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The C h a i r m a n  : W e have come to hear A dm iral W haym an 
read his paper on w ater-tube boilers for use in the M erchant 
Navy. I  take it th a t he is an au tho rity  on boilers in  the Royal 
Navy and perhaps he can tell us som ething we can do to in tro 
duce w ater-tube boilers into the M erchant Navy. You m ay 
remember th a t well-known picture of T u rn e r’s, “  The Passing  
of the T em eraire ,”  and one alm ost m igh t th in k  of the w ater- 
tube boiler and the old Scotch boiler when one th inks of 
th a t picture from the engineering  point of view. However, 
Adm iral W haym an will present the p icture in his own colours 
to -n ight.

In  preparing  a paper on the above subject for th is In s titu te  
it  occurred to the w riter th a t i t  would be of increasing in terest 
to discuss the problem  from the tim e th a t  i t  was last reviewed 
by papers at th is  In s titu te . I t  will be remem bered th a t in

l
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October, 1924, a paper was read by the late S ir Jam es K einnal 
on “ The Present Tendencies of Steam G eneration,”  and th a t 
in F ebruary , 1926, a paper was read by M r. Stanley S. Cook 
on “  H ig h  Efficiency Steam Installations for Ship Propulsion 
— W ith  Special Reference to the Question of A uxiliary  
M achinery.”

Sir Jam es K em nal stated th a t the adaptation  of steam tu r 
bines to h igher pressures and h igher superheats has led to 
improvements in boiler construction which have already been 
brought before the public as applied to land installations, and 
an ticipated  th a t the application of h igher pressures and super
heats for m arine purposes would eventually follow, if only to 
compete w ith the Diesel engine. S ir Jam es K em nal concluded 
his paper w ith the following words : —

“  As th ings are at present, m arine installa tions have to be 
“ operated at m axim um  economy if ships are to go to sea and 
“ obtain freights a t all. Diesel oil engine installations have 
“ made notable strides w ithin the last few years, and m any 
“  installa tions are g iving the greatest satisfaction to th e ir  
“  owners. H aving regard , however, to first cost and m ain- 
“  tenance charges, including depreciation, I  am of opinion 
“  th a t a high pressure steam installation  could be made to' 

compete with the m arine Diesel oil engine installa tion  in 
operating costs.

“ As fa r as re liab ility  is concerned, it  is not probable th a t 
the most enthusiastic Diesel engine advocate would claim  
th a t the steam installations have yet been equalled .”

M r. Cook, in his paper in 1926, gave the In s titu te  a very 
in teresting paper on the results th a t m ight be an ticipated  to- 
he obtained from a steam installation working at 500 lbs. pres
sure and an in itia l tem perature of 700° F . w ith various 
methods of working the aux iliary  m achinery. The figures 
quoted by M r. Cook w ere: —

1. W ith  steam driven auxiliaries— -667 lbs. of oil per s .h .p ./h r .
for all purposes.

2. W ith  motor driven auxiliaries— -648 lbs. ditto
3. W ith  m otor driven auxiliaries

and Diesel generators —  -62 lbs. ditto
I t  is desired now to bring  before the In s titu te  the experience 

■which has been obtained up to the end of 1929, from th e
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steam propelling m achinery equipm ents of a num ber of d if
ferent types of vessels, and to show how fa r the an ticipated  
performances quoted by the late S ir Jam es Kem nal and M r. 
Cook have been realised.

The m arine steam  m achinery available to-day is low in first 
cost and operating cost. I t  operates at high efficiency, its re 
liab ility  is unsurpassed, and the low upkeep and m aintenance 
cost render it advantageous to o ther types. I t  has the added 
advantage th a t it  can use any kind of fuel.

A list of ships which have been completed or are being bu ilt 
w ith one type of water-tube boiler in  the last five years is given 
in  Table 1 to illu stra te  the advance in pressure and superheat 
which has taken place in  some of these vessels. I t  will be 
noted th a t whereas in 1925 the usual pressure was 200 lbs., in 
the case of ships ordered in 1927 the pressures had been ad
vanced in  some cases to 250 lbs., 290 lbs., and even 430 lbs., 
and in  o ther cases of ships ordered in 1928 to 370 and 550 lbs. 
pressure. The am ount of superheat in  use in 1925 was about 
180° F ., which has rem ained somewhat of an average figure 
though there had been cases in which a h igher tem perature of 
260° F . has been used.

TABLE I.

Y EAR .
Niun her 

of
V essels. Boilers.

Pressures lbs. Superheat °F

1925 9 18 200 0 and 182

1926 15 50 200, 206, 220, 
225, ‘230 and 265

0, 144, 180, 
200 and 250

1927 16 41 200, 250, 290 
and 430

100, 185. 200 
and 263

1928 13 37 130, 190, 200, 
225, 250. 370 

and 550

100, 185, 220 
and 256

1929 11 27 180, 200, 370 
and 400

0, 1R0, 190 
and 264

To illu stra te  more clearly the trend  of boiler pressure and 
superheat during  the last five years the experience available 
to the w riter which is included in Table I  has been indicated 
in  the form  of curves showing the pressures and superheats 
adopted for the vessels referred to.
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I t  will be seen from the curve ind icating  the boiler pressures 
th a t although the general average m ay he said to have been 
retained at or about 200 lbs. per sq. in ., there is a definite 
trend as experience is obtained in the direction of h igher 
pressure.

W ith  regard to the degree of superheat, however, th is has 
not altered very much, but has been varied sligh tly  up and 
down. In  all cases, however, the am ount of superheat em-

----  SlJPCRHEAT.----
©

3oaF

ployed in connection w ith m arine installa tions has been mo
derate and such as can be dealt w ith, w ith the usual quality  
steel m aterial for superheater tubes and steam pipes.

Economy in  F u e l .— As illu s tra tin g  the advantages which 
have been obtained in fuel economy in recent ocean-going pas



W a t e r - T u b e  B o i l e r s  f o r  M e r c h a n t  S h i p s . 5

senger liners w ith  the in troduction of w ater-tube boilers w ith  
h igher pressures and superheat tem peratures in association 
w ith turb ine m achinery, we had a most instructive paper p re
sented by M r. J . Johnson, the Chief Superin tendent E ngineer 
of Canadian Pacific Steam ships L td ., before the In s titu tio n  of 
Naval A rchitects in the spring- of 1929.

The best result published by Mr. Johnson a t th a t date was 
th a t obtained in the Ducliess of Bedford, which is fitted w ith  
Parsons turbines and Yarrow boilers. The m ajor portion of 
the auxiliary  m achinery is m otor driven, the energ-y being 
supplied by Diesel and turbo generators.

The figures published were a consum ption of -57 lbs. of oil 
fuel per s.h .p . hour for propulsion and -625 lbs. for all p u r
poses.

W e have recently had presented to this In s titu te  a paper by 
M r. Eskil Berg on “  E lectric Propulsion as applied to Pass
enger L in ers ,”  describing in particu la r the installa tion  in  SS. 
Virginia.

Mr. Eskil B eig inform s us th a t the published data of SS. 
Bremen  credits her w ith  a fuel consum ption of. -685 per s.h .p . 
for all purposes, which compares w ith a figure of -715 lbs. of 
oil per s.h .p . for all purposes in the SS. Virginia.

Mr. Eskil Berg anticipates th a t the figure of -715 lbs. could 
be improved upon by a sim ilar installa tion  to th a t in the 
Virginia  if the installa tion  were of larger power so as to enable 
more efficient turbines to be installed.

E qually  good perform ances have, it is understood, been ob
tained in the new P . and 0 . steam er, Viceroy of India ,  bu t the 
w riter has not learn t any actual results.

P late I shows a picture of the new H olland-A m erica L ine 
twin-screw steam er, Statendam,  which is equipped w ith tu r 
bines and w ater-tube boilers.

P la te  I I  shows front and side views of the boilers, super
heaters and air-heaters fitted in this vessel, and P la te  I I I  shows 
the arrangem ent of the a fte r boiler room.

The ship has six large tube water-tube boilers designed for 
a safety valve load of 430 lbs. per sq. in. and to give a steam 
tem perature a t the superheater outlet of 650° E . The design
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service s.li.p. w ith single reduction Parsons type geared tu r 
bines is 22,000. This vessel has now performed several A tlan tic  
crossings on service at an average to tal consumption of -61 lbs. 
of oil per s.h .p . for all purposes. Only five boilers are re
quired for the fu ll output and one boiler is, therefore, always 
available for a stand-by or for cleaning if desired.

Plate  I.

S.T.S. “ STATBNDAM.’’
B u ilt by H arlan d  & W olff L td ., B elfast, and  com pleted  by W ilto n ’s E n g in ee rin g  and  

S lipw ay Co., R o tte rd am .
28,150 gross tons. 22,140 S .H .P . Speed 19 kno ts.

F itte d  w ith  six  Babcock and  W ilcox Oil-fired W a te r-tu b e  B oilers, S u p erh ea te rs  and  A irliea ters .

The boilers are oil-fired and the accom panying drawings 
show the boiler construction and the boiler arrangem ent in the 
vessel.

A most noticeable feature of this boiler installa tion is the 
extrem ely low tem peiature of the boiler rooms even when 
runn ing  a t m axim um  power. Even w ith upper platform s and 
gra tings in the v icin ity  of the uptakes and air-heaters the 
tem perature is never sufficient to cause the slightest inconveni
ence or discomfort to the boiler-room staff. H aving in view 
the high pressure and tem perature employed, the coolness of 
the boiler casings themselves and all working spacings around 
the boilers is very marked.
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The steam  tria l results recorded on the m achinery tria ls in 
M arch, 1929, were as follows: —

Mean K .l'.M .............................................................................................1244
Mean S .H .l’.......................................................................................... . 20,400
Steam press, boilers ... ... ... ... ... ... 405 lbs.
Steam press, engines ... ... ... ... ... ... 394 lbs.
Steam temp, boilers ... ... ... ... ... ... 675°F.
Steam temp, engines ... ... ... ... ... ... 658°F.
Vacuum ... ... ... ... ... ... ... ... 28'6 in.
W ater per hour ... ... ... ... ... ... ... 192,500 1b.
Fuel Oil per hour ... ... ... ... ... ... ... 13,750 lbs.
Feed Temperature ... ................  ... ... ... 270°F.
Gas Temperature into Superheater ................ ........... ... 1,310°F.
Gas Temperature out of Superheater ... ... ... ... 820°F.
Gas Temperature out of boiler ... ... ... ... ... 535°F.
Gas Temperature out of Airbeater ................ ........... . . 360°F.
Air Temperature Fan Inlet ... ... ... ... ... 105°F.
Air Temperature out of H eater ... ... ... ... ... 285°F.
Air Temperature into O.F. Air Begister... ... ... ... 300°F.
Air Pressure at Fan delivery to Airheater ... ... ... + ’709 in.
Air Pressure out of Airheater ..................................................• • + ‘354 in.
Air Pressure at Oil Burner ... ... ... ... ... + '0 4  in.
Gas Pressure into Airheater ... ... ... ... ... — ‘47 to— '51 in.
Gas Pressure out of Airheater ... ... ... ... ... — '47 to— '51 in.
CO2 a t Boiler exit ... ... ... ... ... ... ... 11%.

The air-heaters were designed to raise the tem perature of 
the combustion a ir to 300° F .

P articu la r atten tion  was paid in the design of the a ir  supply 
and the a ir trunk ing  from the forced draught fans to the oil- 
fuel burners to give an efficient and easy flow of a ir  from the 
fans to the boiler fronts.

S im ilar attention was given to the design of the uptakes and 
.air-heaters to provide an easy flow for the furnace gases from 
the boiler through the air-heater to the funnel.

The results of the m achinery tria ls and subsequent service 
at sea indicate a very satisfactory perform ance of th is p art of 
the installation.

The boiler efficiency assuming fuel oil value of 18,500
B .T .U .’s on the above figures is 84% of the gross value of the 
fuel. Boiler efficiencies of 87 and 88% have been recorded 
on service.

The foregoing results show th a t the forecast made by Mr. 
Cook in 1926 was very soon realised in actual service, and even 
more economical figures may be anticipated in the fu ture, 
although the rate of advantage which has been obtained during 
the last five years cannot be expected to be sustained.
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M a r in e  B o il e r  I n s t a l l a t io n s .

I t  is now desired to illustrate the progress in boiler design 
which has occurred during the last five years, and i t  is p ro
posed to do this by illu stra tin g  examples of representative 
boiler installations which have been installed in ships during  
these years. Three examples have been chosen from boiler in 
stallations commenced in 1926.

P la te  IV  shows the boilers fitted in the passenger steam er 
Op ten Noort, of the Royal P acket N avigation Company of 
H olland. This vessel has five boilers w ith a to tal boiler heat
ing surface of 17,536 sq. ft. and a superheater surface of 
4,500 sq. ft., w ith a boiler pressure of 220 lbs. and a final tem 
perature at the superheater outlet of 540° F . The boilers are 
oil-fired w ith  the W allsend-Howden system  of oil-fuel b u rn ing .

The above boiler installa tion  represents a modern installa tion  
w ithout air-heaters and a boiler efficiency on service of p ractic
ally 80% was realised. The actual results of a tes t while on 
service at sea of which we have knowledge are recorded la te r in 
the paper.

P la te  V illustrates the boilers installed in  the cargo boats, 
Beaverhill and Beaverbrae of the Canadian Pacific Steamships 
L td ., and to which reference has been made in Mr. Johnson’s 
paper before the In stitu tio n  of Naval Architects in the spring 
of 1929.

In  each ship there are four water-tube boilers, having a 
to tal boiler heating- surface of 12,680 sq. ft., and a superheater 
surface of 2,760 sq. ft. for a boiler pressure of 265 lbs., and a 
final tem perature at the superheater outlet of 676° F . These 
boilers use hand-fired coal as fuel and realised a boiler efficiency 
of 75%. They are still on service w ith hand-firing, and a l
though the original design arrangem ent made the necessary 
provision for the substitu tion of mechanical stokers a t a fu tu re  
date if required, this a lteration  has not yet been made, although 
we understand from the inform ation given us in  Mr. Johnson’s 
paper th a t there is an increased boiler efficiency to be obtained 
by the use of mechanical stokers as compared with hand- 
firing.

P la te  V I indicates the boilers which were installed in the 
three new steam ers recently  put on service by the L .M .S . 
R ailw ay Co. for their Cross-Channel steam ship service between 
Belfast and Heysham , the Dvke of Lancaster, D vke of  
Rothesay and Duke of Argyll.
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Each vessel has six boilers w ith  a to ta l boiler hea ting  surface 
of 19,770 sq. ft. They w ork at a pressure of 225 lbs. and w ith
out superheat. The requirem ents for passenger accommoda
tion in these Cross-Channel steam ers leaves very little  head
room and space for the boiler installa tion , and it  has generally 
been accepted th a t where the am ount of steam ing is only for a

few hours per day, and the to ta l fuel required for steam ing is 
not a large am ount per day, th a t considerations of first cost, 
w eight and space have out-wreighed the conditions which m ight 
accrue in fuel economy by the provision of even a small am ount 
of superheat.

D uring the year 1927, typical examples showing the increase 
in boiler pressure are the boiler installa tions in the oil tankers,
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Scottish Chief and Scottish Heather, the passenger steam ers 
Nieuw H olland  and Nieuw Zeeland  and the Statendam, which 
la tte r  installa tion has been described above.

P la te  V II illustra tes the boilers which have been installed 
in  the oil tankers Scottish Chief and Scottish Heather. Each 
vessel has four boilers w ith a to tal boiler heating  surface of
11,588 sq. ft. and superheater surface of 2,440 sq .-ft., and an 
a irheater surface of 4,000 sq. ft. The w orking pressure is 
250 lbs. and final tem perature at the superheater outlet of 
506° F .

P la te  V II I  illustrates the boilers installed in the Nieuw  
H olland  and Nieuw Zeeland, except th a t the airheaters are 
not shown. Each of these vessels has four boilers w ith a to ta l 
heating  surface of 13,932 sq. ft., a superheater surface of 
6,400 sq. ft. and a to tal a irheater surface of 15,320 sq. ft. The 
boilers are oil-fired w ith the Babcock and W ilcox system  of oil 
burners and electrically driven oil-fuel pumps. They have a 
closed air supply system  from airheaters to burners and they 
realised on tria ls and subsequently on service a boiler efficiency 
of 84%.

D etailed results of boiler perform ance are given in Table I. 
The boiler w orking pressure is 290 lbs. and the final tem pera
tu re  at the superheater outlet 670° F .

The boiler installa tion  in the Holland-A m erica liner Staten
d a m , also commenced in the year 1927, has been fully described 
above.

In 1928 representative boiler installations are those which 
were commenced for the steam ship Canterbury for the Cross- 
Channel service of the Southern R ailw ay between Dover and 
C ala is ; for two new steam ers for the Belgian S tate Railway, 
the Prince Leopold and Princess Astr id  for the Dover-Ostend 
service and for the Clyde turb ine passenger steam er ly ing  
Georye V.

P late  IX  shows the boiler installa tion  in the Cross-Channel 
steam er Canterbury, which has four boilers having a total hea t
ing surface of 17,072 sq. ft. and w ithout superheaters. The 
w orking pressure is 225 lbs. and the boilers are oil-fired w ith 
Babcock and W ilcox oil-fuel burners and the closed stokehold 
system of draught.

The same rem arks, in regard  to the boiler installa tion in this 
vessel as have been made for the Cross-Channel steam ers for 
the Duke of Lancaster class, apply here.
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To Air H eater.

Ge n e r a l  Ar r a n g e m e n t  o r  I Babc oc k  & W ilcox M ar i n e  Boiler  .

P l a t e  V III.
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The trip  from Dover to Calais is made in about 1^ hours, 
and the Canterbury does two trips, one each way, daily. The 
requirem ents for passenger accommodation perm it only very 
lim ited headroom and space for the boiler installa tion , and the 
installa tion  chosen w ithout superheaters and any m ethod of a ir  
heating  is probably the most satisfactory  for this class of ship.

P la te  X shows the boiler installa tion  which is being installed 
in the new steam ers for the Belgian S tate Railway for the  
Dover-Ostend service.

There are six boilers in each ship, w ith a to ta l boiler heating  
surface of 21,300 sq. ft. and a tem perature of 620° I*'. The 
to ta l superheater surface is 5,940 sq. ft. These boilers are 
being built for hand-fired coal as fuel, bu t arrangem ents are 
made and provision is made so th a t they can quickly be tu rned  
over for oil-fuel burn ing  if desired a t any time.

P la te  X I gives front and side views of the boilers which have 
recently been installed in the tu rb ine steam er K in g  George V . 
They are designed to work w ith a safety valve load of 550 lbs. 
and to give a steam  tem perature at the superheater outlet of 
over 700° I1’.

I t  was considered of prim ary im portance tha t the boilers 
should be robust and durable and to provide steam  at the  
required pressure and tem perature under the most efficient con
ditions possible consistent w ith the imposed lim itations as 
regards w eight and space.

The design finally adopted is as indicated in the accompany
ing P la te  X I and photograph of the boiler in the shop.

The boilers are of the usual Babcock and W ilcox construc
tion, each boiler being 18 sections wide and tubes 9 ft. 3 ins. 
long overall. Each boiler has a tube heating  surface of 2,280' 
sq. ft., a superheater tube surface of 780 sq. ft. and an airheater 
tube surface of 800 sq. ft. The g ra te  area of each boiler is 75‘5 
sq. ft.

A good deal of consideration was given iii the ^ a r ly ‘stages of 
the design as to the position to be selected for the superheater. 
W e had to bear in mind the recent Board of Trade rule th a t 
tubes which contained only steam  should be situated  in a posi
tion shielded from “  direct rad ian t heat and where only ho t 
gases and not flame can im pinge upon th em .”  An interdeck 
superheater could have been fitted, th a t is, a superheater fitted 
in a space between the generating  tubes, as now very generally



P
l

a
t

e

ft’JV UT7OOO OQo 0 o  o o  p o o o o  
p o o o q  po ooo 
o o o o q  
p o o o o  
) o o o d  

. 2 Q-G.fl.Q,

p  a Wtf&poooo 
b o o o d poooo poooo 
p o o o o  poooo poooo 
o o o o o  g fl Q QQs

»  a  a  6poooqPOOOQ
p o o o o  
o o o o d  
p o o o q  
p o o o q  
b o  o o o  
o o o o d
D O O O O
b o o o oq q n n

UO 0 U'H'fTo o o o o  
|o  O O o Q 
|'o o  o o o 
l O O O O O  (i j  o o o o i'ooooo 

J O O O O  
I'o o o  o o

Eo o oo

X

> n n 0 0i ° ° o o

)°0 o o 
)°° oo
i ° ° ° °  
>°° oo
i°°  oo 
,o O o o
> o o  o o  
; o o  o o

)0 0 0 0 )0 0 oo 
, 0 0  oo 
, 0 0  oo

O Ooo o o oo oo 
oo^^oo^^o®oo 
oo  0 0 S 0 0 0 S § 0 0 ° °
n o 0 0 o o 0 0 o o 0 0 0 0SS00§800§300°P
oo ° ° oo °°oo°°oW 
o o °  ° .o q ^ 0 ooOo op





X
a



Pl a t e  X1a .



W a t e r - T v b e  B o i l e r s  f o r  M e r c h a n t  S h i p s . 1 5

used, b u t bearing in mind the Board of Trade a ttitu d e  it was 
eventually agreed to use the super-posed position for the super
hea ter as indicated on the draw ing.

The boilers use coal as fuel and are hand-fired.
The boilers are worked under the closed stokehold system  of 

d ra u g h t; there is one fan situated  at the level of the firing p la t
form providing the air supply for both boilers to the boiler 
room. The a ir for combustion is taken  from the top of the 
boiler rooms into and through the airheaters down the tru n k in g  
a t the backs of the boilers and guided by direction plates into 
the ashpit under the furnace bars. A system  of cast iron air 
grids has been provided a t the bottom  of the side and back 
walls.

The boilers follow the usual construction of this well-known 
type.

W e have now had the experience of a season’s service in this 
luxurious Clyde passenger steam er, and it is considered to be 
true  to s ta te  th a t the re liab ility  and durab ility  of the boiler has 
been well established. I t  is true th a t there was in the middle 
of the season an unfortunate accident in one boiler due to sho rt
ness of w ater. Even, however, under these circum stances the 
superheater was undam aged.

E xam inations of the boilers at the end of the season’s ser
vice show them  to be in  very good condition and w ith  only such 
w ear and slig h t distortion  of some baffles, tube supports and a 
few casing plates as m ight have been expected. The furnace 
condition at the end of the season was in every respect good, 
the fire bars being practically  in th e ir original condition. The 
brickw ork was good and the cast iron grids were also in good 
condition, except th a t the grids in  the back w all begin to show 
signs of erosion at the top of the air supply inlets. S light 
alterations have been made to s till fu rth e r improve the dura
bility  of those parts showing signs of wear and distortion  ready 
for the next season’s service.

The steam ing of the boilers on service has been easy and 
norm al and it is claimed w ithout fear of contradiction th a t the 
boilers have established their re liab ility  and good durab ility  
at the designed pressure and tem perature of 550 lbs. and over 
700° F .

W e look forw ard w ith considerable in terest to the fu rther 
service in this Clyde passenger steam er.

The final illustra tion  of boiler installa tions, P la te  X II , shows 
the boiler which is being built for installa tion  in the U nited



F ru it Company’s steam er La Marea. The working- pressure is 
400 lbs. and final tem perature at the superheater outlet of 
7100

The particulars of some of the boiler installa tions described 
have been sum m arised in Table 2, and the results realised under
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TA BLE II.
.........................

SHIP. D UK E OP 
LANCASTER. BEA VER BR AE. OP TEN  

NOORT.
N IE U W

HO LLAN D . STATEND AM .

S t e a m i n g  C o n d i t i o n s . 5  H O U R S  T R IA L . 8  H o u r s  T r i a l . S e r v i c e
6 H o u r s  

T r i a l . S e r v i c e . C o n t r a c t o r ’s
T r i a l .

