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Synopsis.

D U RIN G  recent years, marine engineers and 
naval architects have jointly effected great 
improvements both in propulsive perform 

ances and speed-keeping capabilities, as well as in 
the general design o f the ship itself. This paper 
examines the possibilities o f effecting further im
provements in  overall economic efficiency, by in
vestigating the advantages and disadvantages of 
fitting propelling machinery aft, instead o f amid
ships.

The primary considerations and factors affect
ing the problem are discussed, and the reasons are 
given fo r  confining the investigation to one repre
sentative type of ship and machinery, and also fo r  
the selection of this type. This is followed by some 
general observations on modern cargo ship design 
fo r  the purpose o f outlining the qualities o f design 
which are most likely to be improved by fitting pro
pelling machinery aft, and which may still further 
increase the overall economic efficiency of the 
modern cargo tramp as an instrument o f commerce.

The manner in which greater efficiency in the 
carrying, stowing, loading and discharging o f cargo

may be obtained in consequence o f the amended 
disposition o f cargo compartments resulting from  
fitting machinery a ft is then discussed and analyzed. 
The general particulars o f the ship and machinery 
used fo r  this investigation are then given, together 
with sketches o f the general arrangements, com
parisons of weights, capacities, centroids, also of 
trim, and stability in various conditions, with 
explanatory notes.

The paper concludes with a general survey and 
summary o f the results o f this particular investiga
tion, followed by remarks o f general interest on 
some other aspects o f the problem. Endeavour has 
been made to deal zuith every important factor 
affecting the problem, and the subject has been 
treated in a thoroughly impartial manner 
throughout.

P rim ary  C onsidera tions and  Facto rs A ffec ting  th e
Problem .
The problem of investigating the advantages 

and disadvantages of fitting propelling m achinery 
a f t  instead of am idships involves so m any factors 
tha t it is not possible w ithin the confines of this
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paper to deal w ith o ther than a typical example. 
F u rth er, there are  many types and sizes of ships in 
which it would not be advantageous to fit the p ro 
pelling m achinery aft.

T he m odern cargo tram p, tha t popular and 
efficient instrum ent of sea transport, of which so 
large a proportion  of our tonnage is composed, is 
probably as representative a type as any to use for 
the purpose of this investigation. A  ship of this 
type w ith a deadweight of 8,000 tons and average 
service speed of 10 knots has therefore  been used.

Tw o outstanding and possibly the principal 
disadvantages of fitting propelling m achinery a ft 
in ships of this type and size are :—

(a) The change of trim  from  the loaded de
partu re  condition resulting from  consump
tion of fuel.

( b) The draughts and trim  fo r departure and 
arrival when the vessel is in ballast con
ditions.

I t  is apparent tha t type of machinery, kind of 
fuel, and length of voyage, are im portant and 
variable factors affecting the foregoing as well as 
o ther aspects of the problem.

Since there  are so m any variables, even in the 
case of one ship, it is not possible to illustrate the 
general problem, and the investigation has there
fore been confined to a typical and representative 
case, namely, ordinary triple-expansion engines, 
w ith coal-fired boilers, and a non-stop voyage of 
12,500 nautical miles. This selection should illus
tra te  in m arked fashion the disadvantages (a) 
and ( b).

O f the three basic types of machinery, namely, 
steam  reciprocating, geared turbine, and internal 
combustion, the type selected is probably most 
typical of present-day practice fo r the type of 
ship under review.

T his arrangem ent will also cater fo r the other 
two basic types of m achinery since it covers the 
w orst aspects of the principal disadvantages p re
viously mentioned, it being obvious tha t they would 
be simplified w ith oil-fuel fired boilers or internal 
combustion engines.

T he problem  is also affected by the vessel’s 
fineness of form  and the shape of h er a fte r  sec
tions in determ ining the length of the machinery 
space.

T he w orst aspect of the problem as affected by 
these factors has therefore been catered fo r in this 
investigation by using a form , representative of the 
latest ideas as to degree of fineness, w ith sections 
of norm al shape in association w ith a position of 
centre of buoyancy approaching the forw ard limit 
usually adopted in cargo ships of this type with 
m achinery amidships.

I t may be mentioned that it is often  possible 
to reduce the length of m achinery space by m odify
ing the shape of the a fte r  sections w ithout any 
alteration of resistance, but in order to m aintain 
strict im partiality  throughout the investigation, this 
artifice has not been adopted, and the lines of the

ship have been kept precisely the same for 
m achinery a f t  and amidships.

T he foregoing rem arks will serve to emphasize 
w hat is fairly obvious, namely, tha t the large 
num ber of possible variations in  m achinery, hull, 
fuel, and length of voyage will usually necessitate 
an investigation of each individual case in order 
to determ ine w hether m achinery a ft or am idships 
is the better proposition.

G eneral O bservations on M o d ern  C argo  Ship
Design.
Ship design is usually a compromise between 

prim ary and other essential requirem ents, and the 
m easure of success of the ship depends upon the 
nearness with which each requirem ent approaches 
its ideal apportionm ent.

Form erly, an ow ner’s prim ary requirem ent in 
cargo ships was deadweight, and keen competition 
used to prevail between shipbuilders as to who 
could produce the sm allest ship capable of carrying 
the most deadweight on the lim iting draught, while 
ensuring that the specified speed could be obtained.

U nder these conditions, the resulting form s 
w ere of full form ation, and sometimes not conducive 
to the obtaining and m aintenance of speed in an 
economical m anner. T he naval architect had little 
scope for exercising his skill in producing a form  
of low resistance, bearing in m ind, also, that ship 
and propeller model experim ents, together w ith the 
num erous devices now in operation fo r im proving 
the perform ances of ships, w ere then unknown. The 
engineering contractors w ere often  confronted  with 
an even m ore difficult problem  than  the naval arch i
tect, and extravagant, as distinct from  economical 
propulsion was sometimes unavoidable.

Despite these difficulties, however, it should be 
rem em bered tha t m any excellent perform ances were 
obtained by some of these “old tim ers” , a striking 
tribute to the skill of the combined efforts of the 
designers who had perforce to w ork from  w hat 
were almost “ rule of thum b” m ethods, coupled with 
an accum ulation of practical experience, intelligent 
observation, and sound judgm ent.

Present-day design requirem ents, both fo r hull 
and m achinery, are m ore extensive and in some 
respects m ore exacting than  form erly obtained, but 
it may also be observed tha t designers now have 
g reater opportunities and facilities for satisfying 
the higher standard  of requirem ents dem anded by 
owners.

A design requirem ent which appears to have 
recently become of increasing im portance is cubic 
capacity, and ow ners now alm ost invariably specify 
a deadweight together w ith a cubic cargo capacity, 
and while deadw eight was form erly the main factor 
in determ ining the dimensions of cargo ships, it 
now sometimes happens tha t cubic capacity governs 
the dimensions.

There have also been substantial reductions in 
the value of the block co-efficient, partly  for the 
purpose of reducing hull resistance and also for
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im proving the speed-keeping capabilities of the 
vessel under average service conditions at sea. In  
consequence, for a given deadweight, d raught and 
speed, the m odern cargo vessel is often  larger than 
her prototype of tw enty or th irty  years ago, not
w ithstanding the recent substantial economies in 
w eight of hull and machinery.

There is at present considerable diversity of 
opinion as to the m ost suitable dimensions and 
block co-efficient to satisfy  given conditions of dead
weight, cubic capacity, speed and speed-keeping 
capabilities, and since these conditions are conflict
ing, a compromise m ust often  be adopted.

Since ow ners now adays seldom place restric
tions on dimensions (ap a rt from  draught) and the 
keen rivalry between builders as to producing the 
sm allest-sized ship capable of perform ing  the 
specified duties appears to have abated, there are 
often  appreciable variations in the size and form  
of cargo ships designed for the same duties.

R ecent im provem ents in propulsive p erfo rm 
ances have been effected by progress in the design 
of ship form s and stern  appendages, and the reduc
tion of a ir resistance, as well as by the increased 
efficiencies of propelling installations, auxiliaries, 
and propellers. In  some instances, the im prove
m ents in propulsive perform ances have also been 
accompanied by reductions in the weights and 
lengths of propelling installations in addition to the 
economies in the w eight and space required  by 
bunkers.

Great progress has also been made in the sim 
plification of ship structure  by elim inating all re
dundant m aterial and im proving the distribution 
of m aterial contributing prim arily  to structural 
strength, and, in consequence, reductions in weight 
of structure  have been realized.

Small economies in the weight of some of the 
items com prising the ship’s outfit and fittings have 
also been effected, and the increasing application 
of electric-arc welding to fittings and to parts of 
the structure not subjected to im portant stresses, 
has also resulted in  some saving of weight, but 
these economies are usually offset by the increased 
w eight occasioned by the m ore elaborate and exten
sive nature  of a m odern cargo ship’s outfit and 
fittings.

In  general, the developments in the design of 
cargo ships have recently been directed m ore 
tow ards satisfying individual requirem ents than  in 
the production of standard  ships.

The foregoing general observations on m odern 
cargo ship design may be sum m arized and con
sidered broadly from  two aspects :

(a) Efficiency from  the point of view  of ease 
and economy of propulsion and speed- 
keeping capabilities.

(b) Efficiency from  the point of view of carry 
ing, stowing, loading and discharging 
cargo (the function fo r which the ship is 
designed).

These considerations indicate :—

(1) T h at while the “overall” efficiency of the 
m odern cargo ship is undoubtedly g reater 
than  th a t of her prototype of tw enty or 
th irty  years ago, this increase has been 
largely brought about by im provem ents in
(a) and

(2) T h a t in m any cases, a compromise m ust 
be m ade between (a) and ( b) since an 
increase in (a) is often  accom panied by a 
decrease in (b).

The au thor is of opinion tha t by fitting the p ro 
pelling m achinery a f t  it may be possible still fu r
ther to increase the overall efficiency of the m odern 
cargo vessel as an instrum ent of transport, by in
creasing (b) while m aintaining (a).

Arrangement and Subdivision of Cargo Compart
ments.
The arrangem ent and subdivision of cargo 

com partm ents is an im portant factor arising from  
fitting propelling m achinery a ft instead of am id
ships.

A n ideal arrangem ent of cargo com partm ents 
would be in the form  of a rectangular box, but the 
locating of m achinery am idships elim inates tha t 
portion of the ship which would be of m ost value 
in approxim ating to this ideal. By fitting m achinery 
aft, the cargo com partm ents are  grouped together 
in an approxim ately box-like form ation, and the 
am ount of broken stowage obtaining in the a fte r 
hold w ith m achinery am idships is minimized, that 
abreast the shaft tunnel is deleted, and the shape 
of the hold spaces generally is im proved, particu 
larly fo r the carriage of bale cargoes.

Considering now the m anner of subdividing 
the cargo space, it is well know n tha t the usual con
ventional m anner in which the cargo space of ships 
w ith m achinery am idships is divided into com part
m ents of appreciably different capacities, has often  
been the subject of discussion. In  this connection, 
reference may be m ade to  a *paper by M r. R. I. 
D odsw orth, O .B .E., on “Loading and  U nloading 
Facilities on B oard Ship and on L and” . M r. D ods
w orth observes tha t the “m ain hold” idea (one of 
the surviving traditions of the sailing ship age) 
perpetuating as it does an entire absence of balance 
as between the different divisions of the ship, is in 
a large m easure responsible fo r the re tardation  of 
“port speed” , namely, the rate  at which a vessel is 
capable of discharging or loading h er cargo. H e 
also makes an estim ate of the loss in port speed 
resulting from  im proper subdivision, by using data 
in respect of seventeen different classes of vessels 
operated by one company which give the following 
averages fo r hold capacity :—

No. 1 hold ... 24 per cent, o f gross capacity.
„  2 ..............  37
„  3 ..............  22
„  4 ..............  17

A veraging these seventeen vessels at 8,000 tons 
cargo capacity, and allowing a ra te  of discharge for

* T rans. N .E .C . Inst, of E .  &  S., V o l. X L I I I .
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average cargoes of th irty  tons per hatch per hour, num ber of men who could be fully employed, would
gives 266§ gang hours as the time necessary to dis- not result in the ra te  of discharge of this hold being
charge an  8,000-ton ship, which apportioned over increased by 15 tons per hour,
the various holds in the above ratios, gives the I f  the holds of a cargo ship w ith m achinery
following results : am idships are made of the same or even approxi-

No. 1 hold ... 1,920 tons at 30 tons per hour = 64 hours = 8 eight-hour w ork ing  days
„  2 ..............  2,960 „  30
„  3 „  ... 1,760 „  30 
„  4 ..............  1,360 „  30

M r. D odsw orth then com pares these figures 
w ith w hat would obtain if the holds were of 
identical capacity, and all the cargo appliances con
tribu ting  to the same effort. T ha t is to say, each 
hold would contain 2,000 tons of cargo, which, at 
the same rate  of discharge as before, namely 30 
tons per batch per hour, would give 66§ gang 
hours fo r each of the four hatches. The whole 
cargo would thus be discharged in 8£ eight-hour 
w orking days as com pared w ith 12^ eight-hour 
working days fo r the unbalanced subdivision of 
holds, the la tte r being an increase of time of nearly 
50 per cent.

A n apparent m ethod of overcoming the loss in 
port speed caused by the unbalanced subdivision of 
holds in vessels with m achinery amidships, is to 
provide cargo-handling appliances p ro -rata  to the 
capacity of each hold.

W hile this can seldom be done throughout, it 
is custom ary in this type of ship to fit a supple
m entary  cargo hatch of as large a size as space 
perm its to the a f te r  end of the main (N o. 2) hold, 
together w ith two derrick posts, derricks, and a 
steam  winch in order to w ork the cargo at the a fte r 
portion of the hold. I f  this additional cargo hatch 
and cargo-handling appliances are not fitted, the 
cargo in the a fte r  portion of this hold is difficult 
of access and expensive to  w ork in view of its 
distance from  the a fte r  end of the hatch.

These additional cargo-handling appliances at 
the a fte r  end of No. 2 hold either do not appear 
to  have been fitted or taken into account in the 
exam ple given by M r. D odsworth, as otherwise, 
the rate  of discharge of this hold would have been 
g rea ter than 30 tons per hour. I f  their effect could 
be considered as increasing the total ra te  of dis
charge of this hold up to 45 tons per hour, the whole 
o f the vessel’s cargo would then have been dis
charged in about 65f hours, say 8 i  eight-hour 
w orking days, instead of 98§ hours, o r 12J eight- 
hour w orking days.

I t  is doubtful, however, w hether the ra te  of dis
charge of this hold would have been increased from  
30 to 45 tons per hour by fitting these additional 
cargo-handling appliances. The length of the addi
tional hatch as well as the derricks is appreciably 
less than  the others, the derricks are often of re
duced lifting  capacity, and are operated from  the 
extended ends of a winch. I t  seems probable, 
therefore , th a t these factors, together w ith the 
adverse effect of the ra ther cram ped nature  of this 
locality in ham pering the activities and lim iting the

=985 „ = 12*
=581 „  = 71
=45 J  „  = 55 „  „

mately the same capacity, the resulting large differ
ences between the lengths of the end holds and the 
m idship holds do not adm it of a satisfactory  dis
position of hatches and arrangem ent o f  cargo- 
handling appliances, and also involve additional 
outlay.

A  fu rth e r aspect of the problem  also arises 
wfien vessels w ith m achinery am idships are loading 
into and discharging from  lighters alongside. 
Additional cargo-handling facilities will not com
pensate fo r a lack of a useable length of side of ship 
available fo r the accommodation of lighters, the 
forw ard and particularly  the a fte r  hold causing 
difficulties in this respect and reducing the speed 
of operating.

O w ners occasionally require No. 2 hold to be 
of a specified length in o rder to accom m odate cer
tain  classes of cargo, bu t for the average cargo 
tram p carrying general cargo and  bulk cargo, it 
seems desirable from  every point of view to have 
the holds of equal capacity, and this can be readily 
accomplished by fitting the propelling m achinery aft.

G eneral Particu lars of Ship and  M ach inery .
T he vessel is a typically m odern cargo tram p 

of the open shelter deck type, namely, single deck 
with complete superstructure  deck, tonnage open
ing, and forecastle.
Ship

Length 395ft. B .P. x 55ft. 6in. mid. x 
f 35 ft. 3in. depth mid. upper deck,
i 25ft. 3in. depth mid. second deck.

Lloyd’s highest class, hull and machinery.
To good plain specification.
The ’tween deck height o f 10ft. was adopted 

in order to give a stowage capacity fo r the cargo 
portion of the deadweight of 66£ cubic feet per 
ton, excluding the forecastle.
Horse power and coal consumption.

F o r 10 knots in average w eather at sea—  
estim ated i.h.p. 1350. W ith  coal at 14,000 B .T h.U .’s 
per pound, the consum ption (all purposes) is 17 \  
tons per day at 1'20 pounds per i.h.p. per hour.

F o r a non-stop voyage of 12,500 nautical miles 
at 10 knots, the length of passage is 52 days.

Total bunkers required is th u s ... 910 tons.
Add 3 days m argin, say ... ... 970 tons. 

Machinery.
Triple expansion engines 20in., 33in., 55in., by 

45in. stroke capable of developing 1,500 i.h.p. at 
74'5 revs. I.h.p. 1,350 at 67 revs, fo r average ser-
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vice speed of 10 knots. Tw o single-ended boilers, 
14ft. 6in. dia. by 12ft. long. Coal burning. Total 
heating  surface, 4,700 square feet. T hree furnaces 
per boiler, 3ft. 6in. diam eter. T otal g rate  area 115 
square feet. W orking pressure 200 pounds per 
square inch. Superheated to total tem perature of 
600° to 650° F. Forced draught. P re-heated air 
supply.

The outline general arrangem ent of the vessel 
with m achinery am idships is shown in Fig. 1, and 
is a typically conventional arrangem ent fo r this 
type.

It is custom ary in this type of ship to arrange 
the position of the m achinery, and longitudinal 
centre of buoyancy, to give an even keel draught 
or a trim  by the stern up to about two feet when 
the vessel is fully loaded w ith a homogeneous cargo, 
bunkers, fresh w ater, stores, crew  and effects. In  
this example, the vessel has been designed to float 
on an  even keel in this condition.

T here are six w atertigh t bulkheads and four 
cargo holds and hatches, an additional small cargo 
hatch w ith two derrick posts, derricks, and a steam 
winch being fitted as custom ary in this type of ship 
fo r reasons previously given, the a fte r  portion of 
this hatch serving the cross bunker.

The following are the lengths of the com part
ts :—

A fte r  p e a k .......................... ... 29ft.
No. 4 h o ld ...................................... ... ‘ 65ft.
No. 3 hold ... .......................... ... 60ft.
M ach inery  s p a c e .......................... ... 45 ft.
Cross bunker .......................... ... 15ft.
No. 2 h o ld ...................................... ... 92ift.
No. 1 h o ld ...................................... ... 65ift.
F o re  p e a k ...................................... ... 22f ft.

The total length of the cargo com partm ents is 
thus 2 8 3 | feet. T he ’tween deck space abreast 
the engine casing not being required for bunkers 
is thus available fo r cargo, but is no t of course 
fitted with hatches or cargo-handling appliances. 
B unkers are stowed in the cross bunker hold and 
’tween decks, a t the sides of the boilers, abreast the 
boiler casing in the ’tween decks, and in the coal 
shoot.

T he outline general arrangem ent of the vessel 
w ith m achinery a ft is shown in Fig. 2. T he a f te r  
peak has been kept the same length as before, 
namely 29 feet, but the length of the m achinery 
space has been increased to 50 feet. T his length is 
ample for the purpose, and allows com fortable 
working clearances throughout. Sections through 
the m achinery space are shown in Fig. 3.

The depth of the double bottom has been m ade
2 feet deeper than rule requirem ents throughout the 
whole length of the m achinery space, instead of (as 
is custom ary in ships w ith engines a ft) only fo r 
the length of the engine room. This gives increased 
w ater ballast capacity for a small increase in weight 
of structure. The tank top plating in the m achinery 
space has been extended to the ship’s side, a drain
age well being form ed at the forw ard  end of the 
machinery space, in addition to the usual well aft. 
This additional well is form ed by continuing No. 4 
tank at its norm al depth one fram e space into the 
m achinery com partm ent as shown, No. 4 tank being 
sounded from  the m achinery space in the usual 
manner.

R eferring  to the sketch, it will be seen th a t 
there are six w atertight bulkheads, four cargo holds 
and hatches as before, but that the additional small 
cargo hatch w ith its accompanying derrick posts.
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derricks and winch as fitted in Fig. 1 are not 
necessary.

In  order to provide the necessary bunker 
capacity, the length of the cross bunker has been 
increased to 20 feet, since it is not possible to fit 
bunkers at the sides of the boilers as with machinery 
•amidships. Pocket bunkers two fram e spaces in 
length are fitted in the wings at the fore end of the 
boiler room, also ’tween deck bunkers abreast the 
boiler casing and abreast part of the engine casing, 
and in the coal shoot.

The length of the fore peak has been increased 
to 31^ feet in order to provide increased w ater 
ballast capacity for voyages in the ballast condition, 
and the lengths of the cargo com partm ents have

F i g . 2.

been arranged (to the nearest fram e space) to give 
equal capacities.

T he following are the lengths of the com part
ments :—•

A fte r  peak ... ... ... ............... 29ft.
M ach inery space ...
Cross bunker
No. 4 h o ld ..............
No. 3 hold ...
No. 2 hold ...
No. 1 hold ...
Fo re  peak ..............

5 0 f t .  
2 0 f t .  
6 7 4 f t .  
65 f t .  
6 2 4 f t. 
69* f t .  
3 1 4 f t.

Section a t A fter  
£ncl o f  Bedplate

Section a t  
A fte r  End  o f  

B o ile rs

F ig . 3.

The total length of the cargo com partm ents is 
thus 264J feet, or 18f feet shorter than with 
m achinery amidships.

Table I  shows a com parison of capacities for 
m achinery am idships, and aft.

I t  will be noticed that despite the 
reduction of 18f feet in  to tal length 
of cargo com partm ents, the vessel w ith 
machinery a ft has a slightly g rea ter 
total cubic cargo capacity, nam ely 4,600 
cubic feet, than w ith m achinery am id
ships.

T he hold capacity o f the vessel 
with m achinery a ft is 11,700 cubic feet 
g reater than  w ith m achinery amidships, 
but the ’tween deck capacity is less 
since the space abreast the engine cas
ing cannot be utilized fo r carry ing  cargo 
when m achinery is fitted aft. 
D ifferences in W e ig h t and C o st of 

H ull and M ach inery , and in 
V ertica l C en tres  of G ra v ity  of 
Hull, M ach inery , C argo, and 
Bunkers.

H u l l .
By fitting the m achinery a ft, the 

shaft tunnel, tunnel stools, and a
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T A B L E  I.
_____ C o m p a r is o n  o f1 C a p a c it ie s ._________________

M achinery M achinery
Com partm ent. am idships. aft.

Cargo C om partm ents
(G ra in  measurement).

No. 1 hold ..............
No. 2 hold
No. 3 hold ..............
No. 4 hold

Cubic feet. 
70,800 

116,500
68.500
53.500

Cubic feet. 
81,000 
79,500 
79,800 
80,700

Total ho lds... 309,300 321,000

No. 1 'tween decks 
No. 2 'tween decks 
Abreast engine casing ... 
No. 3 ’tween decks 
No. 4 ’tween decks

32.000
52.500 
7,900

32.500
30.000

36,000
37,700

36,600
37,500

To ta l ’tween decks... 154,900 147,800

T o ta l holds and 
'tween decks 464,200 468,800

Forecastle  ..............
B unkers ..........................
W a ter Ballast

Fo re  peak ..............
No. 1 C .D .B .....................
No. 2 C .D .B .....................
No. 3 C .D .B .....................
No. 4 C .D .B .....................
No. 5 C .D .B .....................
A f te r  peak ..............

8,900 
970 tons 

tons 
200 
130 
455 
180 
205 
100 
220

8,900 
970 tons 

tons 
425 
170 
260 
280 
295 
120 
220

Total w ater ballast 1,490 1,770

w atertight door are deleted, also a portion of the 
side bunkers, together w ith a steam  winch, two 
derrick posts, two derricks and gear, and the length 
of the double bottom  in No. 1 hold is reduced. The 
total saving of w eight thus effected is 35 tons.

Additional weight is involved by the increased 
depth of double bottom  in the m achinery space, and 
the larger fore peak tank. These increases am ount 
to 10 tons.

The nett saving in weight o f hull due to 
fitting the propelling m achinery a ft is thus 25 tons, 
and the resulting effect on the centre of gravity  of 
the hull is to raise it by O'lO of a foot.

The saving in cost of hull due to fitting the 
propelling m achinery a ft is approxim ately £850.
M  achinery.

The saving in weight of shafting, plum m er 
blocks, platform s, etc. due to fitting the propelling 
m achinery a ft is 20 tons, and the effect of this 
saving in weight, together w ith the effect of the 
increased depth of the double bottom  under the 
m achinery is to raise its centre of gravity  bv
2-00 feet.

