
A MARINE INSTALLATION EMPLOYING HIGH 
PRESSURE STEAM. S.S. " KING GEORGE V." 
The trend of progress in all marine power installations has 

erer been in the direction of improved economy without the 
addition of weight or sacrifice of reliability. As has hcen pointed 
out in previous issues of Papers on Xngineering Subjects, the 
obvious direction in which to seek improved economy lies in 
extending the temperat,urc range over which heat can be taken 
from the working fluid and tzansformed into encrgy. Limitations 
of weight and space, however, forbid any material lowering of 
the temperature of the exhaust steam. while the upper limit of 
temperature a t  the inlet to the turbines is defined by metallurgical 
considerations, 

Fortunately there remains a third nrenue for possible progress, 
and that is by raising the initial pressure of the steam without 
erceecling the maximlini permissible temperature. 

The curves given on Pig. I iridicate the theoretical irnprorcnlent 

INITIAL STEAL1 PRESSURE:. LBS. PER SQ. IN.  (GAUGE) 
FIG. 1. 

to be expected in a perfect steam turbine as the initial pressure 
is raised progressively, while maintaining a constant steam 
ten~pemture of 750" F. 

Pig. I1 shows the measured overall efficiency of a number 
of Parsons Turbines. taken from carefully conducted trials. 
These resr~lts substantiate the theoretical figures as far as 
1nodera.te increases of pressure are concerned and do rnucll to 
justify the efficiencies predicted with yet higher pressures. It 
may, however, be remarked that the properties of steam at 
pressures above 300 Ibx. are but scasltily explored, and on this 
account there is an  element of doubt regarding the accuracy 
of nay predictions that can be made in thc present state of our 



knowledge. Experiments are being made in several countries 
with super-high pressure installations, ancl it is only a question of 
tirne before more accurate data is obtainable. 

IN lTlAL STEAM PRESSURE:-LBS. PER SQ. IN. (GAUGE) 
FLG. 2. 

It must be appreciated that in practice the ocerall gain will 
be modified by slightly lower boiler cfficicncy, by increased work 
on the feed Ilumps and by higher leakage losses throughout the 
system. Success pith high steanl pressures will depnd  primarily 
upor1 these points, and i t  is with a view to obtaining practical 
data that the machinery installation described in $his article 
was designed. 

S.X. " King Georgr V " is n Clyde River Steamer of 3.500 S.H.P. 
and a designed speed of 20 knots. Although, in view of the 
short dliration of each run and of the considerable amount of 
mannur~ring to be expected on service, this type of VESSC~ may 
not be an ides1 one in which to demonstrate the eeonomy to be 
anticipated with higher steam pressnre, 3-et for the pnrpose of 
obtaining information regarding the operation and upkeep of 
s~lch an installation the type of vessel chosen offers many 
aclvnntages. 

The installation has bcen described in some detail in tho 
technical prcss and this article will be mainly confined to some 
of the more jrltercsti~ig points observed on trials of the machinery. 

The propelling machinery comprises two Yarmw land type 
boilers, in combination with two sets of geared Parsons tlurbines. 
Steam is generated a t  F50 lbs. pressure and superheated to  
760" F., being utiliscd first in a high-pressure turbine of the 
reaction type in which it is expanded from about 510 lbs. per 
sq. inch down to about 220 Ibs. pw sq. inch snrl 650" P. tempera- 
ture. The exhaust steam from thc single H.P. turbine is then 
admitted in the normal way to  the first turbine (1st Z.P.) of 
each of two sets of three turbines, which are connected by single 



reduction gearing to the two propeller shafts : the H.P. turbine 
is connected in tandem to the 1st J.P. on the port shaft. The 
rcduction is from 6,000 r,p.m. for the iirst two turbincs of each 
set and 3,000 r.p.m. lor the L.1'. turbines, to about 570 r.p.m. 
on the propeller shafts, tho total S.H.P. developed a t  these 
revolutions being about 3,500. 

Astern turbines are provided in the J s t  1.1'. a r ~ d  L.1'. casirrgs 
in the usual maxrner. 

It will be seen that for mancenvring ahead or astern the 
two st-wfts arc necessarily run with a n  initial pressure of 200 Ibs., 
and nozalcs are fittcd in the mancc~xvring stean~ pipes to eflect 
the rcduction to this pressure. Special non-returll valves are 
fitted in the connection between the 11.1'. ahead arrd the two 
1st 1.Y. turbincs, in order to sinrplifv the t-~ar~clling oE the cngirrcs. 

The ahead blading is entirely of tltc reaction typc, Moncl 
metal bcing employed in :ill except the L.Y. turbines in view 
of thc high steam temperatures. Knd tightened blading is 
employed in the L4.T'. and 1.P. turbirrcs in ordcr to rrrininlise 
leakage, a point of exceptional irnportancc in the H.P. turbine 
whcrc the blade heights are extrcrncly small. Very ample radial 
clearances arc thus provided in the bluding, and the el'fects of 
slight distortion due to incqnalilies of te~npert~turc sl-rould 
thcrcforc not bc of irnportancc. 