Boiler or Superheater ou let pressure lbs./sq.
in. 201 212 206 279 ‘260 405

Saturated steam temperature °F. ... 388 392 390 414 410 449
Boiler or Superheater steam temperature °F. 888 661 500 580 594 675
Degrees of Superheat — 269 110 166 184 226
Feed temperature °F. 194 172 158 171 241 270
Number of Boilers 5 4 4 3 4 6
Total Evaporation lbs. 87420 59600 74974 68580 67980 192500
Evaporation per boiler lbs. 17484 14900 18743 22843 16995 32083
Type of fuel ... ......................................... Coal Coal Oil Oil Oil Oil
Fuel Value, gross B .T .U .’s ... 18100 13730 18600 190O0 18500 18500
Fuel per boiler per hour lbs. 1873 1756 1438 1702 1263 2292
Steam per lb. of fui-1 lbs. ... ... ... 9'3 8'5 IB'03 13-7 134 14
Steam per sq. ft. Boiler Heating Surface lbs. 5'3 4'35 5-54 6'67 4-86 4'48
Overall Boiler Efficiency on gross fuel

value % ....................................................... 73'6 75 80 82-5 84'2 84’5
Description of Installation ........................... Boiler Boiler inter- Boiler & Boiler, Superposed Boiler,

deck Super super Superheater and interdeck
heater and posed Airheater Superheater
Airheater Super

heater
& Airheater

(B oiler... 3295 3170 3387 3483 7160
Heating Surfaces in sq. ft. i Superheaters ... — 690 925 1600 1680

( A irheaters — 3600 — 3830 7160
Gas Temperature out of Boiler °F. — 484 — 605 550 535

,, ,, ,, Aiilieater °F. — 335 — 423 406 360
Description of Fuel ... Coal. Coal Oil Oil Oil Oil
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The first two examples are w ith hand-fired coal as fuel and 
two representative boiler installa tions. The first is a boiler 
supplying- saturated  steam  only and no other means, such as air- 
heater or economiser, added to increase the overall boiler 
efficiency. The second example is of a boiler fitted w ith super
heater and airheater, bu t the increase in efficiency is not as 
much as anticipated w ith good average firing. I t  can only be 
assumed th a t the firing conditions w ith  a hot a ir supply to fu r
nace adversely affects the quality  of the stoking. B etter 
results m ight have been obtained w ith a closed stokehold 
system  of draught instead of the closed ash pit supply from air- 
heaters as fitted.

The rem aining examples are of oil-fired boiler installa tions 
and do not call for much comment, except to point out th a t from 
such inform ation as is obtained from owners from tim e to tim e 
the boiler efficiency obtained on service is generally b etter than 
the results obtained on the m akers’ tria ls. This has been very 
noticeable in the case of the Statendam .

U nfortunately , complete perform ance results for propelling 
and auxiliary m achinery and other steam  plant and boilers are 
seldom published in sufficient detail to enable comparisons to be 
made.

U r. M eijer, the Chief Superintendent of the Holland-America 
Line has, however, recently read a paper in Holland a t the 
H ague on the results realised in S.S. Statendam . The figures 
quoted are '619 lb. of oil fuel per S .H .P . per hour for all pur
poses, which represents an overall efficiency of 21'6 per cent., 
the fuel oil value being 19,000 B .T .U ’s per ib.

The results achieved, therefore, in vessels on service do seem 
to indicate th a t the conclusion advanced in 1926 th a t a h igh  
pressure steam  installation could be made to compete with 
the m arine oil-engine installa tion in operating costs has been 
practically  established.

The subject of m arine w ater-tube boilers has so far been 
treated  only from the aspect of the description of different 
installa tions and the operating fuel costs.

The success of an installa tion  ia not determ ined, however, 
from this point of view only, and in choosing the type of pro
pelling m achinery to be adopted for any vessel for any par
ticu lar service, the owner has to take into account m any well- 
known factors.

In  all cases the choice has to be made w ith  a view to profit
able business. The owner has to take into account the first
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cost, the w eight and space occupied, the m aterial and labour 
operating  costs, the m aintenance costs and the safety, dura
b ility  and re liab ility  of the propelling m achinery equipm ent. 
These factors are interdependent.

I f  first cost is not an im portant m atter then generally  the 
rem aining conditions can be well satisfied, and if it  were pos
sible to obtain a com parative analysis of fairly  sim ilar in s ta lla 
tions i t  would be expected th a t the cheapest installa tion  would 
probably en tail the h ighest m aintenance and operating costs.

This is an aspect of the question th a t is probably fully  con
sidered by m ost Superintendent E ngineers, b u t is one upon 
which the w riter lacks knowledge.

I t  is, however, desired to discuss a t not too g rea t a length , 
the very vexed and im portant question of the w eight and space 
occupied.

In  Table 3, figures of w eight and space for the boiler in 
stallations which have been described have been collected and 
com pared. The figures may be considered as fa ir ly  repre
sentative of m odern steam ship w ater-tube boiler-room in sta lla 
tions. I t  is probably axiom atic to say th a t both the naval 
arch itect and the m arine engineer desire to lim it the w eight 
and space to m inim um  requirem ents consistent w ith obtain ing 
satisfactory, if not low, m ateria l, labour, operating costs and 
m aintenance charges and the necessary safety, du rab ility  and 
re liab ility  of the steam  generating  plan t.

In  a long experience as an engineer officer of H .M . N avy, it 
has been realised th a t a gradual reduction in the am ount of 
w eight and space allowed per lb. of steam generated is ex
pected. This tendency to require increasing power ou tput 
from boilers per u n it of weight and space in H .M . Navy has 
led to the abolition of the cylindrical boiler and the adoption 
of the w ater-tube boiler, and in la ter years to the adoption of 
the small tube type water-tube boiler in all classes of ships.

1 have not been surprised to find tha t there has been the 
same request from the naval arch itect for all classes of ships 
in the M ercantile M arine to ask for the boiler equipm ent to 
be reduced in w eight and to be lim ited in space.

In  a recent paper given by General de Yito at the m eeting 
of the In s titu tio n  of Naval A rchitects in Rome in Septem ber, 
1929, the au tho r advocated the adoption of sm all tube oil-burn- 
ing boilers w ith seamless receivers for the new projected 
A tlan tic  liners, and it was suggested at th a t conference th a t



TABLE III

W EIGHT AND SPACE OF MARINE WATEK-TUBE BOILE14 INSTALLATIONS.

Ship.
Steam

Generating
Plant.

Evaporation. 
Lbs. p r hr.

Boiler 
H.S. 

sq. ft.

Boiler Km. 
Floor Area 

sq. ft.
Evaporation. Total Wt. 

with Water 
Tons.

Evaporation.
Floor Are Weight.

1. D u k e  o f  L ancaster  ... B 1-20,(100 11)770 •2126 56'5 253 475
2. CANTEKJiURY ................. B 118,500 1707-2 1680 70 220 538
8. P r in c e  L eo po ld B.S. 15-2,460 21300 2-202 69'3 318 480
4. Op T en  N o o r t ................ B.S. 72,000 17536 2079 34’6 375 192
S. Sc o t t ish  Ch ie f B.S.A . 55,000 11588 1424 38-5 243 226
6. Be a v e r h il l  ............... 15.S.A. 64,000 12680 1665 38'4 ‘264 243
7. Nietjw  H o lla nd B .S .A. 88,000 13932 2120 41’5 336 262
8. L a  Marea ................. B .S.A . 45,000 8660 840 53-5 173 260
9. Statendam  ............... U.S.A. •210,000 42960 4278 49 744 282

10. Kin g  Ge o r g e  V. B.S A. 36,000 4560 612 60 90 400
11. Vicero y  o f  I ndia U.S.A. 160,000 32500 3950 40'5 505 316

! — Boiler. S—Superheater. A—Airheater.
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I t  will probably be conceded th a t in two boiler installations 
of the same evaporative capacity , but one of which has been 
allowed g reater w eight and space in the ship desig’n, th is 
will prove to give better service. B etter m aintenance 
and lower upkeep cost w ill undoubtedly be the result 
of the p lan t w ith the better accessibility, and there 
is little  doubt th a t those boiler installa tions which 
are more easily inspected, owing to the better accessi
b ility  of the working parts where the space conditions have 
not been too lim ited, get the better atten tion  from  the boiler 
room staff. R estriction in space and cram ped conditions for 
personnel in cleaning operations undoubtedly im plem ents a 
g radual fa lling  off in  efficiency.

I t  is the w rite r’s impression th a t in  m any cases the boiler 
room installations have been too cram ped for space for proper 
supervision.

I f  owners desire to repeat continuously on service the tria l 
results there m ust be provision of reasonable accessibility to 
all boiler working parts.

In  order to appreciate the effect on w eight and space of a 
boiler installa tion  by the use of h igher pressures, the com
parative figures selected from Table 3 have been the basis 
of the next diagram , No. 2.

The three curves, A, B, and C show the rise in  boiler pres
sure and the increase in evaporation per sq. ft. of boiler floor 
space and the increase in evaporation per ton of boiler w eight 
w ith the increase in  pressure.

I t  should be noted th a t the inform ation given in th is paper 
is from completed vessels of which the w riter has first-hand 
knowledge of the boiler installa tions, and undoubtedly it 
w'ould have been of g reater in terest to the In s titu te  if sim ilar 
data from  other well-known vessels giv ing excellent results on 
service could have been included. So far as is known, how
ever, such figures have not been published, and in the absence 
of these figures the analysis of results is incom plete.

The figures, however, being from actual experience will 
doubtless be of some in terest to members of this In s titu te  and 
probably of use for fu tu re comparison.

•Tust a t the tim e this paper was being completed, Mr. Mellor 
read his paper on the boilers of the P . and 0 . steam ship Viceroy 
of In d ia  before the In s titu tio n  of Engineers and Shipbuilders 
of Scotland and the figures given for the Viceroy of In d ia  in
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Table 3 have been abstracted  from th a t paper and the particu 
lars of boiler-room floor space estim ated from the drawings 
which have appeared in  the public press.

The comparison between the boiler arrangem ent of S.S. 
Statendam  and S.S. Viceroy of In d ia  is particularly  interesting- 
since the specified evaporation per square foot of boiler heating’ 
surface is the same in  the two eases. I t  will be seen th a t the 
horizontal and la rger tube boiler, although heavier than  the 
vertical and sm aller tube boiler, is not greatly  so, and appears 
to have some advantage in floor space.

O w ' Y * ' -  / j g / Z c r  P r e s s u r e .

On the subject of w eight and space required for m arine 
boilers it will be of in terest to give the particulars of a new 
type of small tube lig h t w eight boiler which has been bu ilt and 
tried  in Am erica.

A paper which was recently  read by Mr. J . H . K ing before 
the Society of Naval A rchitects and M arine Engineers in New 
Y ork in November, 1929, on the subject of “  Increased
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Economy in M arine Steam  M achinery w ith particu lar reference 
to M arine Boilers ”  gives some very in teresting  particu lars of 
a new boiler which has been designed and built in America to 
provide a boiler which will give an evaporative output for less 
w eight and space than  has h itherto  been obtained by the small 
tube type express boiler.

By the courtesy of the above-m entioned Society and Mr. J .
H . K ing, I  have been allowed to give the following quotation 
from his p a p e r:—

“ The lim itations of w eight and space th a t have prohibited 
the use of h igher pressures in naval work have led to a very 
careful study of the problem of designing a boiler th a t would be 
very lig h t in w eight, compact and give a very h igh  boiler 
efficiency w ith a low stack  tem perature, thus m aking it un
necessary to use an a irheater for a high overall efficiency. A 
boiler th a t seems to meet all these requirem ents was designed 
by the Babcock and W ilcox Company. This boiler, w hich it is 
believed will be of g reat in terest to the m arine world, is shown 
in P la tes X II I  and X IY .

“  I ts  construction provides no untried  m echanical elem ents. 
In  its  use of sectional headers, nipples, e tc ., it  follows the 
design of the usual Babcock and W ilcox m arine boiler which 
has been thoroughly  proven in m any years’ service. The 
headers, however, are cylindrical, thus perm itting  of grouping 
a large num ber of tiibes tha t are accessible for expanding, in 
spection and cleaning from a single handhole plate. In  the 
design in the particu lar boiler shown in P la te  X II I ,  sixty-six 
tubes are made accessible by the removal of one handhole plate. 
The arrangem ent of the cylindrical headers, w ith  a decreasing 
area of gas passage through  the boiler, results in a uniform ly 
high ra te  of heat transfer. A superheater, which is of the in te r
deck type, is located above the lower bank  of generating  tubes. 
These tubes are frequently  referred  to as a w ater screen, as they  
screen the superheater from the rad ian t heat from the  furnace.

“  The first two, or fire, rows of tubes are 14 inches in dia
m eter and the nex t th ree rows are 1^ inches in diam eter. All 
the tubes above the superheater bank are 1 inch in diam eter.

“  The drum  is of riveted construction, 42 inches in diam eter 
and b u ilt for a w orking pressure of 600 pounds. A boiler of 
this design and size of drum  can be b u ilt for 750 pounds w ork
ing  pressure w ithout any change, except a sligh t increase in 
the thickness of the drum  shell. At very h igh  pressures, an 
a irheater or economiser can be added if desired .”
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This boiler has been constructed and tried  on shore and 
efficiencies of over 80% have been obtained w ith  the boiler and 
superheater only w ithout airheater. The tria ls are being- 
continued.

I t  m ay be of in terest to readers of this paper to call particu lar 
a tten tio n  to a feature in the design of th is boiler m entioned by 
Mr. J .  H . K ing, nam ely, th a t a large num ber of tubes can be 
exam ined by the removal of any one of the liandhole doors in 
the cylindrical headers.

A lthough the num ber of tubes which can be dealt w ith from 
one door is perhaps regarded as an advantage, yet it is a m atter 
for judgm ent w hether the real advantage does not lie w ith  the 
sectional boiler w ith s tra ig h t tubes and arranged w ith a small 
door a t each end of a large tube or a t each end of a group of 
four tubes, so th a t individual inspection of any p art of the 
boiler can be carried out expeditiously and satisfactorily .

The real advantage of the sectional type boiler over other 
types is th a t by the removal of a few small handhole fittings 
an exact appreciation of the in te rn a l condition of the boiler 
tubes can be ascertained w ithout any discom fort or exertion 
and w ithout even w aiting  for the boiler to cool down.

A boiler which offers unique facilities for the exam ination 
and cleaning of its in terna l surfaces, section by section, from 
the stokehold platform  has advantages over a boiler which has 
to be opened rig h t up and allowed to cool completely before any 
one can even ascertain w hat work, if any, is required to put 
it in to  condition for service again.

Drum Construction.— W ith  the in troduction of the high 
steam  pressures for m arine purposes, the seamless drum  has 
been adopted, either w ith  closed in ends or w ith  the drum 
ends riveted into a seamless shell.

I t  is quite a practical proposition to use a riveted drum  up 
to a pressure of 650 lbs. and this type provides a less costly 
steam  drum, although the m anufacture of seamless drums in 
increasing num bers m ay tend to b ring  down the cost of these 
drum s. The w eight of the riveted drum  will not be very 
different from th a t of the seamless drum if the ex tra cost for 
m achining unnecessary m etal from the seamless drum  can be 
perm itted .

W ith  modern methods of riveted construction the possibility 
of trouble w ith the riveted seams by the commencement of
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steam  leakage through the seams from inside is very remote and 
there  shoixld he no hesitation  in using this m ethod of drum con
struction  if desired.

An illustra tion  is attached of a typical seamless boiler drum 
such as has been used in recent vessels. P la te  XV.

W ater Gauge M ountings .— The w ater gauge m ounting for 
the h igher pressures has not caused any difficulty— the plate 
glass type or window w ater gauge being th a t most favoured and 
forged steel valves are used when the pressure exceeds 300 lbs. 
in lieu of the more general w ater gauge cock which is used for 
pressures below 300.

Superheat.—I t  is desired to refer briefly to one o ther point in 
connection with m arine boiler installa tions and th a t is in con
nection w ith the now almost universal use of superheat to a 
g reater or less extent.

Generally in order to safeguard the superheater tubes which 
have a steam  content only under all the different furnace condi
tions to which the boiler and superheater m ay be subjected, it 
is of the first im portance th a t a flow of steam  through the super
heater tubes should be tak ing  place under all conceivable con
ditions. In  other words, th is implies th a t all the steam taken 
from the boilers should be taken from the superheater stop 
valve to ensure that all the steam  generated passes th rough the 
superheater tubes.

11 is probable th a t in nearly  every vessel a supply of some 
satu ra ted  steam  is required, and it is considered the saturated  
steam  required can be best supplied by means of a de-super
heater.

A very good form of de-superheater is th a t which has been 
employed in the Statendam  and is illu stra ted  in P la te  No. X Y I. 
I ts  purpose is to provide satu ra ted  steam  to the heaters and 
other services which are norm ally operated by steam  bled from 
the main tu rbines. W hilst manoeuvring th is source of supply
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from the interm ediate stages of the turbines is not available 
and the de-superheater is brought into use. The tem perature 
of the outgoing steam  can be m aintained constant by means of a 
therm ostat arranged to actuate  the regu la ting  valve on the 
steam  supply to the de-superheater c ircu lating  pump. The 
level of the circulating w ater in the vessel is m aintained con
stan t by an autom atic float valve. The w ater inside the de- 
superheater cannot rise above a predeterm ined level because 
the overflow pipe ju st above the high w ater m ark is connected 
to a steam  trap  which ensures excess w ater being rapidly dis
charged from the vessel. Provided the de-superheater is well 
lagged there is no loss of heat involved and this m ethod of pro
viding any satu ra ted  steam  supply required from boilers w ith 
superheaters is much to be recommended.

Feed W ater .— This paper would not be complete w ithout 
brief reference to the subject of the condensing p lan t and tre a t
m ent of feed w ater in m arine propelling m achinery in sta lla 
tions .

Only a short time ago in Mr. Eskil B erg’s paper on E lectric 
Propulsion we were told th a t condenser troubles are practically 
elim inated on electric ships. This statem ent was made pre
sum ably on the benefit th a t m ight accrue in  relieving any 
strains on the condenser tubes caused by sudden changes in the 
flow of steam , both in amount and quality  which may be due 
to the use of astern turbines.

This opinion seems to be an unduly optim istic one, but there 
is little  doubt th a t both design of and m aterial used w ith the 
modern condenser has rendered it  alm ost completely immune 
from leakage due to accidents such as were very frequent in 
past history, and has rendered the modern condensing p lant 
much more durable and reliable.

Im m unity  from salt w ater leakage, due to condenser troubles, 
has now* reached a stage which m akes the use of w ater-tube 
boilers for m arine purposes quite a reasonable and practicable 
proposition from this point of view, which has generally in  the 
past been considered the principal objection to the use of this 
type of boiler.

There is s till rem aining, however, the question of the supply 
of m ake-up feed w ater, and in this respect also it  was noted 
th a t Mr. E skil Berg, in his paper, s ta ted  th a t the m ake-up 
w ater on the electric ships is less than  one q uarter th a t  on any 
o ther type of sim ilar steam er. This certain ly  is an item  of 
some advantage, and i t  is conceivable th a t this reduction in
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w ater loss which Mr. E skil Berg' leads us to assume has been 
obtained in recent ships may also be obtained in new ships irre 
spective of the type of power transm ission used.

W ith  the adoption of h igher boiler pressures, which may 
reasonably be put at pressures exceeding 300 lbs. per sq. in ., 
experience has shown the necessity or a t any ra te  the very g reat 
desirability  of using distilled w ater for make-up feed, and the 
ideal conditions seem to be to use distilled w ater for first filling 
the boilers and for m ake-up feed and only such sligh t treatm ent 
of th is w ater as is necessary to render it sufficiently alkaline in 
order to prevent corrosion of the in terna l surfaces of the boilers 
and steam pipes which m ight be caused by gases in solution or 
by the distilled w ater itself.

I t  is considered correct to say tha t the feed w ater treatm ent 
generally  in use has been w ith the use of lime, w ith or w ithout 
the addition of soda, w hether in the form of soda ash or caustic 
soda.

W ith  pressures exceeding, say, 300 lbs. per sq. in. experi
ence is being obtained th a t the use of lime is not en tire ly  satis
factory although w ith a boiler pressure up to 430 lbs. in which 
distilled w ater is being used as the m ake-up feed w ater the 
careful use of lime and soda w ithout serious concentration of 
the boiler w ater is g iving good results on service. I t  is w ith 
the h ig h er pressures essential to adhere to a standard  of the 
use of distilled w ater only.

A satisfactory  method which can be recommended, therefore, 
is to use pure w ater which contains no extraneous salts and to 
elim inate all treatm ent by chemicals or re-agents to the m ini
mum consistent with giving the w ater a definite alkalin ity . 
This is most easily carried out by caustic soda added to the 
boiler w ater on first filling. In  the absence of any soluble or 
insoluble salts, such as would be the case if pure feed w ater is 
used, the only other possible cause of trouble there m ay be is 
w ith any occluded gases present in the feed w ater. I f  tre a t
ment is necessary on th is account to prevent corrosion, the use 
of sm all quantities of tri-sodium -phosphate appears the best 
which can be recommended.

I t  is necessary w ith any trea tm ent to ensure tha t there is not 
any accum ulation or concentration of extraneous salts in the 
boiler w ater, and the following lim itations are recommended :— 

I f  no other treatm ent is necessary than the use of a small 
quan tity  of caustic soda to render the boiler w ater alkaline—

(a) A m axim um  for the boiler w ater of 30 grains per gallon 
of caustic alkalin ity .
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I f  feed w ater treatm ent is necessary, due to the presence of 
any gases,

(b) a definite alkalin ity  of the feed w ater,
(c) a m aximum alkalin ity  of the boiler w ater of -30 grains per 

gallon of caustic a lkalin ity  and a m aximum of 10 grains per 
gallon of phosphate.

If  any soluble or insoluble salts are present in the feed 
w ater—

(d) the am ount of extraneous salts in the feed w ater should 
not exceed 2 /10 ths of a gra in  per gallon, the hardness ascer
tained by the soap test should be nil, and there should not be 
more than  a trace of chlorides, tri-sodium -phosphate being 
added to the feed w ater as necessary to keep the phosphate con
ten t in boiler between 5 and 10 grains per gallon.

(e) the concentration in the boiler w ater should not exceed
100 grains per gallon, th a t is, 30 grains per gallon of caustic 
alkalin ity , 10 grains for the phosphate and 60 grains per gallon 
for the extraneous salts (which would indicate leakage).

The foregoing recom m endations have been compiled on the 
understanding th a t the distilled w ater being used as make-up 
feed requires little  or no treatm ent, and th a t the necessary 
alkalin ity  condition of the boiler w ater is obtained in the direct 
and easy m anner by the use of caustic soda only added to the 
boiler w ater.

I f  continuous trea tm ent of feed w ater is necessary, then it 
would be recommended tha t the tri-sodium -phosphate should be 
put in the boiler w ater when first filling to the extent of 10 
grains per gallon, and the feed w ater treated  w ith caustic soda 
(one-tenth grain  per gallon) and if necessary tri-sodium -phos- 
phate to work w ithin the above-mentioned lim its.

S u p p ly  of A ir  for Combustion of the F u el.— There are several 
a lternative methods in use and each system has advocates, but 
it is desired in the paper to stress the im portance of a well- 
designed fuel a ir supply.

As a naval engineer officer, my m ain experience has been 
with the closed stokehold system  of draught for either coal or 
oil-fuel necessarily adopted in order to burn m aximum quan
tities of coal on a given g ra te  area or oil-fuel in a given com
bustion space.

I t  is a system  th a t can be easily controlled and offers the best 
im m unity aga inst in ju ry  by furnace flame en tering  the boiler- 
room .
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I t  entails somewhat more careful ship construction of boiler 
room bulkheads and decks to render the com partm ent a ir tig h t, 
b u t the system  does benefit by the fact th a t any boiler casing 
leakage is from boiler room into furnace.

F our examples of coal-fired boilers have been given, the 
Beaverhill, which has a na tu ra lly  ventilated  boiler room and a 
forced d raugh t confined duct air supply from fan through  air- 
heaters to furnaces and induced draught fans fitted for assist
ing funnel d raugh t as and when required.

The boilers are hand-fired and under usual or norm al condi
tions w ith  little  or no pressure +  or -  in the furnace and open 
stokehold there is g reat heat from the furnace doors when firing, 
which is a source of some discom fort to firemen.

The Duke of Lancaster and Prince Leopold  have the closed 
stokehold system  w ith hand-fired furnaces.

The K in g  George V. has a closed stokehold air supply. A ir 
for combustion of fuel is taken from th is closed stokehold 
th rough  the airheater and confined duct to furnace w ith  funnel 
d raugh t only from the furnace. The result has been a cool and 
calm condition in the stokehold and ease of hand-firing as com
pared w ith  the opened stokehold and closed duct supply from 
fan to a irheater to furnace. This system  is undoubtedly one 
th a t would be favoured by boiler room personnel.

I t  is understood th a t a sim ilar system has been adopted in 
the Bremen, and it is the w rite r’s opinion th a t this m ethod will 
be increasingly favoured.

In  the five examples of oil-fired boilers described, one has 
the closed stokehold system  and the other four a forced draught 
confined duct system  from fan th rough  a irheater to furnace. 
In  two cases induced draugh t fans are also fitted to assist the 
usual funnel d raught.

F or both  types of fuel for facility  of control and be tte r 
hab itab ility  of boiler rooms and comfort of personnel the closed 
stokehold system  of draught is preferred and wherever possible 
the addition of airheaters of m oderate dimensions w ith  air 
supply trunks to furnace.

I t  is im portan t to arrange the air supply tru n k in g  to the 
fan and from fan to airheater and the gas passages from boiler 
to a irheater and a irheater to funnel w ith the m inim um  obstruc
tion to passage of air and gas and changes in direction of flow 
should be as easy as possible and suitable guides provided. A 
smooth and regu lar air supply is necessary for efficient com
bustion and requires less fan power.
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Conclusion.—In  conclusion it is desired to say th a t endeavour 
has been made to w rite a paper th a t will prove of in terest, w ith
out too m uch recapitu lation  of m atte r th a t has been already 
published at other institu tions and in the press.

