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IRTAODICTION

In an intornal-cocbustion ongino of to-dzy, wo ooo
tho fulfilment of tho crcativo offort of wan im its progroso
tovords modorn civilizotion which hos atisdaod o B4 3h lavol of
indnntrial ceonomy. I+ ¢an hardly be dontod thot the intor-
nul-corbuotion cnzing hao played a vory icportent »ole in ﬁba
harnoscing of onorgy to a varioty of opplicationo. ,?&§§4Eg:o
occoloraied tho dovolopment of industriol 1lifc wnd holprd thn
world to charc 1to benofits omongot notions, through vantly
isproved wovonentp of moa ond motorinl. Indecd, (ho intornal -
combugiion ongino hac had a chockercd corocr,vith o koen compo-
titor.;?khm'atoam onginos,. . during ito infoney ond a.lslogeonen.
Iﬁkhmd to otrugglo hord to ootablioh its suporiority ovor tho
atoam onginc and finolly pgoin 1¢o rishtful placo in tho fiold
of Wancport with a cubotontiol charo in othor fioldo of oppli-

cation,

Tho 1ifo hiotery of {ho intormal-combustion cngino
cagee on intorcoting otudy. It hoo taion noarly ¢eo contusias
to grin it full maturity ond only vory roceontly given birth
to tho goe turbino, which, ohowe promico of tokint ovor tho



CHAPIZR I

ORIGIN AND DEVELOPL.SHT OF
THE THTERNAL-COLBUGION ElUGIRE

/ Contrary to popular halibf, tho concoption of

tho intornol-combustion ongine ieg oldor than that of tho
steam ongino. Tho principlo of burning fucl inside an
engine cylinder dates back to tho oarly oxporimontcl po?iad
vwhon punpowdor was firet triod as fuol in a "“heast motor",
In fact, tho firet gunpouwdor onginc was dovolopod in its
primitivoe form by tho Dutch physicist Christian Kuyghons
(L-4)" in 1680. ©Dut, about this timo, tho powor of stoam
and its sinplor dﬂ#gg;gﬁof application bogan to draw tha
ottontion of sciontific mon, snd thoir offorts of uero,
naturally, divortod to tho dovelopmcont of gtcom engino.

In thig, tho spplicetion of.thc oxplogive proportics of
fuol was wolle-nipgh torgotten. It was not until the lost
yoars of tho cightoonth contury that, interosct vwaes agein
roucod in hkuyghens contrivance of a "hoeat motort'. An
applicntion of gos as fuol, bufnt inside the "wmotor!
¢ylindor, occupiod tho ationtion of sciontific mon onco
nzain. In tho initial otngos, ignition of tho coumprossed
pas inoido tho cylinder woc achioved by periodic opplication

of ea cxtoranl flamo, but, with tho invention of clcetric

¥ ror thoso and subsoguont citatione 800 Roferoncos
ot tho ond.



centiro £101d ot povor gonoration ranging f{rom emall port-ble
»0.0r unite for varioty of opplicrilons, to largo capreity
povor unitec tor lond, eir ond marins trancport, and for
gonoration of cloctricity. In thio leat applicntion, it may
ovon gain suporiority ovar the ctoam turbine, which rtands
unchallongod to-~day.

a attompt hae boon mado to trece this 1ife bhictory
éf tha intornol-combustion ongine in this discertation, nnd,
Rakn a closor viow of the irmportant foaturce which hnvo
dovclopcd in it courso. ‘fheoo have nddod to the scopo and
rangc ét tho activiticc covored by this povor unit in its
maturcd form.

