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I T ODJCTIOH 

in an intone1"coibution ongino of to-&y, Vo coo 
tho fu1fi1izcnt of tho orootivo offort of can in ito pre rood 

fovord0 tr.ckrn civilization r.bich has ott i:tc o }313h level of 

induotrial cconomy. T 4. can hard ,y be ao .od thot tho intor 

nul-corbution cngino boo plriycd a vary iiportont role in the 

hornosoing; of onorgr to a vorioty of opplic:at .ona.. ,Thy hovo 

occolort tcd the d .volopment of induotriol Ufo un holpnd the 

world to chore ito bcnofito awor got nct 3.ona, tbrc►ugb v,aotly 

ir4rovcd i,av^racnt of mon end matoriol. indccd, the internal 

combuotion ongino hoc had a chocttored corocr,vith o konn cor1po-

tItor. . the OtOnf cn ino,,. • d tring ito inf3fcy and AJole000nc(. 
Tt bod to ofirugclo hard to ootnblioh ito ouportority ovor the 

atoom ongino and finally join Ito r ,fitful piece in the field 
of transport ith a oubot ntia]. ahoro in other fioldo of oppli-

cation. 

The life blotory of Ob; intornai-coz ueaion engine 

rilcoa on intorocting otu y. I t hoc ton no rly tto ccnturioo 
to grin ito fu .l zzoturity and only very recently givcn birth 

to the goo turbine, rit4ch, ohovo promico of tckinj over tho 



CHAPT~t I 

ORIGIN MID D s'Y oP:.: NT OF 

T}1A1 I NT NAL-COMU 3I ON ENGINE 

Contrary to popular bali of , tho concoption of 

the intornol-co,tbuotion engine is older than that of the 

steam engine. 	The principle of burning fuel inside on 

engine cylinder doton back to the early oxporimontcl period 

vhon gunpowdor rips first triad oc fuol in a "boat ntor" . 

in fact, tho first gunporider engine ins devolopod in its 

prix itivo form by the Dutch physicist Christian Huyghcno 

(1-s) in 1680. 	But, about this time, the pot oz' of steam 

and i to of aglor d~0 of application b ogon to drop the 

attention of aciontif is man, and their off orto +4 v ero, 

my,  turolly, diverted to the davolo,pzcnt of steam engine. 

In this, the application of the oxplooivo proportice of 

fuel woo voll nigh lorgotton. It an not until the loot 

yaaro of the eighteenth century that, interoot iac again 

rouood in Huyghenn contrivance of a "hoot motor". An 

application of gee ao fuol, burnt incida the Iwotorll 

cylinder' occupied the attention of aciontiftc siicn once 

n3nin. in thy+ initial ctngoo, ignition of the comprocood 

gee inoido tho cylinder c achi vcd by periodic application 

of en cxtornol flame, but, ttth the invention of cicctric 
S. ------------ter---- ri4-i sM55____--------5- ------- ------t--- 

For th000 and subsequent citations coo Ioforoncoa 
at tho end. 



2 

entiro fiolc of pol or gonortntion ranging from ornclZ part^blo 

lour unity= for vnrinty of npp1icr.tionc$  to lnrCO cnp'city 

pozor units for l.ond, ,sir and c ring transport, and for 

gonerotion of oloctricity. In thin lr'at pplicntion, it mny 

avon gain ouporiority over tho ctoem turbine'  hich rat-ndo 

unch allc r ad to-day. 

An attempt hos boon rnado to troco this 1U hirtory 

of tho intornol-cos bustion ondinc in .thin dinvortntion, nnd, 

take n closer vita of tho it portent fcoturo v4hich hvo 

dovolocd in ito soured. Thcno hovo nddod to tho neopo and 

rongc of the nctivitieo covered by this poc:or unit in its 

ray)turod form. 

Tharc nro throo it ortcnt opicodco tthich C5rncorvo a 

dot,nil--d rcvicv sno trio dinc•crtctio-' pr~orn 4o this r -vine 

in the follotting plan: 

1. hr tory of the intornal-combuc Lion ongi.nc and the 

dovolopiront of pi ccific tanturoc. 

2. S ntornoi-combustion angina oppli c ->fiiono . 

Z►. The coo turbine. 

( 	d for ki. 	e' brief rn-ntion of the Apology i 	c. 	a 	1.  

ca, turbine dovelopmcnto. Altbou1jh it hoc entered thc: field 

of iotivo povor recently, it connot be 	 in 

thin diconrtnLion vithout molting 14 voluminous nnd t1th)ut 

puohing .h, rociprocotin ; typo of intornol-coitbuntion cnY .nr., . 

the coin thcnmc of the di c+ ortotion:,-. i to the bnckground. 
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Tb , published matorini available in this country 

is not oufticiont1,y abundant to cover tho vorioua nopocta 

cninutoly, but it i+i hopad that, tho life roviov of tho 

intornal-corbuetion angina pr000ntod in tho disacrtntion 

,ou1d form the bacis for on on1trgt d roviev high my bo 

attcpted at a 1 for sta o. I 1 ttompt has, hoiovor, born 

mcdc in cboptor- 6, to high light tho inportAnt footuros 

of h' dovoie, mcnt of tho intornal-combuction on .no; 

and a1oo indie Dtc tho problems c 11tnz for it odioto 

ottcntion for furthor improving tho voreatility of this 

typo of poT-or unit, both in rogArd to tip vorloty of 

Lucia which may , o to improve its cconomics, nd 	i'- 

ttiu 	scope of Ito appiientIa y iibich - ould go to tidon 

tho ficifa of Its usofulnos8. 	.nd if the diesortnti~+xa 

helps in aho yin tho importance of theca problcms to tha 

oeionti.ot, onginoor and rouosrch i7orkor, It vi11 hnvo 

Tol1 eorvod i to purpose. 
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cpar't initLon, tho Gan onginc tocbniquo progroasod at a very 

rapid rate bringing in itc trein tho application of light oils 

in placo of gacoauo fuola. 	'him marked tho bogLnning of potrol 

ongino as a noUvo poor unit. xrrprovomonto %7hicb f ollovad in 

tho dovioco for vaporising and intir toly mixing tho highly 

volatile light fuel oils vith air (carburation), and in spork 

ignition iovicoa, ettnulatod the pragroca in the design of 

potrol en ino curing the period of next fifty yccrs. The need 

for using choopor (and oaf or) heavy fuel oils in the typo of 

engine then developed oleo racoivo i attention, resulting in tho 

intro&iction of comnpraacion--ignition principle for proper 

appliection of Z oavy fuol ollo,, The typo of engine dovolopod 

for bc3vy fuel oily ic now popularly 1ror n no inuol rngino 

hocouoo of tho important contribution made by Dr. Rudolf Di^ool ( -6) 

in thin direction, although or'bort akroyd- Stuart (3-6) is 

acclai2od rro the originator of the comprcoaion4gnition on no. 

It nuat bo noted that, in the intornul .corrbuation on inn field, 

too pet:, of on no h' c completoly - rovolution11aod the uodo of road 

trnvol and hoc boon nololy rospon iblo for the ae~vont of aoropleno. 

on the other hand, the Diaaol ongino tended to develop 

mainly in Ito application for gonor,ation of electricity in 

otc unary poor piunto and marine propulsion, off octtvoly ro 

placing the rccipz'ocatin typo of atcac angina in thr t to fjnld . 

:-urthor, Burin, rucont ,yoar, the high pcod Diced l cn inc ho 

boon cucccccfuily &ovolopoe erplo ing corprossion rptio is 

high no nineteen, t.,i th the result that the position of petrol 
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©nr tnc in Oho fiold of traricport to nDt becoming p 'ecnriouc 

~iitb tho 1i000l cngino as its koon coxpotitor. In foot, petrol 

ansins is no boinj bordly uood for rood tronsport pot or unite 

oxcooding 100 hp, ito placo being complotoly token up by the 

n on 	un 	b 	a 	' higher ~~.0~1C11. ~.n,~~ ti L~ Q£~C4 '~ of the ~. '~4~ 	l~~~ port(?rtnCo 

oflicioncy. 

'rho reciprocating typo of otoom oa ,j.no ho cibovn 

ito lis-4i t n bone and the steam turbine has already t.c&on over 

from the atoon angina for generating power beyond a feu hundred 

horoo pomr. Gnc turbine operating on the intorncl-co buction 

principle Ic developing foot to tollo the ecime trend rognring J 

Diaocl and patrol or inoo. 

in int0rating account of the dovoiopm-ant of the 

irtcrnolcoibutien on{-inc it proc'yntcd in a chronological 

order in Thbl^a 1.1, 1.2 and 1.3. 



TABLE 1«1 - HISTORY OF iXPLO8IVE POtR 

A'D GAS EN OX E ter. 

1 

Tr,•G~ l • 3 	"`'7 
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Concoivod of a dovico for producing otivo poor from 
gunpowdor as Xuol, but ho did not Ivo it any pr ~etica1 ahopo. 

Indopendontly dovolopod the coro tdoa And Actually built 
a crude intorn8l -co u)tion engine urging gunpotdor ao Luol 

(i?j 	1 	See ytCx~' 

ha9~ 
Sciontific mcn end invontoro divortod thoir att' ntion to 

th'a otudy of ctoali ith the result that further dcvolopmcnt of 
gunpot dor int'rnal -coir.ui tion cngino was cht ckod. 

Toyed with the idoo of Internal-conbuntion grin turbine 
and constructed a crude model using gee dnrivnd frort t,od, cool, 
or oil o fuel. 

,%pplicd -(h© oott blinbed reciprocoting mcchnnini of nteom 
cng .nc to Intornol-corbuction engine rind introuuco l flato-
i tition arrongor►ont for ann drawn Into the ongi .e cylinder; 
devolopou the firet guo engino v;oring zonal. ('ig. 1.2) (see next iap) 

. orkod thoorttiaclly on the possibility of electric 	/ 
s e rk ignition for con..pr0000d ,gao-air mixture, his idoao 
bore teach in odvo.nco of time an the machines and tools ro-
quiroi for proctoion ':ore. oro not then available. 

The beginning of the ninctoonth century v oc irnirko by 
the it1troduction of ncxj mochinoa and toole hick con idorably 
improved the donign and n nufocturo of ctooi engine and helped 
in the srjdDptntion of nc tochniquoo to the davnlopmr,nt of 
intornal -cocbuction engine. 

toom onjno shored its limitntiont as a per. r unit for 
th:, rod vchiclo Rivaz end Cccil (indc ,cndontly) triad to dovnlop~ 
a cim,lc intorno1-combustion engine to replica th- itc3m enri.na in 
this fi ld. 



TA13LS 1.1 - hI sTOBY OF .̀ LOSI V ;- 

P it OD PiSO JA II WALI TY PR0 : $5I OI 
OR OR OR OR 

YAB AGCY. COUNTRY.  

1678 IT.ts 	auto ?rE,nchxninFrenchman Scientist 
leuiUe 

Chrictiera'n 
11'1yb n+ 	Dutch 

	Physicist. 

ISO- 
179-0 

1791 
	John arbor 	:,̀n li s hman 	'rngincr- 

scientist. 

1794 1?abort Street 	n 3lsnd 

1799 Philippa Lebon r'rencbrinn 

1800- 
1.800 

1807 	:-.ivuz 
12C 	"',. Cecil 	31nglisbnnn 	';,'njinocr 





AChi:tvN1e~ w s 

Barnett also developed the idea of comprors^d rr n-
eir mixture (presumably Independentt of febon ) , and '7~ivn it 
a prt!ctical t hapc by introducing se)erate air And g;is pumps 
in hin do*oign of "gas motor,, , and applicotion n± fl nn for 
ignition of the mixture vitb the piston at thr r3nnd eantre. 

na ,n to him, in his gas motor, he had well ap-ronched 
the actual orking conditions of gas in a modern gin  
onno. (^fig. 1.3) (See next 1a ye) 

M 

any patents were taken for coWrerci'l appliciltiona 
in 	•1nnd and France but ;},f tbout practical do in besing 
put into service. 

orx owing ideas from steam online devoloj m-"nts 
he L,ro(uced a reliable internal-eoi uuation engine. Lin 
inti,ouucad spark ignition for gas-air mixture, at atmar-
phor c precaure. The engine however showed signs of over-
b.: a1t1ng end excessive consumption of gas. (Fig. 1.4) (see rx( 

ih~s defect was partially overcome by . ;. huon 
who int;.'ocuced a device for injecting a fine spr,iy of star 
Into t413 cylinder during explosion of ignited gases. nut 
there wac I rdly any improvnaent in efficiency oun tr lack 
of cokproosion of goo-air mixture at the ima of Ignition. 

}e made a theoreticall study of the exp'rictent,ril en ines 
then available, and d !fined the four-stroke cyaln, inllicating ;s 
the porcibilitios of the gas-nir ra n uir6 bein comprarsod in-
nicks th ! cylinder before the occurrence of spark ignition. 
This basic conception of cycl~s{.operetions taking place in the 
internal combuotion engine cylinder has continued to stay till 
this cosy .pith necessary improvcnente 



P TOD 	P ..t SO1 	N '11ONALI Ti 	?ROF aSION 
OE 	OR 	 OR 	 OR 

Y ' r 

	

AGINCY. 	COUNTRY. 	TRADE 

1838 	;1lliam 	n1ibnan 	,moor. 
rarnett 

1838 
1860  

1860 J.J. r.Lonoir 	Frenchman 	.noex 

1E62 t". Eti pn 	'r n+ce 	 ntiner 

1862 Beau de 	Pronchnan 	Designer 
Rochas 
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F 19 13 Compression engines were domed in a 
patent of 1838 by Wilhiaju Brnett. They Made 

use of special 	e-iUo 00ck& 

- 	 4  
— 	------- 

-r--- _---TT 

1i 	Slide-valves of steam-engine pattern and sparking plugs iiere Features of a gas t-11--jilt, 
in 1860 hy .1. .J. I. Lenoir. Of herizontal double-acting design. it is I bought In he I fit first ill ir;u, 
combustion engine to work with reliability. Delayedd ignition. Iio e ur. causedt the f)isIoII to Iii iaa I •i 	I 



it is clairrod that ho ovolvod tho four-atroko 
-c;jclo indopondant y of Roohn ► in producoa a so c- 
-toctory dcoign of gas onnn aliminating rou, has oo end 
noico in Ito oporation. it to for this ronoon that tbo 
four-a troko cyclo is knovin of "Otto Cycla. f,  

rollovin,g tho dovolop nt of tho Otto cyolo 
which boo Oho diaadvont c of one working otrolko in ti 
rovolutiona , Clark, davolopcd the mochaniom for t o-
atrokc oporation giving ono r.orking otroko per rovolu-
tion, tbcroby,, nib&rly doubling; tho poor of tho cn)'ino. 
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OIL  

ACHI V TS  

Duo to hi ~h coot of fuel Coe ho Voa ho 
first to experiment v i th fuol oil in a four-atrotte 
gas an ino. The dovico h: dovolopod onnblod air 
under preocuro to brook up tbn ' of of oil into ' fine 
opray and produce thereby r it-ryio mixturon rroombling 
tho normal go conditiona before entry to the cylinder. 
Lho oxporimcnt did not prove c ., rcot raccoon cue to 
erratic b: hr~viour of fuel-air c1xturo and lost i,-ri- 
Lion tcmy) ^raturo of fuol oil. 

Ea dovolopod o corbustor for b rninf, [s :o 
or oil and uocd tho burning ganoo attaining high 
,prcoturo and temperature for .vorkting hire en ino 
in ►o name uey no tho atoam engine, *,n idea bich 
Irna in the rocont post, boon introouccd in the gao 
turbine. Strictly opcoking Brayton' r angina voo an 
oxttcrnel--combustion ongino using combuction gas ao a 
c,or:.ing agent. 