The task  of avoiding repetition has not been easy, and your 
indulgence is claimed for such lapses as do occur, and also for 
w hat may appear to be exploitation of one type of w ater tube 
boiler, although it m ust be conceded th a t, as the paper has been 
w ritten  to acquaint members of actual experience, some 
partisanship  m ay have occurred in  places. In  any case it has 
been endeavoured to avoid any statem ents not based on the 
results of experience.

I t  has been endeavoured to review from the inform ation avail
able to the w riter the trend  of events as shown from actual 
w ater-tube boiler installa tions and experience w ith the same.

As experience is gained w ith installa tions w orking at h igher 
pressures and tem peratures, re liability  and low cost of m ain
tenance on service is being proved.

U nder these circum stances, and w ith a low actual fuel cost, 
the modern steam  p lan t for m arine propulsion should have a 
favourable outlook in the choice of propelling m achinery equip
m ents in the fu ture.

I t  has the added advantage th a t any kind of fuel can be used.
I t  is hoped, therefore, that the contribution of th is paper to 

the In s titu te  will serve to bring  to the front the continued use 
of the steam  plant and the be tte r outlook for the use of coal as 
fuel. The w riter has not embodied in this paper any rem arks 
on the subject of the mechanical methods of burn ing  coal as 
fuel, principally  because much has already been w ritten  recently 
on this subject. I t  is, however, sufficient to say here th a t the 
outlook for either mechanical stokers or pulverised fuel w ith 
w ater-tube boilers using high  pressure and tem perature is 
prom ising.

DISCUSSION.

The C h a i r m a n  : Adm iral W haym an has given us much food 
for thought and for discussion. As the title  states, the subject 
is w ater-tube boilers, not any particu lar boiler, and I  th ink  
Adm iral W haym an has been very fa ir in g iving us the general 
view of the question. W e m ight open the subject by se tting  
up a few more idols, and before we begin our iconoclasm per
haps another old Royal Xaval E ngineer, our old friend Mr. 
A rthur Spyer, m ight give us a few words on the subject.
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Mr. A. S p y e r  : I m ust ask your indulgence, because in spite 
of my in tim ate acquaintance w ith  A dm iral W haym an, I  had 
not an opportunity  of reading liis paper un til ju s t now. The 
first th ing  th a t strikes me is th a t the im pression on m y mind 
and I  th ink  on your minds is th a t a t last, in  spite of the opposi
tion to the w ater-tube boiler which has been fe lt for so m any 
years by m arine engineers, i t  has made its way a t last. I t  has 
come, and it  will come to the front. W e certain ly  ought to 
thank  A dm iral W haym an for the very valuable inform ation 
he has given us w hich m ust have taken  a g reat deal of tim e and 
trouble to prepare. The inevitable conclusion on reading his 
paper is th a t another im portant consideration is coming rapidly 
to the front and is rapidly proving itself, i.e ., the considerable 
increase in the boiler pressure and in the tem perature of the 
steam . As regards pressure, there is no serious difficulty, bu t 
when we come to the question of tem perature i t  is a different 
m atter. The fact is th a t we have not w ithin com m ercial possi
bilities su itab le m aterials for use in superheaters, valves, or 
pipes which will enable us to use tem peratures above 
700/800° F . w ithout increasing, costs to an ex ten t which will 
render them  uncom m ercial. As a m a tte r of fact the  pressure 
gives no cause for w orry; we are bu ild ing for our own works a 
boiler g iv ing 10/12 tons of steam  per hour a t a safety-valve 
load of 1575 lb. and a tem perature of 800° F . Of course th a t 
is not a toy, and will show w hat can be done. P robably  it will 
be some tim e before we get up to those conditions in  m arine 
practice. A dm iral W haym an has given us some very per
tinen t rem arks as to the necessity for the use of pure w ater in 
such boilers in  connection w ith  high pressure. I f  you are 
going to use (as you certain ly  are) h igh  pressure boilers a t sea, 
you m ust have good feed w ater, otherw ise you are going to have 
trouble. A dm iral W haym an tells us th a t in the Statendam  the 
overall efficiency is 21*6 per cent. T hat is less than  the therm al 
efficiency w hich is obtained in the Diesel engine, but if you 
take into consideration the cost of fuel the dollar efficiency is 
in  fact very satisfactory . In  connection w ith  th is achievem ent 
we have to thank  the Board of Trade representatives for the 
valuable help they have given us and for the a ttitu d e  they have 
taken. In stead  of adhering to hard  and fast rules not intended 
for w ater-tube boilers they have given us every assistance, and 
I  should like to thank  them  through Mr. Yose for the help they 
have given us. (A pplause.)

Mr. J .  R . D o u g l a s : I  would like to thank  the au tho r for his 
m ost in teresting  paper, and although I  am not a w ater-tube
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boiler advocate a t present, I  ant in terested  in this type of boiler 
from the point of view of the use of powdered fuel. I  consider 
th a t it is in this connection tha t the w ater-tube boiler will 
prove most satisfactory . W e have had experience of powdered 
fuel applied to a Scotch boiler which has involved a certain  
am ount of trouble. If  we had had a w ater-tube boiler I  th ink  
we should probably have had very little  trouble.

On page 1 (of the proof copy) reference is made to a steam  
installation  showing- the relative results obtainable w ith various 
types of auxiliaries, as fo llow s:—

1. W ith  steam  driven auxiliaries '667 lb. of oil per s .h .p ./h r . 
for all purposes.

2. W ith  m otor driven auxiliaries ‘648 lb . ditto.
3. W ith  m otor driven auxiliaries and Diesel generators '62 lb. 

ditto.

I  th ink  you will agree tha t a very good average perform ance 
of a Scotch boiler installa tion  with steam  auxiliaries and no 
“  fancy ”  gear is '72 lb. of oil per s .h .p ./h r . This is a very 
satisfactory  result considering th a t you are not paying- any
th in g  for ex tra  electric generators and m otors, which natu ra lly  
reduce the steam  consumption but increase the in itia l cost 
where motor auxiliary  plant is used. My experience is th a t 
the crux of the question is the feed w ater. On the N orth 
A tlan tic  the feed w ater difficulty has been got over by the use 
of Scotch boilers for supplying the make-up feed, thus if the 
Scotch boiler is not used for main steam  supply it should be used 
in the form of an evaporator. The Company w ith  which I  am 
connected own a large fleet of vessels, of ages between two and 
th ir ty  years, and we have not a single one in which we do not 
have condenser trouble. I f  the trouble is not w ith the tubes 
it is w ith the packing, and if not w ith the tubes or the packing 
it is w ith the tube plates. That is one of the first objections I 
have at present to the w ater-tube boiler w ith its h igher w orking 
pressure. If  one contem plates a tram p steam er w ith w ater- 
tube boilers in which one had to carry out all the conditions 
m entioned on pages 29-30, it seems to me tha t it would be neces
sary to carry a chemist in addition to the ordinary enginercom  
personnel! W e have not at present engineers w ith  the neces
sary qualifications to carry out those conditions.

N evertheless, as A dm iral W haym an says, w ater-tube boilers 
are bound to come, and no doubt by th a t time engineers of the 
M erchant Navy will be b e tte r educated to  deal w ith them.
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Mr. W . H a m il t o n  M a r t i n  : The au thor referred  to drum  -con
struction  and endeavoured to assure us th a t it  is quite a prac
tical proposition to use riveted drum s up to a pressure of 650 lb.

I  pu t the following question lately  to a well-known boiler 
expert in  H olland : “  VV hat thickness of drum  plate should 
one take as a m axim um  for r iv e t in g ? ”  H is reply was: 
“ The m axim um  allowable plate thickness for ‘ drum s ’ in 
which riveting  can s till be applied would seem to depend on 
the relation betw een plate  thickness and in terna l diam eter of 
the drum , w ithou t losing sight of a m inim um  plate thickness. 
F or a plate thickness of more than  \ \  inches and w ith  a drum  
diam eter of less th an  20 to 25 times the plate thickness, it  
would already m erit consideration to om it the riveting , and 
most certain ly  so if the makers in question are not in possession 
of an installa tion  to anneal the drum  afte r it has been ro lled .”

The rivets, he considered, then also become too th ick  to 
guarantee proper riveting  (plus minus l f in .)  and transm it 
too m uch heat to the plate. One can share his opinion, and 
the au th o r’s comment on it would be appreciated.

W e were also told th a t the 600 lb. pressure boiler which he 
showed on P la te  X I I I .  can be bu ilt for 750 lb. w orking pressure 
w ithout any change other than  th ickening up the shell of the 
riveted drum . W here the drum in this example is com para
tively  small, its thickness is probably noth ing  unusual. The 
general opinion, however, as to the advisability  of riveting  
such parts for h igh  pressures, especially when th ick  plates have 
to be used and double bu tt-straps become necessary, differs 
widely from  this view’. I  need only quote the rem arks made by 
Mr. H arold Yarrow  on Mr. Spyer’s paper at the last Spring 
M eeting of the In s titu tio n  of Naval A rchitects wdien he referred 
to the use of forged and welded drum s and to the objections of 
longitudinal jo in ts in drums for h igh  pressure boilers, thereby 
ind icating  the im portance of avoiding riveted and bolted jo in ts 
wherever possible when preparing  a design for such service.

Mr. Rosencrantz of In tern a tio n al Combustion L td . likewise 
in his paper on “ Developments in H igh P ressure Steam  
G enerators ”  la tely  said, “  No one will seriously contend at the 
moment th a t drums constructed of plates having thicknesses 
of 2 | inches can be successfully riveted. There are those who 
are disposed to question the advisability  of accepting riveted 
seams w ith 2J inch plates or even 2 inch plates, and certainly 
riveted drums of plates approaching these thicknesses have not
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been universally free from trouble. By no stretch  of im agina
tion can it  be argued th a t a riveted seam improves a boiler 
drum.

Forged drums cost two to three times as much as riveted 
ones, in which lies the greatest argum ent against their adop
tion. In  Germany the gap betw een drums having a plate 
thickness for which riveted seams are universally acknowledged 
to be satisfactory  and the thickness above which forgings from 
a solid ingot is the only accepted means of production has been 
filled with drums made w ith lapwelded seams. A lthough their 
cost is somewhat in excess of riveted seams, they enable a drum 
to be produced at very much less cost than  from a solid in g o t.”

W hen discussing this m atte r w ith Dr. Ing . M unzinger of the 
A .E .G ., Berlin, this well known boiler expert inform ed me that 
on the Continent riveting  is not considered any longer for drum 
seams which have to w ithstand more than  200 lb. W elded 
shells w ith riveted-in ends are, however, still used for pressures 
up to 300 to 350 lb ., over which pressure the use of a welded 
drum  w ith  hem ispherically-closed ends is becoming the rule. 
Only when the h igher pressures from 700 to 750 lb. and upwards 
are required does the forged drum  become com petitive. Accord
ing to him  in Germ any and elsewhere on the Continent welding 
has been developed as a necessity arising out of the repeated cases 
of damage with riveted constructions with thick ■plates.

Mr. W . H . P atchell, well known to us all, has also expressed 
a strong opinion th a t lapw ehling is bound to come into wide use 
here for boiler drums and seemed to doubt w hether the In su r
ance Companies would definitely refuse to insure if an actual 
installa tion  were offered. He also realises the shortcom ings of 
riveting  for high-pressure work. Mr. A rthur Spyer, the 
General M anager of Messrs. Babcock and W ilcox, the au th o r’s 
firm, told us in his reply to my rem arks on his paper before the 
last Spring M eetings of the In stitu tio n  of Naval A rchitects on 
“ Modern Developments of M arine W ater-tube Boilers ” that 
his firm had used several of these welded drums on Continental 
installa tions which had all behaved very well indeed, proving 
entirely  satisfactory  and safe in service facts, he added, which 
obviously m ust lead to people over here considering the posi
tion. He knew Messrs. Thyssen were very particu lar them 
selves as to the m anufacture of these drum s, and have their 
own special methods of testing  to ensure re liability .

The reason why the au thor did not m ention the welded drum 
construction m ay possibly have been because these have as yet



w  a t e r - T u b e  B o i l e r s  f o r  M e r c h a n t  S h i p s . 3 7

not been fitted to M ercantile M arine boilers, and their appli
cation has as yet not obtained the approval of the B ritish  reg is
tra tio n  au thorities, although they are approved in more th an  
a dozen other Countries and acknowledged to be a vast im prove
m ent on riveting . The decision lately  adopted by the Board of 
T rade and L loyd’s R egister to accept carbon arc-welded main 
steam  pipe flanges in ships, a type of weld which, afte r all is said 
and done, offers a g rea ter elem ent of doubt than  a fire-lapwelded 
one, while being moreover applied to parts subjected to greatly  
vary ing  strains and stresses, is considered by m any to be a fact 
which augurs well for the early  approval by the R eg istration  
Societies of w ater-gas lapw elding on boilers in G reat B ritain . 
As such welded drums are at present under consideration for 
installa tion  on M ercantile M arine boilers of various sizes by 
well-known shipowners for large liner tonnage, it would seem 
opportune to refer to this m ethod of construction for th is new 
field in  this discussion, and the comments of the au thor or others, 
would be appreciated.

I have one or two photos w ith  me show ing such welded con
structions and a section of an actual w ater-gas roller-lapweld 
of a drum  of 3£ inch wall thickness. For those who are 
in terested  in th is m ethod of lapwelding of drum s, and the 
m eticulous care, inspection, testing , annealing, etc., comprised 
in th e ir special m anufacture, I  would refer to a description I  
gave in the May, 1929, issue of our Transactions, en titled  
“  Thyssen W ater-gas Lapwelded Boiler D rum s.”  I t  is w orth 
pointing out here th a t in such welded constructions, the m argin 
of doubt as to the soundness of the m aterial is reduced to the 
barest possible minim um  as compared w ith such parts when 
forged down from the solid ingot.

For various reasons it will not always be possible to ensure 
the continuous use of distilled w ater only in a vessel’s boiler, 
ju s t as it is seldom possible to keep all oil ou t of the boilers or 
feed circuit. This is a t least as im portant as the precautions 
m entioned by the au thor which are necessary to elim inate the 
bad effects of salts .

Our P resident, Adm iral Sir R obert Dixon, when discussing 
Professors M ellanby and K e rr’s paper on “  Use and Economy 
of H igh  P ressure Steam  P lan ts  ”  a t the In s titu tio n  of 
M echanical Engineers two years ago, pointed out very rig h tly  
th a t “  oil teas a much more dangerous ingredient in  feedwater 
than salt, bu t unfortunate ly  no means existed for detecting the 
presence of sm all quantities in boilers. In  h ighly  stressed 
boilers such as h igh  pressure boilers m ust be, the presence of
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the sligh test oil film in the tubes would most certainly lead to 
overheating of the tubes, and this fact possibly became more 
im portant w ith increase of steam  pressure.”  I  had occasion to 
contribute some rem arks on the detection of oil in boilers dur
ing the discussion of Messrs. Lewis and Irv in g ’s paper, “ Corro
sion of Iron and Steel ”  before this In s titu te  (see Transactions 
1928/9), in which I  described a special gauge which detects 
the m inutest amount of oil en tering  the boilers, and by its 
periodic use the operating staff is enabled to check the 
“  oiliness ”  and take tim ely precautions to keep it w ithin 
prescribed lim its while also checking the oil removing 
efficiency of filters or separators. A part from the danger to 
tubes from overheating, a th in  film of oil present on the w ater 
surface of a boiler or drum, which act as efficient oil-catchers, 
will m aterially  increase the surface tension, adversely affecting 
the generating  capacity of the boiler and thus lowering its  
efficiency. A lthough w ith all electric and turbo-driven auxi
liaries the en try  of oil can be almost entirely  elim inated, yet it 
may s till  occur, and in m any installa tions where high pressure 
boilers would be fitted in the M ercantile M arine, the installa tion 
may be such th a t oil is more likely to find its way into the feed 
w ater if not carefully guarded against. I  am m entioning it  
therefore, seeing th a t the author om itted to do so, and would 
be gllad if he would give his views on th is point, and w hether 
there is any indication th a t this danger from oil is on the 
decrease.

I  would add my appreciation to the au thor for his most 
valuable paper, which will be a welcome acquisition to our 
Transactions.

Mr. S. F . D o r e y , M .S c . : A dm iral W haym an’s paper is a 
valuable addition to the Transactions of this In s titu te  and deals 
thoroughly  w ith the la test developments of the w ater-tube 
boiler in the M ercantile M arine and the care necessary for its 
successful working.

A t the present tim e I  th ink  it will be agreed th a t so far as 
the M erchant Service is concerned the w ater-tube boiler has 
only been adopted for use in vessels on special service where 
circum stances arise which, as in the case of Naval vessels, make 
it  a necessity.

I t  is tru e  th a t some few ordinary cargo vessels have been 
fitted w ith w ater-tube boilers, b u t the ordinary cylindrical 
boiler is, and I  th ink  for a considerable time yet, will be 
generally  adopted for the ordinary type of cargo vessel.
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Consideration of high therm al efficiencies which en tail higher 
steam  pressures has, however, shown th a t there is a lim it to 
the usefulness of the Scotch boiler and consequently more 
atten tion  has been focussed on the w ater-tube boiler. The paper 
is therefore of in terest in indicating' how this type of boiler is 
extending g reatly  in the M ercantile M arine and giving sa tis
factory results.

I t  appears to me, however, th a t the results given in the paper 
show little  additional experience to th a t already obtained w ith 
the w ater-tube boiler in Naval vessels, since the em ploym ent of 
high pressures at sea is in its infancy. On looking up p articu 
lars of the m achinery of the vessels m entioned in the paper, I 
find th a t only three are fitted w ith  reciprocating engines, viz., 
Scottish Chief, Scottish Heather and Op ten Noort, the la tte r  
having Lentz engines. In  dealing w ith m erchant ships we 
cannot fail to th ink  of reciprocating engines, and as one who 
would like to see the w ater-tube boiler more generally  adopted 
for use in cargo vessels, I th ink  A dm iral W haym an m ight give 
some more detailed facts re la tin g  to the su itab ility  of w ater- 
tube boilers w ith these engines. So far as the ordinary type 
of vessel is concerned, we have no definite facts to prove that 
the w ater-tube boiler is more suitable than  the Scotch boiler, 
and I th ink  there are m any reasons why it is not suitable, bu t 
which w ith  a little  more general knowledge m ight easily be 
overcome.

I t  will be noticed th a t in the ships m entioned above, the 
steam  pressure is only m oderate, of such a degree th a t Scotch 
boilers could be used probably in preference to the w ater-tube 
boiler by most superintendents.

I t  is w ith the h igher steam  pressures th a t  the w ater-tube 
boiler definitely takes the lead though th is entails an a ltera tion  
in  the type of m achinery since experience has shown th a t both 
trip le  and quadruple expansion engines are unsuitable chiefly 
on account of lubrication  difficulties.

Coming now to the question of fuel, I  find th a t only four 
of the  vessels quoted are coal burn ing . U ndoubtedly w ater- 
tube boilers are more suitable for oil and pulverised coal b u rn 
ing, particu larly  where prolonged steam ing is necessary, 
though from  experience I  have had w ith  w ater-tube boilers, 
the Babcock and W ilcox boiler has the advantage over the 
sm all tube type of boiler as w ith ordinary coal, hand-fired, there 
is not the “  nesting  ”  on the fire row tubes.
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Referring- to the boilers in the K in g  George V, the au thor 
states “  W e have now had the experience of a season’s service 
in this steam er, and it is considered to be true  to sta te  th a t the 
re liability  and durability  of the boiler has been well estab
lished .”  Now for those who are fam iliar w ith the Clyde 
season, I  th ink  three m onths’ service is hardly sufficient proof 
of re liability  taking' into account the one accident which 
occurred. I t  is appreciated th a t the boilers are w orking under 
abnorm al conditions 011 the service in which the vessel is em 
ployed, but I  am sure th a t if the same satisfactory  results are 
obtained afte r at least three seasons, it will be an extrem ely 
good advertisem ent for the Babcock and W ilcox h igh  pressure 
m arine boiler.

Adm iral W haym an, however, continues by saying th a t 
different parts have been exam ined and have given satisfaction, 
bu t the following sentence seems open to question: “  S ligh t 
alterations have been made to improve still fu rth e r the dura
b ility  of those parts showing signs of wear and distortion for 
the next season’s service.” Now we do not know w hat these 
parts are, and I notice the au thor makes no reference to tubes. 
A fter all, it is the tribes which determ ine the life of the boiler, 
which up to the present is very young. I t  is easy to renew the 
tubes though this means closing down the boiler, and unless a 
spare or additional boiler is fitted, it is necessary to stop the 
vessel when a tube gives out. Yerv often it is possible to 
steam  for a considerable period w ith a perforated tube. I t  is, 
however, extrem ely doubtful w hether a ship would be fitted 
w ith only one w ater-tube boiler.

In the case of the K in g  George V , the au thor makes reference 
to the position of the superheater and to the requirem ents of the 
Board of Trade, and incidentally the classification societies 
which make it necessary to remove these tubes away from the 
rad ian t heat of the furnace. In  the case of the coal fired boiler 
the radiant heat, w ith a heavy fire, will be g reater than  w ith 
oil burning. If  the position of the superheater for the K in g  
George V  is compared w ith th a t of some of the other arran g e
m ents illustra ted , it  will be observed th a t w ith the la tte r  the 
superheaters are nearer the fire, and the au th o r’s explanation 
of th is would be of in terest. W ould Adm iral W haym an give 
us some fu rth e r inform ation as to the re liab ility  of the super
heated tubes ? E very th ing  depends on the ra te  of flow of steam  
through the tubes. That is why I  am particu larly  in terested  
in  the K in g  George V. The vessel arrives a t a pier w ith  a 
heavy fire, and w ith the engines stopped the flow of steam
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throug'h the superheater is practically  n il, and the tubes become 
overheated. In  this vessel they  are well screened, bu t in the 
case of the Yarrow  type of boiler I  have seen the tubes a dull 
red shortly  afte r stopping. In  this respect, therefore, i t  will 
be in teresting  to see how the express type of Babcock and 
W ilcox boiler, illu stra ted  in  p late X I I I  of the  paper, behaves, 
though from the tests available a t present I  gather the boiler 
has not been operated with coal. I  should, however, be glad 
to know w hether Adm iral W haym an considers the position of 
the superheater tubes in  th is type of sm all tube lig h t w eight 
boiler su itable for coal firing, w ith rapid changes of tem pera
tu re  in  manoeuvring and a variable demand in  ou tput.

The au thor has quite rig h tly  em phasised the im portance of 
purity  of feed w ater, and this applies to all w ater-tube boilers 
irrespective of th e  w orking pressure. In  the case of high 
pressure boilers, i t  would appear th a t there is less risk  of prim 
ing than  w ith  low pressures.

Brief m ention has been made of the use of pulverised fuel 
and also mechanical stokers, and in  m y opinion the successful 
development of these will hasten  the more general use of the 
w ater-tube boiler in the m ercantile m arine.

In  conclusion, I  would much appreciate any inform ation 
Adm iral W haym an can give regard ing  velocity of flow in the 
lower bank of tubes, and also in the superheater tubes, velocity 
and tem perature of hot gases between these tubes and the 
pounds of steam  generated per hour per square foot of tube 
hea ting  surface in lower and upper banks of tubes for the 
ordinary m arine type of Babcock and W ilcox and for the small 
type express boiler.

Mr. C . Y. A. E l e y  : I  have had an advantage over some of the 
previous speakers in  having looked through  this paper on my 
way from B irm ingham  to London. I would like to add my 
appreciation of the very instructive paper by the author, 
because it  gives records of actual results achieved. Such 
results have been far too slow in coming for th is country to 
stand  suprem e in  steam  engineering a t present. The 550 lb. 
pressure of the K in g  George I appears to be the h ighest re 
corded pressure of any completed steam ship in this country. 
W h y ?  There was a steam er runn ing  on the Thames from 
London Bridge to Southend in 188G-7 w ith a boiler pressure of 
500 lb . T hat was, I  believe, a P erk ins w ater-tube boiler. W e 
have had m aterials which would stand hydraulic pressures up to 
tw enty  times 500 lb . for the last forty  years. TV e have had
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.superheated steam  up to 700° F. and have used superheaters 
for the last th ir ty  years. Steam  a t critical pressure is only 
700° F . (or to he correct, 703° F .) .  Then why have we waited 
th ir ty  years to use these means for using' very h igh  pressure 
steam  in the M erchant Navy. The steam  engine should have 
been still w ith us using either coal or oil, or both. In  the pre
sent s ta te  of the iron, coal and steel trades of this country the 
M erchant Service would do well if it  endeavoured to support 
these industries. The position of such industries cannot be 
sound while there are only 150 blast furnaces a t work out of 
400. .Tust consider the loss of employment equivalent to the 
conveyance of coal, coke and ore to the 250 blast furnaces not 
working, and pig  iron from them  to all parts of the W o r ld ! 
Then add to it the loss of transport of coal for ships of the 
M erchant Navy. In  the case of the steam  driven ship it  is true 
th a t huge spaces are occupied between decks for uptakes. If  
you look at P la tes I, I I  and I I I  you will notice th is ; it has 
always been so, but why should it continue ? The uptakes of 
the vessel shown in those illustrations occupy a space of 60 ft. 
x 20 ft. x 30 ft. a t each funnel, of’ which there are three, 
to ta lling  108,000 cu. ft. which cannot be used for passenger 
or cargo space. This is so im portant th a t I  would like to sug 
gest to those present the recovery of those spaces by using other 
means for dealing w ith w aste gases instead of uptakes and 
funnels. I believe it  can be done. I  have two illustra tions of 
my proposal here. The gases on leaving the boiler, instead of 
being carried through the uptake m ight be carried to a tank  
a t the boiler room level, taken through by means of an induced 
d raught fan, or, if preferred, by a pump in th is m anner. By 
means of the induced d raugh t fan the gases would be either put 
under 6 ins. to 8 ins. of water, or otherwise, from the top of the 
tank  the gases could be drawn through the w ater and then not 
only would you clean the gases of dust, g rit, e tc ., usually flying 
about the decks, bu t you would be able to pass them overboard 
w ith  the w ater which m ight be the circulating  w ater from the 
condenser or some other source. This would pu t the steam  
driven vessel on a basis which would more equal th a t of the oil 
engine driven vessel in respect to m achinery space occupied, 
by recovering all such spaces for passenger and cargo accommo
dation, w hilst passengers would not be subject to the dust 
flying about the decks.

