
HIGH PRESSURE STEAM FOR NAVAL PURPOSES. 

The period since the war has seen a slow but mtb~ked 
progrew towards the adoption of higher steam ternpmtures 
and preastms in the boilers and engines of both shore and 
marine power planb. This development ha9 arimn from the 
urgent need for improved economy, and, as is usually the case, 
has been initiated in that field where the highest efficiencies 
are realised with this type of prime mowr, namely, in shore 
power stations. 

The most efficient t ype  of steam engine is the turbine, and, 
as this is inherently better suited to take advantage of h i h  
hrnpertbtmes rather than of high pressures, progress first pro- 
ceeded in the direction of superheating the &earn up Go the safe 
limits imposed by the strength of the materisk available for 
construction. 

Investigation of this latter question indicates that at the 
temperatures employed in advanced current practice, the decretwe 
in strength is very great for smaIl incmases in temperature.. Thb 
fact exercises a Marding effect upon this, the mast favourable 
line of advance, and it i s  thus natural that progress ~hould be 
sought in bhe direction of increming the pressure of the steam, 
while maintaining the tempemture at the upper limit above which 
it is not considered safe bo go. 

Economy, while of great importance, is not, however, the 
principal requirement for the mechinery adopM in marine 
installations, where reliability of pedommce must essentially 
take the firirst place. The adoption of any new feature into the 
Memantile Marine or for Naval purpoms is in general, therefore, 
refrained from till reliable and aatisfwctory opera~ou haa been 
obtained elsewhere, and even then, owjng t o  the divergence 
between the conditions of workiig at sea and on ahore, it irr not 
prudent to take immediate advan-e of the full. progms made 
under $he latter conditions. This is paxticularly the case as 
regards the Kavd service, where the varied conditions, the frequent 
changes of speed, and the prolonged periods af operation at 
reduced poweru, may introduce special mcult im which mnst 
receive due cun~deration. 

The competition of the Diesel engine has, however, forced 
the buildera of Marine turbines t o  consider seriously the improved 
economy pmmimd by the adoption of higher &earn pressures, 
and the success of the instafiation in the " King Gsorge V."' 
appe8m likely to re4uIt in an extemion of this principle in the 
merchant service. 

The considerations affecting any increase in steam pressure 
for Navd ~essela are, howeva, very different from those obtaidq 
in any other service, md it ia proposed in this ~rtiele to discuss 
the opposing factors in this connection. 



The -nkial requirements for a. prime mover suitable for 
a modern Krsval vessel may be briefly enummtd ahs fo1Iow~ :- 

Reliability and durability under a11 conditions of 
w o r m .  

Low weight pm S.W.P. 
Maximum possible economy, cmia-hent wibh lightness : 

economy ebt low powers is a deair~nble fefeahure. 

The streanea jnduced by the &,tic steam p m e  can, in 
general, be adjusted to my d m  vdue by choohg suitable 
thicknam fm the parts aflected, and this prhciple a m  be 
adopt4 thoughout the s h m  inatalh$ion exmpt in pam of the 
boiler. 

The b& tubm and other: parts of the heat $transmission 
circuit are subjected not only to the direct stress due to the 
pressure of the steam but also t o  one arising from the difference 
in temperature between the inner and outer W& of the tube 
when trmsmikting heat: this heat h s  will inmme as the 
tubes are made thicker, and notwith-ding the lower direct 
stress attending fie thicker tubes, there may be a nett increase 
in the total stmus tress which the mahrial is subjeoted. Due 
oonsideration of this point is required when contemplating the 
adoption of higher s t e m  prw~ures. 

In a modern m-uim bailer (atmm at 250 lbs. md 401°F- 
saturation temperatwe) the edimated "heat" stress at FuLI 
Power h the Fire. Row tubm is of the order of 4.0 to 5.0 tons 
per aqmre inch; to this must be added a direct stress of about 
4 ton per square inch due to the internal ~tteam pmigure, while the 
total is further increased by an unknown amount owing to the 
bending of  he tubes due to  expansion ; $his latter faator depends 
upon the &apes of the tubes and the temperature variations 
in the ned, t h e  being very indekrmhate. The wall tempera- 
ture of the FIR Row tubes in such a boiler a$ Pull Power & 
probably about 500°F., under which oondition the elastic limit 
of boiler &eel. is about 8 to 9 tons per square inch, giving tt f&r 
of safety of about 2 - 0. 