The saving in cost of m achinery due to fitting 
it a ft is appproxim ately £2,000.
Cargo.

By fitting the propelling m achinery a ft, the 
common centre of gravity  of the cargo com part
m ents is lowered by 0'86 of a foot.
Bunkers.

The common centre of gravity  of the bunkers

is raised 5'00 feet due to fitting the propelling 
m achinery aft.

F itting  the propelling m achinery a ft thus in
creases the deadw eight by 45 tons, and incidentally 
it will be noticed in Table I tha t there is also addi
tional cubic cargo capacity fo r stow ing this extra 
deadweight.

W eights of hull and m achinery are as follows :
M achinery M achinery
am idships. aft.

T  ons. Tons.
W e ig h t o f hull 2,395 2,370

„  m achinery 385 365

L ig h t weight 2,780 2,735
D e ad w e ig h t............... 8,000 8,045

Load  displacement... 10,780 10,780
Load  draught 23ft. Sin.
B lo ck  co-efficient ... •735
Longitud inal centre of buoyancy is 6'93ft. fo rw ard  of

amidships.
A com parison of trim  and stability in various 

conditions of loading is given in Table II.
T A B L E  I I .

C o m p a r is o n  o f  T r im  a n d  S t a b i l i t y  i n  V a r io u s  C o n d it io n s ,
M achinery M achinery

Condition. am idships. aft.
(1) B uilders’ L igh t Condition.

Vessel fu lly  equipped, 
and ready fo r  sea.
N o  cargo, bunkers, 
fresh w ater or 
stores on board.

D is p la c e m e n t .............. 2,780 tons 2,735 tons
D raught a ft  .............. 9ft. Oiin. l i f t .  6iin.

„  fo rw ard 5ft. 2iin . 2ft. SJin .
„  mean... 7ft. l i in . 7ft. Oin.

T r im 46in. by stern 109in. by stern
M etacentric height ... 16- 7 ft. 16’8ft.

2) L oaded D eparture  Condition. tons tons
Vessel fu lly  loaded Cargo ... 6,980 7,025

w ith  a homogeneous Bunkers ... 970 970
cargo, bunkers, fresh - F re s h w a te r  30 30
water, stores, crew Stores, etc. 20 20
and effects. __ ----

To ta l D .W . 8,000 8,045

Load  displacement ... 10,780 tons 10,780 tons
Deadweight 8,000 „ 8,045 „
D raugh t a ft 23ft. 5in. 24ft. Sin.

„  fo rw ard 23ft. Sin. 22ft. Sin.
„  mean... 23ft. Sin. 23ft. Sin.

T r im Ev e n  keel 24in. by stern
M etacentric height ... 1-SOft. l-SOft.

3) A rr iv a l Condition, from  (2). tons tons
Vessel fu lly  loaded. Cargo ...6,980 7,025

w ith  a homogeneous Bunkers ... 50 50
cargo, bunkers 50 F re s h w a te r  5 S
tons, fresh w ater Stores, etc. 15 IS
S tons, stores, crew  
and effects 15 tons. 

(W a te r  ballast in after

W a te r  ballast nil 635

peak and Nos. 5 and --- ---
4 tanks fo r machinery^ To ta l D .W . 7,050 7,730

a ft only). --- ---
D is p la c e m e n t .............. 9,830 tons 10,465 tons
Deadweight 7,050 „ 7,730 „ 

22ft. Sin.D raught a ft .............. 21ft. 4iin.
„  fo rw ard 21ft. 9Jin. 23ft. 3in.
„  mean... 21ft. 7in. 22ft. lOin.

T r im Sin. by head lOin. by head
M etacentric height ... 1 • 40ft. 2-60ft.
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(4) Ballast D eparture Condition.
Cargo nil, bunkers 970' 

tons, fresh  w ater 
30 tons, stores, crew  
and effects 20 tons. 
(W a te r  ballast in fore 
peak and Nos. 1, 2 
and 3 tanks, and 
400 tons o f dry 
ballast in No. 1 
’tween decks in the

Cargo
tons 

nil
Bunkers ... 970 
F re sh w a te r 30 
Stores, etc. 20 
W a te r  ballast 

(a ll tanks) 1,490 
D ry  ballast nil

tons
nil
970
30
20

1,135
400

case o f machinery T o ta l D .W . 2,510 2,555
aft). ---

D is p la c e m e n t ............... 5,290 tons 5,290 tons
Deadw eight .............. 2,510 „ 2,555 „  

15ft. 3in.D raught a ft  .............. 15ft. lin.
„  fo rw ard 9ft. l l in . 9ft. 9in.
„  mean... 12ft. 6in. 12ft. 6in.

T r im  ... .............. 62in. by stern 66in. by stern
M etacentric height ... 9-20ft. 610ft.

(5) B allast A rr iv a l Condition, from  (4).
Cargo nil, bunkers Cargo nil nil

50 tons, fresh w ater Bunkers ... 50 50
5 tons, stores, crew F  resh w ater 5 5
and effects 15 tons. Stores, etc. 15 15
W a te r  ballast in all W a te r  ballast
tanks in  each case. (a ll tanks) 1,490 1,770
(400 tons of dry D ry  ballast nil 400
ballast in N o. 1
’tween decks in the ---
case o f machinery To ta l D .W . 1,560 2,240
aft). ---

D is p la c e m e n t.............. 4,340 tons 4,975 tons
D eadw eight .............. 1,560 „ 2,240 „ 

12ft. lOin.D raught a ft 12ft. 9in.
„  fo rw ard 8ft. 2in. 10ft. lOin.
„  mean... 10ft. 5Jin. l i f t .  lOin.

T  rim  .............. 55in. by stern 24in. by stern
M etacentric height ... 1270ft. 9-60ft.

E xplanato ry  N otes on T ab le  II.
Machinery Amidships.

T he results fo r the various conditions are 
typical, and do not require any comment. 
Machinery Af t .

Condition 1.— This is a hypothetical and not 
a sea-going condition. T he large trim  by the stern 
and draught a ft may require to be ad justed  by 
means of w ater ballast fo r handling the vessel in 
rivers, wet-docks, etc., and certainly fo r the p u r
pose of dry-docking.

Conditions 2 and 3.— The vessel has been de
signed to trim  tw o feet by the stern  in this loaded 
departure condition, a very suitable sea-going trim .

I t may be m entioned that the vessel would have 
a trim  of 91 inches by the head at the end of the 
voyage, due to the consumption of bunkers, fresh 
w ater and stores. This inform ation is only given 
by way of interest, it being apparent tha t such trim  
is not practicable and m ust be reduced.

W hile the filling of w ater ballast tanks at sea 
is not an  uncommon practice, it is sometimes not 
a p rudent one, and may be dangerous in cases w here 
a vessel has not a sufficient m argin of stability to 
cover the transito ry  loss caused by the effect of the 
free-surfaced  w ater during the period of filling a 
tank.

In  this example, the vessel leaves port w ith a 
m etacentric height of 1'50 feet and a trim  o f two

feet by the stern. A fte r  ten days at sea, some 190 
tons of bunkers, fresh w ater and stores will have 
been consumed, her trim  being then  approxim ately 
even keel, and m etacentric height T60 feet. I f  
then No. 5 double bottom  tank  (120 tons) is filled, 
she will trim  14 inches by the stern, and the m eta
centric height will become 1'80 feet. T he m axim um  
loss of m etacentric height during  the process of 
filling this tank is negligible, being only 0'05 of a 
foot.

Proceeding on her voyage fo r another 15 days, 
nam ely 25 days a fte r  departure , a total of some 
480 tons of bunkers, fresh  w ater and stores will 
have been consumed, the trim  then  being 18 inches 
by the head, and m etacentric height 2 'l0  feet. I f  
then No. 4 double bottom  tank  (295 tons) is filled, 
she will trim  3 inches by the stern, and the m eta
centric height will be increased to 2'60 feet. This 
tank has the largest value of m om ent of inertia of 
free surface of any of the  th ree  tanks which are 
filled on the voyage, and the m axim um  loss of 
m etacentric height during the process of filling is 
O'20 of a foot, there being thus an  ample m argin  
of stability.

The m etacentric height has increased during 
the voyage due to the consum ption of bunkers and 
the filling of Nos. 4 and 5 tanks, and the trim  during 
the rem ainder of the voyage may safely be adjusted  
when desired by adm itting the appropria te  am ount 
of w ater ballast to the a fte r  peak.

I t may be mentioned tha t the m axim um  loss of 
m etacentric height during the process of filling the 
a fte r  peak never at any tim e exceeds 0 2 0  of a 
foot, which again leaves an am ple m argin of 
stability. The middle line division of all the 
double-bottom tanks, w ith the exception of No. 1, 
is w atertight, and the a f te r  peak is fitted w ith a 
middle line wash plate in the usual m anner, and this 
plate consequently does not reduce the m om ent of 
inertia of the free surface.

I t is scarcely necessary to m ention tha t care 
m ust be taken to ensure that Nos. 4 and 5 tanks 
are completely filled so as to leave no free surface.

T he vessel arrives a t her destination w ith a 
m etacentric height of 2'60 feet, and a trim  of 
10 inches by the head, these values being quite satis
factory.

Conditions 4 and 5.— It m ay be m entioned by 
way of in terest that if in the ballast departu re  con
dition given in Table I I , the dry  ballast be omitted, 
the vessel would have a trim  of 124 inches by the 
stern. D ry ballast (coal could be used) is thus 
necessary in order to obtain a suitable trim  in the 
departure condition.

The departu re  draughts and trim  are almost 
the same, both fo r m achinery am idships and aft, 
but the draught a ft leaves much to be desired from  
the point of view of insufficiency of propeller im 
m ersion in each case. T he reduced value of the 
m etacentric height o f the vessel w ith m achinery a ft 
is desirable from  the point of view of obtaining an 
increased period of roll in a seaway, and has been
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obtained by stowing the dry ballast in the ’tween 
decks. Incidentally, the pitching period of this 
vessel will also be g reater than  in the case of 
m achinery amidships, due to the increase in radius 
of gyration caused by the distribution of weight 
tow ards the ends of the ship.

I f  the fore peak and Nos. 1 and 2 tanks are 
emptied during the voyage, the vessel would arrive 
a t her destination w ith a trim  of 57 inches by the 
stern. This is quite satisfactory  so fa r  as trim  
alone is concerned, but the resulting draughts of 
l i f t ,  a f t and 6ft. 3in. fo rw ard  would not be con
ducive to good propulsive perform ance and sea
w orthiness, and  also, since the filling of double
bottom tanks is a quicker and cheaper process than 
emptying them, it is preferable to fill Nos. 4 and 5 
tanks and the a fte r  peak during the voyage, the 
resulting  draughts and trim  being shown in Table II. 
I t  is not necessary to discuss the question of loss 
of stability during the process of filling the tanks 
w hen on ballast voyages.

are  fitted w ith precisely the same cargo-handling 
appliances, thus elim inating any possible retardation  
of port speed resulting from  an unbalanced dis
position and arrangem ent of hold capacities and 
cargo-handling appliances. T he arrangem ent should 
result in an  acceleration of port speed as com pared 
w ith the vessel having m achinery amidships, bu t to 
w hat extent it is difficult to say.

T he hatches and cargo-handling appliances are 
all sym m etrically disposed, every portion of each 
hold is easily accessible and w orkable, and the 
arrangem ent is particularly  well adapted fo r load
ing into and discharging from  lighters alongside the 
ship. The loading and unloading operations being 
grouped, should be m ore readily supervised and 
controlled than  in the case o f the vessel w ith 
m achinery amidships.

R eferring  to the rem arks previously given 
under the heading of arrangem ent and subdivision 
of cargo com partm ents, the cargo capacities o f the 
vessel w ith m achinery am idships are  :—

No. 1 hold 229 per cent, or N o. 1 hold and ’tweens 22-1 per cent.
„  2 „  3 7-7 „  2 „  36-4
„ 3 „  22-1 „  3 „  23-5 „

4 „  17-3 „  4 „  18-0 „

o f the respective 
total capacities.

G eneral Sum m ary of A d van tages and 
D isadvantages.

T he investigation and com parison of differ
ences in technical qualities resulting from  fitting the

U sing the la tte r values since they are  a better 
criterion and are  substantially the same as fo r holds 
alone, and w orking on the same basis as before, 
gives the  following results :—

No. 1 H  and T  1,543 tons at 30 tons per hour = 51'4 hours=  6-4 eight-hour w ork ing  days
2,540
1,640
1,257

= 84-7 
= 54-7 
= 41-9

=  1 0 ( 
6-8 
5-2

propelling machinery a ft instead of am idships show 
that satisfactory conditions of trim  and stability can 
be obtained and m aintained th roughout a long non
stop voyage, provided tha t w ater ballast be adm itted 
during the loaded and ballast voyages, and dry 
ballast be carried  on the ballast voyage.

T he advantages and disadvantages of fitting the 
propelling m achinery a f t  instead of am idships in 
this particu lar example may now be summarized.

A vantages.
(1) Deadweight.

A n increase of 45 tons deadw eight is obtained.
(2) Cubic cargo capacity.

A n increase of 4,600 cubic feet of cargo 
capacity is obtained, this being ample fo r stowing 
the additional deadweight.
(3) Arrangement and subdivision o f cargo com

partments.
T he cargo com partm ents are grouped together 

and located in the portion of the ship m ost suitable 
fo r carrying cargo, broken stowage is reduced to 
a minimum, the com partm ents approxim ate in 
shape to the ideal, and are well suited fo r the car
riage of all kinds of cargo, and particularly  bale 
cargoes.

The holds are all of the same capacity, and all

W ith  m achinery aft, each hold and ’tw een deck 
contains say 1,755 tons o f cargo, which at the same 
rate of discharge as before, nam ely 30 tons per 
hatch per hour, gives 58'5 gang hours fo r each of 
the four hatches. The whole cargo would thus be 
discharged in 7'3 eight-hour w orking days as com
pared w ith 10 6 eight-hour w orking days in the 
case of the vessel w ith m achinery am idships, the 
la tte r being an increase of tim e of 45 per cent. 
These figures are of in terest in th a t they substan
tially confirm those given by M r. D odsw orth. If , 
as before, the ra te  of discharge of No. 2 hold and 
’tween decks of the vessel w ith m achinery am id
ships, could be considered as being 45 tons per hour, 
the whole of the vessel’s cargo could be discharged 
in 56'4 hours, say 7'0 eight-hour w orking days, 
instead of 84'7 hours, o r 10'6 eight-hour w orking 
days. This assum ption, however, is doubtful fo r 
reasons previously discussed.

(4) Structure.
Structurally , the arrangem ent of the vessel w ith 

m achinery a f t  has much to commend it on account 
of simplicity. T here  is continuity of homogeneous 
structure  throughout the m idship half-length of the 
vessel (the  m ore im portant p a rt), the change of 
section caused by increased scantlings in the 
m achinery space, together w ith the deck openings
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fo r m achinery and bunker hatches, being trans
ferred  to a part of lesser im portance. T here will 
also be slightly reduced hogging stresses in loaded 
conditions, but no useful purpose would be served 
in investigating these, as they are of small amount.
(5) Hull.

A  saving in capital cost of some £850  is 
realized, and the operating expenses for loading and 
discharging will also be reduced due to eliminating 
the cargo-handling appliances at the a fte r  end of 
No. 2 hatch. Bearing in mind the many advantages 
resulting from  the improved arrangem ent and sub
division of cargo com partm ents already discussed 
in item (3) of this sum m ary, the efficiency of the 
vessel from  the point of view of carrying, stowing, 
and particularly  loading and discharging of cargo, 
is undoubtedly g reater than w ith m achinery am id
ships.
(6) Machinery.

A  saving in capital cost of some £2,000 is 
realized, and there should also be some slight 
am ount of saving in supervision, etc., since seven 
plum m er blocks have been eliminated.

T he transm ission losses between the engine and 
propeller will also be reduced.
D isadvantages.

T he disadvantages are almost entirely confined 
to the question of trim .
(1) Light condition.

The disadvantages of the increased draught aft, 
and large trim  by the stern, have already been dis
cussed.
(2) Loaded departure and arrival conditions.

T he draught a ft in the loaded departure con
dition is one foot g reater than with machinery am id
ships, and may be a disadvantage.

The change of trim  from  the loaded departure 
condition resulting from  the consum ption of fuel, 
etc., and the necessity fo r adm itting w ater ballast 
during  the voyage fo r the purpose of counteracting 
this change of trim , are undoubtedly disadvantages.

Since salt-w ater ballast does not cost anything, 
and the double-bottom tanks together with a portion 
of the peak tank can be filled by the action of 
gravity, little time or labour is involved in filling 
Nos. 4 and 5 tanks, and in adjusting the quantity 
of w ater in the a fte r  peak during the voyage. The 
la tte r operation will be the most troublesome, but 
should not involve much difficulty as calibration 
particulars will be supplied for the purpose.

T here  is an ample m argin of stability to cover 
the transito ry  loss caused by the free-surfaced 
fluid during the process of filling a tank, even in 
the event of a m istake being made by filling two 
tanks at the same time. Nos. 4 and 5 tanks are 
sounded from  the m achinery space, and there should 
not be any difficulty in ensuring that they are com
pletely filled, even under heavy w eather condi
tions.

The a fte r peak tank must necessarily contain

free-surfaced w ater fo r about one-half of the du ra
tion of the voyage, and the noise caused by the 
movement of this w ater may possibly be trouble
some, but the  risk of any structu ra l dam age is 
negligible.

I t  may be m entioned tha t in this type of ship, 
the loaded departure and arriva l conditions w ith a 
homogeneous cargo are  usually the  m ost exacting 
of any conditions from  the point o f view  of stability, 
but it will be seen tha t am ple stability is provided 
and m aintained throughout the voyage.

The vessel w ith m achinery a f t  has some 320 
tons g reater average displacem ent on voyage, but 
the effect on speed and consum ption is trifling.

T he frequent use of the double-bottom tank  
under the m achinery space fo r the carriage of w ater 
ballast, will necessitate special care being taken to 
guard against the effects of corrosion. O n com
pletion of the voyage, the expense of emptying the 
tanks is incurred w ith possibly a resulting loss of 
time.
(3) Ballast departure and arrival conditions.

In  these conditions, the disadvantages are 
g reater since it is necessary to carry  some 400 tons 
of dry ballast in addition to adm itting  w ater ballast 
during the voyage. The necessity for carrying dry 
ballast is the principal disadvantage arising from  
fitting propelling m achinery a f t  in this particular 
example.

A voyage from  the U nited  K ingdom  to 
A ustralia in ballast is un fo rtunate ly  not uncommon 
in these days, and while the vessel w ith m achinery 
am idships can undertake a voyage of this duration 
with w ater ballast alone, it is necessary to incur 
the additional expense and loss of time in loading 
and discharging dry ballast in the case of the vessel 
w ith m achinery aft.
(4) Hull.

The lengths of the m achinery space, cross 
bunker, and fore peak, have been increased fo r the 
reasons given, but the weight and cost involved have 
already been discounted.

T he distribution of weight and  buoyancy in the 
ballast conditions may possibly result in slightly in 
creased stresses as com pared w ith the correspond
ing conditions w ith m achinery am idships, but as 
before, no useful purpose would be served in deter
m ining quantitative values as the increases are  of 
small amount.

A m inor disadvantage is tha t w hereas all the 
double-bottom tanks, w ith the exception of No. 1, 
can be entered when the vessel w ith m achinery 
amidships is fully loaded, it is only possible under 
sim ilar circum stances to enter Nos. 4 and 5 tanks 
when the m achinery is fitted aft.

T he arrangem ent of accom m odation is the 
same in each case, but the galley of the vessel w ith 
m achinery a ft is much fu rth e r from  the am idship 
accommodation than in the case of m achinery am id
ships, and this is undoubtedly some disadvantage.
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Discussion.

Some fu rth er aspects of the problem may be of 
interest.
Deep Tank.

Deep tanks, while not being uncommon in 
vessels of this type and size, cannot be considered 
as being a regular feature, and in  consequence a 
deep tank has not been adopted in this example. 
In  the case of the vessel w ith m achinery amidships, 
a deep tank could be arranged  to  give increased 
bodily immersion as well as increased propeller im 
mersion, thus im proving her w eatherly and navig
able qualities and propulsive perform ance.

I f  a deep tank were fitted in  the vessel w ith 
m achinery a f t  in this example, it would eliminate 
the necessity fo r carrying dry  ballast (the principal 
disadvantage) and also increase the cubic cargo 
capacity since the fore peak could then be m ade of 
norm al length, the deadweight o f course, being re
duced. I t  would not, however, be of any help in 
giving increased bodily or propeller immersion, 
since it would, fo r purposes of trim , require to be 
placed in the fore body.

W hile no detailed com parison has been made, 
it may be mentioned that if the design of the vessel 
w ith m achinery amidships were retained, tha t is to 
say w ithout a deep tank, and a deep tank were 
fitted to the vessel with m achinery a ft, the la tter 
would still be the cheaper ship to build, notw ith
standing the increased cost of the deep tank.
T onnage.

The question of obtaining the usual propelling 
power allowance as a deduction from  gross tonnage 
arises in consequence of fitting the propelling 
m achinery aft, but in this exam ple the same am ount 
o f deduction as w ith m achinery am idships is 
obtained.

In  view of the great progress made in p ro 
pelling installations and spaces, there seems to be 
justification fo r a revision in the scale of allow
ance fo r deduction from  gross tonnage.
W atertight subdivision.

The question of bulkhead spacing in so fa r as 
the safety of the vessel a fte r  underw ater damage 
is concerned, is of some im portance, and the dis
position of bulkheads in the vessel with m achinery 
a f t  gives a better subdivision from  the point of 
view of safety than in the rase  of the vessel fitted 
w ith machinery amidships.
Steering gear.

The steering engine in each case is fitted in 
the a fte r deckhouse and operated by telem otor con
trol. The distance from  the navigating bridge to

O ther Aspects of the Problem. the steering engine is about ten feet less in the case 
of the vessel w ith m achinery a ft, the arrangem ents 
thus being practically identical. A  steam  winch w ith 
extended ends is fitted fo rw ard  of the a fte r  deck
house in each case, for the custom ary purpose of 
acting as an independent means of steering and also 
fo r w arping purposes.
M  achinery.

A dequate space fo r com fortable access to all 
parts of the m achinery has been provided in each 
case.

Feed w ater has purposely been om itted in this 
investigation in view of the conflicting opinions as 
to policy of carry ing it in vessels of this type. I f  
required, it would be carried  as usual in the tank 
under the engines, and its consum ption would have 
a slightly adverse effect on trim s o f the vessel with 
m achinery aft.

T he questions as to w hether there  is increased 
vibration w ith propelling m achinery aft, and also 
as to w hether there is g rea ter liability of cracking 
and frac tu re  of the propeller shaft, are of such a 
na tu re  as to necessitate an  independent and ex
haustive investigation and cannot be dealt w ith in 
this paper.

T he smoke nuisance, and risks of fire would 
be som ewhat lessened in the case o f the vessel with 
m achinery aft.

C oncluding  R em arks.
The investigation of this particu lar example 

shows that the principal disadvantages of fitting p ro 
pelling m achinery a f t  can be overcome, and satis
factory  conditions of trim  and stability be obtained 
and m aintained throughout a long non-stop voyage.

The efficiency of the vessel fo r carry ing and 
stowing cargo, and particularly  in respect of the 
loading and discharging operations, has undoubtedly 
been increased by fitting the m achinery a ft, and the 
standard  of seaw orthiness has been m aintained.

These im proved technical qualities are  accom
panied by a reduction in capital cost, and while 
expense is involved in handling the dry ballast re
quired fo r long voyages in the ballast condition, 
economies in operating expenses have been effected 
in o ther directions.

M any factors of differing degrees of im port
ance are involved in an investigation of this nature, 
and while the m erits and dem erits o f some features 
are difficult to assess, both technically and com m er
cially, it seems reasonable to conclude tha t the 
overall economic efficiency of this particu lar vessel 
w'ould be increased by fitting the propelling 
m achinery aft.

Discussion.
Mr. E. F. Spanner, R .C .N .C ., ret. (M em ber petition was very keen and no point should be 

of Council), opening the discussion, said it was m ost neglected. Incidentally, it was advisable to watch 
im portant that they should find the very best way carefully w hat was being done on the Continent, 
o f arranging  the m achinery in a ship. To-day, com- T hroughout the paper the au tho r said nothing
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F i g . 4.

about oil tankers. As he (the speaker) read the 
paper, it seemed that the au thor’s principal reason 
fo r starting  this argum ent was to put forw ard  the 
view th a t if  the m achinery was placed aft, a ship 
handier fo r cargo w orking was obtained. Those 
responsible for oil tankers already agreed w ith the 
au thor in putting the m achinery a ft, but obviously 
this m ust be fo r reasons other than cargo handling 
— as discussed in the paper— and he felt that the 
au thor should include an analysis of the oil tanker 
aspect of the question, in order tha t those reading 
the paper m ight have as full inform ation as possible.