Boilers.-These arc of the Yarrow lard typc, arr air preheater 
and a snpcrhcatcr bcing locatcd in the uptake which is ranged 
on one side of the boiler only : heat is convcycd to the tubes on 
the other side of thc boilcr mainly by radiation, the proportion 
of firc row surfaec~ to generating surface being considerably 
grcator than is usrral in Naval boilers. 

The reason for adopting this si~lgle [low type of boiler is 
merely ono of convenience, the ship arrangcrncnt being somewhat 
better than if the more usual typc, with gascs passing equally 
through both sides of the tube rrcst, was employed. 

The air for combustion is supplied frorrl a closcd stokohold 
to an outcr casing on tt-lc front of the boilcr, tf~cr~ce to the air 
proheater and down a further do~iblc casing a t  the back of the 
boilcr into the eloscd ash pit. This arrangernerrt redixcos the 
loss of heat by radiation and further tends towards cooler stolro- 
holds and bcttcr conditions of wolsking for the furrrxce k)riclrwork. 
The air heater surface in each boiler is 2,200 sq. feet. 

Each boilor has a t ob l  heating surfa::e of 3,420 sq. feet, of 
which 870 sq. feet is supcrhcatinrr surface; i t  will thus be seen 
that the total heating surface excluding superheaters js 5,100 sq. 
feet for 3,500 S.H.Y,, a higher proportion than is usually 
permissible in Naval work owing t c  weight rcstrict' ,~orls. 

The design of the boiler is remarkable for the almost cntirc 
abscnce of rivctted and bolted joints : in the steam cirtlrn there 
are no rivetted joints a t  dl, whilo the water and sulwrhcater 
drums are also made solid with thc! exception of front end plates 
which are sezurecl by circumfcrontia\ rivcttcd joints. 
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Safety valves nre fitted on the snprheater orlly H I K ~  are of 
JTessrs. Cockburn's high-lift t g lx  set to 573 Ibs. per sq. inch, the 
test pres~ure of tlie hoilcr being !)l3 Ibs. 

r 1 l h e  ttlniri stop valves are fitted with nloncl ulctal spindles, 
valves tt1lc1 seats. 

FCCII TT7crfor licr~fers.--A feed he:rkr of the surfnne type, 
desigrled to o p m t c  N-ith nl~ailisry exhtt~lst stcenl a t  about 
13 Ibs. pressure, is fittcti to  heat the feed wnier up  to 1100" F'. 

,211 aiiditionnl high pressure heater feti with stmm tappcd off 
from thr  trtrbirics is pro\ idecf, the iirinl feed tempr:siurc being 
in the oi~lcr  of :W0 F. 

-4 I (  cilitr r!/ Sfcn rtl S,ilstcnt. -Steam for. the nusiliary engines is 
tnkerr froru the otitlct side of the su~wrlleater with the object 
of cnsuririg :L llow throrlgll the tilbes of tlie latter ;tf a11 times. 

111 order to recince tlic terup~ertbiure of t11c auxilit~ry steam to 
one s~litnble for the o pertti ion of rcciprocatir~g e~lgines. the 
stcnw pipt is led through the water in the steart~ & t ~ m  to a 
dec~lorisir~g ta:il;. nhcr~cc i t  enters the aur i l iur~  steam range 
through ;b redrrcirrg mire sct, a t  215 lbs. per sq. inch. 

C 'o t~~ l t~~s~rd . -~C~o  C C I I ~ C ~ ~ I ~ S ~ T S  :ire insti&Ue(i to ~ J C ~ L  set of 
t1lrl)incs. t l~cse condensers being pro~i-itled with shut oil " doors " 
hot1~ on steam and c~irclilating \~t t tcr  sides, to  cnable R leak to  be 
dcnlt \\ith while the vcas~l k still urlderwny. 

r 7 l h i s  pc~int is one ~ ~ h i c h  h,ls 1-eccivcd coilsiderak~lc attention, 
the import:rrlce of n~:lirltnir~itig tlrc p u r i t  of the feed ~ a t c r  in 
:;wl i~lst~allrction of this t ~ l w  being fully realised. Ev:tporators 
are fit tecf t o  okniatc, the r i h ~  of  ridis is tilled shore ntt.hr and 
continuons iriciicatirlg electrically operated si~liriity dctcetors are 
titted on tllc cotldensntc slictioris arici on the fecci tiischarges. 

The air t tr l tf  fccd p ~ ~ m p s  itre of the riorrual M'eir reciprocating 
t?pe, the a u ~ i l i a r ~  feed pump being fitted u i th  a comection 
for use a8 a11 e d i a x j  EWx p n p .  

S f ( ~ z r n  t'ipes.- All high pressme ~ t c t t r r ~  pi1wx.s me d solid 
chnwn steel. the flaugcs h i n g  scrc~wed on by  mearks d a 
vnrlibhillg thrcntl nrld the tnci of tlre tltrcaci at the face of the 
ilnr~ge sealed electric ~ e l d u i g .  The sc:trltlings of the flanges 
are par*ticulnrly gerlcroiis, so as t o  avoid tllc pcx~sihiliiy of nrly 
thtortion. Joints are all rrlctal to  rr~ctal n i th  bolts of large 
diameter. srre n ed M it h '. plus " threads. 