W ith  regard  to boiler pressures I  would like especially to 
refer to a diagram  which I  put before other in stitu tions a t a 
previous date, in 1923, which I  th ink  has so far only been pub-
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lislied in the M idlands. I f  a vessel were designed in which the 
pressure was 1,200 lb. and even the old type of reciprocating 
engine was used, I  th ink  it would be possible to carry  out useful 
work a t a very low ra te  of steam  and fuel consum ption, much 
lower than  has yet been known. I  can go back to the time 
when I  le ft London and left the sea for land service. One of 
the first th ings I  did in the B irm ingham  area was to put in a

F ig . D .—F ro n t E levation  of a proposed S uper-p ressure W a te r-tu b e  Boiler.
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quadruple expansion engine a t 200 lb. pressure which pressure 
was too high for works engineers a t th a t tim e. T hat engine 
and w ater-tube boiler have gone on w orking for over 32 years, 
half' of the tim e n ig h t and day, and has done its  w ork exceed- 
ing ly  well, using only 10 lbs. of sa tu ra ted  steam  per I .H .P . 
per hour. Therefore, I  m ust disagree w ith Mr. D orey who said 
th a t w ater-tube boilers are not suitable for sea service as the

above boiler gave no trouble. W h a t I  suggested m igh t be done 
w ith th a t engine about five years ago was to m ake another 
engine w ith four sm aller cylinders and couple on to the first 
engine. The first cylinder then, about 2 ins. diam eter, would 
take steam  from a new w ater-tube boiler a t 1,200 lb. pressure.
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Tlie same application could be made to a larger engine, s ta rtin g , 
say, w ith a 3 in. cylinder and going to 4 |  ins., then 6 ins., then 
9 ins. before coming into the first cylinder of the m ain quad
ruple expansion engine. That would give double the power 
w ith a much sm aller w eight than if you had the 200 lb. job 
alone. Also you would have such a small quan tity  of steam 
being used; the consumption would be about 2 to 2^ lb. of 
steam  per I .H .P . T hat would reduce the size of boilers so 
much that it would make up for the additional w eight required 
for the additional pressure.

The boiler which I proposed to use at 1,200 lbs. pressure was 
as illustra ted  below, and would have made a very serviceable 
job, I  believe. I t  is of sim ilar design to the one which worked 
in B irm ingham  for 32 years, bu t made sectional instead of a 
riveted job.

Mr. W . M cL a r e n  : W e have had in  th is In s titu te  the battle  
of the boilers years ago, the w ater-tube boiler having been 
championed by both Mr. M urray and Sir Janies Kemnal of the 
au tho r’s firm, b u t we do not seem to get any fu rth e r forward. 
The m akers have to their credit the boiler installa tion  in the 
Viceroy of In d ia .  I t  is up to the engine builders now to come 
into line w ith the w ater-tube boiler. If  they find no insuper
able difficulty in producing satisfactory  h igh  pressure Diesel 
engines, surely they can produce a steam  engine capable of 
tak ing  superheated steam .

R eferring to P la te  I I I ,  is it correct th a t the steam  drum  is. 
athw art the ship? I t  m ight not be dangerous, bu t it seems 
th a t it m igh t be bad for the circulation. As regards forced 
draught w ith  a closed stokehold, I  am decidedly in favour of 
the closed stokehold if you keep w ith in  lim its. My own ex
perience is th a t § in. to 1 in. of w ater is satisfactory . W e have 
worked at h igher pressure, but when we shut down, the tube 
plates were always found to be leaking. W e have never had a 
furnace in either a Scotch or Lancashire boiler which has been 
able to use powdered fuel, and that is w hat has converted me 
to the w ater-tube boiler, because the furnace can be quite satis
factorily arranged for either powdered fuel or oil fuel.

Mr. F . 0 . B e c k e t t  : W ith  high pressures it seems to me th a t 
all installa tions should have a de-gasser or de-serator plant 
fitted so as to nullify  the action which takes place, causing 
corrosion. Adm iral W haym an has shown us a boiler (see the 
last illustra tion , P la te  X II I )  w ith bent tubes. My experience 
has been th a t bent tubes suffer fa tigue at the junction of roll-
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ing , due to stresses and elongation from one side to the other. 
In  the Babcock and W ilcox boiler spoken of to -night, there is 
one point about which I  am ra th e r at a loss, i.e ., the nipple 
which carries the header to the steam  drum . These nipples 
m ay be as short as you can make them , bu t the sinuous headers 
take any th ing  from 6 to 10 or 15 tubes per section, and the 
whole of th a t tube area has to pass th rough  th a t nipple into 
the drum . I  am a t a loss to know how circulation takes place 
am ongst the tubes. Is  there any speed know n of w ater circu
la tin g  over the tubes near the fire compared w ith tubes in  the 
top of the section? Superheaters have been m entioned, and 
a lthough  it  m ay seem unkind for a laym an like m yself to say 
so, I  consider it  very essential th a t they should always be kept 
out of the flame. The au thor spoke about a handhole cover 
being take out for inspection. He did not s ta te  w hat diam eter 
hole th a t was. Could a m an get his body th rough  i t?  because 
if not, how could he pu t in a new tube ? In  conclusion, I  w'ish 
to add my testim ony to the excellence of this paper.

M r. G. R . H u t c h i n s o n  : I  have m uch pleasure in complying 
w ith  the C hairm an’s request to propose a vote of thanks to 
A dm iral W haym an. W e all recognise th a t he is an au tho rity  
on w ater-tube boilers, and I  th ink  it is hardly  necessary for him 
to apologise in the paper for any bias he m ay have displayed. 
A firm declaration of one’s views is a good th in g  to have in  any 
paper, and it certain ly  stim ulates discussion. I  propose th a t 
we accord a very hearty  vote of thanks to Adm iral W haym an 
for his in te resting  and valuable paper. (Carried wdth 
enthusiasm .)

Sir A r c h i b a l d  Ross, K .B .E . (by correspondence) : I  reg ret 
very m uch th a t I  am unable to  be present to hear Adm iral 
W haym an read his paper on the 14th. I  feel sure he will 
receive the congratulations and thanks of the In s titu te  for 
such a careful and complete review of the position to-day of 
sh ips’ boiler installa tions. In  connection w ith the Viceroy of 
In d ia  the com parison of weights for steam  generated  as stated  
on page 20 is 317 lbs. per ton for this vessel w ith Yarrow 
boilers and 282 lbs. for the Statendam  w ith  Babcock and 
W ilcox,and in a more recent proposal the  corresponding w eight 
for a 28,000 S .H .P . installa tion  is 950 tons for 275,000 lbs., or 
290 lbs. per ton w eight. In  both cases the in sta lla tion  is as 
A dm iral W haym an describes it—boiler, superheater and a ir
heater.

On page 18 it is stated  th a t the results indicate th a t the con
clusion advanced in  1926 regard ing  high pressure steam  installa-



5 0  W a t e r - T u b e  B o i l e r s  f o r  M e r c h a n t  S h i p s .

<ions com peting in operating costs w ith  the m arine oil engine 
has been practically  established. This is always a debatable 
point depending on two essential features, one being the rela
tive price of boiler or so-called Diesel oil over which ship
owners, let alone m arine engineers have very little , if any, 
control, and the other w hether in the resu ltan t costs of runn ing  
and upkeep, the la tte r  figure has been accurately rendered.

But if we omit this particu lar item — often a more expensive 
one in in ternal combustion engines the figures given as a basis 
for the Statendam , v iz . : '619 lbs. oil for all purposes in order 
to  compete w ith the best perform ances for in terna l combustion 
engines on consum ption for all purposes, which we may safely 
take as. '5 on large powered vessels, implies th a t the relative 
costs of the two fuels m ust be in the same proportion, in o ther 
words boiler oil a t, say 50/-, and Diesel oil a t 61*9/-. At 
present the quoted prices do not show such a difference and 
w ith Diesel oil a t 70 /- and boiler oil a t 60 /- the steam  insta l
lation  would have to come down to below -6 lbs. oil per S .H .P . 
(to  be exact '584).

This is perhaps a somewhat paltry  difference to which to 
draw a tten tion , in view of the great im portance in the h istory  
of m arine engineering tha t so near an approach has been 
attained .

In  com paring vessels fitted w ith oil-fired boilers and steam  
turbines w ith large Diesel generating  plants there is the addi
tional complication of allo tting  the cost of the two kinds of 
fuel oil.

One is aware of the even higher pressures to which the 
A dm iral’s firm is w orking on land installa tions, and one would 
like to have heard w hether the question of .jointing for boiler 
m ountings, not to m ention pipes, has caused any difficulties, 
not only from the point of view of keeping the actual jo in ts 
tig h t under w ater and steam  tests, bu t w ith regard  to the life 
of the jo in ts and deterioration of bolts subjected to high 
tem peraures.

May I add th a t in m aking these few comments I  hold no 
brief for in ternal combustion engines over steam , nor for any 
one boiler indicated in the paper over another.

Mr. P . B. A r m s t r o n g  (by correspondence) : Adm iral W hay- 
m an ’s paper is an adm irable one and is well tim ed in view of 
the increase in pressures we are now being asked for in order 
to m eet the competition of the Diesel engine, and we are under 
a debt of g ra titude  to the la tte r in b ring ing  this about.
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As an apostle of the w ater-tube boiler for m erchant ships for 
m any years, I  welcome this opportunity  of saying a few words 
on the subject, from the point of view of another type of w ater- 
tube boiler, which the firm w ith whom I  am associated are now 
m anufacturing , nam ely, the H aw thorn  A rm strong boiler. An 
example of this boiler has recently  been tested  under ra th e r 
unique conditions, which I  th in k  m ay be in te resting  to the 
members of the In s titu te  of M arine Engineers.

The conditions under which this boiler was ordered were 
as fo llow s: To be able to do the w ork of an  ordinary cylin
drical boiler under the same conditions of w orking, i.e ., per
sonnel to be the same as th a t found in  a w haler and to  be 
capable of being fed w ith a salt w ater solution a t fu ll power 
w ithout prim ing, as the engines which the boilers were to serve 
were of the reciprocating type. The choice of the w ater-tube 
boiler was made w ith  a view to saving the w eight entailed by 
the use of the cylindrical boiler, which in this case am ounted 
to 60 tons. This saving, of course, resulted  in increased speed 
of the vessel.

In  order to prove the conditions required, shop tria ls  were 
carried out, and w ith a 1-3% salt feed solution, a dryness frac
tion of 9 7 |%  was obtained at fu ll power and a t half-pow er w ith  
33% of salt feed the same dryness fraction  was obtained. 
D uring the course of these tria ls, the accum ulated sa lt pumped 
into the boiler was about 4 cw ts., bu t wrhen the boiler was 
opened up for exam ination, no trace of salt deposit was found, 
and the in teriors of the boiler and tubes were perfectly  clean. 
The boiler is now installed  in the W haler Nrtrona, and giving 
good service in the South Seas.

W e are glad to hear w hat has been achieved by the m akers 
of the Babcock and W ilcox boiler, and we th an k  Adm iral 
W h aym an for his paper.

W r i t t e n  R e p l y  b y  t h e  A u t h o r .

As there was insufficient tim e at the end of the m eeting at 
the In s titu te  on Tuesday evening, the 14th of Jan u a ry , to 
reply as was desirable to all the points raised by the various 
members during  the discussion, i t  is proposed to embody the 
replies in the following w ritten  contribution.

W ith  regard to Mr. Douglas’s rem arks th a t lie is interested 
in the w ater-tube type of boiler from the point of view of the 
use of powdered fuel, th is is a very welcome statem ent to hear, 
and it is hoped th a t the experim ents which my firm con
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tem plate at th e ir  works a t R enfrew  w ith a pulverised fuel 
plant in association w ith a water-tube boiler working w ith a 
safety valve load of 550 lbs. and a final steam tem perature of 
750° F . will shortly be re-started.

The figure quoted by Mr. Douglas of -72 lb. of oil per s .h .p ., 
which it is presumed represents the fuel consumption for all 
purposes obtained w ith a Scotch boiler installa tion , is the best 
figure the au thor lias heard reported up to the present. I t  
emphasizes the im portance of keeping continually  in  mind the 
advantages of h igher pressure and tem perature steam 
m achinery, since working on the assumption th a t the boiler 
installations with a Scotch or water-tube boiler will give h igh  
efficiency figures, it is only in the direction of the use of h igher 
pressures and tem peratures we could look for g reater economy 
in fuel.

W ith  regard to the question of feed w ater, it  was endeav
oured to point out in my paper th a t the am ount of make-up 
feed w ater w ith modern installations should become a fa lling  
qu an tity  and such as could be easily supplied w ith a modern 
sm all size evaporating p lant. I t  seems to the au thor th a t 
under these conditions, it is not rig h t to use the w eight and 
space which m ust be provided for cylindrical boilers to pro
vide distilled w ater as make-up feed in the quantities which 
should be necessary with an up-to-date installation.

The trouble which M r. Douglas has experienced in the fleet 
of vessels in his Company w ith condensers will, it is hoped, be 
elim inated in modern plants w ith condenser tubes and pack
ings of the latest design and m aterial. A pparently  the con
ditions mentioned in the last part of my paper in regard  to 
the testing of boiler and feed w ater in a vessel have been to 
some extent misunderstood by Mr. Douglas. The means of 
determ ining the a lkalin ity  and even the phosphate content of 
the boiler water, if this chemical is used, are very simple, and 
apparatus supplied for th is purpose is very compact and easily 
understood and used.

I t  is an advantage to use pure feed water w ith all boiler 
installations and is not one th a t should be confined to water- 
tube boilers, as the use of a pure feed w ater is undoubtedly 
one of the greatest means of ensuring durability , re liab ility  and 
long life of a boiler.

M r. H am ilton M artin  has made a few rem arks upon the im 
portance of keeping oil out of the boiler and feed water being
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equally im portan t to tlie continuous use of distilled water. 
This is undoubtedly true, hut the subject was not touched upon 
bv the au thor in his paper as it was not desired to make the 
subject m atter for discussion too crowded. T hat the elim ina
tion  of oil from feed w ater is a most im portan t point to be 
attended to in any propelling m achinery installa tions is 
realised by all sea-going engineers, and the first ready means 
of detecting the presence of any oil in the boilers is given 
by the usual a lkalin ity  test.

I t  is not desired to w rite more fu lly  011 th is subject, except 
to say th a t modern propelling m achinery installa tions include 
the usual well known precautions to ensure th a t oil shall not 
en ter the feed water, and as the demands for fuel economy are 
tending to strengthen the choice of ro tary  aux iliary  m achinery, 
e ither tu rbine or electrically driven, the necessity for the use 
of oil for in terna l lubrication is decreasing in the more modern 
steam ship installa tions and the danger of oil m ixing with 
the reed water is becoming less.

W ith  regard  to Mr. H am ilton  M artin ’s rem arks in  regard 
to welded boiler drum s, it is acknowledged to be desirable to 
re ta in  a m inim um  wall thickness com patible w ith safety in a 
pressure vessel exposed to the effect of tem perature. The solid 
forged drum  has, in the m ajority  of cases, been m anufactured 
to a thickness determ ined by the plate efficiency through  the 
tube holes, and except where saving of w eight is im portan t 
the drum  wall in the steam space and the water space is of 
the same thickness. The riveted drum , on the o ther hand, 
can be arranged so th a t the plate in  the steam space is only 
of the thickness necessary from the point of view of the 
riveted jo in t, w hilst the tube plate is based on the thickness 
determ ined by the effieiencv of the p late through the tube 
holes. I t  may be noted particu larly  th a t in 110 case in  h igh  
pressure work at the present day is the thickness of a riveted 
water tube boiler drum  ruled by the riveting  itself, and in 
consequence, the suggestion th a t th icker plates are required if  a 
riveted drum  is used is incorrect. W ith  a suitable arrange
ment of tube holes, plates of approxim ately 2in. in thickness 
m ay be used for riveted drums suitable for pressures as high 
as 650 lb. per sq. inch, and the experience w ith the riveted 
drum s installed at Langerbrugge for a period of four years 
shows th a t riveted drums can be, and are satisfactory for 
pressures as high as 800 lb . per sq. inch. A dm ittedly , if 
jo in ts can be replaced w ith solid m aterial th is is an ad-
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vantage, but it would setin a better condition to have a riveted 
structure , the strength  of which can be determ ined by methods 
proved by years of experience, ra ther than  a drum , the jo in ts 
of which have been made by a process which cannot be checked 
as regards regu larity  and solidity, and where there is no means 
of knowing exactly the extent to which the jo in t is sound. 
In  the w riter’s view, until welded drum s can be m anufactured 
by a machine process wliich entirely  elim inates the hum an 
elem ent, there can be no guarantee th a t they are satisfactory, 
unless a means is invented for ascertaining w ith absolute cer
ta in ty  th a t the weld is homogeneous throughout. An hydraulic 
test such as is provided by the m anufacturers of welded drums 
does not create, in  the m etal those stresses which we know are 
set up in the walls of such a vessel under the effect of even 
norm al saturated steam tem peratures.

I t  is mentioned th a t welding has developed as a necessity 
arising out of the repeated cases of damage w ith the riveted 
constructions having thick plates. This statem ent is really  
exaggeration, because when it is considered th a t riveted con
structions used as pressure vessels throughout the world since 
boiler m aking began are almost innum erable, and th a t the 
failures could certain ly  be counted w ith com parative ease, it  
will be obvious th a t the welded drum  did not arise as a means 
of overcoming riveted drum  failures. My firm has constructed 
between 35,000 and 40,000 riveted drum s of various descrip
tions and the to tal num ber of drum  failures would not reach 
half of 1% of the num ber of drum s supplied.

1 have been very interested to read Mr. Dorey’s considera
tions th a t, so far as the M erchant Service is concerned, the 
water-tube boiler has only been adopted for use in vessels on 
special service and he appears to express the opinion th a t the 
water-tube boiler has not been generally  adopted w ith recipro
cating m achinery. I find th a t a t least 500 ships which have 
been fitted w ith Babcock and W ilcox boilers have reciprocat
ing propelling m achinery.

Mr. Dorey states th a t so fa r as the ordinary  type of vessel 
is concerned we have no definite facts to prove th a t the water- 
tube boiler is suitable, but surely if the required quan tity  and 
quality  of steam for the reciprocating engine can be more 
economically produced by the water-tube boiler and the water- 
tube boiler requires less weight and space than  the cylindrical 
boiler for its installa tion, this is an undoubted advantage.
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W ith  regard  to the water-tube boilers in  K in y  Georye 1 , 
which work a t a safety valve load of 560 lbs., M r. D orey’s con
sideration is th a t three months service is hard ly  sufficient proof 
of re liab ility . I t  can only be stated in reply th a t this was the 
considered opinion after the 1929 service of the vessel, and the 
results of the vessel’s services in  1930, and subsequent years 
will doubtless confirm the re liab ility .

W ith  reference to Mr. D orey’s request to know the parts 
th a t had shown ordinary  wear and tear, reference to my paper 
will show th a t these have been m entioned. W hat was referred 
to was the slight distortion of some baffles, tube supports and a 
few casing plates such as m ight have been expected due to 
ord inary  wear and tear on any service. There has been no 
sign of any damaged tubes except in  the one case of damage 
to generating  tubes through shortness of water, which has 
been fu lly  dealt w ith in the Board of Trade enquiry. W ith  
regard to the position of the superheater in the boiler, this 
m ust generally  be determ ined by the am ount of super
heat required. Experience up to the present w ith superheater 
tubes fitted in the various positions in  the boilers indicated 
in my paper has been satisfactory.

W ith  reference to M r. D orey’s concluding request for in 
form ation w ith regard  to the velocity of flow in the lower bank 
of tubes and in the superheater tubes, I  m ust ask to be allowed 
to omit this in my reply on this paper as such a subject cannot 
be replied to in a few words, and more rig h tly  forms the 
subject of a separate paper and discussion.

I  have to thank  Mr. Eley for his rem arks, especially those in 
which he advocates the use of the steam  engine in order to in 
crease the am ount of coal which can be used as fuel. This is 
a most im portan t point and the m ain object of the au th o r’s 
paper was to show th a t the im provem ents in  steam m achinery 
which are now being realised enable us to provide a propelling 
m achinery installa tion  which can use coal as fuel and show 
an economic advantage as compared w ith the use of oil as fuel 
with the in ternal combustion ‘engine.

W ith  regard to Mr. E ley ’s rem arks on the disposal of exhaust 
gases, it  m ay be of in terest to observe th a t a good deal of sav
ing in uptake space is being achieved in modern m arine boiler 
installa tions, and the reduction of these spaces to the m inim um  
appears preferable to the contem plation of a m ethod such as is 
suggested by Mr. Eley.
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Mr. E ley ’s remarks upon the possibility of increasing- the 
boiler pressure up to 1,200 lbs. are undoubtedly of in terest 
because it is in  th is  direction th a t advance will be made in 
order to make use of the additional heat available in the steam  
which can be obtained w ith a sm all proportionate increase in 
fuel expenditure.

W ith  regard  to Mr. M cLaren’s remarks asking with refer
ence to P la te  3, if the steam drum  is placed athw art the ship, 
this is correct and this arrangem ent seems preferable to m ain
tain  good boiler circulation at all times. Inspection of the 
boiler draw ing will show th a t the steam and water circulation 
is separate in  each individual section, and is liable to less 
disturbance due to the p itch ing  of the ship than  by rolling. 
I t  is for this reason th a t it is generally  preferred for an 
ocean-going ship to have the steam and water drum  placed 
athw artship . The w riter is in full agreem ent w ith Mr. 
M cLaren’s desire to m ain tain  the a ir pressure in  a closed 
stokehold w ithin m oderate lim its, and our experience is of the 
same order as the figures quoted by M r. M cLaren, namely, 
f in . to lin .

M r. Beckett in his remarks also asks about the circulation 
in the sections of the Babcock and AVilcox boiler, po inting out 
tha t the whole of the w ater supply to one section is through 
the nipple connecting the downtake header to the steam and 
water drum . Even at extrem e rates of evaporation such as 
for instance 10-15 lbs. of steam per sq. ft. of the to tal boiler 
generating  tube surface, the velocity of the water supply 
through the downcomer nipples is so low th a t there is ample 
area for the supply of w ater through these nipples a t all rates 
of evaporation.

W ith  regard to the speed of flow of steam and w ater in  the 
tubes, I  will refrain  from speaking on th is question for the 
reasons w hich I  have stated earlier in my reply to M r. Dorey. 
I t  may be sufficient to say th a t the speed is, of course, greatest 
in the fire row boiler tubes and gets less and less towards the 
top tubes. At the ord inarily  accepted boiler ra tings the speed 
of flow in the bottom rows is low and extrem ely small in the 
top rows.

W ith  regard  to Mr. Beckett’s question as to the size of 
the handhole cover, this is only a small door in front of the 
headers opposite each tube and all tubes can be easily w ith
drawn and replaced through these handhole doors.
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I have been very pleased to receive a copy of the w ritten  
contribution from S ir A rchibald Ross, and most pleased to 
lead th a t he generally  agrees w ith me th a t the fuel oil operat
ing costs of the modern steam installa tion  and Diesel engine 
are now practically  com parable. U ndoubtedly we hope soon, 
now, to achieve steam m arine propelling m achinery in sta lla 
tions w ith a to ta l consum ption of oil fuel per s.h .p . hour for 
all purposes of ju st under -6 lbs. W ith  regard to S ir A rch i
bald ’s question as to the efficiency of jo in tin g  at the h igher 
pressures, experience has been up to the present, quite satis
factory both from the point of view of jo in t tightness and w ith 
regard to the life of bolts.

I  desire also to thank M r. R . B. A rm strong for his w ritten  
contribution, and have been very interested to read the results 
obtained w ith w ater-tube boilers fed w ith a certain  percentage 
of salt water.

