
SOME ASPECTS OF THE INTERNAL COMBUSTION 
ENGINE. 

The internal combustion engine assumeer inmasw importance 
from day to day, and a knowledge of these machines is necessary 
ta alI marine engineem irrespecti~e of whether they have nmning 
charge of suoh engines or not. There is now in existence a large 
number of different types of such engines, each bebving its own 
partichr uses and chmaoteristics, and d1 w o r b g  an one or 
other of Ghe few known cycles. The rapid development of these 
t p a  of XmchinO~y in the mercantile marine not unnaturally 
raises the question of the use of similm prime movers for naval 
p w m s  and the powibilities in this direction are not infrequent 
subjects of discussion. The JeWg considerations in this connec- 
tion are, of course, within the howledge of most, engineer ofEcers, 
but a brief and elementary account of thew may none the lesa 
be of value, and wiIl, it iB hoped? aerva as a, ready meana of 
xefemmo. The subject is fraught wikh many rrtdcatioas, and, 
iw a convenient method of dealing with it, tb papor commences 
with a number of general questiom, to which the answers are 
sub~gumtly propounded. The answers to these questions are, 
~QTQVBT, m t d y  interdependent in mmy cases, a d  it is  no$ 
therefore practicable to separah them completely : the general 
order in which they are initiaIly placed has, however, been 
obwmd W far as pmib1e in the subsequent chmsion. 

(L) Wbt ie the m9imurn H.P. that can be obtained 
k m  a cylinder of given size 

(2 )  Which ig preferable, a , k  or air1w injection, 2 or 
l g t r o k e  cycle working ? 

(3) Why is the double-acting engine not more largely 
d W ?  

(4) What is meant by supercharging; what me its 
limits and what effects folIow ih application ? 

(5) Why is the Diesel engine so heavy for its power 
when the intemaI aombustim engine of another type is so 
easily our hghksti prime mover ? 

(6) What are tho exytatiow of the Diesel engine 
supplanting ateam turbines and boilem in the Naval Service ? 

(7) What hinders fbe development of the internal 
combustion turbine ? 

(8) Why are the marine Diesels constructed by 13ritish 
h a  almost invariably JahUed wikh foreign names, 
Bnrmeister & Wairr, Sulzer, &c,, and made under foreign 
ficenm ? 

and so on. 

T d d q  the question, " What ia the maximum power that 
can be o b b i n d  from a given abe cylinder ?" Before the answer 



is attempted, one must he clear on s certain point, namely, that 
the worlbg sjtibatnnce in an internal ~ombustion engine is air 
and not oil. As in the sham plant, so here also, the oil is the 
substance employed for the genomtion of the heat energy, but 
in neither case is it the mwrkng substance. The intmna1 
ooml,u&ion engine is a hot air engine in which khe heat is applied 
in the cylinder by the combustion of the fuel. It ii true that 
the working sa'bstance changes from air to products of oombustion 
at a certain stage, but theso I ~ t t e r  differ little fmm air as r e g d  
their main properties. In any cam the argwnent i ~ l  not affected 
by this c m .  

Now, in a de6nite weight of air, it fiJ only pcwible to burn 
the amorint of fuel *bat c m  chemimUy combine with the oxygen 
present. TheoreticaIIy, 1 Ib* of fuel anoh as ia umd in Diesel 
engines requires approximately 15 Ib. of air for oombustion. 
The weight of air ontering the D i e d  engine cylinder during the 
suction scruko is a fairly wdl=defined quantity bearing some 
relation to the  drolce revoIume, and thereby the nmount of f u d  
that can be burnt is decided and hence the maximam amount 
of heat that can be generated. Working from this basis, and 
knowing that with the unavoidable losses to the jmkots and to  
the exhaust, a good engine over wide ranges of power comumes, 
say, *32 lb. of fuel per I.E.P. per hour 1.4 lb. per B.H.P. per 
hour is a frequentIy quoted figure with wbioh all ongifieers am 
probably familiar), it can be shown that providmg the d r u b  
volume before compression was frill of air a$ atmosphelio 
t empranre  and pressure, the mean premum with full utilisation 
of t h i s  at would be about 220 Iba. per square inch. The proof of 
this ia not di6cult, it follows from tjhe figures quoted. 

Suclz a pressurn is not, however, realitsable in practice; ik 
is digcounted by two effecb, viz., the fact that the ~olumetrie 
eficioncy of the engine ia less than unity, and, secondly, the 
necessity for an exceas of air over that theoretically required for 
combustion of the fuel. The engine cannot induce a charge 
equaI in weight to that of a cylinder h11 of air at catmospherio 
pressure and temperature, because not only is the cylinder hot 
and the air tl~ereby heated on entry, but aIso hot products 
remain h the clearance space : moreover, the preasum must be 
slightly below atmosphec in order that the air may enter the 
cyIinder in the short time avdable, The air charge L therefore 
reduced in weigh*, and is about 80 per cent. of what hm already 
been assumed. The possible maximum p m -  is therefore 
reduced to 176 Ibs. per square inch. 