Tharc aro throo iaportent apicodes vhieh doegrvo a
dotnilzd rovicu and the diasnoriction proeents thic r-viow
in the following plan:

1. lictory of tho intornal-combuction ongine and tho

~ dovolopuont ot“gpccific toaturae,

2. Iniornal-combustion ongino cpplicntions.

9. Tho pas turbino,

apology is made for msking a'briof mention of tho
pae turbine dovolopaonto. aAlthougph it hoc ontorod the fiold
of motive powor raccontly, it connot pp von full justice in
tbin'disonrtntion vithout moking 1} volﬁminougkgﬁguuithout
puohing th~ rocipreecting typo oi intornal-combustion cngzinn.,.

tho main thomo of tho dicscortotion:,. isto tho backpround.



tha publiehed materinl available in thio country
is not sufficiontly abundent to covor tho various nopects
minutcly, but it ic bopod that, tha life roviow of tho
intornal~-combustion engino proesonted in the disscriation
would torm tha baecis for on onlarpgoed roview vhich may bo
attcuptod at a lator etego. Attompt has, however, bocn
mpde in chopter 6, to high 1light tho important foaturos
of the dovelopment of tho intornal-combuction ongina;
and eloo indicato tho probloms colling for immodiato
aticntion for furthor improving tho vorsatility of this
typo of powor unit, both in rogeard to the vorioty of
fucle uhich may go to improvo 146 cconomice, nnd te=fur-
e the scope of 1t applicotions, which would go <o vwidon
tho fiolé of its uwsofulnoss., 2nd 1f tho diesartntion
holps in choving tho importancc of thceo problems to tho
cciontict, engineor and rosearch workar,‘it will havo

toll sorved its purpose,




| epork ignition, tho oo onging tochndquo progrossed et a very \
ropid rato bringing in 1tc trein tho spplicotion of light oilo

in pluco of gosncous fuols.  Thic markod tho boginning of potrel
engino as a motivo powor unit, Improvoments which followaed in

tho doviccs for voporising ond intimatoly mixing tho highly
volatilo light fucl oils with air (carburation), and in epork
ignition dovicas, etimulatod tho progross in the doaign of -

potrol engzino during tho period of noxt £ifty ycers. %ho nocd

for using choapor (snd sofor) hoavy fuol oile in tho type of

ongine thon dovolopod aleo raceivod ottontion, rcoulting in tho
introdaction of compraseion-ignition principlo for propor
opplicction of hoavy fuol oils, Tho typo of angino dovoleped

for hcavy fuol oila is now populsrly krown ae Plesol engino

boccuno of tho important contribution made by Dr. Rudolf Dicool (%-6)
in thio dircetion, although Horbert Ackroyde Stuert (3-6) is '
acelalcod as tho originator of thoe comprascion-ignition onrino,

1t smust bo notod that, in tho intornul ~combustion ongine field,
ino potrol ongine hnp campletcly'rovolutinnﬁsed the 1ode of road

travol ond has boon celoly responeiblo for tho edvent of acroplano,

on tho othor hand, tho Diosol ongino tonded to dovolop
calnly in 1t6 applicstion for goneration of olectricity in
ofntionary pouor plents and marine propulsion, offactivoly ro-
placin;; the reeiprocating typu of etconm ongino in the two fiolds,
Fupther, during recont yoars, tho high epoad Dicocl ongine hao )

boon succtesfully dovolopoa onploying cosprossion ratio ao }

high as ainctoeon, with tho rogult that tho pocition of petrol



enzinc in tho fiold of trancport ioc now bceecoming procarious
with tho Diosol cngine as iis koon compotitor. In foct, potrol
cnging ic novw boing hordly uood for road tronaport poucr unite
oxcooding 100 hp, ito placo boing completoly tokon up by the
Dicenl cnglne on account of tho lattor's highor porforunnco

officioney.

Tho rociprocating type of stoom enginoe hnpg choun
ito lird{ntiono and tho steam turbinc hae alroady tokeon over
from tho atoonm ongina for genorating povor boybnd a fow hundrod
boroo poucr, Gno turbine oporating on tho intornnl-combupntion
prineiplo ic dovoloping foot to follon tha soma trcndvrngarding)
Diaocl and potrol anginos.

An intorcsting account of the dGovolopmont ot tho
icternol~-combustion ongine is prosontod in a chronological

order in Toblos 1.1, 1.2 and 1,3.



