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Summary 

T!1c J'•il'ct begins with a brier review or the sta te of marine propulsion machrncry in 1860, 
\\hen ;he l."-. .A. ,,.;ts fou:~Je , and proceeds to examine the dcYc!onmcllts \\hich h<:vc taken 
place ln ~ he ccntulv \\ "hich has elanscd since then. . 

'The in1ponant l~ndn1a.rl-\s in th~ dcvclopn1ent of the reciprc;'cating stc:an: engine and stcan1 
lurbinc anJ (·: lindricul boiler arc outlined, and 1he introJuction and subsequent dcvcioprncnt 
of the warcr·-tube boiler. The g;·adual clmnge f rom coal-burning to the almost exclusive usc 
oii fud is re:en·ed 1o. S.:ctions follow on the iilicrnal combustion engine. including heavy oil 
engin-:s . free -p iston machinery. and gas turbines . The llSC of nuclc:.:r heat sources to drive 
ste,\m and ga5 turbine p:-oouls ion units is examined. and thi s is followed bv a reference to the 
nuckar fusion cxperimenlS currently in p rogress , with their great promise for the future . 

The paper ends \\·ith a :ribute to the Ciovernmcnt Departments, I nstitutions. inventors, a;id 
the great body of marine engineers \\·ho have all contributed to the progress of marine engineering 
O\·er the past 100 y~ars. 

lntrvduction 

Among the first group of professi onal papers gh·en before this 
Institution. in March 1860. \\ as one enti~ied, "On Various 
Means and Applia . .nces for Economizing Fuel in Steam Ships," 
by Robert Murrav. Engtneer SurYeyor to :J:,e .Board of Trade. 
This paper began by stating: '"The ?\ai'al Architect and the 
~\'larine Engineer are nO\\. so intin1ateJy connected in the earnest 
endeavour of both professions to uroduce chat !!rand effort of 
modern science ·a perfect steamship' that I am ii;duced to hope 
that the subject I ha,·e selected for this pape~ may not be con
sidered out of place though addressed to an Association of 
Na\'al Architects. .. ln conclusion the a~J·.ho~ hoped "that the 
day is not far distant \Yhen the a':erage co:-.s ~:m ,p rion of marjne 
engines \Vill be reduced to ne2. rly: one half of 'vYhat it is no\v. ~~ 
Yis goal, long since passed, w:!s "ro induce ou ~ marine engines 
to content themselves with 3 or even 3·: lb, per indicated 
ho rsepo\\'er per hour. .. 

1n the sun1c 11101Hh Pne hundred vears lutt ~ the Drcscnt author 
h~t> the honour funhc r to dc,:e1op. tbis thc~:'2 by. first giving in 
nroad outline the changes during one hun~~~ed ,:. cars of marine 
,'ngmeering, summarizing the pr·csent :,::: :::: or the art and· 
p1..~culnting on future lrt:nds. 

!\iachinc·ry lsage in 1360 and at Present 

In 18GO wncn ou;· Jnsti.tution w~1s fc)'~~;;:::J. of the total of 
-nips under British Registry cnly ~tbom o.J p;:~ c:::"t was propelled 
;,y steam machrncry . Tdolc 1 shO\\'S L'''· r:q1idly steiunships 
;rtcrc<Jsed until in J 87! the\' fo rmed ncJ"l' or;e quarter of all 
~hips on the British Register. 1860 w::.~ t'te height of the 
cJipper ship per·iod, the Cutr,1 · Sar!; w::s G::iy nuilt in J R89 . 
Only steam reciprocating engines of ··"':z:Js types · \\ere in 
cxistt:nce then <tnd for nearly forty years to ·2omc. The modern 
position is given in Table 11 and Fig. 1 shovii ng tlie main 
machinery types in rcl:uion to the tot2l g·c"s tonnage iaunchcd 
each ye::1r. Table 1I gives ;he types of m.2::::i·,incry in service in 
I Y4o and ! <.J58, from \\ hich ;t \vill be se-:'·: now much the recip
rocating steam engine has occlincd and t·ri:: dic<:el and turbine 

':' Director, 1l1e P~1rson, ,mJ .\f:\rine En);:',"':-';:,;,; Turbine. Research 
and Development 1\.s~oci .ni\;n, PJ.;netrada }~c=-:.?. ~.:,::~· Sv·ttion, \"''a11send. 

machinery increased in set·vicc. The trends can be se~:: e\ <::'1 

more clearly in Fig. i . The heavy-oil engine at 57· 2 De; c::n: of 
all tonnage launched in i 958 is the most importJnt ty:ce of 
propulsion mach inery for ships, Tbe corresponding figure :or 
geared turbine machinery is 41 · 1 per cent. !t will be seeD t:~at 
after a iong and exciting history the use of the steai11 ~e:: if) 
rocating engine for propulsion is drawing to an end as i:> l ;·:;s 
only 1 · 3 per cent of world tonnage launched was to be f;~ :ed 
with steam reciprocating engines (including sets fittei :. i th 
exh::1ust turbines). The corresponding figure for ships bc::-:::~ed 
in Great Britain and ireland in the same year was 0 · 29 pe ~ .:ei'l t 
fitted \\'ith steam reciprocating machinery or any type. 

Steam Reciprocating l'l'lachinery 

Historically the first type of marine propulsion mach:;:.:~:- w 
be exan1iued is the reciprocating stean1 engine. Th;:- :'-.:-~est 
warship in i 860 was H . M.S . Vicroria, launched the ;:~e·::c,:.Js 
vear. She \\'as a vmoclen battleship 260 Ct. long. 60 f:. t:·c=.d., 
with a displacement of 7.000 tons . Her steam E!c<.::;:::·.:":·. 
treated hrgely ·as auxiliary to saii powe r, developed '"' ::c: :~;::l 
4,200 indicated horsepower. \\'hen the m~~chincry \\:\S r-::::;:r:::d 
the order was ' ·Up fu nnci and clom1 screw." 

A typical merchant stc::~mship constructed in 1860 \\ o:...i c. ::::: 
of iron rather than wood and would be mo re likely iL' b: ::·;-,>

pclled by a· 'crew than to ha,·e paddle,. At this date s:- ::cd 
increasing gc::tring between the steam nnchinery and :he s::-c\\' 
was becoming obsolete . Any new en gines would tc:-:c :o :~e 
direct-acting rather than driving the screw sktft throu ~:h :-::3;-:~s 
or levers. A very wide arrangement of cylinders \\:ls poss;~''e. 
but the first fev,· in, ·cr·tcd engines which were to beco:"':e ~:le 
s tandard form for the Cuturc were coming into scrYt-.:c:. A 
typical steam engine of this date would probably o.c ";;.gle 
expansion rather than CO!llpound. 

Robert Murray 's paper, already referred to, gives p:L!·t,c·.::::!rs 
of stc;~mships in 1860. There were 50 single cxpans!('11 :;:-;::;:n
cngincd ships and no compound engines in the list. A 5~:-"il:er 
paper given by him to this [nstit ution in IS65 l::tbula'.\'C ;:c.:
t icula rs of 26 sets of machinery of which 6 showed co·~:;:.-:-·_;nc 
engines and 20 bad single expansion types of machi:>cr:J. T'::.~ 
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s team pressure in tbe compo und engines \\·a s no higher than 
rbat u sed in t he single expansion engines which m z, y :1ccount 
for :he difficul t ies exper ienced a t that t ime in sho'' in g G ck:n· 
gain in al! ca ses fo r the ne\\" compound machi nery. ln i<1c t a 
corr;po und steam engine was regar·dcd in the !86trs <'S be ing of 
an experimen tal na ture, b ut was almos t u nive rsally <1lh,pted in 
t!:e l 870's. 

\-'>'tHcr v.·as used), Such cor::~c'1_s~:-s \\e re ic..n er re-introduced. 
largely by H um phreys an1J Sper' ~-~ ~- . s. s. }..foui!Cin , 1859, a. 
P. & 0. liner , ilt ted v:ith a sJ;;-~-;; :::onuenser ga\·e such saci.;
factory results thut subscqur;;.:-_ ~: ~- sur{acc cor:densers becawe 
gcncr,!l . 

!- uc l co nsump ti o n \\ as o f c~(: ·~:tier of 3 to 4 I b. o( coai p;:: 
;nd ica tcd ho 1·scpcw:ct· lw ur. 

Superheating was t ried e>. pcrimc ntal!y in two n~:,·a! L·ssc!s 
( Eiac!; Eagle and D~e) in 1856 al1cl ,., as used afte r 1\60 m :nost 
designs fo r na va) machinery. For m e rc ha nt n~s-;els, Robert 

__ Murray stated : 

"i t may n ow be conside red certain th a t supe rheating <he steam 
is desirable for all ,·essels, wh ich make long "-'YHgcs, an d 
\\hic:h expand in the cyl inde rs to any considcr:·.l•k 'I..'X l en!"' 
(TRA'\S. LN.A., 1860). 

" it is found better to l imit the hea t of tile s team :n \111..' super
heater to 300", or 320" at the utmost. a h igher tempera tu re 
being detrimental to the engines" (TJ<AM. l.KA ., J ,.:(,5). 

Surface condensers were paten ted by Samuel H:1!J in JS34. 
but aftet early trials were abandoned, pZtrtly 011 iPg to increased 
cost, partly owing to fouling of condensers and inc;-eased cor
rosion in the boilers (due to absence of scale presen: when salt 

rn t h ~ 1na u cr of en g i n~ ~:· ~,.:::) ttn /\drnirahy Con1n!~tro:-; 
reported in J R5?l ; 

Hor all the variety of engi:--~c-... ~;~;·t ha\·e bet.:n purchased t:: 
Go\'crnment for our ol>ip> ..-: .,.,.;.-;r, the lolicw. ing are so .ia
supcrii•r to all others, tr: .. ~: !L.i cngir,cs of an older mak~ 
shou ld ever ag~li n be put~~:- '~'~'~~1rd: 

{1} the single- piston - roc~ t.:ng:rte . \\Jth the connecting rc_i 
atta \.:hed dircc: L to t~\:. c··ank5hnrt- ~.tnd v:ith a sing.:.e 
n:lt guide, 

J . I ' L ' - •. " ",.,,1 en t 1C l''l_e1ne COn11l10i1 y :-:!'"/)\t.·n as {!iC 1ftlf1.h C!Jgl11\.>~ f:L:._:.v. 

pa tented by ivles'.r' .. !'eTJn & SDih, 

(3) the Joublc-pi5Wn-rod c:-;gmc." 

In 1860, the outstanding m·~rJ.<.mt ship \\hicb ktd jw,t t,c;;n 
completed was the Great - E<c·,:r;;. S!ic 1 i1 st put to -.e~, f rc-rr! 
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A .~1AR1NE ENGlNEERlNG REVIEW-PAST, PRESENT, AND FUTURE 

:-:i'~;,._;] on the Tham~s on September 9, 1859. ITer princi_,;aL 
d 1 ;.:1en~ions and rn;Jchiner) details 2re gi\·cn in 1·~~blc UL 

]: nnv be remarked that the GrPal Eas/Prn rc1naincd the 
:::.,::;est si1ip in the worid until l 899 \\hen Messrs. Harland .X 
\\'~lr:· ~1uilt o.he Oceanic. Figures for this ship arc compared 
v·[th those fo r the Great Eas1cr11 in Tabic HI, and show clearly 
chc yast improvements in steam m<tchiner:y cfTcetecl in forty 
\-e;ars. 
· J t must be remembered, however , t!Jal the Crear !:astern wns 
a ',cry exceptional ship anJ that in following out the changes in 
th,~ recip rocating stean1 engine it js necessary 1o sc]cct Lbosc 
\\hich represent the most typical as well <is the largest o[ those 

1n ~en ice r;~ the appropriate date. On this basis the steam 
en£:1nc'> fm the p :tddlc ste:tmcr Scoria should be mentioned. 
Tl~c shi n _ built in 1S6l, was the !~\St paddle-driven steamer built 
ll'! the C.'tnwrd Lme and \\·as also the last b uilt for occan-going. 
She held tl1c Blue Riband of the Atl anti c from 1il62-67. Hu· 
m:tenincry ,,·as built by Robert Napier & Sons at Gi:tsgO\\, anJ 
similar mach inery built by him is shown in Fig. 2 (furthe r par
t icu1:1rs arc given in Table JV) . ln Fig. 2 the steam is sho,·.r:. 
e:-.k;usting from the bottom cylinder to the jet condenser, \\hik 
the tnn cylinder takes steam. This side-ie,er engine had L\YC 

e\lhcicrs 100 in. diameter ;< 144 in . stroke and de\eloped 
~-. 632 ihp, and if not the largest is among the largest simpic 
e\p:msion steam reciprocat ing engines fo r marin::: propulsion. 
n- n:ost instances in Table 1V th e LHgest engine of a type has 

been chosen as fM as possible to illustrate the cu;Tent position, 
as ne\\ types of engine are usually built f1rst in small sizes and 
ma,· take some time to become established. 

~" mong the l:J.rgesl sets of compound engines which I h2. vc 
be~n abl~ to lind -were those fitted in the Ciry o( Rome, i 881. 
which had three pairs of tandem cylinders, H .P. 43 in . diameter, 
and LP. S6 in . diameter by 72 in. stroke driving three cranks, 
de\·cioping 1 1_890 ihp with 90 lb./in.2 pressure in the boile rs. 
This represents the largest compound engine of this type. 
Before that, however, there had been many compound engines 
fi tted in \·cry important ships. For example, the first ship buiit 
for the Orient Line by John Elder & Co., the Oriem (1879), had 
a three-crank compound engine 

!-J.P. cylinder 60 in .. 2 LP. cyiinden; 85 in. 
--------60 in. stroke-- ---------

dcn~ioping 5,400 ihp at 75 lb.jin. 2 pressure in the boilers. 
Soml: of the largest cylinders ever built were fitted in com

pocmd engi nes at about this time. for example, in l 873 the 
\1 ai l Steamer Ci1y o/ Chester was f-itted with compoun d 
machinery haYing an H.P. cylindeF-oi 72 in. diameter and an 
L.P. cviinckr oi' 120 in. diameter, the stroke being 66 in. With 
s team 'at 80 lb .fin .2• 4,600 ihp was developed at about 47 rpm. 
Sister ships C'iiF or Ric!IIIIOiid ( 1873), Todd & McCII·cgor. 
GlcS"0\1' a nd Citr o( Berlin ( 1874), Caird & Co., GreenL•ck_ 
al~o J1acl LP. cyJin~lers or 120 in . diameter nssociated wi<h 
H .P. c'iindc rs of 7(> in . and 72 in. respectively . Even !arg:r 
was th; compound mnchincry or tllL: lmperinl Russian Friga:c 
General ."idllliruG which bact an HY. cyii ndc r or 'J2 in. :md .-:1 
LP. cviindcr of DO in ., with a >trokc o f 48 in. T he engine \t.a,; 
dcs1gn~d to develop 6,300 ihp at 65 r[llll with a working preso;ur~ 
of 60 lb.fin .2. 

This L.l'. cylinder is the largest diameter or slcam cylinLkr 
known w the writer, although la rger cylinders were used in ti:e 
hot air cngiues of the I:'rics.lon. The~,e engines had fou r cyi:,IJ.c:r--:. 
or 14ft. (!liS in .) diamcicr >- 72in . s tro ke , bul devclopc:d on!) 
300 ihp at 9 rpm with a mean efl'cctivc pressure of 2 lb_fm.:. 
Al thou gh the coi1l consumption in terms of ibp was good for 
the t.imc ( i · 87 lb.fihpfhr.), the engine was a contmcrcial lailur·:. 

The Brilaunic and Germanic(] 874), built by Harl;lnd c· \VoltT. 
obtained their cnllmes from Maudslcy, Son & Field of London . 
The machinery \\;;s of the double compounu direct-acting tyr~ 

1 .. 1\-;ng 2 1:~1.P. cylinders 48 in. driving jn_ tanden1 \\·jtb the 2 L.P. 
.cylinders of :i3 in .. tbe stroke being 60 in. 

The Um/Jria and Erruria. built by Mess•·s. John Eider & Co. 
in 1 ;:;~4 for the Cunard Company, were the last large singlc
.;.c:·cw ste<tmcrs built for the Atlnntic nm. ar.d had the h ighest 
;:-~''';;red compound engines of all. H.P. c:.!inder 71 in. diameter 
''· ith 2 LP. cylinders 105 in . diameter by 72 in. stroke de\elopin!:! 
l-' .321 ihp at 69 · 9 rp!l:. ~ 

Triple expansion engi nes were int rod uced carlic:· by D r. Kirk 
.'. 'cen crnploved by John Hdcr & Co. in the ~llip Propo11tis, 1874. 
Thi' ship developed li'Ouh!c in a \vater-lllbc l;oikr which was 
·.'.e:l bt:forc its time, and it ,,·as n ot until i 881 that the next triple 
exnan~ion engine of his dcs ig1~- \VHS Cittcd in tile Aberdeen. The 
:-,-,J.::hincry was built by the firm R. Napier & Son' in which 
D:·. Kirk was then a partner. The engines had cvlinc!er sizes 

H .P. 30 in .. LP. 45 in .. L.l'. 70 in . dia . 

'\4 in. stroke 

cmd \\L'1fkCd at <1 pre':,S\P'e or 125 lb./t!i .2 
P:-1niculars of the t\\ in-screw tri p le c.xpansion machinery 

.~:ted in the Cit1· ojParis and Cirv of NClr }'ork built by .r. & G, 
T:lon}son, Clyclcb~lnk, is shown in Table IV. The cylinder 
:;izes \\'ere:--

H .P. 45 in . c!ia., LP. 71 in . dia .. L.P. ! 13 in. dia. 

60 in. stroke 

,l~ ·-:c:loping on twm sere" s 20,117 ibp at 90 · 8 ip!;z. This appears 
:o be !he l:Jrgest LP. cy linder diameter used at sea in any triple
c\pansion machinery. lncidcntaUy. these ships introduced the 
~-a~hion of tv.-in -screw machinery on the Atlantic run . 

J n 1892 the Elder Yard I The Fairfield Shipbuilding & Engin
e~!'in g Co.) produced most important machinery for the Cunard 
liners Campania and Lucania. The machinery co nsisted of tv,.in
s.:r-:w 5-cylindcr 3-crank triple expansion engines comprisi...'1g 
2 H.P. cyiinders per engine 37 in . diameter, 1 I.P. cylinder 79 in. 
diameter, and 2 L.P. cylinders 98 irt. "diameter :< 69 in. stroke 
cew loping a total of 31,050 LH.P. at 84 rpm. Fig. 3 taken 
!~om EngiiU!f'ring gives a good impression of this machinery. 

After these ships. large British passenger sh ips to be fitted 
i.'.ith reciprocating engines were the Oceanic. i 899 , and Caronia, 
1 90-+. The f,·emia, 1899. built by C. S. S.wan & Hunter and 
er. gmed by The Wailsend Slip\Yay & En gincenng Co. Ltd ., 11as 
:!le first ship to usc quadru_pie C:'\pansion 1nacJ~inery on the 
l..tlantic run . These ships, we1·c, ho,1evcr. ovcrsllado\led by 

;argc Gcrm':tn li ner~ al i built by the \'uican Co: pany at Stettm. 
t·cq con \'enlcnce the n;~tin parti.:Ldt1rs of th~ :11achinery of tflese 
'-~1ios are tabulated jn 1·able V: These Gerrn:.-::.n ships held the 
B:·~e Riband of the A ti<lntic fo r nearly ten ;e::;n until knocked 
o:.:: by !he tw-binc-cngineJ ships :\Jaurcwnio ;md L usirania in 
1 :;o! . The Mwtr<'ia!lia then held the record ior 22 years. 

/\not her l~trgc single-sere\\' trifJlc c\.p?..n:fon engine \\·as that 
'::ed in the: l' . & () l inn Caledonia 11Slj_;l. Sne hc:d a mrce
.: · :.~1~1-~ iripiccng~n~consistingof21--LP. cyiinde :· ~ - 33 in . d.i2.!11eter. 
; .. , tandCD1 \\'ith 2 L.P. c: l!nd-.:rs s~~ 111 . c~ch ur~j\·ing sepa-rate 
, · ... ::ks. T!1e ! . !'. L'vlindcr, (/J in. dJ:ur•etcc. drove the centre 
-.:;:nL . Tlle stroLe \1·;1s 72 in . :;nd the n;i:::::;J!nerv deYelope-: 
- .. O:.YJ ihp v.ith a hL>ikr !'1-c;;sure or 17CIIbin .2. Th·~ eccentric 
~iJ::2YCS \\'C!\ .. ~ tbnut 4ft. fJ in. di ~UllL"lcr cei~·e: fjttcd On the 

;._ tJpling\ cunnccting her th ree single thrO\', c:r~tnkshufts \\bi~"1 
':1,:de up tbL: engine. . . 

Tnpie cxpGns ton engines were in troduced ir.to the =-'"'·~· :n 
1 \;:-:'5. u:-,ut.dh· in the f \)I"ITi of <.t -l-crctnk CiH!ir:::: (.!!-·d \\Cre L!~e~ l.!P 
: c· the gen~ral inti oduct ion t)f' srean1 --turGtr:es . Q u ~:tdrup~:: 
cxp_,m,,i~n ~ngincs were not us.ccl. . , . , _,. ·o .. .. ~ .,.,d 

f-;g , .q s!lO\VS grap h1ca!ly tne du1c-rencc tY::~'-"~en n,~,,J_ '"· 1
' 

:;:crchant reciprocating machincr: in 1900. T'e m!\·al mac;''-"!_: 
i';i5 higher pressu re !}00 lb./_in. 2 ) . high~~ rpm ( l20) "'.~a ;;,g;r 
_.,_m~n-uction. rn CO!Jl!'[!St tne Deu/.jchand rn~.snmeJ _,, ' ·". 
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220 lb.fin. 1, of greJter power (36,940 ihp), bui lower 1pm (77 -4) 
is much larger and heavier, but more economical, the figures 
for ihp produced per ton of engine being t2and 6 · 86 respectively 
for the t\'·o engines. 

The last brge naval reclproc:~ting engines 11tted in a British 
warship were bui!t by Scotts · Shipbuilding & Engineering Co. 

reciprocating cngjne dcc1inecl in _in1port2112-:: except in the case. 
of coJnbination n1achincry haYing rc(.';procc.:ing machincr,.r 
driving: the wing shafts cxhausti.;lg imo an L.P. tu:binc drivir.g ~ 
centre screw. 

Messrs . Harland & \Vol!f '.\'ere the g:·eat exponents of this 
dri\·e, building the Lauremic, 1909, ancl Olyillp!c and TITanic, 

r1.\1.S . t:!r:.~· .·fl(rcd 
4-crank l:·Jpi~-cxp:l;:slon 

CiH!!I1C 

30.000 _;hp ~lt !'20 r;)J_Jl 

0 5 IO 15 20 25 
j_ --- -- ---· _._L ______ Ci!~t 

Scale for bo th diagrams 

'J .s.s . Deuf.,r·hia!!d 
6-cy:i!H.k'r -+-crank qu;1drupk: e.xr-an~ion t:ngiJl~ 

.'1(, ,940 iilt' at 77 ·4 rpm 

in 190'J for ill':t:di<ttinn jq t U-.1.S. !Je/i'I?<'C. The m~Khincry 
d<ev..:lo~'cd 27,000 ihp :it 12:' ''~'"' :tt a pis toll speed of 1.000 ft./mitl. 
ilc,ttoyc!·, \\Jl/i I'CL'I\'i'l'..:';ttn['. c11g!!lcs worked up to 400 rpm 

''it h a pi'll'll ~peed oi' I .200 lt./lllt!i. 
Late! rccit'f<)Ctfing machinery af'tcr lhr· gctll'ral introduction 

of ~.tt;;.lm -t ur' ;nc-.;nac·hinc:y wa~ oni~.- fitted in smaller British 
warship~. e.g. the J/o!l'cr cl:tss t,loops 111 lilt: 19! 4-lS war, and 
lhc (.;Orvcttc~ and i'rig<llCS in·the J lJ3'J .!15 w;tr. 