It is hown that in s h a m  boilem in order ta obtain comp1et.e 
combustion, it is necessary to supply about 1% to 14 times the 
weighE of air theore6ically required. This neaeasity &h o b h  
in Diesel engines. It is impossible to ~pmy every particle of the 
fuel BO that the whole of the air can be fnlly ut ihd.  Experience 
~ h o m  that under the bRst of conditions there should be about 



20 lbs. of air per k. of fuel inetertd d 16. The possible maximum 
pressurc, therefore, fah to 132 Ibs. per squaw inoh. 

(No~x.-The figures given must not be taken as mathe- 
matically consishnt : they am ~ufficient~ly accurate, however, to  
enable an idea to be o b t h d  of the order of the maximum 
pressure possible.) 

When air is used to inject the fuel, the total weight of air is 
increamd, and in the normal case it is fair to t~ke about IQ per 
cent. increase on the above figure, i.c, 145 Ibs. per squm inch, 
aa the maximum possible mean pressure. It will be sufficiently 
accurate in the geeral c- te assume, therefore, that the pressure 
will be somewhere betweon 130 to 150 Ibs. per spurn inch as 
forming s basis for oar possibilities. h any quoted cww of rs 
Diesel engine obtaining higher mean pressure than 150 Iba., the 
reason is explained by a heavy blast air supply or a suprcharge, 
or in the case of a small engine e possibly h t h x  utilisation of 
the air charge. Petrol engines have exceeded in some cases t-he 
above figures, but conditions a m  here moro favoarable for the 
intimate mixture of the air and fuel, and whjle in any cam 
combustion difficu1tim are not so pronounced mikh the " explosive " 
oil. 125 to 130 lbs. mean praesum referred to the B.H.P. 
r epmnt  wry good figures in the best aircraft engines, SO that 
figures of a similar order are applicabb for de~eloping the 
argument. 

At this shge it should be appreciated that with ~ u c h  
presa~wfg beat stre&sw are under contmI and the possibility ia 
not h b d  by suoh considerations. To put i b  pIaiply, if no% 
quitt, accurakly, the mean pressum is lirnihd by chemidqt. 

Having defined a mew presmre limit, it is necessary to 
oonsiderr the mean piston sped, since power is force multiplied by 
distance run in a given time. As far as thia factor is concerned, 
it is not pmsible to 187 down a de6.uife Limit from my physical 
considerations. Piston s p d ,  however, govern mch features as 
valve design, i.e., the propodions of aalvca and p w e r  for 
opomf ing them, Inerbia forces, wear and tear of piston rings, &c+, 
and from such mechrmicd aonaiderationa it is usual to fiud in 
practice *ha% oerbain limits are. not uau&Uy exceeded, e.g., in 
merchmt service vemb it ia generally less than 1,000 ft. per 
minute. In NmaI pxactiw: it mriea from 900 to 1,500 fect 
per minute, the latter figure having hen attained in one 
instance only, and being unlikely t o  be adopted as a general 
shndard ztt present. Speeds of 2,000 ft,. per minute &d 
over have been m h d  and exceeded in aircraft engines. An 
upper limit of 1,500 ft. per minute may be proviaionally taken 
as the maximum pistun aped reasonably athimble in Diesel 
m e s  of considerabIe power. On this basis, and with a 
maximum mew pressure Q£ 150 Ibs. per squwe inch, it can be 
~ h o m  &at the maximum I.H.P. obt~inable in a given cylinder 
in an engine workmg on tho 4-stroko Cycle is 19 D' approxi- 



rnately where B is the diameter of the bore in inches. Thus, 
assuming a mechanid efficiency of 75 per cent., thi~ reduces to  
the shpie law of Da B.H.P., Le., from a 20411. diamehr cylinder 
the msximurn possible B.H.P. is 400. This figure could hardy 
be aimed for in a design at the present moment, and even in the 
most highly-rated engines in the sexvice the designed mean 
pressure, piston speed and mechanical efficiency fall below the 
above-stated limits. 