l3 the boiler pressure is h c r w d  to (say) 500 lba,, bmpera+ure 
of mturrstion 470°F., the direct shess wiII be doubled, wM10 the 
heat 8trres -iviTI probably remain scnsibly unaltered. On the other 
hand, .the temperature of the tube wall wiI1 be increased by at 
least 70°F. (probably m m )  with m attendant fall in the elastio 
limit. The nett effect will IM thus in Ghe direction of reducing 
the factor of safety, which even under present conditions is nono 
too great, as is shown by the failures which occur -*hen circum- 
stances combine to mise the temperatme of tho tube walls by even 
alight amounts. 

Am approximate analysier of the stzwma in boiler t u b s  (of 
given $hichess) with advmcing pmsure haa been given by 



Mlellmby snd Km*,  but the premises upon which their con- 
.clusions are b a d  are somewhat debatable, and their kures  
should be taken as givhg a, mere indication of the general trend 
af circumstances attending a rise in pmsure. 

Reports of the operation of a, 1,300 lbs. pIant in U.S.A. indicate 
that the tube material has been affected by the conditions of 
working, as both the U.T.S. and the  Elmbio Limit have been 
appreciably reduced in the course of 5,000 hours' use. 

This news is on the face of it diaquieting, and confirms the 
view that boiler parts should not be dmigned on the strength of 
the material at normal temper&tures. It is, however, too early 
t o  express any definite opinion upon this subject, as reports fronl 
other high presure stations have been so f wr wtktisf actory. 

The m&xjmnz steam temperatures that can be employed are 
limited hy the strength of the materials used, and from this 
point of view the adoption of higher steam pressures introduces 
no new problem, as the safe limit of temperature with the present 
materials is above the saturation temperature at any probable 
ateam pressuce. 

The reliability of the phnt win, however, be advemelp 
affected by the high preasure conditiom if the feed suppIy is not 
exceptionally pure. Jn a low pressure plant the margin of d e t p  
of the tubes from the point of view of temperature rstrmses is 
corrsiderabl~, and thus any additional " temperature head " due 
$0 acalmg of tho surfaces can be aecammodated, The position 
may be f ax otherwise h a high pnmure plmt, where a very thin 
scale may cause failure, and trouble has been experienced from 
Ghis cause in %he 1.300 lb. jnstallation refeed to above. the 
circumstances forming an illuminating exposition of ijhe effect of 
scale upon the heating surfaces. 

The station i a  provided with boilers work-mg at MQ lbs., in 
addition to the 1,300 Ibs. plant;, the IaMr boilem being fed &h 
condensate derived from the former which take their feed supply 
from a lake. The low p s s u r e  boibw have never given trouble 
either from scale or corrosion, despite the fact that &hey operate . - 

-on m open-feed sytem without deaaratars. 
The tubes of the H.P. plant, however, began to fd &er about 

800 h o w '  running, when it was found that the tubes were coated 
unifmmIy with a ~callo, about 1/32" thick except at positions where 
faiIm occurred. The darnqe in dI cases took the form of 
btilges, about +" deep by l$" diameter, these being completely 
filled with acde except for a fine hole at; the tip of the bulgc. 

It appears evident that the formation of the scale promoted 
locaI overheating of the tubes, followed by softening of the 
material and bulging of the wall : th bulge rapidly f l l d  with 
scale, thus incrming the action wMch soon led to puncbure of the 
material. 

I t  is intaresting fo note that in d them fail-, totalling 
about 60, &he damage waa o o h e d  to  t h e  small punctms 
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which, however, did not extend: in some cases three or four 
bulges co-existed in the same tube without causing it t o  split. The 
boiler WM &earned for two weeks with active defects of this 
nature, operation proving to be quite safe : the Ieakage from 
each puncture was estimated EM about 1/10 per cent. of the total 
output of the boiler, and appem to have caused a, sufficient 
cbculation t o  pm~ent fxrther local overheating. 