After the giants built :n the turn of the century the steam 

1010. The designed po·scr of' ships''''' 2; 17.000 ibp from 
1 he wing rc,:tprocating t'!'f!mes and l?,OOO shp at 165 rpnz from 
the turhine driving the c-::ntrc ~cre\v. The r·cciprocating engines 
\\Crc "1 cr:~nk tripks, H .P. ) . .j in .. I.P. S4 in . :111d 2.L.l'.·s. 97 in. 
by 75 in. suol,c. and ran at 77 rp!ll. A sister shtp, Brital!nic 
(l9J4), had the sam.: )10\\CL These L.P. turbines are again 
referred to in the section of the paper dealing with steam-wrbinc 
machinery . · 

In summary, Tahlc JV sl:.L,WS that although the boiler pressure 
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rose from 24 psig. to 225 psig., the equivalent effective pressure 
referred to the L.P. cyiindcr(s) only rose from 20 to 43 lb./in .2, 

which meant an ea rlier cut-off and hence more "expansions" in 
the: cylinders to produce economy. The corresponding piston 
speed rose from about 300 to 1,000 ft./min. in merchant ships 
in the period . Even more important, bo\\•cver, is the change in 
fuel consumption. At the beginning of the period the average 
figure was a bout 4 lb. of coal per ihp per hour, and at the end 
before the fmal extinction of the steam reciprocating machinery 

~ '" " A f~':::::-_:-,-o- ~ ·vl 
I 
I 
I , _ ~ 

: ___________ _ \ _l 

1\ \; ______ 
,_ 

(A) TYPICAL SIMPLE EXPANSIOt'-l ENGINE CIRCA I 860 

2 CYLINDERS 7 1" DIA. X 3()' STROKE 

2001 I.H.P. AT 63~/2 R.P.M. 

STEAM COND!TlONS 20 P.S.I. G. SATURATED 

A 

H.P 

~ 
~~ 

L 

L 

The subsequent Fig. 6 shows the combined diagram for ihe 
ouadrupk expansion engine contrasted with the previous cards 
and a temperature <'ntropy diagram for these examples, which 
clearly shows the change in heat drop handled by the machinery 
from I 860 to its decline . 

Before being reduced to near extinction, great efforts were 
made to improve the ceo 10!lly of the reciprocating steam engine 
by reheacing. and usc of an exha ust turbine in many forms. The 
machinery for Baron Ardrossan, tbe last item in Table IV, shows 

K .\ 
! -- -+-_j__ 

I 

( B) S.S. THUNDER 1859 (SIMPLE EXPANSION ENGiNE) 

2 CYLi NDERS 55" DIA. X 3()' STROKE 

696 !.H.P. AT 50 R.P.M. 

STEAM CONDITIONS 13 P.S. i.G. & 350° F. 

~ M.E.P 33 

A 

L 

(C) ST ARBOARD ENGINE OF T.SS. NMIVA 1920 (QUADRUPLE · EXPAt,JS!ON) 

CYLINDER DIMENSIONS H.P. 23" J S T J. p_ 3 3" 
ll ,, 

2ND I.P. 47'' L.P. 67 X 51 ~<TP,OK E 

TOTAL I.H. P. ON TWO SCREWS 59 52 AT 95 R P.M. 

STEAM CONDITIONS 200 P.S. I.G. SA.TU?.ATED 

as the usual type, it achieved a coal cquivalenL consumption of 
0 · 875 Jb./ihp p~r hour in engines of comparatively low ihp. To 
achieve the 1:ttter J1gure, however, an c:d;aust tu rbine has 10 L'C 
fitted as well as the usc of superheat <Jnd r eheat. 

Indicator cards a rc shown in Fig. 5 fo r rwo engines aboc;t ti'C 
beginning of the period under consideration : 

(a) from a single expansion double-acting beam engine similnr 
to that shown in F ig. 2, and 

(b) from an .inverted or steam hammer engine in the ship 
Tliund!'l' ( 1859). The much bcl!cr expansion line wJth 
superheated steam is <lpparent. 

The same figure shows the top and bottom ca rds f1 om a 
quadruple expansion engine (1920) . 

ho;; much was achieved in economv. Jt ''-<lS. howewr. the end 
nf the dcn:lopmcnt as pressu res ~ou!d no: go mucj n:g~et· 
1225 !_b./in .") as cylinder luhric<ltion in\ul,:ed using boi:e;-s w1th 
plenty of capctcitv, hence cylindrical boi:crs . With p!s:0;:; rL.1gS 
worLinr:. on c~\st -iron liners in the cylinders. rcmper;:;:u:·::-s were 
limited .. f750' F. max.) and tile c\haust rurbine utilized e:;:orwm
icaliy all the energy in the exhaust steam frrJm the rec1p::ac<>.tmg 
engine . 

Marine Steam Turbin~-s 

The pioneer worker in the .development of marino::_ ~team 
tmhmes was Sir Charles Parsoi1s. Many others ·v,r;rv;'1 i:,• tl:e 
<.<Lmc period, particularly Dr. De Lave.! in Sweden, Z~c!_JY , 1!~ 
Sv.-itzerland, Ratcau in France, and Curti5 in the "C"r:J''.O<:.: su,cs 
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I A \1ARl~'E ENGINEERJNG REVIEW-PAST, PRESENT, AND FUTURE 

of America, but it .,,.,:, ~,ome time before marine ~urbines of 
any size incorpor::tting their ideas were produced. 

The first turbine-engincd ship v.as the fanElUS Turhinia, built 
in 189c1 by Sir Char!c;·, Parsons, which, to begin with, gave a 

. cis::ppointing perfOnT!di1CC. She was re-cngincd in J S97 and 
u:en cle\clopcd a speed of 34 · 5 knots with turbines of tbe axial 
flo\\. type dnving three shofts. At this speed, the combined 
horsepower was about 2.000 shp. Tur/)(nia took part unofficially 
in the Diamond Jubilee l"a\·al Review :~L Spithead in J 897, and 
direc ted attention to the suitabil ity or turbines for the propulsion 
of hi h-specd warships. 

The destroyers Cohru and Viper were buill i 898-1900 ;wd 
\YCrc fitted with steam-turbine machinery developing 12.300 shp. 
T11e fastest run of H. M .S. v.:r-er (l 900) was 3 7 · i i knots. These 
ships wei e lost in tragic circumstances unconnected \Yith the 
installation of turbine machinery. At this dark period (l 90!) 
the Clyde passenger steamer 1\.inr; Edward was built (:250 fl. long, 
650 to 1s displacement), s:lO'\·ing gre:lt courage not only in the 
Parsons Marine Steam Turbme Company and \Vm. Denny, the 
shipbuilders, but C\ en more in tbe shipowner, Captain John 
Wiiliamson . She was followed by a sister vessel, Qu('('ll 
Alexandra, in 1902. They \I ere followed by the Q11cen in 1902, 
for the cross-Channel scnicc between Dover and Calais. and 
many other cross-Channel vessels driven by steam turbines 
followed. 

The ne:d destroyer was the Vr>!ox \Yith reciprocating cruising 
engines as v. cU as turbine machinery for full power, foUowed 
by the Ec/('11 with cruisin·g as \\ell as main turbines. 

ln 1902 the Admiralty decided to adopt Parsons · turbines in 
H.M.S. Amethyst, one of ·our third-class cruisers. She was 
very successful in comparison with her sisters Topa::, Sappl!irc, 
and Diamond fitted with reciprocating machinery, when tried 
in 1904. 

The first turbinc-engined liners were the Vi1:rJi'1ian and Victorian 
in 1904. T hese ships were driven by three 3-bladed propellers 
direct coupled to one high-pressure turbine on the centre shaft 
(60 tons) and two L.P. turbines on the wing shafts (I 00 tons each). 
The H .P. turbine hall a mean diameter of 68 · 75 in . at inlet and 
74 in. at exhaust. The corresponding figures for the L.P. rotors 
were 95 · 75 in . to I 07 in . At full speed of 19 knots the rpm of 
the turbines was 250 and the totaJ shp developed was 12,700. 

ln 1904 the Cunard Company decided to adopt turbine drive 
for their new ships, /'vlaurerania and L11.1i1ania. In this same 
year the Cunard Company ordered the steam reciprocating
engined Caronia and decided that her sister ~hip, Carmcmia 
(2I ,000 shp), should be driven by turbine machinery. \Vith the 
same boilers Carmania proved to be half a knot faster than her 
sister. 

ln 1905 an Admiralty commission recommended the t1tting 
of steam-turbine machinery to the Dr('adnoughl . The ship \\'as 
built at speed and commissioned in !906. Her turbines developed 
23,000 sl1p at 320 'Pill (dzsrbcemcnt 17,900 tons) and drove the 
ship at a speed of 2! · 25 knots, The next British nnvul ships, 
Indomitable and Jmin('ibie ( J 903) had machii1ery developing 
42,000 shp. 

And so the power of destrovers, cruisers, battleships had all 
risen above anything v-,hich could be developed in such ~hips 
by reciprocating engines. As a matter of interest. ,ome other 
warship installations of h1gil po" cr with direct-turbine drive are 
given below: 

Ship 

j Lion (battle cruiser) 
1 Malaya (battleship) 
j Repulse (battle cruiser) .. 

--. --·-, 
Year :--iumht:r ! 

or design 1 Total sbp P! sh;tfls I -·-----· ---'---··--------1 
J 909 70,000 4 ' 
1912 75,000 4 ! 
1914 112,000 4 I 

Repulse had the brgest direct-drive turhine machinery fitted 
.i.n naval ships. She h:~d four shafts, the wing shafts having the 
J.P. ahead turbine" and H.P. astern turbines in a common 
casing. The ic111er shafts were driven by the H.P. ahead turbines 
driving in tandem with the L.P. ahead and astern turbines, 
again ip common casings. The first row wheel in the J-l.P. 
tw·bine had <l Curtis stage \~ ith three moving blade rows 
126 in. P.C.D. Some further Curtis wheels wen.: followed bv 
re:J.ction blading right up to the L.P. exhaust which had ''"ing~' 
blading 21 in . long at 151 in . P.C.D. and the rpm 275. On the 
inner shafts the overall length from the forward end of the 
H.P. turbine to the shaft coupling at the aft end of the L.P. 
wrb1nc was 42ft. (i in . 

\\'e ha,·e to return to the .Haurctania and Lusitania. They 
\v~n.: commissionel.! m ! 907 and the turbines devclorcd 70.000 shp 
on 4 shafts at 1 SO rpm. There ·are (i turbines in all. 2 high
pressure turbines p][lced in the wings and 2 low-p1·cssure turbines 
driving the inner shafts for going ahead, and two high-pressure 
units for going astem. These latter turbines are couoled to the 
inner shafts fon\ ard of the L.P. turbines. TI1ese ships repre
sented the highest powered merchant ships propelled by direct
couple steam turbines until the Majeslic, formerly Bis!liark of 
1914. 

By the kindness of the Cunard Company, Figs. 7, S, and 9 
s 1ow the direct-coupled turbines fitted in the Aquirania in 19J 3. 
They cvcloped 60.000 shp total on 4 shafts. They are chosen 
to illustrate the highesL state of development of the direct
coupled turbines bctorc they were dispJaccd by the advent of 
gearing in high-PC'\I'ered ships . .ln this ship the port-wing shaft 
is driven by the H .P. ahead and H.P. astern turbines wh1ch are 
arranged in separitte casings . The starboard wing shafr is 
driven by l.P. ahead and H.P. astern turbines, the inner shafts 
being oriven by identical L.P. ahead and astern turbines, 
mounted in a singie casing. This was the normai arrangement 
of running and provided the greatest expansion of ~~~:am passing 
in series through the H.P., I.P., and L.P. turbines before passing 
to the condenser. Fitted. in this ship, however, was a special 
valve arrangement to enable boiler steam to go direct ro the 
l.P. ahead turbine as well as the H .P. ahead turbine which then 
exhausted direct to the associated L.P. turbines on lhe inner 
shafts . The H .P . cirum diameter was 9ft. 2 in. and the LP. 
last row blade height 20 75 in. at a P.C.D. of ! 77 · 75 in. The 
overall length of the L.P. ahead :.mel astern casing ·.vas 53 ft. 6 in. 

]n this S(!n1e .. pcriod the lhrgcst L.P. turbines operating en the 
centre shaft in conjurKtior: with reciprocating engines in the. 
\l'ings >\ere those fitted to the Olympic (1910) and her sisters. 
Thr.: wrbine deveiopeci a wa:<imum of i 9,270 shp and J 7.000 shp 
in sen ic:e at J 65 !pill. The turbine. complete weigned 639 wns, 
111e rotor alone \\eiglling 155 wns . The overall length of tne 
turbine \\as 49ft. 15 in . with a bladed width <:Jf 14 f:. 1 l-2- ir:. 
There were 6 cxpansior;s taking steam at 10 lb./in .: 2C•soiue . 
and cXJXtncllng to 2S: ;n. vacuun1 \\ ith a 30 in. betron1ete:-. Tje 
init!~d bbdc height \\o;:=; I 6 in ., Jasl bL1de row (wing-blade seccngs) 
261 iu. \I., i!h n i11C8.n· diarnc1cr at exh~tu.::.t of 176 · 5 in. 

ln th.: pcric1d fron1 1901 to 1914 Dlitde speeds did nor g:-eacly 
ch;mg-:, ri,ing from 70 to ~0 fl./sec . for H.P. turbine', zLC: 
110 to i .)5 ft.f,ec. for· L.P. rurbincs. Jnlct pres>ures onl} roie 
fron1 150 -lb./in.2 to ..2~Y) lb . /in . ~ san1ratcd strcan1 . bur col:~u~Pp~ 
tion improved frorn 1 · 7 Jb. of coal/ohp liour to I · 12 dl purposes 
in l.arg:e installcttic>ns a:; a result or ;1 number of detailed in.1•;:>rc e
mcms 111 the pans. 

Jn an these djrcct·dri,·e turbine:\,, lhe turbine bJad·.: sp~eJs y.e-re 
mu(:!J tL:o iow for high clllcicncy. and the brge turbines ,,oc;.;.: 
have:. sutit"!rcd scvcrc!v frorr1 dis tor! ion bad superheated stez..:~n 
br:en used. Th.::y wei~ difil(.·uit enough to hear up . The pro;-.;;; __ er 
speeds were also much too high for maxunum eiTlcic:ncy and :Ge 
designs formed a rather unsatisfactory compromise. 

In J892 Dr. De L<:val in Sweden had developed Yery e~::_;:;.:'l: 
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FJ(;, 0.---L. P. AHLAD A~D LP. ASTER"' TUJU!I:\ES F()[( S.S . "AQL:lTA'\'lA.. i 
double helical gearing to ,-educe the revolutions per minute of the Clyde passenge!' ste;nner King George V. The turbi nes -.verb 
his single-stage turbine wheels driving separatms. He built a very success;ul,. b,ut .. her runni~g was ~~2u-rcd by burst tu':'es i.hf 
reversing turbine in the years 1892-3 to drive a launch in Lake her bollers , two ,ypcs were htted). 1 he boiler pressure wa 
Mii!arcn. The turbine den:loped l 5 hp at 16,000 'Fill and this 550 lb ./in 2 at 750 F. total temperature. 
speed was reduced by double helical-double reduction gearing Many mstallations followed, among them being the mact;,'leri· 
to 330 1pm at the propeller shaft. Sir Charles Parsons con- for the Empress o/ Britain (1931), built by Messrs . John Bro\v~1 
structed a similar turbine \'.itll reduction gearing in 1897 to Co;>1;any. The total power was 60.000 shp V>'ilh a s<:ea 1~ 
drive a iaunch. The power developed \\as 10 at 19,600 1pm, the pressure of 425 lb ./in.2, at an initial steam temperature of 725' Ff. 
propeller shaft speed being 1,400 rpm. The complete turbine T!lis gave her a fuel consumption as low as 0 ·57 lb. of oilishp 
driving a pinion meshing \\ith 2 wheels, each driving a separate hour fo r all purposes. _ . t 
propeller shaft, is still at the Science Museum, South Kensington. lmponant ships hke the Queen 1\fary (1936) and O!teeiz 
The idea of geanng in association with steam turbines lay E/i::aberh (1939) of 158,000 shp followed, and the story is b:-~:;ght 
dormant unti l the problem of applying turbine machinery to up to date in Table VI which shows some figures from the :1evt 
low-speed merchant ships had become important. In 1909 reheat liner Empress of Brirain, built by The Fairfield Ship~ 
the Parsons Marine Steam Turbine Company bought the building & Engineering Company, and the Pendennis Castle) 
Vespasian, a 275ft. long merchant ship with reciprocating built by \1essrs. Harland & ~Wolff. It wiil be seen that fuel' 
machi.t1ery. The machinery was put into good working order consumptions can now be below o ~ 500 lb. of oil per sbp :tour;, 
and measurements of consumption made. Singic reduction all purposes, in tankers and similar ships providing the "hotel" \ 
geared turbines were then (1910j fitted in place of the recipro- load or load additional to ail propulsion purposes, incl:.Jding 
eating engines, the boilers, propeller shafting. and thrust block lighting and steering, is kept to a reasonable figure. · 
rema ining as before. Fig. 10 compares the Vcspasian turbines Fig_ 11 shows an H. P. ahead and astern turbine designed tq 
of 1,100 shp (1.675 rpm) deliver~ng the power at 74 main shaft operate at 850 psig and 1,050" F . at superheater outle't. Thj 
1pm with a modern double reduction set of turbme machinery ahead tt...1rbine h~iS nozzle control at 75 per ce.· nt power, 87 · 5 pe 
developing 5.500 shp per shaft at 120 1p111. In the case of the cent, and 100 per cent power. An overhung H.P. astern wheel i 
tmbine machinery fitted in Vespasian , the consumption was iltL.ed. The full power rpm a:·c 5,557. 
13 · 5 per cent less than that of the piston engines. fig. 12 sho\\'s the corresponding L. P. ahead and astern tur c. :!1e~1 

Only 10 years later, about 18,000,000 shp was transmitted in a common casing. The turbines are of impulse construction; 
through gcaring in warships and merchant ships. Luckily the bm naturally have considerable reaction towards the L.P. end 
Micheli thrust block was available as no Jongcr could the _steam of the al~ead turbine . . Bleeding for feed· heating takes ph:cc; 
and propeller thrusts be nearly balanced wi th an adjusting bloc]; L1Ct\\ cen stages 2 and 3 and s:agcs 4 ~and 5. Two w~Hcr shed din~ 
to take the difference. Gearing required that the rropelier stages <He htted before the ~>-.ll,iwst row. Full power ronj 
thrust be taken by an adequate block able to support the ''hole arc 3,65S. The wrbine is Jcsigned for c1 vacuum of 282 iil, 
of tbe propeller thrust. The main shaft rpn1 are lO::i and fuil power is developed a( 

The Jirst geared turb ines in the British ~avy were fitted in the :'~2,000 shp. . 
twin screw destroyer Bacff!Pr, built in 1911. The high J>rc:ssure Fig. 13 \'-·hidl shO\\S an H -~~ 'P di,1gram fur turbines sum-' 
:J.nd cruising turbines \vere both geared to the L.P. turbines DJ~1rizc~ t 1Jrbine heat drops and cfDciencies frorn the Turoinid; 
\\ hieh were direct-coupled to the propellers. The red union t!Fnugb the Lu:,irania to the Emf' I c .l.\ u( Britain 1957 \\'ith reheat-1 

ratios \Vere 5 ·05 and 3 · 36 to J bct\\CCn the cruising 1ud;inc and and the prototype 1ur hh1e '''ith sirnple exp~tns_ion fro:n1 a .d{l.turn, 
the H.P. turbine respectivdy and the L P. direct-coupled of 8l5rsig a nd l ,035 - F: ;;t tu rbine inlet. The heat drops vary 
tuf'hincs. from 's : B.Th . U./lb. of steam t~ow in TinNnia to 515. ;>r.J: 

Gearing allowed the turbine revolutions to rise to those ~ dh:iencies fr om 5b to 85 per cent. , 
required by eHkiency considerations and the turbine could be T,: b'e VI thus summarize~ til~: main p~:nicubrs for outstanc:i.cg: 
divided into stages of expansion according to the heat drop to s<ea m-n.trbi ne inst<~ll:Jtions used in mncJ;ant ships. Some 
be handled determined by conditions at inict and exhaust. The insud i:.1.i cws of smaller ruwcr are included as they utilite high 
way was therefore dear for increases in pressure and temperature inlet condit ions in relation to th·~ date of construction. The, 
at turbine inlet . di llle ui ry has not b::cn what to include, but the necessi ty io o": 

In 1926 the Parsons Ma rine Steam Turbine Company built strongly sc]cct ivc or the table \vouid h ove been of' inordinate) 
tbe tirst high-pressure high-lemperature machinery installed in length. l 
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0 2 3 4 5 (, 
I 

7 8 9 10 ft. 

Gc:1rcd stcarn-t:...i:·o:r:c ~-::::..::::.:._;:e:.ry 
for s.s. Vespas. ~:r. . 1910 

J , !00 ~hp 
Pressure 1~5 lb-/i!!.::: 
Saturated ste:::n 
Va( 28+ m. 

1-LP. turbtnc, i .n :; rp:r. 
L.P. turbi:-te, J .6-:- 5 rpr:;, 
Propeller s~:z.. :~: . -:+ rp.~r. 

Sca le for both diagrams 

(ieared st.:~a ;11 tur~[ ;te ;.nachinery, 
!')50 

5.500 shp 
Pres.sure 450 ~ b . /ir: .: 
Tou l temp . :so· F . 
Vac. 28-l in . 

H .P. turbi ne. 6.000 l'f! lil 

L.P. tu rbine. 4.000 rptn 
Propell er shaft! 120 rp1n 

\and Tl!rhfl!C ;'\,fachincry 
The :Jc-.;t 'Ltb!e . '-.o. \'Ji. ~ilO\\ing naval m:.1ch incry is shorter 

l"'~ctlu~~ ~o rnuch lC'ss i;:; publi:;.hcJ. ~~bout it. ·rbe consu1nption 
,., seen to imptw>e from 1 · 74 'b. of coal/shp per ho ur in l 904 
w 0 ws 'b. oi' oil/~hp hour ;n 1931. Taking the specific con
sttm!'lion <!s proportional to water rate the YEAD. I macbjnery 
''-ouid h~~~..; a corresponding fuel rate of 0·59. This machinery 
hus ais(' :: panicuiar!y good ft;cl rate ai cruising power which 
did t1C>l apply in ri·e-war steam-turbine machinery fo r naval usc. 
Dr<ll\ i•1rs ,v,uid be required 1.0 \~ov; the simultaneous improve
ments in \lctght and space . 

J_ust ''s naval recipro.::ating er;g:nes Jevclopcd into high speed, 
·"l~ort stroke, highly-rated e;;r:g~ne:), ~o too turbine n1achincry, 

part icui:trly when geared. became highl y spcciaiiz-~d :() meet 
n~tvul requiremen ts . Such req uirements include c..:onomy at 
low p011·crs, coupled with mano:::uvrability to hg:1 jxncos and 
back. again with ·great hequency when reqc:ired. L'gc!-ct ':;eight 
consistent with very high battle reliability--this i.::':oh·es the 
need to have inbuilt abili ty to sustain sllock lo::ds C".:id b'"ttle 
damage. Accessibility on occaswn bas to give way to 1!:e over
riding requirement of minimum space. 

The l3tcr Table. No. VIII, shows some lligh-p::w;~;·ed. geared 
turbine machinery in British w:trships with two exan~ples fl'orp __ 
the present-day building of the United States :J"avy, as they 
represent the highest powered propulsion machine;·y per shaft 
ever t1ttcd at sea . 
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A MARINE ENGINEERING REVIE\V-PAST, PRESENT, AJ:iu FUTURE 

tJG . 12.-L.P. T UUlli\E fOR PA\lETRADA PROTOTYPE ~-lACH l'\ERY FOR AD\'AI.;Ct.D STEAM CO"D!TIO?\S 

Steam Turbo-Electric Machinery 

Another well-tried method of speed reduction bct\veen steam 
turbines and screw shafts is by means of electric propulsion. 
For high-powered sets a .c . current, 3-phase, a lo ne is used . If, 
for example, the turbine d rives a two-pole alterna tor and 
supplies current to a 36-polc motor, when r unning at syn
chronous speed, this is equivalent to an 18 to I reduction gear. 
1t utilizes the excitation current like a clutch working across the 
air gap between rotor and s tator in the propelling motors. Th is 
reduction ratio should be compared with rigures of nearly 60 to 1, 
:.!sed in high-speed gea red turbine machinery in association w ith 
1ov-; main shaft rpm at the present time. Jn reversing, two 
ph<\SCS are changed over and the motors driven as squirrel cage 
motors until synchronous conditions are established . The 
:::fTlciency of the alternator is <:tbout the same as double reduction 
gearing (97 · 5 p~r cent); but the .overall conversion, includ ing the 
;1rovision of cooling fans for alternator and ·motor and excita
uon for t!Je motor·, produces a Jigure of about 92-94 per cen t. 

Table JX gives some uolabie installa iions . The aircraft 
c;:-ricrs Lcxi11gton and Saratoga built in ]927 represent the .last 
high powered installations built for the United States N avy. 

When employed at Messrs. Alexander Stephen & Son, the 
autllor was employed on the construction of the machinery of 
the Cltirral ( 1925), one of a class of ships ordered by the 
Peninsular and Oriental Line, consisting of twin-screw quadruple 
expansion engines and cylindrical b()ders. J n J 927 this pro
gressive shipping company changed ovtT from such orthodox 
and even a little old-fashioned machinery buiit to a very high 
specification by ordering turbo-ckctric machinery in association 
with water-tube boilers of wurkmg pressure 3751b./in.2 and 
'700° F . total temperature for then new ship Viccrov of India. 

This ship was very successful and was the forerunner of her 
"white sisters, " the Strmhza;·er and Srraithaird. 

The largest n1erchan1 ship building at the present tiine is the 
Canberra for the same owners. \Yhich is being fitted with turbo
electric propelling mach inery develop ing 85.000 shp. 