As regards a double-acting 4-cycle engine, aimiIar arguments 
could be applied, i.e., the wximum possible wwld be 2 Da B.H.P, 
approximatc1y. A* present, however, a more consava~ive 
edimte mus6 be cowidered. The piatmu rod not only redurns 
the volume on the Iower side of t h e  pidon, but it also aflmta the 
efficiency of the injection and the combustion. Moreover, in 
view of the fact Ghat it has *to operate through a gland, md 
meahmiea~ difficdties arise in connection with the cooling of 
the piston, ik would be safer at present to  a maximum 
mem pressure of about 130 lb. per square inch and a piston 
speed not exceeding 1,250 ft. per minute. This reduces the 
pomsibility to something like 70 per oent. of the above W, 
i.e., the maximum possible would be s b w t  1.4 D" Such a 
figure a m o t  be hken as hal ,  bnt repmmn.~% the d t i o n  
between what may be possible in a double-acting as eompamd 
with 8 single-ding e@m opera** on the &stroke oycle when 
working up to reasonabb limifs at the present time. It is safe 
t o  say, however, that the idea of doubling the power by double- 
acting is not possible in extreme cases. It might be noted, too, 
that the double-acting w i n e  with its bothm cover, -head, 
piston rod m d  edditiond height, is neoessady a hmqy engine, 
and hence its weight per H.P. may be no better than, k the case- 
of a singIe4bg engine. These reasons account largely for its 
pment backwsrd development in h4g3J.y-rakd units. If m y  
p t  advantages in double-&g were realisable, it is reasonable 
to assume its development would havo beon m m  actively 
pressed in the field of aircraft engines, bnf, as is probably well 
known, the X.A. &stroke engine is the ody type used. Even in 
the c m e  of the more lowly-rated mercautiIe engine, w h r e  some- 
what airniIcbr cosditi011s as regards pressure and piston sped 
obtain in the 5wo +ypea, the advantage in weight saPing ia no$ 
very marked. Floor space may be economised, but height is 
considerably increased, this ]attar fwtm sot being m r k l y  
objectionable, howover, in merchant vessels. 

So much for the 4-oycle engine. What of the 2-cycle 1 Ere 
again it is loosely argued that possibilities are doubled by the 
change, but one is immediakly faced with the position that 
2-cycle engines are not seen in aircraft practice, wMst ia tbe 
merchant service it is h o r n  thraf such engines &re a% l%& as 
heavy as those of the 4-oycle type power for powm. Them must 
bc: reaaons for this, and t h q  are not difficult to appmiata. 



All modern 2-stroke engines employ port mwvenging. 'J'he 
exhaust ports a m  uncovered before the end of the expansion 
stroke and are not re-covered titl the pistol1 has asturnod a 
requisite &dance. The length of such ports may be about 
25 per cent. of the stroke. Tn other words, the effective stroke 
is only 75 per cent. of the actual stroke, i.e., other thingY being 
the same, there is a reduced air charge. Moreover, 'the scavenging 
may not be as eficient as obtains in the Ccycle engine where 
the exhaust gases are positively expelled by the piston; owing 
to the increased number of cycIes, hotter conditions may obtain 
in the cylinder, tending to reduce the volumetric: efficiency. J n  
any case them are sufficiently strong reasons for essea&g a lower 
limit to the maximum mean pressure obtainable. The speed of 
revoIution is also a most vihl factor in S I I G ~  engines, since exhaust 
and re-charging of the cylinder have to be carried out in about 
onethird of a arevo1utios of the c m k ,  hence the tendenoy is t o  
work with lower speeds in 2-cycle than in C-cycle engines, Again, 
power is required for the scavenging operattion as the whale of 
the air required by the engine has to be supplied by external 
pumps or blowem, and this wiU increase the weight md space 
required for the imtauation over and above that involved by 
the power lines : the nett efficiency of the opera%ion may well 
bo lesa than that of the similar process carried out in the power 
cylinder of the 4-cycIe type. I t  is unnecessary in this article to 
quote figures reaphing possibilities, as so mmy confictbg 
features are invohd. One mu& take things as they are, and 
with the above arguments accept them as the dues to the present 
defi&e inferiority of high-speed and high-power 2-cycle engines 
and to the absence of superiority of even low-rated engines of 
this type over their &cycle counterp%rLs. 

Passing t o  the double-acting 2-stroke engine, one can argue 
somewhat on thc: same lines as adophd in the case of the 4-stroke 
engines, remembering, W, t h ~ t  heat shoes, aspecially in the 
cam of the piston, is becoming a more and more vital factor in 
influencing the possibilities. 

SuEci.ent has, boweper, now been said fo mabIe it to be 
appreciated why the 4 d k e  &gle-a&iing engine is   till in 
a position Go hold its own with 0 t h  t ypes  on a weight basis 
when high outputs per cylinder become more ancl more a 
paramount feature. of the design, as is the case in Naval engines 
and to the most pronounced extent in aicerdt practice. 
Developments in the future may, of come, favour %he double- 
aching engine, and .the fact that a large amount of investiga;tiod 
work is being carried out rendem accurate oompmisons of no 
more than transient d u e .  