The scale wag evmtualIy traced to unsuspected condenser 
leakage, which W=, however, insuEcient Go cause any similar 
tm~rble kn the low pressure boilers. The defects due to scaling 
mama &X the condenmm had been made tight and the boiler 
thoroughly cleansed, but were followed by failure due to  rapid 
corrosive pitting of the tubes, m action which ensued immediate1p 
the protection af€orded by the xoale had been removed. This 
second defect was M y  cured by cutbing down the oxygen 
in the feed water to less than 1/10 cc, per litre and by ensuring 
akahity of the feed. 

These defects indicate that in high pressure boilem the thick- 
ness of wale that cm be &e1y permitted is much less than i~ 
normal plants, while corrosion appears to be somewhat accelerated 
by the k h e r  temperatures. The. experience obtained with 
this particdas plant shows, however, that, despite the more 
exacting requirements imposed upon the boiIer materials, 
operation at high pressures is a praoticable proposition, and this 
is borne ouk in other installations of a similar nature. It should, 
however, be nobd that higher pressures necessarily lead to a lesser 
ma~gin of safety unless materials of better quality are umd. 

It is also of itlter& to  note that in the plant referred to, 
priming was COX~SP~CUOUB by its abwnce, while only a small 
variation in water level occurred when the fuel supply was 
mddenly cut off at full power ; it is suggested that the cawe 
of this may be ascribed to the small size of the steam bubbIes 
at such high pressures; this feature ie very desirable in Naval 
boiIers, and may prove to be an unsuspected advantage of 
operation at Zugh pressure. 

Tlle tuwbim will in general be but IittIe affected by m increase 
in the initial sham pressure, since the effect of this is codned 
to the initial S-a, and designers will be concerned principdly 
with the necessity for developing external gIands capable of 
withstanding the conditions. It is probable tha$ such glands will 
be of the labyrinth type, aa carbon pmking does not appear to 
withstand satisfactody the high kmpesatms obtaining at the 
inlet ends of modern turbines. 

The impulse type would appear to be well-suited for the B.P. 
ends of such tr~rbines, especially in view of the small specific 
volume of $he steam at high pressures and the low blade heights 
$hereby necessitated in turbines operating with full admission. 
In remtion turbines, excessive leakage losses are to be anticipahd 
d e s s  very fine clearances are employed: these may lead to 
prmticd difXi.culties in marine turbines which may be subjected 





to  rapid 0uotuations in output, with correspondmg variatione 
in the temp~ratare of the different @S of the turbine. 

It appeam probable for these reasons that, for Xavd purpws 
af lea&, turbines operating at dtra-high pressurea wiU comprise 
an E.P. turbine of the impulse type, f olIowed by reaction blading 
in the remaining unit or units. 

One othar effect of high pmure may possibly Muence the 
reliability of the main turbines, nameIy, the increased wetness 
of the &am at exhaust, consequent upon commencing the 
expansion from a high prewure, but, at the same initial tempera- 
turo ; this may cause marked erosion of the blades at $he exit 
end of the tmbine. This effect can only be avoided by increasing 
tho initial temperature concmntly with the pressure, but; this 
is not practicalde in cases where the safe limit of temperature has 
k e n  reached at the Iower pressure : the increae in wetness is, 
however, not marked except where rery considerable advances 
in steam pressure have beon mode, and, as far as is known, no 
considerable defeats have yet arisen in practice from this cause. 

Them mmarks apply equally to all the turbines, whether 
main or a d m y ,  and it may be said With some c d d e n c e  
that no reduction in the mlhbility of these unih is t~ be entici- 
paw on account of 8 moderrste increase of the initial steam 
prmm.  

J&m% and ~ l a ~ ~ - - I m p r o v e m e n ~  are undoubteay req& 
regarding the design of steam pipe johts and glands, some of the 
modern mangemenh suitable for extra high pressures being 
illustrated in Figs. 1, 2 and 3. Developments am taw placo 
in power ~b6ion practice in ehe direction of obtaining satisfactory 
joints by me- of welding, but there appears littIe prospect of 
such heroic me- being adopted in marine work in the near 
future, especially in view of the vibration and the &own rack- 
ing &ains thrown upon tho joints in the latter type of inhallation. 

The modern tendency as regards provision for the 
expansion of the steam pipes is to provide them with suihble 
bends, either plain. or corrugated, thua avoiding the troubles which 
have arisen with long expansion gIands in lightIy-built vessels. 
Expansion glands c m  ba made satisfaatmy with high &am 
pressures and ternperatwee, provided thab the alignment of the 
parts can be pmerved under all conditions of working, but this 
requirement ia very diflicult of realisation in a ship and more 
particularly so in modern Naval vessels where weight restrictions 
have resultad in a form of cont3truction of extreme lightness. 