The au thor had taken a short c u t ; suggesting 
tha t by dealing w ith one particu lar installation there 
was no need to argue about any other. This pro
position could not be accepted, 
however, for while it was 
certainly adm itted tha t the 
“middle cu t” was the best 
in a ship, as in a fish, 
it also followed th a t the 
sm aller the middle cut, i.e. the 
sm aller the m idship space oc
cupied by the machinery, the 
less advantage was to be ob
tained from  rem oving the 
m achinery from  amidships to 
the a fte r  end.

In  review ing the au tho r’s 
paper it was quite clear that 
the obstruction offered by the 
shaft tunnel was not only a 
nuisance, but an expensive 
nuisance as regards cost in 
construction, cost in tail sh a ft
ing, and cost in cubic space 
lost. H e (the speaker) was

puzzled to know why it was th a t progress had not 
been made m ore rapidly w'ith the adoption of the 
scheme of placing the propellers am idships together 
w ith the machinery. So fa r  as he could understand 
there was a very g reat deal to recom m end this 
system, w hatever technical difficulties m ight suggest 
themselves in the early stages. So much was to be 
gained by elim inating the sh a ft tunnels, sim plifying 
the construction and clearness of the holds a t the 
a fte r end, cutting down m achinery weight and costs, 
elim inating a long line of shafting, reducing vibra
tion, obtaining better propeller im m ersion condi
tions, and so on, that it seemed well w orth while 
tackling this proposition in a practical m anner, by 
actually building a ship to see w hether this system

r.M.V. ARR. OF ENGINE AND BOILER 
.SUPER CUBIC'

F i g . S.
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F ig . 6.— Cargo steamer of about 7,200 tons. Dimensions approxim ately 358ft. Oin. x57ft. Oin. x23ft. 6 in .; depth moulded to 
shelter deck 35in. Oin.; coefficient o f displacement about -76; coal and oil fired ; i.h.p. 2,500 maxim um, 1,850 no rm al: 
21-22 tons of coal per d ay ; normal speed loaded 11 knots; bales cubic about 450,000 cu. f t . ;  grain  cubic about 
485,000 cu. f t . ; perm, bunkers 300 tons coal, spare bunkers 350 tons coal, and extra spare bunkers 150 tons co a l; net

registered tonnage about 2,120.

did not provide a perfectly sound answ er to many 
propulsion problems arising, particularly  in recent 
years, e.g. excessive vibration, ta il-shaft fractures, 
singing propellers, etc. H e was convinced that 
practical exploration of this line of development 
m ight well result in a very m arked im provem ent in 
ship design generally, and he hoped that someone 
with courage would be forthcom ing to build the 
first ship with propellers amidships.

N ext to having the propellers and propelling 
m achinery wholly am idships, it was of advantage 
to cut down the length of m idship space occupied 
hy  the m achinery, and in this connection the work 
which was being done by M r. K. G. M eldahl in 
th e  developm ent of w hat he term ed super cubic

ships was bearing excellent fruit.
I t  would be rem em bered tha t M r. M eldahl’s 

objective, as indicated by the nam e he gave his 
ships, was the obtaining of very large cubic space 
on given dimensions, which objective was one of 
the m ain points aimed at by M r. Scott in his design. 
Mr. M eldahl solved the problem by lifting  the 
boilers to a position above and abaft the engines, 
thereby (1) utilising upper deck and superstructure 
space which was not norm ally of g rea t v a lu e ; (2) 
restricting  the overall length of the deck e rec tions;
(3) providing fo r bunkering and ballast require
m ents in an ingenious m anner which avoided com
plications on service in respect of trim , and finally
(4) releasing hold space fo r the reception of cargo

F ig . 7. 
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T a b l e  o f  C o m p a r is o n .

Steam er o f  8,045 tons d.w. according to M r. Scott.
Length  .............................................................  395 ft. Oin.
B read th  .............................................................  55ft. 6in.
Depth to main deck ...................................... 25ft. 3in.
Depth to shelter deck ... ..............  ... 35ft. 3in.
D raugh t lo a d e d .................................................. 23ft. 5in.
Displacem ent ..............  ... ... ... 10,780 tons
Cu. ft. grain, ex f ’cle ... ... ... ... 468,800
R atio  cu. ft./d.w. Ts. ... ..............  ... 58'3
Speed .............................................................  10 knots.
I.h.p. 1,350; max. 1,500, perhaps more.
T rip le  expansion 20in.x33in. x55in. x45in. stroke.
T w o  boilers, 2001b., 14ft. 6 in .X l2 ft. Oin.
W e ig h t of machinery, 365 tons.
Num ber o f hatches, 4 large and 1 small.
W inches, 10.
N e t register tonnage, ?
D ry  ballast recommended, 400 tons.
Rad ius of action, c o a l : 12,500 m.
F or the sam e d.w. the elevated boiler ship was not more expensive to build, thus fo r instance no ash hoist needed. 
F or the sam e cubic capacity the elevated boiler ship ivould  be about 3 per cent, cheaper to build and drive.
The elevated boiler ship offered considerably better sanitary conditions fo r the stokers, p articu larly  in the tropics. 
The excess ballast-stability was considerably reduced in the elevated-boiler ship.

Super-cubic steam er of 7,200 tons d.w .— one o f  tw o recen tly  
ordered—w ith  guaranteed contract figures.

358ft. Oin.
57ft. Oin.
23ft. 6in.
35ft. Oin.
22ft. 3in.

9,900 tons.
485,000

67-3
11 knots.

1,850; max. 2,500-2,600.
Double compound 415 m m .x 1,015 m m .x930 mm. stroke. 
T w o  boilers, coal and oil fired, 2201b., 15ft. 0 in .x l2 ft . l in . 
340 tons.
4 forw ard , 2 a ft  = 6 o f about 27ft. Oin. length.
12.
About 2,120.
Deep tank, 1,000 tons.
Rad ius o f action, O il : 15,000 m.

under conditions which made the space easily 
usable and very valuable.

Fig. 4 showed diagram m atically comparative 
arrangem ents according to M r. M eldahl’s ideas and 
according to standard  practice. Fig. 5 was a draw 
ing showing the arrangem ents a little m ore clearly. 
Fig. 6 illustrated a ship arrangem ent fo r a vessel of 
7,200 tons d.w., incorporating M r. M eldahl’s boilers, 
and Fig. 7 was a photograph of the “H arp efje ll” 
which indicated that there was no th ingatall abnorm al 
in the appearance of these super cubic ships.

To enable the au thor to consider a particular 
case in comparison w ith the one he had chosen 
him self, M r. Meldahl had sent the above p a r
ticulars, and it would be very interesting to know 
how M r. Scott regarded these in comparison with 
his own suggested design.

W hatever conclusion the au thor m ight reach 
with regard  to the argum ents fo r the super cubic 
ship as against his own proposal, it was w orth re
m arking that M r. M eldahl had been extremely 
successful w ith his proposals, the present position 
being that he had eight ships running satisfactorily, 
a n inth ju st launched, and nine more recently 
ordered. O f these, two were of 7,200 tons d.w. 
capacity, 11 knot speed, and 485,000 cubic ft. grain 
capacity, as shown in the foregoing table.

One im portant incidental feature of the designs 
had been the great im provem ent of the conditions 
under which the stokers had to work, the stokehold 
now being lit by day lig h t; also the im provem ent in 
the lot of the engineer on watch, seeing tha t the 
m achinery and boilers were m ore closely under his 
control. Factors advantageously affecting the per
sonnel had become of increasing im portance during 
recent years.

No doubt, in his reply, the au thor would deal 
w ith the oil tanker question, also w ith the centre 
propulsion proposals, and the super cubic ships, in 
as thorough a m anner as he had his own proposals,

in which case an already valuable paper would 
become greatly increased in im portance.

Mr. J. Ham ilton G ibson, O .B .E ., M.Eng.
(V ice-President) said that in his opinion, as a mere 
engineer, M r. Scott had m ade out an excellent case 
for m achinery fitted aft, though he m ust say that 
from  the aesthetic point of view he was no adm irer 
of vessels w ith the funnel on the stern. But, 
especially in tram p tonnage, appearances m ust give 
way to utility and earning capacity, and the au thor 
had given facts and figures to prove this.

The question of v ibration occurred to him. 
Y ears ago at B irkenhead they built two small vessels 
180ft. by 42ft. by 9ft. d ra ft as m eat-barges to bring  
cargoes down the R iver P late to ocean-going re
frigerated  liners loading at Buenos Ayres. They 
had tw in-screw compound engines 15in. and 32in. by 
21in. stroke of 850 total i.h.p. at 136 r.p.m., and 
two single-ended boilers— all situated a ft, and the 
vibration was very bad until they fitted two longi
tudinal bulkheads in way of the machinery' space. 
I t  would appear that special care would be required 
in all such designs to minimize vibration.

H e supposed they w ere all agreed that, with 
the engines aft, the lighter the m achinery the better. 
In  this connection he rem em bered reading a 
description of some vessels built in A m erica five 
or six years ago w ith turbine m achinery aft, and 
w ater-tube boilers. The boilers were, he believed, 
actually a ft o f the engines on a raised flat. This 
would rem ind them, as would the previous speaker’s 
rem arks, tha t in Scandinavia steam ers w ere now 
being built w ith boilers on deck, and abaft the  
engine room. In  these vessels the m achinery was 
amidships. W ould the au tho r consider such an 
arrangem ent feasible w ith m achinery af t ?

Mr. C. J. Hampshire (M em ber) said that the 
paper contained a lot o f points in favour of fitting
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the m achinery aft. This arrangem ent obviated a 
long length of shafting  and tunnel trouble due to 
hot bearings, etc. H e thought, however, that in 
pinching the m achinery aft, this would give a 
cram ped engine room, especially in the layout of 
auxiliaries. D uring the late w ar he viewed m any 
engine room s of G overnm ent oilers, and that con
veyed to him the cram ped conditions.

W ith  regard  to cargo handling, no doubt the 
m achinery a ft arrangem ent gave a clear run  from  
the forw ard end of the boiler room  bulkhead which 
was very useful for cargo handling, but from  the 
point o f view of a man who regarded a ship as 
something beautiful, m achinery fitted a f t  could only 
be considered an atrocity.

M r. Spanner re fe rred  to boilers being fitted 
high up— from  the firem an’s point of view a most 
excellent arrangem ent —  but he thought that the 
low er one got the weight, the better it w as for 
rolling and seaways. H e had  seen the vessels in 

, question, but it seemed to him tha t the arrangem ent 
would have a deleterious effect on stability. P e r
haps he was wrong, but he considered it better to 
keep the weight as low as possible in the ship.

They were so accustomed to seeing m achinery 
fitted amidships. W hen one saw a tanker running 
light w ith her bow up in the air, it was m ore like 
a barge or lig h te r! M r. Scott m ade out a very 
good case, but he (the speaker) looked at the prob
lem from  an aesthetic point o f view ra ther than 
from  that of a shipowner.

The Chairman said tha t the au thor deserved 
the thanks of the m em bers of The Institu te  for a 
most interesting paper, which had  the advantage 
that it dealt w ith problems of naval architecture 
of considerable interest to the m arine engineer in 
a m anner which could be easily appreciated.

H e said tha t before passing to detailed com
ments, he would draw  the au th o r’s attention to the 
design of vessels sailing on the G reat Lakes of 
Canada. T his was of in terest in view of the paper 
because these ships had m achinery a f t  fo r the 
special purpose o f facilitating the loading and dis
charge of bulk cargoes.

In  these particu lar ships the fact that the 
m achinery was placed a f t  had proved of no dis
advantage from  the point of view of the structural 
strength  of the ships, but the service on which they 
w ere engaged was not so severe as would be en
countered by ocean-going vessels. H e suggested 
th a t the author had dismissed the m atter o f the 
effect of the disposition of m achinery on the struc
tu re  of the ship ra ther too lightly.

In  oil tankers the effect of the concentration of 
the cargo weight amidships was to  cause these 
vessels to be liable to excessive compressive stresses 
in the deck plating when com pared w ith the cargo 
ship w ith m achinery am idships and, although it was 
adm itted that the weight of cargo per cubic foot 
was greater in the oil tanker, there  was a possibility 
tha t the fitting of m achinery a ft would result in the

norm al cargo ship of average scantlings being liable 
to severe stresses in the sagging condition.

T he speaker had dealt w ith this aspect in a 
paper read before the Institu tion  of Engineers and  
Shipbuilders in Scotland, and suggested to the 
au thor tha t in view of the  approach of present 
scantlings to a m inim um  compatible w ith absence 
o f structu ral weakness he should give the m atte r 
careful consideration.

W ith  regard  to the question of the effect of 
considerable trim  by the stern  on the ship’s struc
ture, it was known tha t small ships on ocean-going 
service w ere liable to recurren t dam age a t the 
forw ard  end, due to slamming. T he stiffening o f  
the struc tu re  against this was not easy, al
though it could be successfully accomplished, 
but he was a fra id  that a vessel 400ft. in 
length w ith m achinery a f t  on the N orth  A tlantic  
service would suffer th is kind of dam age unless 
careful arrangem ents w ere m ade to m ake the struc
tu re  of the bottom  fo rw ard  fullv effective under 
w hat m ust be very severe conditions.

Mr. W . A . Christianson (M em ber) said tha t 
in Fig. 1 w here the m achinery was am idships, the 
crew was housed am idships, but in Fig. 2 w ith the  
m achinery a ft the crew  was accom m odated aft. In  
the second case, why not put the crew  am idships 
w here they would be m ore com fortable and aw ay 
from  the noise of the m achinery and propeller?

Mr. J. Stileman (M em ber) asked the au th o r 
w here the auxiliaries w ere housed in the case o f 
the ship w ith the engine room aft.

Mr. F. A . Hunter (M em ber) said tha t he w as 
interested in the question of vibration  in connec
tion w ith Diesel-engined coasting vessels varying in 
length from  120 to 200ft. Taking, fo r instance, 
two of these vessels fitted w ith sim ilar Diesel en
gines running a t 300 r.p.m. and of the same pow er, 
one w ith the m achinery fitted am idships and the 
o ther a ft, he had found tha t the ship w ith the 
m achinery fitted a ft suffered m ore from  vibration. 
W as this due to the design of the ship o r to  the 
scantlings ?

I t should be rem em bered tha t the engine was 
better w ater-borne when the m achinery w as fitted 
am idships, but he assum ed tha t it was much b e tte r 
w ith the m achinery a ft in the case of a vessel in 
light condition, especially w ith shallow d ra f t ships 
in bad w eather, because the propeller did not rise 
as it did in the case o f a vessel on even keel.

Mr. W m . McLaren (M em ber) asked if the  
ships of the present time which w ere specialised 
were really advantageous? F o rty  years ago ships 
w ent anyw here and loaded anything.

In  these specialised ships, and m ore especially 
those w ith m achinery fitted a ft, there  w ere some 
advantages. The distance between the stern  tube 
and the th ru s t block was shortened, and this was an 
advantage in draw ing in the tail-end shafting. B ut 
taking the m achinery a f t  arrangem ent as a whole,
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he did not favour it. H e thought the naval architect 
would be inclined to make it a full trim  ship. W as 
that an advantage from  the speed-keeping aspect 
of the problem ?

A nother point was th a t when running before 
a wind and the ship was tu rned  round, he did not 
know w hat would happen to the boiler fires.

H ad  the au thor any experience in the m ain
taining of the w ater level near to  w hat one could 
gauge in the boiler? The period of pitch would be 
m uch longer than  w ith engines fitted amidships. 
T hen again there would be such a lash in the Scotch 
or cylindrical boilers. One could imagine the boiler 
w ater flying from  one lash to another.

Did the au thor consider that m aintenance would 
be less in the case of the engines fitted a ft as com 
pared w ith am idships?

T he au thor referred  to an increased weight of
10 tons. W hat allowance had been made for the 
windlass, cable, etc., because it occurred to him that 
m uch m ore cable would be required when anchoring 
in m idstream , sometimes in very difficult weather.

H e wished to stress the point, were they getting 
away from  the useful ship?

On the proposal of Mr. J. Hamilton Gibson, 
O .B .E ., M .Eng. (V ice-President) a hearty  vote of 
thanks was accorded to the author.
By C orrespondence

Mr. E. G. W arne (M em ber) w rote that in any 
consideration of M r. Scott’s paper, special thought 
m ust be given to the ships the author had in mind. 
H e was dealing, o f course, w ith the shipow ners’ 
and naval architects’ a ttitude tow ards placing the 
m achinery a ft in vessels which were yet to be built. 
T he facts which had been so clearly presented by 
M r. Scott did not, unfortunately , apply to about 
80 per cent, of the tonnage under construction. O f 
this tonnage, 60 per cent, would be propelled by
011 engines and of the rem aining 40 per cent, roughly 
one half would be fitted w ith the coal-fired boilers 
and steam  engines on which the author had based 
his conclusions. H e (M r. W arne) suggested that 
even the ingenuous proviso in the paper for catering 
for the “w orst aspect of the problem ” scarcely put 
the au th o r’s calculations on a desirable basis.

I t  was very difficult indeed to understand how, 
in view of the present shipbuilding situation, the

The A uthor’s Reply
The author, in reply, thanked the m embers of 

T he Institu te  fo r the reception given to his paper, 
and for the excellent discussion and criticism it 
provoked.

W ith  regard to M r. Spanner’s comments on oil 
tankers, there were, as he suggested, reasons o ther 
than  those of cargo handling for fitting the m achin
ery a ft in these vessels, and the au thor had p u r
posely om itted any reference to this standard 
practice as he did not consider it necessary to 
question such an arrangem ent or discuss its pros 
and cons.

au thor could claim as he did on the second page 
of the paper, that his “investigation has been con
fined to a typical and representative case” , when the 
example selected did no t re fe r to  one-quarter of 
the tonnage now on the stocks. W as not M r. Scott 
asking them, in effect, to consider w hat could have 
been done w ith w hat he called a “popular and  effici
ent instrum ent of sea tran sp o rt”, namely, the 10- 
knot coal-fired tram p— w hich w as now  neithei 
popular nor any m ore efficient than  the laws of 
therm odynam ics would allow— ra th e r than  w hat 
might be done in the case of orders fo r ships which 
the m ajority  of owners p re fe rred  to build?

Dr. J. Bruhn, Oslo, in a le tter addressed to the 
Editor, “L loyd’s L is t” , which w as published in the 
issue of tha t Journal dated  29th December, 1936, 
stated : “In  your issue of 9 th  D ecem ber you quote 
M r. Scott’s paper read at the In stitu te  of M arine 
Engineers on the subject of m achinery aft. W ith  
regard  to safety  it is stated  th a t ‘the standard  of • 
seaw orthiness had been m aintained by fitting the 
m achinery a f t ’. This is no doubt the case, but 
superficial observers assert th a t such vessels are  less 
seaw orthy than those w ith the m achinery amidship. 
T hey arrive probably a t this conclusion by looking 
only at the relative percentage of ships lost with 
m achinery a ft and w ith it am idship. I t  is, how
ever, clear tha t these figures alone give a misleading 
picture of the case. The average size of ships with 
m achinery a ft is, apart from  tankers, very much 
less than the average size of ships w ith the 
m achinery amidship, and the equipm ent of the 
form er w ith officers, etc., is generally not quite of 
the same standard  as that of the larger vessels. 
T he hatchw ays are as a rule relatively much larger 
in the ships w ith the m achinery a ft than in the 
ordinary case when it is amidship. M oreover, there 
is as a rule no m idship erection in the vessels with 
m achinery aft, which affects the seaw orthiness to a 
considerable extent. T he cargo which vessels with 
m achinery a ft carry, and the trade they are em 
ployed in, are  also on an average m ore try ing from  
the safety point of view  than  the general average.
I t  is therefore to be expected tha t vessels w ith the 
m achinery a ft should appear to be less satisfactory  
than others w ith regard to seaw orthiness” .

to the Discussion.
Oil cargoes w ere officially classed as dangerous, 

and bulk oil carriers m ust conform  to special regu
lations, and it was therefore , in the first place, a 
p rudent practice to isolate completely such cargoes 
from  the propelling m achinery space. F u rther, 
since classification societies required cofferdams to 
be fitted at the forw ard  and a fte r  ends of the oil 
cargo spaces, it was obviously m ore economical to 
fit the propelling m achinery a ft since two additional 
cofferdams would be required in the case of m achin
ery amidships.

T he shaft tunnel, tunnel stools, tunnel shafting,
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plummer blocks, etc., were deleted by fitting the 
machinery aft with resulting economies in cost, 
weight, cubic capacity, etc.

An important point to note in connection with 
the shaft tunnel in oil tankers with machinery amid
ships was that it was a potential source of danger 
in view of the ever-present possibility of leakage of
oil and accumulation of explosive gas in a confined 
space, and in consequence classification societies re
quired it to be isolated from the engine room, en
tered by a separate trunkway from the deck, and 
provided with a large ventilator at each end. All 
of these disadvantages were eliminated by fitting 
the propelling machinery aft.

It should also be noted that since oil pump 
rooms were required by classification societies to be 
enclosed by oil-tight bulkheads, and to have no 
direct communications with the machinery space, 
it was clear that this also resulted in additional cost 
and weight of structure, piping, etc., in a tanker 
with machinery fitted amidships.

Fire danger, resulting from sparks, had been 
reduced since the inception of the oil-fuel burning 
tankers, and was minimised by fitting the propelling 
machinery aft.

The foregoing were some of the reasons why 
those who were concerned with or responsible for
oil tankers were of opinion that machinery aft was 
the better proposition, and it should also be noted 
that while there was no ruling to the contrary, 
Lloyd’s Rules for the construction of vessels in
tended to carry petroleum in bulk were drawn up 
on the definite assumption that the propelling mach
inery was situated at the after end of the ship.

Mr. Spanner could not accept what he termed 
the short cut taken by the author in dealing with 
one particular installation, but the author was of 
opinion that this procedure and his particular selec
tion was justified since it undoubtedly covered the 
worst aspects of the principal disadvantages of 
fitting machinery aft while retaining the conven
tional machinery arrangement, Mr. Spanner’s com
ments on the “middle cut” being, of course, 
indisputable.

The author agreed with Mr. Spanner’s observa
tions on the scheme for placing the propellers 
amidships together with the machinery, but it was 
obviously not possible for him to accede to Mr. 
Spanner’s request to deal with centre propulsion 
proposals in this reply. The author suggested that 
Mr. Spanner with his well-known capacity for 
originality and ingenuity could, with advantage, 
undertake an investigation of this problem.

The author was already acquainted with Mr. 
Meldahl’s scheme and his paper “Steamships with 
Main Boilers on Deck”*, and thanked Mr. Spanner 
for showing the lantern slides illustrating these ships 
and endorsed his observations as to their merits. 
As a matter of fact, the author when preparing 
this paper had sketched out a preliminary arrange
*  Trans. I.N.A., Vol. LXXVII.

ment for the purpose of ascertaining how Mr. 
Meldahl’s arrangement would work out in the case 
of the vessel under review, but did not proceed 
further with this alternative on account of the diffi
culties occasioned by the stowing and trimming of 
the large quantity of bunkers required in this 
particular example.

The author thanked Mr. Meldahl for sending 
particulars of one of his super-cubic steamers for 
purposes of comparison with the author’s mach
inery aft proposal, but pointed out to Mr. Meldahl 
and Mr. Spanner that his paper was prepared ex
pressly for the purpose of comparing the advantages 
and disadvantages of fitting machinery aft instead of 
amidships, and while the result of this particular 
investigation indicated that machinery aft was the 
better proposition, the author did not imply that he 
was an advocate of this arrangement or that it was 
the best possible. The author was of opinion that 
on given dimensions and form, Mr. Meldahl’s 
arrangement would give a greater cubic capacity 
than would be obtained by fitting the machinery 
aft and maintaining its conventional arrangement. 
Mr. Spanner, in his table of comparison, observed 
that for the same deadweight, the elevated-boiler 
ship was not more expensive to build, and that, for 
the same cubic capacity, would be about 3 per cent, 
cheaper to build and drive. It would require a 
detailed investigation of the technical qualities, 
capital costs, and running expenses of these two 
vessels in order to assess their respective overall 
economic efficiencies with the necessary degree of 
accuracy, and the author regretted that he could 
not undertake this investigation in view of his pre
sent commitments, and also observing that the large 
differences between the dimensional relations and 
block coefficients of the two vessels, together with 
several other factors, would invalidate the reliability 
of any approximate comparison.

It appeared to the author that great difficulty 
would be experienced with regard to the stowing 
and trimming of the coal bunkers required for a 
non-stop voyage of 12,500 nautical miles in the 
case of the super-cubic ship, and he noted that while 
the vessel with machinery aft had 970 tons of per
manent coal bunkers, the super-cubic ship only had 
spaces allocated for 300 tons of permanent bunkers 
plus 350 tons of spare bunkers; mention was also 
made of 150 tons of extra spare bunkers but the 
drawing did not show where these extra spare 
bunkers were stowed.