The C h a i r m a n  : I  rem em ber a li tt le  more than  ten  years ago 
when I  first w ent to sea I  was in a ship w ith boilers w orking 
at 60 lb . pressure, and we had a lot of trouble due to corrosion 
of plates, and priming-, and had a difficult job to get s te a m ; 
la te r on when we got a boiler w orking at 180 lb. we had much 
less trouble. The w ater-tube boiler to-day is s ta rtin g  where 
the Scotch boiler left off. You have your Scotch boiler up to  
the top p itch  of perfection of m ateria l, e tc ., and the w ater-tube 
boiler is beginning at th a t point. I  have no doubt th a t our 
sons will go on w ith the w ater-tube boilers and la te r on they 
w ill be able to give th e ir experience w ith the m ercury boiler or 
some o ther type from th a t day. R ecently  there was a report 
published of a boiler explosion and th a t happened to be a 
w ater-tube boiler. One only of the original engineers came 
back w ith the ship—a cargo ship of the tram p type— which 
w ent a fa ir cruise to the M editerranean and Am erica before she 
re tu rned . They had an explosion on the way, bu t all the 
boilers came back ! T hat was not a bad experience for the 
boilers in  face of these difficulties. To-day we hear a lo t about 
our own feeding and the im portance of tak in g  certain  propor
tions of v itam ins A, B and C , but we go on w ithout bo thering  
m uch about w hat we eat and still persist. And if we go on 
w ith  the w ater-tube boilers, even although the engineers m ay 
not be qualified chem ists, we shall, I  have no doubt, get on 
quite well w ith their feeding arrangem ents.
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F l o a t in g  D ock fo r  F a l k l a n d  I s l a n d s . “  E ng in eerin g ,”  15th 
November, 1929.

Hu.ilt to the order of The F alkland Islands Company, Lim ited, 
a floating dock has ju st been despatched from the W allsend 
shipyard of Messrs. Swan, H unter, and W igham  Richardson, 
L im ited. The dock is of the sectional pontoon ty p e ; it was 
completely erected at W allsend. bu t was not riveted. A fter 
being dism antled, the m aterial was loaded on board a ship for 
export to P o rt Stanley in E ast F alk land Island, some 8,000 
miles d istan t from England, where it will be erected and put 
into commission. The overall leng th  of the dock is 180 ft ., the 
inside w idth, 45 ft., and the lifting  capacity, 600 tons, 
accom m odating ships of a m aximum draught of 9 ft. The 
m ain pum ping m achinery consists of two sim ilar sets of cen tri
fugal pumps, each driven by a semi-Diesel engine through bevel 
gear and shafting . The pumps are each connected w ith  a 
common drain, and together they can lift a ship w ithin an hour. 
In  each wall of the dock is a pair of m echanical side shores, and, 
a t each end of the walls are fitted roller fenders.

A N e w  U n io n -C a s t l e  L i n e r . “  The E n g in ee r,”  29th 
November, 1929.

On Sunday afternoon last, November 24th, there arrived in 
the Thames the new motor passenger liner Llangibby Castle, 
which has been built and engined by H arland and W olff, L td ., 
for the E ast African service of the Union-Castle Mail Steam 
ship Company. The new liner completed successful tria ls last 
week and left the Clyde at the week-end w ith a large num ber 
of guests on board. Heavy w eather was encountered in the 
Irish  Channel and when rounding L an d ’s End, and although 
the vessel was in ballast, she showed herself to be a very steady 
ship. The principal dimensions of the new liner are as follow s: 
L eng th , 485 ft., beam 66 ft., depth 33 ft. 6 in ., w ith a m easure
ment of about 12,000 gross tons. W ith  her two low funnels 
she presents a pleasing appearance. Accommodation is pro
vided for 250 first-class and 200 third-class passengers, and the 
la tes t navigation and safety equipm ent is fitted. The main 
propelling m achinery comprises a twin-screw arrangem ent of 
eight-cylinder H arland-B . and W . four-stroke, double-acting 
oil engines, each equipped w ith a supercharger and an exhaust 
gas boiler. The pressure chargers are of the Buehi type, and 
consist of a blower driven by an exhaust gas tu rbine. The heat
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from the exhaust gases is recovered in a Clarkson thim ble-tube 
boiler, which is fitted w ith the Clyde low-pressure system  of 
burners for port use. The m ain engines have a cylinder bore 
of 740 m m ., w ith  a stroke of 1500 m m., and a t 108 r.p .m . they 
have a designed outpu t of 8500 S .H .P . The service speed of 
the ship is about 14^ knots. There are three 250-kW  oil engine 
driven generator sets, also a sm all em ergency generator set. 
The re frig era tin g  equipm ent is by J .  and E. H all, L td ., of 
H artford , the holds being steel lined. The Llangibby Castle is 
scheduled to sail from London on December 5 th  for A frica, 
where she will join her sister ships of the IJnion-Castle Line.

T h e  I n v e n t i o n  o f  t h e  S c r e w  P r o p e l l e r .

In  the A ustra lian  “  W estern  Mail ”  of A ugust 8th, 1929, 
under the heading “  Science and E n g in ee rin g ,”  the question 
of the screw propeller and who invented it, is reviewed. 
B lackie’s Popu lar Encyclopaedia is quoted and the work of 
T. P . Sm ith is cited as having led to the screw propeller being 
adopted for service in 1834. M eantim e R obert W ilson of 
D unbar was also devoting time and a tten tion  to it and subse
quently  had his design fitted on vessels. Edw ard Shorter of 
W apping W all was also at w'ork in the sam e direction and his 
design was fitted on the T ransport Doncaster, and the  following 
is a copy of the le tte r sent to him , certify ing the success of his 
design, “  W e the undersigned captains of the ships Dragon and 
Superb  have seen the Doncaster moved in a calm a distance of 
two miles in G ibra lta r Bay w ith  sufficient velocity to give her 
steerage way by the sole use of your propeller.”  Signed by 
Captain S. Aylmer, Dragon, and Captain R . K eats, Superb.

There is also a le tte r dated M alta, Septem ber 4th, 1802, from 
C aptain John  Short, of the Doncaster, s ta tin g  how useful the 
propeller had been to the ship and how in teresting  it  had been 
to onlookers to w atch the movements during a calm.

According to L indsay’s H istory  of M erchant Shipping, Yol. 
IV ., Edw ard Shorter took out a P a ten t in 1800 for “  a per
petual sculling m achine ,” having the action of a two-bladed 
propeller and this was the type fitted. The h istory  of John 
Ericsson and his venture in having a boat made and fitted w ith 
his design of propeller in 1836 are in te re s tin g ; this craft 
a tta ined  a speed of 10 miles per hour, a schooner of 140 tons 
was towed at seven miles per hour on the Thames and the 
A m erican packet ship Toronto subsequently was towed astern 
a t fully five miles per hour. Experim ents were afterw ards
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shown to the Lords of the A dm iralty, hu t they failed to favour 
the screw propeller.

T. P . Sm ith was finding favour in Ju ly , 1839. The Steam 
Ship Co. was formed to carry the patent into service. The first 
vessel fitted successfully was the Archimedes, 23T tons, with 
9 ft. 4 ins. d ra u g h t; the driving' power was an engine w ith 
cylinder 37 ins. diam eter by 3 ft. s troke; the propeller con
sisted of two half-threads of 8 ft. pitch, 5 ft. 9 ins. diam ., each 
4 ft. long, placed diam etrically opposite each o ther at an angle 
of 45° on the propeller shaft. Tests were carried out between 
the Archimedes and the fastest pachlle boat Widgeon  on the 
Dover to Calais route. The best run of the Archimedes was 
from Dover to Calais in 2 hours 1 m inute and on the re tu rn  in 
1 hour 53i  m inutes, in 1839.

As tim e went on experim ents proceeded and it is in teresting  
to read the accounts showing the progressive advancem ents to 
the present day.

T h e  C a r r i e r - R in g  F l e x ib l e  Co u p l i n g . “  E ng in eerin g ,”  1st 
November, 1929.*

The older methods of erection allowed, generally uncon
sciously, for the com pensating effect of loosely fitted bolts and 
so forth , in cases in which w ant of alignm ent between the units 
of shafting  occurred. Such methods, while com paratively 
harmless w ith the lower speeds of the shafts and the sm aller 
loads transm itted , have long been recognised as inadm issible 
under present-day conditions, and consequently m any attem pts 
have been made to devise suitable flexible couplings. I llu s tra 
tions of one of the la test designs of flexible coupling are shown 
in F igs. 1 to 7, annexed. This is known as the C arrier-R ing 
flexible coupling, and is m anufactured by Messrs. The Pow er 
P lan t Company, Lim ited, W est D rayton, M iddlesex. The 
coupling consists of five m ain parts. These are shown in F ig . 
1, and comprise two coupling- discs, or bodies, two halves of a 
protective cover, and a carrier ring . The la tte r  is illustra ted  
separately in F ig . 2, in order to show its construction more 
clearly. I t  consists simply of a steel ring  w ith a notched 
periphery, into which notches are driven flat-steel springs of 
such a length  as to project on each side of the ring , and of the 
cross section shown in F ig . 4.

The shaft couplings, which consist of flanged discs keyed on 
to the respective shafts, have notches on their peripheries corre

* W e a re  indeb ted  to  “ E ngineerin '?  ”  for th e  loan of tlie  seven b locks il lu s tra tin g  
th is  a rtic le .
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sponding with the springs and giving them the appearance of 
pinions. The resem blance is very partia l, however, as the 
sides of the notches are s tra ig h t and parallel in a plane a t rig h t 
angles to the shaft axis. Looking at the edges of the flanges 
towards the axis, as in F ig . 5, however,-it will be seen th a t the

edges of the notches are rounded off on the sides adjacent to the 
carrier ring . The curvature at these points is parabolic, so 
th a t the springs shall lie in contact w ith  the sides as they 
become deflected under load. This deflection is shown in the
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Fig. 2.—Carrier Ring.
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figure and dem onstrates how the spring cantilevers are 
shortened by the curvature of the sides of the slots as the load 
increases. I t  is understood, of course, that the arrows on the 
couplings in F ig . 5 do not denote direction of ro tation  of the

Fig
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two shafts, but merely indicate that a s ta te  of' torque exists 
when the springs are seen curved as shown. The carrier ring  
provides angu lar flexibility between the driven and driving 
shafts and rem ains in a vertical plane when the two shafts aie
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in line. A completely assembled coupling in th is condition is 
shown in P ig . 3. I t  w ill be noticed th a t the ends of the springs 
are well clear of the sides of the cover, in order to allow for 
longitud inal movement.

The two parts of the cover are bolted together w ith a spigoted 
jo in t, which is oil tig h t. The cover retains the grease in which 
the springs are im mersed while ro ta ting , the grease na tu ra lly  
being directed by cen trifugal force to the area occupied by the 
springs. One half of the cover is attached to one of the 
coup lings; the other half is clear of the o ther coupling to allow 
for any w ant of alignm ent. The effects of parallel non-align
m ent, or off-set, and those of inclined shafting , are shown in 
F igs. 6 and 7 respectively, and a constructional feature not 
h itherto  referred to can conveniently be mentioned here. This 
feature is the tu rn ing  of a projection on one of the couplings 
w ith a spherical surface on which the carrier ring  runs, and the 
fitting  of a washer-like plate to retain  the ring  in place. The 
spherical seating  perm its the carrier ring  to incline in any 
direction tha t the m isalignm ent of the shafts may impose, and 
as the springs can move radially in the slots of the coupling 
flanges, any eccentric motion of the parts caused by the same 
m isalignm ent is taken up. The wear due to the displacement 
of the engaging surfaces one over the o ther is very small owing 
to num ber of surfaces provided for tak ing  the load, all of which 
surfaces are highly finished. The whole coupling is m etallic, 
and the sim plicity and uniform ity of the elastic elements per
m its of easy repair.

A s s is t  t h e  Co al  I n d u s t r y .

“ I have been particularly  in terested  in powdered coal. The 
A dm iralty  will watch w ith in terest the experim ents undertaken 
in tha t direction. I  hope shipowners will give the w idest pos
sible facilities for experim ents, having regard  not only to 
economy, though that is im portant, bu t to the probable effect 
upon a g reat basic in d u stry .” — Mr. A. Y. A lexander, F irs t 
Lord of the A dm iralty , quoted in “  The Shipping W o rld ,”  18th 
Septem ber, 1929.

T h e  E conom ic  S t a n d p o i n t .

“  The task  of reorganising  the economic life of the people 
and p u ttin g  it on a sounder basis is of v ital in terest to all, 
w hether the position is examined from the point of view of
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sh ipbuild ing , iron and steel, coal m ining, ag ricu ltu re , or fish
ing— which are our staple industries. W hether the re 
organ isa tion  means changes in methods of production, of 
m arketing  produce, in  transport, or changes in  in ternational 
business relations, we cannot stop short of m aking these 
•changes in the economic life of the people.”  Mr. W illiam  
Adamson, Secretary of S ta te  for Scotland, quoted in “ The 
•Shipping W o rld ,”  18th Septem ber, 1929.

110,000-Kw. T u r b i n e  f o r  t h e  F o r d  W o r k s  a t  F o r d s o n .
“ E n g in eerin g ,”  6th December, 1929.

A steam  tu rb ine of a somewhat rem arkable type is being 
■constructed by the General E lectric  Co. for the power station  
<of the R iver Rouge p lan t of the Ford M otor Co. The m ost 
s trik in g  feature of the u n it is the reversion to the use of 
vertical shafts which, o rig inally  introduced by C urtis, were 
subsequently  abandoned for the horizontal p a tte rn  which is 
m ore accessible and simplifies the problem  of cooling the 
generator. In  the present case, the floor space available was 
-very restric ted , and by the vertical arrangem ent it has been 
found possible to  install the whole set on a floor space m easur
ing  57 ft. 6 in. in leng th  by 23 ft. in extrem e breadth . The 
.overall h e ig h t above floor level will be under 21 f t ., and the 
ou tput more th an  4 kw. per cubic foot of space occupied. The 
fo ta l w eight of the m achine will be some 900 tons. The above 
figures are those sent to us by the m akers bu t, in the  absence 
of details, seem difficult to reconcile w ith  fu rth e r data also 
given, according to which the high-pressure tu rb ine  and 
generator will be m ounted directly on top of the low-pressure 
tu rb ine  and generator. Possibly, however, the floor level re 
ferred to above m ay be m any feet above the base of the 
m achine. The in itia l steam  pressure is to be 1,200 lb. per 
•square inch, w ith a to ta l tem perature of 725 deg. F . On leav
ing the high-pressure section, the steam  will be w ithdraw n 
from the turb ine and reheated to 550 deg. F . The designed 
vacuum  is 29 in. The speed will be 1,800 r.p .m ., and the 
generators will deliver 60-cycle curren t a t 13,800 volts. The 
•air coolers will, it is stated , be in teg ra l w ith the generators, 
the hea t losses in  which will be utilised for feed hea ting . To 
provide the condensing w ater required, a tunnel 3 i miles long 
and 15 ft. in diam eter is to be constructed between the B iver 
R ouge and the D etroit R iver. This will deliver some 
<600,000,000 TJ.S. gallons per 24 hours.
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T h e  T h a m e s  F e r r y  S t e a m e r  “  W i l l  Cr o o k s . ”  “ E ng ineer
in g ,” 6th December, 1929.

The paddle ferry  steam er W ill  Crooks, the first of two1 
Thames ferry  steam ers being bu ilt for the London County 
Council, was launched on November 20th, by Messrs. J . Samuel 
W hite  and Company, Lim ited, E ast Cowes, Isle of W ig h t. The 
vessel, which is to convey passengers and vehicles across th e  
Thames at W oolwich, is of the flush-deck type and has a la rg e  
deckhouse amidships for passengers. The top of the deck
house forms the deck for carrying vehicles, the maximum 
w eight allowed being 100 tons. Passengers, to the num ber of
1,000, can be accommodated. The vessel has a length , between 
perpendiculars, of 171 ft. 7 in ., a breadth, moulded, of 44 ft.,, 
and a depth, moulded, of 7 ft. 6 in. The deck m achinery com
prises one capstan fitted forward for w orking cables, and one 
capstan aft for w arping. The propelling m achinery consists of 
two independent sets of simple condensing engines, driving th e  
port and starboard  wheels respectively. Each engine has two 
opposed and inclined cylinders, 33 in. in diam eter and having a 
piston stroke of 36 in ., operating a single crank. Steam  is sup
plied by two boilers of the gunboat type operating at a pres
sure of 50 lb. per square inch, and fitted w ith superheaters. T he 
boilers are 9 ft. 7 in. in diam eter and 17 ft. 6 in. long, and each 
is fitted with two furnaces. The auxiliary  m achinery includes 
an electric generator, three feed pumps, two feed heaters and 
filters, one general-service pump, and two combined circu lating  
and air pumps.

F l o a t in g  D ock  o x  t h e  R i v e r  G a n g e s . “  E ng ineering ,” ' 
3rd January , 1930.

Messrs. Swan, H un ter and W igham  Richardson, L im ited, 
W allsend-on-Tyne, have constructed a floating dock which, 
a fte r erection at W allsend Shipyard, was dism antled, and has- 
ju s t been shipped in parts to Ind ia. The dock is of the sec
tional pontoon type, and is self-docking. The two walls a re  
each a separate and complete structure , resting  on four pon
toons, and each of the la tte r  is divided into w a te rtig h t com
partm ents. The dock will be re-erected by native labour, 
under European supervision, on the righ t bank of the R iver 
Gauges, a t Mokameh Ghat, about 50 miles below P atna , in th e  
U nited  Provinces. W ith  the rise of the river during the rainy 
season, the dock will be floated into the stream . The overall 
leng th  of the dock is 210 ft., the w idth between the walls being- 
56 f t . ,  and the overall width about 60 ft. The liftin g  capacity
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of the dock will be 500 tons, and the depth of w ater over the 
keel blocks will be 4J ft. In  a house on one of the walls is 
placed the controlling gear to operate the valves for filling and 
drain ing  the dock. On the top of one wall is a vertical m ulti- 
tu b u la r Cochran boiler, supplying steam  to an engine which 
operates the pum ping m achinery through a vertical shaft. The 
dock will be employed in repairing  shallow -draught paddle 
steam ers, barges, and landing stages, there being a ferry  ser
vice between M okameh G hat and Sem aria G hat, on the left 
bank  of the river.

S i x t y  Y e a r s  A g o . “  The E ng ineer,”  6th December, 1929.
A lthough the Suez Canal was opened on November 17th, 

1869, it was not un til December 3rd tha t we were able to give 
our readers an account of the ceremony from the pen of a special 
correspondent whom we had dispatched to represent us at it. 
He was in passing the only representative of a B ritish  scientific 
jou rnal present on the occasion. H e witnessed the ceremony 
from the deck of the steam er Fayoum , an ex-P. and 0 . paddle 
steam er of about 2000 tons, which had been acquired by the 
Khedive. In  this vessel, lightened of all ballast to reduce her 
draugh t for the passage of the canal, he sailed from A lexandria 
on the 14th, and a fte r an exceptionally rough trip  arrived next 
day at P o rt Said. The inhab itan ts of A lexandria, he noted, 
expressed nothing but hostility  to the canal, for they viewed 
very unfavourably the rise of a new port so close to th e ir own. 
At P o rt Said he found the entrance harbour to be a fine sheet 
of w ater enclosed by two moles runn ing  for about 2000 yards 
out from the shore. He was doubtful, however, about the 
fu tu re  of the moles and harbour. The moles had been con
structed  of huge blocks formed from the local sand mixed w ith 
M arseilles lime. They had been tum bled anyhow into position 
in the hope th a t in  tim e the drift of the sand would close the 
in terstices. I t  had not done so at the tim e of his inspection, 
and he feared th a t the harbour would silt up unless constant 
dredging were resorted to. He sounded the entrance harbour 
a fte r his arrival and found about 24 ft. of w ater at most places. 
Ships of all nations except B ritish  crowded the harbour, dressed 
w ith flags by day and illum inated  by n ig h t. Bands, broad
sides and bombshells ren t the air, and in the m idst of the 
excitem ent two men-of-war ran  aground when endeavouring to  
en ter the harbour. Then came rum ours th a t a vessel, the 
L a tif,  had gone aground any th ing  from 7 to 20 miles up the 
canal, and th a t the passage way had been blocked. U nder the



6 8 S a l v a g e  O p e r a t i o n s  a t  S c a p a  F l o w .

superintendence of the Khedive him self, however, and w ith  
resort to a strenuous n igh t of work, the vessel was refloated in 
tim e for the formal opening next day. A t 2 p.m . on the 17th 
the  Fayourn, w ith our correspondent on hoard, entered the  
canal at P o rt Said, the thirty-second of the line of ships form 
ing  the procession. Six of the vessels ahead ran  aground, and 
a t 7 p.m. the Fayoum  herself struck  the bank and th reatened  
to swing across the canal. Eventually  Ism ailia was reached, 
and from there our correspondent sent off his dispatch. Sound
ing the canal so far as he had gone, he found frequently  depths 
of 24 ft. or more instead of the  18 ft. which rum our had prog
nosticated. The banks gave him  cause for anxiety . They 
were, he said, much too steeply sloped, and the wash from the 
F ayoum , even although her speed was only from 4 to 7 knots, 
visibly brought down a tra il of sand and pebbles into the 
w ater.

S a l v a g e  O p e r a t io n s  a t  S c a p a  F l o w . “ The E ng ineer,”  6th 
December, 1929.

On Friday, November 27th, the upturned hull of the 4000-ton 
ex-German ligh t cruiser Bremse was safely brought alongside 
the  Lyness r i e r  depot of Cox and D anks, L td . The ship was 
towed a distance of 10 miles from the site at which she was 
raised, which is one of the most exposed positions in the Flow. 
A ctually , the vessel was floated upside-down on practically  an 
even keel some m onths ago, bu t during a storm  the buoyancy 
was lost and the ship heeled over on her side, necessitating  the 
provision of new air locks and a recommencement of the salvage 
operations by means of compressed air. These operations have 
been continually in terrupted  by heavy w eather, and it was only 
on W ednesday, November 25th, th a t the hull was refloated w ith 
a small list of 7 deg. to 8 deg. The Bremse is the first of the 
lig h t cruisers to be raised, and she is the tw enty-ninth  ship to 
be salved by Cox and D anks, L td . P reparato ry  work is now 
to be begun on the Hindenhurg  and the Von Der T ann, which 
will form the main program m e of next y ea r’s operations. M ean
while, several of the gun tu rre ts  which have been cut away 
from  the cruisers already raised are being recovered. I t  is w ith 
g reat reg re t th a t we record the death of one of the salvage 
engineers of Cox and Danks, L td ., Mr. M. Carm ichael, who was 
in charge of the salvage operations on the W hite  S tar liner 
Celtic a t Queenstown. Mr. Carmichael succumbed to gas when 
going to the rescue of two workmen in one of the holds.
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A D e a r t h  o f  M a r i n e  E n g i n e e r s . “  The E ng ineer,”  13th 
December, 1929.

A report which has been drawn up by the Society of Con
su lting  M arine Engineers and Ship Surveyors, dealing w ith  the 
present shortage of m arine engineers and suggesting  some 
rem edial m easures, has recently  been subm itted  to the Board 
of Trade, the Shipping Federation and the Cham ber of 
Shipping. F igures are given to show th a t, while a la rger 
num ber of ships is now being built and more complicated main 
and aux iliary  propelling m achinery is being installed, the 
num ber of certificated engineers available to operate them  has 
dim inished. The Society in its  report considers th a t the pre
sent eighteen m onths’ qualifying period before the exam ina
tion is taken is too long, and th a t a period of twelve m onths 
should be reverted to. I t  is also suggested tha t the present 
d istinction between the experience gained in coastal ships and 
th a t gained in deep-sea vessels is too arb itra ry  and should be 
abolished. A fu rth e r suggestion is th a t the Board of Trade 
exam ination should be improved and th a t N ational Certificates 
and engineering college certificates should be accepted up to 
the stage certified, in lieu of the present Board of Trade exam 
inations in m athem atics and draw ing. A proposal is also put 
forward tha t an additional third-class certificate m ight be in tro 
duced, which would enable its holders to take charge of vessels 
w ith m achinery up to 100 nom inal horse-power. I f  this were 
done then the holders of second-class certificates m ight be 
allowed to take charge, as chief engineers, of vessels engined 
w ith m achinery up to 300 nom inal horse-power. The present 
shortage of engineers is stated  to exist more w ith regard  to 
cargo steam ers than large liners. The Society expresses the 
desire th a t its members should co-operate w ith o ther recognised 
bodies, whose aim is to increase the num ber of com petent and 
certificated sea-going engineers.

D e a r t h  o f  M a r i n e  E n g i n e e r s . “  The E ng ineer,”  27th 
December, 1929.

S ir,— H aving been an engineer on cargo ships for six years, 
I was in terested  in your artic le on the “  F u tu re  of M arine 
E n g in ee rin g ,” December 13th.

I do not th ink  there is a dearth  of m arine engineers. One 
has only to look at the Board of T rade re tu rns each week to see 
th a t there are plenty of certificated engineers passing out.
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B ut these men, having for their own convenience put up w ith  
bad food, bad accommodation, excessive overtim e (unpaid), 
and forced into doing their own greasing on watch, have made 
up th e ir minds to re tu rn  to these conditions only as a last 
r-esort, w ith the resu lt th a t the better-class companies—unfor
tunate ly  in a small m inority—have plenty of applicants, or the 
men have taken up shore jobs at a reasonable wage.