C&e~s.-The experience, already c i M ,  with a 1,300 lbs. 
plant serves to stress the extreme imporhzbnce of fjghtness of the 
condensers when pressures of this order are employed. 

It :G isetdmt, therefore, that possible hcraasm in the steam 
pressure will still further &ulttte tbe search for the producbion 
of either now mate~als for the condenser tubes or of reliable 
m e w  for protecting the existing makrials tmgaimt corrosion. 



Gmd.-Any reciprocating steam auxiliaries that are re- 
quired to  work with the full boiIer pressure will no doubt need 
special atfenticnl as regards the design of the slide vdves. 

The jokting of boiler gauge glasses is mother minor but 
important point that requires consideration, while the opration 
of safety valves haa presented some difficulties whioh it is believed 
have been successfully overcome. 

The mLiabifity of the remain% parts of the machinery 
hst;albIlation is not, bowever, likely to be dfecfed by increases 
in the working s b m  pressure, provided, of oourse, that the 
margina of safcby adopted in current practice are not deliberately 
or inadvertently reduced. 

Boiler.-The efficiency of the boiler wiU be somewhak reduced 
boeh on account of the smalIer difference h temperature between 
the wn,tm and the gases, and also because the latter will leave 
the boiler at zt somcwhcbt higher temperature. The loss due 
t o  the second of these factors may be recovered by the provieion 
of additional wonomiser and air pre-heater surfaces, but, owing 
to weight xestrictions, this is not usuaIly possible in Naval 
installations, for which the deveIopment of a light type of pre- 
heater is an evident need if such decmwe~ in boiler eficiency 
am to  be avoided. 

Turbifim.-The theoretioal improvement in turbine efficiency 
to be anti4patd in oonaequence of an enhanced initial presaure 
has been indicated in a pre~ous  wrbhle in these Papers (No. VII, 
p. 96), and from *his it will be seen that the gain is a decreasing 
one, beooming julappeciable at pres~ums of the order of 1,200 
lbs. X+ ha~l already been pointed ou* that the general effect 
of high pressure on turbine design ie tlo reduce the blade heights 
at the initial ond of the H.P. unit : this may be m i d d  if the 
number of stages are increased m d  their mean diameters -reduced, 
but this cannot be adopted to any great extent in Naval 
prmtice, aa it involves additional weight and length for the main 
engines. 

Practical experience ahows Ghat very shoxt blades and nozzles 
are Iesa efficient than longer ones, while in reaction turbinea the 
pmenbge leak* ~ R R  i n c r ~ a p ~  raar t , h ~  hladea am n7ruJe ph.~i+r. - 

On &count %f the foregoing, rnnd also beoause of leahge 
lowes through the external gImds, the theoretical improvement 
wiIl not be reabed in practice as the inikial pressure is inoremed. 
Fig. 4 hdioataa %he probable variation in-steam consumptiofl 
which may be e q ~ e d  with increase of pressure, and from 
this it will ?B evident that liHIe practical gain ia to be anticipakd 
from initial prmmes exceeding about 500 Zba. per square inch. 

AmiZM&e8.--The Teduction h the ateam comufllptioa of the 
tmbines should be tbthnded by some deaperssa in that of all 
the auxiliary machinery, provided that it is found primtieable 
to  urn th high pr89.9uree to full admntage in these units; a 



proviso which is, however, likely to prove one of the principal 
diftioultiea in cons~t ion  with the economical urn of very high 
preamm steam in Naval vessele, and will be diwuased shortly. 

The gain from this source may be discounted, however, by the 
additional power requhed far the feed pumps in order fa overcome 
the high boilr pmaure, and thus, on balmce, the total steam 
requirement for the audiariea does not appear Iikely to be 
sensibly affected by the change in steam pressure. 