Turb ine Reduction Cearinx 

Gearing \Vhlch is in general use in turbine propelled ships 
has the same look fro:-:1 that used in Dr. De Laval's ia-:mch 
engine th rough the ve:cpa::!an. the first full-scale propulsion set 0 
to be used at sea, to c.be latest fo rm of double-reduction gearing 
produced today. The- a,:curacy and consequent noise rCduction 
has, however, increased greatly over the years. >ioise figures 
taken J 2 in . ri-om the ge:Jr-boxes can be as !mv as 90 db. 
Lloyd's ~~1<.." value in Table X gives a n1casure of the surface 
load ing which, couple:! \'- 1th the tooth deflection c!ue to the 
c01nbined effects of to.::-que, bending~ and sbear. gi·ves the stress 
picture after the toOLh form and pitch has been chosen. The 
" K" value has also risen '-'·ith rhc passage of the years . 

Fig. 14 represents r:::2.chincry for JLM .S. Grafton , bui1t by 
the Parsons Marine Tcrbinc Con1pany to the order of ~1essrs~ 
J. S. White & Co. T!-,e design of the turbine was made by the 
English Electric Comrz.ny and the ge:<r-cascs were designed by 
l)avid Bro\vn & c·oinp:.t:1y. 1'his ex~unplc is ch()Sen as it illus
trates a locked-train dm.;'bie-reduction gear drin:n by the main 
turbine with a third reduction gear from the cruising turbine 
coupled lo the main geari.'1g by way of a dutch, The main 
thrust block integral wi:h the gear-case can be seen aft of the 
main wheel after bearing. . 

The majority of ge::-,rs a"e of the parallel shaft type with a few 
epicyclic gear-boxes trz.::s:nitting up to 8,000 shp per box. 
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Reversing and !11ana'uvring Afcchwzi:::ms 

Fpicyclic gears can be designed \\ith suitable br<!kcs lined 
to aliow the propeller to be driven ahead and astern with uni
ilirectional power input. The principal prohiem is the design 
of a braking system to absorb the kinetic ene rgy uf ~hafting and 
propeller and, above all, that of the ship . . 

Epicyclic gectring is light and involves rela tively cheap pi o
duction equipment, even tnking into account the usc of ktrdened 
and ground gears, as the diameters are small. Jt is, however. 
difficult to dismantle, and many pans cannot be monitored in 
operation. 

Variable pitch propellers have been fitted to a few ships and 
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A MARJNE ENGJJ\;cERING REVJE\V----PAST. PRESENT. AND FUTURE 

ManreuHing is carried out by filling either coupling as required 
with intcdocks to prevent ovcr~peeuing . · Heat generated in the 
couplings is dissipated in the oil cooier. 

\\"hen "Full Away" is given, oil at a pressure of about 
10 !b./in 2 is admitted to the centre of the shaft and enters the 
small volume hchinli a c:utch pbtc \\here the spinning of the 
clutch by tbe tluid flywheel generates very high pr sure" (about 
4 to 5,0;)0 1b./in.2

). The clutch moves along splines without 
torque until it engages with the clutch plate . The slip to be 
taken up on engagement is only th:tt due to the fluid l1ywlleel, 
say 4 per cent", and when driving the only loss in the transmission 
is th.: normal one due to the gearing and shafting (2-2~ per cent 
of tlle power tiansmitted). 

ii 

tested for :fift:. hours under steady-state conditions. two t~· d. 
due to damage to the coating. In the cyclic t ·sts thto C<~t>,;: ;:;f' 
failure was thermal fatii!ue . 

ln considering machi~1ery for. ships in relation to cond,"::-:·~s j 
used. m power: stat1ons ~n land 1t must be remembered th:.., .~1e J 
s;zc JS very dt!Terent. 1 he l:lrgest power per shaft m an. ~:J· p 
in tbe world, including the latest nuclear aircraft '-· .. ·-~, 
EiiTerprise, is 75.000 shp. Land sets arc now up to 550 :>.i \ - inj 
size in dual tandem sets. roughly equivalent to 700.000 s!:n. 
Even small land turbine-driven sets arc much larger tl1..:1 :t;e 
avcrap:e used in marine propul~ion units (about 10.00, :;;:p). 
Supercritical p:·essurcs cannot therefore be employed !"or ;-;;~.~:net 
boilers and turbines, as the parasitic losses in the smail \\):c:;::;e 

u 
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Fuwrc D,!l ·efopmcnts of Sream-Turbine Machinny ftows due to high p ressure and small output y;ouid sw::mp ::n 
The question of mancruvring without the use of astern turbines possible gain from the extremely high pressure. 

will lea to great improvements in the steam turbine irself, as With such considerations in mind, Table XIV, origin:lll~ 
no cooi astern turbines will be ~quired to take the thermal produced in 1953 (26th Thomas Lowe Gray Lecture before thf 
shock or hot steam. At 950" F. considerable experience at sea Jnstitution of Mechanical Engineers). still a.·pp!ies .. and sever~·l. 
has shown that no attemperation is required, but in the search fuel points in the table ha,·e smce 'Jeen ct;.ecke-i !:1 se~'.'i:: . 
for further economies. temperatures will go still farther. The Compare. for example, the specific consumrtion :hgu~e fo~ t , 
Pametrada prototype set now building takes steam at 1,050" F. En:press of Brirain (!9SGI in Table \"I with that 1:1 the se::o;;ti 
from the superheater outiet, and it \vould appear that metals iine of th~ table . ~ 
will be aYailable in the near future to aliow steam of about The steam turbine has the:-eforc stiil a cons!der<.tb~e develop-
!,500' F. to be used . Such temperatures would be used in a 
high-speed top turbine which would handle the hot stcan1 in a 
turbine of small physical dimensions which would thet1 exhaust 
at present-day inlet temperatures w a single casing turbine 
without astern elements . The turbines would be unidirectional 
and mancruvring would be carried out by one of the means 
already mentioned, the hydraulic system being preferred . 

That l ,500° F. is not an entirely fanciful tempcrawre IO aim 
for is proved by papers such <15 that by !\1. A. LeYinstein . 
American Society or Mcl:11S. 1959. Oil the dcvc!oprnent of 
oxidation resistant coatings for molybdenum turbiilC bl<tdcs. 
One such bh1de with four coatings: 

(a) a chromium electro deposit to NOvidc <t difl"usion type . 
bond, 

(h) <1 nickel electro deposit to 1mprove ductility, 

(c) a fused nickel-silicon-boron coating <IS a bonding layer 
for the subsequent nichrome cladding, and 

(d) a 0 ·006 in. brazed layer of "nichrome'· hard surfaced with 
a chromium wngsten cobalt boron alloy, 

has already bern produced. 
Bbdcs ,,·ere tested in a turbine at 1,800'' F. steady state and 

under cyck conditions ·at J. 900" F. and 2,000° F. Of 96 blades 

n1ent to take plncc in the furure ~...s a rna!·in.: p:-oru~s!on t:.n~. 
and it \\'ill renl;lin the n1ain propulsion u;--rit for any n1acni:!"!e1~~7 
lO deYclop high powers <wove. say. 30,08J sh;:> rn st1aft. R-~
he<lting of the steam·\\ ili be seen w be an imr-on<1;1t factor an 
improvement in the future. lf,t\'."O stage- reheating shm:!d :;;: 
a:·ranged foi·, this could be- carried out in heat e~;,;ha!1gcrs :ioi~ 
to the turbine using a special closed circuit or fluiu which is 
heated in a scccion of the boiler, but is isolated from the ste2.f.1 
circuit so that pressures and temperatures co~Jld be (l\;:term;~~j 
only from reileaiing considerations wittwut comrlicaring t'r'~ 
mam •;team cyck conditions. 

Dc,·elopmcnt of the Firc-Tul;c Boilrr or Cylindricnl Boiler , 
I 

Tile earliest marine boilers were la rge hox-like 5tructurts '"f' 
internal rectangular furn~u.:es and long, narro\v rcc:an~t.J~t'·
,.~crion flues . Tbe material was either corpcr or wrougm ire>;\'. 
copper being more expensive, but iu,,·ing a longer lift:. I 

Cbnges from this design were necessitated by th..: s cap 
j~'"!.:rcusc in stcan1 prcsst.Jrcs, typical figure~ b~ing : ' 

lh./in.2 

1830 5 
1840 JO 
1850 20 
1860 25 
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To c~pe \Vith the: higher pressure~ the. rectangular flues "~A'ere 
fusi replaced by tubes, giving the multitubular box boiler. The 
tubes were either on the same level as the furnaces ("through
tube boiler") or above them ("'return-tube boiler"). By 1860 this 
change was already complete in naval vessels and was well under 
\Vay in n1crchant ships. Fig. 16 sho\vs the return-tube box boiler 
of 1862, worki:1g pressure 25 lb.fin .2• of the type fitted to Scotia . 
The inclusion of part of the flue as heating surface inside the 
boiler to dry the ste:un produced is a noteworthy feature. 

The box boiler was not suitable for prcssLtrcs higher than 
30-35 lb ./in. 2 , and the adoption of higher pressures forced 
the change to a cvlindrical shell (although some boilers were 
for a time l)uilt \\ith oval shells). The return-tube boiicr with a 
cylindrical shell built in 1862 constituted the Jlrst Scotch boiler. 
The first bc-i!ers of this type JO ft. diameter X 14ft. 6 in . long. 
working prc~surc 50 lb fin 2 • were fitted by Handoiph Elder & 
Co. (today The Fairfield Shipbuilding & Engineering Co. Ltd .) 
in the lvfcGnpor Laird. 

Scotch boilers became widely used in the 1870's with the 
general adopt1on of higher steam pressu res in association with 
compounding. The cbange from iron to steel took place in the 
!ate 1870's. and the corrugated furnace was patented by S<:umbD 
Fox in 1877. 

Forced draught was 11 rst used by Hawthorn for large ships 
in 1881, and v. as introduced for large naval ships in !8S2. The 
Howden system was evolved about 1880 and applied in the 
Nc;v Yurk City. l !384. 

Later changes involved size and details of construction to 
a!Jow sizes such as the following double-ended Scotch boilers to 
be bu ilt : 

1 Diameter Len&th P ressure 

l:"""hla"d ---t~-- -i~-- -'--2-f~-. -i-~-. - ~~~i';·' 
i J(aiser . 19 5 20 l 0 225 

I 
Wilhelm j I 

Aquitama 17 8 22 ]95 

l 

Date 

1900 

1903 

1912 

For naval vessels the Scotch boiler was superseded by the 
water-tube boiler betv.een 1890 an d early 1900, primarily owing 
to the poor J1cxibi!ity of the Scotch boiler, but also to reduce 
weight and space. 

For large merchant ships the change-over began in the 1920's 
(e.g. the Franronicr, 20,000 tons, completed in J 923, had Scotch 
boilers, while the Duchess o/ Bedford, completed J 928, had 
\Vater-tube boilers). 

:For smailcr mercha nt ships the Scotch boiler continued iO be 
used In association \vith stcan1 reciprocating n1achinery up to 
the present time. :1lthough the number of such insr;l!Ltt!uns has 
decreased sk.aclily and is now very small. 

Prudhon Capus and Howden Johnson Boilers tried w combine 
the advant:Jges of the \Vater-nJbe bc1iler nnd. !he cyjjndric8l 
boiier, but had unly a short vogue abuut 1925 ro 1935 . 

lt is quite an interest in g Ltct that the !art!,l: Scotch boilers 
built for pressures as high--as 225l~J./in . 2 \vill·- !1oat if optnings 

- for mountinG:' ctre appropr iat ely blanked ofT. The fact that 
these !:;1rge and heavy pnrts can be floated is used c1·cn at the 
present day. For example, the heat exchangers for Dradv.c!l, 
20ft. diameter >' lOO ft. long, weighing 200 wns qch, went by 
sea from Thomaby-on-Tccs to Brad1,cll-by-Sca. the drums 
merely being put into the water <lnd towed down. 

Some Daja on the Development of the V,'atcr-Tub;: Boilt'r 

Early vVater-Tuhe Builcrs 
. Successful o,vater-tube boilers vvcrc not developed until the 

end of the nineieenth century. Prior to this, watcr-wbe boilers 

of various designs were fitted in &hips from time to ~ime, but ali 
gave trouble in scr\:ice and \verc h:iter reo1aced. The usurrl 
difficulties were internal corrosion, poor ci~ccr1at;on, and poor 
accessibility for cleaning and repair. Presumablv the use of 
impure and oxygen2.ted feed-water was oae ~f the more 
important causes of these early failures _ 

Some e:uly installations were : 

Thetis 

Murillo 

LaBiche 
Ai[!US 

St. Barbe 

H . \1.S. Chuntic/ccr 
H .M.S. 0/Jcmn 
H .M.S. Audacious 
H .l'v1.S . Penelope 

1857-8 

iS60 

i856 
1861 
1861 

1865·-70 

JZo\van boilers: '.Vor1...ing Dres-
sure l20 lb ./in .:'. - -

Williamson boilers: war ·ing 
pressure 90 lb./in2. 

Early Bclle,"i.!le boilers \Yith 
wrtical coils . 

Cochrane boiiers . 

Wanderer 
Irishman 
Amhraci!e 

I 

l 1878--80 
j 

) 

Perkins boilers with high work-
1
l 

ing pressures (e .g. An:hrccite .j 
350 lb.fj; .2J. 

! 
The later design of Belleville boiicr having horizontal tubes 

was fitted ill the Hironde!fe in 1872. and subsequent to 1880 was 
adopted for ships by Messageres ;\lariwne a:.d later in French 
warships. 

Adoption for Naral Vessels 

The naval application began with torpedo craft (torpedo 
boats and the 'later developments, torpedo gunboa:s ·and 
torpedo-boat destroyers) , where the need was to obtain the 
maximum power from compact and relati\·ely lightweight 
machinery. Previously locomoti'<'e-:ype boilers had been used, 
bur these had not been satisfactory . 

j 

! 

For larger naval vessels they gave promise of h'TiproYe;nent . i 
over cylindrical boilers, which were unsatisfactory owing to the. ·I 
very limited extent to which they could be forced or could i 
accept rapid changes of power without giving trouble. I 

For a number of years it was the practice to fit new desig::.s . 
of water-tube boilers experimentally in smaller vessels befo:e l 
adopting them for larger ships . Some dates are: L 

1885 First Thornycroft boiler fitted in Torpedo Boat No. WO. 
11

f 
1891 Speedy (to rpedo gunboat) iittd with Thornyeroft 

boilers. 
1892 

1896 

1CJ02 

1906 

Sharpslwoler (torpedo gunboatj ritted with Beiieville 
boilers (Trials 1894) . 

P(})t'cr/id and Terrible (cruisersj fitted with Believille 
boiicrs (Trials l896h 

Believillc boilers adopted for new construction, cruisers ·~ 
and batticships . 

Sheldrake (lorpcc!c gunboat) iitted with Babcock &: 
\\'iicux boilers. 

Seagull (torpedo gunbuat) f1ucd with ;>--;idausse boiiers. 
i\dmi r;liry Boiier Commillcc recommended the Bab-

cock (._\:. \Vilcox. Niciaussc_ DUrr and }1 HJTO\V large
tube boilers as suitable for usc in 1argc nwv·al vessels.
After further service experience the first and last of 
these were found 10 be the rnost suitable. 

Following simil<tr stc:rviu: trials the three-drum small
rube Yarrnw and V;1hitc-J'orstcr boilers were found 
to be most ~uitablc for ·light cruisers and desrroyers 
and were adopted for new construction. 

Boiler pressures became stable :'<I. about 250 lb.jin.2 1owards 
the ..:nd of this period and did not alter appreciably for the next. 
25 years. ' 
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(: 

From abon1 1918 the ilm:e-drum small-tube boiJcr b~came 
standard for alJ naval vessels, ancl becan1e knO\YB as the 
Admiralty Boiler. Fig. 17 shows an early Yarrow boiler with 
D-shapcd v."atcr pockets and cyhndricai stcan1 drwtl~~ \Vorking 
pressure i ~0 lb./in.l. For ne~uly 40 years this formed the 
prototype for all naval boilers in important ships. 

Adoption .f(;r 1\Jcrchant Vessels 

The change from cylindrical bo ilers lo \Vater-tubc boilers in 
m.::rchant ships took place first in passenger Yesse!s during chc 
mid - 1920's, as is illustmted l,,. the following figures for passenger 
iiners given by Denhob Christie (/'l.EC. Ins/ . of£. & S ., 
iY:>+-5J: 

I ~. ."1 ,.'_,~,:: .~.~)·,.:.._"::,, .,\.',f ~l·,i .~,a< 1i~,; 1
1 'wnbcr with 

1 I_c~tr or completion · ~~ , ... • cy~mdrica! boiler" 
) m:1chin~;y 1 

1
1·1·-~-~~~=~ 920 --· ---~; ----: -·-- . 

1926-:>0 10 
1931-5 15 

)() 

14 
l 
J 

per cent l 
--~--_jl' 

01 

, , I 
]; I'' 

The ch~mgc to water-tube boiiers was usually accompanied 
by an increase in boiler pressure from f!round 200 1b)in .2 to 
around 400 lb ./in. 2. 

The types of water-tube boiler used in this country we re 
mainly the Babcock & \\'ilcox, Yarrow. and Johnson boilers. 
The Wagner boiler was wide ly used in German vessels . 

Sew Types o( VVatcr-Tubc Boil!!r .Del'cloped Bet••·ccn !he Wars 

A better understanding of the p rinciples of heat transmission 
in boilers, coupled with the desire to use higher steam pressures 
for reasons of economy, led to the inYention of a number of new 
types of water-tube boiler during this period . They were Umd 
are) used to some extent in land power stations, and a few were 
installed in ships, but none have been at all \\idely used at sea. 
The chief types are as follows :-

(a) Brnson Boiler.-This \\'<tS the first "once through" boiier. 
There is no steam drum . h \\·as at first thought that this system 
could only be used if the pressure exceeded the criiical pressure, 
but this was later realized to be unnecessary, am! later boilers 
operated at lower pressures. ::VIarinc installations were : 

Uckrrmark 19:> l 250 atrnos.j460' C. r one boiler only fit ted 
in place of a cylinciric<tl boiler). 

Porsdam l 93-1 90 ~Hmos./47()- C. 

(b) Loeffler Boiler.--Ti-,j:, boiler is essentially a superheater, 
comprising radiant and convective sections . I\:n of th:.: super
heated steam passes to the engine. and the rem~tindcr to a drum 
where it evaporates the we-heated feed -water. A steam
circulating pump is fttled . Marine in stalla tion: 

Conte RDssn ltJ35 130 atmos./-+75 C. (one hr1ib {\nly 
fitted in riacc: of a cyli!idt ic:!l [)l)iicrJ . 

(c) Sulzer .:\1ol!oruhe Boiler. -· The sccc111d "nne,> through" 
boiler~ \"·ithout stean1 dru:ns. Marine insta!latiun: 

!935 60 atmos ./375 ' C. 

(d} L; Mont BoilC'r.--1\ forced-circulation boiler ha\ing a 
more or less cor:vcntionai steam drum. 

The Jirst marine instailation was dated l :>33. J n this country 
the only marine installations up to l9-t6 were in the dt:<>ir(lyer 
Hex (!937) and the S.G .B.'s (]942). ln !946 it was stated that 
4 main and 6 auxiliary boilers were tmder construction for 
marine use. A much l8orger number of marine units \vcre built 
;:.broad. 

(e) J. ,.z.,x J;.._1ih·r~-The firs:. of lhe prcssurc-coJnbustion be. ~~e:-s. ~\ 
An early m:1rinc i;;sta!1ation was: · ' 

Atlzas (Fr.::nch} !936 50 atmos ./450- C. 

ln Fraacc. post-w;tr vessels such as Vi//(' de Tunis a;1j 
Camhod_':ze ha\'e aiso been fitted with \'elm, boilers. 

I 
.I 

i 
( 

Pos/- rl'ar D.:;·,,/,;pn!cnis ..(' 

The po;,t-war period :,aw the vi!'tucil completion of the tr~;:d 
to replace t.he cylindrical boiler by the water~tube boiler in shi;:Js 11 

of modcrarc as well as high po ver. 
Steam conditions advanced frc;>Jll the 1Y.~1ical450,l~.[in.:f750 _F.

1 uf the l,.,.,n;cc!!ate post-war perJ.H.l to tJ)0 lb./m. - j:-,)0 F .. w::h 
SOillC\\'hC.: higher pressure~ and lemncratures. in ~ CDI1Siderabie (-
11Uillbcr of !!1SWilations. J 

Jn a S>!13i! mt>~;bc• of instaliations there has been prmis:o., 
for rehcc:.ti'1g in the boilers. (Examiner, 1942, Bea\'C'I' Class l 
vessels, 19-+6. Etll{JFeJS \"CSsels. 1956-7.) r. 

With these w;ner-tube boilers, the time \\-hich can elapse I 
lx:tween normal water level and the dangerously low ]e\·eJ in I· 
the drum JS becoming very much less. Taking the double-ended 
Scotch boikr, 17ft. 6 in . diameter by 22ft . 6 in. long, the eYa-' 
poration v:ould be about 40,000 lb. of ste<lrll per hour. For a I 
9 in . chailge in water level which \\·ouid lower the water througt1 
mid-glas, tO the to;1 of the eon;bustion chamber c;-owns, it 
\\·ou!d take n1orc than 23 n1in . In surr1e re..:ent boilers of :he ( 
highly rated water-tube type, the ;:;orrcsnonding: figure h:-.s 1 
come do\\ n from 30 sec. to 13 . This shO\\S that 1\·ith hic:'1er \ 
prt:ssurc boile1·s \vorking at greater forcing rates. rnore -a:1d 1 

n1ore ::t:to:J"l3! ic control ~~ill be required. i\uton12.tic contr-ol 
has alreadv been de\·eloped to a stage in which it :::an take i 
charge of the very great fluctuations in boiler o;.:tput \\'tieh' 
occur au ring IT~:lnO:U\'ring fro1n ahead to astern v;i~~ a nur:.:1.ber 1 
or stops in between. 'i 

Fig . 1 S shm\'S a Babcock & Wilcox I ,~00 F. boiler plant' 
which has been installed during J 959 at Pametr::da Research 
Station. The boiier basically is a de-rated version of the na\al: 
boiler produced for YEAD.l machinery, with !;rea:er access 
space for maintenance, and would be suitable for use in a' 
mer;:;nam ship machinery installation . The capacity is 26-+ .000 ib.1 
of stearr. per hour (wtal) at 1,200 lb ./in. 2 and 950' F. at the 
main superheater outlet. A separately-fired superheater in the, 
same boi:er casing n:ises ihe steam io a total temperature of; 
1,200· F. <h outlet from the superheater star \ahe. Tem
peraiu~cs dc•11·n to 750 F. can aiso be obtained. Tt:is boiler is, 
chos::..~n ::s it rcpre~;ents a ntarin~ tyr'c boiler \Vith tt--:e rnosf{ 
ad"ar~::~~d c:onliilions yet used in the rr=arinc field. To giYe zr; j 
idea ,_:.,r s~\l_ le , til~ n:ain stcan1 drun1 is 4 · 5 ft. external dian:eter: 
by 21 · 5 f:_. 1ong and \l.'Cighs 20 tons. 1 

Th:.: rc·!Otcs for turbine n1achincr~:. 1nercJ1an:~ n<.:.Y2.i: ard turbo. 
electric gi~.-c soJnc indication of boijer ty pes and the steam con .. 
t1itions c:;~~)ioy~d ovc~· the \\'hole period under reYjC\'-·. 

Citw:;"' Jr. ·m Coal ftJ Oil- {Iring(~{' Boilers 

()nc nf the gr·c~tt changes in operating hoiiers.~~t sea \vu.s .;;el 
c:k•ngc: i ;-um c?;:l to pi!. The gene nil, -;wJLch took p;~cc first ~~j 
the J',c;,y 111 J<.trgc sh1ps about 190_, \lilcn l<,r;c S!'!J'S \\Cr~i 

e(.Ju;pp.:d w but n some oil as well '\S cnal. The L:::c Oi oii \'-·as· 
faciJit~:cJ })\ JC~c~rch \\.Or!.. ai V.,.'oolv~·ich l)ocJ. .. v;.trd in ]861 -7) 
011 c~ea!!~ ~U~Ji11i7ation . i\1ccht:nical ~HtHl1izali01~ '.\'~,-~ dc\c!oped 
at Ha.'i~:· 1898- l 902. 

The r;r:'t n.i\·al ships ro burn oi! exclusively \Vcrc 1.orrx:do boat'5 
1-3~ ,u:d Jrihaf class cit:stroveJ s in 1905. After l 'Jl2 all nc>' 
battlc,;!,i;'s <\nd cruisers were. designed to burn oii ~:lone, Tnc, 
aciv<tn~~i.lJCS \\Cr~ speedier fuelling v-.·ith grc .. tlcr rt1d:Js of ac1·o: ~~ 
steadier steaming and grcJter Jlexibilit}· in relation to changes ll1 

power . 
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0 10ft . 