A further point was that the block coefficient 
of the vessel with machinery aft was -735 on a 
length of 395 feet and for a speed of 10 knots, 
whereas the super-cubic ship had a block coefficient 
of -76 in a length of 358 feet for a speed of 11 
knots. The differences in block coefficients alone 
accounted for a substantial portion of the increased 
cubic cargo capacity obtained by the super-cubic 
ship, and the author was also of opinion that the 
propulsive performance and speed-keeping capa
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bilities of the latter vessel in average weather at 
sea would not be so good as in the case of the 
vessel with machinery aft, it being interesting to 
note that Mr. J. L. Kent in his paper “Ship Pro
pulsion under Adverse Weather Conditions”*, 
stated in his conclusion that “to ensure the best 
speed performance at sea in adverse weather, the 
fullness coefficient of the ship should not exceed 
•74”. The author congratulated Mr. Meldahl on his 
novel and excellent scheme, and was pleased to hear 
that it had been extremely successful and was being 
still further developed.

The author agreed with Mr. Hamilton Gibson’s 
comments on the problem of the vessel with mach
inery aft from the aesthetic point of view and that 
appearance must give way to efficiency. He also 
agreed with Mr. Hamilton Gibson’s opinion about 
the necessity for exercising special care in order to 
avoid vibration troubles in lightly-built, shallow- 
draft, twin-screw vessels, an occurrence not un
common in vessels of this type and size.

Replying to Mr. Hamilton Gibson’s query about 
the feasibility of adapting Mr. Meldahl’s arrange
ment to vessels with machinery aft, the author was 
of opinion that there were cases in which this 
arrangement could be adopted with a still further 
increase in the high standard of efficiency already 
attained by Mr. Meldahl’s designs.

With regard to Mr. Hampshire’s comments on 
the engine room of the vessel with machinery aft 
being cramped, particularly in the layout of auxili
aries, the author had sketched out the machinery 
arrangement while preparing the paper, and 
arranged for comfortable working clearances and 
easy accessibility throughout, but there was not of 
course as much space available as in the case of 
machinery amidships. The author was not sur
prised at Mr. Hampshire’s observations on the 
appearance of vessels with machinery aft and was 
in general agreement with him. The author assured 
Mr. Hampshire that Mr. Meldahl’s arrangement had 
no deleterious effect on stability.

The author was in agreement with the chair
man’s comments on the structural strength aspect 
of the problem as affected by the disposition of 
machinery, and suggested that in view of the chair
man’s remarks as to the approach of present scant
lings to a minimum compatible with absence of 
structural weakness, it would be advisable in the 
case of cargo vessels of this size with machinery 
aft to reinforce the deck structure. A very effec
tive and economical manner of obtaining this addi
tional strengthening would be by fitting girders on 
top of the deck in line with the hatch coamings, 
the disposition and arrangement of the deck open
ings as shown on Fig. 2 being admirably suited for 
obtaining the most effective development of this re
inforcement. Since this additional strengthening 
would not involve an expenditure of more than
* Trans. N.E.C. Instn. of E. & S., Vol. L III, P art 2.

£400, the capital cost of the vessel with machinery 
aft would be some £2,450 less than that of the 
vessel with machinery amidships.

With regard to the chairman’s remarks as to 
the effect of considerable trim by the stern on the 
ship’s structure, the author agreed that this factor 
was always a possible source of fore end damage 
due to slamming in all ocean-going vessels, particu
larly when in ballast or partially loaded conditions, 
but the author could not agree that the vessel under 
review in any of her service conditions and trims 
was more liable to damage from this cause than 
the vessel with machinery amidships. The author 
endorsed the chairman’s opinion as to the necessity 
for providing effective stiffening of the bottom for
ward in all ocean-going vessels.

The author was not quite clear as to Mr. 
Christianson’s remarks about the crew being housed 
amidships in Fig. 1, and aft in Fig. 2, as the draw
ings showed their accommodation aft in each case. 
Possibly, and perhaps not unnaturally, Mr. Chris
tianson was thinking of the engineers, in which 
event there was no particular reason why they 
should not be accommodated in the lower portion 
of the midship deckhouse where they would derive 
the advantages mentioned by Mr. Christianson, but 
it might also happen that the remoteness of their 
accommodation from the machinery space in the 
vessel with machinery aft, might be a disadvantage 
in an emergency, particularly under severe weather 
conditions.

In reply to Mr. Stileman’s query, the housing 
of the auxiliaries in the vessel with machinery aft 
did not present any difficulties, seatings being built 
where necessary on the sides of the ship in the 
same manner as in oil tankers, and the author had 
taken special care (as mentioned in his reply to 
Mr. Hampshire) to ensure that all the auxiliaries, 
including the forced draught fan, could be arranged 
satisfactorily.

With regard to Mr. Hunter’s question as to 
vibration in Diesel-engined coasting vessels varying 
in length from 120 to 200 feet, the author replied 
that ship vibration was always a complex problem, 
and particularly in cases like those cited by Mr. 
Hunter. The problem did not at present admit of 
solution with the necessary degree of precision, even 
by the most exhaustive mathematical treatment, ob
serving that the many assumptions involved were 
derived from recorded data, of which none, so far 
as the author was aware, had been obtained from 
vessels of the type mentioned by Mr. Hunter.

Differences in the longitudinal distribution of 
weight, and of rigidity, of the two vessels might 
probably have accounted for some of the difference 
referred to by Mr. Hunter, but these were only two 
of the many factors involved, and while the author 
could advance several reasons which might have 
accounted for the difference, he could not do so 
with any degree of confidence. He was of opinion, 
however, that Mr. Hunter’s query as to scantlings
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might be discarded, provided the vessels were of 
precisely the same type, dimensions, and form.

It might be mentioned that the longer shaft in 
the vessel with machinery amidships would have 
greater facility for absorbing and dissipating the 
effects of shock and unevenness of torque than the 
short shaft in the vessel with machinery aft, and 
this might possibly have been one of the contribu
tory causes of the difference noted.

Mr. McLaren raised several points of interest, 
and replying to his first question, the author agreed 
that while the ships of forty years ago went any
where and loaded anything, the number of special
ised ships at present under construction was an 
indication that they were advantageous.

The author was not familiar with the expres
sion “full trim” ship, but if it implied a large trim 
by the stern, he was of opinion that a trim by the 
stern of, say, two to three feet in the vessel under 
consideration, had a slight advantage from the 
speed-keeping aspect of the problem in view of 
considerations of propeller immersion with reduced 
risk of breaking surface. The author regretted that 
he could not answer Mr. McLaren’s query as to 
what would happen to the boiler fires in the event 
of the ship being turned round when running before 
a wind.

The author had no experience in the main
taining of the water level in boiler gauges, but 
appreciated Mr. McLaren’s remarks in this con
nection, and was of opinion that it would be more 
difficult to ascertain and maintain the correct level 
in the gauges of the vessel with machinery aft when 
in a seaway.

The cost of maintenance referred to by Mr. 
McLaren would, in the author’s opinion, be less 
in the case of the vessel with machinery aft.

With regard to Mr. McLaren’s question about 
the windlass, cable, etc., the author replied that the 
classification societies’ rules required exactly the 
same length and size of cable, anchors, etc., in the 
case of each vessel in this example, and he had 
consequently not allowed any additional cable in 
the vessel with machinery aft. Mr. McLaren might 
have had in mind the question of wind effect on 
the different dispositions of superstructure and fun
nel as this might possibly have some bearing on the 
question he raised. Replying to Mr. McLaren’s last 
query, the author did not think they were getting 
away from the useful ship; changing conditions of

trade must be accompanied by changes in ship 
design.

With regard to Mr. W arne’s remarks, the 
author emphasised the fact that he had given in 
his paper explicit reasons for his selection of the 
type of machinery and fuel most suitable for the 
purposes of this investigation, and was of opinion 
that this selection was amply justified since it served 
the particular purpose for which it was intended.

The author, before commencing his paper, was 
fully aware of the relative proportions of cargo ship 
tonnage propelled by the three basic types of mach
inery, and his particular choice was not made be
cause he considered it to be either the most efficient 
or popular, but solely because it undoubtedly was 
the most suitable type of machinery and fuel to 
use for the purpose of illustrating the outstanding 
disadvantages resulting from fitting propelling 
machinery aft instead of amidships. If, for ex
ample, the author had used internal combustion 
engines for this investigation, he doubtless would, 
and with every justification, have been criticised 
adversely for selecting machinery which would only 
cater for the simplest solution of the problem.

As mentioned in the paper, it was not possible 
to illustrate the general problem, and it was surely 
axiomatic that if the most difficult aspect of the prob
lem admitted of satisfactory solution, there would 
not be any difficulties with its simpler aspects. It 
was obvious that while Mr. W arne’s criticism of the 
author’s use of the expression “the investigation 
has therefore been confined to a typical and repre
sentative case” was justified when considered from 
the point of view of building statistics, it had abso
lutely no bearing or effect on the problem.

Mr. W arne’s observations on the laws of 
thermo-dynamics were of course indisputable, and 
in reply to his query as to what might be done in 
the case of orders for ships which the majority of 
owners preferred to build, the author suggested that 
Mr. Warne would find the answer in the first para
graph of the second column of the second page 
of the paper.

The author very much appreciated Dr. Bruhn’s 
observations on the question of seaworthiness in 
ships with machinery aft and with which he was in 
complete agreement, and was glad that so eminent 
an authority on this subject confirmed the author’s 
statement that the standard of seaworthiness of the 
vessel of the size, type and design reviewed in the 
paper had been maintained by fitting the machinery 
aft.
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ADDITIONS TO THE LIBRARY.
Presented by the Publishers.

Lloyd’s Register of Shipping Rules and Regu
lations for the Construction and Classification of 
Steel Vessels.

“The Application of Diesel Engines to Rail 
Traction”, by T. Hornbuckle, B.Sc. Diesel Engine 
Users Association.

Munro’s Engineer’s Manual, 1937. James 
Munro & Co., Ltd., 16, Carrick Street, Glasgow,
C.2, 2s. 6d. net.

“The Shipbuilder and Marine Engine-Builder”, 
Vol. X LIII, January-December, 1936.

Proceedings of The Institution of Mechanical 
Engineers, Vol. 132, containing the following 
papers :—

“The Future of Steam Propulsion”. Thomas Lowe 
Gray Lecture, by Johnson.

“James W att”, by Beare.
"Exhaust Steam Turbines for Marine Propulsion, with 

special reference to the Rowan-Gotaverken 
System”, by Sneeden.

“Wrapping Machinery”, by Grover.
“Fuel Injection Equipment”. Symposium of papers. 
“Methods of Testing Internal Combustion Engines and 

Comparative Fu^l Economy of Engines on Test and 
in Service”. Symposium of papers.

"“Recent Developments in Turbo-Blowers and Com
pressors”, by ICearton.

“The Effect of Specimen Form on the Resistance of 
Metals to Combined Alternating Stresses”, by 
Gough and Pollard.

“Heating and Air-conditioning of Buildings”, 
by O. Faber, O.B.E., D.C.L., D.Sc., and J. R. Kell. 
The Architectural Press, 434pp., illus., 25s. net.

This book should prove of immense value to architects 
and others who are responsible for the decisions regarding 
the principles affecting the design and layout of heating 
and ventilating plants for buildings.

All systems of heating, domestic hot water supply, 
ventilating and air conditioning are fully described and 
their advantages and disadvantages concisely discussed 
without prejudice. The particulars given of the running 
costs of all the modern systems are unique, and as they 
are taken from pctual practice can be used with confidence 
l y  anyone who has to decide between the vexed question

of coke, coal, oil, gas, or electricity for heating purposes. 
Hitherto, the published figures have mostly been 
hypothetical and their source of origin not altogether dis
interested. The costs tabulated in this book are all the 
more valuable as obviously the authors have had no axe 
to grind.

Electrical thermal storage is described and its merits 
discussed, but one point regarding the cost appears to be 
missed. Most undertakings which want off-peak loads are 
prepared to quote special rates for lighting and cooking and 
to other power users if thermal storage is installed; the 
savings thus made should be credited to the cost of elec
trical heating.

The design of the plants described is not dealt with 
exhaustively, but sufficient information is given in a very 
lucid manner to enable anyone interested to understand the 
principles involved.

It is regrettable that the book suffers an irritating 
failing common to most textbooks in that it is often 
necessary to turn the page to refer to the illustrations and 
this could largely have been avoided. A good index is 
provided and the sequence of the chapters leaves nothing 
to be desired.

Although no mention is made of ships, the information 
given should be invaluable to those responsible for the 
hotel amenities in passenger liners, and marine engineers 
employed ashore on such work will also find the book 
very useful.

There is a paucity of English literature on the subject 
and this volume is a welcome addition to the works 
already published on modern heating and air-conditioning 
methods which are only in their infancy in this country. 
Public demand is already stimulating an interest, and 
buildings not brought up-to-date in this respect are bound 
to become obsolete in the not far distant future.

“Electric Arc and Oxy-Acetylene Welding”, by
E. A. Atkins, M.Sc., and A. G. Walker. Sir Isaac 
Pitman & Sons, Ltd., 3rd edn. 394pp., illus., 
8s. 6d. net.

The publication of this issue so quickly after that of 
the second edition is an indication that this practical hand
book is appreciated by operators and designers interested in 
the various forms of fusion welding, which has now de
veloped into one of the most important of all metallurgical 
processes.

The opening chapter deals with methods of metal 
jointing, from riveting to various types of welding. 
Chapters II to IV deal with the advantages of electric arc 
welding, wiring diagrams, equipment, preparation and type 
of joints and diagrams showing arc stream movement when 
welding from various positions. Chapter V contains 
practical hints for the operator, and it is noted that arc 
flash and eye protection are dealt with at some length. 
The arc welding of cast-iron might be more fully treated, 
particularly methods of preheating and cooling, the advan
tages of free edges and curved surfaces against tied edges 
and flat surfaces, the reinforcing of heavy duty castings 
with steel plates, and the use of Monel metal where 
machineable cold welds are required, also slow stringing to 
allow for even distribution of contraction stresses. 
Valuable and interesting “Don’ts” for electric welders are 
given in Chapter VI.

Chapters V II to X deal fully with oxy-acetylene high, 
medium and low pressure processes, together with their 
manipulation and technique, and Chapter XI with “Don’ts” 
valuable to the gas welding operator. Gases used by 
welders are described in Chapter XII, and metal cutting 
in Chapter XIII.

The expansion and contraction of metals and the re
sulting effect of welding, together with interesting sketches 
comprise Chapter XIV. Chapters XV and XV II are de
voted to the testing of welds, together with a large number 
of interesting micro-photographs which show the reader 
most clearly the structure of different metals in various 
conditions and forms of crystallization. Data and tables
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of metals, also their properties, are clearly given in 
Chapter XXI.

Chapter XXII deals with the training of welders, and 
this is followed by a series of examination questions of 
interest to encourage the beginner to go further, and to 
assist the operator who has the flair, touch and welding 
sense which are essential to make up the skill he must 
apply to produce the right job. The authors are to be 
congratulated on this most practical handbook, and the re
viewer cordially recommends it to those interested in weld
ing and its application.

“The Performance and Design of Alternating 
Current 'Machines”, by M. G. Say, Ph.D., M.Sc. 
and E. N. Pink, B.Sc. Sir Isaac Pitman & Sons, 
Ltd., 552pp., 373 illus., 20s. net.

This is intended as a companion volume to Dr. Clay
ton’s book “Performance and Design of Direct Current 
Machines”, one of Pitman’s Engineering Degree Series. 
There is no doubt that the combination of performance 
and design into a single volume has definite advantages 
for the student of heavy electrical engineering, whether he 
intends or not to specialise later in machine design. The 
disadvantage in this case lies in the fact that in a.c. engineer
ing the range of machinery is so vast that no adequate 
treatment in the manner suggested could be contemplated 
within the covers of one book of normal proportions, 
hence the authors have been compelled not only to con
dense the text but also to limit the scope of the book to 
the three principal types of a.c. machines, namely, trans
formers, three-phase induction motors and synchronous 
machines. Other types of lesser importance are left for 
treatment in a subsequent book.

It should be clearly understood that the book is not 
intended to teach commercial design. It is a book for 
advanced students of heavy electrical engineering who are 
taking their final B.Sc.(Eng.) or similar examination in the 
subjects dealt with. It may also be recommended as a 
thorough groundwork for all who later intend to specialise 
in machine design, and for all of these we cannot commend 
the book too highly. It will also be found invaluable as a 
book of reference for those already practicing in some 
specialised branch of electrical engineering connected with 
the sections under consideration.

The general plan throughout the work is to give in 
each of the sections (the transformer, induction motor, 
synchronous motors and generators) an outline of the 
simple theory of each type, together with details of con
struction, operation, control, testing and design. The re
viewer has nothing but praise for the manner in which this 
plan is developed throughout the book. In all sections, 
excellent examples from modern practice are utilized for 
explanation and illustration. Other brief chapters are 
devoted to the theory, operation, performance and control 
of various types of converting machinery.

The great value of the book lies in the wide scope and 
general treatment of the principles involved. The produc
tion of the work is excellent, the paper and printing leave 
nothing to be desired, whilst the numerous illustrations, 
graphs, etc., although conservative of space, are both ex
cellent in choice and presentation.

“The Protection of Electric Plant”, by P. F. 
Stritzl, D.Sc. Sir Isaac Pitman & Sons, Ltd., 
200pp., illus., 18s. net.

There is at the present time little possibility of the 
apparatus described in this book being used on board ship. 
The book is written for information on the methods of 
protection of large electrical networks, and as such is 
very good.

If and when alternating current systems are used on 
board ship, then the information on several of the protec
tive devices for cables may be useful to the marine 
electrician, w'hile the numerous marine engineers already 
employed ashore on such plant will find the book of great 
value.

Briefly, this work can be recommended within its 
appropriate sphere, and if for no other reason whatever, 
merits approval for the chapter on “air blast” and other 
oil-less circuit breakers. The remainder of the book is con
cerned mainly with relay protection of high voltage alter
nating current networks and the protection of transformers 
and alternators.

“Power Wiring Diagrams”, by A. T. Dover. 
Sir Isaac Pitman & Sons, Ltd., 3rd edn., 216pp., 
272 illus., 6s. net.

Mr. Dover has gone to great trouble in compiling a 
variety of diagrams covering a very big percentage of 
electrical apparatus with which a person responsible for 
electrical repairs and maintenance is likely to come into 
contact. The diagrams are so clear and well marked that 
it is impossible for them to be misunderstood, and the in
structions appertaining to the various diagrams are very 
instructive.

The author goes very thoroughly into the question of 
direct current, and although d.c. current installations are 
on the decrease, there is a large amount of this kind of 
plant still in use. There was a time when it was possible 
for any one interested in the electrical side to be able to 
get diagrams and drawings of the various apparatus from 
the different manufacturers. The practice seems to have 
been discontinued however, and this book certainly fills 
the gap. Its handy form for reference is also to be com
mended.

The marine engineer, who may not be too well 
acquainted with this class of work, should find the con
nections for generators both shunt and compound of great 
service. The charging equipment section is exceptionally 
good, especially in view of the great prominence to which 
electrical vehicles and trucks have now’ risen. Charging 
by means of rectifiers is very good, showing both half and 
full way of rectification.

Now that electric welding is coming into its own, this 
section is valuable, as it shows the various connections and 
methods of forming the arc. The a.c. starter section is 
thoroughly dealt with from the simple tumbler switches 
for factional horse power to the various equipment capable 
of handling hundreds of horse power.

In section seven which deals with power transformers 
and static balancers, the various connections supplied are 
exceptionally good and far in excess of what the reviewer 
has seen in many books which deal solely with trans
former connections. The tap changing diagrams are well 
placed, showing the latest methods. The section on instru
ments is very interesting, especially the part referring to  
the W att hour meter, an aspect usually neglected in the 
average textbook. Fig. 221 showing the connections for 
determining phase rotation on three phase supply merits 
special attention, and the reviewer would recommend this 
to all maintenance engineers, especially as by slight varia
tion the lamps can be used for testing many circuits.

The chapter on protective system has been thoroughly 
dealt with and is worthy of note. Indeed, this book is a 
most useful addition to the library of every person 
interested in electrical wiring, from the manager down to 
the young apprentice.

“Theory of Elastic Stability”, by Professor S. 
Timoshenko. London and New Y ork : The 
McGraw-Hill Publishing Co., 518pp., illus., 36s. net.

This book is published with the aid of certain 
American Engineering Societies as being one which, although 
adjudged to be of value to engineers, is not likely to be 
published commercially because of too limited a sale. It 
may be said at once that, unless the reader has not only 
had a reasonably good technical training, but is accus
tomed to the reading and use of mathematical formulae, he 
will find some difficulty in digesting the contents without 
a good deal of application. This, however, does not affect 
the fact that the book is of a kind which one rarely meets.

407



Additions to the Library.

because it deals most completely with a subject of which 
the average engineer’s knowledge is inclined to be sketchy.

Many seagoing engineers will have seen the failure 
of a long strut or thin deck plate by compression because 
of its inability to maintain its original shape, or to buckle. 
Because a deck plate has buckled under compression it has 
not necessarily failed entirely to perform its function, and 
this is a simple case of the kind of examination which 
Professor Timoshenko deals with in his book.

The book is essentially for specialists, and it would 
hardly be fair to suggest that the average seagoing 
engineer would use it often, but for anyone engaged or 
intending to engage in design it would be most valuable 
as practically every form of buckling of beams, straight 
and curved, and plating is dealt with, and the author has 
not, as might be supposed from what has already been 
said, omitted to discuss the practical application of his 
methods.

The book is very well produced and printed, and the 
reasoning of each case is well set out and is as easy to 
follow as the nature of the problems permits.

“Vibration on Shipboard”, by E. H. Smith. 
“The Journal of Commerce”, Charles Birchall & 
Sons, Ltd., Liverpool, 132pp., illus., 7s. 6d. net.

Vibration on shipboard is a subject which has occupied 
the minds of engineers for many years. Hitherto atten
tion has been concentrated on the problem of balancing 
a single engine, shaft and propeller, but it is now more 
clearly recognised that the characteristics of the hull, the 
interaction between hull and propellers, and the heterodyne 
effects of multiple engines and propellers are factors of at 
least equal importance.

In this book stress is still laid on the dynamic charac
teristics of the single shaft line, and the greater part of it 
deals with the general theory of engine vibrations. 
Admittedly much remains to be done before a ship can 
be designed and guaranteed to be free from vibration, but 
much more has been done than the book indicates. For 
example, the cyclic variations of propeller resistance are 
mentioned as giving rise to torsional vibrations only; the 
cyclic impulses communicated to the plate work, the pro
peller brackets and shafting are ignored. Anyone who has 
stood in the tunnel of a ship at sea will be aware that the 
elucidation, control and possible elimination of these im
pulses is probably the most important investigation yet to 
be carried out in the sphere of ship vibration.

As an introduction to the subject the book is very 
useful, but one would have welcomed a more complete 
presentation of the difficulties yet to be overcome and 
some mention of the methods tried and untried whereby 
these difficulties may be attacked.

“Sea Trading and Sea Training”. Being a 
short history of the firm of Devitt & Moore by 
Clement Jones, C.B. Edward Arnold & Co., 192pp., 
illus., 7s. 6d. net.

It is seldom that a reviewer becomes so absorbed in 
a book that he reads it from cover to cover. That, how
ever, has been the result in this case and it is with some 
regret that this very readable account of a century of the 
activities of this well-known London firm is returned to 
its rightful place—the Library of The Institute to which 
the publishers have kindly presented a copy. There was a 
singular appropriateness in this act, for Sir Thomas Lane 
Devitt, whose biography pervades the long period 1860-1920, 
was President of our Institute in 1913-14 at the time when 
the present building was erected. Older members on 
perusing the book will be pleased to see a fine reproduc
tion of Sargent’s portrait of that grand old man as the 
frontispiece.

The author traces the fortunes of the Devitt family 
from 1836 when Thomas Henry Devitt, a shipping clerk 
of 18 years’ service, ventured to ask his employers for a 
rise and, being refused, started on his own with Joseph

Moore, a discontented fellow clerk. A t first they acted 
as managing agents, loading ships on commission, but soon 
they had a fleet of sailing vessels of their own and in 
1866 had their first ship built specially for the Australian 
emigrant trade. She was the “Parram atta”, 1521 tons, 
three-masted, full rigged, and did good service until 1873 
when she was sold to a Norwegian owner. Then follow 
accounts of more trading ships written as only a sailing- 
ship lover could describe them ; and the remainder of the 
book deals with a succession of training ships, the firm 
being convinced that the training of lads at sea was the 
right way to ensure a steady supply of real sailors. Even
tually, during the anxious years of the Great War, Pang- 
bourne College was founded under the auspices of the 
Royal Navy and the Merchant Navy and, as the author 
points out, if the reader cares to see a lasting monument 
of the pioneer training system introduced by Messrs. 
Devitt & Moore, let him go to Pangbourne and look around 
the Nautical College there.