Ec r4orkod on a novel idea of producing; air-
fuel mix uro by utilising the hoot of cxhouot gnooc in 
c rcdonoro for unit. The asrongcc cnt provided for 
tho booting of the regenerator olomcnts by the ponsago 
of oxhouot g000a through thou during thr oxhauot 
otroko and utiuicotion of the hoatod clement to 
ovopor: to oil dropped thereon. fiomcno ingonui ?y in 
thin novel approach germinated the idoo of wooto 
boat recovery which hoc,, in later yonro, boon tell 
opplicd to host roquircmonto for industrial opplicn-
tione. 
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140 is known for improving tho moebooi cad. torko-
bility of onginos dovolopod on "Otto cyclo" pririciplo 
rii-th a viewto application of li,-,hid oilo as fuol, for 
iibich he follorod tho idoc dovolopod` b,y tocl . 	This 
ob j oc tivo rise partly ochiovad duo to cruc3o rn chanism 
for corburo ion. 

ho honour of dovolopir& ; o anticfactory oil 
ongino , oco to Prioots an by virtue of tho fact thnt 
ho improvod tho dovico for oil-air mixture by oprnyin ; 
oil undor prosouro Into an air jot, rand ct rrying the 
mixturo into a chambor hooted by Oxbouot g aoo. This 
combuatiblo mixture so for mod veo used in ,icy sari mny 
cc in a gaS on .na. }o dovolopad o am ill handy po~.nr 
unit manocuvroblo in tb ! Liolda for agricultural pork. 
'or the dooign of the unit and its application be no 
nvordod tho oiivor modal of tho iioyol t griculturr l 
ocioty. 

Thooroticol studios hod cioa,rly indicntod the 
advantages of incroasod coizproseion proo5uro in the 
r ngiuu cycle, but attompto in this direction did not 
moot i th oucc000 duo to orrotic ignition condo. tiono 
with normol corburiood air (fuol-olrmixture). Lo vvom 
tho firtot to depart from the then axioUn;F;; practice of 
co ar000ing carburisod air, by trying high cozrproonion 
vi tai puro air in the angina cylinder, and introducing 
a duitablo nechanion for injecting fuel-oil into tho 
cylinder at the and of comproacion. } o did not boo-
over cooed in reaching the required coc roocion 
procauros to couna oolf--ignition of the injoctod fuel-
oil. l•1onco hia wk could be con.. idorcd so on irpor for t 
stop in the davalopn ent of the compros ion-1 rni tion 
engine. 

11 
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Since tho davolcpmont so for$ had not lad to golf 
igniting operation in the oil on inc cycle, all earlier 
typos of non-opork-ignition onginvo roquirod s starting 
flame and in many corns n cyclic flame contact for i i- 
tion. 	:;i tb the pork of Steurt so the basic, Di onl 
inprovcd on the mechanism of compression and fool in- 
action to achieve compression ignition conditions. l 

thou ;h credit for the comproanion- ignition engine noes 
to üiesol, the foundation work in this diroction Cann bn 
sof oly credited to '*tourt c boso name should indooci nave 
boon linked it,h the comprdaoion-i nition can ins popular! 
ly kno n as Diosol engine to-dry. 

Diesel had the ndvnntego of close rrrocin u,ion t, ~h 
msnuhic turinj concerns, namely L.A.T.  and !rupp, and tnis 
enabled him to develop diUUrent typos of ;corking z o els 
culminating in the dovclopment of sir bleat fuel injection 
eyutom as distinct from solid fuel injection cyctom. 

12 
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ChiIN61 ,LL. 

i'io contribution to the development of intorna1- 
combustion engine is marked by two features:'- 

1) iitprovod design of the device for producing fuel 
vapour-air mixture called the carburettor and 

2) the design of high--speod motor ribicb involved 
difficult balancing problems of reciprocating 
coripononU; this lad him to the adoption of 
Voce typo ttin-cylinder engine unit for tho pur4i 
pnoo. Attention to those two foaturcn hoc 
been responsible for satisfactory docign of 
petrol engine, In fr ct, in tho earl or rotor 
cars and iaunchoa, petrol engines v ore ler~;oly 
of the Voo-twin-cylinder typo developed by 
taimler. 

contcuorory of Daimler, who woo rooponoiblo 
to commercial development of the monut :c turn of ft ur- 
atroko petrol angina and for the application of induc- 
tion. coil system, of aj.ark ignition acs a substitute for 
magneto ignition. 

originator of the float type of carburettor on 
which practically all the designs of modern carburottors 
are based. 	(Fig. 1.3) (Sec ndxt p#..y ) 

Improved the design of the high speed motor 
first developed by Daiml.or and achieved from it y.,ork- 
jng opoodo upto 1500 rpm an ogainst the earlier Daimler 
and lonz engine speeds of 600-700 rpm. This incre nod 
the horse-power per unit weight of the engine and aado 
it more sui teblc for the motor car. 

13 
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FUi . 	D V° . -IV ANTS 

Tables 1.1, 1.2 And 1.3 give n c;ood histnrical 

ek'^tct. o .the earlier developments which ee't+ bl1shed tho 

internr)l-conduction en ,ne at an appliance for production 

of itchnicol energy directly from fuelo. Its incrocie d 

applicon to different purposes led to the day lri, mnnt 
of cprcit'ic feotures which have been recponoiblo for izmprov-

in it r.:liability, operational efficiency and po.•.er 

weight r.tio. Those cpecific features make on intoror'ting 

study F':i 4 hey are presented in thio chapter. 

.1 C b. _' T. s 'rT 03 

The success of the patrol engine had sol.c ly do pnnded 

upon the development of the well-known device known ae the 

ctrburz-ttor. 	This device is intended to dicchcrge into the 

air €+cream, the desired quantity of liquid fuel, atorize it, 

and, prviuce a horo eneous air-fuel mixture. 

\/`Lhe idea of carburction dates bock to t.vv l'ttor 

per i 	the uinnteenth century. ziegfried .. arcuS (a), in 

1664, i.' reported to have ucod a carburettor for a patrol 

engine develolicad by hire which employed a revolvinrj brush to 

spray th- fu^1 into the air induction pipe. Lovevor, it a*,ar 

not till l63, that the curburnttor took n proper chnpn, 
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' ilholra :.gybach (3) patantod v iloct-fond carburettor which 

r as similar to tho modern carburettor bcaod on the fuel Jot 

apr+ay principle. This carburottor which vas then used on all 

Doimlor ongineo, is shov n in Fig. 1.5. Petrol as fed 

either by pr000ure or by gravity into a cbaubar contain 

trig a float. A tuba loading from the chamber terminated 

into a jot located at a suitable point in the inlet pipe 

of the engine. Hare, the air dr mn in during the auction 

of -oko got mixed with a fine eproy of patrol coming out of 

tho jot, resulting in a coc buotiblo gas. 	The float in the 

chamber controlled a noodle volvo regulr~tin,g the admission 

of petrol from the tank, thus maintaining the level of 

petrol. in tho ch, mbr at the correct bright. 

Potrol onginoc operating under voriablo apood mnd 

load condi tiono which obtain in aircraft propulsion and 

lend transport call for the follow ins; requirements in the 

design of the carburettor: 

1. Base of starting, particularly at lour ambient 
. 

 
temperatures. 

2. Ability to give full pot,7or quickly actor start-
ing tho engine. 

3. Smooth oporgtion at varying loads and epoodo 
with good fuol economy, and absence of racing 
at idling cpoodc. 

4. Filth torque at lour opoodc giving good cccelbrotion. 

Since the operation of the petrol on,ino dopondo pri-

marl on the quality and quantity of the fuol-nir mixture 
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dolivorod to ito cylindoro, tho ebovo rcquiremonto can 

bo summed up in ono otntrmont: A good oarburc~ttor must 

automatically produce tho docirod air-fuel mixture 

over the wholo ron~►o of opoodo and loads. 

For onginoo ucod in rod trs naport or rircroft 

propulsion, it le- ncc0000ry to obtain full rang of pot nr 

at any given opood of tr~ivol. There is, hov avor, nnr 

_rconomia cpood in 	rp t of tho engine for each poei tion 

of the throttle. £The nocoseary condition for vnrying 

load rcquircrdonto at o given apood of trovol is aotisfiod 

by cat of a cux t blo georing and traner d anion cyc tem. 

tj /~\ccoleroting poriods gonernnlly occur in tho lo r) epood rongo, 

-and hero, it is nccoocary to dovrlop povor by larger 

opening of the throttle ivtng a richer mixture irraapoctiva 

of ceonony. At n r~ ~ l running apeodo of travel, economy in 

fuel Ia an important ct)nciuorntion, and, the' air-fuel 

mixture har, to brs of a ratio conducive to this condition. 

Tho carburettor has therefore to moot the roouiromonte of 

air-fuel ratio, a) for maximum oconor y at suatninrd 

apoo&i, crud b) for maximum povor during acceleration. 

!, ig. 2. 1 proconto valuco. ♦ . ostab lie hod oxp+ rimont'lly 

with ctrburottora of modern dccirn... of dir-fuel rrtioc 

in rolotion to load for the tvo apocifiod conditions of 

oporotlon, and olco, indicatca limits of loan rind rich 

mixturco for the roepoctivo conditions which should not 

be exceeded in normal practice. 
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Froc tho abovo data, it io clear thnt thr 

dcairod air-fual mixture for mnximum economy at Qua tninod 

high apoods and loads ranging from 50 to 80 per cent ' I 

of that normally mot in oprrntion is of the ardor of 16.5, 

and about 12 ' a 12.5 for dovoloping CO to 100 per cent y  

during accolaration poriode. 	Tbo carburettor should be 

copcblo of manipulating th000 rongcci of air-fuol rotioa 

under the roquirod conditions of operation. 

A .eimplo j c t corburottor hac the chnroctorir tic 

of incrcaain the ricbnocc of the ch+ rgn (air-furl mixture) 

t;ith the 1ncroocod opcning of the throttlo. 	AC for 

developing tho required poor, larger throttle opening is 
noecooary both at high speeds and during aeenf!shtni 
periods, this carburettor done not meet the virying 
roouiromento of air-fuol mixture for the to toll defined 
conditions of oporation. To achiavo this, the following 
additional features have 1tcon incorporated in the carburettor 
now dovolopod: 

1. An auxiliary air Vulve that automatically ad -
mite additional air ao the mixture floe incr000ce (ig.2.2) 

2. A componoating j of that ollov.c an increasing 
clot of air by discharging lean mixture into the inlet 
pipo. (Fig. 2.3) By properly proportioninc; the tto 
.lots, a mixture vhicb may remain cons wont, e..tbor bocom-
Vii& loaner, or richer with increase in load, can be 
ochiovcd. 

S. 	A tapered matorin pin (th€~t ranchos Into the 



fuel nozzle) which is l .fted or lowered, thus changing 

the quantity of the fuel drawn into the air charge. 

(pig. 2.4). 

4. 1 combination of a v-irieble air peaseCe and 

o tapered C;otering pin, controlled by the rthr vrlve  

to dive the desired mixture. 

d„lin oty The i6lin 	and low-load .Int 

diochorge6 the air-fuel mixture at the cdge of tbo 

throttle plate, Pi j. 2.3. :r'itb th€, throttle clouds  

the is nifold depreCF'i an my rise to 2(0 inches if water, 

but the depreooion at t.hs idlin& jett will be co apiderably 

omallcr b :cr uc>o of the edxni8vion of air through the 

idlini; adjucthent and be-ctiuoe of a certain airflow at 

tho ^ 1ge of thrt throttle plate. The desirable idlin 

air-fuel ratio ie obtiined by edjuc t%ng the idlin., crew 

provided. 

`xho manifold de, reeaion decrenece ce the 

throttle ie opened until, at a yid®-open throttle end 

low cpeod, tho &&preacion may drop to about 5 Trachea 

of voter or Ws. AO tho dcpreac ion dcc -eases thc 

,mount of fuel delivered by the i t lin jet gradually 

decrecaca to practicolly Caro. 
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&.ccnlor ►tiM 'pith o partial throttle openinr , 

tho pressure in the intake manifold is approcir~bly re-

ducod and the fuel is vnporizcd quito rowdily. At loci 

speeds ox travel# t ben the throttle is iiido open to 

accoloroto the engine, the heavier fractions of patrol 

pill begin to condonso and collect on the c all of the 

intako xan ,fc ld, forming o fool film. 47hon the All 

film is built ups the mixture returns to the doaireblo 

air -fuel ratio. Iith o sudden acceleration of to 

engine tho mixture could bocomo co Icon that firing 

back in the carburettor or failure of the mixture to ignite' 

vvould result, unlocc extra fuel is furnichc.d for occolero-

tion. 

The following devices to provide thi© extra 

fool imoy bo ucod: 

1. A damped air valve. 

2. An accelerating moll. 

3. A dioplaecmont pump operated by the throttle. 

4. A displacement pump operated by auction. 

ChoIUntt_ petrol consists of a number of 

fractions of which the heavier ones arc not easily vapo- 

rued v bon the engine is cold. Thcrofore a very rich 

air-fuel mixture thick provides a larger quantity of 

the vaporioablo lighter fractions is required to start 

the angina from cold particularly in cold rsaathor; this 

is induced by choking. 

bE 
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A choko is an additional butterfly volvo locatod 
in the intake before the venturi to throttle the air supply 
and also cinultonoously increase the depression in the vonturi, 
both loading to an incroacod supply of fuel In the mixture. 
Choking should be limited to the minimum necessary to warm up 
the engine. If continued the unvaporicod hoavior frnctions 
of gasoline till rwash oft the lu'Oricating oil from the 
cylinder allo, and the contaminated lubricant %,ill then run 
down to the crankcase, causing quick deterioration of the 
lubricating properties of the oil. 

In modern high po~forod automobiloe, a sprin -londod 
choking device is operated by a bimetallic thermostat of the 
vacuum piston type shorn in Fig. 2.6. As soon as the engine 
starts, the manifold vacuum ccusco the vacuum piston 'p' to 
partially open the choko 'C'.  Exhaust gasps heat the thorirnstat, 
bimetallic spring and ita coning, hick ,hen allot. the choke to 

assume a vido-upon position. 	Thus at starting, ith the engino 
cold the choko comes into operation causing the necessary air 
throttling off oat; with the engine varming up, the throttling 
effect vanishes completely. 

Aircraft-ongino cargyurottora: Aircraft engines r ~ 	r r rr ~ 	r ern 	r+ 	rnrYr~r 

operate at high alti tudon. Tho relation botracan the atmospheric 

pressure 'p' (pain) and the altitude 'h' (foot) above the aoa-

level is oxprosood as• 
h = 122.86 Tm log la ( l4.?) 	(7) 

ihoro Tm i© the abcoluto moan temperature boUoen the sea-

level and the altitude referred in degrees Rankin. 
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A10o t 	to 0.003566 b, ovnll t' c donoting of unite. 

(7) 

Tho donoi ty of air in dirt ctly proportional to ite 

proocuro and invorsoly proportional to its t+~rrpor:'turo. ma 

offoct of prosauro on air donaity is, houovor, rr'].otivaly 

groator than that op to tomporoturo with the result, that 

tho air bocomoa lighter (lose donso) as tho alti tu& incroasoe. 

Tbue, in a naturally aspirated aircraft, ongino, 

there is a reduction in tb3 amount of air dratn into tho 

cylinder as tho aircraft rises in altituc~a. Spacial parovi-

cione havc thoroforc to bo mado to provant tth form^(ion of 

rich air-fool mixturoc in tho aircraft ongino at high alts -

tudoc, lcodin,j to vaetago of fuel. 

Tho main consideration horn is, to admit mare air 

or lass tuol to tho induction oyotcm of tho ongino, In order 

to componcato for tho altitude offect. Tho moesurao uaurlly 

adoptoci arcs 

1. Provision of an auxiliary , air valve or port for 

regulating air supply as a tern in Fig. 2.7. 

2. Provision for varying the position of the vonturi 

relative to the jot for roguloting fuel supply as in Fig. 2.8. 

3. Provision of a fuel motoring orifice pith a noodle 

valve for regulating fuel supply. 

4. rovioion of a by coc valvo botvoon tho air s Saco 

of th, float chaobor and the vonturi to roduco prooPuro 
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difforcntiel for flow of fuol through the jot and rogulnto 

t?ruby fuol cuprly ns uhoun in Fig.2. 

The first three devices can be controlled mnnutnily 

if required. Form l y all the four dovicoe are act and ad-

juotod for cutorintic compensation according to altitude re-

quircr nts of flight.- 

Iei. formntion, .,, The ovoporntion of the fuel. in. 

the vonturi and intoko manifold, in effected by bent takrn 

from the incoming air and containing tulle of the paasngnn. 

.ta a moult, air in cooled below the dov point and thc water 

vapour in the air froozos on the throttle plate, choking thr, 

air flow through the carburottor which, of ton proves die-

as trouo. 