A case in point.
The Synthetic Ammonia and N itrates, L td ., ( I .C .I .) ,  B illing- 

ham , Y orks., have recently built a power station . There are 
fourteen fitter-drivers on the runn ing  staff, twelve being certi
fied marine engineers. The charge hand, three leading hands, 
and four fitters on the m aintenance staff are the same. W ith  
the  exception of four, all these engineers have left ships w ithin 
th e  la s t ten m onths.

The only th ing  to be said in favour of the m ajority  of cargo 
vessels is tha t one can get one’s tim e in quicker for the exam
ination, and th a t promotion to chief engineer at the handsome 
wage of £‘24 per m onth occurs sooner than  in the better-class 
companies.

The owners have the remedy in their own hands.
T reat their engineers as officers and not glorified firemen, 

and they will get the men w ithout in terfering  w ith the present 
regulations governing the B .O .T. exam inations.

S i n b a d .
M iddlesbrough, December 14th.

N e w  S u p e r  L i n e r s  f o r  I t a l y . “  The E ngineer,”  13th 
December, 1929.

According to an official announcem ent of the Lloyd Sabaudo 
Company, a contract has now been signed w ith the Stabili- 
mento Tecnico Triestino of Trieste, for the construction of a 
new passenger liner of about 45,000 gross tons, which will be 
employed in the com pany’s service between Ita ly  and N orth 
Am erica. A fter careful consideration of the various systems 
of ship propulsion, it has been decided to propel the ship by 
high-pressure geared turb ine m achinery of the latest type. The 
design of the boilers has been entrusted to Yarrow and Co., 
L td ., of Glasgow, by whom the full working designs will be 
supplied. A service speed of 26 to 27 knots is m entioned, 
which will enable the voyage from Naples to New York to be 
accomplished in about seven days. The proposal was orig inally
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m ade th a t the new lin er should he named the Conte Azzvrro , 
hut it has since been pointed out th a t as she will in itia te  a 
new class of ship v ith  a g reater speed than  the liners of the 
Conte class, an en tirely  new name is to he preferred. The 
second super-liner for the service of the Navigazione Generate 
Ita lian a , has now been placed w ith the Ansaldo Company, of 
Genoa. She will be generally  sim ilar to the Lloyd Sabaudo 
lin er in her dimensions and designed speed.

T h e  C a n a d ia n  P a c if ic  L i n e r  “  E m p r e s s  o f  J a p a n . ”  “  T h e
E n g in ee r,” 20th December, 1929.

One of the most im portant launches of the year took place 
a t  the yard  of the Fairfield Shipbuild ing  and E ngineering  Co., 
L td ., at Govan, on Tuesday last, December 17th, when the new 
36,000 ton twin-screw express liner Empress of Japan, which 
is being built for the Trans-Pacific service of the C anadian 
Pacific Hailway, safely took the water.

The new liner has been specially designed for the C anadian 
Pacific fleet, and when completed she will be the largest and 
iastest steam ship in th a t service. H er propelling m achinery 
w ill comprise twin-screw, single-reduction, geared turbine ' 
m achinery, with high-pressure Yarrow boilers, combined w ith 
Scotch au x ilia ry  boilers, the general m achinery installa tion  
being sim ilar fo th a t so successfully designed by M r. J .  
Johnson, the Company’s Chief Superintendent E ngineer, for 
the Duchess class liners. A sligh tly  h igher steam pressure 
and steam tem perature has been chosen, and, with*one or two 
m inor exceptions, electrically-driven aux iliary  m achinery will 
be employed throughout. The principal dimensions of the new 
lin e r are as follows: —

H u ll Particulars.
Overall len g th : 666ft.
B readth , ex trem e: 87ft.
Depth to “ A” deck: 56ft.
Service speed : 21 knots.
Gross to n n ag e : 26,000.

• Passenger Accommodation.
F irst-class passengers: 400.
Second-class passengers: 164.
Third-class passengers: 100.
A siatic passengers: 548.
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Propelling M achinery.

Type : Twin-screw, single-reduction, geared Parsons type, 
three-stage turbines.

Total o u tpu t: 30,000 S .H .P .

Boiler Insta lla tion.

N um ber of H .P . Yarrow water-tube boilers: Six.
W orking pressure: 425 lb ./sq . in.
Superheat tem perature : 725° F ah .
N um ber of L .P . Scotch aux iliary  boilers: Two.
W orking pressure : 200 lb ./sq . in.

A uxiliary M achinery.
N um ber of turbo-generators : Two a t 600 kW .
N um ber of oil engine driven gen era to rs : F our at 300 k W .

As indicated in  the above table, the propelling m achinery 
will be of the latest Parsons type, com prising twin-screw un its, 
each consisting of a high-pressure, interm ediate, and low- 
pressure tu rbine in series, designed to use steam at a pressure 
of 375 lb. per square inch, and a to tal superheated tem perature 
of 700° F ah . The W eir type of regenerative condenser will be 
fitted, and other engine-room auxiliaries have also been chosen 
for their high economy and reliable working. As above stated, 
both steam turbine-driven and oil engine-driven generator sets- 
are to be installed, giving a flexible and economical supply 
of. power. The boilers, both of the Yarrow high-pressure and 
of the Scotch auxiliary  types, are designed for oil b u rn in g  
only, and it* is of interest to know th a t the fuel bunkers, when 
filled, will am ply suffice for the whole of the Pacific voyage, a 
distance of 13,000 miles.

In  proposing the toast of the builders, Captain Jam es G illies, 
the General M anager of Canadian Pacific Steamships, L td ., 
made some in teresting references to certain  technical aspects of 
ship propulsion. The recent spell of tempestuous w eather had, 
he said, served to rem ind all of us of the difficulties which 
attend  the propulsion of large high-speed liners operating in 
A tlantic service. I t  was becoming apparent, he thought, th a t 
a four-day A tlantic crossing— the lim it for surface ships, for 
both physical and commercial reasons— was being approached. 
The problem of driving such ships a t a speed such as th a t of 
the Brem en  was an engineering one. I t  was necessary to 
accommodate a very large horse-power in the smallest possible 
compass, w ith the m inim um  of w eight com patible w ith re lia
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b ility  and durability , and w ith such an efficiency th a t the re
quisite bunkers could be carried. F u rth e r im portan t consid
erations were those of damage or depreciation through the 
vessel being hard  driven throughout the year, the m otion of 
thei ship in  a seaway, and its safe navigation. W ith  regard to 
the Empress of Japan, a lthough she would have a service speed 
of 21 knots, it was expected th a t an additional speed of at least 
one knot would in favourable w eather be registered. The 
passage between Vancouver and Yokohama, a distance of 4,200 
miles, would be made in eight days, or a day less than  with the 
earlier liners. The new liner Empress of B rita in , which was 
being built by John  Brown and Co., L td ., a t Clydebank, and 
will be commissioned early in 1931, was designed to make the  
passage from Southam pton to Quebec in five days, thus shorten
ing the A tlantic part of the journey. W ith  regard to ad
vances in propelling m achinery, it was of interest to reflect 
th a t in the Empress of Canada, bu ilt by the Fairfield Company 
in 1922, the m achinery weight was 3,400 tons, w ith perm anent 
bunkers of 6,100 tons, for a speed of 19 knots and 20,000 
S .H .P ., whereas w ith the Empress of Japan  the m achinery 
would weigh only 3,200 tons, w ith perm anent bunkers of 6,100 
tons, for a speed of 21 knots, and 30,000 S .H .P . The progress 
which had been made by S ir Charles Parsons and Mr. J .  
Johnson w ith high-pressure geared turb ine m achinery had re
sulted in new records being established, first by the Em press 
of A ustralia, and la ter by the Duchess class of liners, and in 
the case of the Empress of Japan  a new record was looked 
forward to. He did not th ink , however, th a t the last word 
had been said w ith regard to the high-pressure turb ine svstem 
of propulsion, and im portant developments in  boiler design 
were foreshadowed which would increase the commercial effi
ciency of the propelling m achinery and enlarge the radius of 
action of large passenger liners, interm ediate liners, and fast 
cargo steamers. The new liner would be the first of her type 
in the North Pacific Ocean to be propelled by high-pressure 
steam  m achinery, and he felt th a t she would be a w orthy 
illustra tion  of her bu ilders’ all-round shipbuild ing  and m arine 
engineering capacity.

A N e w  B l u e  F u n n e l  M otor  L t n e r . “  The E n g in ee r,” 27th 
December, 1929.

The new Blue Funnel motor liner M enesthevs, which has 
been b u ilt and has had her m achinerv fitted at the yards of 
the Caledon Shipbuild ing and E ngineering Co., L td ., of
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D undee, recently ran  successful tria ls  in the N orth Sea. She 
has now left Dundee for F alm outh , where she will he dry 
docked before proceeding East. She is a standard H olt liner 
o f about 8,000 gross tons, and is propelled by twin-screw, four- 
stroke, single-acting oil engines, working 011 the airless in jec
tion principle, and pressure-charged by the R ateau system, 
which employs an exhaust gas turbine-driven blower. The 
to tal output of the engines is 8,600 S .H .P . a t 110 r.p .m ., 
when pressure charged, and 6,GOO S .H .P . at 105 r.p .m . when 
not charged. The engines, which have been designed and 
built by B urm eister and W ain, L td ., of Copenhagen, have

P erlit ”  castings for the principal parts, and a new system 
of water cooling is applied which allows the am ount of water 
passing from the m ain cylinder heads and jackets to the suction 
of the cooling water pump to be varied, enabling the engine 
to be run  warmer in cold weather w ithout dim inishing the 
flow through the jacket spaces. The propeller shafts are car
ried in tunnel bearings of the latest M ichell type, and a new 
system of H astie steering gear of the electric-hydraulic type is 
fitted, in which one of the Hele-Shaw pumps is motor driven 
and the others coupled direct to a Brotherhood three-cylinder 
a ir  engine. I f  the supply of electricity  to the motor fails, a 
solenoid im m ediately opens the compressed a ir supply valves 
and  starts up the a ir  engine driven pum p. Like all the recent 
Blue Funnel Line ships, the Menestheus is b u ilt of h igh  elastic 
lim it steel.

A U n if l o w  M a r in e  E n g i n e . “  Shipbuilding and Shipping 
Record,”  30th Jan u a ry , 1930.

The advantages of the uniflow principle as applied to the 
reciprocating steam engine are well known, and in the efforts 
which are being made to improve the efficiency of the m arine 
reciprocating steam engine the use of this principle has fre
quently  been urged. An in teresting form of engine embody
ing  the uniflow principle has recently been made and tested 
by a well-known D utch firm of m arine engineers, and the re
sults obtained are sufficiently encouraging to w arran t the 
bu ild ing  of units of larger power. The engine in question 
is of the three-cylinder compound type, three cylinders being 
employed in  order to obtain a more uniform  tu rn in g  moment 
on the shaft— the high-pressure cylinder, which is of conven
tional design, exhausting to two sim ilar low-pressure cylinders 
in  which the uniflow principle is employed. The distribution 
of the steam is carried out by means of piston valves operated
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.by the fam iliar Stephenson valve gear, and in  order to reduce 
th e  cost of construction, all three piston valves are of the same 
size. Tlie engine is designed to receive steam at a pressure 
■of 225 lb. per sq. in. superheated to 572° F .,  and the cut-off 
in  the high-pressure cylinder at 35 to 40% is so arranged th a t 
th e  steam is still sligh tly  superheated when it reaches the low- 
pressure cylinders at a pressure of about 45 lb. per sq. in. and 
where a cut-off of 20 to 25% is employed. D uring the course 
•of' the tests in the m akers’ works the engine developed 366 
I .H .P .  at a speed of 117 r.p .m ., and it was found th a t the 
engine had a steam ra te  of 10-18 lb. per I .H .P .  per hour, 
while the overall indicated efficiency ratio  was 69%. I t  is 
■claimed th a t these figures represent an economy of 10% as 
•compared w ith the ordinary  triple-expansion engine working 
under sim ilar conditions.

A Ce n t u r y  o f  N a v a l  E n g i n e e r i n g . “  The E n g in eer,”  10th 
Jan u a ry , 1930.

The decision recently reached by the Engineer-in-C hief of 
th e  F leet, E ngineer V ice-Adm iral P . W . Skelton, and his 
D epartm ent, to place on record in the th ird  Thomas Lowe 
Gray Lecture an account of the progress made in  naval engi
neering during  the last century is to be welcomed by all engi
neers. Those who attended listened with evident appreciation 
to a review of m arine engineering progress, which was valu- 
.able, both on account of its hum an and technical interest. 
In  the com paratively short tim e at A dm iral Skelton’s disposal, 
he touched upon the long series of changes, in the gradual 
evolution of new and improved types of propelling and aux
ilia ry  m achinery pu t into service since 1829, when the first 
steam  fighting ship, H .M .S . Dee, was laid  down at W oolwich. 
The earlier events which are less widely known than  those of 
more recent date were dwelt upon by the lecturer in some 
detail. I t  was thus possible to follow the steps in the develop
m ent of successive engine types from the beam and side lever 
engine to the m odern geared steam turbine u n it of h igh  power 
■or the development from the flue tube and cylindrical boiler to 
the oil-fired, h igh-duty , water-tube boiler of present-day design. 
The outstanding feature of the review is the in terp lay  of 
naval and m ercantile practice, and the constant help of m arine 
•engine designers and allied industries in the solution of naval 
problems. On the other side, the careful observation of engi
neer officers and the experience gained in service often pre
pared the way for a fu rth e r step in advance.
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In  the earlier years m arine engineering advances were held 
hack by the desire to re ta in  the sailing qualities of ships and 
the need to r liftin g  the propeller. YY ith  the introduction of 
the iron ship and the provision of more accommodation below 
the water line, h igher engine speeds and new designs were 
adopted, and later it was possible to make use in  the Navy of 
K irk ’s excellent work 011 triple-expansion engines. B oiler 
troubles seem to have been experienced at recurring intervals, 
but they, and the difficulties with the surface condenser, were 
surm ounted when the necessity of a clean feed free from a ir  
was fu lly  appreciated, and when suitable metals for tubes and 
shells became available. I t  is interesting to read th a t the  
commercial production of seamless tubes was brought about by 
a boom in bicycles, bu t th is is only one of many instances of 
the many-sided needs of naval engineering. The A dm iralty  
committees on boiler pressures seemed to have no doubt of the 
economies which would be brought about by the use of h igher 
pressures, bu t the danger of too quick a movement in th is  
direction in pre-war years was illustrated  by the troublous ex
perience with the Belleville boiler, which having given good 
results in the F rench  m ercantile m arine, caused a good deal 
of anxiety  to naval engineers. I t  is a great credit to the engi
neering 'personnel th a t difficulties in operation were surm ounted 
and satisfactory operation was la te r achieved. A dm iral Skel
ton ’s statem ent tha t the successful outcome of the late war—■ 
whicn turned  ultim ately  on the endurance of the B ritish  N avy 
—was in a great measure due to the perfection of the engineer
ing m achinery of the F leet, which was developed and operated 
by the personnel, who were intensively trained  and tried , both 
in design and operation, in the troubled times of the Belle
ville boiler, is a strik ing instance of the possible value to  
engineers of difficult experience, if it be met in the lig h t way. 
I 11 the introduction of the steam turb ine, the geared turbine, 
and oil fuel, progress was unretarded, and the Navy kept step 
w ith the m ercantile m arine. W hen some years ago difficulties 
were encountered w ith double-reduction gearing in m ercan
tile  ships, the good experience of the N avy with single-reduc
tion gearing was often referred to. I t  is a tribu te to both 
workmanship and m aterials th a t out of some 720 sets of gear 
fitted in naval ships, transm itting  powers ranging  up to 36,000 
I .H .P .,  only five cases of failure 011 service, which entailed 
renewal, are on record. W ith  regard to the oil engine, it 
appears th a t the lack of a suitable heavy-oil engine held back 
the application of th a t type of prim e mover to subm arine
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work for some years. The extensive research and develop
m ent work which was done by Vickers L td ., on the airless in 
jection  engine led to the u tilisation  of th a t type of engine in 
practically  all subm arines. The steam -propelled “  K  ” class 
subm arine formed, however, an in teresting  departure from 
th a t practice. W ith  the founding of the A dm iralty  Engineering  
Laboratory  in  1917 the oil engine problem  was attacked under 
the leadership of Engineer-Com m ander C. J .  Hawkes, and 
twin-screw 3,000 S .H .P . oil engines based on the designs of 
the Laboratory are now installed in  the subm arine “  X 1 .” 
Their w eight is apparen tly  51 lb. per horse-power. A dm iral 
Skelton assesses the difference in  economy between modern 
.steam p lan t and oil engine propelling m achinery at about 
30 per cent., and while anxious to obtain th a t advantage, he 
is apprehensive of loss of re liab ility  and increase of engine 
w eight. In  this respect the new German naval ships w ith 
oil engines for m ain propulsion and for cruising have aroused 
keen in terest among m arine engineers. The installa tion  of 
geared twin-screw M .A .N. engines of 50,000 S .H .P . in the 
Ei'satz Preussen and the use of a centre shaft cruising oil 
■engine of 12,000 S .H .P . on the Leipzig  promised im portant 
developm ents, especially as the engine weights have, by the 
use of alloy steels and special lig h t m etals, been reduced to 
som ething like 17-5 lb. per B .H .P . In  referring  to the con
tributions of the m etallurgical industries to the advance of 
naval engineering, we cannot overlook the recent in troduc
tion of h igh  elastic lim it steels of the “  I) ”  quality  and the 
“ M artinel ”  steel, which is now being employed in H olt 
L ine ships. In  his paper on the battleships Xelson  and 
R o d n ey , read before the In stitu tion  of Naval A rchitects in 
M arch last, S ir W illiam  Berry dealt w ith the great saving 
in weight made possible by the use of such new steels. E qually  
im portan t has been the saving in w eight introduced bv the 
use of alum inium  and other ligh t alloys for in terna l fittings. 
In  th is respect the recent experience gained w ith stainless 
steel and lig h t alloys in the construction of airships will prove 
most valuable to naval constructors and engineers. On the 
steam  side, trib u te  must be paid to the work of D r. Bengough 
and the Condenser Tube Corrosion Committee of the In s titu te  
of M etals, which has led to the more careful m anufacture of 
condenser tubes and the increased use of cupro-nickel and 
monel m etal tubes, which bid fa ir to banish trouble from 
this source. From  the tables given by A dm iral Skelton we 
note th a t the best fuel consumptions are those of the b a ttle 
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ship Nelson, (M89 11). per li.p. hour, and the Berwick  0-89 lb- 
per h .p . hour. At the present tim e high-pressure Parsons- 
turbines are to be installed in a new Thornycroft-built de
stroyer, and there seems no doubt th a t in the new ships an 
effort to reach Mr. Johnson’s figure of 0-60 for the new E m 
press class ships will be made. A nother prom ising factor fo r 
the reduction of w eight is the increased use of welded instead 
of riveted structures, both for hulls and m achinery scantlings, 
and great success has been achieved in  these directions in  
recent continental warships.

In  concluding his lecture, A dm iral Skelton pointed to th e  
re-action between commercial m arine engine designs and 
naval engineering progress. The necessity to design h igh- 
powered and h ighly  economical propelling and aux iliary  
m achinery has always acted as an incentive to intensive de
sign in m any branches of engineering and applied science. 
The forthcom ing In ternational Conference on Naval D isarm a
m ent may alter classes and types of ships, bu t we do not 
th ink  th a t the demands made upon the naval engineer w ill 
be lessened; indeed, they will almost certainly be increased 
by the new problems which are likely to be presented. A t 
such a tim e, a review of a cen tu ry’s progress, such as was 
given in the Thomas Lowe Gray Lecture, spurs us on to meet 
fu tu re problems in th a t high sp irit which was .-characteristic 
of the pioneer workers in /this most im portant branch of 
engineering science.

A N e w  F a s t  M otor  S h i p  fo r  N o r t h  S e a  S e r v i c e . “  The 
E ng ineer,”  10th Jan u a ry , 1930.

The new motor ship for the Bergenske Shipping Com pany’s 
Bergen-Newcastle service, which is being bu ilt by the E lsinore 
Shipbuild ing and E ngineering Company and engined by 
Uurm eister and W ain , L td ., in Denm ark, is to have a speed 
of 19-J knots when supercharged, and will be able to make the 
voyage from Bergen to Newcastle, quayside to quayside, in 
21 hours. She will incorporate the latest safety equipm ent 
and her leng th  will be 412ft. lO^in., w ith a beam of 54ft. 
H er displacement on a 20ft. d raugh t will be about 6,950 tons, 
and her measurem ent about 5.600 gross tons. Modern cargo 
holds and refrigerated  cargo spaces w ith the latest cargo- 
hand ling  devices, are to be fitted. The propelling m achinery 
will comprise a twin-screw arrangem ent of ten-cylinder, four- 
stroke, single-acting oil engines* of the airless injection type,
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which will be designed to operate w ith B urm eister and W ain ’s 
la test type of supercharger driven direct from the m ain en
gines. The norm al engine speed will be 155 r.p .m ., a t which 
about 11,000 I .H .P . is to be developed with the engines u n - 
supercharged, and 12,400 I .H .P .  w ith both superchargers 
in  operation. W hen carry ing  2,000 tons of cargo, the m axi
mum power given above w ill correspond to a speed of about 
19J knots. Besides the m ain engine-room a special au x ilia ry  
engine-room  is to be provided, in which three 180kW gen
era to r sets, driven by three-cvlinder B urm eister and W ain 
engines of 250 B .H .P . ou tput, are to be installed.

T h e  L a t e  P r o f e s s o r  H . L . C a l l e n d a r . “ The E n g in eer,”  
24th Jan u a ry , 1930.

We g reatly  regret to have to record the death of Professor 
H ugh  Longbourne Callendar. Professor of Physics at the Im 
perial College of Science, London. D r. C allendar was born 
a t H atherop in  1863, and was the eldest son of the late  H ugh 
C allendar, of M agdalene College, Cam bridge. He was edu
cated at M arlborough College and a t T rin ity  College, Cam
bridge, of which he was appointed a Fellow in 1886, and from 
which he received the degree of M.A. in 1888. In  1894 he was 
elected a Fellow of the Royal Society and two years la te r he 
was elected a Fellow of the Royal Society of Canada. From  
1893 to 1898 he was Professor of Physics at M cGill U niver
sity, M ontreal, and from 1898 to 1902 he occupied a sim ilar 
post at U niversity  College, London. Professor C allendar will 
always be remembered for his work on the properties of steam , 
a subject on w hich he acquired a world-wide reputation  and 
into which, by tbe adoption of therm odynam ic reasoning, he 
introduced a degree of rationalisation which had previously 
been lacking. His Thomas Hawkslev lecture on certain  
aspects of th is subject, which he gave on November 1st. 1929, 
before the In stitu tio n  of M echanical Engineers, was a me
m orable exposition of its most recent developments. I t  was 
distinguished on the personal side by a characteristic bu t 
alm ost em barrassing modesty on the part of the lecturer when 
referring  to his own great contributions to our knowledge of 
tlie properties of steam and water.

T h e  N e w  P . a n d  0 . L i n e r s . “  The E n g in eer,”  24th 
Jan u a ry , 1930.

A t the annual general m eeting of the P en in su la r and 
O riental Steam  N avigation Company, which was held la s t
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m onth, the E arl of Inchcape, the chairm an of the company, 
referred  to the early placing of an order for two electrically 
propelled passenger and cargo liners of about 20,000 gross 
tons for the com pany’s A ustra lian  service. The order for 
these two ships has now been placed w ith Vickers-Armstrongs, 
L td ., of B arrow -in-Furness, and the ships, which will take 
two years to complete, w ill be bu ilt a t Barrow. The new 
liners will be sligh tly  larger th an  the Viceroy of Ind ia , and 
the m axim um  speed w ill, it is understood, be about 20 knots. 
The propelling m achinery will consist of twin-screw turbo
electric equipm ent, each turbo-alternator being designed to 
give the ship the desired norm al service speed. The electric 
propelling m achinery will be m anufactured by the B ritish  
Thom son-H ouston Company, L td ., a t R ugby, which firm will 
act in collaboration with Vickers-Armstrongs, L td . The 
boilers are to be of the latest Yarrow high-pressure, oil-fired 
type, and the boilers for the first ship will be b u ilt by Yarrow 
and Co., L td ., at Scotstoun, while those for the second vessel 
are to be constructed at Barrow to the design of Yarrow and 
Co., L td. The m ain propelling and aux iliary  m achinery of 
th e  new ships will be generally  in accordance w ith the in sta l
lation on the Viceroy of Ind ia , but it will include several new 
and  interesting features, which have been adopted as a direct 
result of the very successful experience gained in the opera
tion of the Viceroy of Ind ia , which on the occasion of her 
las t voyage, made a record run. The order is an im portan t 
one for Barrow -in-Furness, and it is understood th a t an 
average of about 2,500 men will be employed on the work.