!-!Ci. J ;:) . -·- \10tJLH.~-.: ilABCU(:K ~'.:. Vv' iLCOX HIGl1 - PH.ESSl:RE. H !Gfl-Ti·\~PEI<.-\TCRE \VATLlt -TUHE H:JILLR \\'lnl s~:PAP.A7E..:..Y-r!?..ED 
Sf.C0:--..0-STAGE SL'PEi~Hf 1.:~TR 

Chc c!tangc in the \\'Orkin lhe boiler roon1s and bunke:-s cJ.._-:1 
:....,,~~ ~ .. ~..:en in reduced engine .. rO('ll1 con1plen1cnrs. for exarnplc : 
'- oai--hurni11g--Uon 70 .000 shp E.R. complement 60S 
Oil-burning----Hood 1<1--1,000 shp E.R . complement 306 

Uii huming was introduced to merchant ships in s.s . Oru::ia, 
1 i<S!, by The \\'alisend Sllpway & Engineering Co. Ltd . The 
change wa~: at first wry slow. ben greatly ~ccclcratcd afte: 
\\'orJd War I, until from oiJ -bumi:1g being used first in 1~-:rge 
P<iS~cngcr liners , it gradually spread to being used in the m:i_h''nly 
of machinery ins:allacions. At wcsent 64,000,000 gross tons c)f 

shipping burn oil fuel compared '.vith 8,000,000 gross wns 
burning coal (Lloyd's Register of Shipping Statistics). 

The tr0:Jbtc in the Clyde turbinc-;:n;;incd sl~:::-, },:1'1" Cc01;r,:e F', 
\\ilh high -temperatu re. high -pressure mJ.,:t;:.ery. ::;;·''";; out of 
her boilers being cogi nrcd. ,\ burst tube . \\ ~;~:1 the fire doors 
\\'e re open. scalded the stokers by biowi~;,. o:.:\ ;he b:!m:ng coal 
and s!eam. An oil-fired boiler under simil:tr c;·;::umstanccs 
ven:s re:ldily up the up take and fun11cl c:ad no o:hc;· damage 
occurs p;O\.'idJng the fuel is cut orT 1nunc+:.h2.:eiy ::u~d -~xtra feed .. 
\\ ater s~r;~;bcd. 

PrcJS!lri:c·cd Boilers 
h1 the :uture, pressurized boilers for !l:e-r·chant-sh!;: turbi:rie 

installations \Vlil be considered due to the 1:-.::ge s2vir:~; in \Vcight 
and ~p<:cc effected compared with c:c::..-~r:~io:nl cesigns. ln 
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thi< the Navy will probably c;how the way as thc>C requirements 
are prc...cml~1ent!y qccess,::y in \~·arships . 

The similar boiler in me;clJant sh1p usc will, huv,•ev<:r, allow 
it to be mounccd cwsc to :!;;; steam-turbine machinery and will 
f:;·e:nly facilitate sl:orl main steam lines, reheating, and the like 
at high temperawres. Pressure combustion boiler des ign has 
been facilitated by improvement in gas-turbine and axial-

SECTiON 55 

compressor efficiencies conseq uent on the de,·elormcni of gas 
turbines since the v.ar. 

Fig. 19 shows a design of pressure combustion boiler rroduced 
by Pamctrada, vvith an l'ptimum value of pressure ratio . while 
maintaining reliabiliry_ ease of m~:inten~mce, efficiency. and 
abiiity lO burn residual fuel in a merchant ship appiicatic,n . The 
weight <md bulk are between 16 to 33 per cent of that for typical 
unpressurized merchant-ship designs . 

By using a 2-stage gas turbine with an economizer in between
the srr:gcs, an efficiency of 90 per cent could be attained, and this 
represenls a development for the future. · 

Table XI cor;·,pares the pressu~-:: .:; 
\Vith 1\\-·o typlc~J conventional Go:!e. 
increase in he~t release rate po~,ic.:c 
jn the furnace, and the conse:queilt 

boiler, Fig. L. 
,!,ows the very k .. 

tL~ ! ncrcasc h1 cl~ - .. 

v~·eight and specific volun1e. ] t she~.... 1 ~~~-0 be rcn1arkcd .. _,
the cfncicncies of these boilers arc of , ' " . ..:.:r of '07 -8 per '-'-·· 
based on gross c:.Jlorific \aiue of the iLd. ;:;nd that if anyt:L:-; 

-;i 

I 
I 
I 
1-

L 

the pressure combustion bmier c'm be: more cflicicnt by 
J per cent with f'urthcr ck:\c:lopmcnt in the gas turbine 
com pressor. 

The Hea>~ Oil Engine 

Since rhc l;;;.st \l<tl"the he<!,-) oil engine has been the m.-.jc 
type of propulsion machinery used in merchant ships. Tts 

history in relation to mar-ine propulsion begins in J 910 \Vith the 
first occ•m-goi-ng tanker (Vu!cwws} fitted with a Wcrks;-oor 
engine. 

Launch engines using petrol and parafl1n date from ;:; ''>out 

1 
i 

~ 
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1 ggs and the start of "hot bulb" engines J::: es ;'"om 1890, when 
•l;ey were introduced by Mr. Akroyd Stuart. Dr. Diesel intro
duced his engine in 1 893 using much hi;h~~ compression than 
used previously, 13 · 5 to 1 compared with tetY.een 3 and 5 w 1. 
The resultant temperature produced rapid co:nb<Jstion of the 
fuel which was inje(:tcd by blast <.lir shorl~y ~iore che end of the 
compression stroke. Some oil tankers '"o:- rive::- uc (Wanda!. 
D,"/o, and Emmanuel Nohr:!) were pruduc;;:d by ::--:obe[ Brothers 
at St. Petersburg (now Leningrad) in 190.!, using diesel engines 
of non-reversible type dri,·ing electric ger;erators, the total 
power of the lhrce engines fitted per sni~ b;:mg 400 hp . 

Lvcn aftt:r l 906 development was siow :lnd the Jlrst motor 
c:1rgo ·esse! propelled by diesel engmes w2s the Sciandia built 
in I 912, followed by the Jur!andia. ln 19 i 4 there were 27 classed 
ships with diesel machinery when Lloyd's issued their first rules 
for diesel engines and their auxiliaries. The Great \Var intcr
'>encd and marine diesel dc\·e!opment ceased until about 1920. 

(a) E~n iy oil engim: 
4 S.C.S.r\. trunk piston 

:15 bh:l per cyl. at 200 tpm 

(i.tl M.Y. Sdandia, 1912 
4 S.C.S.A. crosshead 

125 bph per cyl. at J 40 rpm 

The great controversy then \'-'as whether n:e fumre would 
remain with the 4-strokc or 2-stroke cycle cngi::1e. 

Practicul1y all diesel e:-'lgines at this date still :.:s~d air i~~jectjon_ 
of fuel \Vhich invoh·'~d driv1:tg un ujr ccnJp:-c:sc;-, usuaJly of 
3 stages, with intereooiing to produce blast c;jr at p;cs:;c:ws up 
to 1,000 lb./in. 2. This v·as a source of consi::lerz.ble trouble as 
the compressor v:as designed to be greatly o·;crsize not only to 
provide blast air, but a!.so to charge up high pressure starting 
air bottles which were ircq:.:ently fitted. When the s :art~ng air
bottles \Vere fuJI the co:n~ressor suction was thro~llcd uruil only 
the injection air was p :.unped. Many 4-stroke e:1gincs were 
produced, of which the mosi uumerous and successful \vere those 
produced by Messrs . Bu;·;neis:er & Wain a..rJ.d ~:lessrs. Harland & 
WolfT. 

Messrs . Vickcrs-Armstrongs of Barrow int:·oduced the airless 
injection of fuel in their submarine engines du;'n;g the 1914-18 
\Var. and adopted it in the post-war engines for ship propuls ion. 

(cl :,f.V. Gripsholm, 1925 
4 S.C.D.A. crosshead 

1.125 bhp ~r cyi. at 125 rpm 

FJG . 20 .-So~E ~:rAGES IN !'OUR-STROKE OLIA:-Gl)>.'E DfVELO?~,!L'>;T 
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TheLr first ship Wc'S the tanker Narraga•zsctt, 1920, with twin
s~res'\ 4-.st:oke~ single-acting Cl-;gines e8.ch ha\··ing 6 cylinders 
24 · 5 in . bore by 39 in. stroke developing a tctal of 2.500 bhp 
at 118 rpm. 

Next .''car Messrs. Dchfords put their first oii engine of the 
opposed piston type imo the singlc-,.crew ship }'t;,;:ar('fz . The 
engine had oniy 4 cylinJcrs and de\'eiopcd 2,6!0 bhp at 77 rpm. 
In 1923 the writer went to sea as a junior engineer in the Dalgoma, 
built for the British India Company by Jvtessrs. Alexander 
Stephen & Sons. The twin-sere'' engines developing originally a 
total of 3.200 bhp (latterly .1.000 bllp) had at that time the 
largest cylinder bore of Sulzer ma;-ine designs (680 mm.) and 
was built by Messrs. Stephen under licence. The machinery 
was noteworthy as the scavenge air was supplied by motor
driven blowers instead of by the more usual reciprocating 
scavenge pumps. This ship survi,·ed the war and was lost on 
the Aus tral i<tn Barrier Reef some years afterwards. 

In Table X11 the Do/ius is mentioned. She was a ship engined 
by a Scott-Still engine which is included as it reprcseated a scry 
skilful but costly :tttempl to recover and utilize the waste heat 

(A) Harland & Wolff pressure-charged engine 
750 mm. bore, 2,000 mm. combmed stroke. D.!vl.E.P. 92 psi 

(Estimated tcmper.nurc.s) 

in cylinder jnckets and pistons by generati.,g :>team u~ed ;l' ~1e 
underside of tbc oil-engine pi>tons. llcr ft.:~; comump~;on is' 
scarcely bettered at the present day. but c·. en allo\' ing for tu-Jo, 
chargir1g. etc., the complexity is icss. ~ 

The Year i 924 also saw the hlgh-plY,,e;cd Sulzer mach.:.,"!~ry: 

manufactured by the Fairfield Shipbuilding & E:1gir:.e;;:.:ng' 
Company for the M.Y . Aorallgi. She had quadruple screws e<.cil 
driven by a 6-cylinder engine wi th bores 27 · 5 in. and 39 in. Sti\_,ke 
developing a total of 13.000 bhp at l25rpm. 

The 4-stroke cycle engine was produced in the doub!e-ac: ·ng 
form in 1925 by Burmeister & Wain, and used to propel the 
Cripsholm. The ship had twin-screw machinery, each cn~:.ine 
having 6 cylinders 840 mt~. diameter and l .500 mm. s ro ·e' 
giving a total output of 13.500 bhp at i 25 rpm. ' 

Jn l 927 Doxford introduced a b< lanced opposed pi~ ton engine 
and four sets of these engines developing 13.500 bhp total were 
fitted in the liner BC'rmuda. Each engine had 4 cylinders of 
22·75 in . bore and 71 in . combined stroke. l 

Some of the highest powered diesel-cngined ships in the world 
were produced by Messrs. Harland & \Volff and particulars ar~ 

i 

I ff40 
! 

i 
l/j\./"'i 

(B) Early Sulz\:r S.A. 2-stroke engine 
(f,)') mrn: bore. ].060 mm. stroke. M .J.P. 100 psi 

j\1easured ternperawrcs (Eicbclbcrg, 1939) 

FlG. 23.-HEAl FLOW IN DIL'WL CYU:--:D£1>~> 
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~iv~n . for .Brit~~;~rfc> l?eina del fJacifico , Stirling Castle, and 
Jomc m Table AlL 

One of the great in1proYeincnts in diesel JTI3.chincry about the. 
Ye.ar J 930 was the general adoption of solid injection of fuel. 
This removed the biast air compressor from the engine and thus 
irnprovcd its rnechanical efficiency. It also changed ihe diesel 
method of air injection of the fuel and moved towards the 
orip:inal patents of Akroyd Stuart of dirc:ct injection . After 
this date such engines should properly be described as heavy oil 
engines . 

The Dominion ;Honarch, built in 1939, was engined with four 
Duxford main engines developing a total of 32,000 bhp. 

Since the last war. powers developed by single-screw machinery 
ltuve increased owir.g to the demand for higher powered 
"t~lchinery in the ne\~' super tankers nO\V under construction 1 

.-md some types produced during 1959 ore shown in the table 
1! rcody referred to. 

F!g. 20 shows a trunk piston lvlirrices diesel of about 1906, 
itil a cross-section of a crosshcad cngi11·e as fiHcd to S'C'!andia 

·.nd the double-acting 4-strokc engines for Gripsholm. Tlley 
. ,,;ve been photographed to the same scale and are all 4-stroke 
·. ·. nes of diesel engines. 

Fig. 21, showing modern Harland & Wolff, Sulzer and 
;.)oxford engines. demonstrates that they are all single-acting 
:>stroke type engines. ail supercharged by turbo blowers, but 
!laving three solutions to the scavenge r]roblcm . 

The Harland & 'Wolff engine· is of the opposed-piston type, 
the stroke of the upper piston, uncovering the exhaust pons. 
being one-third of tha t of the main piston. No mechanical 
blowers arc fitted. the scavenging air being produced by Napier 
exhaust gas superchargers supplemented by auxiliary fans at 
iow engine speeds or when manceuvring. 

The highest powered engine (j 959) with cylinder dimensions 
750 mm . by '2.000 mm. combined stroke, is a 10-cylinder engine 
de\eloping 15.000 bh p. , 

The Sulzer engine is cross-scave>lgcd through inlet and exhaust 
ports in the lower part of the cylinder walls. The exhaust-gas
driven turbo blowers disclnrge through a cooler and bank of 
non-return V<llves to a serarate receiver for each cylinder. As 
this receiver is in communication with tbe underside of the 
working piston, some additional compression is provided by the 
downstroke of this piston . A rotary Yalve is fitted in the duct 
le:1dmg from the exhaust po rts. \'Vhen I went to sea with 
Sulzer machinery in 1923 the rotary vah·c was fitted to the 
upper scavenging ports and \vas · qui~te successfuL 

A 900 mm. bore engine was announced by Su!zers in 1958 
irtd would produce 22,000 bhp in one engine ut 118 rpm, L!Sing 
1 2 C\'linclers . 

The Doxford engine shown is e~lso turbo charged . The 
,~~tveng ing system works on the "uniflow·· principle. The 
nwer end of the combustion cylinder carries a complete circular 

-en\' of scavenging ports .\Vhile the upper end has sin1ilar but 
· ::nger exhaust ports both being controlled by the movement 
< the io,ver and upper pistons . The mechanical cniciency of 
'" engine is about 92 per cent. 
The modern t]gure for fuel consumption of' Jiesel engines h~ls 

· . . 1 ::orne extent been in1provcd by chJngc.:; in n1echanic~11 eff1-
·:·;cncy. in i 92!, vvitb a specific fuci consumption or 0 ·42 lb. 
. ;d/hhp hour, the mechanical efficiency of a :2-strokc engine 
·.inv;11g sca\'cnge bhJ\vcr.and air con1prcssors \Vas 72·5 per cent. 
lhl~ corresponds to a spcciilc fuei CtH1sun1ption in relation to the 
;••'.iic:;1or c<trcis of 0 · 304 !b.jihp hour. 

A modern engine has a specific fuel consumption of 0 · 34 
v<~ih ;_, mechan ical c!l1cicncy of 89 · 5 per cent -- 0:305 lb./ihp 
hour. 

Fig. 22 gives some typicai indicator cards: 
/\:)) slco'ws a typical 4-stroke blasl injection card from an 

engine running at 94·8 M .l.P. and 20~ rpm. The lowest left· 

hand point' in the T -- 9 diagrc..m represe_nts ~h,:: b:gi~1lli:1gufr1"re
cornpres.sion stroke. \Vhere the line is v-ert!>4.l, beat is .neither 
given out by nor lost to the "Nalls. Thenu1r.J::e~5: on the d:arc:am 
refer to crank angles after T.D.C. It will be s:::;n that "Corn
bustion is complete by 60 deg. after T.D.C. The maximum 
ternperature is 1~460~; t(.; \l,'ith 100 pe: cent excess air. 

/\(2) shO\VS a diagram for the sarne engine ;;.t r:-Iaxim~Jm over
load \vitbout pressure-charging. Con:b;.:stion is con1plete ctt 
60 deg.~ but due to the sn1all quantity of ex-:ess air (about 
] 5 per cent), the ten1p~ratures have reached a maxin1um of 
2,060' K. 

The third card B \Ya.s vbtaincd on a hi;h-speed diesel 
(1.000 rp;n) r~nd shoyvs 8.f~er bu.rning to 110 de g . of crank angie 
\Vith a n1axin1un1 cycle ten1peratu.re of 2 . .150::· K. 

The last c ~n~d c· :qJpJies to a HlOdcrn dlrec~-coupJed turbo
cllargcd 2-slrokc -cycle single-acting en;ine p;-o\·ided by Mr. 
Pounder of 1\lcssrs. Harland & WoHJ'. The maximum cycle 
ten1pcrature shov,·n JS 1.500 .. ~K . ConlpZ1ring this v;ith the first 
cardl it \Vill be seen in relation to _A (2) \Yh<:it a large overloa~ 
capacily is available and ho\\ easy the heat tlov.- condnions ~a~ 
in relation to cylinders and ·top and botton1 pistons . 

I\'lr. C . C . Pounder very kindly provided ~1ot only the indicator 
card, F;g. 22(C) , blft aiso ihe following c\:na from a 6-cylinder 
Harland & \VoliT 2-stroke cycle, single-:J.cting. tuJ-bo-chcirg~d 
engine al full service pO\Yer : 

Bore 
Combined stroke 
1plil 

bhp 
Fuel consumption 
Air pressure 
Air temp. 
Cooling \Vater inlet temp. 
Cooling water outlet temp. 

750 mm . 
2.000 mm. 
114·9 
8.625 
3.089 lb./lu·. 
6· 5 lb.jin 2 

90° F. 
132° F. 
140° F. 

Using these figures heat flow in the cylinders wz:s calculated and 
shov.n in Fig. 23(A). For comparison an early Sulzer desigri is -
shown in Fig. 23(B), and it can be seen how regular the tem
perature gradients (He in the Harland & Wolff engine and hence 
how low tbe thermal stresses are in this cen;:re portion carr;ying 
the fuel Ya)ves and supporting the top and bottom cylinder 
iil1ers. The diagram gi\·es an idea of tr.e g:-eater output \Vhich 
can be cJbtaincd from such engines by greater supercharge. 

The most efficient rnethod of pressure-charging is by n1eans of 
an cxhuust-turbine-drivc;1 blower, but although this system has 

::- !-

been used satisfactorily wiih 4~stroke engines (Buchi system) for r-;:, ' 
some t!""nrty years~ ltS appl1Cat1011 to. 2-stroke engtnes \VUS n10re r !_ . 

difficult since: 

(a) the greater quantity of sca\'enging ~1r used in 2-stroke 
engines Jov:ers the exhaust ten1pc:·ature and hence the 
turbine heat drop: 

(b) an adequate pressure differcntia1 is ne-cessary bet \veen 
blo\\·cr discharge anJ turbine inlet. to promote efficient 
sca\·enging. 

For 1he:se reasons high cornprcssor and turbine efficicncres are 
essential if the turbo-blO\n:r lmit is to be self-dri\·ing, and it is 
only ;vi thin recent years that the system .Ius become practic:::ble . 

The rdiability of the pressure-charged 2-stroke engL.'1e is now 
being dc;nonstrated 1n service, and it seems probable that the 
Jl(m1laily-aspiratcd engine wiil be largely superseded ii~ the future. 

The burning of heavy fuel oii (although not the heaYiest grades) 
in n1arine oil engines is ncnv accepted practice. The risi.ng price 
differentia! bet\vcen d-iesel oil ~and hea\'Y fuel in th,;; post-~·a.r 
years made it worth while accepting higher maintenance costs 
ln order to burn tho cheaper heavy oiL Since then the intro
duction by the oii cornpanJes .of special lub_ricating oils con--
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taining ;..ln a:t.aJinc additive Las done a good deal to allc\ritHc 
<he dil-1~..-:ulties associated with heavy oll buming. 

The turbo-ch.::rgcd slow-speed oil engine is a highly cincicnt 
cngi;~c. The only Y,ay funher to improve the fuel consumption. 
ap«rt irom lltilizing th~ waste beat in the engine, is to ·use more 
constant volume combustion, i.e. earlier fuel injection. This. 
however. produces hir,:her pressures with some de1onation in 
the cylinder and i<> unlikely to he ~;cloptcd to a marked degree. 

future dcvelopmc;1r \\ill p1·obably be in the direction of further 
reducing size and weight. The trend to still h1gher degrees of 
sup.;:,rchargc will no doubt continue until a limit is reached, 
determined presumat:y by the materials and maintenance 
problems asso9iatcd \\·ith the higher spccinc heat relea~c rates 
in the cylinders 2.nd the higher pressure loadings on piston rings . 

\Vhen tbis limit is reached, \\'ill we then sec a re-emergence of 
the double-acting :'-stroke engine, this time in prcssuc-charged 
furm? · 

A further possibilitv arises from the fact that as the degree 
of supercharge is i;lCrcascd the power de\·cloped by the exhaust 
rurbine and absorbed by the blower increases until eventually 
it is of the same order as the useful power developed by the engine. 
It then becomes possible. if desired, to drive the blower from the 
engine and take the useful power from the exhaust turbine, so· 
arriving at an arrangement similar (so far as the heat cycle is 
concerned l to free-piston machinery . 

Free-Piston Gas-Turbine l\1achinery 

This namrally leads to a consideration of free-piston gas 
producers in conjunction with an output turbine to form marine 
propulsion machinery. Most of the schemes re\·olve round a 
G.S.34 gas producer of which leading technical particulars are 
gi\·en below : 

Engine cylinder bore 
Compressor cyLinder bore 
Maximum stroke 
Stroke at maximum continuous rating 

340 mm . 
900 mm. 
550 mm. 
455 mm.· 

_; 8 -4 m.fscc . 
Mean piston speed 

· · ', 1.650 ft./min . 
Cycles per minute 570 

. . . (J·1Ko.Jcm. 2 
Gas pressure at m:L-..:tmum contmuous ratmg .. < ,

4 
_ 

1
:" 

1
. o 

· l '+' · .) b. In .-

Gas temperature at maximum continuous 430" C. 
rating . . 80:2' F. 

Engine rated gGs horsepower at maximum 
continuous rating 
equivalent to 

Thermal efficiency w gas horsepower 
Weight 

1,250 
l.OOO shp 
43 per cent 
8 tons 

The sets so far rn sen icc are summarized in Table XIII. 
The fuel consumption is attr~tctivc, and up to powers of. say. 

6,000-8,000 shp a good lc:yout should be obtained . 
The gas gcneralr•r.' r.:prcscnt fairly highly rated diesel en;mcs 

in rcLttion to r.1:2·\·r:rurn prcssun.:::-l and piston speeds ar~d J!i 

generaL the oniv cr·;;n:Je for 1he future is the usc of "'ftc:r-l)urning 
in the exhaust frc.r: tn~ g~1s generators to give a rnuc!l high~r 
inlet temperature ·.o ::1e propulsion gas wrbine . The hydraulic 
lTTtllSillisston syste<i' .:ot:ld v.rcli b~ used in thi~ app!icntion l'r 
drive turbines too;) _,ne the \\incl<•r!e of ahead bladm~ causmg 
overheating when i."<'ng driven aste;:;1 and the loss in the aster~ 
wheei at a densit:-- cf J atmosphere when the turbjnc i> dri\'CiJ 
ahead. 

:'Yfixcd Cycles 

Gm:if1ers and ou t ~·Jt gas turbines could be used ir, cv;.junction 
with steam-turbine machinery to their mutual bcr:clit. Su.:h 
mixed cycles baw bc"<:::J examined in the pa~l, but the <op;-ro·):-;<!tC 
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designs were not available and without exact figures from test. 
m<1tching of components is nearly impossible. · 

The free piston units including an extra one to provide £l:&S 

for an auxiliary gencralor \Vould pas<; the exhaust gas from the 
g<'15 ,urbmcs to the boiler front and further· oil would be burnt 
in tbh gas (which has at least 100 per cent cx~.:ess airl to generat" 
steam m the boiler for the steam turbine part of the combined 
cycle. 

For example. machinery to develop a tot a I of 22.000 shp \\ ith 
steam conditions 600 psig, 950·· F. would have n steam turbine ' 
de\'cloping ]7,900 ship and 4 G.S.:l4 gasifiers would supo!y 
power to a 4.100 shp g<:s turbine. .lts e:>-haust wou;d go to the 
boiler. With »uc!: a scheme, the fuel rate !propulsion only) · 
\\Ouid be 0·440 lb./'>hp/hour. 

Similar cycles could be considered using the exhaust from a 
high kmpcr:Jture gas turbine to obtain even grc<t ter gains. 

\1any other !'actors such as astern power contn)ls. \veig:ht and 
size of economizers. heat exchangers, and the like \\·ould all, 
bowc\·er, require intensi\·e study. 