So far, aihmtion  ha^ been confined bo engines whioh when 
acting on the kstmko cycle induce air from the atmosphere. 
To use an easily undembod analogy rsuch engines are operaing 
under natural draught, Now, as in the cRse of boilm, the 



output can be increased by the use of forced draught aa thirr 
enshles an ad&tiod quantity of fuel f o be congumd. S u p p e  
therefore fans be insballed to deZiver the air to tho engine 
cylinders under preasure, then obviously additional fuel can be 
b m t  in the cylinders and the mean pressure increwd. Such 
forcing is tcchnicdly known m " supercharging " and the fans 
take the form of pumps or blowers. Now what are the 
possibilities of increasing the output by supercharging ? Con- 
fining attention to  the Diosel engine, it rumust be remembered +hat 
under normaI conditions fairly high pressures obtain at the end 
of compreEsion and during combustion, and &he whole of the 
main detals of the engine have to  be designcd Go withstand 
t h i s  maximum presmre. It is no* the power of .ehe engine, 
bul; the maxkum pressure, that governs the soantlings, and 
therefore the weight, of the details such as the covers, pistons, 
liners, frtming, connecting roicts, etc. In considering, therefore, 
the increase of output by superchqing, one muat aim to keep 
the maximum pressure within h i t s ,  s figure of no* mope than 
650 lbe. per ~quai-e inch being a fair bash for Diesel engine 
design. This is somewhat higher than the pre~sure a$ the end 
of compression, which is of the order of 400 t o  500 I h .  per square 
inch, depending on the method of fuel injection. Although the 
conventional Diesel cycle amumes combustion at c o h n t  
pressure, it h found advantqeous ie packice t o  arrange for 
early injection of f u d  and obtaiu part of the combustion at; 
appkxi&ately constant volume so -that %he pressure rises to 
600 Ibs. per square inch, gay. Such a depmhre from the str iat  
Diesol. cycle is known tdmically aa tb Dud Combustion cycle. 
h any case an engine which giverc 600 Ibs. a6 the end of 
compretsaion and is designed for 650 lba. maximum premure 
c m  ohviousIy be supercharged to the extent of giving 650 Ibs. 
at ;to end of compmsion and the fuel injection delayed to 
clecure cornhation at constant presmm. In &her wards, the 
engine can be supercharged so Ghat a pressure of 6501500 = 1.3 
atmosphere reigna at the commencement of compression, i.e., the 
air charge ie increwcl, say, 30 per cent. The fuel oonmmed 
can be increawd 30 per aent. and, other thing8 being the same, 
the cylinder output increased 30 per cent., i .e.,  the B.H.P. of 
the 4-cycle engine increases from W t o  l * 3  Da. Power is, 
however, now required for the superchqe pump and discounts 
the outplrtr to some extent, bu% a gain af 15 to 20 per cent. should 
be possible. 'She extent of tsupercharging oould ba increased 
if higher pmsures wme permisgible, but the- weight of the engine 
then goes up. Superohaxgiq to thia extent has been demon- 
sfmted in actual engines and tho aforesaid gain verifld, e.g., an 
engine of 20 in. diameter cylinder, giving a maximum mean 
presaure of the order of 150 Ibs. per square inch, has yielded 
200 Iba. when supplied with air from a blower at G Ibs., i.e., 
3 atmoaphm gauge preme.  

An important point t o  note is that when sn mgiue m h e s  
its maximum p m m  under normal conditiom there is suffioieat 



power in its exhaust to drive m turbo-blowex which can supply 
Ghe superchargo: further, as the sapercharge comes on, this 
power is further increased and keeps step with the engine 
requirements. Provided this is pracficable, the power for the 
supercharge requires none of the engine power and the whole 
gain in the cylinder8 ia reflected in the net output of the engine. 
This at present has been practicdy applied in a few engines 
and % known as the Buchi sy&m af supercharging, which is 
likely to be extended in its application in special casm. The 
turbo-blowers so actuated operate at. very high speed, and are 
comparativeIy m1T units. 
A natural question arises in connection with supercharging, 