TABLE 1.1 - HISTORY OF EXPLOSIVE POWBER
AND GAS ENGINES.



PO'IDER ~1ID OAS JNGINGS

ACHI VELSNTS

Concolvad of a devico for producing motive pouvor from
ganpowdor as tuol, but ho did not give it any practicol shapae.

Indopendontly dovolopod tho samo idea and actuslly built
8 crudo internal-corcbuntion ongino uring gunpovdor aos fuol
(™, 1, l}(see next
- pw"/
Sciontific mcn and invontors divortod tholr attontion to
thy alady of stoanm with the rosult that furthoer deovolopmont of
munpouder intornal-cozbustion ongine was chockod.

Toyod with the ideo of intornal-combustion gno turbinn
end constructed a crude model ucing gas darived from vwood, coal,
or 0il ug fucol,

applicd tho eotibliched recciprocating mechaniasm of nteam
cnpgine to intarnol~combuotion engine and introoucod flame-
igadtion arrongemont for goo drawn into tho onygino eylindor
dovalopoda the firet gue engine woriking model. (Fig. l.2)(&¢nm¢ﬁ7fJ

vjorked thooreétically on the poersibility of olcetric /
spark ignition for cooprogocd gas-oir mixture. kis idoas
vwora mich in advance of time as tho mnchines and tools ro-
quirod ior preecision uvork worc not then avoilabloe.

Tho boginning of tho ninotooenth century vwas marked by
the inwroduction of ncw machines and toolo which coneidorably
improvcd the dosipgn and manufocturo of stochm ongino and holpod
in tho sdoptation of now tochniquos to tho dovelopment of
intornul -corbuction engine.

2toam engine showed ite lizitntions as a powor unit for i
the rora vehicle; Rivoz ond Cecil (indepondontly) triod to davalop'
aheimp%oléntarna -corbuction ongino to roplzea tho utcam enmgine in
this fie~ld4.



TABLS 1.1 = HISTORY OF ZXPLOSIV i~

1 ! 1

PERIOD PERSOH SATIQUALITY PROF4GSION
OR 0F OR OR
Y EAR AGZNCY. COUNTRY. TRADE
1678 JeLHaute~ Franchman Seiantist
{fcullle

1680 Chriastian

Ppyeheneg Dutch Physicist.
1680~
17€C
1721 Jobhn "arber nglishman “ngincar-
ceientiet.
1794 Fabart Stroet niland snginoer

1799 £hilippe Lebon Frenchonn snginser

1800~
1820

18C7 ~ivaz
1£2C .Cecll ngliabnian “nirineer
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ACHI sVriHaNTS

Barnett aleso davelopead the 1idea of comprorssd rne-
air mixture (presumably indspendent of lLebon ), and grvo 1t
a proctical chape by introducing separate solr and zas pumps
in hia desiyn of "ges motort, nnd application nf flune for

ignition of the mixture with tbe platon at the Acad contre,
Unhoow €0 him, in his gos motor, he had well approached
tho «ctual working conditions of pas in a mndern g n
onganc. {(7ig. 1.3)(Sec next page)

s

any patonts ware tzken for commercinl applicrtions
in nlund and France but without proctical do i-ng boing
put into service. ,

Lorpowing 1deas from steam onging developments
ho prodaced a relisble internal-eowoustion engine. fie
inteoaucad spark ignition for gas-air mixture, at otmne- "
phorie precsure. The engine howaver showed signo of over-
haating and excessiva consumption of gas. (Fig. 1. 4)(See next

/Sa.ﬁe) .