I. 
Gas Turbines 

Gas turbines in which the \vhole of the compression w:1d 
expansion of gas takes place in rotating machinery are naturaily 
compared with the ·well-established and reliable geared steao- , 
turbine machinery. In special applications such as cross
Channel ships \\here high power in small space and low weig.'lt 
are required, gas turbines would be Yery sui'tablc, especially if 
fuel consumption were not important (usage J0-20 per cent), 
allowing a very simple cycle to be employed. In a s~-nilar 

application as gas boost units in the propulsion of naYa! s!-ips 
added to a base load steam plant, they are particularly useful, 
and for small high-speed naval craft of the motor §::.inboat 
type they are, for high powers, the only type of machi.:::ery , 
which can be employed. A very recent example of this type of 
boost gas-turbme unit is seen in Fig . 24 . This is an A.E.l. G.6 . 
7,500 shp turbine tmit with a free output turbine coupled iO the 
rest of the machinery through gearing. Particulars are gi\'en 
in Table XV under the ship name A.shanri. The fuel const:wpr:on 
(gas oii) is 0 · 754 lb ./shp hour, but the specific v;e:bht is 
5 · 5 ib./shp hour. 

For the merchant ship designed to operate efhciently o:: long. 
voyages, a much more complex gas-turbine plant is required. lt. 
wiii be seen that the only gas turbine listed in the merch'-!nt ship 
type, with a fuel consumption bciow 0 ·50 lb./;,nr hour in 
Tabie XV is the Pamerrada set which was built as a ma:-:...'1e set 
and consisted of an H.P. gas turbine d~iving t\'>O compressors, 
L.P. and H.P., with intercooling bctwcc!1. The H.P. com
pre~sed air V'ent oy \vo.y of a heat exci1angcr t() the prin1ary C. C .. 
wi:crc the gets was raised w a temperature of 1,250 ·F. (675' C.)., 
The exhaust from the I-J.P. turbine drovt: the output tur· ine 
cnupied to the uoubie rcciucti'oq gear by ;he Pdl1etrada 
hydraulic tnulsnli<lsion systcn1 Gircady referred __ to in an earlier 
s'·ction . Tht.: i'ucl :.:o•1surnption ,,·as 0 -49i lb./shp hDur. all• 
;-;ro:"'ulsion J1Urposcs. 

As fuel consumption of practi:.:aiiy 0 ·.50U lh.fq:;' ho:.1r tpro
p~l ~tc~lt only) \\·ith stc~ur:-turbine tnachincry htt\\: an-c~!d:-' been 
n1~~:sured at sea~ the ga~ l urbinc ho<; Lo ~hov1-- suust0n1i~d gains 
1[ it is to be used in occ<m-going mcrc!Bnt si11r's. 

In order to prov1r.k long-life parts. ti1c turb,ne inlet lempcra-. 
turc C<lnnot cxce1?d, s~:y, J.250 F. ;675' C.i ·.>.itl: present-day 
materials unless cooling is used. Cooling <:l'ows h:gher gas 
t::mp.:raturcs and hem:~· even allov.i!:g for cuui!ng los·;.:,. a 
sub~!J.ntjal net inccc~:sc jn e1ilcicnc} . r\t 1,250 F. anci ~t con1plex 
cycie, thermal efficiencies of 28 per cent corr~.:'>pc:nding to a fuel 
consumption of 0 · 4<J5 lb./shp hotl'', a 11 ~'rop:_, ,, ;on r•.trpt'ScS. 
r..<:,-e alreadv be.:n <!cmonstrakd. AI an (JU!n'lt or abol'L 
10,000 shp the g~:s turbii1c set consi:;' ing of •,·~p:.:;·cktrgcr (L,I>, 
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comp:·cssor driven by L.P. turbine), 2 co;;;;J;·cssors with inter
coolers driven by H .P. turbine, primary and reheat combustion 
chambers. heat exchangers, and I.P. ouTput turbine, would 
ba,;e a complete machinery weight uf 6 i 0 tons (about 140 tons 
lighte1 th~H1 a correspondiL!f?" steam-turbine instoJ1atlon)4 I'he 
engmc-room would have 8 per cent less flooi· area and about 
12 per cent less cubic capacity than that required for the corre
sponding geared steam-turbine unit. These savings coupled 
with the hoped-for reliability and low rnain!enance costs would 
be the reasons why gas-turbine machinery should be con~idcred 
at this date. Jn the meantime, however, the steam-turbine con
sumpliOJ1 improves and the gains for the gas turbine become Jess 
unless the inlet tcmper::tture to the turbines is raised. The other 
important factor may be the ability to burn residual fuel and 
m,my experiments have been made leading to particular solu
tions for certain residual he~!,·y oiis. The problem of reversal is 
the same as th:lt in the output gas turbine operating in con
junction with the free-piston gas generators or high-temperature 
steam turbines. 

A single-stage liquid-cooled turbine has o;x:rated at Pametrada 
at 2 200' F. \ 1.200" C.), but a great deal of development \vork 
is still required in relation to mechanical details, ability to burn 

r~siJuat fuels and layout of the com~onent parts, paltic~:ar·\ 
cornbustior: cbarnbcrs. Jiov.:ever~ it !--o . ..:s grcn.t p .. -.~Jijse L.1 r:...c 
futulc ns alrec.dy it has been sho\'P1 t~~~ ts.,_e m~ar mc:a~ iem
perature in the rotor blading is 700 to :\01.1 F. the m;..x.imum 
local temperatures being 1.000'' F. whe;l opcr'"u;g in a c:as 
stream at a temperature cf 2.200 F. The b:.:c.e n~.::tal ~e-rn
oera ures are actually lower than tbose in an uncooled gas 
turbine with an inlet temperature of 1.250" F. The temperature 
at the rotor where the blades are supported is that of th..: coolin;; 
water, i.e. not ex•.:ceding 140° F . (60° C.). Full stn:nf.tl". c:;_n 
consequently be devc]Clped by the alloys employed in blc.d:n;, 
rotor. and other parts and no question of creep or life is 
involved at the parL~ of greatest stress. The blades are spark
machined from solid bar and end caps welded on after sodium 
potassium eutec:ic bas been inserted in the hollow blades in a 
helium atmosphere. Two water channeb m the rotor are at 
each side of the blades. and heat is brought to the cooling v·ater 
by the high-speed convection currents in the liquid metal i;1 uced 
by the high gravitational field arising from rotation. A tip 
speed of 1.000 ft./sec . for the blading causes an acceleration in 
excess of 10,000 ·'g". 

Table XVI shows a comparison between a present-day steam 
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tur!·,fn-~A the h-igl, - ._~m:--·;.;r~l!urc pr0~otypc. steatn turbine~ the 
liqu 1d .. c;oc~lcd fas t:lrL~ ~oc~ and n. .heavy oil ent::-inc.. 

This high-tc:npc:-an.:re 1iquid,·cooJed gas tu;-Oinc \\.-jll also be. 
of e:;n~.\.:ial u:;c in hig~-tc-rnpcrature gas-cooled reactors either 
in a str~Ight C'>'C1c o~- v.-hh o tre~-running gas ... turbine circulator. 
The Jiouid~coolcd cc1rbir.c will pDssibly be the only type of 
machine avaii<,bie. to develop jiO\'.'Cr when re0.ctor gas coolant 
tcmpen:.tures reach 1.200° C. or above. The dr ive to usc such 
high tcmncratures is tlH: pressing need in nuclear ·work to reduce 
the enormous running costs by producmg work from nucle<~r 
he:.\1 as c:flicicntly as possible . 

r•ropt:Uers 

1n 1 ~()0 nadc!lc wheels w<_;rc. frc<::ly used. The G'rcat Ec:srcrn 
had naddks for nart of her propulsion and the ScOiia worked 
on the 1\tlanti~ for m:.!11y years propelled by paddles. Paddle 
''heels han: indeed sun·i,ed to this date for special vessels used 
in sha1lov,' v-.:atcr o:· \Yi th special tnanccuvrjng rcouircn1cn~s. 

The scre\v had. howe\'c;·. in i 860, rcach<::d quite a modern fo:m . 

Supc:rca\·iratirg prop:::Fers haYe been suggested~ t-:1: ·.::r: cc::-:..
paring sizes, the sur3rca"'.~Lta"\.1,....,; prope:~e:: \\·ou1G 112.\·e z. .;.::~:-~~ 
\Vhat larger dia~nctc.L 2.nd ru11 at a corr~spot.ding1y l:;·:,'"~:- rp::: 
than these produ:::ed by current design methods. 

Correctly used, a s.t .. !pcrca\'ltating p!·opcller \VOuld ba\·e j~---:~gTI 
conditions roughly cor:1parable to ~!lose of a ccr.ve~:io;·_z.i 
prop~Iler designed fer t!-1c san1c c:pplica:ion~ bt.:t \.;·ot..:;d e!i~in::.:-:: 
the cavitation loss associated vvi Lb hlg:1 pm·:crs a;::d s;:: o;:ed.;, 
These propellers operate \vi:h cavitation o·>er t!ie ·,-, hc~e of ~te 
suction surf :tee of th~ blades. the C~\ ity ~c~~~~J.~ .::t:g 2.t the 
leading edge and cxtcndinJ b~yond the tra ilJr.:g eL.g-;: _ E;os:ion 
is avoided and by suitd.ble designs ciTicicncies coD-:p:.:-::.~le "\~:~h:t 
those of a convcntioacil pr-opeller operating uad ;- nc:I-C2.\·i:r:t~.:ig 
prope!ie:ts can be obt0.i :Jed . CavitJtion is pi·oniot~C: j :· ::-.. co
ducmg au· ttu·ough channels in blades leading to t!lc s:lccio::
surfaces . 

:\uclcar Propulsion for Ship~ 

:CI 
. i 

Fig. 25 she)\.\~ the screw for the Great Eastern with four separate 
cast -iron blades ri veted w a cast boss to nroduce a propeller 
of 24ft. d1ameter b1· 36ft. Di:ch. The power absorbed was 
4,S90 illp at 38 · 8 rpn;. The fairness of the blades on the pro
peller boss is much bette r than those using separate bronze 
blades iJ.tted tO bosses \Yi:h S!UdS and 11UtS in the 1 92Q's, the. 
whole be:ng faired off with cement. 

lJt ilizing the strategic advantages of an a1mcst L:-1: :21::tej 

range of "-~ction and the f3.ct that nuclear reactors do nc: ~o:-.~s :.:n~e. 
0xygen. the United States has embarked on a lar~e ::-uc:ear 
submarine building programme. Both Naurifu., (195-t;. i 3..+00 
shp, 2 s afts, and .,skatC', single-sha!'t, are \\ orl::~-:a:uous 
for having passed u;,dcr the North Pobr icecap success:u!!y on 
August 3, J 958, and A ugust 9. 1958, respectively. Ex:Jcn~:.ce 

has been so successfui and the stra tegic results so gre2.t ~l-:at the 
largest singie reacto:- programme in any country in b '-'-'O ~id is 
devoted 10 the propulsion of ships. Last year I 1 959; i:i the 
Uni ted 'states l'\avy : 

(\ .;. 

A modern solid bronze propeller fm a large tanker is sl1own 
in Fig. 26. Tms propelier is 23 f: . diameter and weighs 34 · 5 tons. 

·-·~ 
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---··.....:... 

5 submarines were in commission 
J submarine (Sea 11-'olf) de-commissioned to p:..lt ;n a new 

reactor 
4 submarines were launched and fiiti ng out 

12 submarines \\'ere under co ns truction 
ll submarines were assigned but still to be laid down . 

The cruiser Long Beach (2 reactors) is launched and the 
carrier Enrerprise is fitting out (horsepower 300.000--+ s!:iafts, 
8 reactors) . There is also a large destroyer Eaiizbridge 
(2 reactors) under construction. The to tai is 36 ships an.d 
46 reac tors. There are c'.lso 6 land-based prototypes . 

In Gre.-,t Britain one submarine is under constn.:ction with a 
reactor and machi;1ery bouuht from Westinut-.ouse ir: the 
United States of America. Tl~e re is a naval reaZtor test fac ility 

-:;:..- at Dour.rcay and vanous attempts here and there to st;:;rt ca:-ine 
reactor w rk. 

.!! abScl!T'S 20,625 shp at 109 rpm. ']he five-bladed propeller is 
panicu·:,, ;: ,uitec: to a singie screw artcr end installation as the 
cxcrl~:l.c''l ;, s:11ali as tv:o. blc.dc·, cannot pass the stern frame 
at lh<: :;.;1me nmc, <~nd any cntic<ll frequency of tlK shaflmg, 
gco.1rinr. ~ -~;rt1:re systc.n1 cii\ ic.ie(J by 5 JS likely to be \Vcl1 dO\\fl in 
t!K r;,q;..: 0!' revolutions p.:r minute, and hence well clear of 

On t!:c merchan!-ship propulsion side. the Russian icebreaker~ 
Lenin '.':LS on her n~a1dcn \'Oyage in September 1959 . She hasr-'\ 
three pressurized water reactors and associated gcnera:i:1g ;-!ant 
with a total ca p<:<.:ity 1 · 5 times the power of t::r l<o;:,u;sim: . 
cquipmcrn . /\ny t'xo reac~ors can thercfo:·e satisfy her full -
Jo:td p~opulsion rcouircm~n t s, leaving one in ;·;;se:Te or w c', 
su~)ply h(:at to \·Va ter pumped for icc-n1clting purposes. 

Before rhe end of :nis year (1960) the United S::1:cs merchant 
sh ip Sal'annah s!JOuld enter British ports. Tnis ship ::,iso is 
propelled by a p:essurizcd \VJtc-r reactor. Fig. 27 ;;ho·.xs the 
contarnment Ycssel in Sal'annali \Vith \.he- re~ct c:-~ n·:c ~eat
exchangers. and th;,> cooiant circulating pumps in posiuon. The 
reactor vessel on th::: right is cut a\\'ay to show the core c>.nd 
cont rol .:-ods in their correct relative positions. 

1 able XV Ill giws some data for the machinery i:-:s:"li:.: ior..s 
of the LPni!l and .Sa!·aru:ah. to~cthcr \Vith particclars o!~ a r:u.n-lber 
of pu~J)ished design studies for marine nuclear pro;;ursioD 
installations . 

To ob~ain son~~ guid~ncc on reactors for n1erch~n1 sbi ;}5-. an 
A<.lrr.j:alty Committee in J 959 called for tenders, m;d tbe ::-es:.1l::s 
of thc::-e te:1dcrs us far as pubiishcd are marked with :.D. :.ste:isk 
in ~rt:.ble XVII1. In the table '"indirccf' mea,;.~s that $ t!e~t 
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e>:charger is interpcscd b:tween the primary coolant circuit 
a:•...i. the working fluid in lhc turbine to prevent the turbine 
system becoming mdioac:ivc should. f1ssion products render i.he 
primary circuit dangerous. 

It is noteworthy that ail the naval reactors in Lbe United 
S·lates Navy and that of U.S.S .R., together with the ships Lenin 
and Smmmail, us,, pressure water reactors . This type w;>s used 
fir5t in l\'auti!us and has produced a technology using h ighly
enriched uranium which has Jed to the merchant ship reactors 
for Lenin and Saramwlz. using enriched uranium, but at a much 
Jm·.-er enrichment than tbat used for naval reactors. 1n Sarannah, 
for example, the. enrichment is 4 · 7 per cem U-." (J.bout six 
mnes the concentration found in natural uraniumY.-

f'or size to allovv shielding and containment in a merchant 
r:c:Jctor_ an enriched core is necess<tr·y for any arrangement put 
forward. The hope is to keep the; enrichment low to assist in 
:;.rogressing towards an econom ic reactor which bas to pay in 
n:lation to present-day orthodox machinery and fuel costs. 

lt is clear f:-om published figures that the capital cost including 
the provision of the Grst core is the main facw r which prc,-cnts 
nuclear power from being comuetitive with machinery using 
oil fuel at this stage. Capital cost, however, can only be b<-ought 
down by good engineering improving on an mstallation already 
constructed, and no amount of paper work or studies in 
committee wiil ad\ ance the matter beyond 1 ,aking a v, ise 
clio.ice . 

Acturrl constn1ction is essential, otherwise the necessary 
techniques and craft skills are not learned, and a country 
becomes dependent on those who have proceeded to build. On 
building, great knowledge is gained: for ex;;.mple. Babcock & 
\Vilcox can offer now a marine reactor with 2 · 5 times the output 
of that in Sm·anna!z requiring only 20 per cent more space. 
Techniques of fuelling, de-fuelling, disposal of radio-active 
wastes, monitoring t sea, reacto r effects caused by roliing and 
pitching_ must all haYc sen-ice experience. 

Table XVll summarizes all the types of power reactors in the' 
world as far as known to the author, but exciudcs all research 
reactors and critical facilities. The variety of reactors will be 
seen 10 be brge. Nevertheless, from the Second United N ations 
Conference on the Peace ·ul Uses of Atomic Energy, Geneva, 
195l-!, it is qui te clear thut no new reactor systems additional to 
:hose propounded in 1955 were prod'uccd. Of the -graphite
rnoderated gas-cooled reactors \\'i th natural urllniunl fuc! fron1 
Calder to Hinkley, the electrical power has gone from 
'26 MW;rcactor (35,000 shp) to 313 i\'1\V, taking the output 
dear of ~my foreseeable ma rine requirement_ 

The pn:ssurized water retc tor , which is the only type yet at 
sea. gives stean1 co!1dnions at the turbine \vhich arc typically 
~00 500 psig_ saturated_ These conditions \vere •;:ell known to 
~urbi;,e designers more than thirty years ago . The only 
Jilicrence now in steam-turbine design is that blade speeds c:re 
•nuch higm:r to reduce size and increase effic1ency. Moisture 
u1 the lO\\·-prcssurc stages has consequently to be retnoved or 
·,crious erosion damage might ensue . Biacte shields assist. but 
-~mtwal is <1 bette:- soiut1on. 

Bujiiqg \\'~:tcr n:actors. if operating otl ~til ihdirccl cycle, glYc 
o:~:arn ,;ond!lr,ms ~'t tile turbme of the same orch~1 as pressurized 
.\:ncr reactors_ I r ;i d in:CI cyck is liSCd. 111l1Ch higher prcs:>urcs 
''c~umc pr~1ctic:lbk. ;md .-;uperhcating, although diJTicult, 
D:.':L'O!TK:s possiiJk. Lu·;;.; opcriiJlcnwl boiling water reactnrs 
>;::\·c bc~.:r' ill "PL'r<t!ion ro:- some years in the United Statl:S, and 
]:::'·': ~hnwn thcn1sch cs 10 be safe and reliable_ 

In 1 h<.: c'rg;iili::: m,,dna ted :lm! cooled reactor tile h ighcst 
•cmpcr:,rute aliow;:hic 111 tb: CO(ll<:nt stream is 370 C (6lJ2 F ._) 
''s above thi'> the polymerization rate would be far too high. 
v.hich with attendant fin: risks ~l!ld dispo6<:i problem of liquid 
wastes may rule it om a:; a long-term proJect. alt!1ough it is 
prob~:bly the cheapest rc<ector oJlering at present for marine 

use. Steam conditions would therefore be of the same order 
as \Vith the prcssuriz?d v ·ater rc2ctor. 

'Nith reactors vvhich ar;; c!•her g::-.s (or ste2-ml c2ol:::d or Jjquid
metal cooled, there is no fund::1mental bar to the a.~<:-[:~;nent of 
much higher turbine steam conditions, provided the mz.terials 
problems associated with the core design can be solved . The 
hif:;hest steam temperatu:e arising from a reactor i.s J .000" F. 
from the Sodium Rc:tctor Experiment in the United States of 
America. Above such temperatures gas turbines >YOc!ld probably 
be used in association wjth gas-cooled reactors. 

Jn Table XVIII sorne lon;cr :ern: projects rcquirinp: the use 
of gas turb!Jles to develop tbe propulsion powG arc gwen . A 
number also are ;srouped in the succeeding Table XIX . particu
larly to show the gas conditivns which arc postulated to be 
used by the gas tu1 bines to propel sh ips. 

The coolant fluids which could be used include helium, 
nitrogen, and ca rbon dioxide. Neon has also been mentioned, 
but supDiy would be difficult. Air is gCneralJy ruled out because 
of the Argon conten t. which \vould become radJo-act1vc. 

There is gener:1l asreemcnt that the optimum cycle conditions 
for these coolant fluids in the reactor (the working fl uids in the 
gas turbine if no beat exchanger is used) occur at abou: the same 
temperature ratio (rather than pressure ratio) and that the 
differences between Ihe peak efficienc ies arc smalL Smce com 
parisons should be based on constant maximum cycle pressure, f""' 
a fluid having a smail optimum pressure ratio- such as heliu m 
has an initial advantage in that the LP. section of the circuit 
can be at a higher pressure. 

The ·relatively good heat m:msfer properties of helium reduce 
the size of the heat transfer equipment relative to nitrogen and 
carbon dioxide. 

Comparing the sizes of the rotating machinery if the blade 
speeds were maintained constant, the number of stages required 
would be proportional to the specific heat at constant pressure 
cl' which puts helium at a disadvantage, since its specific beat 
is about five times that of nitrogen or carbon dioxide. On the 
other hand, in the case of the compressor tbe blade speed for 
helium can be increased since the velocity of sound in helium 
is 'WY high . The bl de speed would then be controlled by blade 
stress and not by Mach number. ln the case of the turbi;1e, 
stress would control blade speeds for all fluids_ 

Table XX summarizes the effect of the different workin g 
fluids on the design of the gas turbine. 

The natural course of reactor development will be towards 
higher operating temperatures, and as mentioned under the 
question of the liquid-cooled turbine . turbines capabie of 
working at very high temperatures will be required at least to~
circulate the coolant rhrough the re:1ctor. ' '-

ln any longer term survey breeder reactors \Yould need to· 

be considered . TJ. esc i:;.clude fast breeder reactors of the general < 
type of Dounreay. ln fact. at this stage the besi usc for plutoniu m 
\\·hi(:Jl wlil arise fron1 :he operation of the present ciYil po\ver 
stations in G reat R-ita in \\·i ll be in fast breeder reactors whicl~ 
will form phase ,'2 of the power-station prog:·<:rrm1e. In this 
connccuon it should be noted th::tt the Dounreay fast breeder 
rc<tctor prolluced pOI\Cr on November 1-1-, 1959. There a re also 
the ti-1c:rnnl breeder rcacto:s designed to make full usc of the 
bt<-:nl energy in thorium. In the initial lo::tdmg of :1 re:1ctor 
\\Orking on a thorium uranium cycle, thorium is u-_scrted with 
U,,_ and converted to c,,, wh ich repi:Kcs tl1e fissionable 
ma·t;ri~ll utilized dunr.g re:J~lo r oper~:tion_ 

Power from Controlled Thcrmonudcar I'usion 

Considerable rcso:arch effort is being expended m many 
countries on findin~ r::ethods of developing uscfu1 power from 
nuclear fusion. The re::ctions of most interest arc those involving 
deutcric!m, tritium, and possibly also heiwm and l'thmm. For 
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i.i3•ffu; pO\\'c:· to b~ deYe1opcd terr:p~;r:itJrt:s as high as 107 to 
JO·' I~. \:.-'ill be required~ <.~nd. tcu'r..:r~ttures or this orJcr \Yitl 
. 1cccssiwtc keeping the hot gJses out or cnntaCL >vith the walls 
of so:id containers , both to avo;d unacccptilbic heat losses a;-Jd 
to·prc'-:Cnl \ apor17:ation of the containers. 

All thermonuclear devices so far proposed make usc of 
magnetic fields 10 contain the gas. which ~~ !Wssiblc since at 
such temperJ lures the gases ;1 1-c' comPiekly io;1 izcd. Tile heat 
ioss then consists entirely of ra diation to the walls, arid thb is 
not unaccept<1bly brge provided impuri ics arc kent to ,·erv 
sn-;all amounts. . -

At the present tirnc cxperitncnt:; arc in progt·css on a \vide 
variety of systems. The c:trlicst and still the most v.idc:ly used 
make~ usc: of the '"pinch effect." in which a high current is 
passed through a tube containing IO\V-}II·essurc gas. '-' hen the 
magnetic field produced by the: current causes the ionized l!as 
to constrict tcmard~ the axis of tile tulK, so isolatinl! it fr;m 
the walls .. The gas is heated by the current J1assing through it 
and also by the comprcssio;1 associuteJ with the cont rac tion . 
The tube may be in the form or a torus ras in Zeta, Sceptre, 
Perhc;psairon, etc.t \\hich eliminates the losses at the ends of the 
tub::. bUL linear tub.::s are sometimes used for expcruncntal 
purposes. 

Other imponant de..-ices include tho:: Stellarator a:1d the various 
'"magnetic mirror'' systems. In the Stelhrator the gas is con
<aincd in an endless tube. but the required magnetic field is 
produ.:cd by extern<i: coils instead of by a current passed through 
the g:1s . The magnetic mirror devices have a straight tube 
containing the gas and the magnetic field is produced by-exiernal 
coils, end leakage being reduced by making the field strcn!Zth 
greater at the ends of the tube than in the middle, givi.ng a 
so-called .. m::Jgnetic bottle .' ' 

With regard to systems ming the pinch effect, the results of 
different expcrimcmcrs a re in broad agreement. Electron 
"temperatures·' of 105 to 106" K . and io~ ·'temperatures .. of 
1 -- 5 :..; 10"" K. have been obtained. but there is a large 
unaccounwble energy loss . True thermonuclear fusion !las not 
yet been achic-red . 