Mr. Clement Jones’s book is so full of good things 
that it is impossible to enumerate them here, but a word 
of praise should be accorded to the excellent illustrations 
of some ten famous sailing ships, both "trading” and 
“training”, and several portraits of the principal characters, 
including typical master-mariners of the old school.

“Graphical Helical Spring Calculations”, by 
W. R. Berry, M.Sc., A.I.C. Emmott & Co., Ltd., 
22pp., 7 illus., Is. net.

The curves and nomograms in this pamphlet are 
offered to enable engineers to determine, by a single direct 
reference to a simple graph, the size of wire which must 
be used with a given outside or inside diameter of spring 
to carry the required load and generate a stress which 
will be a definitely known proportion of the torsional 
elastic limit of the particular size and type of wire, allow
ing for the latest corrections for the displacement of the 
neutral axis of the wire due to the curvature of the spring. 
Reference to the appropriate nomogram then gives, by the 
intersection of two straight lines, the complete data of the 
spring without any calculation whatever.

The examples cover (1) a normal compression spring, 
(2) a tension spring with initial tension, (3) special com
pression spring with the loadi in the open position and 
definite working closure the dominant factors, (4) chrome- 
vanadium steel spring, (5) phosphor bronze spring. It is 
believed that the intelligent use of these charts will re
duce the labour of spring designing to a minimum, and 
eliminate many of the failures at present written off as 
inexplicable or too readily attributed to faulty wire or 
manufacture.

“A Survey of the Present Organisation of 
Standardisation—National and International” . Cen
tral Office of The World Power Conference (36, 
Kingsway, W.C.2), pp. viii + 55, 3s. net.

A copy of the above survey has been presented to 
The Institute, which is represented on the British National 
Committee of the W orld Power Conference, and it has 
been placed in the Library for the use of members.

This publication records the activities as regards 
national standardisation of some 33 countries, and by 
bringing these under one purview, it is hoped to prevent 
duplication and overlapping. At the same time it is em
phasized that the W orld Power Conference has no inten
tion of acting itself as a standardising body or of engaging 
in any standardising activities. Through the courtesy and 
co-operation of the different international organisations, 
however, it has been possible to include the latest informa
tion on international standardisation.

Turning to Great Britain we read that in establishing 
national and British standards the underlying principles are 
that they shall be in accordance with the needs of industry 
and fulfil a generally recognised want, that the community 
interest of producers and consumers shall be maintained
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throughout the work, that periodical review and revision 
shall be undertaken to prevent crystallisation and keep 
the work abreast of progress, and that there shall be no 
coercion whatever by one section of the community over 
another section, standardisation being arrived at by general 
consent.

The general principles, it is hoped, will apply to all 
countries and, it may be added, the British Standards Insti
tution endeavours to ascertain the views of all other 
countries concerned before issuing its final specifications. 
Up to the present 561 British standard specifications have 
been issued and over one and a half million copies have 
been distributed throughout the world.

“British Empire Shipping, 1936”. H.M. 
Stationery Office, Adastral House, Kingsway, 
W.C.2, or through any bookseller, 5s. net, postage 
4d. extra.

This valuable publication comprises a large scale map 
of the world on which is indicated the distribution of 
British Empire shipping of and above 3,000 tons gross 
on the 7th March, 1936, and the percentage of certain im
portant commodities obtained by the United Kingdom 
from the principal regions supplying them in 1934. The 
map is accompanied by a tabular statement of these com
modities, which consist largely of foodstuffs and the chief 
raw materials, reference to which will enable the student 
rapidly to determine the total quantity in tons imported, 
or the quantity and percentage of any of these commodities 
supplied by any particular country.

Apart from the high general educational value of this 
work, it will naturally be of special interest to those en
gaged in the shipping industry, particularly the statisti
cians.

“Kent’s Mechanical Engineers’ Hand Book, 
Vol II, Power”, edited by R. T. Kent. London : 
Chapman & Hall; New York : John Wiley & Sons, 
11th edn., copiously illus., 25s. net.

The aim of the editor has been to present a reference 
book which, whilst not purporting to be a textbook on any 
particular subject, does contain a sufficiency of basic in
formation to the general mechanical engineer on practically 
all the subjects likely to come under his purview.

Glancing through the pages of this work one is struck 
with the great amount of information on each of the 
subjects covered. That the information is reliable is 
proved by the list of collaborators whose names represent 
some of the best engineers in the U.S.A. The arrange
ment in sections and indications at the top of the pages 
enable a ready reference to be made to each subject 
without the need of searching through the whole book for 
information required. In addition there is a very well 
arranged index at the back of the book. Very careful 
attention appears to have been given in bringing each 
section right up to date.

In making use of the work it must be remembered 
that it has been specially written for America, and in con
sequence scantlings, valve sizes, test codes, fuels, etc., apply 
particularly to that country. It may be, therefore, that 
whilst such information can be taken as approximately cor
rect some modifications would be required to bring it into 
line with codes and rules on this side of the Atlantic. 
Apart from this the volume forms a very useful addition 
as a reference book to the general mechanical engineer’s 
library, and were it written specially for the United 
Kingdom would be found very acceptable indeed in this 
country. Perhaps in the future the publishers will issue 
such a version of this valuable work. The absence of any 
advertising whatever in the book, with the consequent loss 
of revenue from this feature, is an indication that the 
book will pay the publishers purely on its editorial merit.

“Technical Drawing”, by James D. Chalmers. 
Robert Gibson & Sons (Glasgow), Ltd., 51pp., 
copiously illus., Is. lOd. net.

To regard this book purely from the viewpoint of
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the engineer is to do it an injustice, since in both subtitle 
and preface the author disclaims any intention of favour
ing any particular trade. In any case, this book is merely 
the first of a projected series of three, so that judgment of 
it as a unit might be unfair. In the main, the subject 
matter is geometrical, and the chief emphasis, as is only 
to be expected in a book aiming at School Certificate 
standard, is on the geometrical constructions and problems 
arising out of practical work. Hence it should form a 
sound foundation for any branch of draughtsmanship 
which the student may wish to pursue later. Building 
construction, architecture, engineering, surveying, etc., are 
all touched upon. The volume is well produced, with 
clear diagrams and careful explanations of the principles 
involved. Some minor departures from the recommenda
tions of the British Standards Institution on sheet 5 and 
the rather unusual proportions of the packing gland on 
sheet 15 need not be taken too seriously at this stage.

“Workshop Drawing”, by H. A. Darling and
F. C. Clarke, A.R.C.S., B.Sc. Blackie & Son, Ltd., 
138pp., copiously illus., 3s. 6d. net.

There is sometimes a tendency to regard a "Workshop 
Course” as one in which the wind of advanced theoretical 
work is duly tempered to the shorn lamb—the student. 
The authors of this very useful book apparently have no 
such idea, since they not only touch upon practically every 
construction in plane or solid geometry that can be needed 
in drawing office work but carry many of their theorems 
to advanced stages. In the twenty or so chapters will be 
found a great deal that would be useful to the student 
or teacher of practical geometry as distinct from machine 
drawing. The book is full of interesting and valuable 
examples, many of which reach an advanced stage, 
especially where developments and curves of interpenetra
tion are dealt w ith ; and there is a good chapter on sketch
ing, a branch of drawing too often neglected by the aspir
ing draughtsman. Some of the diagrams and sketches are 
rather small, but the clear printing and get-up of the work 
in a measure make up for this. The book is well-produced 
and bound and should prove a valuable addition to the 
library of anyone engaged in the study or teaching of 
either geometrical or machine drawing.

“The Preservation of Iron and Steel by Means 
of Paint”, by L. A. Jordan, D.Sc., A.R.C.Sc.,
F.I.C., and L. Whitby, Ph.D., M.Sc., F.I.C. The 
Research Association of British Paint, Colour and 
Varnish Manufacturers, Paint Research Station, 
Waldegrave Road, Teddington, Middlesex, 68pp., 
2s. 6d., postage 2d.

This interesting booklet issued by the Research Asso
ciation of British Paint, Colour and Varnish Manufacturers 
should commend itself to all engineers. It covers a great 
deal of ground in a relatively small space, and a perusal 
of its pages must lead one to reflect on the enormous 
advance that has been made in the last few years in the 
methods of protecting metals from, corrosion, since the 
modern industrial chemist has tackled this problem. From 
the first few pages of the treatise the reader will realise 
how varied and numerous are the causes of corrosion, and 
it follows that the means of protection are of the utmost 
importance to the engineer in considering the safeguarding 
of the machinery under his charge against the ravages of 
rust and corrosion generally.

At one time, one coat of paint was considered as good 
as another, but the authors of this booklet have set out in 
technical detail the results of scientific research which have 
exploded this old theory. It will, of course, be difficult for 
an engineer, already fully occupied with the major pro
blems of his own craft, to appreciate all the highly technical 
matter contained in the treatise, but in a general summary 
on the last four pages a very comprehensive digest is made 
of the various protective pigments usually employed, to
gether with a description of each, giving its outstanding 
characteristics.
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The authors are to be congratulated on producing a 
remarkably instructive treatise which should find a per
manent place in the reference library of all practical 
engineers.

“Ship’s Lifeboats”, by C. W. T. Layton. 
Brown, Son & Ferguson, Ltd., 77pp., illus., 6d. net.

The author has put together in this small booklet prac
tically all the information and knowledge required by can
didates for Board of Trade Certificates in Lifeboat 
Efficiency. In the last paragraph of the foreword the 
author expresses a desire for “standardisation of the 
orders given”. In the text he has made a good contribu
tion towards achieving this end.

On the whole the diagrams in the book are good, 
excepting those on pages 23 and 29, where more details 
of the chocks and skids could have been given or a 
separate diagram could have been given to show these very 
important fittings.

“A Textbook of Physics”, by Charles A. 
Culver. The Macmillan Company 816pp., illus., 
17s. net.

The author, Professor of Physics in Carleton College, 
U.S.A., has produced an omnibus book for students of 
science and engineering, including in its 800 or so pages 
mechanics, heat, light, electricitv and magnetism and sound 
compressed into 55 chapters.

Presupposing an elementary knowledge of trigono
metry and calculus, each section commences with an 
historical introduction and a reference to the fundamental 
concepts and laws, and carries the reader rapidly to the 
very modern theories involved. For example, the section 
on heat commences with a history beginning with Plato, 
and continues through a quick survey of thermometry, 
calorimetry, expansion of solids, liquids and gases, changes 
of state, critical temperatures and pressures, refrigeration 
and transfer of heat, the quantum theory, thermo
dynamics, Carnot cycle, steam engine, steam turbine, mer
cury vapour engine, and the internal combustion engine, 
all in the compass of 110 pages.

In most cases a passing reference suffices, and the 
steam engine is dismissed in two pages while the internal 
combustion engine is completed in four.

The result of this condensation is a regrettable reduc
tion in the number of useful illustrative analytical problems 
in the text, and a sparsity of questions at the end of each 
chapter.

The book, however, should be an excellent reference 
work for students up to the intermediate degree standard, 
particularly in the sections of light and electricity and 
magnetism. It is written in a very easy and readable style, 
well illustrated throughout with very clear diagrams, and 
presents the subject of physics in a very attractive manner.

JU N IO R SECTION.
Film Display.

On Thursday evening, December 17th, 1936, a 
series of technical films was displayed to a meeting 
of the Junior Section in the Lecture Hall of The 
Institute. Mr. J. H. Graves (Associate Member) 
occupied the Chair.

The first film, “Cathode Ray Oscillograph”, 
produced with the collaboration of the Radio Re
search Board, gave a highly interesting demonstra
tion of this latest refinement in electrical measuring 
devices and its use in radio research and direction 
finding.

The second film “Propeller Making” showed 
the manufacture of propellers at a Works in Dept
ford, where those for the largest liners, including 
the “Queen Mary” and “Normandie”, were made. 
This, like the first, was a sound film.

The third item, a sound film entitled “Hull 
Design,” depicted a very good study of the marine 
research work of the National Physical Laboratory 
in testing prospective vessels by means of 10ft. wax 
models made in exact detail from the naval archi
tect’s plans. It was shown how these models are 
fitted with electric motors and tested in 600-ft. 
tanks in which the water surface can be varied to 
represent sea conditions while the action of the 
model is recorded by graph on a revolving drum.

The fourth film “Apparatus for Cutting; 
Cutting a Ship in Two; Oxygen Cutting by Auto
matic Machine”, was shown by courtesy of The 
British Oxygen Co., Ltd., and illustrated the various 
types of oxygen cutting apparatus manufactured by 
this well-known firm. Of particular interest were 
the extraordinary efficiency of the automatic cutting 
machines and the use of hand manipulated appara
tus to remove completely a section from the centre 
of a ship in dry-dock for a shortening operation.

The final item on the programme was an excel
lent two-reel sound film entitled “ ‘Broomwade’ 
Pneumatic Production Plant—Precision Produces 
Perfection” kindly loaned by Messrs. Broom 
& Wade, Ltd., who specialise in the pro
duction of a range of portable air compressors 
delivering 55, 80, 170, 255 and 340 cu.ft. 
of free air per minute at 1001b. per sq. inch 
working pressure, with either petrol or diesel engine 
drive, stationary compressors of capacities up to 
4,750 cu.ft. per minute, and a wide range of pneu
matic tools. The film included interesting views of 
the foundry and machine shop, the assembly shop, 
and modern methods of heat treatment. It also 
depicted the Company’s plant and tools in operation 
in engineering works, crane erection, road works, 
and quarry drilling.

A hearty vote of thanks for the provision of 
these instructive films was accorded to the above 
Companies at the conclusion of the meeting.
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ABSTRACTS.
The Council are indebted to the respective Journals

fo r  the loan of
O perating Results and Experiences of the Three 

Asiatic Fast Steamers of the Norddeutscher 
Lloyd.

By Oberingenieur Schneider, Bremen.
The following interesting extracts are taken from  a 

paper read by the author in Berlin before the Schiff- 
bautechnische Gesellschaft, whom  we have to thank fo r  
permission to publish.
“The Steam Engineer”, January, 1937.

In consequence of the putting into service of 
the three fast steamers, “Scharnhorst”, “Potsdam” 
and “Gneisenau”, during 1935, the Eastern Asiatic 
service of Norddeutscher Lloyd has been developed 
in the manner required by friendly competition with 
other nations.

The three ships represent the peak of German 
ship- and engine-building design. The bold step of 
fitting high pressure steam plants has greatly 
contributed to the improvement of the ships’ 
engines.

In Table I the most important data regarding 
the boilers and machinery of the three ships are set 
out side by side. The normal designed power of 
the shafts is 26,000 shaft horse-power in all three 
ships, for a ship’s speed of 21 knots.

Type of drive

Shaft power : Shaft h.p. ... 
Designed speed, knots 
Steam pressure of turbine, 

atmos.
Steam temperature of tur

bine, deg. C. ..............
Main boilers ... ..............

Boiler heating surface, sq. m. 
Oil firing .........................

Combustion air

T a b le  I. 
“Scharnhorst”. 
Turbo

electric 
AEG— 

Deschimag.

2x13,000
21

45

455
Four water- 
tube boilers, 

Wagner- 
Deschimag. 

4x 650 
Per 2 bur
ners.
Saacke- 
Deschimag. 

Closed fire
box, pres
sure blower.

“Potsdam”. 
Turbo

electric 
SSW— 
Blohm & 
Voss.
2x13,000

21

80

470
Four Benson 
boilers, 

Blohm & 
Voss.

4x590 
Per 4 bur
ners,

Blohm & 
Voss.

Open firebox, 
suction and 
p r e s s u r e  
blower.

In s.s. “Scharnhorst” and s.s. “Gneisenau” the 
steam is generated at a working pressure of 50 
atmospheres (gauge pressure) by each of four 
Wagner water-tube boilers. The boilers are fitted 
with Saacke oil burners, which atomise the fuel oil by 
centrifugal force. On s.s. “Potsdam” four Benson 
boilers are erected, each being fitted with pressure 
and suction blowers. The fuel oil is supplied to the 
boilers by oil burners having pressure atomisation, 
of Blohm & Voss design.

The boiler and engine plant on s.s. “Potsdam”

fo r  permission to reprint the following abstracts and 
the various blocks.

(Fig. 1) presents approximately a similar arrange
ment to s.s. “Scharnhorst”.

Unlike the other two ships, s.s. “Potsdam” was 
equipped with a Benson boiler plant, consisting of 
four units having open combustion chamber and 
suction and pressure blowers (Fig. 2). From the 
drawing can be clearly seen the disposition of the 
tube systems in the Benson boiler. This arrange
ment has been designed on the strength of experi
ence collected in recent years from the Benson 
marine boilers already in use. The boilers have 
double casing, through which the air for combus
tion is supplied. This ensures effective heat insula
tion, so that the radiation of heat is almost avoided.

The air preheaters have the form of plate pre
heaters, Hartmann design. The feed pumps are of 
the greatest importance in the operation of these 
boilers. Two Balke piston pumps are fitted in the 
form of a twin unit, and there are also two turbo
feed pumps by Klein, Schanzlin & Becker. During 
the first trip the cast steel valve chests of the plun
ger pumps gave rise to trouble in operation. At 
the high pressure of up to 130 atms. porous parts 
were found during the continuous working, so that 
much leakage occurred with considerable loss of 

water. The cast steel valve chests had 
to be replaced by homogeneous iron 
blocks. This measure secured the 
necessary safe working of the pumps.

The oil furnace built on the Blohm 
& Voss system, having four pressure 
atomisers per boiler, is distinguished 
by regular working. The new type of 
supply of the thoroughly preheated air 
from the plate preheater to the burners 
ensures a uniform combustion mixture, 
which is dependably ignited by an elec
trical ignition device. The combustion 
is smokeless, and in consequence the 
deposition of soot is small, so that the 
plant can be kept clean without diffi
culty.

The engine plant of the s.s. “Pots- 
Closed fire- dam”, built by the Siemens-Schuckert 
box, pres- Works, consists of (a) two two-housing 
sure blower. excess pressure condensation turbines 

(Fig. 3); (b) two rotary current genera
tors with air coolers each 10,000 kv.a., 6,000 v., 
3,200 r.p.m., 53^ cycles; and (c) two rotary current 
synchronous screw motors with air coolers, each 
13,000 effective h.p., 6,000 v., 160 r.p.m., 53^ cycles. 
The condensers are accommodated beneath the low- 
pressure turbine and rigidly joined to the latter’s 
housing. The cooling tubes were united to the tube 
plates by a special mandrelling process. The heat 
stresses occurring are taken up in the jacket by an 
expanding fold.

All auxiliary machines, with the exception of

“Gneisenau”. 
Geared tur 
bine

Deschimag.

2x13,000
21

45

455
Four water- 
boilers, 

Wagner- 
Deschimag. 

4x607 
Per 2 bur
ners,

Saacke-
Deschimag.
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In the case of s.s. “Potsdam” the data for the 
first trips are also below the normal values (Table 
2). The third trip had to be covered at greater 
speed and also shortened in order to make up a 
great delay caused by damage. The higher Diesel 
oil consumption is due to the fact that on this boat, 
unlike the “Scharnhorst” and “Gneisenau”, the 
auxiliary Diesels are used at sea more extensively 
for the generation of power.

T a b le  II. ( “ P o tsd a m ” ).
1st 2nd 3rd 4th

trip. trip. trip. trip.
Displacement ... tons 20,000 20,410 19,830 20,290
Speed at sea ... knots 19-11 2046 21-04 20-04
S lip ..............  percent. 14-6 14-4 14-8 12-1
Engine power, shaft h.p. — 20,650 22,500 20,450
Days steaming at sea ... 61-12 56-63 52-98 56-98
Driving oil, total tons 168 170 83 84
Fuel oil, total ............  9,307 9,585 9,148 8,639
Fuel oil at sea ... „ 8,625 8,871 8,741 8,231 
Fuel oil at sea, tons per

day _ ..........................  141-1 156-6 165 144-5
Fuel oil, kilos per shaft,

h.p. hour ..............  — 0-316 0-306 0'294
Fuel oil at sea—

Carrying capacity X  speed
k ilo s  p er h o u r _  0 0273 0 0250
tons X  knots

In order to produce a faultless distillate with 
the evaporators originally installed by the Atlas- 
Werke, Bremen, constant conscientious control and 
supervision of this plant by trained staff were neces
sary, and in addition it was important not to over
load these evaporators. It was not always possible 
to comply with both conditions, in consequence of 
the large requirements of distillate and the initial 
overworking of the operating crew.

Owing to these circumstances and the occa-

ke sse l

Turbo  - G e n e ra  ro r
S p e is e p u m p e n

P r o p e lle r

M otoren

sta n d
Turbo -  G e n e ra to r

Benson k e s s e l

STEAM  ENGINEER

K e s s e lra u mM asch inenrau m

y Lu jtv o r w a rm e r

Verdampfer

Zur__
M aschm e.

Uberhitzer

Strahiungsmic
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sional feeding of mains water, 
an accummulation of salt in 
the boilers and in the whole 
feed circulation system was 
unavoidable.

The next result was the 
priming of the boilers, and 
the steam supply pipes there
fore conveyed dirt to the sen 
sitive regulating valves of the 
main and auxiliary turbines, 
which gave rise again to more 
extensive disturbances in 
operation.

In order to overcome 
these difficulties in operation 
it was found necessary to 
evolve a sea-water evaporator 
plant which would be insensi
tive to variations in working 
and require little attention.
For reasons of economic 
working and the difficulty of 
obtaining supplies of fresh 
water en route to the Orient, 
it was not possible to dispense 
with sea-water evaporation.

The problem newly arising was solved in the 
case of s.s. “Scharnhorst” and s.s. “Gneisenau” by 
the Atlas-Werke, Bremen, in a perfect manner, as 
the plants then converted into two-stage rotary 
evaporators comply with all requirements hitherto 
imposed. On the alteration of the sea-water 
evaporators, it was also necessary to improve the 
whole feed-water circulation system and fit it in 
such a way that the good quality of the additional 
and feed water would be constantly ensured, which 
is checked by a constant control

F i g . 4 .— Feed water circulation for Benson boilers on “Potsdam”
H ilfs  D a m p fs tr . P u m p e  
H a u p t  D a m p fs tr .  P um pe  
N a c h  A tm .
D am p fk iih le r 
T u rb in e  K o n d e n s a to r  
H a fe n d a m p f K iih ler 
H ilfs  K ond .
E n tg a s e r  
R e g e l T a n k  
K ond . K iih ler 
S peisew .-V orw arm er 
M ess .-T an k  
T u rb . S peise  P.
H olb. S pe ise  P u m p e  
V erd . S p e ise  P um pe  
L a u g ep u m p e  
V erd.
Schw im . R eg l.
K ond . P u m p e

— A uxiliary  s te a m  flow pum p.
— M ain  s te a m  flow pum p.
— T o  a tm o sp h e re .
—  S te a m  cooler.
— T u rb in e  co n d en ser.
— P o r t  s te a m  coo ler.
— A uxiliary  co n d e n se r.
— D eg asifie r.
— R e g u la tin g  ta n k .
— C ond. cooler.
— F e e d w a te r  p re h e a te r .
— M e a s u rin g  ta n k .
— T u rb in e  feed  pum p.
— P lu n g e r  feed  pum p.
— E v a p o ra to r  feed  pum p.
— L ye pum p.
— E v a p o ra to r .
— F lo a t  re g u la to r .
— Cond. pum p.

ST£AW ENGINEER £
F i g . 3 .— A  s e c t i o n a l  v ie w ' t h r o u g h  o n e  o f  t h e  t w o - h o u s i n g  e x c e s s  p r e s s u r e  t u r b i n e s .

At all points where a 
forced entry of sea water can 
occur electric lamps are fitted 
as control units, lighting up 
immediately the slightest salt 
content makes itself felt in the 
circulation. The boiler water 
present in the circulation is 
made alkaline by the direct 
addition of caustic soda and 
tribasic sodium phosphate into 
the boilers.

Owing to pipe cracks, 
which occurred not only in the 
radiation part, as already des
cribed, but also at various 
other parts of the boilers and 
superheaters, further disturb
ances occurred during the first 
period of operation.

These pipes cracked, 
owing partly to insufficiently 

good quality of the boiler
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water, but in various cases defects in material were 
also conclusively proved. Pipes were fitted which 
had drawing grooves, which, after some time, burst 
open in the longitudinal direction. In other pipes 
the lack of uniformity in the wall thickness led to 
cracking. After the experience obtained in opera
tion in the three ships, it can be said that the manu
facture of the high pressure boiler tubes must be 
improved in such a way that disturbances through 
defective material no longer occur.

The s.s. “Potsdam” was the second ship to be 
put into service. The combustion is good in the 
boiler plant of this ship, and the firing plant there
fore remains clean for long periods.

The boilers gave rise to certain disturbances 
in operation in this ship also. The causes were 
found to be :—

(1) Impurities, such as hammer scale or the 
like, in the pipe system. Before being put into 
operation—particularly in the case of the Benson 
boiler plant, since it is based on the through-flow 
principle and is built without a drum—the plant 
requires to be thoroughly cleaned where all internal 
pipe walls are concerned, as small, solid particles 
of dirt can give rise to trouble in the flow at the 
throttle parts, at the transition points from the 
distributor cylinders into the pipes.