“his defect wae partlally overcome by ..hugon
whn intiroduced a device for injecting o fine spray oi water
into tuo cylinder during explosion of ignited gases. "ut
there wae hardly any improvouent in efficiency due ta lack
oL couprassion 0f gus-air mixture at the tima of ignition.

te mada a theoretical study of tho exp-rinentnl engines
then availeble, and defined the four-stroke cycle, inﬂicafing e
the porcibilitios ot tho gos-nir mixIurd being compreeped in-
side tho ¢ylinder bafore the ocourrence of npnrk irmition.
Thin basic conception of cycle¢operations tnking place in the
internal combustion engine cylinder hae continued to stey till
+hie way with necessary improvcments



PERIOD PRERCON NATIOHALI TY FROF 3SSION
OR OR OR OR

YGAR. . AGENCY, COUNTRY. TRADE

1838 ©  Tilliam ingllshman Znginoear.

narnett

1838 ~

1860

1860 J.J.B.Lenoir Frenchman Zngineer

1€€2 L.Eugon Trance nineer

1862 ©Beau de Fraenchman Designer

Rochas
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Slide-valves of steam-engine pattern and sparking plugs were features of 2
“in 1860 by J. J. K. Lenoir.  Of hérizontal double-ucting design., it iy
combustion engine to work with reliability.

L2AS engine patented
thought o be the first intern.e
Delayed ignition. however, caused the piston to mon too slov




ACKI SV&ILHTS

It ic claimod that ho ovolvod the four-siroke
-¢y7clo indopondontly of Rochad and producod s satic-
~-factory dooign of gas ongino oliminating roughnoos £nd
noico in ito oporation. It is for thies rocoon that tho
four-stroko cyclo ia knoun a8 "Otto Cycla."

Following tho dovolopmont of tho Otto eyclo
vhich has the disadvantagc of ono working stroko in tun
rovolutions, Clark, davolopcd tho mochaniom for wo- :
atroke oporation giving onc vorking ostroko por rovolu-
tion, theroby, noorly doubling tho power of tho cnsdno,



OIL LGINES.

1C

ACHI EVELSENTS

puo to hirh coot of fuol goc ho was ho
firat to oxporimont with fuol oil in o four-stroko
gas ongine, Tho dovics ho dovaloped onablod air
undor prescure to brogk up thn jot of oil into » fino
oproay and produco thercby eir-pas mixturos rooccbling

ihg normal ga8 conditiono beforo cntry (e tha eylindor.

Tha cxporiment did not prove ¢ .rcat succons duc to !
orratic bahaviour of fucl-pir cixturoc ond low i,mi- |
tion temparoture of fucel oil.

Eoc dovolopod a cornbustor for buorning us
or oil and uscd the burning gnoos attaining high
preacurg and tomperaturce for working hie cngino
in o samo way as ttho otoam ongino, nn idoa which
hos in tho rocont past, boon introcuccd in tho geo
turbino., Strictly spcoking Brayton'c ongine was an
oxtcrnnl-combustion ongino uoing combuction gac a8 o
voriing agont. ‘

Ho worked on a novol idcoa of producing nir-
cfuol mix ure by utilieing tho hoot of oxhsust pgneos in
& pcgonorator unit. The arrangecmont providoed for

iho heating of tho rogoneorator cloments by the poaosafne
of oxhoust ganes through them during thn oxhaust
oiroko and utilisation of the hootod clomont to
ovaporato oil droppod thorecon. Olomena ingonuity in
thia navol approach gorminatod the 1dec of wacte

hgat rceovery which has, in lator yecars, boon woll
agpliod ts hcat roguircmonts for industrial applica=-
tions.



ACHI WVELINTS

Ko is known for improving tho mochonicel worka-
bility of onginos dovelepod on "0Otto cyclo” principlo
vith a viow to application of 1li.ht oilo as fuol, for
vwhich ho folloved the 1doa devolopod by Hocek. This
objoctivo was partly schiovod duo to crudo mochsniom
for carburation,

7ho honour of dovcoloplin o snticfsetory oil
ongino poco to Priostmen by virtuo of tho fact thnt
ho improved thg dovico for oil-eir mixturc by opraying
oil undor prossuro inte on oir jot, nnd carrying tho
mixtaro into a chambor hoanted by exhouot gesos. Thico
combustiblo mixturo so formdd wes usod in tho samh way
ec in o ges ongine. Fe dovolopod o small hondy povor
unit mpnocuvrable in tho fiolde for ogriculturnl vork,
mor tho dosign of the unit ond 1its ppplicoation ho uao
nwaiéod tho eilvor madal of tho noyonl fparicultural
‘ocioty.