Results from other types or system ha,·e as yet ee!J equally 
unsuccessfuL with the possible exception o! ·'Scyl la, .. a small 
r:1::1gn;:tic mirror de\ ice built at Los Alamos. This has gi\ en 
results which are consistent wirh thermonuclear fusion having 
taken place, but no definite claim has been made as yet by the 
~xpcrin1C'nters . 

\Varc points out: '' . .. it must be remembered that th·: 
ac:1 icvement of a detectable reaction is only the first s:i.:p on a 
~:Jng road to much higher tcmpcr~nurcs ;:md densities b-:fD:·c a 
useful amount of cncr!.':v is rckasl;d." 

Sun1ming up on thc~:n,onuclear .research gcncraiJv . B!ct:crton 
says: ·'The genera! conciu~;ton from the 1950 -Gcncl 'i~ C onfct·ence 
is ~hat. the beha1·iou r ol fully ionized gases is mcm:: compk:-; 
than tnat accounted for by present theories, and that until a 
more basic understanding of their prOJ'ertics is obruircd. no 
major break-through in themw11uc!car research can b:: expec'!cd ... 

'fhc energy· rcicascs !"or \Onle fu~ion reactions are v-;,-cn 1n 
Table: XXI. ·" · ·· 

The pcrcentagc of hctlvy hydrogen in ordinarv !wdrof!en is 
0·015 per cent. The amount of hea\y \'.;Her in ti1e ~\nrkl i' of 
the order of 1 ·9 >< 1014 tons and the weight or dcmcrium i~ 
3 · 8 / i 01 J I OilS . 

1r the third reaction in Table XXI -.vcre k1sible. the :.1\ailable 
cr.:.::rgy wouid be 50 million times that of a!! J\ nown hvdrncarbon 
f uci rcsen·es and 3 million times th<Jt a,·ailable fron; the lis:, ion 
of nuclear· fuel. The availability of heavy hydrogen in the 
waters of the world would prevent any group controlling this 
source of power. A ship f1oating HI1Y'"hcr..: in the oceans \Vouid 
h;•,·:.: T!1llCh more power ;iVailablc than if she f!o<.Jted o:1 p·.1re 
octane petroL The argument is as follov,s: 

1 g:1l:L'n of sea \H:~cr WL-ighs i 0 · 26lb. and contains l · 14 ib. o' 
hy...:roge:J . 

Tlle ;:,)!Tespot;C:i: v v.~ ,!;.1t o" .;e!..'crium is 0·000171 !b. 
'T~king R_e~:CiiO:t" t::;? heat ~.-.L;a .t: is 2~48 x· 107 B.Tb.U./gal. 
1 galion of petrol 'n\:ig.hs ;-...;. "1 .t!Ld~ and energy content :.:.--: 

1·5 ;! i05 B.Th.l; . 
T"hc ratio of energy Gontents j, , 65 lo J. 
Similariy if Reaction 1 we;-c tak~n ihe rati~1 L'f energy \\'Ould 

stiil be 39 to ]. 
So that independently 0f the cf:icicncy of the hewt source, 

the poten tial energy avail:.tbk in each gallon cf ,ea vater is 
from 39 to 165 times greater 1han If hi!.':h oet:,ne pe<rol 
we;e su bstituted for it. -

1t is because of such a promise tlwt researd1 eliot t throughout 
the world is on the scale shown in Table XX11. 

The economics of a fusion reactor oh.nt for marine pro;.1ulsion 
arc hc·yond calculation . ]t can~ llo\vever. be st::tted that capital 
cha1·ges will far ouiweigh fuei costs . Although there will be no 
fi ssion pwduets in fusion reactions a reaction bet\\ecn deuterons 
will produce much larger quantities of neutrons than those 
arising from fission \\hich may make coolants and reactor 

··structure more radio-acti1·e. There will therefore still be 
shiel .ing and containment probiems. 

Considerations lr.fh;encing the Future 

The p~,per has s;.;i.D1arized rn:::rine propulsion ;::Jchinery 
dc\'clopments up to the present and has gi,·cn so;ne guidance 
as to the trends of changes in a relatiYely short future. certainly 
wit11in the next hundred years. J t must be remembered. hm\·ever, 
that despite all efforts to leave our planet or to use ballistic 
missiles as passenger carriers between land and hnd, 72 per cent 
of the globe is co\·ered with wa:er ( 130 >( 106 sqc:::re mi!esl and 
that ships will be required. r'\ t present it costs b ll ·cen £400 
and £SOO. depending on the type of goods, to c::rry 1 ton of 
fre ight by air from London to ;\ew York, and about £10 by 
sea. The corresponding heat u::its required arc from J ·0 to 
1·6 ~c i08 B.Th.U.fton fo r variou~ types of aeropl<lne : by sea 
2·0 / 10'' B.Th.U./ton usi;~g steam-turoiJ;c machinery and ,I 
I ·4 ., 106 B.Tb .U ./ton using ht.:avy oil engines. Therefore on 
a utiiiz;J.tion of energy basis, carriag<: of goods by sea only uses 
bet '.veen 2 and 1 per cent of the e!Jergy required to C:Jn·y the 
same weight by air. qUire apart from !he difi'ereritial in cost 
caused hy burning distilled fuci i·:ste:ld of :·~sidua! hca,·y oiL 

.\'lost of the c~n!: !l!as.s ur.der the set-! is unexplored . Drilling 
ror oiL coal. mineral ueposits. c•.nd similar projects arc in their 
infr;ncy. 1 he n1ining of mangan~se nodules ar.d 0U1er n~ct~H:~ 
orcs on the sea bed \l:ill al.so ret.:uir-c the use of ships or seaborne 
Diatforms . 

Air hough Drogrcss \1 ill rx:g;:l b;. lmprO\·ements to reiative!y 
\vcil-knc)\vn types o!" pr("~j}UJ:-Sion i11~{chincry (inciuding nuclear 
propulsion). thl: pos<;it>ility of ne'.i· forms of proj>uJsit•n must 
not he lorgottcn. A 1~nn fn:-:rn ship fClnns . SU(:h aY h_vdrofoil 
crai't, ho\·L'rcr·aft, hydroconc~, and even subn1ar!nc tanker~ or 
c'~re carriers (\vhich '.•:nuld Oc.::ornl.! practicar po1itics if" their 
vn~'age to catT~- •_Jl! or ore \\·cr...: n~~ucri~.dly ~hurtl.!ncd l~y passage 
unJn tile Polar lee cap) . man,· forms or power producers are 
being de1ciop<:d 111 tm·i1· primni\c forrn in the laboratory. Fuel 
Ct.;'!ls, 1hennocicct ri~ genera t ior~~ a!1d elect ron1Jgnetic generation 
or rower arc not at present far ad\'anccd, but they may be the 
first shadow; of \\ IJCit wi!! be th..: method of power generation 
in ilK lutUH'. 

Conclusion 

ln promoting progress in the propulsJon of ship<·, m~:ny 

powerful botl;e.;; in Great Br;;:,:m such as the Admiralty, 
Ministry or Transpvn, Lloyd's Register of Shipping, ~md tl·1c 
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zr::at technical societies such as the Insiitution of Mechan ical 
En~ineers, our own Royal Jns:itu.tion of l'f:•:al Architects, the 
Institute of Marine Engineers. th·~ Notth-E~st Coast Institut ion 
of Engineers ~ncl ShiDbuillds, tbe Institution of Engineers and 
Shipbuilders in Scotland, and many ollu:rs o.oroad have played 
'' dominant part. 

In a iarge measure, however, outstanding achievements are 
associated with the nan~es of famous inventors such as \Vatt, 
Elder, M:mdslcy . Rankine. Napier. Penn, Kirk, Smith, Ericson 
in the development- of the reciprocating engine and screw, 
Parsons. De Laval. Zoelly, Curtis, Rateau in the development 
of the steam turbine. Akroyd Stuart. Di~s:::L Blache. Keli:!r, 
Sulzer, Pounder in the development of th~ diesel or heavy oil 
engine. and a host of others. I t is clear that in the ultimate all 
progress depends on the nower of the human mind to dl!s ign, 
improve. build, run, and repair all these creatures of its dreams . 

1 began with a quotation from Robert l\lurra~'s paper gi\·en 
w this Institution in 1860, and I should like to conclude with a 
quotation fmm his second paper ro the insiitution given in 1865: 

' ·The engineers of our modern screw steamers, 'combining 
all the latest i.rnprovements,' groan under the endless var iety 
of work now thrown upon them and r gret the good old 
times when surface condensers, superheaters, hydraulic 
apparatus, centrifugal pumps, auxiliary boilers and steam 
winches were unknown.'' 

He also remarked that : 

•·if a good engine falls into the hands of an uneducated, 
ignorant, careless or unqualified man, the greatest improve
ments possible only become tools of injury to the character 
of the engineer and of loss to the owners'' 

These statements ha\'e equal relevance today. &'1d emphasize 
the importance of the men who actually build and run the 
machinery, and we remember with pride tales of the skill, 
endurance and devotion to duty of the engineers who have 
selYed in naval and merchant ships during the hundred years 
that this Royal Institution bas flourished . 
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A l\1ARINE ENGINEElUNG REVIEW::_PAST, PRESENT, Al"rD FUTURE 

TABLE I 

PROPORTIONS OF SAIL~G A:"D STEAM-PROPELLED SHIPS 

!, Tonnage of British ships in service P·"r•~,,.,-, 1 ::::,~ of ' ..._ _.,.. ~~; ... l ion ~hip:; as Iror: :-,n:r:-s zs I I Dote --- ---- ---------------- - s•.e ... mship:-. in re-lation pcn:cntagc of i:J.il pcr:::cn:ap;;: c[ a.H 
1 f--- Ste.Jmsl1ip< i SacUng ship> to tota! tOimagc ohip" launched 'tcamships :~·""'r,ed 

~~~ ;:;.;- --~-~0-7:-~-~~---~----!:-~-~:~~--- Tr ~_. __ Pt-\r; __ : _____ ?:_-~~-:~-:---1 
~1 1,290,000 4,343,000 22·8 50 90 

TABLE II 

TOTAL GROSS TOKNAGE OF VESSELS IN EXISTE:V::E \VlTH VARIOL'S TYPES OF PROPULSION .YiACEl~'ERY 

f 
1948 

I Type of mJ.chinery ------------------
Gross tons Per cent Gross tons Per cent I 

~~~~90,0;;--
1

- 52·6 35,430,398 ---;0·0 ,' 
1-----

1 

Reciprocating steam engines 
Reciprocating steam engines with LP. turbine 
Turbine .. 
Turbo-electric 

Total steam 

Diesel 
Diesel-electric 

Total motor . . 

Total steam and motor 

1.650,152 2·1 2,144,!12 1 ·8 
13 ,505,629 16 ' 9 I 28,863,2!9 24' 5 I 

• 5,664,959 I 7 ' 0 I 5,286.081 4 ' 5 i 
!---. _____ ! _____ ! _________ ------j 
_ 63,Ioo, 743 . 78·6 , 7i,723.sw 6o -s I 
,-------.. ---·--·-----:-------------~ 

17,037,487 21 ·2 _45,974.649 31\ ·9 1 

153,363 0-2 335.2"2 0·3 i 
I ------------------ ----------- ----1 

, 17,1Y0,850 ! 2i -4 i 46,309,921 39 ·2 I 
: --~~--~----....._-1-·------:-------w--- ---------1 

S0,29LS93 i 100 0 i l !8,033.731 100·0 I 
------ ------------------1 -- 1 ' 1 

From Lloyd 's Register J Shipping Annual Report, 1958. 

4.27 



I 

Il. 

III 

IV 
v 

"' Vl t T 

VI 

VII 

D 

); 

X 

XI 

Xl 
); 

X 

X\ 

x:v 
X 

} 

0 X \ 

A :v1AR,NE .:::. GihEERING REVIE .. '- PAST, PRESENT, AJ:-ID FLfCRE 

TABLE lli 

PARTICt.: LA RS OF "GREAT E ASTERN," J 859, CONTRASTED w rn-1 ~'OCEANIC," 1899 

Length BP 

Breadth extreme 

: Depth of side . . 
Gross tonnage 

I Displacement 
: Bunkers 
j Speed 

1-----------·-
1 

I . 
1 Builder .. 
1 Type .. 
1 Number of cylinders 
I Diameter of cylinders 

I

I Stroke 
Normal 

rpm -\ 
l l\1aximum 

I ibp 

Boilers: 
Description 

Dimensions 

Hea ting surface/boiler 
Number of furnaces per boiler 
Steam pressure 
Number of boilers 

Sere;.\' en;incs 

Grc{:f E"a.Hcrn 

680ft. 
83 ft., Jess sponsons 

120ft., including sponsons 
5/l ft. 

18,914 tons 
27,384 tons 
10,000 tons 
141 knots 

Paddle engines 

Oceanic 

685ft. 

68 ft.-5 in. 

49 ft.-6 in. 
17,274 tons 
28,500 tons 

3,700 tons 
21 knots maximum 
1 9 k;:ots service 

T•.vin screw en6ines 

----------· --- -·----- ------ - --· - --------
J. Watt & Co . 
Horizontal direc-t-acting 

4 

J. Scott Russell 
Oscillating cylinder 

4 
84 in . 

4ft . 
40 
53 
4,886 

T oral: 8,297 ihp 

74 in. 

!4ft. 
ll 
14 
3,411 

Tubular of rectangular (Box) pattern, double-ended 
type 

18 ft .-6 in. long, 17 ft.-6 in . wide, 14ft. high 

4nO sq. ft. 
12 

25 lb./in. 2 

6 to sere\'. engines, -+ to paddle engines 

428 

Harland & Wolff 
Vertical4-crank triple 
4 each engine 
H .P. 47-!- i11 . 

I.P. 79 in. 
L.P. 2 at 93 L."1. 

72 in . 

77 

28,000 

Double-ended cylindrical 

16 ft. - 6 in. d iameter / 
18 ft. - 6 in. iong 

4,970 sq. ft. 
8 

192lb./in 2 

. 15 



I 

I
I Year 

Ship 
1859 

Grccl/ Eastcm 
IS62 

Sc:J!ia 

Shipbuilder 
Engine-builder 

Propulsion 
Number of screws 
Type of engine 

Se lt Russell & Co. 
Scott Russell & Co. J:.:rncs \Vatt & Co. 

P~lddlcs 

Simple expansion 
osciJ!aiing 

Screw 
"J 

SiJTqJJc expansion 
horizontal 

Rob~~rt ~~pier 

,s.: Sons 

P~ddles 

Sim_;JL:. e.xpans n 
si~~ lever 

·~ I . 

Engine size 4 cyJinde1s, 74 in. dia ., 
J 4 ft. st roke 

4 cylinders, S-+ in . dia., 
48 in . stroke 

2 cyli::de:-s. 100 i. dia .,: 
12 f: . stroke 

'I ihp !total) . . . . . . 
!'{Jill . . . . . . . . 

Mean piston speed (ft ./min.) 

M.E.P. rt:fered to LP.
cyliilder tlb./in .2) · · 

Steam pressure at boilet·s (psig) 
Steam temperature CO F.) 

Vacuum (in .Hg) 
Number of boilers 
Size of boilers 

Total heating surface (sq. ft.) 
Total grate area \sq. ft.) 

Diameter of propeller or paddles 
Pitch of propeller 

Coal consumption (lb./ihpfhour) 

References 

3.411 
10 75 

301 

21 ·8 

24 
1--<(--· -- - --------- - ------ - ------- -

4 D.E. 
1 7. 8 ft. X 17. 5 ft. 

high 

19,200 
960 

(I) 56 ft. (2) 

>~ 13. 8 ft 17 5 ft. X 

50 ft . 

4,886 
38 ·8 
310 

23-4 

25 

6 D .E. 
18 ·5 ft. 
high 

30.000 
1,368 

24 ft . 
37ft. 

3 · 7 (based on 330 ton/day at above powers) 

/, 14 ft. : 

-!,632 
15 

360 

:-:-·0 

8 

27.600 
860 

39 f~. 10 in . 

3·4 

1.2 

'' Conl'crtcd lU oil buming 1920.--A.Il-purposcs ft.:d ~ate at 58,000 ihp ...;... shp, 0 97 lb.fsi-;pf:•,>crr. 

RFFLRE~CES 

I . Spmtt, H. P. : Outline Tfisrary ofTransatiamic i\'m·igari(lfl, i·Ll\LS.O., 1950. 
' ComnluniCatiL'll from the Cunard Steamship Compan~' · 

John. W. : " At!Jntic Stc:Jmers," T ltN\S. I.N.A ., .1887. p. 147. 
4. r~·nf.{im'f-'ring . J:::;SR . Vol. XLVI. pp . 84,123. 179 . 
.5 . ?Ju: Enginec>r, lS93, Vol. 76. p. 345. · 
b . Enginc>cring, 1903, Vol. 76, p . 37 c/ S!'CJ . 

7. Author's n:cords. 
~ - .~iarinc Em;inecr cuul Naml Architect. Annu<.1l Stc:1111 Numbc~. 195-4. '· N.E.\-f. Rdll:atcr ;:nd B:wcr-\'.·~,;:~ Combir.:: :ion." 
lJ. Communic::ltton from Mr. C. C. Pounder. 

iO. Communication from John Brown Co. (Ciydcbank) Ltd. 
ll. i'vkt\V, \Vi1lirrn1 H. : Rerenr Prauicc i!! Afarinc Engtnccrin,'!. Pu:--/i~;heJ by Engineering, JSgJ. 

Tu lou• paf!C 4 28 j 

___ .. ..........,_ ______ _ 
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--------------------------------------------------------· 

1902 
Kaiser Wi!hhe!m If 

Vulcan Co .. St<::tlin 

?. 
3-cr.uik quadn pic expansion 

( 2 cngi11cs per ~:haft) 

37 in. :-: 49 in. ,. 75 in. •" 112 in .. 
70 · 8 in . stroke 

40,000 
so 

945 

35 ·3 

225 

1910 
Olympic 
Titanic 

l LlrJand & Wolrr 

J 
4-crank r rip!c expansion engines on 

wing shafts . Exhaust turbine on 
cent rc shaft 

54 in. x 84 in . / 97 in . (2! . 
75 in . stroke 

Raip. 
38,390 
79 ·2 
990 

43·2 

215 

Turbine 
19.270 shp 

169 

·---'>. 

12 D.E. -T 7 S.E. 24 D .E. ~ 5 S.E. 
( /0 Ct ' 0 . ' (D != ) r '} l !- (" r ) 

9ft 5 ; r .__, -! - ''· j t,1 . . - ~- 1- r· 9 . ct · . ~ t. u . .c . 
• .!1 . UJa. " I J2 ~ (·s C ) . ) [, ' in. lU . / ~ 11 f• 9 . S C) 1 

c. ,r. · '-- · . c. c. m, ( ·'--· 

107,643 
3,121 

22ft. 9 in . 
33ft. 9i-in. 

1·4 

6 

l·Ving 
23 ft. 6 in. 
33 ft . 

137,000 

Centre 
16ft. 6in . 
14ft. 6 in. 

· 24 (propulsion oniy) 
· 40 (all purposes)"' 

l , 9 . 

------------~ 

TABLE V 

1931 
Corrales 

Alexander 
Stephen & Sons 

Tl'iple Expansion 

27} ~< 46~ in . >, 78 in . ~ 
54 in . stroke 

3,579 
79·6 
715 

34·5 

210 
38 , F. superhe::tt 

25 · 5 
4 S.E. 

16ft. dia. x 11 ft. 9 in. 

11 ,512 
274 

17ft. 6 in. 
19ft. 

l . 37 

7 

L\RGE GER'.L\:-.i Lt:--;ms rrTrED \\'lTH R£CWROC.·\TJ"'G ENGJl"ES 

' 

19:'.:. 
Barun Ardr") __ :.,._ai 

\V m. Pic:..;:e~sg=:: i.: :: ::-.:-.s 
i'Jorth - E::!5~::~:-. :-. ~~:-::-;.:: 

En~ir:c e;:::-:; C':. 

1-riplc C\~=-.~~:c:: '-. :::
B:.1uer--'.\·:::~:-: ~:.::-::...:...-:: 

24 i11 . ·; 39 :r~ . ES ~~-
48 in. s:~c.:.:: 

-.. r---
~.Oi . ..f.) 

:-s-c 
6C0 

23 ·0 

::co 
600 · F. at eug:::::e_ ::-.:::e:o:e::: 

to 6co= F. ar I.P. cy::.:Cce:: 
inlet 

28·6 
2 S.E. 

17 fr. dia. · l ~ f:. 6 i::. 

6.650 

1- .. 0 . 
• I It. "' lr! . 

16ft. 7-~ i':. 

0 · 6~ i oil--co:; 1 

equ[\·ak:1t 0 - ~ ;5 , 
0 

" 

~~-~ --------~~:tme __ --------·---Ty~~~-~~"=----~---------------(~~dc' __ · ''" ___ ------ ----~_:~[,~~·~ : .. lb. sq.ic .. ·;' _-_c_--_--_· _ 
I I • 

l 897 i Kaiser Wil!tcfm dcr Grossc i 4-crank triple i 2 H .P. 52 in . : 2 I. P. 89 in.; 4 L. P. 96 · 4 in. 68 · 8 178 
1900 Dcurscl!iand , 4-cr:.tnkquadrup!c f 4H.P.36 ·61 in.: 21st I.P. 736 in.: 72·8 

1 
2 2ndi.P.l03·9in.:4L.P.l06·3in. 

6-crank quadruple j 4 H.P. 34·2 in. : 2 !st. f.P. 68 Sin. : 
' 2 2nd LP. 93·4 in.: 4 L.P. !02·3 in_ 

1901 Kronprin;: Wilhelm 70·8 

220 .36.9~0 

213 36.C2C 

1903 Kaiser Wilhelm 1/ 6-crankquadruple 4H.P. 37·4in . : 4 lsr J.P. 49 ·2in.: 70 ·S6 
4 2nd LP. 74· Sin. :4L.P. li2·2in. 
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TABLE IV 

~1ARI~<E STEA~t REC!PROCAT£NG E~;C!"\Es 

------·----·~--------------

1873 
City of Richmond 

- Tod & Macgregor. 
Glasgow 

Compound 

76 in . /: 120 in., 
60 in . stroke 

3,430 
55 

550 

18 · 2 

60 

26 

' 

------ -- 1 

I 

187-1-
Britallnic 
Gcrmanir 

H~rbud & Wolff 
:VL.wdslcy Sons & Field 

Tand:!m compound 

2 pairs, 48 in. x 83 in.! 
60 in . stroke 

4,970 
52 
520 

29·2 

70 
-·· Sc.turated---------

I 77 

10 S.E. oval I S D.E. Oval 
It. 8± i...'1 . >< 12ft. 6 in. x ' 9ft. wide < 14ft. 4+ in . high :< 

I l9 lL ~~~51;0 ioog 

I 650 

~ 0 ft. 4-f-6 in. long 

18,216 
585 

! 23 . 5 ft. 

I 28 to 3 1 · 5 ft. 

3 

ll L9 

i 
I 
'-

1 

I 

1884 
Umbria 
Etruria 

Fairfield Shipbuilding & 
Engineering Co. 

Compound 

71 in . x: 105in.C.J, 
72 in. stroke 

14,321 
69·91 
840 

32·5 

110 
·!------------------ -- ·------ ------------- --- -- --- -- ---- ----···-·· 

I 
I 
I 

I 
I 
I 

I 
I 

I 

9D.E. 
16ft. 6 in. dia. x 

17ft. long 

38,817 
1,606 

24ft. 6 in. 
33ft. 0 in. 

2·1 

2, 3 

~SS9 
c:~ .. ~ j Pci!·i;) 

,5z:. G. Tnc;n.:cn 

:•J.: :; 
~~o-~-

36·4 

l~O 

9 D.E. 
15 f:. 6 in. d:a.· :< 

19 f~. lon~ " 

50.265 
1:.:::93 

C:t l f- .~"'GO i1:p) 
tO 

C ~_unpania 
L>l('unia 

F~:.ir~c-d Shipbuikling ~~~ 
Er::g!ncc-ring (;o. 

Screw ,., 

5-cylinder 3-crank tripk 
expansion 

37in.l21 ~ 79 in. ~ 98 in . 
69 in . stroke 

3!.050 
8--1-
%7 

35. l 

165 

12 D .E. + 2 aux. 
D .E: 18 f:. dia. '"< 

17ft. long 

6-UOO 
2.625 

23 ft. 0 in . 
35 ft . 0 in. 

1 . 6 

2. 5 

1 



:-{ear 
Ship 

Type of ship 

Shipbuilder 
Turbine builder 
Type of machinery 

:Number of propeller shafts 
sbp (tot::~i l .. 
rpnz 

Steam pressure 
Steam temperature 
Vacuum 

'i'iumber of m:J.in bo ilers .. 
Type of boiler 

Total heating surface 

Steam consumption 

Fuel consumption (lb./shpjbourl 

Reference 

lb. /in. 2 

" F. 
"i-Ig 

sq. ft. 

