages in ships 
which are propelled by steam turbines, since it avoids the neces
sity for an astern turbine. Pam etrada is, therefore, designing 
a reduction and reversing gear based on the epicyclic principle. 
T h e unit com prises three epicyclic gears, the first two being 
the reversing train and the third the final reduction dow n to 
propeller speed. T h e  reduction ratio is 36 to 1  in  both the 
ahead and astern directions. T h e unit is fo r 7,500 s.h.p. and 
its revolutions are 3,600 to 100  ahead and 5,500 and 3,200 
to 89 r.p.m . astern. T h e  reversing operation is perform ed by 
means o f two brakes, one ahead and the other astern, no clutches 
being employed. T he weight should be o f the order o f 25 
tons and the unit is so com pact that it m ight be possible, 
especially in tankers, to place the gearbox right a ft  in the ship. 
T he advantages w ould be a very short length o f line shafting, 
w ith a consequent reduction o f vibrational troubles.— The Ship
ping World, 14th October 1953; pp. 318-319; 321.

Danish Built Vessels for Russia
Burm eister and W ain has delivered another fish carrier, the 

Refrigerator No. 8, to V /O  T ransm achim port, M oscow . H er 
length is 65 5 metres, breadth 1 1 5  metres, draught 5 8 metres, 
deadweight capacity about 900 tons, and speed 1 0 7 5  knots. The 
vessel has a long forecastle and has poop and bridgehouse built 
together. There are two refrigerated cargo holds fo rw ard  and 
engine room  aft. T h e  crew ’s quarters are in the forecastle. T h e 
refrigerating m achinery is installed in the poop and includes 
a plant fo r freezing the catch at 30 deg. C . below zero. The 
m ain engine is a 6-cylinder B . and W . Diesel o f 1,30 0  i.h.p. 
T h e second o f tw o oil tankers ordered b y  the Soviet G overn
ment in 1948 is nearing com pletion. She was named Tuapse 
by the w ife o f the Russian Am bassador to D enm ark, M adam e 
Vetrova. T h e  ship ’ s hull is divided into tw enty-four cargo 
tanks aggregating 13,000  tons d.w ., and she is propelled by a 
6-cylinder two-stroke single-acting B . and W . Diesel o f 6,900 
i.h.p. calculated to give a speed o f 14  5 knots.— The Shipping 
World, 14th October 1953, Vol. 129; pp. 309-310.