and that is, to what extent the heat &ernes are inere8sed and do 
they affect the limitations respecting its application? The 
amwer t o  this is at first sight supprhiig. Supemhargiq dooa 
not increase heat strcsses but may actually diminish them. 
This conclmion, which will be demonstrated £ram theoretical 
conhlideratiow, IIM h c t n  versed in all practical ctsse~l where it 
hw been possible secure .the necessary data. The rewonkg 
ie quite ~imple. Due to the weight of the air charge being 
increased, it not rise h temperatm in the cylind~r dwing 
its supply to the mme &nt aa does a normally induced charge, 
i.e., the temperatm at commencement of compressioa wfU be 
less. The r k e  of temperature during compression ie a fundion 
of the compreesion ratio, hence it finkhes at ,e: Iowm temperatw 
in the mpe~chrnrged engine. The fuel-air ratio being the =me, 
the rim in ternper~twe during combustion wiIl be approximately 
the same and may even be much leas in the superoharged engine, 
if the cornbudion is all at conetant pressure. Expansion follows 
appro~imahIy the SW law in the two cams. It is seen therefore 
that tempor~~tures at corresponding pinb in the ayde (at  Ie& 
till ignition is completed) are lower in the o a e  of superchrging, 
and the absolute heat flow Go the details in contact with the 
hot gwas wiII thus be but little altered. As, however, more 
fueJ ia b m t  in the 8upemhqed engine, it fouowa tha* the heat 
loss ia a, lesser percentage of the total heat generated; tho 
effioienoy is thus improved, while the e x h a d  temperature may 
be slightly higher. Them may be a aIight1y increased loss in 
exhaust and a falling off in efficiency due to the debyd corn- 
buetion, but on balance the efficienoy will be littIe affected. 
Our h a 1  conclusion therefom is that output ja incremd by 
supercharging, its application is limited by pressure aonsidern- 
tions, and there need be no imxeased heat stresses or mduction 
in e6ciency. A might be pointed out that h tocure the best 
effects the supercharge air should be cooled to atmosplzerio 
hrvperature after comprmsion in the blower, the reasons boing 
now sufficiently obvious. 

. m o r e  leaving the question of auperoharging, its application 
h the case of %cycle engines should be noted. A&uaUy in auch 
efipinw the wavenging is carried out under slight pressure but 
it Is impossible to hzuld up II pre~wre in t,he cylinder w h i i  the 



exhaust ports remain open. To obtain an advantage from such 
presaure bIe&9m. Sulzer arrange the scavenge porh in two tiers, 
the upper of which reaches further up the cylinder than the 
exhaust ports, m remaining open when the piston has just covered 
the latter an its return. This tier of poports is valve controlled so 
that the exhaust does not pasa to the scavenge main when 
~~ucovered during the down stroke. It w a  be obvious, homve~, 
that to obtain any marked degree of supercharge in f he caas of 
a 2-cycle is not so aimple as in the of a Icycle engine and 
this increma khe power of competition of the latter type in such 
cnses where supr-charging ma? be called for. 

The question of method of injection of fuel into the ayfinder 
of a .Died engine o h n  calls for discussion. There ia the method 
of blast air injection and the method of p m u r e  spraying which 
is referred to as solid, mechanical or air1em injection, the Lttor 
term being more definite and finding p a t e r  favour in referring 
fo such method. With air injection a. compressor is necemargr 
and this requires power, and a loss of eficiency in the i ~ ~ ~ t d a t i o n  
would be expected. Air injection, hmvever, givas better pulvari- 
eation and distribution of the charge and for highly-rated engines 
is at present advantageous. Except in small sizes it has hitherto 
proved difficult to deaign an airless injection engine which will 
give appreciably more than X00 lbs. mom indicated p ~ u r e ,  
owing to &he ineficiency of the combustion that hw attended 
attempts to attain higher powers. If fine pul~erisation be given 
the oil spray cmnot penetrate the d e m  medium sufficiently 
far ta mix with the air charge, whilst if given penetrative power, 
the Bpray is not aufficientIy pulverised. 

Ehmming up it may be stcthd that airless injection ahodd be 
the best method of injection. for enginas rated not higher than 
100 Ibs. mean pressure, but for pressurn above this air injection 
is necesmry. Impro~ements may be expected in the future and 
most engine builders are experimenting with airhs injection as 
it bad8 to the elkhation of a unit which reduca ta some extent 
the possible efficiancy and which may considerably impair the 
reliability of the engine. Airlma injeotion plmts m q u h  
wparatdy drimn compmsora for chwghg the atarting reservoirs 
but $hey me m d e x  &an blaat air wmpressora, while their we is 
intermittent. The commercial engine, apart from the Still 
engine, showing the greatest efficiency at p r e m t  is the Dodord 
and t f i a  emplop airless injection of f nel, the ~omnmption being 
of the ader of - 37 Ib. per B.H.P. per hour. In the Still engine 
which adds a s t e m  plant to conserve the heat rejected to the 
jacketa and in the exhabust, slightIy lower conmmptiom have 
been recorded : this engine empIoys airless injection. 