!b./shp./hcm 

Coal 
Oil 

1897 
Turhi11ia 

Yacht 

P.M .S.T. Co. 

Din:ct drive 
H.P . turbine on sta r bo~1rJ sh.l;·, 
J. P. tur b ine on port shaft 
L.P. turbine on centre shaft 

3 
2,1 00 

Wing shafts 2.230 
Cciltn~ shaft 2,000 

210 

28 

l D .E. 
Yarrow 

11,000 

1-l· 5 (estim::ttcd) 

Not me::tsured at full po11·cr 

. ll 

Ki, _ Ed, 1, 

___ -..:..__ 

Wm. Dv< . x ,··os. 
P.:\I.S.-:-. Cl. 
fJi~ect crl\<: 

H.1> turbin~ L)~ cc:-:tr<.! 5haft 
:: L. r. turbin..:c on \\ ing sh;l('t 

3 
3.500 .t -p:·o·,imatcl·· 

Wing. ,i:~~r--"·/55 · 
Cent ·c sit..tft 505 

150 

D.E. 
Sco~~h 

-!,909 

! I· I main t;,:~~-:;-:.:s !cstin1ated 

1·6-1 ·1 

* Data for the -+ti-1-:ol.!~ trials of the sister ship, Lusitania, built by John Bro\1·::. Co. (Clyd-::iJ::::':) Ltd. 
t Measured consumpt1ons at 114,000 shp. 
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1904 
Virginia// 

Liner 

Akx. Stephe:1 
P.M.S.T. c,-, 
Direct dri>e 

-L P. turbine on ccntr<: :::hJ.ft 
! L.P. tmbine~ on wing shafts 

' 1.6/l . 

!btiot~ 

:J 
12,700 

250 

-Satura\eu 

9 S.E. 
Sco tch 

1· 30 

10 

1907 
i\JG/it'C/(11/ia 

Liner 

Swai1, Hunter & Co. 
Wallsend s!ipw~IY 

Direct drive 
2 H.P. turbines on wing shafr.s 
2 LP. turbines on inne r shafts 

70.000 
!80 

195 

28 

23 D .E. . 2 S.E . 
Scotch 

159,000 

' 12 ·77 '' (main turbines) 
L 14 · 46~·~ fall purposes) 

l · 43 "- (all purposes) 

3,4 

\ ~ 
i Year 

.I Ship 

Txpc of ship 
Shipbuilder 
T urbine builder 

Type of machinery 

Number of propeller shctfrs 
sbp {tota l) . . 
rpn1 

Steam pressure 

Stearn temperJ.turc 

Vacuum 

I Number or boilers 

I Tyre of boiler . . 

1 
~otai hcatlng su~fJ.cc 

j ~icam con·.;tirT1ptlon 

I 

1 8~7, re-engined 19! Q 
Vespasian 

Cargo ship 

Short .Bros . 
Re-cngined by P. M.S.T. CL'. 

2-eylinder 
S. R. geared 

1,095 
73 

145 

28 5 

2 S.E. 
Scotch 

3,430 

'14·3 (m:lin t;.::·o!nesl 
14·95 {all purposes) 

5 

1914 
Aquitania 

Liner 

Direct d,-;,.-e 
• l:-l .P. tu r bine on pore sh:;.fr. 

!. P. turbine on s~a~cc:::d sh:::f: 
2 L P. tu r bin s on ::-::-:::~ ::;har':s 

4 
60,000 

130 

195 

21 D .E. 
S o·c~ 

138.596 

l ! · 15 ( Ci:J8 tc:-bi:J.es) 
festimJtCGJ 

1 · 38 ( aJ pt..:rpcses! 
1 ·1 2 (~H p;.:rposes; 

6, 7 

190-1-

Cruiser (\ 
Armstrong \\'himo:-:b 

P. M .S.T. Co . 

Direct driYe 

I 

I 
I 

H.P. turb ine on cerw·e shz,f: 
2 L. P. turbines on \V!:-.; s1-,n:·ts 

3 
l-!.000 

Port 499, St:trbo:m:! ..:.s..; 
Centre 4-+9 

-'I -
Jb.f in.2 

"F 

''l:.Ig 

sq. ft. 
lb./shp/hour 

260 

Satmatcd 

Port 26 · 5 
St::trbo:lrd 27 · 4 

Yan·o·l/ 
25,968 

J J · 6 (all purpo:::::\1 

l 
! Fuel con';'lmption. Jb.fsl'p/hour f Coal 

L Oil 
1. 7-i c~~.n pt.:rposcs l 

I Reference .. 
! _______ _ 



' f 

I 

I~ 
J I ~-

1928 
:J:rc::~ ss o..f Bedford 

Liner 

)vhn B~own 

3-cyiinder 
S.R. geared 

2 
18.000 

115 

350 
686 

29 

6 
Yarrow 

1929 
Bren;en 
Europa 
Liners 

Dcschimag 

3-cylinder 
S.R . gcared 

4 
90.000 
11'2 ·5 

327 
680 
281 

1 l D . E.. 9 S.E. 
Wat r-tubc, 3-drum 

J 83,500 

1931 
Empress of Britain 

Liner 

John Brown 

3-cylinder 
S.R. geared 

4 
60,000 

Tnne r 150, 
outer 200 

425 
725 

29 

8 Yarrow 
1 Johnson 

1936 
Qut:cn .o.\-!ar)~ 

Liner 

John Bwwn 

4 .. cy~inGer 
S. R. g:ea:-ed 

< ..,. 
I 5.,.000 

JSO 

400 
700 

29 

Yarrow 

1952 
1\:onnwmia 

Cross-Channcl Steame~: 

Wm. Denny & Bros. 

Single-qlinder, 
D.R . geared 

2 
S.OCJ 
27(• 

35( 
65( 
28 ~ 

2 
Fosler-\\ 'heeler 

23-LOOO 10,710 

1 l · l 1· (all purposes) 7 · 2 (non-bleed. estimated) 8 · 16 (non-biecd. estimar 

I 
r· 
I 

I 

I 

.J ·57 (propulsion only) 0 · 73s-r (all purposesj 0 · 543 (propulsion only) 

8 12 8 

TABLE VII 

MARINE STEAM TURBINES (NAVAL) 

-.:...: ':""") 

1906 

Dreadnought 

Battleship 
o'rs. Sons & Maxim 
? .M .S.T. Co. 

Di rect drive 
:;;;·Gines on wing shafts 
:c::-bmes on inner shafts 

4 
23,0QO 

320 

250 

Saturated 

B::tcock & Wilcox 
55,400 
13·5 

1 ·52 

') ~ -, ~""-

1916 

Rcpuisc 

Battle Cruiser 

John Brown 

Direct dri1·e 
2 H.P. turbines on wing shafts 
2 LP. turb ines on inner shafts . 

4 
112,:000 
~75 

235 

Saturated 

Babcock & Wilcox 
J 57.206 

. 11·5 (propulsion only) 
12 · 75 (it:J purposes) 

1·28 
2,4 

j927 

.'\'dwn 

Bartlcship 
Armstrong Whitworth 

Wal lscnd Slinway 

2-C) linc.ier 
S .R. gc:;::-cd 

2 
-+:i,OOO 

l 1,<) 

2'i() 

540 

X 
Admiralty l) pc 

0 ·56 (propulsion only) 

8 

1931 

Arheron 

Destroyer 
Thorny·croft 

1'. \LS.T Co. 

)-cyiindet· 
S.R geared 

2 
.\-+ .000 

500 

3 
Tbornycroft 

20,000 
7·771::11 purposes) 

r 
.) 

9 

1946 

Van[:uard 

Battleship 

John Bnn1·n 

2-cylinde!· 
.s . R. gc< red 

4 
130.0(•() 

400 

750 

8 
Adn1 ir;llt y 3-Jrur 

6 



1 

' -
Encr,' ,:ss 

r - ~---

).R. gear.::~. :-\!heat 
between t-I.P. ~r,J J.P. 
cylinders 

- -'- } 

! :.3 

<J 
i:l50. ~~--.:--': :o :-,50 

1956 
Caltex Rottc;·dam 

Tanker 

\Viltoo, Fijcnoord 

2-cvlinder 
D.R. geared 

12,500 
105 

600 
950 
2~i 

' 2 
Fos:~~- '-.~c.::ler Fos ter-Wheeler 

5 · 3! i::J::-tleed) 5 · 10 (non-bleed, estimated) 

0·-+'15 ' ;j~,_;c~:sion only) 0 ·50(; (all purposes) 
0 · 537 r_:..! ;:::rposes) 

i ,_ 
!I 

1958 
Pcndennis Castle 

Liner 

Harland & \:Volff 

2-cylinde.r 
D .R. geared 

2 
42,000 

130 

600 
850 

29 

3 
Babcock & Wilcox 

6·02 (non -bleed. es tima ted) 

0 · 573 (all purposes, 
at 60 per cent power) 

1960 
Pametrada 

Protot;:pc I Machine1y 
fo r ad·.-anced steam 

conditions 

Hav.·thorn-Leslic 

2-cylindcr 
D.R. geared 

22.000 
108 

850 
1.050 
28} 

I 
I • 

I 
:5 · i 6 1 non -bieed, est imated) I 

0 477.(pro pu lsion only, I 
estimated) 

I ------------------------------------------------------------------------------------------------

··-

:95! 
!E.-".D 

Er~ '-h E:ecrr:c 
1 gears by· ::.:..:;-s- --\ rmsirong) 

D.R. geared 

~,~ .. ~~:!t Cor testing 
.30.000 

200 

600 
9 ~~~ tl-)') per cent pO\\'erJ 

•' ~ {) l full power) 
26 · 5 

J i"r· •· tv;t insralhttion 
lL":<>ck & Wilcox 

1-l.793 
-- 63 idesignl 

i I 
I - - -- ---- - ----·- _.._ _ __\ 

.. 
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r 
IV 
' 1. ear 

I Si:io .. 

I Type or sh1p 

I Shipbuilder 

I

I Turbine builder 

Type of ~mchinery 

i 

I 
Number of propeller shafts 
sup (tot::d) service .. 

1 rpm . . . . . . 
Ste:1m pressure 
Steam temperature 
Vacuum 
Number cf boilers 

I I Type of boiler . . 

lb. 2/in . 
" F. 
"Hg 

1927 
Lexingtun 
Saratoga 

Aircraft carrier 
(U.S.N.) 

Fore RiverS. Corp. 
G .E. (lJ.S .A.) 

4 singk-cylindcr 
turbo-alrerna tors 

8-propulsion motor~ 
4 

180.000 
3l7 
265 
460 

28 · 5 

TABLE lX 

Smm 1 urwo-ELcCTRIC INST·\ 

1929 

Viceroy ·of india 

Liner 

Alex . Sterhcns 
B.T.H. 

2 singk-cylinder 
turbo-alternators 

2 propulsion motor: 
2 

l7,0CO 
109 
375 
700 

28 ·15 
6 

II Total h:::ating surface (including superheater) 
Steam co::sumptwn . . . . . . . . 

i Fuel consumption (oil) . . . . . . 

sq. ft . 
lo./shp/hour 
lb./shp/hour 

16 
Yarrow 
!92.752 
14·52* 

Yarro·,, 
42.880 

1· 365''' 0·65 

I Re;erence 
(all purposes in scrvi 

2 

·~ . 
* Measured at 140,000 shp on J 

REFERE;-iCES 

I. Gi llette, Commander C. S. : "History, Description and Acceptance Triais oft 
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TABLE VIII 

SOME HIG!-I -Pm>TRED NAVAL SHIPS \v'ITH GEARED STEA~t-TURl3L 'E 1\LACHtNERY 

1-----·---~~~----·--!---·~} re __ -!---~ate co~mis~:ne~ __ _! ___ I'_P -·---i--~"t~~1,:~~~ of ~~ 
! Hood · Battle cruiser · 1920 144,0_ 0 ' 4 I 
j ...Jrk Ro.'-a! Aircraft carrier l93~ !02,(])0 3 
i Vinorious Aircraft carrier !939 t I 0.000 3 
! King Gccr;jc V Battleship 1940 152,000 4 I 
I i\Ian:m:ai! Fast minelayer l Y40 72,000 2 1 

1 Vanguard Battleship !946 130,000 4 I 
1 Ark Royd Aircraft carrier !955 152,000 4 I 
! Forrest at Class (U.S. Navy) ;\ircrnft carrier i 955 260,000 4 
I En:erprisC! (U .S. Navy) Aircraf: carrier Under construction 300,000 ; 4 
l _____ i ______ l_ ____ _j 



l<iNS 

?ton. 

l933 

Q!ieen of Er!rrnuda 

Liner 

tu r~.c - ai >.:::·:~ ~-:. 

4 PropLLio:; 

150 
350 
650 

8 
Babcock & \\'iL:c~~ 

57,560 

3 

s.,~. Lexington," Jnf. A.S .. Y.E., 
i. 

rda. 

• ·~ '<-
~- .· - - .,. 

· Propuis ior., .. Proc. 1 .. \Ie::-tL :..~--· . ... ~ 
rst. '' 

-~---

-·; 
- l 

' 

··--~ ; ... ';~;t-·:'1?1 steel 
r,: -<,.~ ~ 

···~ "'- ~ --~-

'"'.d_ -gr~n;nd 

K value _J 
83 1 I 
52 

Primary Sec-onC.ary ! 
75 7! 1 

96 's w6 I 
;+-----450 _______ .-e4 
. I 

·---------------~\ 



----~---~--~---... 

Year 
Ship 

Shipbuilder 

Type of engine 

NuE1ber of cylinders 
Cylinder bore 
Stroke 
Total shp 
]\;umcer of screws 
rpm 

Me::w piston speed 
B.M.E.P. 
M.I .P. 

Mecha>1ical efficiency 

Type of i0jection 
Scavenge pressure 
Inlet pressure · 
Num ber of turbo-blO\·:ers 
Type of turbo-blower 
·Fuel consumption (at service pov;;er 

on Diesel oil) 
Engin;;; \YCight 

mm. 
mm . 

ft. /min. 
lb./in. 2 

ib./in .2 

per cent 

lb./in.2 

lb.fin 2 

lb.ibhp/hour 
lb./ihp/hour 

tons 

1910 
Vu/canus 

Ncdcrlandsch
Scheepsbouw Maats. 
Nederhlndsch Fabriek 

Werkspoor 
4-strokc S.A. 

6 
400 
600 
450 

1 
180 

708 

Blast 

0-415 

19 12 
Sl'fandia 

-B.&W. 
4-•,troke S.A. 

8 
530 
730 

;:,soo ihp 

140 

670 

90 

Blast 

35 ft . hpp;o~~::;::tely 

I 
Engine length 

Referer:ce 

I 
2 

---------'------+---
* From service dat:1 in 1935:- ~ l, 
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i6. Motor Ship. 1959 60. Vol. 40, p. !56. 
17. Motor Ship, !959-60, Vol. 40. n. 6. 
IS . 1'>fozor Ship. 1958-59, Vol. 39, p. 248. 
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192! 1923 1923 
Yngarcn Dalgo111a }\;/1'(/0!1 

Doxl'orJ .A, lex. Stephen Palmers S. & E. Co. 

Burmeister & Wain 

Doxford Sulzer B. &W. 
2-stroke opp. piston 2-st rokc S.A. 4-strokc S.A. 

4 4 8 
580 6SO 740 

1 ' 160 + 1 '160 !,100 1,500 
.,2,610 3,200 3,000 ihp 

1 2 1 
77 85 85 

587 6!4 836 
90 76·5 

105 105· 5 89 

85·6 72 · 5 

A ir less Blast Blast 

-

0 ·441[ 
Heavy fuel 

0 ·41 i M .E . 
0 ·377) 0· 397 f on ly 
300 approximately 

43 ft. approximately 

3 4 5 

.E., 1925, VoL f, p. 439. 

1924 
Do/ius 

Scotts 

Still 
:2-stroke S.A. above pistoni 

Steam below piston ! 
4 

22 ill. 
36 in. 
2,500 

2 
120 

720 
74 · 1 

Gas 78 · 81 
85-4 

Steam 6· 6j 
87·8 

Airless 
2·35 

0 ·358[. All 
0 ·319) purposes 

6 

192-+ 
Aorcmgi 

Fairfield 

Sulzer 
2-stroke S.A. 

6 ,-i . _,,!D. 
39 in. 

13.000 (servic.:J 
4 

125 

812 
74 
90 

82 ·2 

Blast 
1 · 8 to 2 ·0 

0· 395 (M.E . only! 
0 · 431 (all purposes • 

48 ft. (approximate:;.--; 

7 

' 

( 

Armstr 

Burm 

4-;; 

'· .._ 

t 

0·395 
0· 326< 

3 

n 
I 

I 

I 



f 
' ~ ' 

I 
t 
f. 
r 
I 

I 
[ 
t 

I 
' 1· 

-::· .. :::;::_E Xli 

;.·f..;r ... :).;~ 

I 1925 

C,L ENGIJ-<cs 

-.~.. -;.··:psiw!n; 
1: ::"'!g. v;hirworth 

::-:s:er &. Vvain 

3 . & \\'. 

5C1} 

f~.500 
~ 

Propulsion 
~-· 0:1ly 

: .030 

8 

1929 
1~angitiki 

John Brown 

Sulzer 
2-stroke S.A . 

5 
900 

1.608 
10,500 

2 
91 ·5 

968 
73 

97 · 5 

75 

Blast 

9 

JY30 
Britannic 

Harland & \Volfl 

H . & 'W.--B. & W. 
4-stroke D .A. 

JO 
840 

1.600 
20,000 

2 
102 

1,070 
71 .5 
92 

78 

Blast 

0 ·467 I All 
0 -364 J purposes •:• 

10 

i93l 
Reina de! Pac(fico 

Harland & Wolfr i 
I 
l 

i H . & W.-B. & W. I 
14-stroke S.A. trunk piston! 
1 (pressure charged) I 
I 12 
I 630 I 

1.20;) 
22,000 

4 
145 

1,140 
JJO 

Air less 

4·2 
1 per engine 

Brown-Boveri 

11 

I 
I 

I 

I 
I 
1· 

I 
i 
! 

19.3.5 
Stirling Castie 

1939 
Dominion /'vfonarclJ 

f-Jarl«nd & Woiff Swan Hunter 
Swan Hunter 

Doxforcl 

H . & W.-B. & W. 
2-st'roke D .A. 

Doxford 
2-stJ-.)ke opp. p iston 

10 
660 

1.500 
2-i .OJO 

" 
10~ 

l.1 0:5 
74 

A:riess 

- J,OOQ 

72 f:. 8 in. 

I 

5 
725 

.300 + 950 
32,000 

4 
1:13 

1,13 .• (lower piston: 
84 

Airless 

55 ft. approximate! 

13 

CO!,JPAHATJVE SrzE 

i--------· 
I 

j Evaporat ion 

I Srcam Pressvre ' at ~ 
.(l ,. Temperature om 

I Heat release rate 

1

1 

Boiler efficiency 

Air prcssure to boiler 

I Speciflc hoilcr weight (\\C 

I s -~ , .. 1 j • pCC!llc OOJ!er vo l111lC , . 

.......... ___________ _ 



·. ;. 

,i'J:') 
l' "",~ t' . ~ . 
'L 'f .... oc.\ 

I 

AL::;'! S~.:~:1~:1 
.-\k:\! S~ ... p:::::1 

Strlzcr 
' 
Su~:c~ 

2-strok>i S. \. ;e:..rcd 

lO 
580 

9 .0JJ 

_; 2~ 5 tng:n:~ 
' 101 propc .. er 

j_J:o 
65 

1 
< 

l 
1 
~irless 
.[ 

(M .E. 0111::. e::ei;Idi0g 
u·ansmiss!o:1 ~osses) I 
197 ~ons p;;:- c;:gi:-~e I 

(· ex~]"ri t . ..,'" · ~- - - --i-·ion) I '""' u ..... · · :::- ~ .. -~..~ .. ~w~~ 1 

I 
. ) 

14 

.. ·- I 

1959 
Ciry nfMciboume 

Alex . Stephen 

Sulzer 
2-sti'Oke S .A . 

(pressure charged) 
12 

760 
1,550 
15,600 

1 
1 J 9 

1,210 
100 · 5 

Airless 

4 
Sulzer 
0 ·34 

(M .E . only) 

720 

72ft . 

15 

TABLE X l 

1959 
Corhampton -

Sir James Laing 

Doxford 

D oxiord 
2-stroke opp. piston 
I pressure charged) 

6 
700 

1.400 + 920 
J0,-450 

1 
120 

l . 1 00 Oo\\'cr piston) 
105 

:\ irless 

7 ·1 
2 

Brown Boveri 
0 ·335 

f~i .E. only) 

510 

61 ft. 1 ·~ in . 

16 

1959 
Ionic 

Cammell Laird 

Harland & \Volfl' 

H . & W . 
2-stroke opp. piston 
(pressure charged) 

8 
750 

1,500 + 500 
13,300 

l 
117 

Ll70 (lower pi ston) 
104 

A ir less 

4 
N~pier 

17 

\ \'Err·HT hF p~,Fss ·_-!U ZED B 0 1LER . co ~ 1PARED \ VIT i I T \\'0 I\10DERN UNPRESSCRLZED TYPES . v . r___, 

j 

Bo iler A , unprcssurizcd B oiler 13 . unprcssu rizcd 
---------- ---- ------ - - ---,--- --

J 
-- j 

. I .. ") 

~ b./hour 
psi g. 
- F. 

:9 .Ti':.l'. /cu. ft. 
- per hour 

per cellt 
lb./ sq : in . 

~ aunosphcrc 
lb . 

ib./ steam/hour 
- ft.3 

,,1./<;,teani / hour 

90,000 
525 
825 

76,000 
( ou tbo~1 rcl furnace ) 

102,000 
( inboard fu rnace) 

p,g 

3 ·97 

0 · .123 

- ---------- ------ -----

l ! 5,000 
GOO 
RSO 

I 04,000 

.3 8 

.) ·Jl 

0 ·0745 

Pressu r~ combustion boile r 

87.500----il 
600 . 
')00 I 

750,000 i 

s7 , I 
51 ·4 I 

3 ·5 

u 6 15 1 

0 027 

1959 
Kongsrang 

Rosenberg Mek. Werk. 

Bunneister & Wain 

B. &W. 
2-stroke S.A . -

(pressure charged) 
12 

740 
1,600 

15,000 
1 

115 

1,210 
102·5 · 
114 ·5 

89 ·5 
A irless 

6·4 
4 

R ateau 
0·35 1_ M .E . 

0 · 313 J only 

600 

69ft. 7 in. 

18 

-·~ ·- ..... 

195 3-5~ 

:encb ... ~ ~ 

2.00Ci 

500 

9.00C 

0 -4 ' 
)n. test 
970 sr 
turb~ne 

F F 1 

\' oc-u 
inche 
.-n~ r.:: 

2 
2 
-, 



·; '{ear 

i Ship 

Type of ship 
shp (maximum) 
"-< um bcr of screws 
!'F)Jl1 

.:_; umber of free -piston 
units 

'\umber of turbines :. 
·:-urbinc rpm 

~--u mber of ; ahead 
<urb ine stnges j. astern 

! urbine inlet pressure 
(psig.) 

~ urbine inlet tempera
ture (" F.) 

F uel consumption 
(lb.fshp/hour) 

Remarks 

!953-57 
French Navy 
Minesweepers 

2,000 
2 

500 
2 

2 
9,000 

043 
(On test bed at 

970 shp per 
turbine) 

TABLE XIII 

FR.EE-PISTOI' IvJ:ACHINERY 

1954 
Cantenac 
Jv!erignac 
Coasters 

1 ,800- 2,000 
J 

220 
~ 
k. 

2 
9,000 

3 
l 

Service 
j)OV>'er 
1,200 shp 

1957 

JVifliam Patterson 

Liberty ship 
6,000 

l 
100 
6 

2 
5,500 

6 
2 

43 · 5 

827 

Tria/s :-
0 -465 (gasifiers) 
0 · S 16 (aJ I purposes) • 

in ser rice, 
Voyage 4 :-

0 · 519 (gasifiers) 
0 · 593 (all purposes) ; 

1958 

Sagitta 

Tra\\·ler 
2.000 

1 
250 
2 

8.000 

44 

815 

Reversing 
byV.P . 
propeller 

1959 

A1orar 

O;·e carrier 
2\500 

115 
:; 

5.250 
6 
2 

48 

900 

049 
(Improvement I 

expec:ed : 
• . I 

after fittmg , 
. I 

new turbme) 
1 

------. 
1959 

Gooch rood 

Cargo ship 
2,000 

l 
p-_) 

2 

7.507 
6 

38-40 

752-797 

r 0-435 
(At 1,700 

shp) 

Service 
power ,· 
J ,700 shp ! 