(2) In various cases defective material in the 
same form, as in the case of s.s. “Scharnhorst” 
was the cause. In order to ascertain these defects 
before the boilers are put into operation, it is advis
able to have the whole pipe systems, during the 
water pressure test, stand under full pressure for 
a period of from four to six hours. Longer experi
ence in operation shows that disturbances in the 
boilers are becoming continually less frequent; since 
all defective points that have given rise to pipe 
cracks have in the meantime been eliminated by 
welding in new pipe ends.

(3) Everything that was said regarding the 
boiler water replacement in the case of s.s. “Scharn
horst” also applies to s.s. “Potsdam”. Initial diffi
culties arose, these being principally caused by the 
high water losses in the plunger feed pumps, which 
have already been mentioned in the discussion of 
these pumps.

The safety of the Benson boiler operation 
requires to a high extent pure oxygen-free feed- 
water. On the strength of the experience gained in 
the first trip, the firm Schmidt & Sohne, Hamburg, 
converted the evaporator supplied by them into a 
two-stage rotary evaporator.

The evaporators now supply from sea water a 
perfect additional water, which ensures the safe 
working of the plant. Tribasic sodium phosphate 
and sodium sulphite are supplied in dosed quantities 
to the feed-water circulation system. In the plan 
the whole circulation system is shown (Fig. 4).

It should be mentioned here that since the 
conversion of the evaporator plants of the three 
ships, the soiling and formation of deposit in this 
plant have fallen off qi':te considerably; for ex

ample, after three months’ continuous working 
there is no longer any noteworthy soiling or forma
tion of crust.

After overcoming the initial difficulties it can 
be said of the operation of these high pressure, 
high temperature steam plants, that the dependa
bility in operation is completely ensured and that 
these plants have effected a considerable improve
ment in the economy of the operation of the ship.

A mention must be made here of the self- 
sacrificing co-operation of the crews, whose con
scientious study of the novelty of the plants has 
contributed to the rapid elimination of these initial 
difficulties.

The ships were immediately put into service 
on routes involving very long journeys. The faith 
shown by the shipowners and builders in the new 
machine plants has been fully justified by the 
results.

In conclusion, it can be said that the ships 
“Scharnhorst”, “Potsdam” and “Gneisenau” repre
sent an important addition to the German mercan
tile fleet, and the fullest recognition must therefore 
be paid here to their makers.

Vibration of Steam Pipes C onnected to Engine
Cylinders.

By A Canadian Correspondent.
“The Steam Engineer”, January, 1937.

More or less vibration of the piping will inevi
tably attend the transmission of steam from a boiler 
to an engine cylinder. The vibration is due to the 
pulsating flow of the steam, caused by the opening 
and closing of the engine valves for admission and 
cut-off. The degree of vibration in any case depends 
largely on the way the pipe-lines have been laid 
out and erected. Excessive and dangerous vibra
tion generally may be charged to poor judgment in 
attending to these matters.

The figure at the left in the accompanying 
sketch shows a closed cylinder containing a fluid 
under constant pressure and discharging through 
a quick-closing valve on the end of a pipe bent at 
right angles. The tension of the escaping fluid will 
diminish progressively during the passage through 
the pipe. Assume the constant cylinder pressure 
to be 501b. per sq.in. and the constant drop at the 
outlet to be about lib. Then the bent pipe will 
continue steadily in a fixed position.

Suppose now that the valve be suddenly closed. 
Then the cylinder pressure of 501b. instantly will be 
impressed on the vertical section of the pipe. The 
force of impact against the valve disc will be trans
mitted to the right-angled turn and will be expended 
in an effort to straighten the pipe. The instant 
effect will be a straining of the vertical section 
toward the left, followed immediately by a return 
to the original form. This action constitutes a 
vibration, and if the valve be opened and closed 
at very brief intervals, as in the operation of engine 
valves, there will be a rapid series of such vibra
tions.
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Two boilers, piped as shown by the figure at 
the right in the sketch, were used alternately at 
weekly intervals to supply a high-speed engine. 
When the boiler at the left was in use the vibration 
was excessive, particularly when the engine was 
carrying a heavy load, but when the right-hand 
boiler was in service the vibration diminished some
what.

This difference in the vibratory effect was attri
buted to the fact that when the left-hand boiler was

in service the zigzag course of the steam was in the 
same general direction. Thus the straightening im
pulse at the turns was cumulative in its effect. But 
when the right-hand boiler was in use, the effect of 
impact against the walls of the pipe contiguous to 
the first and second turns from the boiler was partly 
neutralised by the reactions near the third and 
fourth turns. Thus the vibrations set up at the 
third and fourth turns counteracted in some degree 
the vibrations set up at the first and second turns.

The trouble was remedied by substituting long- 
radius bends for the sharp turns, as indicated by the 
dotted lines in the sketch. The long curves per
mitted the steam current to strike the wall of the 
pipe at a more oblique angle, and so diminished the 
vibratory effect.

Vibration of a steam pipe supplying an engine 
may be abated by installing a large receiver-separa- 
tor in the line near its connection with the engine. 
The comparatively large volume of steam in the 
receiver will act as a buffer in absorbing the ram
ming effect of the steam current at cut-off. The 
reaction due to suddenly arresting the flow will be 
expended in compressing the steam in the receiver, 
and the momentum of the current coming from the 
boiler likewise will be dissipated. Thus the pulsat
ing flow through the pipe will be changed to a 
comparatively steady flow.

Impulse Turbine Fundamentals.
The Use of the Mollier Diagram simply explained.

By Sydney  D. Sc o r e r .
“The Steam Engineer”, January, 1937.

The reciprocating steam engine was for many 
years the principal type of prime mover used for 
the production of mechanical and electrical power. 
In its most complicated form its essential working 
cycle was simple and easy to grasp, so that any 
falling off in efficiency was readily traced by those 

responsible for its operation. 
The indicator diagram was of 
great assistance in this res
pect ; the conception of pres
sure and volume changes 
allowing of a visual record of 
performance. The advent of 
the steam turbine, however, 
has led to the gradual dis
placement of the reciprocating 
steam engine for all but mod
erate powers. It has left 
those entrusted with the effici
ent working of turbine plant 
without any but indirect 
means of assessing the sig
nificance of the various steam 
changes taking place in the 
interior of the machine.

The cycle of operations 
employed in the steam turbine 
is, of course, similar to that 
adopted in the steam engine; 
water being used as the 

vehicle for the necessary thermal energy. The 
cycle consists essentially of the provision of a supply 
of heat at the turbine stop valve, the conversion of 
this heat into mechanical work, and the rejection of 
the unused heat to the condenser or other receiver. 
Briefly, the process may be summarised as the re
ception of heat by the water from the feed-water 
heater, boiler and superheater, accompanied by 
change of state to steam; the expansion of the steam 
in the turbine, together with the performance of 
work on the blades; and the removal of the waste 
steam, accompanied by a reversion to its initial state 
as water.

While it is quite possible to show this cycle 
of operations graphically in the form of a pressure- 
volume diagram similar to that of the steam 
engine, a much more satisfactory method—and one 
that allows of a greater scope for investigations— 
is to use a diagram in which the co-ordinates are 
expressed in terms of heat units. Since the com
plete design of a steam turbine is intimately related 
to thermal and steam velocity calculations, the ad
vantages of a diagram of this nature will be 
appreciated.

To derive full benefit from the diagram, an 
understanding of the term “entropy” is required. 
When lib. of water at a temperature of T° F.
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absolute is given a small quantity of heat, h, its 
total heat and temperature are increased by a corre
spondingly small amount. Since this change is of 
a low order, the temperature T  will be sensibly 
constant during the addition of h B.Th.U. Then 
the increase of entropy is given by the result h/T . 
By plotting a diagram in which the ordinates repre
sent the absolute temperature, T, and the abscissae, 
the entropy units, it will be seen that an area under 
the curve will give at once the total heat contained 
in the water or steam at a given temperature. Thus 
if h B.Th.U. are added to water at a temperature 
T, then this will be derived from the temperature- 
entropy diagram by the product of T x increase in

entropy. Similarly, if an amount of heat, L (equal 
to the latent heat required to form steam at a tem
perature T), is added to the water at T° F., then 
the increase in entropy is L /T .

The diagram may be extended to show the 
relationship between the temperature and entropy 
(usually denoted by the symbol <P), for water, satu
rated and superheated steam, but it has the disad
vantage that a calculation is always necessary to 
arrive at the total heat of the water or steam for 
any given conditions. A much more convenient 
method is to replace the T units on the diagram 
by the total heat at various points, and to plot these 
against entropy as before. This diagram—due to 
Dr. Mollier—is usually referred to as the Mollier

diagram, and is of considerable assistance in solving 
steam turbine problems.

A sketch of a Mollier diagram is shown in 
Fig. 1, and it will be seen to consist of a number 
of pressure lines running diagonally across the 
paper, intersected by other constant superheat lines 
or constant quality lines. The various curves are 
obtained by plotting the total heat of steam at, say, 
P lb. per sq.in., against the entropy value for differ
ent conditions of dryness and superheat, the result
ant points, when joined, forming lines as shown. 
Thus, in order to determine the total heat of lib. 
of steam at any given temperature and pressure, it 
is only necessary to move along the pressure line 
up to the point where it cuts the temperature line ; 
the total heat may then be read off from the vertical 
scale, and the entropy from the lower. The satura
tion line on the diagram intersects each pressure 
line at a point where the steam is dry and saturated; 
points above the saturation line being superheated, 
and those below indicating that the steam is slightly 
wet.

Turning now to a consideration of the changes 
actually taking place in an impulse turbine, one 
finds that advantage is taken of the fact that if 
steam is expanded adiabatically, viz., without gain 
or loss of heat to external bodies, in a specially 
formed nozzle, its velocity is increased considerably 
and the momentum of the steam may be utilised in 
rotating a disc provided with suitable vanes. In 
passing through the nozzle the heat energy of the 
steam is partly converted into kinetic energy, so 
that at the exit the total heat contained in lib. of 
steam is less than at entry, the difference (in a 
frictionless nozzle) representing the quantity of 
heat transformed into velocity energy. It is obvi
ous that some relation must exist between the 
reduction in total heat (or heat drop) and the 
velocity of the steam leaving the nozzle, and it 
may be shown that V =  223-8VH; where V is steam 
velocity at exit, and H is the heat drop in B.Th.U. 
Moreover, since no heat is added to or taken from 
the steam during its expansion, the entropy will 
be constant from the point of entry to that of dis
charge, the above facts being of importance when 
considered in conjunction with the Mollier diagram.

Take the case of lib. of dry, saturated steam 
expanding adiabatically from a pressure p lb. per 
sq. in. to p lb. per sq. in. A (Fig. 1) is the starting- 
point, and the expansion proceeds at constant en
tropy down to B, where it meets the p lb. per sq. in. 
line. The steam is now in the wet region and its 
dryness fraction is given by the value of the con
stant quality line which cuts the p line at B. The 
total heat of the steam at A is H', and that at B 
is H", so that the heat used in increasing the steam 
velocity is H ' —H" = H, the heat drop. From the 
expression given above, the velocity at exit will be 
V =  223-8v'H ft. per sec., and the area of the nozzle 
at exit will be A =  w .q.v./V ; where w is the weight 
of steam flowing in lb. per sec., q is the dryness
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fraction at B and v is the specific volume of steam 
at p lb. per sq. in.

In practice no nozzle is frictionless, so that a 
percentage of the available heat drop is converted 
into frictional heat, which results in the adiabatic 
line being diverted to D, owing to the reheating of 
the steam. The point D may be determined when 
the efficiency, AC—AB of the nozzles or combina
tion of nozzles is known. It will be seen that as a 
result of reheating, the final condition of the steam 
is slightly dryer than at B, but the amount of heat 
left in the exhaust is increased. The heat drop, 
however, is decreased.

The effect of raising the initial steam pressure 
of a turbine is shown in Fig. 1, by moving the 
starting-point a long the saturation line until it 
coincides with the intersection of a higher pressure, 
P , line. The increase in the theoretical available 
heat drop is given by the sum of EF and JG, assum
ing the expansion to be carried down to the original 
p line. When the lower exhaust pressure is also 
reduced to a pressure, say, p' lb. per sq.in. abso
lute, there is a further increase of available heat 
drop represented by G H ; the effect of the lower 
condenser pressure being to reduce the amount of 
heat passing away to waste in every lb. of steam. 
Since the power obtainable per lb. of steam is pro
portional to the adiabatic heat drop shown on the 
diagram, it is obvious that any method of increasing 
the heat drop, while preserving turbine efficiency, 
must result in increased power per lb. of steam.

The gain derived from superheated steam is 
indicated in Fig. 1, where steam at the pressure 
P lb. per sq. in. is 
superheated to a tem
perature, t° F., at K.
The expansion line is 
given by KL, and when 
the lower vacuum is 
used the gain in heat 
energy is plain. In 
large power stations an 
effort is often made to 
increase the overall 
thermal efficiency of 
the station by extract
ing the steam from the 
turbine at a predeter
mined stage and re
heating it by means of 
waste gases, etc. The 
effect of this is shown 
at MN, the steam being 
withdrawn when it is 
dry and saturated as at 
M, at a pressure P" lb. 
per sq.in. The reheating 
raises the steam tem
peratures at constant 
pressure P" to t"° F. 
and the expansion 
through the turbine is

then resumed down the line N.O. The extra 
heat given to the steam is NP B.Th.U. and the 
general effect is to increase the available heat drop 
and to dry the steam at exhaust.

Maximum thermal efficiency, however, is ob
tainable by the use of a back-pressure turbine. If 
steam at P lb. per sq. in. be heated to a superheat 
temperature T° F., as at Q, and expanded down 
until it is at a pressure P'", dry and saturated, then 
the effect of frictional reheat will be to make avail
able for process work steam at P'"° F. The back
pressure turbine is designed for maximum efficiency 
under the given conditions, and the heat used for 
process work brings up the total thermal efficiency 
of a plant of this type to from 65 to 75 per cent.

The extraction turbine is a variation of this 
principle, as it consists of a primary back-pressure 
turbine exhausting into a condensing turbine in 
series with it, process steam being removed at the 
intermediate stage. It is very interesting and in
structive to plot the expansion of steam in a turbine 
of which one has the various stage pressures and 
temperatures. ________
Petter Harmonic-induction D iesel Engine.
“Gas and Oil Power”, December, 1936.

The Petter harmonic-induction engine is the 
successful application of a principle which has been 
known to engineers for many years. The intended 
interpretation of the word “induction” is that the 
fresh air which is required to re-charge the cylinder 
before each stroke of the engine instead of being 
pumped into the cylinder as in the case of a normal

Longitudinal section through the new Petter harmonic-induction engine m its four-cylinder 
form. The large exhaust valve in the cylinder head is operated through rocker gear from

a gear-driven camshaft.
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Transverse and longitudinal section through a cylinder of the harmonic-induction Diesel
engine.

two-stroke cycle engine, is drawn or sucked in by 
means of a vacuum which is produced as a result 
of the wave motion in the exhaust pipe.

Research into the phenomenon of the wave 
motion in the exhaust pipe of an internal combus
tion engine commenced as early as 1893, but it was 
not until 1922 that the first experiments were carried 
out by Petters Ltd., on this system. The results 
obtained then were not considered very promising, 
and w'ork was discontinued until recently, when a 
new series of experiments was conducted, from 
which remarkable practical results have been ob
tained. These latter experiments were carried out 
on a two-stroke cycle engine, the air inlet ports 
being arranged circumferentially around the 
cylinder bore at the lower end of the piston travel. 
The exhaust valve was situated centrally in the 
cylinder head, thus the air entered the cylinder at 
one end, was compressed by the piston to the other 
end of the cylinder, and was ejected from the 
cylinder at the end to which it was compressed, thus 
providing means for keeping the air flowing in one 
direction through the cylinder.

When the exhaust valve in the engine opens, 
the sudden ejection of the burnt products of com

bustion from the 
cylinder into the ex
haust pipe sets up a 
wave motion in this 
pipe. This motion is 
similar to the motion 
of the waves pro
duced in an organ 
pipe, the initial com
pression wave being 
formed by this sudden 
ejection into the ex
haust pipe. Immedi
ately following this 
compression part of 
the wave, there is a 
vacuum or rarefac
tion part which com
pletes the wave cycle. 
This rarefaction is 
transmitted from the 
exhaust pipe through 
the exhaust port into 
the cylinder, and at 
exactly the right 
moment the ports in 
the cylinder connected 
to the atmosphere are 
opened, thus connect
ing the vacuum in the 
cylinder to the pres
sure in the atmos
phere, the result of 
this being that the 
clean air rushes in 
from the atmosphere 

and fills the cylinder completely, thus the cycle of 
operations in the cylinder may be repeated.

As is well known in the design of organ pipes, 
the frequency of the waves in the exhaust pipe, i.e., 
the number of waves per second, is governed by 
two factors : the length of the pipe and the speed 
of sound in the medium in the pipe. As the latter 
of these is fixed by contingencies which are not 
under the control of the engine designer, it is im
portant that the right length of pipe is used in 
order that the waves in this pipe are timed correctly 
so that they coincide with the opening of the ex
haust valve and the opening of the air ports; that 
is, at the moment that the air ports of the engine 
open, it is necessary to have the vacuum in the 
cylinder, therefore it will be seen that for any par
ticular speed of operation of the engine there is a 
definite length of exhaust pipe required. Fortun
ately, once the length of exhaust pipe has been 
fixed, the speed of operation of the engine is not 
absolutely rigid, and a certain amount of flexibility 
is obtainable. Furthermore, although the length of 
the pipe is so important the actual shape does not 
matter, the wave motion being unaffected by bends. 
The result of this method of filling the engine cylin
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der with fresh air at each stroke of the piston is 
that it is possible to do away with all the usual 
methods of re-filling an engine cylinder with air, 
namely, the idle strokes of a four-stroke cycle or 
the auxiliary compressor of a two-stroke cycle 
engine.

The engines which were demonstrated by 
Petters Ltd., in London, at the beginning of this 
month illustrated the design as applied to four-, 
twin-, and single-cylinder units. So far only the 
single-cylinder unit is in production, although it is 
anticipated that the rest of the range will be avail
able in the near future. It is of interest to note that 
it is possible to connect the exhaust from two cylin
ders into one pipe, as the functions in the pipe take 
place at an interval of 180°, and it is possible to 
coincide the motions in the two pipes to work 
together. The multi-cylinder engines are of mono
bloc construction with separate cylinders which are 
easily removable for re-boring.

The exhaust valve already referred to which 
is situated in the cylinder head, is operated from 
the camshaft, which is gear-driven from the main 
crankshaft. The fuel injection nozzle has a 
single hole, centrally placed, which is of rela
tively large diameter, and therefore remarkably free 
from the danger of being choked by carbon deposit. 
Since the wave motion in the pipe only functions 
above a certain speed of the engine, there is an 
auxiliary device whereby air is supplied to the 
engine for starting from the crankcase, but once 
the engine has run up to speed the automatic 
scavenge system operates of its own accord.

The advantage claimed for this method of 
scavenging is that not only are all exterior methods 
of supplying air to the engine removed, but more 
complete scavenging of the engine is effected than 
is usually obtainable in a two-stroke unit, so that 
approximately 50 per cent, more power is developed 
per cylinder volume than in a standard two-stroke 
engine. This has the effect of lowering the power 
weight ratio of the unit. In addition, of course, 
the fact that the two-stroke cycle is adopted makes 
for a high cyclic regularity.

Constructionally, the design is on sound, robust 
lines, cast iron being used extensively. The cylinder 
is cast integrally with the water jacket, resulting 
in a strong, light and simple assembly. The cylinder 
head has a symmetrically machined combustion 
chamber; the piston is of aluminium alloy. White 
metal-lined main bearings with gun-metal shells are 
used, the big-end bearings being similarly lined. 
The camshaft is supported in three sets of ball 
bearings and is gear driven from the crankshaft.

The lubrication of the engine is by force feed 
throughout. A gear-type pump, located in the 
crankcase, forces oil to the connecting-rod bearings, 
the main bearings, the camshaft gear and the ex
haust valve rocker bearing. The oil pipes and ducts 
are all enclosed in the engine, except one external 
pipe which is fitted in the system so that an oil 
cooler may be provided in tropical climates where

necessary. After lubricating the various parts the
oil is collected and drained back to the sump, whence 
it is passed through a filter before being used again.

As regards general performance, the new 
engine starts very easily and runs sweetly, with 
very little vibration. The normal speed range is 
from 600 to 1,100 r.p.m. and the torque variation 
over this range some 15 per cent. The rated 
b.m.e.p. is 621b. per sq. in. The exhaust is clean 
at all loads and the engine has a fuel consumption 
below 0'4 pint per B.H.P. per hour at full load; 
this figure remains practically constant over a wide 
range from half load to ten per cent, overload. 
The lubricating oil consumption is equally low, 
being less than 0'004 pint per B.H.P. per hour. As 
will be seen from the accompanying illustrations, 
the engine has a remarkably clean external appear
ance, all components being totally enclosed and 
moulded to form a compact, businesslike unit.

Stewit Combustion System.
“Gas and Oil Power”, December, 1936.

For a number of years now Stefan Witkowski, 
a prominent Polish engineer, at present living in 
Switzerland, has been experimenting with problems 
relating to injection engines. As a result of the 
success of his work he has now evolved an entirely 
new combustion chamber design which is claimed 
equally suitable for high and low compression 
engines depending on compression or spark ignition.

F ig .  1.— Stewit cylinder arrangement without “secondary’' 
head” for a two-stroke Diesel using a 16 to 1 compression 

ratio.

The nature of the system employed in the 
Stewit design (the name by which the principle is 
to be known) is not altogether new, according to
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an article in Motor and Sport, the idea being to 
create the highest possible turbulence and mixing 
of the fuel and air, in conjunction with a directional 
swirl past the atomiser nozzle. The point of 
interest, however, is the way in which all this is 
carried out and the highly unconventional cylinder 
head form that is used. In passing, it may be men
tioned that special types of atomisers and fuel 
injection pumps have also been devised, which, 
besides being light and small in size, are 
intended to deal equally well with light fuels 
such as petrol and paraffin or heavier grades 
such as gas-oil or soya-bean oil. Between the top 
of the cylinder block and the cylinder head, what 
is known as a secondary head is interposed, which 
takes the form of a ring of metal with a noselike

F ig . 2.— S tew it cylinder layout w ith  “ secondary head”  fo r  
use w ith  a Diesel running on vegetable oil.

protuberance on the atomiser side which projects 
into the combustion space. There is a slight differ
ence in the shape of this “secondary head” in the 
case of spark ignition, the principle, however, re
maining the same. At the same time the piston 
is of a special type in order to accommodate the 
protuberance on the “secondary head”.

Recently a modified type of head has been

F i g . 3 .— S t e w i t  c y l i n d e r  h e a d  f o r  l o w  c o m p r e s s i o n  
( 4 ’8  t o  1— 7 '4  t o  1 c o m p r e s s i o n  r a t i o )  e n g i n e  f i t t e d  w i t h  

s p a r k  i g n i t i o n .

developed retaining the main features of the original 
design but obviating the use of the secondary cylin
der head. The system as applied to a two-stroke 
diesel engine using a 16 to 1 compression ratio is 
shown in Fig. 1. In this instance the ante-chamber 
is contained within the cylinder block casting and 
a normal type of piston is employed. The com
bustion chamber is beak-shaped, the atomiser spray
ing from top to bottom at a slight angle to the 
vertical. A single-cylinder two-stroke test engine 
of 105 mm. bore and 115 mm. stroke (swept 
volume 994 c.c.) fitted with this head and using a 
16 to 1 compression ratio develops 46 B.H.P. at 
3,400 r.p.m. The fuel consumption at the same 
power output, burning good quality gas-oil, is 
0 3751b. per B.H.P. per hour and the exhaust tem
perature 170° C.

Fig. 2 shows the Stewit cylinder head with 
“secondary head” for use with a diesel engine burn
ing vegetable oil. Owing to the nose-like projection 
the combustion chamber is broken into two parts. 
The atomiser is located in the ante-chamber and 
sprays towards the projection, which is also the 
direction in which the air is circulating. With a 
similar test engine to the one above the power out
put at 2,000 r.p.m., using ordinary fuel oil, was 
262 B.H.P., and using soya-bean oil, 23 6 B.H.P. 
The corresponding fuel consumption figures were 
■378 and '4811b. per B.H.P. per hour.

In Fig. 3 the arrangement is shown when 
applied to low-compression spark-ignition engines.
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Stewit cylinder head with 
Secondary head.

Comp, ratio 4-8 to 1 
Fuel. Power ou tput: F u e l: lbs. per

B.H.P. B.H.P. hour.
No. 1 Petrol ..............  8-30 - 492
Alcohol b le n d ..............  8-10 "495
95% Alcohol ..............  7-80 -549
Gas o i l .........................  8-00 -512
Soya-bean o i l ..............  7'80 ’550

Here the atomiser is taken right through the second
ary cylinder head, thereby allowing the fuel to be 
preheated before injection. In order to compare the 
performance of a normal turbulent-head and one 
employing the Stewit design, tests were carried out 
on two engines of 94 mm. bore by 110 mm. stroke 
(swept volume 763 c.c.) the same compression ratio 
of 4-8 to 1 being used in both cases. The results 
are shown in the accompanying table.