Tests havo shown that this phonornenon of ice forr- ►- 
tion is pronounced when the tcnprrcture in the vnnturi fr In 

by about '9o' r below thn dov point with thn otuocph ric tcrinore-
turo at about 320F, and also with rich mixtures and hit bly 
volatile fuels. 

t rromed' for this troublo hao boon found in the 
preheating of the air' or the introduction of alcohol into 
the system which absorbs the water vapour and lowarc the 
freezing point of the alcohol-water vapour thiroby inhibiting 
the tendency for ice formation on the throttle plate. 

otro1~„ its, octio, n, , 	,uol in.oction sy&tora which 
boo at . ninod. poriac tion in the cane of Diesel engine has boon 
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adopted to petrol engine with owns modification to overcome 

the disadvantage of the carburettor of t hich, the no :t serious 

ones are ice formation on the throttle plate, and float chamber 

troubles arisin, from aircraft manoeuvres. 	In the injection 

system applied to the aircraft, petrol is injected in a finely 

atomized sts is either into the intokc manifold or directly 

into the cylinder. The real advantogo 7ninnd lien in the 

facility of control of the air-fuel ratio to ruit a wide range 

of operational and performance recui rvmvnts. it is because 

the tusl injection system is a device of high preciSIon and 

loses its reliability if not satisfactorily mvintsined that 

it has not come into extensive npplicetion. 

R2E'CES 	3, 4, 7 -- 10. 

r---------------------a------ ww+r--- ---------5* ----------- 

T 

For these and subsequent citations see he!erencsa at 
thr end. 
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In o Dicool engine, the fuel injection &ynt'n in 

of paramount importance, as the oporrtion and performance 

of the povar unit is primcrily controlled by it. Thia 

oquiprn nt requires a high et< ndard of dcoign and rn3nu1 c -uring 

technique to ensure satisfactory functioning over long periods 

of corvico. Its odju..tm©nt and tooting Also call for con -
si+dcrablo core and skill. (11) 

4t0iZipnandj'eflOtijt Atomizotion it the 

hrcnkin -; up of motoriol (solid or liquid) to a high degree 

of fineness and the d spersion of the fine particles into 

nir or gaseous medium; in other ,ordo, it is the production 

of n fine mint in thn air medium, resulting in a combustible 

gas of hocogon.cous composition. 

In the coca of cocproecion-ignition enr f no, the 

problem is to achiovo perfoct atomizatione liquid fuel 

injected into engine cylindorc, co that, compl r'o com uction 

is offoctod during tho combustion pba o of the cycle, the 

period or =hich is nearly ijiu to 1/i of the worKing ntrolzo. 

if the stream of injected fuel oil consists of fine particles 

they do not gain suf i i oiont nomontum duo to air .rr sin tsnco at 

the instant of injection, to quickly dioporoo into the combustion 

apace over the piton bead. On the othrr hind, if it consists 

of largo droplets, a bullet floe is produced due to high pone- 

trntion nomcntum, but this hinders the dispor i+ n of the j 

fuel particico necessary for Intirato mixing of fuel with 

oxygen. 	In both cases, there are delayed ignition sand 
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detonation troubles. Thus, there is an optimum rn gnituc3o 

of the fuel particle ponotration momentum relative to tho 

raoistenco offerc6 by air. 	Dispersion or intermixing of 

tho fuel with air is the maximum achiovoblo for this optimum 
a. 

in practice, vithin the mono 4y period of combustion phase. 

Fig. 2.10 shoes, diagrammatically, the onsontial 
components of a fuel. injection. system for a multi-cylinder 
engine. The diagram is self-explanatory. In a multi -
cylinder on no, the fuol pump conitaine as many plungers 
as there +re cri.gno cylinders,. i. o. , each plunr;or ol'mont 

delivers fuel to the injector,, or pair of injectors, on the 

cylindor to which it is connectod. 

Fig. 2.11 shoes o typical sectional arrangement 

of fuel pump and inj ector. The pump plunger 'F1' is thrue t 
upv ard, on it delivery stroke,  by a tappet ar~ an~3emont r)hi c h 
is operated by the engine camshaft. As the plunger 'B' 

t:ovos through its stroke the port 'A' is closed; thereof tar 
I 

the ruel line, a&-i--or- ss the fuol injector, in under com-

proasion. Continued movement of the plunger incroosos the 

pressure in the system until a point is roachod born the 

nozzle valve lifts and injection begins. 	The pressure in the 

system, throughout the injection period, is determined by 

the cross-sectional area and speed of movement of the fuel 

pump plunger and the aggregate crass-sectional area of thi 

holes in the nozzle. 

To regulate the amount of fuel cinlivorod to the 

angina cylinder, it is necessary to very the. offecti.vo stroke 
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of tho pump plung=er. Over tho yours, various arrr~ngrre,ent® 

hnvo boon triad but the aimploat arraflgOznflt is that in 

which the plunger stroke is constant and fixed, and v. rintinn 

of off so' .ve stroke is obtained by a spill port cut in the 

plunger. 	This is done by the engine governor through n 

medium of, regulating rod, rack and pinion. 

1k)hon the upward inj action etroko is complotod, 

the c'im recodes, port ' A' is uncovered, and the pump plunger 

is returno d dot,nriard to the end of its suction a troko by an 

internal oprin,, and the cycle starts ogain. 

A .hen the pump plungor moves upward, compr 000ion 

of the fuel in the line begins, and a pressure r,avo in pro -

po;ated throughout the fual column as far as thy► fuel valve. 

Tho spend of propagation Is approxiMAtely that of sound In 

the containod fluid. 

The pressure r4evo trnvclo along the fuel pipe 

until it roaches the nozzle, rihuro it may or may not ho rt 

floated; i.e., the fual valve may or may not open. 	The 

offoct of the irpulso il1 depend upon the relation botwoon 

the fuel-vulva spring .proacuro and the ma itudo of the 

impuleo. If resonant avoc arcs nit up in the pipe-line, 	4 

the fuol valvo may be lifted more than once* 	 / 

'actuation of the plunger by a mcch :nical "punch9 

is the moat ooticfoctory method for generating tho prosnuro 

vevo by rhich the charge of the fuel is corriod. r;jthout 

tho pressure t eve the system is purely hydraulic, ,-rnd the 
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fuel con.umption can be appreciably affected. The speed 

of the t el oischcrge tiwough thn atomizer holes m*y b( 

	

650 to 1, CCO fps. 	The fuel v~..lvn is set to open at, 

ay proximately, one-half of the inj ction proseure. 

The eiAG and coat of the air compressor, niong 

with the power rte?uired for operation (about 10 per cent 

of that of thn, engine) hoe made air-injection ^yetem ob ola 1 . !/ 

The basic cyntems of fuof-injtiction in common uaf, ere l)co mon 

rri l 'y "emy ii) .,erk pump system, and iii) Gas compress inn 

cy stfm. 

	

gnclus 	The problem for the! future could be 

to oeain the fuel-injection cyotem to handle low grade oils. 

This would c--ll for considers ale fuel spray research and 

expEr1fi xtafi1ofl, 
i 

RE1FZL!, CE -; 7, 9, 11 & 12. 



2.3 COMBUSTION CHAMBERS. 



TAME,? 2.1 - COflt 'TIC'T! C'3,:"-1 ;'"'"; 

TYY ` : Or CO" I3tTi TI  °; 	.1 " '; . 	 1T(. i'0. 

ri- t type uo <;d in otde- 
VCI.VO 	; . 	 1914 	2,12 

¶urbul,, i ; h5 uoed in 
civoly' cAn i.nec. 	 1919 	2.13 

with tub typo UOCd in 
ovarht- d v'1v cn Ines. 	 2.14 

For fire-cs see next a-0 Pzyas. 



(re' "P: C-I TrTror Gi '; n) 

Advnntog uo from m3nufacturin,, and maintenac , 
point of vi .,. T!oiiev: r, exceccively prone to dr tonotion, 
and extrcnciy onzitive to iLnition timinj;, b civac, it 
did not produce the required turbulence, This fladvntsge 
mace it inferior to the ty,a of combustion ehomb(r dev41oped 
for overhead valve cn incs with the ncc-Homy turbuinnee 
effect. 

The above defect was o r rcome; by br ,nain, (1) that 
portion of the head vhicb ley over the farther aids of the 
piston into as sloe^ a contact as possible with the piston 
crown, thus r+ ducin ; th,v- affective irn th Of flare prnth And, 
2) by ponitioninZ the main body of 'Chi co-nbuetion chc~mb r 
over the vn1wii, leavin: n niihtly restricted pawn' ,R ..wiy 
communicating with the cylinder, thus creating additional 
turbul(-nce and ape din up the second et.re of combustion. 

Sirt1cj and mechanically convenient com,romis ! with 
good all-round perform ince; other adv-inta a ar* : 

1) high vole actri c efficiency b: ceua e of largo Inlet 
valve or vily z , 

2) chart flame path, and 

3) n ditio.• el turbulrnc:* (aguish) provided by thn 
flanks of to evil. Which overhant the cylinder bore, 

,rC<PS r 7, 9, & 13. 
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'3—Typica,1 turbulent-head deign (1919) 



I Fig 2.14 Typical ba ~4,- 4u W iln~u 



V -AT • 3 

is nho.vn in the fi -+ures, auction o iri (cyclloriic 
eff'ct of ir odrnittod into thy- cylinder) is obt-.troy t ns 
n) by r i:~ki ,; one aide of thr inlet v^1vo no that air is 
ui 1tt.• ;i inn deircd direction around a A rt of ?h-

pertnh ry ref the valve, b) by clopint; the oidcs of the 
irl,= t nrt in thr d&aired + it ction, and c) by cn--tin, . 
a lin ^vx-r 	nic of the inlet v,.~lv(. The m akin,: of 
th€ 1rtl ,t v-'lve in the more coffin ra,thod, an it pormit8 
the i`!n 1n. of the b-nt t7n, -ntinl c .ruction by turning 
the v  Lvp abnat itn oent.rn line. 

tn,; tia1 ,rr nd wont of thr ' hr ncavene porte 
cr+ t 	a ;tronw air nrirl in thr exh not nn and this 
e,d rl is trenrrjttcd t, the- frt oh nir ruck: d in ci+ altp_ 
nvouDly. 

n intA chamber co. municite' with the cylinc cr 
Ppnce throe ;h ; in orifice tenntinlly dieponed t^► tht, 
cylit der. 	Vurin, cor prcineion strk r* air cntcrra th 
ante ch;labor with n cyclonic flow t'hich continure ofter 
comprznnion in completed; and this cyclonic flu: i:-
completrly disturbed by in,Jection of furl, producinz 
the ru1-pd turbulence and inctentn eous combu ~tion. 
' t tircchov the diff,<rcnt voriotionc. o) A compact ontE 
chnmb;dr uitrblo for hi •h speeds and high output+ „ b) Core 
doublr- erirl combustion ch: nber, c) nmz , as (o) b° .a wIth 
large pavaa;e to onto chamber :bich cte throttl:r.d on the 
pieton pr ►.fiche the end of the etroke thereby intensi.. 
'yin" the a..,irl ^ffect which eu't'ine durin g; th fuel 

injection n^rIod rcoultin- in vi,orouo turbfa.lcnco and 
inetant nn •ouc' combustion. 

'whc thi nnin ; of the cle since" of thr circum.. 
fer, ace of the clvity, --pith the piston sppronchine t:h 
dead-cnntre, caunec a violent radii]. flow of air no it 
in bein ; aueezcd and induces ";roater turbulence in the 
air Trion contained in thc. cavity. Thin oquich effect ring 
the odv3nt a of boinz, well tined with the injection of 
fi l to produce inotontz~nnouo or eplonive combustion, 
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F19 241(& MAN antechamber engine with very high turbulence. 
-Ff9 2-11(h) Waukesha Comet Diesel engine with highly turbulent inteellamber an(i 
depressions in piston head. Clearance volume in cylinder equals 5++irl_ehaiciher volurnC 
tJ. B. Ficser, Devedopmen of a Combustion Chamber for lllccliuni u,l(l high speed D1ead,  
Engines, 8AE Jour., &7, 59 (May, 1949).1  
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'rho pr~.~combuction chamber Ic a small nix pocket 
on o ni& of tho cylinor coznmunicntin with .hr main cylindor 
gnaw^ throu *h c, nnrrov orifice. 	tI.th the co reon1on of 
the, nix' char o, air filly thin pocket at th.^ corprfindion 
prc,^curd att inec3 in the main cylinder, gad, :-?ith Puri 
Injection into thin packet, partiall combustion first t kc3 
place in .hc air pocket. Thin cauoe on inotantnn-ous 
blow of tho partially burnt ono into th- rsin coabun ,ion 
chnribrr hcrc., with the turbulence produced by tho blowy 
inctuntnn ,ours combu'tion occurz . 

Th 	nnvn c iburLion chcunbcr hoc to air chomb: ra. 
Vuo] i' inj+rctcc3 ocro n th mom ch^zibr*r, co ' :•nt~-ring 
and i itin4; in the f1 rot cu limy ch-mbcr. Thus rri .o~ o 
the prc eur^ in the auxiliary chembcro, tend .h; burnin,,- 
i .ur it diochar (%d into tho ruin chnmb- r rihich to d ~- 

ninod to nmduce n double) swirl, 	Th i uc+' of o n.iory  
in o ctnrtin valve that can phut off the in 

air chamber makc ponoibli,• n hicr co~r rr-^oion ratio or 
fr.%iy' tttwtiflA 

$$f r.ccll conbuction chic biro ere dooi ed to nrucc 
nr aot"h combw Lion proccc ith tcr lo 	un hr  ur'.* i, 
Th{s result in co 1000 of efiicicncy, a .nee tho omaothne rn 
10 usually accomlic'hed by h winj rtor^ than the optiaa,t 
orounZO of combustion during the a pnnoion otroko of the 
nnziue. 
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n, 4 cc 1wcmC (T.;O- STi O 	:: 	) 

Thl procooc of ct tying tho cylinder of an in'tornol 

coubuclion ongino of ito oxhouct g&Goo to gonorolly roforrod 

to 0o "Scavenging". 	Thio opp .ioo specially to a t o-otrohn 

ongLno rihoro exhausting at 	-~., r~Tovar a very ehort 
poriod of tbo cyclo and is cl000ly followod by the filling of 
the cylinder with tho air or goo charge. Ac proper acavonging 
is o difficult proposition vi th a too-a trotzo on ino, - it noodL 
thorough examination. 

The aeavonging of the oxhouat would be con lotoly 
affected in a four-altrokc engine tith ceparoto oxhx-auot and 

suction atrokoc. ,ith a tootroko engine, however, both ex- 

haunt and inlet occur t000rdc tho end of the otrolte, and, for 

a period the oxhoudt and inlet vnlvoc remain otmultnncoualy open. 
In a naturally aepirotod two-otreko engine, exhruot rrlcaoo 
is cufficiently advanced co as to ocuao a blow of Cho burnt 
goaoo 'through the oxhcuet volvnc inctaantoncoucly pro-~ucing 
oli ht vacuum in the cylindor iDhon the inlet volvo openo, rind 
freely admits air or gas. In a super charged itr o-cstrokc~ 
engine the exhaust con be mode to occur very nearly at the 
n and of the stroke and the burnt gases aro actually blown 
out by the air entering the cylinder.. 1oro, the burden of 
acavonging roots on the inlet chargo. 

'rem the above, it is clear that in a two-strobe 
;',.carol engine oomc of the combuatiblo mixture which corvro 
on a scavenging medium will naturally n cope through the 
exhaust ports aloe with th burnt, gases, incronoing thereby 
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tho opocitic fuci consumption of tho on ,no. This is a poui--

tivo diaedvs~ntogo in the c000 of largo of ze povor units, T e 

-pooition is, horovor, diffor4nt in the cnoo of two-otroko 

Di000l ongino, as air escapee vi tb thn burnt g000s through tho 

-oxbnuct port©, and this is of no. mntorial disradvantogo. It 

is for this reason that tho tvo-stroko cyclo has boon more 

oxtoncivoly used in largo Giza iioscl engines than in p"trol 
angin c, 

Proper combustion and in turn the poi or output of a 

tro-stroka engine would in no ornill inossuro be governed by the 
effectiveness of ecaven; .7ig t i. o. , upon t P- purity of tbo air-

fuel mixture or sir insido the cylindor, before the cormoncomont 

of the coirocoion stroke. Thud a major psoblrm in th- dosipn 
of a tno-stroke engine is to oncuro complete ccnvonging by ndopt-
ing simple moans, with little or no fuel loss. 

So far three systems of scsvonging hsvo been dovolopr'd 

and commonly applied to t%~o-otroko anginas viz., 

a) Cross- scavenging 

b) Loop scavenging 

c0 Uniflow acavnnging. 