_,_ _ ____ _j 

TABLE X"JV 

FUTURE CONSUl\lPTlON FIGURES FOR STEMI-TL:RBlNE MACHINERY 

j ______ conditio:__

1 

----1 
l

l n1et pressure, \ Jnict ! yacuum..: 
1

1 
lb . in.: g~ugc I tcmpc-ra~ure. cF. i lllChcs ot 

l · ~ J ________ i mcrctiry 
1 

i 65o I 
i 
I 

650 
650 

1,100 
1,100 
1.!00 
1,500 
1,500 
1.500 

850 
850 
850 

1,200 
1,200 
1,200 
1,500 
1,500 
1.500 

.... . 

28-1-
28} 

28-t 
28-1-
28~ 
28-1 
28~-
28\ 

Rehea~ 
points 

None 
1 
2 

None 
l 
2 

None 
I 
2 

1 Heat r;;nc 

1---------------------------. I I [l Th L' I B.Th .U. ' 
1 . · • · · j per c-quiYJleGt 
j p~r shp-hour I k\V .-hour · 

7.94 ! 
7.596 
7,423 
6,855 
6.574 
6,383 
6,4!0 
6.060 
5,92() 

10,650 
10,180 
9.950 
Y.190 
8,820 

. 8,560 
8.590 
8,120 
7.940 

Au;,:il inn 
fa cto r

(propulsio:1 
only) 

1 ·060 
1 067 
1 ·070 
l ·069 
1 ·070 
1 ·079 
1""·077 
j ·083 
1 ·Of\2 

Rchcal in ail instances to initi ~! ! ten~pcr:Hure . 

Therm~li efficiency 

Turbines 
only, 

per cent 

0\'Cf :IJJ , 
per cent 

·---------
32 · 1 26 · 6 
33 ·5 27·6 
34·3 28 ·2 
37 · I 30 · 6 
38·7 31 · 8 
39 ·9 32 · 5 
39 ·7 :P ·<i 
42 0 34 ·1 
42 7 34 ·9 

Fuel rate 
(propulslvn 

only), lb. per 
shp~hour 

0 516 
0 ·498 
0·488 
0 ·450 
0·432 
0·423 
0 424 
0 ·403 
0 · 394 

! 



~ar of completion 

·ip 

ere of ship 
:iDbuilder 

1gi~e dcsign:nion 
.!tY 
p ~(Or:e gas turbir.e} 

jmt;ei" of scre\VS 

'N of scre·xs 
ua .for o:ze engjne
~umber of compr':!sscrs 
Number ol' interccoie"s 
,N-~rf"'er of turbines 
Ot.i\r -c turbine . . 

~un1i:~ of reheate~s 
ffeat exchanger tt:er7.a! cz,tio .. 

;1~in'!_um gas ren1pe.rature · 
cle pressure ratio 
r rate 
·e! consu:nption (a). 

'pe of fuei 
~ifk weight (e) 

ferer:ce 
•· 

.c F. 

I 
lb. /shp/hour · 
lb./shp/hour 

lb/shp/hour. 

' i. 

1947 

:\-!.G.B. 2009 

\lotor gunboat 

:Yictropolitan Vir:kt:rs 

Gatric 
Boost propulsion 

2.500 
I Gas turbine 

.2 diesel 
1,087 

2 
L.P. 

1,382 
3 ·5 

68-4 
1·075 

Distillate 
2 · 77 

Diesel engines 

195! 
; Bole! Pathjmd<'r 
·,Bold Pio;;eer 
Fast patrol bo:il 

Metropulitan Vickers 

()2 
Boost propulsion 

4.500 
f~ Gas turbine 
:_2 diesel 

1,100 

2 
L.P. 

1,472 
4·0 

52·5 
0·80 

Distillate 
2·28 

Diesel engines 

!951 

English Plcctri..:: 

El60A 
Main propulsion 

6.000 

2 
fn parallel with com

pressot; turbine 

0 ·75 

. 1,299 
4·02 

70 ·8 
0 ·675 

Not quoted 
27· 2 

(excluding bedplate) 
Electrical tr:1nsmission 

---
195-t 

Gun bo .. tt 
J. Sam uel \'!hire 

Rolls Ro1w 

R r.w. 
Main prop,; 

5,40" 

2 

67 5 

2 
3 

- D (, L, 

0·48 at fuil power 
bypass open 

. 1,52! 
18· 5 
43 · ] 
0·675 

D istillate 
5·3 

V.P. propeller 

'itorrec:ed to rrn LC V of 18,000 B.Th. U./lb. Except where stated. the figu res are .for main engines only. 
:Jl ?1i~p_oses. iv1easure~ C{JDSumption on first voyage 0 · 5! ib./shpjbour, using diesel oil, C V unspecified. 
:::xc:.t:·~g transm:ss:o!"'~ less . . 
pns ::u:bine replac::d one :J~ the origtna! four dicsei alternators l..ISed for 1na!n propulsion. 
~r_'l;_..k ~:1gi1?es, geanng a::C-bedph!tes~ except wh~rc stated. 

1. Trewby, Cmdr. G 
2. Oil Dwine ann C .. 

:;.... .l cyc~e : c:cmp:.-cssc:- ~_:~~t pressure. 240 p.s.La. 

I~ 

' } 

' i 

~ 

i. 

1: ~ 

3. Forslir~g, B. E. C 
4. Lamb. J .. anc. L'·,:_ 
5. McMullen, . .i. - . · 
6. Lamb. J .. "'''' .3 
7. Sawyer. J. \\ ·., · ·· 

Co~tPAR!so~.: cf \1:\,· · 

Type of installation 

~-----~-

I

I ::::~ 0::~:iti~n' 
Maximum gas temperature . . 
Fud consumption (propulsion only, lb./shp/bour) 

! Tons/day 
I 
I *Main machinery weight ("steam up") 
L___ ________________________ _________ 

* \1a:n nntchinery \Yeight compn~es {a) turbin-~.J ~-~ 
com

1
:;n:ssDrs, co1nh:.1 .... i 



"1:.:: -

--~_,.......,_,.. __ _. 

.. ::e-

~- .. ·~ _,...,~ 

.,. ..... ,., ." .. :;. _ ... _. 

. ...,. _ _ ,,._-, 

··""'! 

e • /.-

1951 

Auris (d) 

Tanker 
F-Li\\·thom· Leslie 

B.T. H . 

1. 200 

2 
LP. 

0 · 5 

1,160 
4 ·0 
75 

0 ·66 (c) 

102 
; b-::1miir.g alternator) 
E~e::zrical transn1ission 

3, 4 

.\Ierchant 

!956 

Jolm Sergeant 

Li be rty ship 

G. E.C. (U .S.A) 

Main pmpulsion 
6,000 

liO 

2 
L.P. 

0 ·8 

1,450 
4 ·9 
50 · 3 

0 · 546 (estd.) (b) 

· Heavy fuel ······· 
45 

V. P. propeller 

5 

--'· ~~~~~~~~~~~'~£f?.W£~~/.~z?~~;,il~, '" 
.~. \,._;,;r-~-~~-~~_,-~ A.S-:.\f.E~ Psper No. 58 -A. -..t6K . 

• • I 

-'-~:-=----~ 

- -· ,-.~---,.. 

1959 
A uris 

( re-engi ned) 
Tanker 

l-bwtho rn Leslie 
B.T.H . 

5,500 

120 

2 

2 
LP. 

0 · 65 

1,200 
6 ·1 

Not quoted 
0 · 538 (estd.) (c) 

Hydraulic reversing 
co uplings 

6 

Un der constructio n ( 

Escher-Wyss 

10,000 

350 

. 1 

2 
L.P. 

Not quoted 

Not quoted 
3·8 

J 0· 5 (est d. 10 per cent 
LO · 73 (est d. fu ll power) 

Diesei oil 
32 

V.P. propeller 



A 1-!"ARJ~£ E1'GI, ·:::I:RL--1,.. RE'-71EW--PAST. PR~SFST, AND FUTuRE 

I 
TABLE X • J]-c·vnlinued 

r~:: :ion electric;:;,1 
uu·put. !\1 .\\'·, Status. 

I Sodfun-~-c--,--a-,p-h-it_e ______________________________ -------

1 S.iZ.E. .. 

'I

I c,::::~~::::""· JM (Ooi<d 
A:P.S.-1 Obminck . ~ .. 
Soviet-Urn! (2 reactors) 
SoYie· -Siberia 

! Unl Atomic Power Station 

Ot;::anic J~1oderated 
O.I\l .R.E. 
Piqua 
Burlington 

.J..'l.fO!ilDgtllOUS AqllCU!{S 

H .R.E.--2 
Czech HoO .. 
Soviet n;o Boiling 
Dutch H 20 

D20 IV/oderated and Cooicd 
N.P.D. 
C.A .N.D.U 
Carolinas-Vi rginia 
Sulzer 
Halden 
Swc ish R -3/ADAM 

D20 i'i1oderatcd Gas Cooled 
D .M.-G.C.R. 
Czcch-G .C.R. 

/ 

I 

6 
76 
50 

5 
200 
600 
94 

15 (thermal) 
12 
50 

5 (thermal) 
10 

35 (thermal) 
0-25 (thermal) 

20 
200 

17 
30 (thermal) 
l 0 (thermal) 

11 

50 
150 

Operating 
Design study 
Constructing 

Operating 
Constructing 
Operating 
Constructing 

Operating 
Planned 
Planned 

Op:':rating 
Planned 
Constructing 
Constn:cting 

Constructing 
Constructing 
Design study 
Design study 
Operating 
Constmcting 

Planned 
Constructing 

--, ..... 

' 
Country l 

j--. --~ 
i U.S.A. I 
· U.S.A. 

U.S.S.R. I 
U .S.S.R . 
U.S.S.R. 
U .S.S.R . 
U .S.S.R. 

U.S.A . 
U .S.A. 
U.S .A. 

U.S .A. 
Czechoslavakia 
U .S.S.R . 
Netherlands 

U .S.A. 
Canada 
U.S.A. 
Switzerland 
Norway 
Stockholm, 

Sweden 

U.S.A. 
Czechosiovakia 

,_ 

I 
i 

I 
I 
i 
I 

I 



...,.._ 

I 1 

1--------------\-
Actual 

Pressurized water res:c:ors 

1 Author or installation I N.S. Savannah Ice-b:caker Lenin 

1 Direct or indirect cycle 1·:---
1 Reactor heat output (max.) MW. I 74 3 x 90 
i Core length I 7ft. 6 · 24 in . 5 ft. 3 in. 
I Core diameter . . 5 ft. 2 ·06 in. 3ft. 3 in. 

I F"K:~ -~-- --------~ ~~ -UO~ ~--T----:~2 (smtere:~---
1 I 

! Initial enrichment, per cent u235 I 
I I 
I 

Total weight in core tonnes I 
, I\.1aximum fuel temperature'' F. 

I Mean rating, M\Vftonne 
! Average burn-up MWD/tonne j -

4· 7 

7·065 
3,660 
10·45 
7,360 

5 

Indirect 
180 

4 per cent (S.S . can) 
2 per cent (Zr can) 
9 (approximately) 

20 

: Jap..:nesc eJ1 

4ft. 
5 ft. 

8-~ 
2,7-~ 
21 -
9,2<: 

1

'·---;:llel Can -------------:-
!-----------------------

' Matenal 1 

i Maxum;m surface temperature 

1

, 

II Jfoderaror 
, Type 

~ Coojm;r I I l\;emuo . . . . . ' 
j Mean pressure (lb ./in 2 ) I 
1 Outlet temperature C F.) 1 

Ill I Pressure Vessel 

I!_ Type I Diameter 
Length 

Boronated S.S. 
610 

Light water 

Light water 
].735 
521 

Vertical cylinder 
8ft. 2 in. 

28 ft. 6 in.-
C onrafnment 

Dimensions·---·-· __ _:_~---· -· _13s_:~~!_ia . ~< 50 ft. long 

Zirconium alloys 

Light \Vater 

Light water 
2,940 
617 

Venicai cylinder 
6ft. 7 in. 

16 ft. 5 in . 

:\Iain 1\Iachinery I 
Type !·--· .... ......... :· . . ...................... __ _ 
Full power slip (total) i 22,000 (single screw) 

I 110 rpm 

Turbine inlet pressure (!b./in .2) I 435 
Turbine inlet temperature (° F.) 1' --

Conctenser vacuum (''J-lg.) . 28 
I , 

44,000 (3 screws) 
185 rpm centre 
205 rpm wing 

399 
590 

Zircon'ium or S.S. 

Light water 

Light water 
1,750 

Zircal 

Light;:; 
1,99 
53S 

--------·-------

42 · 5 ft. dia . sphere 

65.000 

410 
447 

r 
60,00' 

56:-
482_ 

i. ----------- ----------- --·---,----------------------,-- -------------------·-·--- ------------- _i ______ ;-
f ('()~Y{ ! 

i 

Capital cost t production model) [ 
F uci cost pcnccfshp-hour 

li'eight 
Total m:;chinc:ry we igh t (tons) 

Rcfcrcn:::.: 

!314 · 5 M . 
0 ·71 

4,348 (shielding and 
containment 2,41 R) 

1 

5,707 f:shic!ding J ,963) 

2 

! _____ _._ ___ --------; ·---------------·------

0·3 lO 0-6 

\000 

7 



A '-fARLN£ LNGI1 -.::::ER!NG REVIE\V -FAST. PRESENT, Ai'<D FUTLRE 

Re,,ctor 

TABLE >. \. >1-o.Jminu~d 

S :; Liun clcctjicd 
uutput. 1\f.V.,'·, I ----------- ---· -·· 

I Sodfum G'ranhite 
I S '"> r · I .t-.. . .c. . . 

Hallam-S.G .R. 
Soviet S.G.R. 

(Jraphitc-Afoderatcd, H 20 Cooled 
A:P.S.-1 Obminck . . 
Soviet-Urni {2 reactors) 
So\·j~ · ·Siberia 
U;·ctl Atomic Power Station 

I
I Or;:anic l11oderatcd 

O.rd .R.E. 

I Piqua 
Burlington .. 

I Honwgelluus AqucO!IS 

I 
H.R.E.--2 .. 
Czech H 20 . . 

j SoYiet D 20 Boiling 

I
' Dmch H 20 

D10 A1oderated and Cooled 

I 
N .P.D. 

I 
C.A .N.D.U. 
Carolinas-Virginia 
Sulzer 
Halden 
Swe 'ish R-3/ADAM 

D20 Moderarcd Gas Cooled 
D .:vt-G.C.R. 
Czcch-G .CR. 

6 
76 
50 

5 
200 
600 
94 

1 S (thermal) 
12 
50 

5 (thermai) 
10 

35 (thermal) 
0 · 25 (tbermal) 

20 
200 

17 
30 (thermal) 
l 0 (thermal) 

11 

50 
150 

Status 

Onerating 
D~sign o.:udy 
Constructing 

Operating 
Const ·ucting 
Opera ting 
Constncting 

Operating 
Ph:nncd 
Planned 

Operating 
Planned 
Constructing 
Constn.;cting 

COl~structing 
Constructing 
Design study 
Design study 
Operating 
ConstniCting 

Plan.:1ed 
Constructing 

.... , 
'·. 

/ ___ country __ J 
' I U.S.A. .I 

U.S.A. 
U.S.S.R. 

U .S.S.R . 
U.S .S.R . 
U.S .S.R. 
U .S.S.R . 

U .S.A. 
U .S.A. 
U.S.A. 

I 
I 
I 

I 
I 
I 
I 

Czechoslavakia j

1

' 

U.S.S.R. 
Netherlands 

U.S .A. 

U .S.A. 
Canada 
U .S.A. 
Switzerland 
Norway 
Stockholm, 

Sweden 

U.S.A. 
Czcchosiovakia 



I· 

~11 

AND FUTURE 

TABLE XVII 

I'O'\VLI\ REACTORS (NOT ]SCLUJ)lNG RESEARCH REACTORS 0~ C."ITICAL FACILlT1ES) 

I Rc;:c:or I S•~:;~~:.~.)~~{\tcol : 
L----------··-------------,----------· 
I I . 
1 ;vonboi!in;; h.,20 l 
i Shippingport · 

I
, Yz.a!:cc 

lndian Point. . 
I A~..P . P . . -1 
I S:n·amuh Ship 
i 
1 Voronezh- P.W.R . 
I Lcningrad- P.W .R . 

I 
Sonet P .W.R. Mobile 
Iccb1"eaker L(!nfn 

I Er.1igr:mt Ship 

I ~"~;r" T'nkn 

i Boiling H 20 
I Borax 1V 

E .B.W.R . 
V.B.\V.R . 

.... I 

i 
I 

I 
! 
I 
I 
i 

D;:-esden 
Elk R iver 
Nor~he!.TI States 
Pacific Gas and Electric 
Soviet B .\V.R . 
Bel;;on;.rclcaire IC--B .W.R. 
Cu;:,aRW.R. 
KAB'L/MAIN 

Grcphire l1foderared, Gas-Cooled 
Calder (2 reactors) .. 
Ca!der B (2 reactors) 
Chape!cross (4 reactors) 
Berkeley (2 rec.ctors) 
Bradwell (2 reactors) 
~untcrston (2 reactors) 
Hinkley Point (2 reactors) 
Tra·.vsfynydd (2 reactors) 
Dun;eness C reactors) 
U.K .--A.G .R. 
U .K.--H.T.G.R. 
O.R.N.L.--G .C.R. 
K.A .CF.-G.C.R. 
G.l 
G . 2 .. 
G . 3 . . 
Latina 

j Tokyo 

I ~:g:~:; 
j Fas1 Rcanors 
I E.B.R. 
I 

1 Enrico Fermi 
I Dou'1reJy 
! B.R. 5 

B.?-L 50 
B.,'. 'i:_t) 

60 
135 
275 

2 
20.000 shp 

420 
420 

2 
66,000 shp 

180 (thermal) 
1 SO (thermal) 

J ·85 

3 · 5 
5 
5 

192 
22 
62 
50 
50 

129 
22 
15 

92 
92 

182 
332 

344 
626 
550 
550 

28 
10 (thermal) 

252 
253 

5 
30 
30 

200 
159 
68 

195 

20 
100 

15 
5 (thermal) , 

SQ...-,-., 
250 ! 

429 

O;J~ra ~J:1g 
Cuns\tu.:ting 
Cc.~1:.;::·::cung 

Ope,a:ir:g 
Constructing 
Con.st:-~cting 
Plc,:med 
c:ons ~ructing 
Operatiol.g 
DesigTl study 
·oesig;: srudy 
Operatii:g 

Oper:l:jng 
O~era:iDg 
Oper2.ting 
Constr-Jcting 
Cons::-t;cting 
Planned 
Planned 
Constructing 
Design smdy 
Design studf 
Constr::cting 

Oper&ting 
Operc~ting 

Ope;:atir:g 
Co;.s:rucnng 
Constructing 
C onstr~..:cring 
Cons:r..::c:ing 
Const:-llCting 
Pla11ned 
Constructing 
Planned 
Design s;udy 
Design studv 
Opcraung 
Op~~rating 

Ope.rat;ng 
Cons;n.:::::ing 
Plc.nncd 
Constr~·=tir.g 
CoJ~str.Jcting 

C onstr:Icting 
Coastr'-!cting 
C'onstr:.:c: i ng 
Oper:~tt:lg 

Ph1nn-::d 
Pl<Emcd 

Country 

U .S.A. 
U .S.A.' 
U.S.A. 
U .S .. A. 
U.S.A. 
U .S.S.R. 
U .S.S.R . 
U .S.S.R .• 
U.S.S.R. 
Japan 
Japan 
U .S.A. 

U.S.A. 
U .S.A. 
U.S.A . 
U .S.A. 
U .S.A. 
U .S.A. 
U.S .A. 
U.S.S.R. 
Belgium 
Cuba 
Germany 

U.K. 
U .K. 
U .K. 
U.K. 
U .K. 
U .K. 
U.K. 
lJ.K. 
U .K . 
U.K. 
U.K. 
lJ.S .A. 
U.S.A. 
France 
France-
France 
Italy 
Japan 
Fr;lncc 
Frcmcc. 

U.S.A. 
U.S.A. 
lJ.K. 
L.S.S.R. 
US.S.R. 
U.S.S.R. 

I 
I 

I 
:--] 

I 
I 
I 

I 
I 

I 
I 

I 

I 

I 
I 

I 
I 

Tz:ble xvn Oliff!lued en p. 430 

l 
; -~ 

,j 

:j 

: :~ 
•t 
; ! 

l ., 
.t 
. ~ 
l 

·l 
i 

:' 
:l' 
'" :t 

.J 
!j 

t 
r 

I 
! 
I 
I 
I 
i 
! 
l 
i 

i 
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TABLE XX 
Co~.H·ARISm;s OF CHJ'u'\iGES lN 0ES!GN ARISI;\G T~; GAS TURJllNE FRmf DIFfERENT \VORK[C;G FLUU) 

(At const~ut m<:xin:m::1 cy;;le prcssu~e) 

CJJ<;>:::.::r:ttivc 
3':li[1ce ~trc:ts 

h;;2.1 ~:-:..:h:1nzc:·s 

Comparative 
surface are.:1:--; 
inteicvDlers 

Comrar:l.ti_yc 
su:-face: :1!"{':':.} 

prcco0ier 

Cum:urat!ve 
<::.n-:l'J 1.us J.rcJ 

'LP. ·:md 
Corn,;a,·Jti..,-c 

number or stag-e;;; 
of COf!"!prc::;s~Jr 

Com•:-ur..:t~ivr;: 
n.urnhcf of s.t<l~;<::s. 

of mrbin(~ r·f <:umprc-~sor 
------· --··--·--------i ____________ ____ ; __ . --- ----- -----~--------·- --~-----------'-'---~----·....:. .... ________ _ 

t;~~~=,~~/'{'~"c.l 
------1 

I He 
N-, 

C02 

! 
' I 

0·34 0·39 
1 l 

0·34 
1 

1·33 
! 875 l 

0 86 092 1· 10 

1·03 
I 

0·92 L ·55 

2·67 
1' 

1·67 
-------------------------·-------- __________ :_~_2_7~---_j 

TABLE XXI 
Ee<ERGY RELE.\SES FOR So:.1E Fus;o;--; RcAcno;-;s 

;\r ~~ss defect. Ener;y rcle:.1<;¢,. 
lb .!lb .. B.Tb .LJ.;lb, 

Fusic~1 of deuteriurn to forn1 He3 
fus;on of deuterium to form tritium 

8 ·7 
10·7 

/, 1 () -4 

" /, 10~4 
3 ·4 X 1010 
4·! :< [0!0 

Fu?;on of deuterium and tritium to form He4 

Fusion of del!terium and iithitlm to form He4 
38 
30 

'·' tO· 4 

X 10--4 
14 · 5 X wro 
11.6 A 1()10 

(losed 
n1C!gne-tic 

!ines 

1-

TABLE XXII 
NucLEAR Fusro:--~ DEvtcr.s r:;ESCR!BED AT GE;-;EVA, 1958 

(from Bickerton, Engineering, 1958, Vol. 186, page 824) 

Sub-division 

Toroidal 
stabilized 

pinch 

Linear 
pinch 

I Location 1 Dime11sions c~n. 

I I Torus bor..::: 

Uppsala torus 
Saclay torus 
Alpha 

~-------~--------
1 Sweden i 28 130 
· France 8 

U.S .S.R. 150 
Zeta 
Perhapsatron S4 
Gamma pinch 
Sceptre 

U.K. 100 
U.S. J4 

!v1oscov; 

u.s. 
U.K. 
U .S.S.R. 

Moscow pin ear pinch U.S.S.R. 
Uppsata linear pinch Sweden 
1\1unich linear. pinch Germany 
Columbus Il U.S. 
Colum&us S4 U.S. 
Columbus Tl U .S. 
Maggi U.K . 
Saciay linear pim:h France 
Tri-axial pinch U.S. 

10 
30 
48 

Tube bore 

40 
30 
20 
10 

78 
450 
300 

70 
60 

110 
125 

50 
60 
so 
.30 
60 

600 
2S 

liJO 
100 

13 
15 
15 
28 
10 
10 20 

1 
___________ ;_:creyv ~~~n1i~----j, ___ u_: ._s_.__ ! 

---:--------;---------

Stellarators 

Bl 
B2 
83 
B65 
c 

u.s. 
u.s. 
U.S. 
u.s. 
U.S. 

s 
5 
5 

15 
20 

450 
6GO 
6tJO 
500 

1,200 
---- ------------ -- ... ___ ----------- , _______ ----------

Astron 
Pilot modei U.S. iOO 

200 
l.OCO 

I . 
; FinQi povv·cr n1odeL lJ.S. 
i - ~ 

2,000 
~------------------- <--·-------~--~------~---'--------:---------<--;,_------( 

t Dcv ; 0, <.: 1 )-l) t ' '\ 

1 

I 
I 
j 

()~C7l 

.. 

II . .t".._ . .u. ! \.; ! ~L 

Mirror or - Ogra U.S.S.R. 140 2,000 
adiabatic Felix U.S. 45 2T 

trap devices Fligh conJpr~ssiou U.S., 15 ic-c 
. Scylla TJ.S. --r 

~---- Rot~th'1~---! Ixio~-------- ---...C~--~----i.i~s~----~------24 --r----~:6- ---, 

plasmas I-Iomopvlar ·u.s~ 25 
-"-- . 
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