F i r e s  i n  B u n k e r  a n d  C a r g o  C o a l . “  The E n g in eer,”  24th 
Jan u a ry , 1930.

An in teresting mem orandum  on fires which have occurred 
during  the last three years in ships carrying coal either as 
cargo or in the bunkers has recently been issued by the Fuel 
Research Section of the D epartm ent of Scientific and Indus
tria l Research. D ata have been collected concerning 336 
fires, which occurred on 272 ships, and the conclusions 
reached as to th e ir cause are given, together w ith recommen
dations as to the precautions which should be taken in order 
to prevent such fires. Most of the fires were traced to avoid
able causes, and the num ber of fires a ttribu ted  to spontaneous 
■combustion alone only am ounted to 14 per cent, of those in 
vestigated. The inquiry  shows th a t most of the fires which 
■occur in steamships originate in the bunkers, and th a t in  over
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half' the cases exam ined the heating  of the coal to the critical 
tem perature was assisted by direct heat from the boilers, 
steam  pipes and other sources. The suggestions made, which, 
if  carried  out, would, i t  is stated, reduce m ateria lly  the 
num ber of fires, include greater care in  loading and stowing 
the coal, the prevention of the ex ternal hea ting  of the bunker 
walls, the m ixing of different coals, and the prevention of air 
paths th rough  the coal. The ventilation  of coal bunkers is 
dealt w ith, and some recom m endations are made w ith  regard  
to the hand ling  and stowage of specially susceptible coals, 
such as h igh ly  bitum inous coals, G erm an brown coal, and 
Silesian coals.

T h e  E n g i n e s  o f  t h e  G e r m a n  Cr u i s e r  “  E r s a t z  P r e u s s e n . ”  
“  The Shipbuilder,”  January , 19-30.

Discussion of w eight reduction in  naval vessels by means of 
high-speed Diesel engines cannot be left w ithout m ention of 
the new Germ an “  cruiser an n ih ila to r ”  E rsatz Preussen. 
This vessel, as is generally  known, will be propelled by Diesel 
engines aggregating  50,000 S .H .P . on four shafts. The 
engines are of the latest M .A .N . double-acting, two-stroke 
cycle, airless-injection type runn ing  at about 215 r.p .m . The 
power is transm itted  to the shafts th rough single-reduction 
gearing having a reduction ratio  of ra ther less than  two to one. 
The weight per B .H .P . of these engines is as low as 17-j lb ., a 
figure which is substan tially  less than  th a t of any other double- 
acting, two-stroke cycle oil engine yet bu ilt, and actually  lower 
th an  the specific w eight of not a few quick-revolution, trunk- 
piston, four-stroke cycle engines! In  fairness to the la tte r 
type, however, it should be mentioned th a t the w eight per
H .P . of the Beardmore super-charged engines of the R . 101 is 
less th an  half the figure m entioned. How the figure of 17^ lb. 
per B .H .P . is achieved in the case of the E rsatz Preitssen’s 
m achinery can only be the subject of conjecture a t present, 
bu t it is paten t th a t special m aterials have been freely used, 
since the weight of very sim ilar M .A .N . double-acting en
gines of the land type is about 55 lb. per B .H .P .— in itself a 
wonderful figure judged by the standards set by norm al single- 
ac ting  m arine oil engines of the slow-speed type. In  th is class 
of m achinerv, w eights of the order of 250 to 350 lb. per B .H .P . 
are usual. The ra tin g  of the Germ an naval Diesel engines will, 
of course, be h igh , as 50,000 S .H .P . will only be demanded on 
occasion and never for m any hours a t a tim e. I t  is not im prob
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able th a t free use has been made of alum inium  alloys in these 
rem arkable engines, and it is to be hoped th a t we shall learn 
more concerning their design when the E rsatz Preussen goes 
into service. To achieve a superior power-weight ratio  to tha t 
obtainable w ith geared turbines and w ater-tube boilers for this 
class of vessel is an accomplishment which m ust rank  w ith  the 
production of, say, the m achinery of the Turbinia, the M aure
tania, the K in g  George V ., the Bremen, the Selandia  and other 
epoch-m aking examples along the path of m arine engineering 
progress. I f  the Ersatz Preussen’s m achinery dem onstrates 
th a t it possesses reliab ility  and durability  in service, German 
engineers will have achieved another great trium ph.

------------o ------------

B O ILER EX PLO SIO N  R EPO R T.

R e p o r t  N o . 30-31. T.S. K ing  George V.
O.N. 148912.

R eport No. 3031, deals w ith an explosion which occurred on 
the Turbine Steam er K ing  George V. The investigation was 
conducted by Messrs. -I. G raham  and G. E . Jenkins.

The boiler from  which this explosion took place was the for
ward one of two coal fired, high pressure, Babcock and W ilcox, 
m arine type w ater tube boilers. I t  was constructed of steel 
th roughout and consisted of eighteen sections of solid-drawn 
s tra ig h t steel tubes which were expanded into forged steel 
sinuous headers at each end. The w ater tubes formed practic
ally  the whole of the heating  surface of the boiler, and were 
inclined from  the front or downtake headers, to the back or 
uptake headers. E x tend ing  across the boiler was the forged 
steel steam and w ater drum  which was of 3ft. in terna l 
diam eter and 1 3 /16th inch m inim um  thickness and 1 11/16th 
inches thick in way of the m ountings, re tu rn  tubes, and down
take nipples. The length of the drum  was 14ft. over the ends. 
Access to the drum  was obtained through two manholes 15ins. 
by l l in s . ,  one at each end. The upper ends of the front 
headers were connected directly  to the  steam and w ater drum  
by short nipples 4ins. external diam eter by 2 L .S .G . in th ick
ness, and the back headers were connected to the top end of 
the steam drum by two rows of s tra ig h t re tu rn  tubes 4ins. 
external diam eter by 2 L .S .G . in thickness. E x tend ing  across
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the fron t of the boiler, below the front headers, was a mud 
drum  which was a forged steel box of square section, 7 |in s . by 
7-gins. externally . This was connected to the lower ends of the 
fron t headers by short nipples, 4ins. outside diam eter by 
2 L .S .G . in  thickness. The m ud drum  was also con
nected at each end to the steam and w ater drum  by 
a downcomer tube 4ins. outside diam eter by 2 L .S .G . 
in thickness. The uptake and downtake headers were 
of rec tangu lar section, being 6fins. wide by 6 |  inches deep 
ex ternally . These headers and the m ud drum  were seamless, 
and made from weldless steel blanks. The lowest row of w ater 
tubes over the fire were 4ins. outside diam eter by 1 L .S .G . 
thick, and ad jacen t to these were two rows of w ater tubes 
1 13/ 16th inches outside diam eter by 7 L .S .G . thick A space 
was left above these tubes to accommodate a horizontal flame 
baffle, and im m ediately above th is were ten rows of w ater 
tubes 1 13/ 16 th . inches outside diam eter by 8 L .S .G . in  th ick
ness. These sm all water tubes were arranged in groups of 
four tubes in all headers except the outer ones. In  the la tte r 
they  were arranged in groups of four and two, to clear the 
boiler casings. H and holes were formed in  the headers op
posite the ends of the tubes for purposes of exam ination, and 
cleaning. Each hand hole was fitted w ith a door which was 
secured by a stud and forged steel dog. A ll the w ater tubes 
were m ade of hot-finished solid-drawn steel tubes which 
were secured in  place by expanding and bell m outhing. 
The 1 1 3 /16th inches w ater tubes were made by Messrs. B ab
cock and W ilcox, while the 4in. tubes were made by the Brom- 
ford Tube Company, B irm ingham . A Babcock and W ilcox 
superheater was placed above the boiler in  the pa th  of the 
gases (see P la te). This consisted of solid-drawn steel tubes 
1J inches outside diam eter by 8 W .G . thickness, which were 
bent into “  TJ ”  shape and expanded into steel boxes.

The boilers were constructed in  accordance w ith the regula
tions and requirem ents of the Board of Trade, all the m aterial 
being tested by the B oard’s Surveyors. On completion both 
boilers were satisfactorily  tested by hydraulic  pressure to 
875 lbs. per square inch. There were three firing doors which 
open inwards on to a fire grate which was common to the whole 
w idth of the boiler, the grate being 6ft. lOins. long and 10ft. 
wide. Baffles were fitted as shown on the p late to d irect the 
passage of the hot gases on th e ir way to the uptake.

The usual m ountings were fitted, the m ain and auxiliary  
self-closing stop valves being placed on the superheater. A
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single spring safety valve set to blow off at 545 lbs. per square 
inch was placed 011 tlie superheater, while the statu to ry  double 
spring safety valves were placed on the saturated  steam  and 
water drum . The other fittings on the saturated  steam and 
water drum  were the autom atic feed regu la ting  valve, 
and the main and aux iliary  hand-feed check valves, saturated  
steam aux iliary  valve, pressure gauge and two w ater gauges. 
The water gauges were designed to suit the high pressure and 
tem perature and consisted of a cast steel body suitably recessed 
on each side to take specially-prepared glass plates f in . thick 
through which the w ater was visible. Between each glass 
p late and the steam and w ater was interposed a th in  sheet of 
mica which prevented the plates being dissolved by the water 
and steam. The glasses and mica sheets were secured by 
bronze coverplates. Suitable jo in ting  was provided to ensure 
steam and w ater-tightness and the coverplates were secured to 
the shell by ten f in . steel bolts which passed through the shell 
and coverplates. The ends of the shell were connected to the 
steam  and water valves by forged steel tubes which passed 
th rough  stuffing boxes a t the valve chests. The whole fitting  
was m ounted on forged steel distance pieces which were a t
tached to the steam and water drum . Safety devices were 
fitted in the steam and w ater ends between the shut-off valves 
and the gauge, consisting of a bronze spring autom atic valve 
in  the steam end and a bronze ball in the w ater end. In  the 
event of a gauge glass breaking the spring autom atic valve was 
closed by the rush of steam and the ball seated itself on a 
specially prepared seat in the water end. The shut-off valves 
could then be closed by hand. Each water gauge was illum in 
ated by an electric lam p, the lig h t being deflected diagonally 
upwards by means of a grid  placed between the lam p and the 
water gauge. W ith  this form of illum ination the surface of 
the w ater in the glass showed as a b rillian t ligh t when viewed 
from the firing p latform . The water gauges were placed a 
distance of 5ft. 2ins. on each side of the centre line of the 
boiler. The boiler room was closed and under a ir  pressure, 
cold or outside a ir being delivered to the boiler room by means 
of a fan. The cold a ir became heated and rose to the upper 
part of the boiler room from where it  passed into the preheater 
at the base of the funnel. A fter being heated there bv the 
waste gases it passed down between the double casing at the 
back of the boiler, into the ash p it and through the fire bars. 
The products of combustion travelled around the w ater tubes 
in the path  arranged by the baffles and thence through the air
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preheater to the funnel. W ate r drenchers were fitted so th a t 
the fires m ight be extinguished in  emergency. The boiler was 
arranged to burn coal and was hand-fired.

There was a loud report in  the boiler room when the explo
sion occurred. The six th  generating tube, counting from the 
starboard side of the furnace, in  the row of 4in. tubes next 
the fire, rup tu red  long itud inally  on the side nex t the fire, as 
shown on the P la te . Through the aperture the contents of 
the boiler were discharged 011 to the fire grate.

The explosion was caused by shortness of w ater in  the boiler 
which led to overheating of the tubes to such a degree th a t 
one of them  bulged, and finally rup tu red  under the stresses set 
up in the m aterial by the in terna l pressure.

The boiler from which the explosion took place was one of 
two Babcock and W ilcox type, high pressure, m arine boilers 
which were designed to supply steam at a working presstire 
of 550 lbs. per square inch to the m ain propelling and aux il
iary  m achinery. Saturated steam was led from the upper 
steam and w ater drum  to the superheater, whence it passed 
through  the m ain and aux iliary  self-closing stop valves to the 
m achinery.

On the 19th Ju ly , 1929, the vessel was m aking a run  from 
Greenock to Campbeltown. A fter leaving Greenock, on the 
outw ard passage, the vessel called a t Gourock, Dunoon, 
W emyss Bay, E airlie  and Loch R anza, leaving the last-m en
tioned place at 1.1.30 a.m . for P irn m ill. At 11.35 a.m . the ex
plosion occurred. A t the tim e of the explosion a T hird  E n g i
neer, Mr. Jam es G rant, who holds a second-class ordinary 
certificate of competency, and the Chief E ngineer, Mr. 
John  W hyte, who holds a first-class ordinary  certifi
cate of competency, were on the firing p latform  in the 
boiler room together w ith Messrs. Adam  Greig and Thomas 
Turner, firemen, and Mr. W illiam  O’N eill, coal trim m er. The 
self-closing m ain and aux iliary  stop valves on the forw ard 
boiler in stan tly  shut, thus isolating the forward boiler. F lam es 
and smoke came out of the spaces between the doors and th e ir 
fram es. The men were hurled off th e ir feet by the force of 
the explosion, Mr. G rant being' tem porarily  blinded. As soon 
as Mr. W hyte  realised w hat had happened he tu rn ed  on the 
drenchers to stop the generation of steam. Mr. G rant, the 
firemen and trim m er got up through the em ergency escape and 
the a ir  locks into the alleyways.
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A T hird  Engineer, Mr. John  Nicholson, who holds a second- 
class ordinary  certificate of competency, went down to the 
boiler room im m ediately after the explosion, and acting  under 
instructions from Mr. W liyte he shut off the boiler by closing 
all the valves on it, w ith exception of the m ain feed check 
valve which was already shut. The firemen came down, and 
after this the vessel steamed on one boiler.

On deck the explosion was noticeable as a dull thud. The 
concussion blew oft' the manhole lids which gave access to the 
boiler room and bunkers in the starboard alleyway, and the 
alleyway was filled w ith dust for a short period, but no 
damage was done and no person on deck was in jured.

W hen the noise of the explosion was heard the Second 
E ngineer, Mr. John  Sangster, who holds a second-class certifi
cate of competency, was 011 the manoeuvring p latform  in the 
engine room, and lie im m ediately accelerated the feed pumps.

I 11 view of the explosion the M aster of the vessel decided to 
re tu rn  to Greenock. The s.s. Davaar came alongside, the 
passengers for the rem aining ports of call were transferred , 
and the K ing  George I returned to Greenock steam ing on one 
boiler. The vessel arrived at Greenock at 4.35 p.m . w ithout 
fa rth e r incident. Mr. W hyte and M r. G rant rem ained 011 
duty during  most of the return journey.

I visited the vessel 011 the evening of the 19th Ju ly . On 
entering  the furnace of the forward boiler the 6th tube from 
the starboard side in the row of tubes nearest the fire was seen 
to be ruptured. The opening was 7-fins. long and 6 1 / 16th ins. 
m axim um  width, and the edges at the fracture were drawn 
out to a knife edge. The forward end of the rup tu re  was 
1ft. 8±ins. from the forward header face and the tube was 
forced up 2 |in s . by the reaction of the escaping steam. The 
external appearance of the under side of this tube in the region 
of the rup ture showed th a t it had been severely overheated and 
the rem aining portions of the tube on the under side indicated 
th a t overheating had taken place over practically  the whole 
length  of the tube in a lesser degree. A sketch of this tube 
is given 011 the plate. All the rem aining tubes in the fire row 
were hogged, the deflections upwards varying from 11/16th  
inch to f in . The position of m axim um  deflections was on a 
line parallel to the back brick wall of the furnace where the 
hot gases would im pinge on the under side of the tubes as the 
gases swept past the horizontal baffle and up the first gas 
passage. Each of these tubes showed distinct signs of over
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heating  externally  over a length  of from 3 to 5 feet. The sur 
face was coated w ith heat scale and the ash from  the grate was 
fused into the surface of the tube. The tubes on e ither side 
of the rup tu red  tube showed a slight increase in diam eter, 
vary ing  from l/3 2 n d  to 1 / 16th inch. Looking upwards 
am ongst the 1 13/ 16th inches w ater tubes the portion of the 
external surface upon which the flame could im pinge showed 
distinct indications of having been overheated, the lower rows 
of tubes being bent in an upw ard and outward direction. The 
brick work of the horizontal baffle was also sligh tly  disturbed.

In te rn a lly , the tube which rup tu red  was clean, which was to 
be expected as the contents of the boiler were discharged 
th rough  it. The rem aining tubes in the bottom row were free 
from any signs of oil or scale deposit, bu t a th in  coating of 
black m etallic heat scale which came out in sheets about 2ins. 
by l | i n s .  was obtained from some of the tubes when in  position 
in the boiler. The bottom row was subsequently cut out of the 
boiler, and each of the tubes was found to be covered in terna lly  
on the lower surface w ith heat scale. This was loosened by 
ham m ering the tube ex ternally  and was removed in  consider
able quantities. The presence of this heat scale inside the 
tubes and on the outside is conclusive proof th a t a t the tim e of 
the explosion there was very little  w ater in the boiler. The 
rem ain ing  w ater tubes were clean.

In  this vessel the main w ater siipplv consisted of Greenock 
tow n’s w ater, which was passed through the evaporators and 
condensed before being used in  the boilers. At the commence
ment of the season the boilers were filled w ith distilled w ater 
and were subsequently fed en tirely  w ith d istilled  water. The 
forward boiler had been em ptied on two occasions since the 
vessel came on service in May, and on both occasions had been 
filled w ith Greenock tow n’s water, the subsequent make-up 
feed being distilled water. The feed w ater passed from the 
condenser to a feed supply tank  from where it  was pum ped 
through the feed heater into the boilers. Three pum ps were 
used for this purpose, two being in the engine room, and one 
in the boiler room. The pumps in  the engine room were kept 
moving at a uniform  speed, while the pum p in the boiler room 
was kept working at w hatever speed was necessary to m ain tain  
the working level of water in the boilers. The boiler room 
pum p was under the control of the engineer on watch in  the 
boiler room, the two engine room pum ps being controlled from 
the engine room only. Means of com m unication were pro
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vided between the two com partments by speaking tube and 
telegraph. The feed tank  was provided w ith a sight glass 
which showed the height of water in the tank. This sight 
glass was visible to the engineer on duty on the bottom p la t
form in the engine room, but was not visible to the engineer 
on the upper platform . An overflow pipe was provided which 
led back to the m ain feed supply tank in case the w ater reached 
too high a level.

On the m orning of the 19th Ju ly , M r. Jam es G rant was in 
charge of the boiler room on the outward journey. He com
menced duty at 6.30 a.m . and prepared the boilers for the 
day’s work, opening all the boiler m ountings him self. Before 
moving from the berth  a t A lbert H arbour, the w ater in the 
starboard water gauge of the forward boiler stood a t a heigh t 
of three-quarters glass, i.e ., the to tal length  of the visible 
gauge glass being 8 |in s ., there would be about 6 |in s . of water 
in the glass. I t  was also stated by various witnesses th a t the 
steam end of this water gauge was leaking badly. W ith  regard 
to the port water gauge, Mr. G rant states th a t no water was 
showing in it as the vessel had a list to starboard. The evid
ence of the ship’s engineers and the m aster is to the effect th a t 
the vessel had always a list of three or four degrees to sta r
board, due to the bunker sizes and inequalities in  the stowage 
of stores, etc. Such a list on the vessel would cause a differ
ence in level in the port and starboard w ater gauges which 
would vary  w ith the list. Again, on th is service the passengers 
m ay move from one side of the deck to the other as the interest 
changes, and thus cause a rap id  change in  the position of the 
w ater level in the gauge glasses.

Mr. G rant was relieved for breakfast by Mr. John  Nicholson, 
who holds a second-class ordinary  certificate of competency, 
and during this period the vessel was moved from A lbert H ar
bour to Princes P ier. E very th ing  worked satisfactorily , and 
when Mr. G rant re turned  in  about tw enty m inutes tim e the 
w ater stood at about half glass in  the starboard gauge, there 
being no w ater in the port gauge and the vessel still having a 
list to starboard. The w ater was kept a t th is level u n til leav
ing Princes P ier. The vessel left a t 8.45 a.m . and afte r call
ing  a t Gourock and Dunoon, arrived at W emyss Bay at 9.47 
a.m . IJp to th is tim e everything was satisfactory. The feed 
pumps were kept working at piers in order to keep the w ater 
as h igh  as possible in the drum  preparatory  to moving off, and 
at W emyss Bay the starboard w ater gauge filled up u n til the
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w ater level was out of sight in  the glass, th e re  still being no 
water visible in the port w ater gauge: The w ater gauges on 
the afte r boiler were in  about the same condition, viz., the 
starboard gauge w ith the water above the top of the glass, and 
the port gauge w ith the water occasionally showing above the 
bottom nut. The appearance of water in the port w ater gauge 
of the after boiler is explained by a difference in  the w ater 
levels of the boilers. W ith  the vessel u p rig h t the height of 
water in the w ater gauges of the forward boiler is equal, 
whereas in the after boiler the water in the port w ater gauge 
shows 11-ins. h igher than  in the starboard glass. The vessel 
left W emyss Bay at 9.50 a.m . and the foregoing conditions 
rem ained unaltered  in  the forward boiler. The vessel arrived 
at E airlie  at 10.20 a.m . and left at 10.24 a.m . for Loch R anza. 
This distance is covered in about an hour’s continuous steam 
ing and there was therefore no variation  in the conditions as 
regards the load on the boilers. Shortly after 10.30 a.m . Mr. 
Nicholson went into the boiler room for the purpose of reliev
ing M r. G rant for about ten m inutes. M r. G ran t told Mr. 
Nicholson of his uneasiness regard ing  the excessive w ater 
which was in  the forw ard boiler. The hand control feed check 
valve on th is boiler was h a lf shut a t the tim e, this having been 
done by M r. G rant. Both Mr. G rant and M r. Nicholson 
stated th a t shortly  afte r M r. N icholson’s arrival in the boiler 
room the water in the starboard glass of the forw ard boiler 
came down to half an inch below the top of the glass and the 
port gauge showed no water, th a t is the w ater level may have 
been h igher th an  the top of the glass or below the bottom. Mr. 
G rant then opened the check valve fu ll open. Both then 
commenced to blow through  the water gauges by opening the 
drain sligh tly  off the face so as to allow the w ater level to 
come slowly down in the glass, and then closing the drain 
when the w ater would rise to its  own level. The port 
and starboard w ater gauges on the forward boiler were blown 
th rough  in th is m anner, and in the case of the starboard gaxige, 
the w ater level was seen to come down in the glass, and on 
closing the drain  to rise up u n til i t  went out of sight. W hen 
the port gauge was tried  no w ater showed in the glass. Both 
engineers then  tried  the gauges by opening the dra in  and clos
ing the steam and w ater ends a lternately . The w ater ends of 
the gauges blew strongly, and when the steam end was opened 
w ith the w ater shut, there was first a strong blow which died 
slowly away. This dying away was due to the safety device 
which is placed in the steam arm  of the gaixge, and which
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closes the steam end in  the event of a gauge glass bursting. 
About this time large bubbles commenced to rise up inside the 
starboard water gauge. The bubbles were the full w idth of 
the glass and from to 2 inches long according to Mr. G ran t’s 
evidence, while Mr. Nicholson stated th a t they resembled soap 
bubbles. The water level in the starboard glass became very 
erratic  as it would bubble for a short period, and then settle 
quietly  a t about three-quarters full of the glass. According to 
Mr. G ra n t’s evidence, the -water now rose u n til it  went out 
of sight in  the glass, and he was satisfied th a t there was too 
m uch water in the boiler, but in  view of the list of the ship 
he thought th a t w ater could not show in the port glass. In  
the circumstances he shut the hand feed check valve on the 
forward boiler so th a t no w ater could now get in , and watched 
the starboard glass to see if the excess w ater would be evapor
ated and the water come into s ig h t. Throughout the foregoing 
period there was no water showing in the port gauge. The 
feed check valve rem ained closed for t%\ o or three m inutes and 
as w ater did not appear Mr. G rant opened the check valve full 
open and went to fetch Mr. W hyte, the Chief Engineer. As 
soon as the feed check valve was opened up, Mr. G rant states, 
the feed checks could be heard thum ping  hard  as the water 
went into the boiler. This indicated th a t the w ater level in 
the boiler was low, th a t the feed regulator was working and 
adm itting  more than  the normal quan tity  into the boiler. Mr. 
W hyte had been down in the boiler room on two occasions th a t 
m orning, and the water level in the forward boiler, according 
to his evidence, showed almost full glass in the starboard 
gauge, and three inches in the port gauge. This differs from 
Mr. G ran t’s statem ent, inasmuch as he did not see w ater in the 
port w ater gauge throughout the m orning. Mr. W hyte also 
states th a t lie had on several occasions looked at the water 
gauges from the alleyways through special sight glasses fitted 
in the casing sides for observing the water gauges w ithout it 
being necessary to enter the boiler room. M r. W hyte stated 
th a t the heights as given by him  above occasionally varied 
owing to variations of list due to the movement of passengers 
on the decks above. He, Mr. W hyte, arrived in the boiler 
room in a few m inutes after being called, and M r. G rant told 
him  th a t there was too much water in  the forward boiler, to 
which Mr. W hyte replied th a t i t  was a good fau lt. M r. 
W hyte states th a t as the starboard w ater gauge wTas fu ll up 
w ith w ater, i.e ., th a t it  could not be seen and no w ater could 
be definitely seen in  the port gauge, he went up to the
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platform  in fron t of the w ater drum  so as to see the port gauge 
more distinctly . E rom  th is viewpoint he saw w ater ju s t show
ing in the bottom of the glass of the port gauge, and in  the 
starboard gauge the water was out of sight. Erom  th is time 
on, the evidence of Messrs. G rant and Nicholson differs from 
Mr. W hyte except in one im portant m atter, viz., th a t when 
the drain  of the starboard water gauge was eased, w ater fell 
and again rose in the glass, and th a t the same result was ob
tained  afte r blowing through the steam and w ater ends. All 
are in agreem ent on th is point. Mr. G rant states th a t Mr. 
W hyte told him  to shut the feed check and M r. Nicholson 
states th a t Mr. W hyte told him  to slow down the boiler room 
feed pum p. These orders were carried out and Mr. W hyte  then 
told M r. Nicholson to go to the engine room to assist in 
manoeuvring the vessel into Loch Ranza. M r. W h y te ’s s ta te
ment is th a t he ordered the check valve to be shut w ith in  a 
m inute or so before the explosion took place. The statem ent 
by Messrs. G rant and Nicholson is therefore to the effect th a t 
the feed check valve on the forward boiler was shut and the 
pum p eased before arriv ing  at Loch R anza, while according: 
to Mi1. W hyte’s statem ent the check valve was not shut until 
afte r the vessel left Loch Ranza.