Exparuiot~ of thc steam pipes is probided for by nlenrw of 
bends, expta~lsioil joinilf,q Iwng erltircly a~o idcd .  

I'rt.limit~ny/ 7'rirr/s of fhc 3l<rchitzery.-Triak 01 the machinery 
undcr n :ty nere succ~essfnl1~- carried out iu Septi~mber I!):'(i, after 
which the vessel prwreded on service. 

As uoult-l be e ~ p e c t e d  from tlle s ~ i c c c ~ f u l  rlsc of high presslrrc 
a r~pml~; l te t l  steanl in laud L1~~t:1llixtiorls T ~ O  major dif ic~~lt ics  
were cxpcrienccd d t~ i r ig  thcsc 6rials. but sonic minor diltic~llties 



and departure8 from the designcd figures were, however, 
experienced, and brief reference to  these may be of interest. - 

(i) The temperature of the superheated stearn both initially 
and throughout the eubscqucnt stages in its expansion down to  
the f b t  T.P.,  as shown by the distant reading pyrometers, was 
considershly. above thc  designed figtire, being about 800-520" F. 
at the boilcrs and 795-810" a t  the FI.1'. turbine. It should be 
added that therc appears to havc been some dortbt regarding the 
reliability of the actual instrument ul use. 

While no damage from the use of these high steam tempera- 
tures is anticipated, it is probable that some red~rction in super- 
heating tube area pill be made in order to bring the br~perheat 
down to the design figure of 750" F. 

(U) T)ue t o  the high temperature of the air delivered from the 
air prehertter, considerable burning away of thc fur11ac.e door 
baffles wacr cxpericnced; other fr~rnaoe fittings will probably be 
siiiulilarly affected after a co~nym%ti~oly &tort Me. 

The krnperdure of the boiler room was bqh, but not eacessivu. 
The damage to  the furrlace doors can, of course, be remcciied 

11j+ fitting fire brick protectors, but the troublcl is uncloubtetlly 
accentuated by the fact that an air slxpply a t  t l ~ c  back of tho 
boiler impinges diroctly on to these fittings. - - 

(iii) On acconnt of the somewhat inadequate lagging of the 
heated parts of the boilcrs and machinery, tho temperatures of 
the machinery spaces were high and rsdiatior~ losses probably 
excemive. 

l'hc cramped nature of these spaces in a vessel of this t.ype 
no doubt accentuated the effect refcrrerl to ,  but it is evident 
that special corwideration is reqnirect to the cyuestiorl of prclvidirig 
efficienb lagging i n  all marine installations employing steam a t  
very high temperatures. 

(iv) M c d t i e s  were exper tend  in up of thc 
H.P. turbino, due to differences in expansion between the r o h r  
arid casing, and the design of the gland artd dummy pt~ckings 
had to be m-comidemd in tliu light of this fact. 

(v) !l310 turbino drain p i p s  wem of inadequate strength in 
some c~ams t o  withstarld the p ~ w u r o s  t o  which they :m liable 
t o  be subjected. 

(vi) Some slight difficulty wart experienced duo to  gland 
Ieakage, but this wad only n mattcr of adjnstment. rrhich x+ns 
rendered dimcult on account of tjha corrfirlcd space. 

(VG) The absence o-E a stop valve on the stearn aupp1~- t o  the 
superheater has on occasiori led to the filling up of the latter 
as the boiler cooled down. 

(viii) No leaky joints, exccpt minor leaks in the fecci systerli 
were noted; it may be observed, however, that  tho ~uachinery 
ww in new condition and, in view of the widespread intorest 
chplayed in, the tttnetaUation, it is probable that more than 
wdinwy care W ~ E J  taken over details. 
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On the trials referred to  no attempt was made to  obtain 
data of any description, the object being merely to  demonstrate 
the behaviour of the machinery under normal operating conditions. 

S t  the conclusion of the summer season consumption trials 
were carried out in order t o  corroborate (or otherwise) the claims 
which have been made as to the economy which is obtainable 
by the use of high pressure, highly superheated steam. Full in- 
formation regarding these further trials will be published a t  a 
later date, together with reports of the working of the machinery 
on extended service. 

The rebults of this most interesting experiment are, however, 
such as t o  confirm the opinion that  there are no insuperable 
difficulties in the manufacture and operation of an  installation of 
this type. Whether the increased weight and cost .nil1 be 
sufficiently compensated for by improved economy yet remains 
to be proved ; from this point of view i t  is to  be regretted that  the 
design of the installation \%-as not such as t o  enable direct figures 
t o  be obtained regarding the effect of the high pressure and super- 
heat only, uncomplicatsd by economies due to  preheating of the 
air supply and to special feed heating devices. 
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