& h e  and M a i m  h m . - T h e  leakage Iasm in the 
stsam pips ancl glmds will in the natm of things tend to 
increase owing to the Iew spec8c volume of the h a m  and to  the 
greater di%,xlty of o b W i  rrtaam tightness of the system. 
The Iom of hoat due to radiation from the heated surEaeee of the 
boiler mud, be eqmctRt3 to be somewhat larger than with 
satllraM ateam iwtaUations as the temperatures of the water 
and of the funnel gasoa will be h&her ; kho radiahn low from the 
warn pipes will, however, be bub libtle charged, &s the maximum 
steam temperature will be the mme in both high and in low 
pmaum insBIlatiow ; t h i ~  frtetor may even bo somewhat reduced 
in H.P. instalIations owing to the ~WMX ~ u r f ~ e  expomd by the 
smaller steam pipea. 

weight and &ace. 
The weight and s p w  required for the machinery instafla- 

tions in a Naval vessel ie, of course, of great importance, 
especially in %hose t y p  w h m  the maximum tomage 
Limit& by the Articles of the 'IYmhhgton Tmaty. The 
e I a w ~  of this covenant include e defmition of those factora 
whioh me to be taken into acoeunt when wming the dis- 
placement of a given ship, and it is to  be noted Ghat thew do not 
include the weight of fuel. This agreement tanda therefore to 
pnaliae =onomy, since improvemenh in this respect are in 
gencral alhnded by aome increase in machinery weight, whioh 
under them term o m o t  be oompewted for by a duction 
in the amount of fuol carried. It h o m e s  a matter of some 
diBcdty to decidc in thew cir~umsbances how muoh extra 



machinery weight can be accepted in the cause of economy, and 
the decision must be d o  in the light of the prohbI8 aerhee 
of the vessel under consideration, In the oaaes of ships designed 
for ocean warfare and for operation at long disfances from their 
bmea, it ie evident that economy in fueI becomes of some con- 
aiderable importance, whereas, on the other hand, in circumstmces 
where endurance is of lesser importance, lightor machinery c m  
be obtained by some sacrifice of economy. 

The weigh* of the machinery is influenced also by the require- 
ments as regards the reliability and the length of life of the various 
parta, ~ c s  these affect the factors of safety ultimately adopted : 
the CIW of vessel and its reIative mizitary vdue also h= a bearing 
upon this matter, as it is obviou~lly logical to accept a reduced life 
and bmr reliability in the case of the leash valuable ship.  

The weight of an jnstalIation depends principally, other 
thin@ being equd, upon the total .oonsumption of  team at the 
dmigned fuil power, and m y  reduchions in the steam requirements 
that can be made without the addition of extra machinery will 
in general be attended by some improvement in the weight per 
horse power. 

The pre3ent situation in regard to this imporbant question of 
weight h tkiolt the factors of safety have been decreased to the 
limit which experience has shown t o  be acceptable with the 
preaent makriala of comtruction, and thug, while improvements 
in metdlurgy and the gradual i n m s e  of knowledge will no 
doubt enable a alow but perceptible advance to he made, it is 
evidently necessary to consider whether any other avenues 
exist through which progress may be rendered possible. One 
such avenue 1s ofiered by the adoption of higher steam p s s u t e ~ ,  
since that deveIopment promises a reduction in the &am con- 
sumption of the main engines without my eompondmg dditionq 
to the number of unita in the machinery kta.Uation ; iE  re-ns 
therefore to consider to what extent this hope may be realised 
in practice. 

Buihg.--The thichww of the pressure parta of the boilers 
will, of necessity, require to be increased if the steam pressure 
is raised, aIthough for reasons a h d y  touched upon it ia neither 
necessary nor desirable t o  add to the thickness of the boiIer tubes, 
which wggregate some 30 per cent. of the weight of the unit. 
The thichesses of the steam drum tube plates asd of all the 
wrapper plates must, of course, be increased in proportion to  the 
rim of steam prwure, but, as it is necessary in alI boilers of the 
Yarrow type to provide very thick tube plates in the watcr 
drum in order to obbin sufficient rolling surface for the tubes, 
from the point of view of stress the aoantlinga af thme part8 noed 
not be increawd for preesures up t o  450 Xh. : thew fortunate 
circumgbcea haw m appreciable effect in reducing tho increase 
in weight which is unavoidably associated with s siw of boiler 
pressure. The reduced  team consumption of the main turbines, 
on the other hand, enables a lsmder he8tI.q surface t o  be 



provided for the boilers, and it is errtimated that these opposing 
fadors  wiII rmpproximakly cancel each ohher, with Ghe m u l t  
thak the weights of the boilers for a given home power will be 
substantialiy the same for all steam pmsms up to the limit 
referred to in the preceding sentence : at presams in exmm of, 
say, 500 Ibs., it becomes necessary ta increase the thickness of the 
water pocket tube plate, with componciieg additions to the 
weight of the boiler. 