Engineera are often repro~nched for not making effective am 
of the heat rejected in the exhaust and to the jack&. Thv 
fact that auch a large ]xrcenta,ge of the fuel heat is thus wasted 
h appealing, nince the mjeotion is m obvious and, as far as tho 
exhaust ia concerned, it is fairly highva.de hest. In biwing 
a reproach it is often argued that neam should be found for 



converting this heat inih energy b~ genemting steam, but it; 
shoulcl not he forgotten t.hat when thir i~ done nbot~t 85 per cont. 
of the hat so utilised is later to be rejected to a condenser. It is 
not pmpsed to ciescribo the St,iI! engine, but the possibilities of 
tf m xj%tcm ace worth  v vie wing. Of t,he fuel heat in the cylinder 
about 40 per wnt. will be converted into work and 60 p r  cent. 
discharged. This 60 per cent. wilI be conserved in A wenerator 
and, wikh feed heating, sham may be formed at fairly high 
efficiency. Prrtfhg it w t  75 per mnt. this gives 45 per cent. of 
the fuel heat now stored in steam. Such steam c m  be used Eo 
suppleme.nt the power of the mdn unit orland operah a turbine 
for the 808venge air (the Still internal combustion engino is 
2-cycle) and drive the necessary steam auxiliaries. A8 only about 
15 per cent. of this beat will appear as uaeful work the remainder 
being rejeobd to the steam condenser it means that 7 per cent. 
of the fuel heat is usefuIly employed and aome of this is employed 
on an air-pump m auxiliaries that mighl otherwise nol have h e n  
necessary. In m y  caee the gain though appreciable is lem *ban 
might appear at fimt sight possible. Porky-mvn per cent. of 
the fuel heat is now ussfrrlly employed m d  an internal oombustion 
engine which wotdd use 4 lb. per B.H.P. per hour shwld now 
ahow - 34 lb. per B.H.P. per hour, say, which closeIy appmxirnatea 
to what h a  been obtained in very favourable cases. 

To obtain this increase of efficiency, however, it has been 
necessmy to add a great deal of accessory plant, entailing 
b ~ a a e d  upkeep and weight, 8 ~ d  at present there is nof, a p t 
rush on the p&rt of ahipbuildem, he. to adopt this engine, Two 
m n f r  shim so fitted are on service. and i+, i~ understmd dso 
that soLe locomotives are being constructed with  BUG^ 
inshlhtions. - . .  

It is now noceamry to consider why the high-power Diesel 
engine is m heavy for its power when t he  smatl ~ i z a  internal 
combu&im engine cm yield power in aircraft on an engine 
weight of leas than 1 lb. per horse power. Memhmt service 
engine8 weigh anything between 200 to 300 Ibs. per H.P., usualIy 
more nearly app~ornha the I~bWer figure, whilst the highly-rated 
engines in wtbmariaes may weigh about 50-70 &a. per H.1'. 
mere must be reasons for th i~ ,  and tha differences will be easy 
h understand if a few facts be appreciated. In the oase of an 
aircraft engine low weight is an imporbnt primary requhmmt, 
and increased weight cannot be generally tolerated unless it 
oontribtrtcs towards endurance by enabhg less fuel to  be 
carried. It is coneidered by authorities on the subject that, 
a cut-weight DieseI engine buiIt on aircraft practice and of small 
Flize aodd be constructed to weigh about 5 16s. per H.R. This 
higher weight than with petrol axim from thc fact that mean 
pressures and piston speeds in such fin engine must be r~bki  
lower than in petrol practice, owing to the impossibj,ilit.y of 
achieving the rapid injection and combustion of similar qr~antihs 
of fuel. This 5 lba. may serve as a a h r t i n g  pinf  for mn~ideering 
the weight question. 



Nowy in aircraft praotice tho uac of specid materials and 
construction inay ppracticablo the wccemneo of &pesscs 
probebIy about three i;imes as high as those usual with norm&' 
materials and design. 

For ex~mple, where m aircraft engine llses m alloy s t e d  for 
the ermk-shaffj, connecting rods, &C., the working stresses may 
be cta high as 12 tons per s q u m  inch, compared with the 4 tons 
per square inch usual in other engines in which $hew part& are 
m d e  of mild steel. Ifhe constrac'ion of the oylindera is mother 
example of different p r d c o ;  in aircraft these am turned from 
steel bill& and h v e  no liners, whereas the larger Diescl ongixlea 
use a&&-iron cylindem and Iinm; other iiiffem~ee will readily 
come Go mind. Hence, if our light-weight Diesel engine were 
oonsfmrcfed of normal matmiala it wi l l  psPjbIy weigh 15 lbs, per 
H.P. (A may be noted this is a common figure in mutor-car 
e-es which are built for endwmce and which work t o  nomm1 
stresses.) 