Table 2.3 gives o brief doncription of thoso types of 

scavonging. 



TA 3  2.3 -- SCAVENG114G SYSTEMS OF TWO -STROKE 

ENGINES* 



D!SCFIPTXON 

Probably, the most coirnons particularly in petrol 
engines. There is usually a defIcetor-head type of piston, 
which helps to avoid shortcircuiting by directing the air 
flow upuarda; crone-  scavenging is found to ho very effective 
and results in a lower mop. But its simplicity and low 
cost arc often useful factors in the deli n of love cnpsci ty 
power uni to. 

rovide- a longer path for thn acovcng^ charge, 9nd 
various designa have been successfully developed. A £cavenp  
officic2ncy of 90 per cent is now claimed. 	The err •nzrPurenta 
described in the above fi; uree are inilicative of a simple 
cylinder construction with a cylindar head of a uit~ bin ships t 
i+n suet-i:i^ high thermal stresses \~.i thou t damage, f12rther, mep' s 
of E0 to $5 psi have been acbiuv in engine cylindier., u ing 
the system since 1943. 

in this arrangement$ the, exhaust gases and thn inlet 
charge flow in the ea mc direction thus minimising the mixing 
(turbulznce) of the inlet charge 4 i th ,exhaust Cases. The 
fib,ures shown describe three eyctoma of uniflow acnven ng. 
liecauec of a larger croce-soctionol area for flow, both ad-
cii sion and exhaust are free ensuring hpod breatbira characteri'- 
stics. 	rurthcr, the loss of fuel in the case of petrol 
enginec is ;ell avoided in tae unit low system. Iowvcr, this 
system nocoacitatos the provision of independent vr-lvcs in a 
two-&►troko engird complicating thereby tho design with roper- 
cuosion on costs: 	The consequential fncreaee of the 
specific output of the engine offsets the above disadvantage. 

33 
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develop inaido thxi en*i,na cylinder while thn exhaust gases 

are still in motion in the escape from cylinder apace; and 

the occupancy of the cylinder apaco with a frcrah chargn is 

complete before thn escape motion of the exhaust gases re- 
Wd'A 

duce a to zero' producing a returnhto destroy the do ptr&&ion. 

This to exactly what seems to be understood by proper timing 

beti oen the instant of depression in the cylinder and ad-

mission of charge. 

Design developments on the basis of this conception 

would call for a) good deal of experir,,nntation to study the 

prey*sure character ietic 	aidc, the cylinder during the 

exhaust and admission phaat.a under varying; conditions of 

loads and speeds, and proportions of admission and exhaust 

passages, and b) detailed analysis of pressure wave phenomena 

connected with gas flow conditions obtaining in the internal-

combustion engine. This is n fruitful field for r epa cb 

in future. 

T.'~^ai ►;C"S : 7, 11 : 13. 
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 irf r ~ 	
The nut o of Kadonncy (11) Mr M■ M w  

hso bean idcntificd vlit.h oacno original work on tvo-otroke 

enginc sc.ivcnjiz . Ao atntod by Profcacorr '.... Davica, 

Tadonscy c .aims; "Isa odiatoly on opnnirig r ipidlyr tho 

exhaust Porto of on ongino during the oxpanofon stroke►, 

thora io within tho first interval of time of a fo 7 

thousandc of a cocond, an urge or impulso in tho osec wi th-

in the cylinder, to oscopo vary rcpidly from the cylin ar 

1oaving bohind there a d! 2ression. By ruitrblo timing of 

the admiGolon valvo or port tho now cht'rgo i.e orrongid to 

orator the cylinder behind tho rctroating gas. ' haco actfonu 

are found to occur ri th cui t=}hlc port coign nn ,3 tiring; 

no 	 put pc, inlet pipaL or exhaust pipes nro 
ncceoszry to cnnblc, such on engine to run and dolivr^.r power." 

,is further claim in support of his obeorvption of 

thu acnvenging operation ii, that the burnt gnspr rc re dis-

chc,rgcd from the cylinder t" as a moan, in on intorvol of time 

abortor than that required for the burnt gssao to Oxpand 

dor,n to tho ambient prescuro by ndiobc is f to . "a 

It would apposr from tho abova otatements t mt the 

exh~iuct from the intornal-cumbetion angina cylinder her an 

+ xplociv ch rector rhich ouctloa vacuum conditions to arise 
for axtrc acly short duration in the first b1not to ntLosph^+re. 

This dose cu ;post that th ,; rij ht tiro for mission of air 

or air-fuel mixture in than the deprecaion (vacuum) be ins to 
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develop inside thc5 engine cylinder while the exhaust gasps 

are still in motion in the a eepe from cylinder epee; and 

the occupancy of the cylinder epnce with a fresh charge is 

complete before for escape motion of the exhaust gases re-

ducee to zero, producing a returnhto destroy the dnp rs ian. 

This is exactly what e+ erms to be understood by proper timing 

between the instant of depression in the cylinder and ad-

mission of charge. 

I~oeign developments on the basic of this conception 

would call for a) good deal of experirunntation to study the 

pressure characteristics iasi i, the cylinder during th 

exhaust and admi.acion phases under varying conditions of 

loads and speeds , and proportions of admission sand exhRuB t 

paaea},ea, and b) detailed analysis of pressure cave phenomena 

conncc ted with gas flow conditions obtaining in the internal-

coznbusti3ri engine. This is a fruitful field for renearch 

in future. 

7, 11 &. 13. 



2. i : i RC1 EGI cvG 

The heat of charge air strait^ in the cylinder of 
nn -.- ine is ,iv3n by 

• C 

°`hnrs is 13 the heat of chrrg ,  
nv Is the v6lur~xtri.c efficiency, 

r to the diameter of the cylinder , 
L is the length of thin cylinder, 
i1a in the opecific volume of 

 

Af is the air-fuck ratio, 	 ,. 

and C is the calorific vUva of th- fuel. 	i 

;-heroforo . for an on~Ine. of given propor. tinnc , o 
cl v. fl qu .alit;,' of fuel and any Opocif1 rd si -fut~l aI xtur:.', 
the above equation may he re sri ttcn on 

r~ 
i ( v ) where T is a conotent. 

a 
-;n thy: power output of an onjinr doponde upon the 

hr , .t of cLprgo, increasing the valueof nv /'Ve zil1 increase 
the 7~_.' &'vc loped. Thic is oh tcined by feeding t1r cylinder 
%%Ith cir of L rc,ator dcneitj (higher pressure) vrhich improvoe  

its vol'3 tric efficiency nv and reduces the epccific volume 
Ve. 	proceoo involved in this, is rightfully kr e n as 
'►cuperc1 rg.ng", in contract to natural socirttion vhich 
latter i^ thr normal case Shen an air is drown In ;ir ctly 
from t ctrro phero Burin,_; a auction stroke of the -n, .ne. 
upnrchn~r ing is also known as "booctinet bncnun of Its 

bo tir!. effect on the power -,eveloped. 



The ide of eupercburging date@ back to 165 (15) 

w on it wac first applied to gas engines, but its attractive» 
nesa vac lost du s to inherent di f t i cu l ttie a then presented. 
About the addvlo of thz first world war (1916) , however, the 

aero- ;n; .nr forced its application on account of tho rand 

ntz n~a.nl ; paver at high altitudes, 0fl9 	due to Isar rner;Taney V1~ ! 
intonciv ► Y.ftorts could be directed to develop the nc,cr Far 
deviccc io uperehf gging irroapoctivo. of cost. \.'it i this 

achiov: ;: ant , proree towards, coma ercial nppliction of t, 	.I. 
dmvice b c; mta po4eible and during the lost forty yoro rupor-w 
charg 'hav bean increasingly applied to land and 1-1 	p*~wrr 
uni to. 

ri +il, epethd t eupfrcharging has been applicd to 
intcrn,al cunbustion n inea to achieva the tollo in ,ndvcnt r=-os: 

1. tt I&h olti`iiudes the air is rRretiod, 	Th1 he 
adverse effect on tho power out-put of an rjir-criatt 
c, ;ine or in stationary engine inst'iled in a r nuntai.n-
oue region. Supercharging ovorcoiea this c f t ec t. 

2. ''o roduc the bulk and weight of the onginc per horse-
dower developed by supplying ample Quantity of air 
'r on±ins stroke end mmintaining the recuired air 

Eup;4y at high engine speeds. 

vxdently the two advantages of cup- rchnrgin, :.arn 

rpL,licnble not only to the now designs but also to the older 

an, ,.nec in order to increase their power rains upto a licit 



beyond v hich opc rition troubloo tould ori.00. 

. upnrchorging hoc onoblad otuccossful d velopmr nt 
of high-opcod cn,,inoo rodueing tho opocitic ,oight of the 
on inn from 2 	. per bhp in 1916 to x lb. par bhp to-d-sy, r/ 
in thr oircrrft field. 

:lthouCh tho payer output tondo to increase with 
a grc to quantity of air inhilod par cycle, the folloc~ing 

., points need conniderntion hen sup orchor .ng is ; ppliod to 
opurk-i 'ni Lion on;,-inon. (13) 

1. The in;rcaood :~o.noi ty of air and its con;- c' uontial 
incJ. o3JQd yw"cporoturo (the In Vtor dcpendi4,. upon 4h't Uej no 

of i,i;.orcoolin) tcnd to cod up th- coi bu'= Lion procor-c by 

^^ciucin=; t 	delay period end occolcrtinZ t ,-} r.,t^ of speed 

of tbc,, fl' mc. The offoct i.c aimilnr to that yarouuco:3 by 

annthor factor known as turbulence. Since, in moat modern 

high-duty petrol on inoc, the degree of turbulence is ol-

:eady adequate for orficiont combustion, supnrchortng Could 

overdo the turbulrnco offoct, rend&ring the engine more 

sensitive to sir-fuel mixture, ttoroby limitin r the range 

of th•► mixturn ratio over t:hich Cho cnglno may produco poor 

at n hl, ;h officicncy. ror bf`•ot reoulto, th" dc, rce of tur*-

bul -nc3 in a riuperch rgo-1 cnd1ne should be lotar than in air 
a nnturollj oopiratod onginco. 

2. The further offoct of incrooe d donnity and 
tn..peroturc rccultin;; by ouporchirging is, the tendency 
for dotrnation Anc1 pro-ignition r7hich restricts the degree 
of cup - rchor~ n for satisfactory operation of a petrol cn inn. 



Elora, fuel chnr,ctaristico play an it portant port ao ignition 

of aomo fuola is more oensi tivo to tomporaturo and othrra more 

eonoitivo to prooauro; oven tho fuel rated for tho onmo nctnno 

number could socm to respond differently to n given dogreo of 

ouporchar a. 

3. it boa bean oxperimontAlly oat+ biiohod that if the 

boat of chargo io .doubled by increasing the ouporchargod in-

tako of air to approximately ti o atmospheres, the los oa to 

tho cooling medium is inoraoacd only by. about 70 per cent. 

, lthough reduced cooling looses have an advontago in that 

the thermal efficiency is incroaaod, the corrponcnto ti°i thth 

and near the combustion space tend to become over-h; r tod 	N 

offoctinn roliabili. ty of operation and maintenance, and in- 

creasing tho t,jndoncy of datowction. The thermal ofiici ncy 

i +a Mp improved by virtue of rigorous turbulrnca resulting 

from increase of high pray&uro air with auporchorging in 

engines ithoro combustion chambers are specially doai, nc d for 

this purpose, and fuel is properly troatod to inhibit the 

tendency for dotonotion. For the above reasons, the dogroo 

of supercharging is limited; thn incroaan in the po rcr rating 

with satisfactory cooling system does not oxcnod 40 to 50 par 

cent. It may bo pointod out that en intorcooling syn tom 

either in the form of a hoot exchanger or v*tor-injnotion 

has boon added to the normal cooling system to aatiefrctorily 

control temperature conditions inside the engine cylinders 

and inhibit thr tendency for detonation no nG to achiovo such 



40 

hi h power ratings. ::ormally supercharging is provided for 

increasing the power rating upto 20 per cent. 

4. 17uperchorgingt effects on improvement in scavenging 

of exhaust* as air admission prcasurn is sufficiently high to 

drive out the residual exhaust gases from the engine cylinders. 

i. The addition of a cuporcharger to the, system, in . 

creases the frictional losses, but, due to coneideroble in-

crease it power, the overall mechanical efficiency of the 

engine shows improvement. 

3o for as epork-ignition cn .nes arc, concerned$ 

supercharging has been applied to large captici ty aircraft 

engines, and the centrifugal or axial flow type of super'-

charger has been found to give satisfactory service in . 

these enK non. 

in the case of compression-ignition (C.I. ) 

enginos , the conditions for detonation and pre-ignition 

become loss ronounced with supercharging. sxperimente indi.- 

sate that, grc z to the density of air, shorter is the del ► 

period and in concoquencc smoother and more complete is 	f / 
the combustion. This is in contrast to the condi bona 

obtained in spark-i pi tion pr ince. 

?~nnthor advontagoia that with the increase in the 

presence of the intake airy propensityy{ of the fuel to diesel 

knock (cotene number) is reduced due to suppre 'lion of vale-

tility. This ens .cs fuels of a wider rc.nge of cetan' numbers 
I 



being uacd in a cupo3'cbrgcd ongino. is advnntnge' iu of a 

maximum dojjroo when tho auporcbnrgod prep uro iG stoaaily 

maintained ovor tho full rongo of oporation rolnting to 

i odo and opeeda. 

-;i th a euporo rgo8 Opnrk--igni tion ongino, it may 

bacon ncccuoary to ro6uco tho corprosoion ratio in +ardor 

that uxinim ptoseuros developed an a roou.lt of combustion, 

practically of conotent volume, may not oxcoo6 the do. ign 

liiit. 	Thio condition hardly applioa to as cup<,rchergcd 

c.i. ;nt ino, ao cortbuntion takoc place prnctically at con-

otnnt prcuc.ure du.ri~ig a part of the orttin$ U'okso !cud the 

maxis wi jroouro dovclopo5 Gboca.loan variationi t ith incronsod 

prcaauro of the in tok oir. 	Thta enobloo hi, hor- t ci ao of 

auporchorging boin applied to C.X. on ,ne with the rnoulting 

ndvontaljo of bighnr po er rotinj- and thorofore a highor 

c ochanica ,. officioncy no compared to n cupnrchorgcd spark-

ignition engine,, in npitc of tho highor frictionni loom 

of the hoavirr CI. engine mecbnnicrn. 

t oucvcr, dc^i3i conoidor .tin3n . bovn irpoecd a limit 

on suporchor .ng which in doterminod by the maiximui cylinder 

prccauro of about 1200 poi ecbiovnblo with Iho intakn air 

proosuro of about 30 poi (2 atnoo horoo) and a corrprcncion 

ratio of the ardor of 15l, Sivinj a finol compr000ion proonuro 

of about 4O psi. Against thic, a na curt lly aopirrtod engine 

can be decignod for a cospr000ior, ratio of 1921 with thn final 

co proauion preacuro att`,ining a value of only about 28th psi. 



Thocm dcij.n limitations are intended to ovoid; (1) oxcoccivo 

ocuffing of the piston and heavy liner weary (2) Overloading 

of the baoringc, and, (3) leakage of the cylinder jninto, duo 
to oprinring of the cylindor-head bolts. i th those limi to- 
Lions, incroaso in poor rating of about 40 to 50 per cant I 
is obtained in a nuporcborgcd C,i, ,ngino iii th a moro of fi -L 
cient cooling system than is necessary for a suporci rgod 

opork-i/3aition patrol engine,  nhar© the maximum por1tociblo 

jncrcono in rating is about 10 to i5 per cant. 

Concluoionz From the above observations rolc Ling 
to the -,pplicotion. of supercharging to spark-and C.I. cnginan 

(patrol and Diesel), it. voul.d be clear that the main purposo 

of cupercharging in patrol engines could be to avoid loss 

of poor due to intake of rarefied air at high altitudo s... a 

very I ortant consideration for an aircraft engino... 

whereas, in the case of C.I. onginac,, the main purpoce of 

cuporcharging would bo to enhance the rating of the poor 
unit, .hereby, reducing its apocific x-joigbt. 

There are special cocoa of spark-ignition Pnginos 

being cuperchnrgod for increased poor output, but in ,such 

caacz furls of octane nurbor (performance nurbor) higher than 

100 con olono be catiofact©ril.y uood sport from tb need 
• for a nose offcctivc cooling arrongesront. 