There is an increasing tendency in modem high preasure 
boilers to  abandon the use of riveted joints, comtcucthg the 
drums without joints. Modern reso~rrces have made a pr~tical  
success of this difficult method of eomtmc.tion and it has been 
found possible to  build drums without any joint whatever, even 
the end plates being formed in one with the main body of the 
drum : the method of construction is expemive, but the cost 
may be reduced somewhat if one of the boiler enda is attached 
by riveting. Riveted joints under high pressme becorn Rome- 
what doubtful for very thick platea, and at least one well-hown 
h advises the use of " aoolid " drum in all caaw where the 
steam pressure exceeds 500 lbs. Drrama constructed in this 
fashion can be made lighter than the normal type, since no6 
only are the butt straps avoided but aLso some reduction can 
be made in tbe thichess of the wrapper plates, a dimemion 
which is camiderably influenced by the efficiency of the joint. 
Solid drums thus not only avoid di&uItiea with the joints but 
also result in a saving in weight, and it is evident thatt, for these 
masons, thia type of con~truction is likely to ihd  a place in 
Naval boilers working at high preseures. 

Twrbinm.-The anticipated improvement in the steam con- 
sumption of the turbines can only be WW if these units are 
euitahIy designed to make uae of the additional he& provided 
in each pound of steam, and this necessitates in general rtn 
increase in the number of stqes,  The maximum &amelm of the 
turbine rotor can, however, be somewhat reduced on accounh 
of the smtbIler volume of the &mm at exhaust as compared with 
the ccase of a turbine expanding the.a*srn from a lower Initial 
pressure to the same exhaust pressurn. The combined effect of 
these two factors wiU be in the direction of iamad weight, 
but the increment may not be large. Considerations of efficiency 
tend towards %he adoption of ~lrnttll H.P. turbines geared to  
I.P. and L.P. unih which am themselvm geared to  the pro- 
peller shafta : such an arrangement not only improves the 
efficiency of the H,P, turbine by embIing longer blades to  be 
used, but also has the desirab1e effect of confming the high 
prossure rand high tempmature steam w k t h  a casing of very 
small diameter. Thk sub-division into throe &B  do^ not add 
bpppeciably to the weight of the tmbines, while the adoption of 
the separahly geared H.P. Gurbine should in genera1 result, in 
tb mving in, the ovma1I length of the set, as oompared with one 
in which thia unit ia directly driven h m  the I.P. or L.P. shaft. 



Some duction in weight is to be anticipated if the H.P. 
turbine is geared directly to the main gear wheel in~tead of to 
the 1.F. or L.P. mtor sh&s as suggested above ; this, however, 
means some duction in the revolutions of the H.P., which thus 
becorn- a comparatively large unit; the mangement also 
entails an inerewe in the weight, length and, more important 
still, in the number of joints of the ateam comtiona to the 
turbines. 

It wilI be evident that h arrangemenb of small high spsed 
turbinee the reduction gearing forme an appreciable proportion 
of the totd weight of the main power units. m e  length of the 
gear face dependa upon the horse power of tho Iw~gest turbine 
connected with it, and thua, if the tohl power c a n  be distributed 
among more than two pinions, tho lengbh and weight of the 
gearing can be cut down at the cost of some additional weight 
in respect of the turbiners themelves due to the subdivision of 
the power among a larger number of unita. On balance, how- 
ever, such an ~ ~ e r n e n t  should l& to economy in woight 
provided $hat the requirement8 for the gearing under mtwn 
conditions do not determine an unduly high limit to the length 
of the geming. There h, however, one disadvantage in inmerasing 
the number of kurbines in each set, namely, that the number 
of extern1 glands, and therefore the leakage Ioss, is increased 
thereby : this drawbmk may, however, be overcome by making 
arrangements t o  collect ~bnd condenm the atearn le-g from the 
glands. 