The evidence of M r. John  Sangster, the Second E ngineer, 
who holds a second-class certificate of competency, states th a t 
p rior to the explosion lie had received an order from M r. G rant 
to ease the engine room pum ps as the boilers were carry ing  
too much water. Mr. G rant states th a t M r. W hyte and he 
were both in the boiler room throughout the tim e the vessel 
was in Loch R anza, th a t during  th is tim e nothing was visible 
in e ither w ater gauge and th a t the feed check valve rem ained 
shut. The vessel arrived at Loch Ranza at 1.1.25 a.m . and 
left a t 11.30 a.m . for P irnm ill. There had been some blowing 
through of the gauges with the drain , and the steam and water 
ends had been tested at intervals afte r M r. W hyte came down. 
The port gauge was now being tried  and it was while th is was 
being done th a t the explosion took place, the tim e being 11.35 
a.m . The subsequent events have been described in  the first 
part of th is report.

No record of the times of arriv ing  and leaving the various 
piers is kept by the engine room staff, and these have been 
obtained from the M aster of the vessel, C aptain Angus K eith .

There seems to be no doubt th a t  instead of having  a water 
level above the top of the starboard glass, there was actually
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no water in  it  a t all, and Messrs. W hyte, G rant and Nicholson 
knew definitely th a t there was no water in the port glass. 
Erom  the evidence it appears th a t the vessel had a perm anent 
list to starboard which changed w ith the movements of pas
sengers. I f  the water was carried a t a h igh  level in  the sta r
board glass and there was a movement of the passengers to 
the starboard side, the water would quickly go h igher in the 
starboard side of the w ater drum  and lower in the port side. 
This would be indicated in  the water gauges. I f  the list was 
sufficient the conditions m ight have been such th a t the sta r
board glass was fu ll of w ater and the port glass em pty. Such 
a condition would occur w ith a list of about five degrees, bu t 
the evidence regard ing  the inclination of the vessel at the tim e 
is not conclusive.

I t  has previously been stated th a t the feed supply tank  in 
the engine room was fitted w ith a water gauge. Any accum u
lation of water in this tank  would indicate th a t water was not 
being supplied to the boilers in sufficient quan tity  to m aintain  
the w ater in the boilers at its norm al level and th is accum ula
tion would be shown 011 the tank  w ater gauge. The evidence 
showed th a t very little  use had been made of th is gauge to in 
dicate how the boilers were being fed, the engineers re ly ing  
entirely  on the boiler w ater gauges. This apparent neglect was 
explained by considerable varia tion  in the range of the tank 
w ater levels under service conditions. The periods of steam 
ing between the various points of call were short and as it was 
necessary to keep pressure of steam high  for manoeuvring, the 
demand for feed water was irregular. Mr. Nicholson—who 
was in charge of the aux iliary  m achinery in the engine room 
on the m orning of the explosion— stated th a t he did not ob
serve any abnorm al fluctuations in the feed tank gauge during 
the m orning. As he was in the boiler room for a considerable 
period th a t m orning, the accum ulation of feed w ater in the 
tank  would not be observed, bu t th a t it did take place would 
appear to be beyond doubt.

Throughout the m orning the engineers kept the w ater in 
the after boiler under close observation. M r. W hyte stated 
th a t ju st before the explosion took place the w ater in the after 
boiler was ju s t showing in the bottom of the port glass and was 
h igh  in the starboard glass. Mr. G rant stated th a t before 
arriv ing  at E airlie  the gauges in  both boilers were showing 
almost the same w ater level, viz., w ater showing in 
the starboard glass and practically  none in  the port glass. He
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also stated th a t on arrival a t piers, sufficient w ater was pum ped 
into the boilers to fill the starboard w ater gauges above the 
top nuts and th a t in  about three m inutes afte r leaving a pier 
the w ater in  these gauges would show below the top nuts. 
A fter leaving Loch Ranza the water in  the starboard water 
gauge of the afte r boiler came into sigh t b u t it did not do so 
in  the starboard gauge of the forward boiler and this caused 
him  to become uneasy about w hat he though t an excess of 
water in  the forward boiler. Mr. G rant also stated th a t both 
water gauges on the forward boiler were in  good working 
order and th a t he never had cause to be other than  satisfied 
w ith the w ater gauges on either boiler.

The w ater gauges were taken off the boiler in  the presence 
of G arnet E . Jenkins, and although there was a little  sedim ent 
and spongy jo in tin g  m ateria l in  the stand pipe and the drain  
of one of the glasses, all the passages of both were clear and 
w ater passed freely through  when poured in from one end. 
The safety devices in both w ater gauges were also in  satisfac
tory working order. I t  is difficult to understand how w ater 
could be seen in  the starboard gauge unless it was an illusion 
of men who were extrem ely anxious, and whose m inds were 
obsessed w ith  the idea of the damage which m igh t be done by 
w ater passing through the superheaters and into the turbines. 
A ll thoughts were directed to excess and not to shortage of 
water.

T heir evidence shows th a t the feed check was half shu t for 
a considerable period between E airlie  and Loch R anza, and 
th a t for three m inutes it was com pletely shut. I t  was again 
shu t off before arriv ing  at Loch R anza and rem ained closed 
un til the accident, a period which from the tim es of arrival 
and departure exceeded ten m inutes. The evidence also 
showed th a t the feed pumps were slowed down for a period, 
the duration of which cannot be definitely ascertained. W e 
have calculated th a t a t fu ll load the w ater in the drum  would 
be reduced from the top to the bottom of the glass in  4^ 
m inutes and th a t a fu rth e r 3 m inutes would evaporate the 
rem ainder of the w ater in the drum . I f  the w ater was below 
the bottom  of the glass orig inally , it  would appear th a t there 
was very little  w ater in the boiler a t the tim e the explosion 
took place. Any w ater there was would be in violent ebulli
tion, and would be forced off the tube surface next the fire. 
The heat tran sfer th rough  the tubes would then cease and the 
tube become rap id ly  overheated to such an extent th a t  it would 
bulge locally and subsequently rup ture .
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All the tubes in  the boiler w ith the exception of the top re
tu rn  tubes are being renewed.

Observations of Mr. A . E . Laslett, Engineer  
Surveyor-in-Chief.

In  cases of boiler explosions due to shortness of water it is 
often difficult to obtain a satisfactory and reliable account of 
the circum stances which preceded the explosion. In  th is case 
it was stated by witnesses th a t the appearance of a water 
gauge indicated excess of w ater; but the boiler was practically  
em pty, and as the gauge was connected directly  to the steam 
drum , it was impossible th a t water could have shown in the 
glass, particu larly  afte r it had been blown through. A sus
tained and completely satisfactory test of the steam end of the 
water gauge mentioned in this case was prevented by the 
action of safety devices. Such fittings are best om itted from 
the steam ends of water gauges, but there is no reason to sup- 
pose th a t the gauge was in any way defective and not in 
perfect working order.

Those in charge were experienced certificated engineers, and 
while it is difficult to understand how, from th e ir observation 
of the starboard gauge the error was persisted in th a t there was 
an excess of water, it is even more difficult to account for th e ir 
disregard of the port gauge, which was on the h igh  side of the 
ship owing to the list to starboard. In  m arine boilers it  is 
required th a t water gauges should be so placed th a t water 
shows in the glass at its lowest safe level. W hen, therefore, 
to meet variations of list it is required th a t two w ater gauges 
shall be fitted 011 opposite sides of the larger m arine boilers it 
is obviously intended th a t water shall be shown in both glasses, 
thereby ensuring sufficient water above the entire heating  sur
face, w ith  the ship listed to any angle.

H ad proper and in telligent use been made of the water 
gauges, the absence of w ater in the port glass would have been 
accepted as an indication of low’ water level and the explosion 
would have been avoided.
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W allis , W illiam  R. 
Griffiths. W illiam  
M acClem ents. Andrew 
T u rn e r , W ilfred  
W ilson, E dm und P. 
Beckwitlh, John  A.
E llio tt, H enry  H . ... 
M ackintosh . George Y. 
M into. B ertie  
Sandilands, C harles W .

1.e.m i; .
2.C.
l.C.
l.C.
1 . C .
2.C 

l.C .M .E. 
LC.M .E. 
LC.M .E. 
l.C .M .E.

1.C.
2.C. 
2 .C . 
l.C . 
l.C.
i.e.
1 . e .
2.C. 
2.C.

2.C.M. 
l.C .M .E.

2.C.

For week ended 18th Jan u ary, 1 9 3 0 :

Grieve, A ubrey N 
Gicllev. W illiam  H. 
W alk er, Cecil H . ..

l.C .M .E.
2.C.
2 .C .

Glasgow

H ull

London

Liverpool
N o rth  Shields

S u nderland

London

5)5
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N AM E.
C am pbell, D uncan
S i l le r ,  Jo h n  ..............
M orton, Huglh ..............
Thom son, A rch ibald  
Sim pson, A nderson M. ...
A nderson, R o b e r t ..............
G ilray , Thom as M.
Scott, S tew art W .................
Stevenson, O liver S.
T en n an t, D o u g la s ..............
W ade, C harles C.................
Jefferies, P ra n k  H.
M argetts, Ronald S.
E vans, D avid T. P . L. ... 
Pau lsen , H a rry  P.
Cain, A r th u r  R .....................
H agedorn , Cecil C.
Sm ith , Sydney ..............
W atson, E ric  ..............
P a rr ie s , W illiam  ..............
K enna, Cecil J .....................
Lewis, W illiam  H.
P r itc h a rd , J o s e p h ..............
R oberts, E dw ard  E.
R oberts, George E. 
G lendinning, A ugustus S. M 
Cavell, H e rb ert D.
Oxborrow , C harles R. ... 
Robbie. Andrew  W.
Colem an, C yril R. S.
Sm ith , Joseph L ...................
Stephens, Jo h n  C..................
Borm ond, Joseph ..............
W ardihaugh, W illiam

For week ended 2 5 th January,

Ja sp e r, A lfred 
H eader, H enry  J .  ... 
S tew art, F ran c is  ... 
M ason, Jam es 
M u rray , B rian  P . 
Logie, A lexander C. W. 
Caldwell, Andrew  M. 
Caldwell, Thom as ... 
H orne, George 
W att, R obert 
McConochie, Kennetfh 
M ilne, R obert C. ... 
C leator, A lbert T. ... 
Gee, R ich ard  N. 
Gibson, Jo h n  L.
H u rs t,  N orm an L. 
Lom as, John  
M cLellan. Thom as H. 
Owen, R obert 
Sm ith . F red erick  E. 
W ild, N orm an E . ... 
Levens, A ustin  C. ... 
M cK innell, Thomas

P O R T  O P EX A M IN A TIO N  
Glasgow

Leith

Cardiff 

Liverpool

Southam pton 

N o rth  Shields

London 

Glasgow

Liverpool

i . e .
1.C.
2.C.

1.C.M.E.
2.C.M.E.

For w e e k  ended  18th J a n u a r y ,  1930—continued.

G RA D E.
l.C . 

l.C.
1.C.
2.C

1.C.M. 
l.C. 
l.C.
1.C.
2.C. 
2.C. 
2.C. 
l.C.
1.C.
2.C.  
2.C.  
l.C. 
l.C. 
l.C.
1.C.
2.C. 
2.C. 
2.C.  
2.C. 
2.C.  
2.C.

l.C.M .E. 
l.C. 
l.C.
1.C.
2.C.
1.C.
2.C .

2.C.M.
i .c .m . t:.

1930 :

l.C.M .E.
l.C.M .E.

1.C.
2 C
2.C .
1.C.
2.C.  
2.C. 
2.C. 
2.C.

l.C.M .
l.C.M.

l.C.
l.C.
l . C .
l.C.
l.C.
I.e.
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For  w e ek  ended  2 5 th  J a n u a r y ,  1930—c o n tin u e d .

N A M E .

Blaclhford, John 
B u rton , H a rry  
H eslap, P h ilip  
H ibbs, Joseph 
Shilling , S tanley  S. 
Sm ith , Jam es H . ... 
C raney, E dw ard 
New lands, V ictor I?. 
B ittlestone, Jolhn S. 
Ridley, E dw ard A. 
V allack, llen ry  W. 
Brown, Jo h n  J.
E vans, Edw in 
M acdonald, W illiam  K. 
Scott, H orace J . 
B rydon, H aro ld

For week ended 1st  February,

MoCullagh, John  ... 
McCammon, W illiam  J. 
W alker, A llan  F, ... 
F a irw ea th e r, Robert S. 
Johnstone, W illiam  T. 
Bitihell, A lfred  
Bolton, Thom as W. 
F ranc is , Jolhn 
ToOley, George F. ...
Jones, C y r i l ..............
L oader, E dw ard  J . 
S ntton , Sydney A. 
Cooper. W illiam  F . B. 
L azarns, Thom as J. 
W ynn, George W . C. 
Gillespie, A lexander W . 
L o ckhart, W illiam  
M acDonald. David 
McMatlh, Jam es K.
Paul, V ictor N.
B irss, A ndrew  L. ... 
B rem ner, Jolhn F. ... 
Duncan, W illiam  ... 
C ra ib , Gilbeirt S. ... 
Paterson , P e te r  1V1. 
S tew art, Jo h n  H . ... 
C halm ers, Jam es C. 
V alen tine, D avid W . 
Rome, R obert 
M iller, Jolhn G. 
W illiam son, H aro ld  G. 
M orris, T hoinas 71. 
Robins, R eginald G. C. 
B lack , Jo h n  J .
C arney, L eonard ('. 
Rogers, R ichard  K. 
W hitefield . A r th u r  W . 
Sincock, Lelonard F. 
M argetts, R onald  S.
B a rr , Jo h n  ..............
C rouch. R eginald  C.

G R A D E . P O R T  O F EX A M IN A T
l .c .M .i:. N orth  Shields
l.C.M .E. »»

i.e .
i .e .

i .e .
i .e .
2.C.
2.C.

Sunderlandi .e .
i.e .
i .e .
2.C.
2.C.
2.C. ,,
2.C. , t

2.C.M. ”

1 9 3 0 :—

l.C.M .K. Belfast
l.C.M.IJ

1 .c.
2.C. Glasgow
2.C.
i .e . Liverpool
i .e . ,,
i .e .
i .e . „
2.C. „
2.C. »*
2.C. *»

1.C.M.I0. „
l.C .M .E.
t.e .M .i:. „
i.e .M .i:. Southam pton
i .c .m . i ;.
i.e .M .i:.
i.e .M .i;.

2.C.
i .e . L eith
i .e .1 r 1i .
2.C. ”
2.C.
2.C.

2.C.M
2.C.IU. „

i .e . N o rth  Shields
2 e .
2.C.
i .e . Cardiff
I .e .
2.C
2  e
2.C.
2.C

1.C.M.
l.C .M .E.
l.C .M .E. London
l.C .M .E. ,.
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IN S T IT U T E  NOTES.

C o r r e s p o n d e n c e  :— The latest “ Bolnes ” Engine.

5 4 , N ew  B road S t r e e t ,

L o n d o n , E.C .2.
24^/< January, 1 930 .

The Secretary,
Tlie In s titu te  of M arine Engineers,

85-88, Minories, London, E .C .3.
D ear  S i r ,

Our atten tion  has been draw n to a statem ent made in a 
paper read at your In stitu te  and published in your booklet for 
Jan u a ry , 1930, th a t the latest “  Bolnes ”  engines are to tally  
enclosed.

We beg to advise you th a t th is is not the case. The latest 
"  Bolnes ”  engine is open-fronted, in the same m anner as the 
well known “  Bolnes ”  semi-Diesel.

Yours fa ith fu lly ,

(A rthu r R. Brown, L td .)

H . E . F L E T C H E R , D irector.

----- -— o----

JU N IO R  SECTION.

Since the inauguration  of the series of m onthly meetings® . «/ o
for the Ju n io r Members, the following events have to be re
corded. The Committee are g ra tefu l for the w illing  assistance 
which is being rendered by Members of Council and others 
in m aking these m eetings really  successful, and thereby infus
ing new interest and am bition am ongst not only the present 
S tudent G raduates and Graduates, bu t m any of th e ir ap
prentice and student friends whom it is desired to a ttra c t to 
our M embership.

On Thursday, December 12th, 1929, an Inform al Address 
was given by Mr. J .  R. Douglas, Superintendent Engineer, 
Blue S ta r L ine (Member) on “  W h at is expected of a Ju n io r 
E ngineer on jo in ing  his first sh ip .”  M r. S. N. K ent, Superin
tendent Engineer, P rince Line L td . (M ember of Council), 
occupied the chair. This inaugura l m eeting was attended by

99
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over six ty  jun io r members and friends, who accorded the 
L ecturer and the C hairm an a hearty  vote of thanks for the in 
teresting  and valuable inform ation and advice which they im 
parted to the audience.

The next m eeting on Thursday, Jan u a ry  9th, 19-30, was 
devoted to a F ilm  D isplay, featuring  “  The B irth  of a L in e r,” 
by courtesy of Canadian Pacific Steamships, L td ., followed by 
“ Gear C u tting ,”  bv courtesy of the Gear G rinding Co., L td. 
Mr. E. F . Spanner, R .C .N .C . (ret.), M .I.N .A . (Member) pre
sided as C hairm an on this occasion, and the Lecture H all was 
filled to its capacity by an appreciative audience, which in 
cluded both Ju n io r and Senior Meinbers and their friends.

On Thursday, F ebruary  13th, an Inform al Addreas was 
given by Mr. S. N. K ent, Superintendent Engineer, P rince 
Tiine L td . (Member of Council), on “ D iscipline as applied to 
the Engine Room, e tc .”  Mr. J .  R . Douglas, Superintendent 
E ngineer, Blue S tar L ine (Member) was in the Chair. The 
attendance was considerably less on this occasion; nevertheless 
the audience evinced keen in terest in and appreciation of the 
lecturer’s hom ily and the C hairm an’s additional remarks. At 
the close the Chairm an kindlv offered two prizes of one guinea 
each for the best sketch and the best report respectively of a 
repair to a winch or other aux iliary  engine, the competition to 
be open to jun io r members up to M arch 13th.

-------- o--------

BOOKS ADDED TO T H E  L IB R A R Y .

Purchased : —
“  F ires in Steamship Bunker and Cargo Coal.”  Special 

Report No. 5. Published by the D epartm ent of Scientific and 
In dustria l Research, under the au thority  of H .M . Stationery 
Office. P rice 2 /-  net.

“ Testing of Lifeboats’ L iftin g  Hooks.”  Instruction  to 
Board of Trade Surveyors. Published by H .M . Stationery 
Office. P rice Id.

Presented by the P ub lishers:—
“  Schools, 1929.”  Published bv Trum an and K nightly , 

L td ., 61, Conduit Street, London, W .l .  7^in. x 5 |in . x l f in .  
766 pp. and map.

This publication purports to be the most comprehensive 
guide obtainable to the scholastic facilities of Great B ritain ,
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and parents or guardians will find it a most useful aid in the 
choice of a school. A valuable feature is the section devoted 
exclusively to schools offering special facilities for vocational 
tra in ing , while an article on “  Choosing a School ”  mentions 
the facilities offered by the Publishers for obtaining expert 
advice on th is im portan t subject.

Presented by the P u b lish er: —
“ The M otor Ship Reference Book for 1930.”  London, 

Temple Press, L td ., 5-15, Rosebery Avenue, E .C .l. & |in. x 
5-iin. x lin. 278 pp. Price 5s. net.

This excellent annual publication m aintains its high 
standard in the 1930 edition. I t  is five years ago since 
"  The M otor Ship Reference Book ”  was first published. At 
th a t date there was scarcely two m illion tons of m otorship 
tonnage in service, bu t th is figure has risen to over seven 
m illion gross tons at the present tim e. I t  will be appreciated, 
therefore, th a t  there is ample justification for a volume such 
as the one under review.

A fter some elem entary considerations re la tin g  to the cycle 
of operations in oil engines, etc., the book goes on to give brief 
descriptions of some of the best known types of m arine Diesel 
engine. Perhaps the two most useful sections of the work 
are those which give the principal Diesel fuel bunkering 
stations throughout the W orld , and the list of motorships in 
service. The la tte r  feature is distinctly  comprehensive, 
g iv ing  all vessels of over 2,000 gross tons th a t have been com
pleted since the end of 1924. M otorships on order a t the tim e 
ihe book went to press are also tabulated . Some useful com
ments on motorship developments in 1929 are given towards 
the end of the book, which is undoubtedly excellent value for 
the modest price asked.

“  On the B ottom ,”  bv Commander Edw ard E llsberg, P .S .A . 
Pp. 306. Sin. x 6in. Profusely illustra ted . Published by 
Constable and Co., L td ., London. P rice 10 /- net.

At first sight one m ight th in k  “ On the Bottom ”  was 
romance or fiction— it is more than  either. Commander Ells- 
berg’s account of the salving of the S  5.1 is an epic. U nfo rtun 
ately ramm ed bv the C ity of Rome, the S  51 plunged to the 
bottom  to a depth of 135ft., 100 miles from land in unpro
tected waters. TTe tells us how throughout the weary months 
of th e ir  struggles and disappointm ents in th e ir heroic endeav
ours to make a ir-tig h t a vessel of m any com partm ents, already
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a coffin for 18 unfortunate men and officers, of their daily 
contact with the dead and the eventual sudden liftin g  of the 
S  51 during the height of a gale and subsequent foundering.

One is enthralled in reading of Divers Sm ith, Kelly, Edie 
and F razer tunnelling  underneath the vessel through m any 
feet of sand and clay. Commander E llsberg has certain ly  
given the reading public a splendid description of th a t won
derful class of men, the deep sea divers.

E L E C T IO N  OF M EM BERS.

List of those elected at Council m eeting held on M onday, 
3rd February , 1930: —

Members.

Edw ard Geoffrey Berry, 14, Shenfield Road, W oodford Green, 
Esses.

George W illiam  Brown, 24, Stockton Terrace, Grangetown, 
Sunderland.

W illiam  Edward Burns, 40, H art Street, U lverston, Lancs. 
A lexander Duncan Edm und, R obert Gordon’s College, 

Aberdeen.
Charles Hedley H aller, Selwood, Venn Grove, P lym outh, 

Devon.
John  Hudson, 187, E ightie th  Street, Brooklyn, N .Y ., U .S.A . 
Thomas A rm strong MacGregor, c /o  Donachie, D rim hill, 

Broomberry Drive, Gourock.
Ronald A rthu r Sandison, Denbank, Cults, Aberdeen.
Albert W all, Penrhos, Holyhead, Anglesea.
George H erbert W illiam s, Cam bria, 44, Southern W av, 

London Road, Romford, Essex.
Jam es W interbottom , 44, Southern W ay, London Road, 

Romford.
A ssnciate-M em bers.

Hedley A lbert Amos, 31, H am ilton Road, Southville, Bristol. 
George Robertson Grnv, Old Prospect Road, W entw orthville 

.N.S.W.
John  Livingstone Roxburgh, W ren Cottage, M anor Gardens, 

Brighton Road, Purley , Surrey.
George Copland Morris Simmons, R utherford  Manse, Onslow 

Drive, D ennistoun, Glasgow,



Graduates.

Spencer Oliver G rant, Broome Lodge, Staines, M iddlesex. 
Edw in Charles Plastow , 89, Convaniore Road, G rim sby, Lines.

Transferred from  Associate M ember to Member.

Frederick  A rth u r Rogers, 5, W atson Place, St. Ju d e ’s, 
P lym outh.

Transferred from  Associate to M em ber .

Ian  H . Cowie, 35, U lundi Road, B lackheath, S .E .3.

Transferred from  Graduate to Member.

W illiam  Redvers George, 10, H arbour Road, B arry , South 
W ales.

C jail W alte r Jones, 90, Peacock S treet, Gravesend, Kent.
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