3 	~.5 . 	
(boo next page for re€~ulto 
obtained from oupercharging) 
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2. 6 LUI,. iiCATIO 

It is r.orth noting that cortnin advantegos of 

lubrication havo boon knorrn from tho very early tirce 

vbon animal and vogotablo oilo v oro frooly usod to oli-

minatc oauookix sounds producod by aurfacoo in rubbing 

contact. 'lthough idoac about friction as w• knot, thnm 

to-day, r..oro little understood than, tho was cuificic+nt 

oxpori^aco nith the use of oily liquids to mini co t,nnr and 

he-tinc, on eurfocos vigorously rubbing against each other. 

In adorn torminolo y, oils usod for such purposes are 

callc6' lubricanto.' is said already, early lubricants 

torc cnlm,ol and vog3tablo oils and cakes Bich cjoro readily 

ov;wjlcblc and v.ora able to scoot the lubrication requirr - 

mcnto of prix itivo machinery. 	Tho modern mechanisms P.nd 

poacr units cover a v ido range of bearing pressures and 

opoodo, environmental and temperature conditions, and do-

mand hI ly refined lubricants of groat adaptability to 

r oc t tb000 conditions. 	i inorol oils have come into tom+ 

field .nd of ton those are apocially processed and binndod 

with organic compounds to fulfil the needs of a wide 

varioty of industrial oquipmont. 

it can be toll said that it is the dovolopmint of 

th:) e ciunco of lubrication comprising adv•incod knolndgo 

in 	ibid of pbyoicc, choc tc try and fluid dynamics, and 

thy:c aciontific exploitation of the mineral and organic ro-

courcofi of oils that hove contributod materially to the 

adv' ncoa nt of tho intornal-combustion-ongino and to 



the~versatility of its applicr;tion. It would bn worthy hile 

to deel briefly with the fundementola of lubricntion b fore 

approaching the problem of the lubrication of internal-com-

buction engines. 

Lubricating oils lava at -Lcinod a spacial signi#iccnce, 

tho full appreciation of which is obtained through the doa- 

cription of a number of proportiee which oil ponecoaao and 

how thaw properties could be combined to select th' lubri-

cant for a particular uce. The important propertl ec which 

an engineer carefully examines in deciding on a lubric^nt are 

as follow8: " 

Chemical Lo ernes s 

1. Acidity 	(indicntive of corrosion ) . 
2. Oxidation (indicative of clue ge fornr.,tion) . 
3. Saponification number (indicative of free acid). 
4. Carbon residue ( dicritivn of tba rol-tivo er"bon 

depocit that my form in an engino) . 

~?by+ 3er~1 rod©r cue _ s w 	r+~w.rw 

1. Cloud and pour points (indicative of th + tempera-

ture limits under which oil till function n a 

lubricant) . 

2. Colour tests (indicative of the cor r rcin' gr des 

of oils) . 
3, Flash and fire points (indicative of the tendency 

for vaporisation). 



4Z 

4. 13rzulsifict~tion. 

5. viscosity. 
6. Sodimont (indicativo of tho cloatilineo? of a 

lubricant). 

V3.scooitLL The viscosity of a lubriccitin 3 oil must 

be ivon careful cons, d€~rction in the selection of the 

proper oil for any .ntarncl combustion engine. Onn of the 

primary rcc uircr me of a catisfoctory lubric..tinZ: oil is a 

aui tcbl.; viccoci ty-tentpornturo ehproctcrintic. 	T 	'eitor 

tho tcziporntura range throughwhich thr oil nuct oj-prite 

the lecw should be the rilntivo cbnngn In the vicco{i ty of 

tbo oil. 	if the viocooi ty of the oil is nxtrewcly hi.LI;h 

then tIi^ oil tcr:poraturo is low upnn starting the on Inn, 

oil floes ,ill be rnr tric find and '.ubric•.tien will bn, xor. 

~f to thn on, ino and oil b va rmod up, thn viscori ry of the 

oil, enact bo sufficient to maintain a film thickne a KA 

rill p.► ovent n otnl-top-motel con.toet and re.cultin- excessive 

wear4 liila a high-viscosity oil rill moult in n linter 

oil consumption, nevertheless considcrablo power loov. ro-

cultc from the increased friction caused by the high-r vis- 

coui ty. 	in view of the condi tiona and liWyi t.- Zionc imposed 

by the oil viscosity, it is always decirtbic o ura the  

to%:rat viccosity ril. thrt ill s ^intnin ruf icit'nt oil file 

to prcvcnt t; l-to-zaatai contact at th amino opo--fling 

to pornt,urno. 

Qxidntlon: rherc lubricrtin oil is used over ,rind 

over so it is in r*n internal-corbus t .on cn .nc, it should 

be rclativcly free from oxid;:tion difficulties. k ttodly, 
• 



lubricntini oils subjected to tho hrot of corrbuotion in thn 
cylinder will burn. The major portion of the lubricating 

i 

oil, bo ~ovor, is not subjected to this intense h-at .end 

a;v.uld not oxidizo appreciably at th tompo'4aturas on- 

countered in the angina crankcase and in the piston then 
used for piston cooling. 

Dilutiby,Juol oij This chongos the viacooi ty 

chiroctoristics and usually r;-,sults in undue unnr if di-

lution is COnsidorablO. 

ho amount of dilution primarily dopcnds on th- oil 

temperature, loin ; high vhvn the oil temperature is by,, 

and vice versa. Thus, the dilution tends to roach a moxtc.um 

under c tarting and idling conditions and a minic~u.m, undo.. 

operating conditions. In some chaos, it is dovirablo to 

pracailuto the lubricant so that, when oil is chcngod, 

for cane ino does not hnva to deal with an oil more viscous 

than t1 at which will exist after a for cold etarts. 

Charts, basod on the viscosity of now and used oil, 

havo boon developed to indicate the per cant fuel dilution 

and the pox' cent 	 in viscosity resulting from too 

cold rnd too hot conditions, respectively. 

crirbpn roaiduo 	The carbon formed from the lubri- w•r.  

coti n;; oil appears to be indo ;ondont of the oil consucp tion. 
it has bcan found that the volatility choractoristics ere 
a bettor guide as to carbon rosiouo than the ccnradeon 
carbon-residuo test. 	Thus, if the distillation curve for 

r 



tic h,2nvicr ends runs high, tho carbon deposition Dill be 

hi 4, h. 

Addition A ontsL 	Since lubricating oils arc 

used for vid©ly varying typos of aorvico in our industrial 

world to-day, it is only natural that for cortain service 

conditions it has boar found noc000ary to add various 

compoundo to mineral lubricating oils in order that the 

lubricant ,ill moot tho special roquiromonta dosirod. 

Those ''additives" are gozeral3.y put into iubricrting  
oils to act as pour point doprosaants, oiliness carricra 

and oxtrcmQ pressure materials, viscooiiy-indox improvoro, 

oxi& tion inhibitors, and colour i rovers. 

oil RC►con.d .Lioni .t _ oil circulated in nn intornal- 

cocbus Lion origins does not woar out or break don but be--
co ^o unfit for further use through contamination by solid 

particles and gyrator, through thiution by liquid fuels and 

oxidation. 

Ono of the oimplost and best motbods of rocondi tion-

ins; onLAno lubricating oil is by cans of centrifuges. In 

larger engines the oil is circulated through the centrifuge  
all tho time; in smaller en nos botch purific ation may be 

used. Propor purification of lubricating oil not only 
roducoc the oil coneurption very matorially but oleo in-
creases the life of the engine through decreased roar. 

ail . oalin s 	Low-outj ut on4_ inos usually hsvo suffi - 

ciont crankcaso surface trimm which host can be trnnaforrod 
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to the sureoundif4 air to prevent the oil from rising to an 

undesirablee temperature. 	high-output oncj1nos have a corn- 

par,,tivoly ©mall crankcase area, and in such engines the 

oil temperature may continuo to rioa and reduce the via- 

oosity until the connecting-rod bearirr c ►re dcetriyad. 

Therefore, for preventing tb^ oil-tomperaturo from rich 

sufficiently to reduce the viocosi t to the dRn er point 
oil coolers are employed which are constructed of radiator 
oectiol c uoiAA,:,, air or water for the cooling medium. 

5el rcti.on of lubz ing 91161 	A table for aolncting 
a lubricrnting oil for a specified service is t-Iven in 
App endi x 

Tom? .a.i,u.:C psi 7, 9, 11, 16 - 1. 
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I '1L- CJ: STION 

;iUUI 	 PLIC MOTS 

it cannot be denied that the internal-combustion 

engine has acquired a singular position in tbo range of its 

epplicntions amongst the differont forms of power units. The 

import..;nt ones rcloto to rood -and rail traction, otrcraft 

and marine propulsion and power genorstion. These are briefly 

d~ircussed in this chapter. 

3.1 ' .O \D MAMSPOBT 

putoruobilo engineering has had the largest shat in 

the development of spark-ignition internal-combo; Lion crnginee 

and ingCnious mecbonicrno for steering, power trsnriAvrinn 

and s'nsitivon tc of response to traction conditions, f tc. . 

chronologico . rovie of the development of the muter-obile is 
crescnt©d in Table 3.1. 

0 



TABLE 3.1 - HIS' ORY OF THE AUTOMOBILE. 



50 

ACS EVLL S14TS 

fret to concoivo tho application ot petrol on-
gino to road vohiclo. He made four attompte to dovnlop 
hin on idooa on carburation, tranmioion, otocrinL-~ 
o to. but attainod little cuccoas. His work, however, 
in pirod other inventors to davolop suitable power unite 
and mechanisms, 

Ho brought forth the first (horizontal) petrol 
an l.na powered throe-whoolod vehicle follorad by a four-
wheolod vohiclo comprising the followin features: i. Vor-
tical crani.shnft which was intended to overcome gyroocopic 
offocta affooting the steering. 2. Bevel gear and bolt 
trnnamiesion. 3. A rack and pinion steering system. 4.Sur-
f Qco carburettor, and coil-and-bottory ignition. Hundreds 
of cars to his dosigna 3oro successfully usod placing him 
-as the father of the modern automobile. 

Ec auccoaafully pionnaro i the dovolopmont of t o 
li ht petrol engine of the vortical cylinder typo. 
his commorcial ventures both in cormaziy and nglsnd accoloratod 
the development of the automobile finally merging into 
the :..orcados automobile concern. 

in or.nont engineer who applied the aci ontifi.c 
principles both to power unit and running gear of the 
crude patrol driven horaoloaa carriago, and dovolopod 
he first basic automobile, the main features of which 

continua to exist in the modern vehicle. His work was 
recognised by an award of a gold modal. for his car of 
1899, by the Automobile Club of Groat Britain. 

Following the succoaeful dovolopmonta achieved 
by his contompororioo, production models wore dovolopod 
in a largo ocolo for commercial application, improving 
on the design of water-cooling jackets and air coaling 
fine (round the radiator) . Pneumatic tyros wore intro-
duced. 



ACY",1 .; a • a,; 1S,7 

on tho bocio of : uropo6n dovolopmunto in tho 
aut ►rcbi1c fiold, Ford, corriod out numorous oxpori-
mcnt3 to ucv;~ .op o rol .cblo patrol drivrn vebiclo. 
l io nifori lcd to cozy-rciol production in Acnorice 
introc,ucinC sate production m thod8 for putting into tho 
rear of popul r modolo. 

t:nrting t~ith hits maidon offort on the 1 ' hp., 
To Dion-ou ton tricycle, ho rcpidly davolopod tb ► fonnuit 
car corprivingj the boot fcnturoo of tho contomporrry do-
nir-nc. 

r►ov;,nccd frog tho ooriicr doei n of tuo sand four-
cylina :r not nco and dovolopod thc; firot cix-cylincor 
potrol rn,linc for nuton.obilve tiihich succo fu .l.y stood 
tho sovcro toot of covoring 1581 melon during a run of 
24 houra, giving nn nvern o opood of 67 mph, including 
atoppr.g:•r . Thic indicntod pooaibilitino of furthor In-
croeoc in tb; number of cylinders for more powerful auto-
Lobilco dovclopcd Inter. 

Introciucod a novel docign of oloovo valvoo in 
place of tualiroom vr^lvoo for inlet cod oxhouct, but 
this technical ingenuity did not att'iin commercial success. 

Thoy bravo oarnod the credit for incorporating the 
boot featuroo dovclopod by other onginooro. rind inventors 

in the lnyout of the oar thuo h*~lping n long ay in the 
propscoo of the automobile. Thoco arcs 1. Vertical engine 
ai tea crr nkshnf t running; four and aft, mounted in thn front 
part of the charm. 2. !Jnivorool jointo tuna right onØlo 
bevel gear tronamiocion to tho driving vhools. 
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nur ,hor _dov_oloemontar 

inco thn early typo of Doimlcr, Henn, Do ?lion, 

`outon and othor pionoorn, there has boon a progrceniva 

devolopm'-nt of tho au tomobilo enginewith tho ob j oc tc 

of i1 pL• ving it porfoz' ianco, roducin, its vieig ht, 

offoctin the maxis um cconor,y in fuol concumption, 

oii pliiying its controle and operation onl, incidonUlly, 

in chcr,pcning its coot of production; it has boon maCo 

oxtro.. my k31iablcAoxocting conditions of rorvico, mad 

with m ion OxCOptiono,, iv rclntivoly chonpor oiiiplo to 

mint yin in normni wortinngcon ition. 

TTbcoo improvononts, thich voro to be cxpcctcsd than 

the very large nu&bcr of patrol onginoo conot!uctod Since 
1603 in convidorod, hr. ye resultod from oxporimont and ox-

p ienca v itb previous mouoln and lco from reooprcben in-

to for cub jocts of co1Lbuotion t  corbur<tion, ignition, and 

motallur .cal problcms oaoociatod with light mctnlo, alloy 

Stools,, new bearing r tnls, otc. 

!.oat of the more recant ,prorccc in petrol engine 

design. bee boon duo to the use of 1 ighior quality fuclo 
which enable highor comproscion ratios to be uaod without 

dotonation effects; to the use of alloy stools and light 

niuminium and mn ocium olloyo ivine; much hi,, hor strength 

voight rn:tioo; to improved combination chamber design per-

mitting higher 'mops" to be developed. from fuel e that pro-
viouoly could not be employed, owin., to dotonotion off' cto; 
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to imps ovo3 ongine cooling syctome; 	to more officient cnd 

reliable high-proocuro lubrication ayotcros; to the achievo-

mont of highcr volumetric officioncios due to more of ,active 

valve port and manifold docign, combined with brittor +oat a 

of carburettor, ate. 	The gonoral trend bas boon to obtain 

higher povor outputs from rolativoly small enginoc, in the 

caao of motor car and cycle onginoa, by a gcnornl increase 
0 

in engine r3poode and also of maps. 

in tho largor typos of motor vobiclos for goods and 

path' ongor transport purposes, hoovc r, the high-opc od compre-

ooion-igni 'lion (c.i.) onjino has to a largo extant r c plccod 

the patrol ang ina, for ronoor connoc kcd pith its bettor fuel 

ccononrj P.nd thi uao of choopor fuolo. similarly, in thn fiQid 

of lnrg^ atationory poor plant, rail coachoo, cocmorciol and 

form tractors, motor road rollors and small marine craftt., the 

petrol ^nino has boon gcnorally supplanted in more recent 

daeignc by the compr000ion-.ignition engine. 

--hors the patrol engine i ll probably reign supreme 

for a long poriod is in applications roruiring maxim m power 

outk.ut from minimum engine {eight as in motor cars, motor 

cycles, co~ipotitivo typos of high--opeod onginco for marine 

end lend purposes; oleo for military and commercial aircraft 

vhho. o po,or-eigbt ratio is of primary importwnce. 	.th the 

usc of high octane fuc:lo , permitting the mploymnt oi still 

higher conmprcaaion ratios or degrees of t3uperchar131n,.;, tho 

.fuel oconor y of the petrol engine approximates i oro closely 

to thr t of the C.I, cngino, so tbgt vith its lighter ei ht 
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for a given power output the petrol on ,3ne holds a dominating 

vo&i tion in the aircraft field. 

to the cane of the entaller sizes of onginee, nnnely, 
those below about 20 bhp, the petrol engine is simpler, lighter 

and cheaper to m nufr~cture thin th^ C.I. engine; more pArti-
cul rly ii he ciao* c ith tb smeller sizes of to-nt.rotkn petrol 

ongin-, 	it is unrivalled also for small portable polder pleat , 

og. , 	t:ol-electric cots, self-contained road-drills, rorn era, 
motor 1n-mowers, email airccmpressure plant, etr rt i n3 onginne 
for la • e rieeel tractors, ate. 