C d ~ a  and A4hries . -The dimensiom and weigh6 of 
the main condensers can, of course, be reducd proporbionately 
t o  the saving in steam comumption, while similar economies may 
be effected as regards the circulating and water extraction pumpa, 

The aomEings of the water end of the feed pump must, on 
the other hand, be increwed, as muat &O bo the dimemions 
of the driving end of this unit, the nett effect being an addition 
of weight. 

The weight of the auxiliary engines and of the asaociabd 
steam and exhaust piping depends Imgely upon the steam prertsure 
at which they are de~gned to work and the type of prime mover 
decided upon. h the latest -veaeh kurbo driven a u f i r i e e  am 
uwd to the fullest potsaible extent, not only on account of the 
economy in weight a d  spme thereby attrained and of their 
freedom from Pibration, but also with a view to simplifying the 
arrangements of ateam pipas, as reciproe~ting machinery a-ot 
be worked with highly superheated etem and therefore necessi- 
tates the proviaion of additional leads of piping. 

The turbines drim the auxiliary engines are but small uraib, 
and m onavoidably somewhat extravagant as reg& their &am 
reqrrirementa if their weighta m to be kept within rowonable 
limits. Them unita will be required to make me of a greahr 
adiabatic he& chop if the initial p m u m  is miaed (without e 
corresponding ele~ation of the e x h a d  p m w )  and h order to 



effect this without decreased turbine efficiency it becomes 
neoessary either to fit more stagas or to rai~e bhe peripheral raped 
of the rotor. The former of these alternatives wiU of come result 
in dditiondftreight, but mme latitude e x i h  tas regardhl the httsr 
although this may entail mming the mtom through thejr fir& 
critical ~p&, a mode of opxation which is h be avoided. 
Suitable deigns cm p & l y  be devsloped +a avoid thicl efEeot 
by employing rotor shafts of large &meter, but this is objbion- 
able aa it ia IhIy to  Iead to troubles ~ t h  the glsnds. It mud 
be appxeciated of come that *he actud steam consumption of 
them smaIl H.P. auxiliaries may not h greater thm that of 
their IOW pasme- uounterpah, for, &Ithough their eficiency 
will in general be lower, the additional heat aavflilble in each 
pound of steam may be ~ufioient fo override this factor. It is 
to be anticipated, however, t h ~ t  for a given weight of unit per 
horsa-power, the hxgh p m  auxiliary will require somewhah 
mare s t e m .  

The possible dhmtives rare to group the ad&r iea  together, 
driving each group by a turbine of m&mfeIy 1- output, to 
arrange for all h be eIectrica12y dri~ea or, h l l y ,  to provide 
8 low pressure SW range for auxiliary purposee. 

The didvantagers of the fimt of them alkmtives lie in the 
diEcultieg of providing separate control of t he  individual units, 
and the neceesity for changing over a whole group when defectg 
arise in one component. The provision of eIectricalIy driven 
awdkriea, while I e W g  to but little additional weight, is 
desirab1e only from the point of view of economy, and h quib un- 
acceptable for direct or gm-driven Naval vessels, m it intmduceg 
another vitd link in the chain of transmission, thug being m- 
~ o u d  in pprincipIe. h verrmIs where electrical " gearing "  form^ 
part of the main line between turbines and pmplllera, the fore- 
going principle is already violated and the objection q a h t  
eleotrioally driven auxiliaries can no longer be mshined. Modem 
electric motors should be entirely reliabIe under all conditiom, 
and can be made wawtight, while the early diffiodkies as 
regards speed controI have been largely surmounki; thus 
electrically driven auxiliaries b v e  been ado* h the late& 
Naval aessels for aEl services except t h w  of feeding the boilem 
and driving the forced draught fans, but this provision h addi- 
tional to the full complement of s t e m  driven unik mquired to 
serve the main engines under action conditions. 

IG is evident, of come, Gbat elecbiod ~ ~ e s  only become 
as. economic propwiti~n after full pm~bion ha8 been made for 
feed heat;hg by exhwd &steam or by &am bled from the turbines. 
Pm thira reason it may pay to run suEcient driven auxiliaries 
to heat the feed to a tempexaturn n e d y  approachmg tbat of *he 
auxiliary ezrhaust, and to drive the remaieder by electric motors. 