The urn of speoiaI alloy steels is necess~b~ily very Irtrgely 
restricted to the oomtmction of srnlbll arbicles. This is due b 
the fact that in the present state of the metaUurgicd a d  ii? is 
not p s i l e  to guarantee homogeneity of the product when 
condructed of o o m ~ t i - v d y  large masses of these high qrtdity 
materit&, many of which depend for their properties upon the 
results of proper heat hatment. The question of the m& of 
many m h  &h is anokher *onsideration of some imporhoe. 

me difference betwwu L5 and 60 lbs. or 300 Ibs. has now to 
be explained. This follow from the larger size of the Naval md 
commercial Diesel engines. It can be shown that with similar 
engines, my, s 5 h. by 5 in. and a 20 h. by 20 h. engine, if the 
same mean and maimurn. pre~lsmes be employed, snd likewise 
the m e  pi-n ~peed, the power of the large engine will be 
42 times %ha$ of the umaLler and its weight times M much, 
i.e., the weight per H.P. gm& up with the dimetox. This i~ 
not tsbsolutely exact, but ia sufficiently m for purposes of general 
comparison. Take the liner as an exsmpla. It8 thickness, 
oircurnfemnoe and length all inoream aa the diameter, i.e.,  it^ 
weight as (di~meter).~ Simihrly for the pidon, eomecthg 
rods, cover, fi~bming, cra3lk pin md so on, this law approximbly 
spplie~. It is therefore quite ~ h p l e  to u n d m ~ h d  a 20-in. 
cyljader engine weighing 80 lba. per H.P. If the stxoke were 
doubled e grea* part of the engine details doublo in lengbh and 
therefore 100 lba. would be approaohed. Lower the piston sped 
as in commercial engines t o  below the 1,000 ft. per min. and 
s furbher inorcme in weigh* c m  be appreciated. Use cast iron 
everywhere and acoept lower dresses st;ilI, and m the 200-300 lbs. 
per H.P. can be andorsbod, espeaially? too, as oylinders in hrge 
motor-ship meby be 26 in. to 30 h. diameter. This 
reasoning ie suffioient to enable the weight feature be 
appreciaM, 

The nexh question h the possibility of the htmd mm- 
budion engine M a ppulrsive unit for warship. Thh waa fully 



dealt with in " Papers on Ellginwring Subjects " No. 7, ancl 
mek ody brief reference. No matter what dass of surface 
warnhip be conaidered, from T.B.D.s to capital ships, the 
power required per shaft is at present beyond the reach of the 
Diesel engine. Where it has been appromhed-my, 3 0,000 S.R.P. 
-the speed is low and the weight of t n h  b a ~  engine per H.P. is 
greater than can be mcopted fox the whoIe machinery WIla- 
%ion on p-t reqtlirements, even in the battledip class. No 
highspeed enginm c m  yet be foreseen to  apprmh this power, 
and even in tentative designs based on experimental work it is 
considered .the weight and space requiPed for the necesmzy 
installation of main and auxiliary engines would exceed that of 
the sham installation in l a h ~ t  &PS. For cla.sse~ other than 
the battleship the position is at p m n t  absolutely bopalesa. 

What of the internal combustion turbine ? An article on 
the presen* position has recently appeared in these Papers, but 
the following remarks may Serve to clear up many dsconceptions. 
Many am inclined t o  conaider on h t  thoughts that the advanhgees 
obtained from the use of the sham turbine rms compared w i h  
the reciprocating engine wil l  &miw follow with gss m oil 
turbines. The steam turbine scores over the reciprocating engine, 
however, by it9 freedom from cybder condeneation effects and 
by its ability to obtain the full efiect of the expanding sham 
fo a very low terminal pressure. These two advantages allow 
the tmbine t o  obtain greater efficiencies thm the recipromting 
engine, but they are advan* qecia1 t o  &mm and would not 
be reprodud in an engine using the working substance of an 
infernal cornbudion engine. l& is b e  that the gases in a 
reciprocating oiI engino am released at mme pressure p a l m  
than atmospherio, but the amount of additional power that 
could be obtained by utiLising this wasted " head '' is a much 
smalIer percentage than that which foUows from exhndhg the 
toe of the s t e r n  pv diagram to the low p a s ~ ~ e 8  pomible in 
actual cases. Thh is the h t  p i n e  that requires apprecia5ion. 
Now, it G a cardinal point in internal-combuption engines 

that, whatever the actual cycle, ini%ial compremion is absoJutely 
necemary for &ciencyy wbich in goner81 increaeres with the ratio 
of compression adopted. 1% ia a h  importaut to note that the 
c h g e  from recipmathg &am engine8 t o  tnrbines onl;v affects 
a part of the &mm system. Condemem, feed pumpa and SoiIm 
are common to either type of prime mover. h the reciprocating 
inl;ernaI-mmbuat,ion engine the induction, compression, com- 
bwtion and expawion are dl carried out in the cyhdm ancl 
tbo sett  a-mk obtained irr the gross work represented by the 
combuatim and expansion of the working mbstanco minw the 
negative work in~olved in the cornpnmion, induction and exhaust 
operations, of which the compression is the major portion. 1% 
is pm&le to imagine m internal combustion engine in which 
the campresaion is carried out in one cylfn&r iand the charge 
then delivered to the power cylindex in wbich the cornhustion 
wil l  take place. It likewise eMy to conceive that such m 



cnghe would be very inferior to practical engines, h view of 
the addition of the extra cylinder and the seriou lomw that 
would be enttbiled, both n~echanically h the compressor line 
m d  in effecting the transfer of the gas from one cylinder to the 
other. It L not too much t o  say Ghat such an engine w o ~ ~ l d  be 
less efficiont than many sham plants. 