Conclusion: 	Takin; note of t n modern trend., thnt 
have now been acquired, it can be safely stated, that in the 
final shape of things, cornpreseion-ignition "nine till com;letoly 

repince r•perk-inition engine in future power unite, from the 
lo':.ost tr the' highest cspocitice r ecx tired in a lar e virimty 
of epplientiona. one promiein 1 field in which the rn nee r-
scientist is now playing a very nport.int role, it the ednpte -
bilit ot corpresnion-t .tion ^n; in© to a 'aide ran of fuels. 
-or► awork has already boon done in euccees fully do vvc lops ng multi -
funl errin3o using crude petroleum (min rsl sour 'on). The scope 
io witt:? towards the use at or,;anic fuels such t 'vogetble 
oils end towards the devolopnont of gas producers of n E#.ide 

of outputs uein-S co +l and industrial wart o as fuel.. It 
may nett b^ far distant when the fuel problem of th c. i. engine 
will hjvo been completely solved overccmin tho prcccent hr,ndi 
c<3p ot high furl costs. it may be noted that the ac,--lvered 
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y' ice of Diesel oil in this country ranges from R.3C0/- to 

4GCI- per tons of furnace oil t .175/-p p'r tons of cbircos4l 

P . 40 or ton, and of high grade coke P .60/- to E0/- per ton. 

The use of vegetable oilo and oolid fuc is for C.I. onpinea 

would bo an irport nt d volopmcnt, considering the feet, 

that in this country, petroleum resources am men, ~rc~ and 

those of oth .r fuels abundr nt, Vegetable oils nhtch nr' to-
d,)y uana ra edible oils arcs extremely coitly no tbn ; re—
due tiori is insufficient to meet the country * s rt ct iremn ts. 

ut if large solo forL1nt; is ,,rogramoad for cultivrttion 

of oil aced crops the sv i tchin ; over to vogatablo r)ilc; for 

c.1. e t Lntis urin3 bo: tilifiira would ,prove to br a v°i t l de- 
fenae 	i urs. In India, therefore, researcb on ih &&velop- 

went of t 	for aL&,.,t ti on of c.i. onginere to ra largo 

vr~rietj of indi ;onous fuels is of cpocisl import, nc . 

:`,"'OAS 2, 3, 4, 14, 20~-22. 
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3.2 "tiIIC I' FT P .O tLIO ; 

it has been possible for the aercplan" to reach its 

present stag3 of development beccuze of the patrol ranine. 

This new rLode of transport has bad a very ape ►dy cr roer and 

its advancement &rin the lest two decades has been sa 

feet that it has completely revolutionised the design of 

the wetra1 cngtnc suited to air flight conditions. nimble 

3.2 trscec the history of the application of petrol orrine tend 

the re rkab1e changes that have bcon introduced in tk• de 

si jin of the petrol engine to meet the exacting &&mendr of 

gircraf t. 



TABLE 3. - HISTORY OF THE AEROPLANE. 



a? 

lr, : 	̀ t0PLANE 

AC VW*I'NTs 

First attempts at flying models ware aids dth 
then hhclp of light stead power units by John Stringfellow 
in 1646, Hiram axim in 1890, and Laurpnoe Har, rnvo 
r~lco in 1O. 	Thew attemptsnchieved indifferent success. 

"irst concoivod th id; o of light pc t.rol onr1nc for 
cdre.rs.ft, du`+; the credit for •dnvolopin; n oucceraful flying 
ro del ..jes to M1ri ght Brothers, who TY Sao rem rdm Ol -.•the 
piu,accrs of aircraft propul'ion, on their efforts oe -C -bliohed 
pbycic .l poc?sibilitit s of flying, 

i hen follovied a fear enterprise of French en ;inhering 
f infls in the development of aircraft propulsion. A notable 
entorpricc amongst ttese, consisted in the evrlution of 
rotary online co cnlied because of the m''choniem it provided 
for rot!,tlon of the circular cylindor body round fixed 
cri;.ik.sbcft with reciprocating components r:°ndi Uly di4-ij osed. 
an in .:nLOus device, which, did not attain much s ucce a 
by virtue of the f ric t that its development did not proceed 
further from its initial trials. 

A nteneivo of forts were mode to develop patrol engine 
poworcd aircraft durinj the first world war for air nttncke, 
iOwevtir, with 'lac ondin of the war a number of problcm. re-• 
latin j to body streamlining, design of rtonopinne, Wo' utfaj--~ 

, 
 

of i:.ulti-injina machine, problems concerning high n1  
tulle, r,nci questions relating to air naviga' lon ream insd un-
snlve . 

'taco period between 1918193E contributed to tti 
solution of the vsriouo problems and ruccoraful applicn-
tioil of who follo;•.ink; features which made the p'trol nrine 
a li;aaht component power unit. 	1) Superch rg1n, 2) —ir 
coolinl,', 3) lfprovements in fuel. 
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rurth!r D':,yelopmentsi. 

rogreosive improver nts in fun]. with a view to 

ro ucing the tnndenc,, to dotonatr hnvc done store thin m y - 

t ' .n,,; eloo 	render possible the high performance of the 

modorr. 	Ln$ò. _iinco the realization prior to th , 11-14 

war, th:'t the incidencE of detonation a - t i limit, t 5 in. 

thorn. dtyc a very early limit, to the power output o".i t- inia--

blo, r-ce,_,rch on fuels h,+ s bon carried on intcnz;ivly, and 

th^ cr$nccr b o,, at every atop$  taken full adv n^n,5r cof 

it, at tirst to raise his co pros&ion r do and tb 'by 

gain is2  ti rural efficiency and, when that had ronctEfid he 

practical limit, to increase further hie map by 'upc'rchergi.ng. 

An incrcao from 66 to 100 in octane number pormits of nl-

most a three-told increase in mop but at the coat of more 

thin doubling both he maxi4-um gas pr Lures and for into nelty 

of heat flow. 	Throughout the last thirty -five yr nr it has 

boon a nock-and-neck race between the chemist and th ngineer; 

at tins the chemist his been a-head, and the csnninner at 

frantic pains to stiffen the structure and working parts and 

improve the cooling of his en3ine in order to a kc full ad-

vantr,g of the improved fuel; at others he has taken the 

lead. 'roes a mecbinical point o.i view, pro, reac h s t ices 

the form of strengthcnin*; otep by step eio.h weak link ,v it 

t,avve- 4uauucr the ovor-i►acreasing strain. 	At onn ti*'l oxhpuat 

velvuo wore the limiting factor but thy► introduction of sodium 

cooling and the use of "stellitot" , "Bridhtrny" or otb r 
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in which X2 is the negative sequence impedance of the machine. 

- 

	

	For termincl—to neutral..ohort circuit, the a, c. cozaponont of 

the phase current are given by 

in 

 

	

301. 	 / d +t t2 * zo 

1i 	3. 
md, +x2*zo 

1 	Q  
xd + %2 + xo 

Td' : 	 T,d' o 
zd 0 A + 

in irhich Ica is the Zero sequence impedance at the machine. 

The subtrancient tine constant, Td" does not change much with 

different conditions and,; therefore, the single value is used for ell 

conditions, The ethercompononto, that is,, the unidirectional components 

are deter .ined In the sumo manner ao ucod to finding the un,id$rootional 

o: ►poncnte of a rt circuit from load. 

The bbovo values of ei, e 1 and a" i depend on load conditions. 

S.o some acpectc of abort circuit analycia have been diaouonu1 in 

the preceding pages by method used by Westinghongo Engineer fir„ C.F. Wagner. 

The improved method used by Hr,Wagner are latest as that of 

1942, atop by step,, ainplicr and makc the calculations of chart eircuit 

analysis of synchronous- aacbine easier. 

But the methods suggested by M/r, R.E. Doherty and C.A. Nicklm in 

the your 1920 and 1930 are basic., and on the basis of knowledge presented by 

Doherty t Diokle tbn:t further inprovc ent in the field of short oircnit- 

onalyoic of Synchron~uc machine were cuggootcd by other Lagincor,} 



similar matoriala for facial the valvos and their sontinge, 

banichnd this dmit. :xoxt coma bearings, when tho intensity 

of loading oxcoodod the capacity of ordinary anti-friction 

liningo, and special materials such as copper-load, cnvmium-

n ,.ckol, or silver-load, involving new techniquoc, had to be 

.~ubstitutod. Throughout the obolo picturo the piston it-

self boo always boon the wa€~koat link largely becnuan of 

the hi.Ih temperature which the pistons attain in aircraft 

anginco; bore detailed design in the gay of batter divponal 

of moteri al, with a view both to a troy distribution and hoot 

diocipotion, and the use of oil l cooling have done much to 

improve conditions, but so for as the piston is concerned, 

the reatcet gain of all, in the opinion of hicardo (13 ), 

hoe bean the development, by Napier' s some 30 years ago, of 

ho cdjo-chopod piston-ring. 

;; ^ i iic of h a rind out u a 	Fig. 3.1 show the 

prop reso made from the past to the pr000nt times. x.lhilet 

tho bhp has rapidly incroocod after 1940, the upward 

curve of the specific weight is duo to the raquiro nto 

of modern angina oquipmoAt ' ouporchargors, occossorioa etc. 

coolin~t and liccuid cool nrx: 	From the day the yrrwa~.r.rrri~.~ rrwrrwrg , 

first acroplanr. left the ground, controversy has raged as 

to the relative merits of air and liquid-cooling. 	To-day 

it has generally boon o`ccoptod that, whoro vary high speeds 

of flight are called for, the liquid-cooled engine with its 
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,such high^r performance rating and lotacr coolinj drng 

bocouao of the shape of the beat disuipntin,, surf Hasa of 
the angina, is preferable, doepito the obj+rct1onw of 
vulnerability, pluabing, and freezing; but that for modorate-

cpoodrncchinaa, there a relatively large frontal arnp- and 
cooling dreg can be tolorotosl, airy-cooling is to be pro-

ferred. AG to overall specific weight, there is but little 

to chooco; on the vholo it is claimcd that the Opc:cific 

toll at of the liquid cooled engine, togoth3r with it,' rA-

diator and cooling liquid to, if anything, the loner. 

co resaion-i,=A tie rn.4 no £!-aft ro uljion. 

Very ohortly after the 11418 iar the Air . iniatry 
instigatod a research into the possibilities, for aircraft 

propul&icon' of the c raocion-ignition ontnr ucin h^evy 
oil, and by 1921 the Royal Aircraft cctabliahr:cnt hAd con-

vortod their largest single-cylinder eoro-onjino unit end 
succeeded in reacting a poor output of o piton cpeod of 
2400 fpm, closely comparable ritb that of contemporary e ro-

on nc3, and that withb a fuel. consumption as login as thr stationary 
ticool angina of that quite. 'thin rcnUy remarkable achieve-

'tent never arocoivod the appreciation or publicity it dovervod. 

lit  oarvcd, bo' over, to inspire and encourage others 

to pursue the same aim, and by about 1~28 rcoecrch and 
dovelop'tont cork hsd reached the otogo ton covoral full. 

cizod oxporixo tul acro-onginos, both air-cooled rndiel and 
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liquid-coolC6 V-dcaign, t:oro dooignnd and built. !t that 

tir-o tho porfermzineo of the cont mporary patrol ongfnao 

a.,cro still limited by the low octeno numbor of the fuel 

avoilablo, and thn boavy-oil C.I. engines looked like being 

closely competitivo oven on th^ basis of c poci!ic weight, 

and worn, of courao, immopsurablyr superior on the score of 

fuel oconn..ry, but by the time those engines rroro complotod 

and hau bccn nursed through their teething trou.blee } the 

octane numbor of patrol had so much improved, ind Y;ith it 

the parloru-f. nco of the petrol engine, that rc.ieh of tho ad-

vantogo I h€ad di~soppcered. 

During the later 1930 a, the rntn of incro~ o of the 

octonn nun rr of petrol ctocprnod, with th rcrult tL it the 

performrnco of the p'trol engine gr:iw d a lead, le vine t.h3 

C.I . chino for behind tbn race. 	" i ththo marked advnntage 

gcinod by tho patrol cndino end 4th the intornntio:- nl re-

lations sho%»)ins; of ao of boctilitioc the conditions were 

not favourable for C.I. ongino6 to take the cZ'allcngv and 

has since then lost ito poi Lion as a povor unit for aircraft 

propulsion. 

TomporAM AuMc4n ton of Foes 

in railitnry uaago more orpeciolly, it is very dociro-

ble to be oblo, for short periods, to augment the poor of 

the' on -ins for toko-off or for combat. A.t take-off end Est 

roletivclj lore altitudoc the cuporebargor can alviaya provide 
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tho cnginc with more oxygen that it can acfoly con^urno, 

i thin the limits sat by do tonation or by thormal conci doro- 

tiona f or both. Undor such conditions a to orary incrccro 

of po~:or can be obtoinod by tho injection of pit for or of 

~,a :or-mothanol mixture. 	In this caSo the hi ;h latent h~±c t 

of the injected liquid aorvoo to provide internal cooling 

both to the suporctmrgor and to the angina cylinaonm, vhilo 

the atcazL prorucod servos as a very offoctivo anti-d,tonr nt.~ 

By such simple wane it is possible to ugmont the poor by 

about 20 per cant vithout ineroa3ing either tha hnnt atrooaos 

or the maximum po ak procourca. 

The addition of methanol, although its latent bent 

is lover than that of wator, confers cortain advantag aa; 

1. It servos co on cnti -frooze. 

2. Its boiling point is much lover than thi4t of 

water honco it will ovaporato more rocdily sand ,herofore 

earlier in the cycle. 

3. It' is itself a fuel, and to this extant is 

convenient in that its admission has the offoct of onri.ch-

ion automatically the mixture strength. 

At high altitudes rharo, oven with the cupor-

chargor all out, the engine is still otarvod f& of 

oxygen, temporary poor augmentation can be achiovod 

only by supplying additional oxygen in some form or other 



In tho first attempts liquid oxyg'n wa. injected into thm 

eye of the supercharger; this achieved thn desired rerult 

art was used in operational service, but involved diffi- 

cult supply problems. :forcover ovine; to increased flown 

temperature the tendency to dctonato was inc^eased. L tar 

nitrous o4d1 wan used in prtrfnrenoo to liquid OXyg n, for 

this could br stoned and carried so a liquid, in li ht. cylindnre. 

iii true oxi ;e proved to b t a very effective Anti-knock end by 

its uac at high altitudes it was found poceibin to nugrnnt 

the po ear by ns t uch as 4C to 50 per cent at a consumption of 

b lb. of nitrouct oxide per additional 100 hp per mrinutr.  . 

dace the time during v hich such power nugc entntion ac re- 

quired was gonorally a matter of seconds, i.e., in order to 

sloes iith, or break away from, the ?net y, this relatively 

high consumption wau not a serious obj ^ction. 
t 

The large power augmontetion by the use of nitrous 

oxide was duo tot, 

1. The liberation of free oxygen. 

2. The liberation of a large amount of heat by its 

dissociation into oxygen and nitrogen. 

3. The high latent heat of the liquid, the whole of 

which was evaporated within the supercharger, thus lowering 

the temp r:stur and ins-eccing tfr density of the normal 

superchr'g and cddin,i thereby to the supply of atmospheric 

Oxygen. 

t acluai ~, Although the patrol engine has been 

well developed for aircraft prop:uliiou, modern requirements 
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of sped And power a' a irr!po&ing too Navy demands on the 

power unit. Due to the very inherent limitetione In the 

design of reciprooeting engines these requirements cennot bra 

met by this type of paler unit and gee turbine is now fast 

t44cIng over from tho patrol engine unit in the high powered 

oircrnft, flying at spood beyond 400 mph and is bronking ✓  

the sound barrier. 

REF1y4.C.IC•; 4, 10, 13, 22 	25. 
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3.3 L1AXIN S PROIa7L3IOIi tUUD ? 0 ; 'R CLRATION  

On of the most fruitful, finds in t,hich Diesel power 

has bean well planted, to marine propulsion. Diesel engines 

d&vnloped to cult power generation in stctionsry plants, have 

with necessary auxiliaries been well fitted into the scheme 

of riarino propulsion. in course of time large tonnage v^sole 

we °o cucc000fully adapted to well designed Dissol-plant caps-

bin of 1) smooth operation under varying conditions of pro- 
pulsion and, 2) reversing quickly from forvsard to br~ckword 

drive. 	The latter is an oar ontial feature of the poser re- 

quireircnto in sea faring vescols. A Diesel power+ d v:s el has 

the c ivs:nta o of increased payload, maximum cioonlinnaa and 

fast apcots, it has no becor popular with luxury pncenger 

linere. 