The final dtsmative referred to above, namely, the provision 
of a low pressure B* m, irc not only open to the objec- 
tion of additional weight but will &o mbil the development of 



a satisfactory reducing valve, in default of which the presflure in 
the auxiliary stern  system would require to  be djusted by hand 
or p s i b I y  by aome arrmgement of spring contfolled relief 
valves. 

It appeare probable, on consideration of the various fmtom 
just mentioned, that the auxiliary engines in high preaaure in- 
stallations wiII be driven by kurbines supplied with boiler steam, 
a d  that a compromi~e will be necessary to  strike a balance 
between weight and efficiency, h-king the following points into 
consideration. The quantity of exhaust steam from these units 
may be somewhat in excess of that usual in current Naval practice, 
and furthermore this stem may also be in a superheated aon- 
dition,. intrduoing gome possible difficulti~ aa regards the 
matmid of the feed heahm if the exhaust i8 disposed of through 
that avenue : if, on the other hand, part of %he exhaust steam 
ia pasaed to a suitable stage in the main turbines, there is likely 
.to be a reduction in wnomy aa compared with +,he present 
low pressure sygtema where the whole of the auxihry exhaust 
can usually be utilised for feed heating. 

The designer is thus faced with the dtemative problems of 
either increasing the efficiency of the auxiliary kurbinea to  such 
an extent fiat their a h m  consummtion remains n d t e r e d  deawite 
the increwe in pmsure, or of p&viding sufficient surface in-the 
feed heatem h con den^ the extra exhawe sham consequent 
upon the use of wmparatively inefficient units : the extent ta 
which this latter course can be adopted dependa upon the tempera- 
ture of the exhaust  ham. Either of these a1ha.Gi~os involves 
additional weight, which may in practice appreciably affect the 
ease to  be m d e  for the employment of these high pmsures. 

Piping.--The weight of the steam piping depnds upon the 
thicknms and diameter : of these the former will vary direotly 
aa the steam preaanre, while the latter will depend upon the 
quantity and the apecXc voIurne of tho sham. An increase in 
ateam preesure wi l l  Ghus necedtata thicker steam pipes, which 
may, however, be of appreciably reduced diameter, while the 
scmtPieg8 of the flanges will dso necessarily be increaeed : the 
net effect of these modifications aa regards p r e m m  of the ordcr 
of 40&500 Iba. is likeIy to be largely solf-compematory and no 
great change in the weight of the main steam pipes is to be antici- 
pated. It may be remarked in passing that for a given loss of 
energy in ,the ateam pipea, due to the resistmces t o  flow, there 
will be a, p k r  abolute drop in pre~aure in the case of high 
pressure instdationa than is experienced in c m n t  practice : 
this followa from the properties of steam, and the mere fwt 
that a, pressure h p  of, say, 70 lbs., is noted in a system working 
at 500 lbs. does not imply that the h a m  pipes m unddy  mall. 

The situation as regards the weight of the exhaust pipes, is, 
however, less d y  predicted, aixlce it depench upon the exhaust- 
pressure gnally adopted and this in turn is influenced by the- 
efficjemy of the auxiliary turbines and by $he aim of t h ~  feed , 



heaters provided : some increase in might is, however, to be 
anticipated in this regad. 

CORCXImION* 
Preliminary investigations on the h e s  indicated in this paper 

show that  some improvement in fuel economy is obtainable with 
rt moderate increase in steam pressure, the weight of the 
mwhinery per S.H.P. being approximately the same as in ourrent 
practice, and it remaim to be proved by experience whether 
the extra cost of the imtdation and any practical &~dvmtagea, 
which may ariae on account of the higher pressures, are rtdequahly 
compensated for by the increased radius of action. 

Tho problems involved in tho design of the joints and glands 
of tho steam sptem, in obtaining reasonable life and reliability 
for the boilers and turbines and in deciding upon the most profit- 
able means of disposing of the & d r y  exhaust uteam, can of 
comm only be dehrmiaed by praceicd experiments extending 
over a condderab1~ period. It is not possibIe, khexefoce, to make 
any more definite- statement regadhg the future pmpecta of 
high pressure steam than that, included in the abovee, but it is 
at lea& eviden* that any further advances of +he purely steam 
driven plant are Likely to  come through increasers in the initial 
hrnprahre and pressum of the working fluid to the fullest 
ertent allowerE. by the ntrength of the exkting material of 
construction. 
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