Further interesting data were obtained in the 
spring of 1936 at a Swiss motor-cycle track using 
a standard single-cylinder 500 cc. Motosacoche 
machine fitted with a Stewit cylinder head. With 
a compression ratio of 5 6 to 1, 274 B.H.P. was 
developed at 2,000 r.p.m., the fuel consumption 
figures being -480, -473 and -4921b. per B.H.P. per 
hour for gas-oil, No. 1 petrol and alcohol respec
tively. Under exactly similar conditions, but with 
a 13 to 1 compression ratio, the output was 26 
B.H.P. and the fuel consumption -3621b. per 
B.H.P. per hour, using gas-oil.

W hite-engined Steamship “ Llanashe” .
“The Marine Engineer-”, January, 1937.

The single-screw cargo steamship “Llanashe”, 
built by Bartram & Sons, Limited, for the Clarissa 
Radcliffe Steamship Co., Ltd. (Evan Thomas Rad- 
cliffe & Co., Ltd., managers), of Cardiff, ran a 
series of loaded ship trials on the Hartley mile, off 
Whitley Bay, a few weeks ago. The vessel’s dimen
sions are 410ft. length between perpendiculars, 
56ft. 7in. breadth moulded, and 36ft. 2in. moulded 
depth to shelter deck; she carries 9,200 tons dead
weight on 25ft. OJin. draught.

The hull form is closely similar to one specially 
tested at the National Physical Laboratory, and 
which has been developed by the builders during 
many years’ experience of tank-tested models. The 
vessel has the modern design of fore-end with raked 
stem and a cruiser stern; she is fitted with a double 
plated rudder with fin of the builders’ own design, 
the bronze propeller was specially designed by the 
builders in collaboration with the N.P.L. staff. 
M achinery.

The propelling machinery consists of a White 
Economy steam engine built by W hite’s Marine 
Engineering Co., Ltd., Hebburn-on-Tyne. In this 
machinery, as is now well known, a double-com- 
pound high-speed reciprocating engine works in 
conjunction with a low-pressure exhaust steam tur
bine, both being geared to the same propeller shaft.

The coal-burning boiler installation comprises

two three - furnace 
Normal turbulent head. Scotch boilers pro-
Comp. ratio 4-8 to 1 • , , t t  j  >„  * . t-, , ,, vided with Howden sPower ou tpu t: tu e l : lbs. per , . . , , , . , 

B.H.P. B.H.P. per hour, latest forced draught
8-10 .510 an d  tu rb u le n t flow
7-90 -513 a ir  h ea te rs , w hile
6'10 ‘715 S u g d en ’s su p e rh e a te rs

are fitted in the com
bustion chambers of

both boilers.
Conditions at the time of the trial were con

sidered to approach general service conditions, there 
being a heavy swell and a half gale blowing across 
the course, the wind force being Beaufort scale 7. 
The coal used was unscreened mixed North country 
coal, calorific value 13,850 B.Th.U.’s which had been 
ordered by the owners for their ordinary use, and 
included a fair percentage of slack.

Fires were cleaned at the end of each watch 
as usual, and the trials were run as near as possible 
to service conditions.

After eight runs over the mile to establish the 
relation between speed and revolutions, the highest 
average speed attempted being 10-7 knots, the vessel 
underwent a consumption trial. This was originally 
intended to be of eight hours’ duration, but the 
Owners’ representatives indicated their entire satis
faction after six hours. During that time the aver
age revolutions were 56-2 per minute, giving a speed 
of 9-99 knots, with boiler pressure of 2301b. per 
sq. in., and a final steam temperature of 640° F. 
The total consumption of coal over the six hours 
running for all engine room purposes was 66} 
cwts., equivalent to 13} tons per day, or approxi
mately 0-91b. of coal per I.H.P. per hour, establish
ing what is claimed to be a record consumption for 
a fully loaded 9,200-ton cargo steamship running at
10 knots. The fact of this performance being made 
under conditions which approximated those encoun
tered in service makes the result all the more 
important.

The main engines are of the White patent com
bined type, designed to develop about 1,800 I.H.P. 
at full power with steam of 2301b. per sq. in. pres
sure and 680° F. total temperature. The recipro- 
cator is a high-speed, totally-enclosed, balanced, 
force-lubricated, double-compound engine and is 
geared directly on to the main gearwheel through 
a single pinion; the exhaust turbine transmits its 
power through double-reduction gears. The turbine 
exhaust is led direct to the condenser, which is of 
the latest regenerative type. The h.p. and l.p. valves 
in the reciprocating engine are of the piston type; 
the h.p. exhaust steam is reheated on its passage 
to the l.p. steam chest from the high-pressure steam 
on its way to the h.p. valve chests. The 
engine exhaust to turbine is also reheated by 
the auxiliary steam before it passes to the auxili
aries. When running astern, the reciprocator 
exhaust is passed direct to the condenser, and live 
steam is admitted to an astern impulse turbine. T. 
& K. mechanical lubricators are fitted.



182 K ort System  o f Propulsion.

The reciprocating engine was built at the Heb- 
burn works of White’s Marine Engineering Co., 
Ltd., the gears were supplied by the Power Plant 
Co., Ltd., West Drayton, and the turbine by R. & 
W. Hawthorn, Leslie & Co., Ltd., St. Peter’s, 
Newcastle-on-Tyne. The condensing plant has been 
designed to maintain a high vacuum with maximum 
sea temperatures, circulating water being delivered 
to the condenser through an independent circulating 
pump. Other auxiliaries include an independent 
air pump and augmentor, feed pumps, feed heater, 
and evaporator.

The two coal-burning main boilers are 13ft. in 
diameter by l if t .  6in. long, and have Sugden super
heaters fitted in the wing combustion chambers. 
For harbour use, there is an auxiliary boiler 12ft. 
in diameter by 10ft. 6in. long; this is also arranged 
for 2301b. working pressure, but operates under 
natural draught conditions.

On a loaded run from the Tyne to Gibraltar, 
the vessel’s speed in normal weather was over 10 
knots, but the three days’ heavy weather which she 
encountered reduced the average speed for the en
tire run to 956 knots. The consumption was 15 
tons per day of unscreened North Country coal 
having an ash content of 14 per cent. The accom
panying table gives fuller particulars.

with the theory o f K ort propulsion. In  this article, 
the first part o f which appeared in last month’s 
issue o f “The Marine Engineer’’, the author deals 
with the practical considerations associated with the 
application o f the K ort nozzle to tugs and trawlers.

Trials, which were carried out on a model of 
the trawler “Volkswohl”, revealed that on bollard 
tests with the engine developing 500 S.H .P ., a gain 
of 32 per cent, in pulling power was possible after 
the nozzle had been fitted. Furthermore, it is 
claimed fo r  this system o f propidsion that it con
siderably increases a vessel’s speed in a seaway, the 
same test ship, having a speed o f 3-1 knots in a sea, 
with waives o f 160ft. wave-length, without the 
nozzle and 3-5 knots under similar conditions with 
the nozzle fitted.

Last month’s contribution concluded with a re
ference to the action of the nozzle with regard to 
the pitching movement o f a vessel when steaming 
in a rough sea.— E d . ,  M.E.

In order to find out whether such action of 
the nozzle takes place, the dipping and pitching 
movements of the model were measured continu
ously by moving picture photos showing, by means 
of indicators, the extent of the dipping and pitch
ing motion of two intermittent time lights. One 
of these time lights flashed every half second, while

T a b l e . — V o y a g e  R u n , “ L l a n a s h e ” — T y n e  t o  G i b r a l t a r .

Day and Average Average Coal Sea Feed Weather
Date. Boiler H.P. Chest Speed, Slip.

%
per Temp., Temp., Changes.

Dec., 1936. Pressure. Pressure. Vacuum.
Ins.

Knots. Day. °F. °F. Mod. Heavy.
Mod.

Tues. 1 225 207 291 10-14 0-1 8-05 51 214 Gale. 
Head Wind.

Wed. 2 230 215 8-66 14-6 15-00 50 216 24 hrs. 
Head Wind.

Thurs. 3 230 220 7-9 2003 15-00 55 220 24 hrs. 
Weekly Wind 

(Bow).
Fri. 4 230 225 ft 9-73 6-09 15-00 56 224 8 hrs. 16 hrs. 

Following 
Wind.

Sat. 5 230 225 ” 10-26 3-69 15-00 58 »> 12 hrs. 12 hrs. 
Following 

Wind.
Sun. 6 230 225 »> 10-33 2-59 15-00 60 - 24 hrs.

Head Wind.
Mon. 7 230 225 »» 1000 6-67 15-00 62 ,, 12 hrs. 12 hrs.

Mean draught—Sailing=24' 111"
Mean draught—Arriving=24' 6f"

There are now six new cargo vessels and one 
trawler fitted with this type of machinery, and all 
are giving highly satisfactory service results; 
several orders are in hand, including three for repeat 
installations.

These consumptions and speeds have been con
sistently maintained on all voyages.

Kort System  of Propulsion.
By K u r t  H elm .

"The Marine Engineer”, January, 1937.
Shipbuilding literature fo r  the last few  years 

has contained quite a number o f publications dealing

Average r.p.m. =55-37.
Average speed=9-561 knots.
Average apparent slip = 7’894%
Average daily coal consumption = 15 tons.

the other flashed every time a wave-crest passed the 
bow of the ship. (The records thus obtained were 
re-read picture by picture and the results worked 
out and plotted as shown in Figs. 6 and 7).

The value of a given shape in seaway depends 
on the one hand on the seaway, the propeller and 
the ship’s speed, and on the other hand on the 
following factors, which may be influenced to a 
certain extent by change of the ship’s shape :

(a) The extent of the dipping movement.
(b) The extent of the pitching movement.
(c) The combination of (a) and (b) and the
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position of the pitching centre depending thereon.
(d ) The relative positions of ship and wave to 

each other at various stages and the consequent 
varying position of the propeller.

It is known that dipping movements have the 
greatest influence on the amount of power required 
for a certain speed. This has been investigated by 
many model tests in seaways independent of these 
particular tests, with the result that it is known 
that the loss of speed is greatest when there are 
comparatively large dipping movements and prac
tically no pitching movements; as soon as this 
dipping movement, however, is turned into a pitch
ing movement by a small alteration of the length 
of the wave, the speed of the ship with the same
H.P. is increased considerably. Nevertheless, apart 
from the dipping movement, the pitching movement 
also calls for an increase in H.P. in order to main
tain a given speed, since constant energy is re
quired to destroy the forces set up by the pitching 
action.

The loss of speed finally depends on the specific 
load on the propeller and the amount of air sucked 
in when pitching, both tending to decrease the pro
pulsive efficiency. The greatest loss of propeller 
efficiency exists where the propeller has the greatest 
emersion from the water.

The pitching angle and the amount of pitching 
movement found during the tests are given in Fig. 
6. On an average these angles were ± 4° for the 
ship without Kort nozzle and ± 3° 55' for the ship 
with Kort nozzle. The Kort nozzle therefore has 
little or no benefit on the size of the pitching move
ment.

The extent of the dipping movements cannot 
be read directly from Fig. 6, as the curves of the

dipping movement depicted on the diagram show 
the movements of the midship section only. It is 
therefore necessary to find the position of the 
pitching centre longitudinally and vertically. For 
this purpose various longitudinal positions of the 
ship were drawn up for each of the two lengths of 
wave which passed the model. In each case, i.e., 
without and with nozzle, one wave was chosen 
which produced a large, and another which pro
duced a small dipping movement, in order to find 
out the upper and lower limits of these movements 
(see Fig. 6, I and II).

The waves which were generated were divided 
up into 10 parts of equal length. It was assumed 
that the ship was in a state of rest and the wave 
passed along the ship. At each of the 10 different 
divisions of the wave the ship took up 10 different 
angular positions as compared with the position of 
her water line with the water at rest. These angular 
positions are shown on Fig. 7 and 8; in these figures 
the longitudinal dimensions are made half of the 
vertical dimensions. As a result of the foregoing 
tests the following limits were found :

(a) Ship without Kort nozzle :
Pitching centre about 2ft. 1-Jin. behind 
midship section. Height of dipping move
ment between 24in. and 12in., average 18in.

(b) Ship with Kort nozzle:
Pitching centre about 7ft. 4in. behind mid- 
ship-section. Height of dipping movement 
between 16in. and 8in, average 12in.

The comparison shows, that the ship with the- 
Kort nozzle has a much smaller dipping movement 
and this means as was explained before, a reduction 
of the ship’s resistance in favour of the nozzle and, 
in consequence, a saving of H.P. for a given speed.

The comparison 
shows further
more that the 
pitching centre 
is moved consid
erably further 
aft. This means, 
that for the 
s a m e  w a v e  
length and speed 
there is less 
emersion of the 
propeller a n d  
less suction of 
air, both im
proving the pro
pulsive efficiency 
a n d  thereby 
causing a saving 
in H.P.

In Fig. 8 
various typical 
positions of the 
ship shown in- 
Fig. 7 are drawn

without noizte, speed 3,60 knots, length o f wave abt. j6 0  feet. crest o f waves passing bow.

■•-r*—  cocccco vertical movement o f midship section,
curve and measured points o f trim  angles with respect to trim a t rest.

with nozzle, speed 3,65 knots, length o f wave abt. 160 feet. crest o f waves passing bow.

F ig. 6.—Graphs showing extent of pitching and dipping motion in a seaway from model tests
of the trawler “Volkswohl”
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Feet

-Length .betiv. Pp.

feet

into the outline of 
the corresponding 
w a v e  contours 
showing for the 
various stages the 
longitudinal posi
tion with regard to 
the ship. The dot
ted lines indicate 
the movements of 
t h e  uppermost 
point of the pro
peller tips with re
gard to the wave 
surface.

It will be seen 
that on the ship 
without K o r t  
nozzle the dotted 
curve repeatedly 
intersects t h e  
waterline showing 
that the p r o 
p e l l e r  t i p s  
emerge above the 
water while on the 
ship with the Kort 
nozzle the pro
peller tips are at 
no time even 
touching the water 
surface.

This does not 
necessarily mean 
that it is impossible 
for air to enter the 
propeller; the air 
may enter when 
there is still some 
water above the 
tips in those cases 
where the specific 
load on the propel
ler is high. It was 
observed that on 
the ship with 
nozzle some air 
was drawn in, 
though the quantityp 
was considerably 
less. These re
marks are fully 
confirmed in Fig. 8. When in addition to the 
nozzle the inlet tunnel is fitted, the entrance of air 
was avoided almost entirely and this is the reason 
why the propulsive losses were furthermore lessened 
by the tunnel.

To sum up : The results of the readings of the 
pitching and dipping movements prove that on a 
ship running in a seaway there is, in addition to the 
direct action of the nozzle (increased pushing power

§

I

I G .  7.-
-Length behs. Pp

Angles of trim and centre of pitching during the passage through one complete wave 
from model tests of the trawler “Volkswohl”.

Maximum wave movement (1)
Minimum wave movement (2)

by avoiding the jet contraction) an indirect action 
(influence on the ship’s movements) resulting in a 
reduction of the resistance of the ship and diminish
ing the amount of air which is sucked into the pro
peller, thereby increasing the propulsive efficiency. 
The indirect action of the nozzle explains why the 
results of the seaway trials were so much better 
than the results in smooth water.

In order to analyse the conditions to be expec-



K ort System  o f Propulsion. 185

ted when trawling in seaway, some pulling tests 
were carried out with the model. The wave used 
during these trials had a length corresponding to 
154ft. and a height corresponding to 5ft. 6in. The 
trials were carried out for the speed 0 (mooring 
test) and 3'2 knots. The results are shown in Fig. 
9. In these tests also a considerable improvement 
due to the application of the nozzle was found, 
namely, about 40 per cent, increase of pulling power 
at the bollard test and more than 45 per cent, at 
3-2 knots. At these trials the influence of the inlet- 
tunnel was not tested. It is, however, correct to 
assume that the further advantages found by the 
application of the tunnel (reduced pitching move
ments and less air to the propeller) will make them
selves felt to their full extent in this case also.

The model trials have thus shown that the 
application of the nozzle brought advantages for 
every one of the conditions under which the ship 
was tried and the results were so convincing that 
in April, 1935, two trawler firms, the Nordsee 
Deutsche Hochseefischerei Bremen-Cuxhaven 
A.-G. and Ludwig Janssen & Co., Wesermiinde, 
decided to have their trawlers “Kassel”, “Jane” and 
“Jeverland” converted to Kort Nozzle Drive by the 
shipyard Schiffbau Gesellschaft Unterweser A.-G., 
Wesermiinde-Lehe.

JAl. lo hsp w

tow ina speed  0  kn. tow ina  s p e e d 3 2 kn.

r.p.m.-prop.rev.p.min. r.p .m . .

**"" 22

w ifh  nozzle

w ii

X
fh o u tr le

<0% w ith no.'zle
W!thout 1

Lbs ireciive n owen
SHP shaff horse power

200
r.p.m

ISO

100

100 ZOO 300 too 500 600 700 300 W  500 
s.h.p -  shaft horse powers

F i g . 9 .— T r a c t i v e  p o w e r  p e r  s .h .p .  a n d  c o r r e s p o n d i n g  r .p .m .  w i t h  v a r i o u s  
h o r s e p o w e r s  i n  b o t h  t h e  m o o r e d  a n d  t o w i n g  c o n d i t i o n s  a t  3 '2  k n o t s — a l l  
t a k e n  in  a  s e a w a y  f r o m  m o d e l  t e s t s  o f  t h e  t r a w l e r  “ V o l k s w o h l ” — w a v e s  

1 5 4 f t .  l e n g t h  5 f t .  7 in .  h e i g h t .

The first of these ships, the 400 I.H.P. trawler 
Kassel, has been converted at the time of writing 
(see Fig. 10). The results of her trial trips before 
and after conversion measured in co-operation be
tween the owners and the shipyard, are given on 
Fig. 11.

The speed running free over the measured mile 
on the lower Weser River, taking the average be
tween the two courses up and down the river, was 
10-5 knots before and after conversion. The engine 
power required was 387 I.H.P. without the nozzle, 
and 379 I.H.P. with nozzle, i.e., a saving of 2 per 
cent, of engine-power. The r.p.m. were practically
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the same at both trials. The comparison of the 
mooring tests showed that at the same H.P. the 
pulling power was increased by 35 per cent, in 
favour of the nozzle. These actual results agree 
closely with the results of the tests of the model 
of the “Volkswohl”. It was found, furthermore, that 
the loss of revolutions at high loads {e.g., when 
trawling) was a good deal less with the nozzle than 
without. In practice this amounts to a further 
appreciable advantage in favour of the nozzle, as 
with the same torque on the shaft, that is, with the 
same cut-off of steam in the engine, a greater engine 
power is available for towing. It is therefore pos
sible on a trawler fitted with the Kort nozzle to 
use the available boiler plant to better advantage 
when the ship is trawling or is held up by wind 
or sea.

At the mooring test of the “Kassel” with maxi
mum cut-off on the engine and full boiler pressure 
the propeller r.p.m. were 79 before and 90 after 
the nozzle was fitted. The corresponding engine 
powers were 280 and 330 respectively and the 
corresponding pulls rose from 4p42 tons to 6-7 tons. 
As there is always plenty of steam under towing 
conditions this gain of more than 50 per cent, of 
pulling power is always fully available for towing 
purposes though, of course, at the same time the 
engine power also is increased somewhat, namely 
by about 18 per cent.

F i g . 10.—Stern of the Kort-nozzle-propelled tug “Kassel”.

Based on the experience of years of model 
practice and the close agreement between the model 
tests and the performance of an actual ship for the 
mooring test measurement, it is correct to assume 
that for all intermediate speeds, i.e., between speed

L it , _________________________________

inactive power lh i .  
/HPind.t orse power

witl i Kort 
bout-

nozzle

X *5
""337o

“nff.nhpropnv.p.vin.

100 200 300 WO

! HP-indicated horse pover

F ig . 11.—Tractive power per I.H.P. and corresponding 
r.p.m. at mooring post. Trials taken before and after 
the fitting of a Kort nozzle to the trawler “Kassel” 

(actual tests, not tank results).

0 at the bollard and the running free condition, 
the pulling power will decrease in a similar way 
as that found for the model of the trawler “Volks- 
wohl”. On the “Volkswohl” the decrease in pulling 
power between the bollard and trawling speed was 
about 30 per cent., which means that the pulling 
power of the “Kassel” with nozzle at a mean trawl
ing speed of 3-5 knots will be 35-30 per cent, more, 
with 18-13 per cent, more I.H.P. Assuming the 
resistance of the trawl net increases directly as the 
square of the speed the increased pulling power 
will be capable of increasing the trawling speed by 
0’4 to 0-5 knots.

It is safe to anticipate that the “Kassel” will 
prove a good practical success, when judged by 
the results of the model experiments described 
above. There are already to hand most satisfying 
reports on experience gained in practice with the 
sea- and harbour tug “John Hamilton”, fitted with 
the Kort nozzle. She is stationed at Falmouth on 
the western outlet of the English Channel, a district 
well known for very rough weather.

Reviewing once more the model trials for the 
trawler “Volkswohl”, the practical trials with the 
trawler “Kassel”—as far as they are available—and 
the proved seaworthiness of the “John Hamilton”, 
there is sufficient evidence to say that the application 
of the Kort nozzle to ships of this size and type must 
necessarily bring a noteworthy improvement of the 
towing and sea-going performances.

Recent Marine Engineering Progress.
“The Marine Engineer”, January, 1937.

Since our last issue an important new marine 
steam engine development—a Rankin & Blackmore
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product—has been an
nounced and technical 
details of the new 
Petter harmonic-in
duction diesel have 
been made available; 
both are discussed in 
this short article.

The Rankin &  
Blackmore triple-ex- 
pansion engine is an 
interesting step for
ward without using 
untried ideas. It is 
compact in overall 
dimensions, acces
sible, practical, and 
appears to be cheap 
to build and easy to 
maintain.

The arrangement 
adopted, as the illus
tration on this page 
shows, enables vertic
ally-operated individ
ual steam and exhaust 
valves to be fitted to 
all three cylinders. 
There is one steam 
and one exhaust valve 
at top and at bottom 
of the high-pressure 
cylinder (which faces 
forward) and of the

F ig. 1.—Rankin & Blackmore triple-expansion engine has separate steam and exhaust valves
for all three cylinders.

m.p. cylinder, which faces 
a f t ; this is, of course, the usual arrangement with 
such valves. In the case of the l.p. cylinder there 
is one steam valve and two exhaust valves at the 
top and at the bottom. The valves are of the 
Andrews & Cameron type. The usual Stephenson 
link motion gear operates the cam rocking shafts 
direct for the h.p. and m.p. cylinders; for the l.p. 
engine it works through a bell-crank to a single cam 
on the starboard side for the steam inlet valves and 
to double cams on the port side for operating the 
two exhaust valves.

The design and arrangement adopted permits 
of a very short overall length, and at the same time 
affords maximum accessibility to all valves, valve 
gear, etc. Immediate inspection of any of the valves 
can be made direct from the platforms by removing 
the small door over the valve. All the valves used 
are of the latest quadruple-opening balanced type.

The engine shown has cylinders 17in., 28in.,

Steaming time, days ..............
Distance, nautical miles 
Total oil consumed, tons 
Average oil per day, tons ...
Oil per I.H.P. per hr., average

c- . 1-OS—0-68
Saving = — i:Q5

Before After
Conversion. Conversion.

262i 3324
63,868 72,885
7,430 4,430

28-43 13-2
1-OS 0-68

=35 per cent.

and 50in. by 33in. stroke, and has been fitted in the 
cargo vessel “Dotterel”. Steam is supplied from 
forced draught Scotch boilers at a pressure of 2201b. 
per sq. in. and the boilers are fitted with super
heaters of North Eastern make; Kirkham lubrica
tors attend to the cylinder lubrication. On trials an 
average of six runs brought out 101*5 r.p.m. at
1,232 I.H.P. and gave the ship a speed of
12 9 knots.

W hite Engine Progress.
The large cargo steamship “Adderstone”, note

worthy as the first vessel to be fitted with White 
combination machinery, continued to give a satis
factory account of herself during the year; for a 
new and untried installation her machinery has 
proved singularly free from teething troubles, while 
her Sugden combustion chamber superheaters (also 
new at that time) have proved excellent. The 
appended table shows a comparison over a number 

of voyages of the '‘Adderstone” before 
and after conversion, these data 
having been furnished by the owners.