The internal combustion turbine needs some mch ~ T P W -  
~lient the that just d&beclrI. The turbine wiU ody replam the 
power cyhcier of such a combhation, and hence this type of 
engine is handicapped from the s t h ,  although it may possesa 
a few advantage~ over its reciprocating rival in other h t i o w .  
The steam turbine starts with all the advantages of the reoipro- 
cating ~tem engine and adds othere of subst~nm, but not 80 
the internd combusEion turbine. Jt iis this consideration, im- 
poaaibIe to avoid, that in a large measure invalidates much costly 
experimental work and its development, 

Quite apart from the foregoing, the problem of development 
is replete with practical dificulties in connection with nozzlea 
and blading. Superheated steam at 7700'-SW0 F. compob 
special atkntion to  the bblarkg, and it is not diffioult to appreciate 
that blztding subjected to the high-temperature gases resulting 
from the explosion or combustion of an oil cha~ge will be likely 
ko be in a poor conclition f o witbatand stress and ermive effech, 
It cannot be cooled on the lines of those pmh of a reciprocat* 
engine which are exposed Go the ho* gasea. 1% is not newsary 
to go any furtherr ; enough has been said t o  indicate thsbt the 
internal-combustion turbina does not yet appear brkeIy to enter 
i d o  serious compekition with prime movera of other types. 
Turbines driven by exhaust gwes for accessory purpom, such 
t+s for ~uprcharging, am prwticablo and m being developed, 
but ~4 prime movers their position remaim pretty well out of 
the question. A few m&chines ham been comtructed on the 
Continent, but the efficiencies are low. 

The h d  qumbion that ww propounded h the opening 
mmaxIra waa, " Why do British firms c0~18tmct in the main, 
marine enginesi of foreign design? " TEa at M aight appeam 
e mprozbch to this country in which all-mnnd engineering js 
looked upon aa of a high atandmd, but it is not so when 
correctly viewed. Prior to the war there was a p a t  
incentive for contiaenfal firms to develo~ the Diesel e n e e  
owing to the lack of coal and its high pi&, as c o m p d  k t h  
that then ruling in Britain. The lead ao obtained wm in many 
cama lengthened owing to the war, and reliability in rsuch 
engines became established. h the demand for motor-ahip~ 
subsequent to the war the  shipowner^ (who are not the ship- 
buiIdera) naturally required the insblhkion of engines of 
proved reliability and British firms in their own interests wem 
cornpeireri to gecure licences to buiId such enginw as the 
Rurmei~ter & WU',, Sulzer, Werk~por, &c. Their only alter- 
native would have been to spend large sums in developing, 
at an unfavourable time, engines of their own desiga (a very 



dow matter in virtue of a lmk of knowledge and experience) 
and still be faced with the uncerhhty oS securing orders for 
B U C ~  engines in face of the shipowner's Aural  demand for 
established designs. Moreover, it would be found thati vital and 
necessary fwturea wouId be grotecbd by pahnts which would 
involve them in an outIav on rovalties. Their deoision to t&e 
out foreign li~icenm wa~l therefk govomed by their primary 
interests and for tb they o m o t  be blamed. British engineering 
practice, however, has ae~eisted to a marked extent, in establishing 
the relitbbility of ~ u o h  engines tbnd in nBny oases h s  me now 
free to modify the demgns fo incmm efficiency and reliability 
without reference to the original firm whom type of engine 
they have taken up. Some new British engines are being 
developed and when exhau~tive t e s t s  h a ~ e  demonstrated their 
suitability i% is possible that they may be extensively fitted. 
The smallor Bwel enpinea constructed bv certain British firms 
for dynamo and auxiiary work enjoy good reputation and 
am the equal of or superior to foreign de~gns, but of the distinctly 
British large engines the Doxford is the d y  one at present 
for which there is m y  great demand. The Still engine is a 
speciality of thh  oountry but as remarked previoudy i t  is not 
extensively employed. 

In conalusion it may be desirable to emphasize that the 
arguments: put forwad in this article have been dealt with as 
aimply as possible. Each phaise of the wbject h replete with 
complexity and hence figures have been avoid& where them 
may lead to fahe oonceptione. Where figures have been quoted 
they muat still be used with caution and not taken M necessarily 
absolutely comeat, but the conclusioas deduced may safely 
be taken as a bwis for forming fairly definite opinions on 
the present date of development, and clemring up important 
mhaonceptiom. 
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