,01th the gas turbine devalopments, there ri prospects 

of storm turbine finding a keen rival, as this now type of 

powerr eliminates the use of boilers and other cumb rcomo equip_ 

mont. 

In the field of stationary po~.er, Diesel find gas 

engines have been euccooefully upad in pilot generating units 

on 1) large engineering construction works of power stations, 

2) for crude oil exploitation and refineries plant and ocuip-

men o, 3) tor municipal water-works and drainage syotemr, and 

3) for peak load operation in electricity grids. Although 

internal-coibution thermal stations are highly nfficirnt, 

the lire otiono of its reciprocating r, chanism have restricted 
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the maximum. power rating of a  single unit to nbout  1C,CC0 hp. 

Thin has been - its r jor h ndicop in finding ita place nmongst 

modern 1arg capacity inOtIllations of central patter otrition 

syste s. in industrial applications whores by-products,liquid 

and g .1-%oua fuels are cvdilablo for generation of pa4iar, and 

where heat is required for prooeaaing purposes, internal-

cal► u3tion engine has often proved economical. 1 • re, all 

deni, n }d heat recovery syotomo hov© been satioitacto.►ily intva'-

ducvd to obtain very high thermal efficic~ncioa. a"airier obtained 

from internal-combustion thermal o t :tions I. of ton r orcs t conarni 

cal than that obtAined from tho electricity ,rid. 

~ brief account of tbon npplicntion of 1nt~►rnrl-crmbusit~n 

r~ngi• to marine propulsion is given in n chraiolo ilcrl order 

in TPbl 3.3 



TABLE 3.3 - HISTORY OF THE MARINE ENGINE. 
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^ F engine, which had already town out of inf-*icy 
when patrol engine was in toothfng ctgo bad attractrd the 
attention of marine en .neern, but, the problem of .ruction 
of gas in a moving vessel did not help the application of 
this to .; of engine to Gen-goin,; vcsoele. hovovcr, :i" n poa ?i-
bilitier of internal-corrbur Lion ©mine as a m rinn po:.nr unit 
woo continued to be kept in view. 

Conceived the idea of applying the crude tjp- of petrol 
engine then developed for li bt boats, and, bia first expori-
ment coniatod in fitting, a two-cylindcr petrol can. .n to a 
launch. This self-propelled vosoel incicated the pov*..ibil.itiee 
of in ernal combustion poor in the marine field. 

As for as the records o .hey were the pion ,era in 
a :x'oaacin 	ae engine for marina propulsion. 9 hcy iv:3ro 

f'allov ed by rapers. Beard r. re and Ca., of Drylmuf r, cyios€ 
first c ,acrintcnt in thij tic ld Sao the replacement of triple 
-exponr ion angina by a set of Bears ro-copitaino gas on;  ,nes 
and auction gas plant. 

. iho gas engine did not produce much imprnc ►ion in the 
marine borer field, because of the difficulties and unattractive 
economics in the production of gaseous fuel in roving ve sels. 
:riestuian took over the reins at this atage nd dovelipod the 
crude oil engine ibich was aucceocjully applied to river 
craft, laying thereby a solid foundation for the stpplicntion 
of larg,) capacity power units of improved performance to aee-
doin, v^oseaO. 

4 ioneers in the field of Diesel en no develo mont; 
(Dr. ; iosA did moat of hic o.+rly E4ork Zvith sulzar ''roz ). 
,hey toot: advantage of the experience gained with crude oil 
cnine at a marine power unit and intro-iuced large c - ipncity 
iosel units (two-and four-stroke) to marine propalrioa 
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The n. pin difficulty experienced viith the Dicsol 
nor-rovorsibiiity i hicb adversely of footed ranonuvraui1i ty 
of thri voesole. 	It was Sulzer Bros., who succes fully 
dovoio ~Od the design of twwo-o troko r ►versib10 en t.n~, ;n 
ovorcomo this difficulty. This dain siu-ult noourly in--
cr4as d tt : pour rating to rflinirfliae dead weight c rried 
by tai von&el. 

..ufficiont mz turity h been gained in thi 	,li 
ontion of ,Aesel engine to m rind oorvxoos, to ccn!:b1n 
nw"arous rannf acturing concerns and ship builders tea 
brie out far, o tonnago motor voccols. lihoy replaced to 
a degrce, rf'ciprocrting steam on .nos which suffo"od from 
the major disadvantage of lo?o efficiency and la ►,p non 
r evtnu€ c rgo of coal. 

ilthougb 1ieacl poyor d vear'ola did no? t inore se 
in riur:ber during; the first war period, the turning point 
c.. 	the year 1.23-24 ti th a mngni ticient ontor- 
price ir tbe form of a Diesel v onel of 13,CCO bhp ctçnoity. 

;. ar, for evor, thlod the devolovmvnt ox Eies.1 iubm rin o 
and t E t battle-ehip'. 

riosel poor in miring servicas has cord to p•i_ny 
slt ou, :h it has all along; boon facing keen compotition 
from the oteam turbine. 
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oat of the recant pro roes in the dosign of otationary 

and marine engines docia has bcon duo to 

1) Improvor ont in fuol consumption partly dun to 

the oxtonsion of the r ango of operation of the narking me-

dium, and partly to the increased efficiency of coabu'tion 

and to the reduction of mechanical lossoa. Formerly    the 

maximum cylinder pressures seldom oxcoedod 500 pci but to-

day proscures oven higher than I000 pad, are a common feature. 

2) Thclochanicsl injection has replaced the air-

injcction system thus eliminating the costly and bulky air 

compressor, and improving the mochcnical efficiency. The 

roeult of all this is an overall improvomont in economy. 

3) Utiliao Lion of the hoot in the exhaust goons 

thick vao a rarity in the earlier days is to-day universal. 

The oorlior tc o-otrokc engines vvoro at a oorious dieadvnntago 

as rogardo rasto-hoot recovery, eomparrd with the four-stroke 

typo, rte account of their much log or exhaust tomporaturo. Aa 

a roault of extensive study of the ecn►von .ng process, boo-

over, the air quani ty in some designs of to-stroko enai.nos 

has Loon droatly reduced. 	This had the to-fold advantage 

of docr©acing the load on the scavenge pump incroas1n;; the 

poor rating and th3roby the mrchonical efficiency, and 

'ioo of raioiri ; the tomporsturo of the exhaust asses, thus 

incroaning the amount of beat recoverable from them. 

Tn the caasoloas endeavour to reduce first cost, nhich 

s ae a carious handicap to the oil angina, as cornparnd xvith 



o t;-o n rnochiniry,  , d ►oiamoro diroctod thrir of forto to ,- ntting 

move and sore pot or out of a givon taoight of motoriol„ 

Tho rosultc of thcoo offorto were in the attainrnont of highor 

piston cpccds (1500-2000 fps an co orod with 7CO-800 fpn 

in the narlicr cng inos) and highor moan proocuroa $C pc~i) . 

Tho progroaoiva reduction in tho coat of two-ttroko 

engino inotoliationo becamo a serious matter for the four - 

o troko fratornity until the position as gr©otly changod 

by iuperchcrging. This onablod the moon prescuros in four 

ctroko on Tinos to bo incroaood by cbout 4O per cent. :'uper--

chrrL;in;, of couroo, aoo also adopted in comp t~ -stroko 

loci nr } but not to thn damn extent. 

An important dovolopm,nt in mnrinn propulsion in 

th,o gccrcd r icsol engine. It io the i4loc t caticf ctory 

iort,; of indirect drive, reckoned as on oltcrnativo to the 

direct-coupled engine and cone. dorod in ternz of -uoight, apace 

occui:iod, firot coati and so an. 

n gcnoral tormc, the claims madr for the geared 

drive ore: 

1. increased reliability, by having noro than one engine 

par cr;«. 

2. one or core of the engines can be abut dovn vjhon 

the chip in running light, the ot.. re than bring operated gat 

their c~ort cffioicnt rating. 

3. ,'Prior. m: intonsnco, bccauac the engines arc of 

Tor 	gcrblo cizo. 

4G. eco of overheul of the cnginon at rem brcnuna 
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of thavailability of cpnre poi }per. 

o. Larger ecop for atondardiiation of po er unite both 

in roe  rd to the number rind size of cylinders in q einplt, unit 

k.itb advantage to initial, cost and repinc~±mnntn. 

+iceEU. -eloctric drive: AS an alternative to tit direct 

-coupled ricoel engine, the claims for the Diesel -''lectric 

drive have mucn in common with those for the geor^d Diesel 

dri ye. 

Thera. are certain additional cleicrs vihich con be 

made for the Diesel-electric alternating current drive, viz., 

1. rlexibility of power diotribution, bpcouse nary 

desired nunber of engines per shaft c +n br instolled. 

2. The engines can be loci tpd anywhere, the rntora 

being nrrrngcd aft, thus' eliminn ing tunnel. chaft5 ng. 

3. Diesel englner are non-rnv rcibl.e . 

4. ompleto bridge control can be obtained. 

5. f quicker turn-round in port can be crrang©d, 

based upon a system of running ovorhnul. 

Concluaiont, 	The Diesel engine development his nerlay 
reached its climaf: as o reciprocating type of power unit, and 

the only field in which the scope of its application can 

be widened to its ndaptrytion to a wide range of fuels. Tn 

this direction recenrch hno nlreadj been taken up and th-

future will indicate how, even solid fuels and indu©triol 

weetes can be oatlefac toriay used for derivin, power '4th the 
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help of thin type of power unit.  'or large cppncity instol-

lationE the Diesel c a ne is being replaced by gsae -turbi uo 

power unit which hoe rocently come into commercial nppli.ca-

tion. Therefore there ic ample scope for rec earth Pnd in-

vcsti~ Lion to improve the operation and performance officihncy 

of the gas turbine. 

R "'~ :; 	2, Il l 26-30 
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3.4. LJUL T2,1 CT1oi4 

The first attempt to _ sp, .y the inter-corrbuction engine 

to a locouio tiive was made by Daimler, in 1891. 	Hin crude 

locox.otivo wai3 oc~uipped with a 4 by patrol engine. (31) 

17hile progress was beinmade with the internal-coabua tion 

cngno in tbo stationary power, marine And eutormotive fiel5 the 

atcim locomotive as a power unit for rril traction wvs attain-

ing maturity. Tho intnrnnl-combustion engtne ern^ bprinnint* to 

oho'  i to ouporiori ty over tha o tom-engine in the above 4ppli 

cations and it easily attracted attention ae a ubrtitut.o for 

Q teaiiour, for rail traction. 	aarly at ptE. W-iin ; 12C 1-1' 

were mode with petrol rn,,lnc on light shunting locnrma"fives both 

in U.S.A. and GOrn ai y, but uue to th hii cort of iw 1, lower 

ci icicncy and limitationsr gar inn ; poo r ruin, petrol on-

gino began to be roplaacc3 of Aic>eel cnine. 

in 1912, Sulzer Brothrre introcucod the Piecc-1 engine for 

rail -traction. Since the transmission (direct drive) proved to 

be a failure thoy switched over to electric tranemiaaion in 

1914. 

Tho develop m, nt of piaeol traction was cut port 

by the' f irct world war. 	After thn war, intensive rneeorch on 

trQnciaiczions 'ere carried out. 'ith the solution of thfi 

tranomiecion problem and with 'rho advent of the h gh-speed 

i enl engine, Oho Diesel locomotive progressed at a rapid rate. 

"o-d' the t icedl locomotivo is a keen competitor t the steam 
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and electric i©comotive5 

Appendix 11 givee tbn chr>recteriatice of tarn and 

i peel traction. 	Table 3.4 ,v'e th^ fnctore thRt ere tike 

into considi-ration in tbo design of thi' M sel engine for 

diffaront t4pae of traction dutiee. 



TAkL 34 13NGIW PEATU& & FOR DIPFSEENT 

TYPES OF TRACTION DUTIES. 
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PI Fp.; -,'NT TYP _ OF `IB.r,C'I1 OI DUTT : $ 

', hethar the transmission be electric or hydraulic, 

angina weight in Afl important fActor. 

The tendency has been to incorporate engines of the 

horizontal type mounted undar thn floor of thr+ rail-car, so 

that no useful space is occupied by the power unit. 

although weight pr bhp Qnd apace occupied nr not 

at the + mme importance ns for raid.- c r or rnainiino pi's l -

elnctric locomotives, even hero, the tendency is taw-,rd 

more cmpact units of hiJcr speech. 1 owever, consi dernble 

attention hAa bean paid to the projuction of tin engine which is 

robust and reliable. 
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onclus As nsntioned earlier the Diesel engine 

developmont has nearly reached its climax as a reciprocating 

type of power uuit t  and the only field in which the scope 

of i s application can be widened is its adaptation to a 

wide rr n e of fuols. Therefore, research on the develop-

ment of techniques for adaptation of cproeaioniçnition 

engines to a large variety of indi genous ,fuolo is of iproisl 

importance. 

RB ;_'C"3S; 11, 20, 27, 31-35 
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to ot©om turbino follouod tho roeiprooriting typo of 

itcuu cngi,no in ardor to moot tho increaoing domonds for 

poor, the rociprocatin t typo of intornal.--cumbuetion ongin., 

is oloo giving its plato to the gas turbin . Gas turbine 

por,000cos ohoroctoriotics oimilor 'to otoam turbino, that io, 

in tho low power ron,a,. its porformancc offioioncy is log but 

it moots roquiremonte of o tpocialiecd naturo. In construc-
tion, tho gee turbino unit dace not 4..atorielly d for from tho 

oto m turbinc unit. Both of them use highly onorgiood work 

in fluid- se stoorm pooaOs6intj a bigrh content of onor + in 
7 

produced in boilers by burning different kindo of furl, ,dos 
high hnving nAeontont of energy, is produced in conibuotorr burning 

difforont kinds of fuel. 	The only difference Is that the 

pr Qouro of otcom is raiood in boilers by compression under 

atntic conditions and that of gas in reed undor dynamic 

conditions. It in for this reason that much higher sner y conli-

tiono c:n be obtained in steam as ;orking fluid, In the enSo 
of goo, tho dyncmic ayotom uo0d for raising pressure, to a 

coaiprccuor. Prosouroo beyond 5 to 6 atmospheres cannot be 

nchiovod ti tbout boovy energy losses. hence this pressure Is 
taken co on optimum .imit, 	of course, another odv~intngo 

possessed by stoo . is its high opociiio host as comparod 
to air or goo, and for the oomo proaonro-to~.po., turo conditions, 

the amount of gag required to produce th some poor is nearly 



is i co tho amount of c3 tOam. 

Tho basic idoas about the goo turbine arc more then 

a century and a half old. I t ryas Hero (36) of Alexandria, v►ho 

first conceived the Idea of a rotary povior machine actuated 

by hot gases. But it tsaa John Barber (2, & 36) an 1'n.i&bnnn, 

tho first, attar4 tod to use some Dort of a gas turbine for 

developing po for in 1791, for vhich he obtained a patent. The 

fuel ho used for his turbine was gas obtained from coal, 

wood or oil. Ho introduced the idea of compressing air by 

moans of a compressor unit run through a chain drive from 

the turbine shaft. 	Barber' o vr.nturo woo rewarded by 

otoodyy increase in the number of gas turbine patonta taken 

by oth3r aspirants, but mono of thcso patents lad to the 

development of a comrzoref.al power unit because of the inrsUUi 

cif - 1..i. doci ;ns of the turbine and cortpreoeor x hich coneumod 

practically all the onoray derived from fuel. This failure of 

the earlier inventors of the gas turbine io attributable to 

lack of adequate knowledge of thermodynamics and aerodynamics, 

and oiforta in the 4ircction of developing gas turbine dropped. 

Dr. F. Stoizo (36) of Franco took, up the idea of develop-

1ng a gas turbine towards the end of the ninotooth century 

and was tho first to design a multistage axial-flow compressor 

directly coupled to a multistage reaction turbine. Teets made 

on this machine in 19004904, clearly showed the incfficioncy 

of the compressor unit throby indicating tho nood of a scientific 

approach to problems of aorodynomics. Attempts of others rho 
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folloted hth alco fr~ilod for they sac roocono. 