Thoorotical studice hed closrly indicsatod tho
odvontagos of incrogaod comproseion proosuro in tho
rnging eyela, but attompts in this dirccilion did not
mroct with succoss duo to orratic ipnition conditiono
with normel carburiscd air (fual-sir mixture}. Lo vos
tho firct to dopart from tho thon axaleiing practice of
comproeoing carburised oir, by trying high comprosoion
with purc air in tho ongino cylindor, and introducing
a cuitablo machanion for injocting fucl-0il into tho
cylinder at tho ond of comproesion., ko did not how-
ovor succecd in rcaching tho roequirod comprassion
proceurcs to counc oolf-ignition of tho injoctod fuol-

0il, lLcnec his wark could bo conslidorcd a8 an dmporiont

stop in tho dovelopmcnt of the comproscion-irnition
ongina,.

11



ACHI IVTLIsHTS

Sinco the devolopment so fer, had not le¢d to solf-
igniting oporation in the oil ongine cyclo, all carlior
typoc of non-spork-ignition ongines roquired a starting
flono and in meny caces a cyclic flamo contact for ismi~
tion. with the work of Staurt ac tho basie, Diesnl
improvcd on the mcchanism of comproscion and fuol in-
Joction to achieve comprossion ignition conditions., Al =~
thou;h crodit for the comprasolon- ipnition enginc sooo
to Diesol, tho foundation work in this dircction can b
eafoly crcdited to Lteurt whoso namo chould indeed aavo
bocn linked with tho comprassion-i nition enilne populare
ly known a8 Diosoel onglne to-dny.

Dioscl had tho advantago of closo oaorocintion wich
manufacturing concerns, namoly [.A.d. end Krupp, ond this
onablcd him to develop diffirent typee of working woucls
culminating in the dovelopment of alr blast fuel injoction
syotor sa distincet from so0lid fuol injection cystem.

12
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PETROL ZNGINES.

AChI BV IUIZNTS.

Ilie contribution to the dovolopment of intornal-
¢ombustion ongino ie markod by two featuros:-

i) improved dosign of the dovica for producing fuol
vapour-alr mixture ¢sllod the carburaettor and

2) tho dosign of high-spcod motor vhich involvod
difficult balancing problems of rociprocating
compononte; thie led him to tho adoption o7
Voe type twin-cylindor engino unit for tho pur-
poto.  Attontion to thaso two foaturcs hao
been rosponsiblo for satisfactory docigm of
potrel enginoe. In fnct, in tho earlior motor
cars and launchos, potirol anginee vere lorscly
of tho vVao-twin-cylinder typo doveloped by
Laimler,

A contcmporoary of Daimler, who vwos rosponsible
£0- commarcisl davolopmont of the manufactura of four-
stroke poiwrol eongino ond for tho application of induc- |
tion coil systom, of spark ignition ac a ocubstitute for
magnoto ignition.

Originator of tho floet typo of coarburottor on
which proctically all tho dosigns of mpdorn carburoitors
aro based. (Figs 1.8) (See noxt page)

Improvod tho dosign of the high cpeoad motor
firet dovoloped by Daimler and schioved from it vork-
ing opoods upto 1300 rpm as sgainest the carlior Daimler
end 3onz ongino opeeds of €00-700 rpm, Thic 1incrcasod
tho horag-powar por unit woight of the engino and mado
it moro sultablo for the motor car.
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CEATTR 2

SPOCITIC FRATURSES AWD
FULTH ] PIVILODENNTS

Tables 1.1, 1.2 and 1.3 give a good hietoarical
gketen oi the earlier developments which establishad tha
internnl-combustion engine as an applisnce for procuction
of mechanicel energy directly from fuels. Its ineraasnd
applie-xion to different purposes led to the dovelopment
of cpreitic faatures which have been raecponsible for imnrov-
ing it rolisbility, operational efficioncy and pouver
welght rotio. These cpecific foeatures make on intororting

study snu they are presontad in this chapter.

v3.1 CATITU TION

The cuccass of the petrol engine has solely depanded
upon tho development of the well-known device knouwn as the
carbursttor. Thie device 1o intonded to diccharpe 4into the

- alr otress, the desired quantity of liquid fuel, stordze 1t,

and, prosuce g horogeneous air-fuel mixture.