New W inton Injection Arrangements.
One of the most interesting recent 

diesel developments of the year was 
announced just as we closed for press
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by Winton Engine Company, of Cleveland, Ohio. 
It is known as the unit injector system and operates 
without the use of long individual pipe lines, or 
rails, to the individual cylinders. This achievement 
resulted from the successful operation of the latest 
diesel-driven streamlined trains now being run 
throughout America, although, of course, the unit 
system has wider applications. From this field 
Winton have developed a comparative unit for 
smaller engines suitable for the average pleasure 
craft. These unit injectors are now installed in the 
Model 233-A, 200 B.H.P., and Model 241, eight- 
cylinder engines which are to be exhibited at the 
32nd annual National Motor Boat Show in Grand 
Central Palace, New York, January 8 to 16.

Through the unit system, individual injection 
in each cylinder under what is declared to be an 
absolutely even pressure is attained. This, it is 
declared, produces complete atomization. “The 
application of this unit fuel injection system to 
W inton’s latest marine engines is the greatest single 
advance ever effected in building marine engines 
for modern pleasure craft”, said George W. 
Codrington, president of the Winton Engine Com
pany. “By smoothing out the fuel injection diffi
culties frequently encountered in conventional 
engines, this unit injector now provides for 
pleasure-boat owners a character of diesel engine 
performance never before available in this field”. 
The new Winton models, instead of having the long
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pipe-lines running from the high-pressure pump 
which may develop a form of pressure lock because 
of the inability to maintain an absolute evenness 
under any and all speeds of the engine, use the new 
unit system which delivers the fuel at an even 
injection in exactly the right amount at all times.

Another feature of these units, which are in
stalled separately in each cylinder head, is that 
instead of a maximum pressure of 10,0001b. per 
sq. in. permissible in some conventional airless- 
injection systems, a pressure of 20,0001b. or more 
may now be used. This, it is claimed, eliminates 
the uneven flow due to choking, and also permits 
better atomisation.

Attached much like a sparking plug in an 
ordinary petrol engine, these injector units operate 
through a sort of double check valve. The valves are 
actuated much as are those in an ordinary overhead 
valve diesel or petrol engine—through a push rod 
and rocker arm. This assures opening and closing 
the nozzle at exactly the correct instant. With the 
high, even pressure behind the nozzle, the charge 
of fuel is sprayed into the combustion chamber in 
every direction, thereby covering every part and 
assuring clean, even burning. Another factor in 
the use of these unit injectors is that should a nozzle 
become fouled or clogged in any way, it may be 
removed, cleaned and replaced in the same manner 
as a sparking plug would be renewed in a petrol 
engine, although in this respect the Winton engine 

is not unique.
Among the yachts already powered with 

the new type engines are the 101ft. “Gem”, 
owned by William Zeigler, J r.; the “Consort 
IV ”, a 90-footer owned by T. Munroe Dobbins; 
the “Alma F ”, a 75-footer owned by Alfred J. 
Fisher; the 65ft. motor sailer “Devshir”, owned 
by Louis E. Emerman; the “Helen H ”, a 74ft. 
yacht owned by E. A. Hughes, and a new 92|ft. 
yacht recently launched for a prominent Eastern 
States yachtsman.

Operation of the Injector.
Fuel oil is supplied to the injector at a 

pressure of about 201b. per sq. in. and enters 
near the top on the left side of the body. After 
passing through the filter in the inlet passage, 
the fuel oil fills the annular supply chamber 
around the bushing. The surplus fuel supplied 
by the pump flows out of the annular supply 
chamber through the outlet passage on the right 
side of the body. The fuel pressure in the 
injector is maintained by discharging the over
flow fuel through a small hole in a restriction 
plug, which sets up the required resistance. This 
plug is placed in the outlet end of the drain 
manifold.

Injection stroke.—From the description of 
the injector and its parts, it is evident that the 
plunger has two motions, reciprocating motion 
to pump the fuel and a rotary motion to vary

T O P  OF ST R O K E  STA RT  OF PUM PING END OF PU M PIN G  
ST R O K E  ST R O K E

END OF STRO KE

LOAD C O N T R O L  BY  R O T A T IN G  P L U N G E R

NO IN JE C T IO N  ID L IN G  LOAO H A LF  LOAD F U L L  LOAD
F ig . 2.— Operation and control diagram.
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the amount of fuel according to the load. The 
sectional diagrams of Fig. 2 indicate these motions. 
The upper diagrams show the reciprocating or 
plunger-stroke positions, and the lower diagrams 
show the plunger-rotary or load control positions. 
The upper series of diagrams of Fig. 2 show in 
detail how the start and end of the pumping stroke 
are controlled by the upper and lower lips on the 
plunger. These diagrams make it evident that the 
total downward stroke of the plunger is divided 
into three parts. The first or upper part of the 
stroke allows the plunger to be accelerated to the 
required velocity before pumping begins. The 
second or pumping part of the stroke controls the 
quantity of fuel injected. The third or over-travel 
part of the stroke slows down the plunger velocity 
to the end of the stroke.

Load and timing control.—Fig. 2 shows that 
the pumping stroke is controlled by the upper and 
lower lips on the plunger passing over the ports. 
The lower set of diagrams in Fig. 2 show how the 
distance from the lower lip to the lower port is 
varied by the rotating of the plunger and the 
resulting variation in the effective pumping stroke. 
The method of rotating the reciprocating plunger 
by means of a gear and rack is shown in cross- 
section drawing Fig. 3. These diagrams, Fig. 2, 
show that the pumping part of the stroke begins 
when the helical upper lip on the plunger covers 
the lower edge of the upper port. Rotating the 
plunger, so as to increase the effective pumping 
stroke, also makes the effective pumping stroke

F ig . 3.— S e c tio n  th ro u g h  th e  W in to n  u n it.

F ig . 4.— In jection  setting, 
start earlier during the cycle. When the load is 
increased, the plunger rotation automatically ad
vances the beginning of injection.

Automatic fuel valve.
Fuel enters the annular space around the valve 

seat and when the fuel pressure, acting on the 
stepped area of the valve needle, has been built up 
high enough to compress the spring, the needle is 
lifted from its seat. Fuel is admitted to the spray 
tip and is forced through the spray orifices into the 
cylinder. Due to the high velocity of the plunger 
at the full speed of the engine, and due to the 
restrictive action of the small spray holes, the final 
oil pressure is built up to a much higher value than 
the pressure at which the needle valve opens.

The spring-loaded needle valve performs three

a d j u s t in g  s c r e w

TOOL EN D  IN 
T IM IN G  H O LE
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important functions in the operation of the 
injector. First, it serves as a check valve 
between the combustion chamber and the injector. 
Second, it gives positive control for the start and 
stop of the fuel spray into the cylinder. Third, it 
provides the necessary atomisation of the fuel for 
prompt ignition at low speeds. Atomisation is a 
function of the relative velocity between the fuel 
and air, or, it may be said, a function of the velocity 
of the fuel through the orifices. Since the needle 
cannot open until the fuel pressure has been built 
up high enough to compress the spring, it follows 
that the initial fuel spray velocity is always sufficient 
for good atomisation, even at low speed and light 
load. This fine atomisation of the first part of the 
spray insures prompt ignition of the fuel, so that 
the remainder of the fuel spray burns as it enters 
the cylinder. This makes it possible to control the 
combustion pressure by the shape of the cam which 
operates the injector plunger.
Complete cycle of operation.

Referring to Fig. 3, the complete cycle of 
operation of the injector is as follows: As the 
plunger is moved downward by the rocker arm, 
fuel in the bushing chamber is first displaced 
through the lower port into the supply chamber 
around the bushing until the lower edge of the 
plunger closes this port. Fuel in the bushing cham
ber is then displaced through the central and trans
verse holes in the plunger and through the upper 
port into the supply chamber. Further downward 
movement of the plunger causes the helical upper 
lip to cover the upper part, and the fuel in the 
bushing chamber is then forced down through the 
passages in the spring cage and the needle guide 
to the annular space around the spring-loaded needle 
valve.

The fuel oil pressure, acting on the stepped 
area of the needle valve, lifts the valve needle off 
the seat, and the fuel passes in the spray tip and 
is forced through the orifices into the cylinder. In
jection continues until the lower lip on the plunger 
uncovers the lower port in the bushing, and then 
the fuel by-passes upward through the holes in the 
plunger and through the lower port into the supply 
chamber. This lowers the pressure of the fuel 
remaining in the bushing chamber until the needle 
valve spring closes the valve. On the return stroke, 
the upward movement of the plunger fills the bush
ing chamber with fuel oil which flows from the 
supply chamber, through the lower port.

Yacht installations embodying this fuel injec
tion system have proved highly satisfactory, and, 
unquestionably, this engineering advance will 
receive wide discussion in the marine field. The 
three Winton diesel marine engines to be displayed 
at the 1937 National Motor Boat Show, Grand 
Central Palace, New York City, will have this 
system of fuel injection and its behaviour in service 
will be watched with interest.

The R .N . high-speed diesel engine is a design 
that has enjoyed popularity since its introduction

about six years ago. The original combustion cham
ber design was, and still is, ingenious and efficient, 
and has been used without modification until com
paratively recently. In the early R.N. head patent, 
which is used by various licensees of Russell, New- 
bery & Co., the injector is placed vertically in the 
head, and the “off-set” cylindrical combustion cham
ber has flat ends. In the latest patent head the 
injector is set at an angle, so that the last traces 
of injected oil are deflected off the hot turbulence 
block into the turbulent concentrated air stream, 
thereby greatly assisting combustion and preventing 
the formation of carbon deposits in the combustion 
chamber at light loads. A further R.N. patent 
covers the curvature of the ends of the combustion 
chamber whereby the valves have a more effective 
opening and the volumetric efficiency is increased. 
The modifications are said to result in quieter and 
cleaner running, an increased power output of 
approximately 10 per cent., and a reduced fuel 
consumption.

M irrlees- Im o marine pump.
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Auxiliary Developments.
The Imo pump, which is shown 

in the sectional view on page 190, has 
been used extensively on the Continent 
of recent years and is now being; built , < ■
by Mirrlees, Bickerton & Day, Ltd., of tor clean mg a' f ^ \  
Stockport, who are sole licensees for fitter -i 
the British Empire, excluding Austra
lia and Canada. The pump consists 
of a power or driving rotor, with two 
idler or sealing rotors which are placed 
symmetrically and rotate in a sleeve.
They rotate and propel the surround
ing medium axially in a perfectly con
tinuous flow. The threads act as a 
continuous piston which always moves 
in a forward direction. The medium 
is not brought into rotation, but flows 
smoothly without turbulence 
pulsation.

Pressure
Gauge

Purifiecf O iTfor 
supply to engine

Sludge
Outlet

—
Relief Valve

"  2. Motor driven pumping set

Drain p ipe  from  f ilt e r

These pumps usually 
supplied with the 
centrifuge c driven 
from its shaft

Engine sump or 
d irty  o il tank

The centrifuge is only 
required ivnen the o il 
contains more than l% 
o f tvater

or Layout of the Stream-Line filter for marine service. The filter, it will be 
seen, is used in conjunction with a centrifuge.

The chief characteristic of the pump is the 
shape of the thread faces. A detailed analysis of 
the form of the latter shows that it is possible to 
calculate the dimensions mathematically so as to 
obtain a perfect fit. It is also possible to manufac
ture the rotors exactly in the theoretically correct 
shape. This thread shape is protected by several 
patents.

Among the claims made for the Imo pump are 
simplicity, efficiency (a figure of over 90 per cent, 
has been registered with small pumps and motors 
of about 10 H.P. running with lubricating oil), 
small no-load losses, high working speeds, silence 
and light weight. In passing it may be mentioned 
that both the Swedish and Norwegian Navies have 
Imo installations on a number of their vessels.

While the Imo system of rotors lends itself 
particularly well to the construction of pumps, it 
should be pointed out that it is equally suited for 
use as a motor. These machines, which are made 
in various sizes up to about 50 H.P., are insensitive 
to heat and mositure and may be immersed in water. 
A number of steering gears are being operated suc
cessfully with these motors, other uses being for 
anchor windlasses, winches and capstans.

It must have become increasingly clear to fol
lowers of marine engineering progress during the 
past two or three years that the Stream-Line filter 
is being adopted for many marine installations. For 
instance, the recently-built Coast Line motorships, 
the “Silverlarch” and “Silverpine”, the 18 new 
vessels of the British Tanker fleet, and those of 
the Burmah Oil Company, are all provided with 
Stream-Lines for lubricating oil treatment. Fur
thermore, in the last few months 34 filter installa
tions have been supplied to Dutch owners 
alone.

The accompanying diagram shows how the 
filter is used on shipboard. It will be observed that 
it is complementary to the centrifuge, the Stream- 
Line unit not being capable of effectively handling

oil containing more than 1 per cent, of water. When 
this amount is exceeded the oil is first centrifuged.

Cylinder-Liner W ear W ith Pressure-Charged
Engines.

“The Motor Ship”, January, 1937.
Proof of the fact that, as mentioned in another 

note, supercharged four-cycle engines run with a 
degree of reliability equal to that of the unsuper
charged type, was afforded in a paper which Mr. John 
Lamb read before the Society of Consulting Engin
eers and Ship Surveyors recently. He stated that 
the practice of supercharging had no effect on the 
wear rate of cylinder liners and piston rings, and 
cited two examples which had recently come to his 
notice. In one case a pressure-charged engine with 
a cylinder diameter of 630 mm. and operating at 
a mean pressure of 1201b. per sq.in., showed, after 
four years’ service, a maximum wear on the four 
cylinders, which were opened up for examination, 
of 2-75 mm., 2-71 mm., 2-75 mm. and 2-24 mm. The 
average maximum wear per 1,000 hours worked out 
at 0-11 mm., or a little over 0'004in. In the second 
vessel, the wear on three cylinders, also after four 
years’ running, was 2-90 mm., 2-14 mm. and 2-01 
mm. respectively. These figures are equivalent to 
an average maximum wear per 1,000 hours of 0’096 
mm., or 0 0038 in. On an average, cylinder liner 
renewal is necessary when the wear reaches about 
6 mm., so that on this basis the life of the liners 
is in the neighbourhood of nine or ten years.

Experience W ith Trunk-Piston Engines and  
Gearing.

“The Motor Ship”, January, 1937.
Little information has hitherto been available 

concerning the operating results, from the ship
owner’s point of view, of vessels equipped with two- 
stroke single-acting trunk piston engines in con Junc
tion with gearing. One of the first vessels so
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equipped was the “Sofia”, owned by the Deutsche 
Levante Linie, which has now been two years in 
service. She has two two-stroke single-acting trunk- 
piston engines driving a single propeller shaft 
through gearing, and the engines are of the same 
type and cylinder dimensions as those being installed 
in numerous German geared Diesel ships, also in the 
various Diesel-electric passenger liners and cargo 
vessels now being built for the Hamburg-Amerika 
Line.

In a lecture before the General Meeting of the 
Schiffbautechnische Gesellschaft in Berlin a short 
time ago one of the directors of the Deutsche 
Levante Linie spoke on the subject of the perform
ance of these ships. He stated that during the 
course of the two years at sea the results had been 
highly satisfactory and that the low weight and 
small dimensions of the engine parts had proved 
advantageous from the standpoint of supervision 
and maintenance.

The noise which is experienced with such 
machinery is generally considered to be great, but 
the author remarked that, as a result of some inter
esting experiments, this pressing question of mach
inery noise had been satisfactorily solved. The 
manoeuvring capacity was stated to be excellent, and 
one advantage claimed for the system was that 
voyages could be made at reduced speeds, when 
desired, with only one of the Diesel engines in 
operation, resulting in substantial economies in fuel 
and lubricating oil.

N avy Engineering Sixty Years A go.
“The Engineer”, 20th November, 1936.

Following the accession to office of the 
Disraeli Government in 1874, “an almost un
paralleled series of disasters” befel the British 
Navy. The “Iron Duke” collided in a fog with, 
and sank, the “Vanguard” ; there was a disastrous 
boiler explosion in the “Thunderer” ; a stop valve 
exploded in the “Hydra” ; a compressed air chamber 
blew up in the “Vesuvius”, and the engines of the 
“Shah” failed to work satisfactorily in service. 
Certain organs of the daily Press attributed these 
mishaps to the malign influence of a Conservative 
Government. In our issue of November 24th, 
1876, we did not trouble to controvert this ridicu
lous assertion but passed straight to the real cause, 
inefficient machinery and laxity of control. In past 
years, we said, the engine-rooms of warships were 
not unduly cramped and the engines were designed 
with liberal proportions. When Mr. E. J. Reed 
became Chief Constructor conditions changed. He 
introduced ships short in length and great in beam, 
which of necessity demanded increased power for 
their propulsion. The marine engineers of the 
country responded but with each new ship they 
found that they were being allowed less and less 
room for their engines and boilers. Cramped for 
space they were forced to resort to expedients

which militated against the attainment of trust
worthiness. As a result, we stated, a successful trial 
trip had become a rare event. We warned the 
Chief Constructor—Mr. Barnaby by that date—- 
that unless he paid attention to the advice of the 
engineers who supplied him with his engines the 
failures and disasters would continue. A second 
factor contributing in our view to the mishaps was 
the custom of transferring engineers and engine- 
room staff from one ship to another and sending 
them to sea without the slightest opportunity of 
studying the idiosyncrasies of the machinery 
placed in their charge. We gave examples to show 
that marine engines had their individual pecu
liarities and that each required special attention for 
its successful operation. No doubt admirable 
reasons could be advanced why each ship could not 
have a permanent chief and second engineer 
appointed to her but there was, we said, really no 
more difficulty in such a scheme than in appointing 
a permanent man as manager of a blast-furnace. 
A third cause of trouble lay in the fact that there 
was at that date no Engineer-in-Chief of the British 
Navy. There was an engineer-in-chief at each 
of the principal ports but no harmony existed 
between them. So marked was the disagreement 
between those authorities that what was right at 
Chatham was all wrong at Portsmouth. At one 
dockyard for example contractors would be 
informed that all feed pipes were to be fitted so 
as to be visible throughout their length while at 
another they would be told that they were to be 
hidden beneath the floor plates. Ludicrous instances 
were known in which pipes fitted one way had been 
refitted later the other way. An illuminating 
instance of the effects of the lack of control was 
revealed in a recently published parliamentary 
paper concerning the “Vanguard”. At the court- 
martial which followed her loss it was disclosed 
that ventilating holes had been cut in her water
tight bulkheads. Neither Mr. Barnaby nor the 
Admiral Superintendent at Devonport knew any
thing about these holes. They had been made at 
the order of the chief engineer at that dockyard 
for ventilation purposes following a gas explosion 
in the bunkers of the “Devastation”. Fifteen ships 
all told had had their bulkheads rendered incapable 
in a similar manner of fulfilling their primary 
function. The Admiralty expressed its disapproval 
of this procedure in severe terms and ordered the 
holes to be stopped up.

Navy Engineering Sixty Years A go .
“The Engineer”, 27th November, 1936.

In our issue of December 1st, 1876, we 
returned to the discussion of the repeated disasters 
which were befalling the machinery of British 
warships and pressed once more for the appoint
ment of an Engineer-in-Chief to the Navy. Even 
since our previous issue in which as noted last
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week we had broached the subject, a fresh mishap 
had occurred. The “Alexandra”, possibly the most 
powerful man-of-war then afloat, had returned 
from her first trial trip with a defective crank pin. 
Later she had damaged one of her propellers during 
a trial in harbour. Then when all had been repaired 
she proceeded on a six hours’ steaming trial but it 
had to be abandoned because a crack developed in 
one of her cylinders. It was true, we said, that 
certain ships were running very well with cracked 
and mended cylinders and it was just possible that 
if the “Alexandra’s” cylinder were repaired it might 
be stronger than before. Still a cracked cylinder 
was a very serious defect and no chief engineer 
with one in his charge however skilfully it had been 
mended would hear the order to go full speed ahead 
without trepidation. We did not blame the builders 
of the engine for the breakdown but fastened 
responsibility for it upon the Admiralty. Engines 
of increased power were being demanded at the 
same time as the space within which they were to 
be housed was being decreased. The marine engine 
builders to whom the design and construction of 
the engines were entrusted knew that they could not 
meet the official requirements concerning power, 
size and weight without cutting down the margin 
of safety to a very low figure. They knew that to 
build engines for the Admiralty was a speculation 
and that they would be fortunate if they could get 
through the measured-mile run and the six hours’ 
trial without a breakdown. Yet so long as they 
enjoyed the patronage of the Admiralty their 
mouths were sealed. We however were free to 
speak the truth and the truth was that we were 
living in a fool’s paradise. Our policy in naval 
construction was radically wrong from first to last 
and if followed much further would infallibly lead 
up to some great national disaster. The remedy 
which we advocated was the appointment of an 
Engineer-in-Chief to the Navy whose duty it would 
be to supervise the provision of machinery for our 
warships and to ensure that the Chief Constructor’s 
department was not allowed to enforce impossible 
conditions on the engine builders. The great 
shipping companies had each a superintendent 
engineer and it was rare to hear of machinery 
failures in their ships. Great as would be the 
responsibility which the Engineer-in-Chief of the 
Navy would have to bear, his task would not be 
beyond the powers of one man after the existing 
chaos had been cleared up. It would not be greater 
than that of the locomotive superintendent of a 
leading British railway. We expressed the opinion 
that nothing but disappointment would result if 
the Engineer-in-Chief were chosen from the ranks 
of existing naval engineers. The heads of the 
engineering departments of the dockyards were one 
and all so imbued with respect for the existing 
system of Admiralty management that they would 
find it impossible to shake off their official fetters. 
The appointment to the post of a competent

engineer untainted by official prejudice would, we 
concluded, be celebrated by a grand festival accom
panied with illuminations at all the principal 
marine engine building establishments throughout 
the kingdom.

Changing from  Sail to Steam.
Naval Engineering 100 Years ago.

From a Correspondent.
“The Times'’, 6th January, 1937.

For engineers in the Royal Navy the year 1937 
marks the centenary of more than one interesting 
development in their branch of the Service. Engin
eers in 1837 were raised from the position of 
civilians to the rank of warrant officers, and for 
the first time the engineering branch had a repre
sentative at Whitehall. Because of the Post Office 
steam packets being placed under the Admiralty the 
number of steam vessels in the Navy List was 
almost doubled, and on August 8, 1837, the first 
steam frigate, H.M.S. Gorgon, was launched at 
Pembroke.

Steam vessels had first appeared in the Navy 
List in December, 1827, when the names of the 
“Echo”, “Lightning”, and “Meteor” were included : 
by December, 1836, there were some 29 such vessels 
shown, including the earliest steam war vessels, the 
“Rhadamanthus”, “Dee”, “Phoenix”, “Salamander”, 
and “Medea”, the last of which in 1837 was doing 
excellent work in the Mediterranean. Several other 
steam vessels were engaged in carrying the mails 
from Falmouth to Malta, Alexandria, and else
where. It was partly the good service given by 
these ships that led to the Admiralty being made 
responsible for the cross-Channel mail service. 
The Times of December 20, 1836, quoting from 
the Observer, noted that “all the necessary arrange
ments for transferring to the Board of Admiralty 
the packet establishment of the Post Office have 
been finally completed and the transfer will immedi
ately take place”.

First Engineer-in-Chief.
At that time the headquarters of the steam 

department of the Royal Navy were at Woolwich 
Dockyard, the responsible engineer being Peter 
Ewart, an old friend of James Watt, who in 1835, 
at the age of 68, had by Order of Council been 
appointed Chief Engineer and Inspector of Steam 
Machinery. The real working head of the branch, 
however, was a much younger man, Thomas Lloyd 
(1803-1875), who in 1847 became the first Engineer- 
in-Chief of the Navy. With the addition of the 
Post Office packets , to the Fleet and the increase in 
the size and number of steam war vessels, the 
Admiralty came to the conclusion that the Depart
ment ought to be represented at headquarters, and 
an Order in Council, dated April 19, 1837, was 
promulgated respecting the “Appointment of a 
Comptroller of the Steam Machinery and Packet
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Department of the Navy”. The choice of the 
Admiralty fell on Captain (afterwards Admiral) Sir 
William Edward Parry (1790-1855), who already 
had distinguished himself as an explorer, hydro- 
grapher, and administrator. It may be surmised 
that he was generally liked, and in the Proceedings 
of the Institution of Civil Engineers it is recorded 
that on February 19, 1839, he was elected an honor
ary member of the Institution, “amongst whose 
members he had rendered himself extremely popu
lar by the kindness of his manner and his accessi
bility while holding the position of Director of 
Steam Machinery, the duties of which he per
formed with singular uprightness and skill”.

On July 19, 1837, the day, incidentally, that 
Brunei’s Great Western was launched at Bristol, 
regulations were issued for “Engineers and engin
eers’ boys”. By these engineers became warrant 
officers on the same footing as gunners, boatswains, 
and carpenters; a first-class engineer getting 
£ 9  12s. Id. a month, a second class £ 6  16s., and a 
third class £4  18s. Superannuation was provided 
for, but the conditions left much to be desired, and 
almost immediately the engineers began their long 
agitation for improved status and remuneration. 
The two dates, April 19 and July 19, 1837, however, 
are landmarks in the rise of the naval engineer 
and in the history of an important department of 
a great Service.
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