The uodarn era of gco turbines begins from 19130, a. 

iron Bovori vaz the first to dovolop an efficient axini 

floc comprcosor and turbine unit, and his valuablo oxporienco 

hcl?cd o U ra to docign auitablo gas turbinoa., t1aa first gna-

turbine potor plant for gonoration of electricity as built by 

flrown F.!ovori and cuccooafu .ly tasted in 1939. The plant c as 

inutollod in the city of Nouchatol, giving a not output of 

4,000 kx, at a thermal efficiency of 11 per cant. 1 roc n 

? ovori , 1so producod the first gas-turbine locomotiva which 

oo : ucccacfully run on the Sias 'cdoral Rniloaya, in 1941. 

in u. r., credit is given to Sir Fronk 7hittle for 

promoting the development of the a ot-propelled plan*. F!c 

developed on offioient gas-turbine unit using axial and 

contrifugr-1 comprat8ora for vhicb ho cab toin d a patent in 

1930. in Gormen.y, gao turbine %qao adapted to aircraft pro -

pul.oion by a young Gorman physicist, Pabst von Chain in the 

employ of .Irnost Hoixkol, and his turbojet aircraft (13o 176),. 

had a cuccoaeful flight in August$ 1939. 

it is from this point that the gas turbine began 

to nho? promise in a wide range of applications; for gonera- 

tion of povor, aircraft and merino propulsion and rail. 

traction. As power units of small sizoa hevo not yet 

found to be roliabla in oporation and sufficiently efficient.._, 

particularly under varying conditions of load... the u =e of 

Coo turbine in road traction is still in an oxporimental stage. 
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Fundamentally, the has turbine cycle is similar to that 

of the reciprocating intornal-cars ustion engine, the main 

events being: cor pro8eion, combustion and expansion. Thermo-

dynamic analysis of the gas turbine cycle is basically similar 

to that of the reciprocating internal-combustion anginv~. 

Allouancoa on theoret1cal efficiencies as determined by this 

analysis are necessary In order to take account of the devia-

tion of the actual compreeoion and expansion events from the 

ideal adiabatic conditions. Some of the hoot cycloc in common 

use arc briefly outlined in Table 4.1 

£VT ,4L LIBRARY UNIVERSITY OF EOQWE  
ROORKEE. 



TABLE 4.1 -- GAS T R IN1 CYCLES. 



Ex 

GAS TJJBI:3:• CYCLCS 

] CRIP tLCN 

r'irnploet form of gas-turbine power plenty consists 
of; 1) dor ,  proocor, to rail i t o proccuro of air to rbout 
5 of o phorc5; 2) Combustion chRmbor, to burn fuel and ruse 
the for orcturo of •comproaeod air under constant preeeuro cond1-
tions; 3) 'Turbine, to produce ork by expansion of gao-• 3i,r 
mixture. 	tm maximum practical officioncy of this cycle is 
approximately 20 per cant. Thin lov efficiency is gun to con-
aidorthlo amount, of host lost to oxbcurt. 

,his cycle c tfors from the ci s;lc open cycle, in 
that a heat exchanger is added to extract hoot frot tho ox-
#Must and pass it to the compressed air bnforo it enters the 
cochustor. The exhaust tomporturee are thu: reducea, thoro-
by increasing the practical of, i. icirncy to 27 per cent. 

In tbie cycle only bootnó air ilo o through the turbine 
and coic,bu£stor; and for this purpoeo hoot excbangcr3 are added 
to form a separate external loop. This cystom can be nppro-
pri tcly cnllod exhoust hontod + sxtcrnol-corrbuction open cycle. 
The officioncy of this cycle is some as that of the obovo one 
v i th hoot exchanger viz., 27 per cent. 

Thin is a = osito oyetom h,~►vin intorncl-.combustion 
open cycle on the turbine unit for power generation, and a 
close external-combustion air cycle on the turbine driving 
the compressors. 	This is also kno n as somi-clocod cycle* 
bocAusc of the turbine circuit boring clone end the other be-
ing open. AS the amount of air drown in end combustion gases 
oxhr.uctod is a fraction of a total amount of air used in the 
uyotenL, hoot looses to exhaust gases are roduced,incronsing 
th^ actual officioncy to 32 per cont- 

Tn the close cycle, the ,%orking gas rocirculetoc con-
tinuoucly, and combustion gases do not enter the circuit. 
The how output can be varied by changing the proonuro In 
the circuit. ,fir is ordinarily used se the corking gas, 
but it b!s boon eurjoetod toot helium Ord. ;ht give auf ficiently 
ii roved performance to juc tif,j its use. ';1 th a full load 
pro iuro of 700 pel t $ prcacurn inn. ratio of 101 1, and o 

tc zperaturo of 12u0 F at inlet to turbine, an offib-
civncj a high no 3i per cent cAn be ottinad. If the teniporc-
tUX'o E~~t inlet to turbine in incrcasod to 1300 F, efficiency 
it i.ucrocood to scout 37 per cent. 
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Cif cln Eofinamants . 

1. Intorcoolin$ is the coolingof comproEaod air between 

tvo or moro 8tago8 of compression, thus reducing the spe-

cific voiumo o± air 5clivorod to the lator atagoo of the 
1 

compressor, with a corroaponcling reduction in the work ro-

quirod for compression. Theoretically, the bosifit , of 

intorcooling increases ith the number of atagev, but in 

prectico tho number of Intorcoolers ic, ut unlly not gr ►nter 

than too. 

2. 110- 	ins This is cimilor to that used in steam 

turbines. Dividing the turbine intro high and low pressure 

sections and introducinj a second combustion ch.gr bcr to re-

boat the oxhoust goo from the high proacuro turbine before 

it enters tho lo vi pressure turbine , improves the thermal 

efficiency of the cycle.. But, at lot, pressure ratios, pro-

oouro looses counter-act the gain. flo-hooting also comp,li-

c toe the design of the lore pressure turbine. 

3. ►_ult lo shFlfj When the load is subject to vido and 

abrupt variations, operation is improved by driving the com-

proeoor pith ono turbine and the loadwith enothrr. A 

multiple hoft unit does not stall easily v~itb rapidly-

applicd loads, as the speed of the compressor and hoot In-

put to the cjcla can be sustained. 

Pablo 4.2 pr000ntc the factors that influence the 

choico of cycle for a gas-turbine poor plant. 



TABLE 4* 2 - FA TORS INFLUBNCWWG TB3 CI1OICC , O ` 

CYCLE FOR A GA TURBIiE POWER PLANT. 
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OF CYCLE "'O.t A GAS-TJ13I:c rO 2h PLANT 

As previously outlined tba use of azultipin ohafta 
may be considered. 

Those ofton limit the choice to a eis le, ralativsly 
inefficient cycle and aspnoially preclude extensive hat 
exchange apparatus. 

-"or abort operating periods (as for exanpin in 
stand-by duty) y  thr, aimplost cycle is usually the choice, 
b ccous , of its lover cspi Ul charges, 

or part load performance, cu1liple shaft denign -may 
be considex'ad. 

\boonco of a supply of cooling water in come land 
installations may prevent selection of compound cycles. 

Coal burning turbines have reached only the development 
stage. Residual patrol fuck have been widely used but with 
little success, ;here distillate fuels are used, the Diesel 
engine is a serious competitor bocausa of its hi. her f4fficiancy. 
!t is th r fuel cost, therefore, which is leadin,7 to thp,,  
development of th exhaust boated cycle and other deigns, 
that are especially adapted to the use of low grade oils and 
solid fuels. 



E 

Concluoiont 	As the Sao turbine aui fore fron thi 

bnnc i.cop of lot• presouro limitation of tbo compre000r unit, 

considvtcblo r000erch is nocousary to improve the cycin 

efficiency beforn it can bc, oaid to cor4ro in pertorr nco 

with the stoz m turbine peter unit.The latter is sc voncing 

further in the direction of higher oU.iicioncios by utilisation 

of gna turbiz v cyclnc to minimise latent Lannt loser's, uhicb, 

normally occur v itb tbn stnnderd condononte cycle. There is 

an othir di "oction In vjhich research can briar fruit nn this 

lies in the utilisation  of di f f eront typos a f tuelr . At 

proaent, gas turbines ueo liquid fuels, such as k onc~no, 

furn cc oil, etc., but the use of coal, which it thund in 

abundance, in lndi© and many otbor countriao should be good 

solution to the fuel problem in this typo of poor unit. 

Coal-burning an turbines bravo boon dovolopod, but not, 

concidorablo difficulh os are bcinc experienced on account 

of 1) fly acb entrapped in combustion gases in internel-

conbu tion turbines and, 2) boat exchanger lessee in oxtornal- 

combustion gas turbines. Indian coals which are grorally 

inferior in quality, will present a more 8orious oituation 

in this field of investigation. But it is of vital importance 

to dovolop cool burning gas turbinco for use in this country 

Co thet gate-turbino poor cann be advnntagneucly applied to 

contr<;l power stations end to the grids loc~+ted in roj io 

whore n lots grade pools are in abundance. in rail traction 

also, use of oil in n goo-turbine power unit is to be 
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deprecated, as indigenous resources of oil are meagre 

Anti large scale demands of fuel oil will make the country 

economically dependent on other countries. Research on 

coal burning gas turbines can be carried out in thn direction 

of the development of gas producers using coal, coke or 

otherwaste products aS fuel, or, on beet exchangers which 

can be successfully applied to exheuet heated cycins. 

R `fM- TIRNM: 2, 36-38, 
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A F.&C TURING ' CII ^U S S AND PLANNING TAG 

r,v have seen in the historical review presented in 

tbl earlier chapters, the important role which the internal-

combustion- Engine has played in the field of poser and Its 

varied applications. 	.nor r required for in.dustrtal pur- 

poses is not only obtained in the form of faleotnicity, but 

also eE direct shaft power. Not a small portion of total 

energy is utilised in the letter form in the electricity 

„grids. To-day, this is a national feature in every indus-

trielly cidvanood countr:Z e& and, even in noun Lries that 

are Progressing fast towards a high level of induetnialisAtion. 

!~teern turbine, of course, dominates, in tho field of 

large. capacity thermal stations connected to the grid system. 

".ut in the field of oomrnnro .ol and defence transport, pnrti-

culArly by road, sea and air, internal-oombuetion power (in-

eludirg gas turbine power) dominates and is not likely to lose 

its port tion until nuclear power on b 	rneseed to Attain 

the degree of flexibility in its epplicetiont necroonry for the 
above mentioned services. 

It is obvious that no country can odv•ince indu.- trinll,y 
if th( internal-co buetion engine is not ; ivon its right 

place in its industrial life. There is no doubt that high 
engineering standards both in regard to manufacturing 



techniques and processing of construction materiAl8 are 

required for developing an indigenous industry for prow-

duction of a vide range of internal'cotbur ti on power 

unite (from fractional horse power rating to IO,000- 

20,000 hp). This is very import rxt to met eotiefnctorily 

the re-uiremente of a veli developed nntionnl economy. 11 

may be added, that if labour to org. co3 on a large acme 

to manufacturo in.tornel-combue Lion plant, its copebilitine 

for prociuct .on of nnighly coniplicetod erirjntering equip .rnt 

are aerurod. The metallurgical reçuircrzvnto for the 

supply of high quality mct ale to kith- etnnd t,ccpernture ;nd 

prourc conditions cnd complex oyn£'mic forces obtaining  

in an intornal-combustion po%er unit are no different or of 

lesser standards than thoco required for other high quality 

engineering plant and equipment, 

It would be a good approach thor 'fore, to give con-

sidoreble i. urt. n.co to tta alanufactare of internal-

combustion onginos in this country in the planning of thn 

devolopmont of boavy induotries in the i=adinte future. 



CHAP T~lR 6 

r IN O S RV4TIOUS AND 

S~1GO1: TYONS FOR R3SE4RCR. 

Tho following are the important obcorvntiorm mado 

on the basis of tho detailed rvie of t dovolopm~nt 

of internal--combustion angina preaon d in the earlier 

ch ptora. 

1. Diesel ongino is replacing patrol engine 

from thoto oat to tho highest capacity required for a 

yr riot.y of applications bocauao of its higher performance 

Ofticiency and lorior fuel. costs. 

2. Diesel angina development has reached Its 

climax as a rQciprocating typo of power unit. However, 

the scope of itc application is being widened by its 

adaptation to a wide range of fuels. 

3. Diesel engLas is slowly being replaced by the 

as turbine in a variety of applications. 

4. The gas turbine suffers from the dictidvantago 

of low efficiency. This handicap is being overcome by the 

development of the exhaust boatod cycle and other designs 

that ore especially adapted to the use of to grade oils 

and solid tuols. 
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ru g rstions for Rosonrch• 

1. Roaorch on indigonouc fuels for Diesel engines 

ofl thO follo in, lines: 

a) Hydrogenation  of to obtained as a by-pro&uc&, 

of carbonisation process for manufacture of 

cok.o. 

b) Direct gasification of coal (inferior grade) 

and synthesis of gases. 

. Rooeerch on techniques for the adaptation of 

tiosol engine to solid fuels and industrial rvastoc. 

3. Rose arch on coal burning gas turbinco in the 

direction of the dovolopnrnt of gas producers using coal, 

coko, or other wasto product' as fuel. 

4. Research an heat oxehongors which can bo cucccac- 

fully applied to exhaust hoatod cycles for gas turbines. 

5. Rosoareb on improvement of manufacturing techniques 

and processing of conotzruction materials for developing an 

indigenous industry for production of a wide range of internal'- 

coithuotion po r units. 
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A 	1 I I- LUB I A' Qi CHART FOR DI 	'GI N: ss 

(practice of 3Lubricotion, by ThOLflLefl, CGr6w4Pi11 Book 

CO., Inc., New York, 1937) . 



RQ° S:?OR P. R 	GRAS a Or' OIL 	VISC3,1I'W 
G"YLI D R 	R Q , rid 3 D 	CITI POI3 ! T 50 

0 
Upto 50 	Diesel !ngino oil, 2c or 2 	8 

Above oO 	ricftol ' ngino oil, 3c or 3 	10 

x,11 ,zps. 	circulation oil, 3 	 10 
pto aO 	riee l rig ne Oil, ?o or 2 	8 
Abov G 	E•iaool '.n no oil, 3c or 3 	1C 

All .icc 	tiesel naino 0i1, 3 or 4 	10 	on 13 

IJpto i ool Ju 4ne Q 1, 3c or 3 10 
jbovc E0 Diesel :;n 	.ne Oil, 4c or 4 13 

'l1 si zoo ! erine ngin oil,1 :36 

All sizes Diesel Sngine Oil, 2 or 4 8 or 13 

~Ia---iY- --F-- w. --S S-S--- - Yip Y - rY 1M JYa aYr lM- --5----  

The utnbere 2, 3, 4 refer to viscosity 1 umber of the oils; 
the sdoition of letter c +per a that oil le compounded with 
i jxod oil, 



.OPENMX Ii - ' S .' AND DIiiSL TRACTION CH4i.►AC ~.RI TICS 

(D n9=moter car' report wlo. 49 (1954) Railway testing 

and reeearch centre, Lucknow, India.) 



ThAC' ON 	CT RI& T7: CS 

DT ESEL 

i, h (on account of the price of diesel locomotive being 
cbout . times that of the steam locomotive) . 

24 to s ' 

12 to 14 

8.3 to 0.6 

' cuipmtnt more complicated in component design i th tighter 
size nip mar tolerances. 

Pi h at^n1ard of skill re wired. L'aintenance char a nnerRlly° 
low in the f rat 5 years, but inc,' •sae, later,on Account of 
renewals and replace rents of Diesel engine units. P.0. to 

0.8 per engine mile. 

l iph. 	as time is required for inspection and repr~irE than 
with steam power. 

is 

2b0 

1.87 

1.. 2 



i ;S,'L 

Coz4 rrtiv&ly low except in cases of axle hung motors 
which cAuae heavy iwpnct on joints. 

iligh, duo to oil etorage especially in hot weAhor 

Goad 

i ogli blO; rioter is required on.ly for cooling tiny 
clo nirit, jurpocae. 

Cn? zE chnaic and one driver (main line). Onr driver (crow 
trol provided vi th dc an' s handle), for cub urb nn 
serve. ce. 

inicurn numbb r of tykes rewired i this type of 
po} Mr is Adaptable to riultipl' unit oper'. tion find 
to comr on designs for Moods ind pa 'ssc~nger services, etc. 

10 to 15 ' (approx) . 

Up to 10 for short periods. Limited by efficiency 
of cooling system and dynamic stress produced on motor 
ermo Lure. 
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