\/ ihe iden of carburstion dates bock to ih- lattor
pari of the uincteanth century. Jlegfried [ arcus (i), in
1664, 1. reported to have uccd a carburettor for a patrol
engine dovelopnd by him which employad a revolving bruch to
spray th- fusl into the air induction pipe. Lowsver, it vae

not till 1&(3, that the carburattor took a proper shape,
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_211hnlm oybach (3) patentod o tloat-ford corburottor vhich
nas similar to tho modorn carburcottor bosod on tho fuol ot
cpray principlo. This carburottor which was thon usod on all
Paimlor ongines, is shouwn in Fig. 1.5, Petrol vwas fod
oither by proacurc or by gravity into a chambor contain~
ing a float. A tubo loading from tho chambor torminatod
into a jot locatod at a esulteble point in tho inlot pipe

of tho congino. Horg, tho air drown in during tho suction
o0t oko got mixed with o fino epray of potroel coming ocut of
tho jat, rosulting in o cowmbustible gas. The float in tho
chambor controlled a noodle valve repulnting tho admicoion
of potrol from the tank, thus maintaining tho levol of
potrol in tho chambsr at tho corrccet hoight,

Potrol onginos oporating undor varioble Gpooed and
lond conditions which obtein in aircraft propulsion and
lond transport coll for the following roquircomonts in the
design of tho carburcttor:
1, Easc of starting, particularly at low ambiont -
- tomporaturos.

2. Ability to givo full powor quickly aftor atart-
ing the engino.

3. Smooth oporetion at verying loads and spoods
with good fuol gconomy, oand absonco of racing
ot idling opoede.

4, riph torquoc at low spocde giving good gccoldration,

Sinco tho oporation of tho potrol ongino doponds pri-
marily on tho quality end quantity of tho fuol-air mixtura
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dolivered <o i¢o cylinders, tha cbovo rocquircmonto cen
bo summed up in ono statemont: A good carburattor musot
automaticolly produce tho dosired sir-fuol mixturs

over tho wholo ranga of epoods and loadao,

opr onginoo usood in roed tronsport or rireraft
propulsion, it i nccoosory to obtain full rango of pouvor
at any givon opood of trovol, Thoro is, howovor, nne

”-”‘:cconomic spood 1nliéﬁ rpm of tho ongino for cach pocition '

of tho throttlo.L.Thn nccoseary condition tor vnryxng

| }load roquircuonts at o given spood of travol ie soticfiod
by wiahe 0f a cuitoblo gearing ond tranemiccion cyotom.

(Y ﬁiccelernting.parioda gonerally occur in tho low cpeed rango,
-and hora, it ie nocoocary to dovelop povor by larger
opcning of}tho throtile ziving a richer mixturoc irraspoctive
of oconnmy.Lﬁdt noronl running epocds of travol, cconomy in
fucl is en importont ennsicoration, and, the sair-fuol
mixturo hee to be of n ratio conducive to this condition,
Tho carburottor hac thorofore to mecot tho rocuiromonts of

‘air-fhol raotio, o) for moximum oconomy at sustsined

iapaodm,and b) for maximum powor during sccoleration,
Pig. 2.1 prosonte valucs... oatablished oxperimontslly
with carburottors of modern dccign... of aivr-fuol ratios
in r¢lation to lond for the o spoacificed conditions of
operation, and plso indicatee limits of loan nnd rich
mixturce for the rocpoctive conditions which should not

bo oxcaodad in normsl practico.
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Froo tho gbovo data, it ig cloar that tho
docirod air-fuol mixturoc for maximum cconomy at sustninod
high opcods and loads ranging from 50 to 80 por cont /[ |
of that normally mot in opcration ie of tho ordor of 16.5,
and gbout 12 ‘0 12.5 for dovoloping €0 to 1CO por coﬂi i
during accoloration poriods, Tho carburottor should bo
capcble of msnipulating those raonges of air-fuol ratios

undor tho roquirod conditions of oporation.

A simple jot corburottor has tho chargctorictic
of inercesinz tho richnesc of tho charge (air-fuel mixture)
vith the ineroacod opcaing of tho throttloe. Ao for
dovcloping the roquired powor, largor throttlo oprning is
nacossary hoth ot high spcnds ond during acecnloranting
poriods, this carburcttor doas not moat the varying
roquiroments of air-fuol mixturo for tho twe  well dofincd
conditions of oporation. To achioevo thic, tho following
additional featurcs have Mcen incorporsted in tho carburcttor

now dovolopod:

l. An auxiliary air volve that sutomaticelly ad-
mits additionel sir et tho mixture flow incroasos (Tig.2.2)

2. A compeonsating jot that ollowe an incrcasing
1low of alr by disocharging lcan mixturce into tho iniong
pipo. (Fiz. 2.3) By proporly proportionins tho tvo
Jots, e mixtura vhich may rcomein constant, oiiéor bocom-
ddg lcaner, or richor with inerosceo in load, can bo

achiaved.

3. A tepcorod motoring pin (fhat roachos into the
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fuel nozzle) which is lifted or lowered, thus changing
the quantity of the fuel drawn intn the air charge.
(Fiz. 2.4).

4. A combination of & vnriable air pessszire and
o tapercd wetering pin, controlled by the nir vnlve

to give the desired mixture.

Jaling jot: Tha 1d8liny - and low~10ad iot

discharges the air-fuel mixture at the cdge of tha
throttle plate, Wig. 2.5, ©with the throttle closed,

the ucnifold depreseinn may riee to 20GC inches 9f water,
but the depression at the idling jet will be considerably
cmaller becrcuse of the admission of alr through the
idlin.; adjuctnont and beoruse 0f a certain airflow past
the cdge ot thy throttle plate. 1he desirable ialing
sir-fuel rotio is obtrined by edjusting the idlin: cerew
provided.

The manifold depreecion decrenecs ge the
throttle 15 op~ned until, st a wide-open throttle and
low speod, tho doprescion may drop to gbout 5 inches "
of woter or less, Ao tho deprescion dec-ea;;s tha
amount of fucl delivered by the idlinz jet gradually

dacroaczes to practicnlly zaro.
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accoloration: 'With o partisl throttlo oponine,
tha prossuro in thc inteko manifold is approciasbly ro-
ducod and tho fuol 1o voporizod quite roedily. At low
spoeds ot travel, when tho throttle is wide opon té
aceolorate tho aonging, tho heoavier fractions of patrol
will bogin to condenso and colleet on the walle of the
intako wenifold, forming o fucl film. "Thon thn wall
£ilm is built up, tho mixturo roturns to tho dooirablo
air-fuol ratio. ith o euddon accoloeration of tho
ongino tho mixture would bocoma co lcan that firing
" back in tho carburottor or failurc of tho mixturc to ignito’
would rosult, unloss oxtira fucl ie furnichcd for accoleora-«

tion.

The following davicoc to provido thioc cxtra

fuol imay bo usod:

1. A dampeod air valvo.

2. An accolerating well.

3. A discplacement pump oporated by tho throttle.
4. A displaccment pump oporeted by suction.

Choking:  Potrol consists of a number of
frections of which tho hoavior onos aro not casily vapo-
riscod whon tho ongino is cold. Therefora a vory rich
oir-fucl mixture vhich providoc & larger quontity of
tho vaporiesablo lighter fractions 18 roguired to start
tho ongine from cold pariicularly in c¢old woathor; this

is inducod by choking.
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A choka is an additional buttorfly valve located
in tho intoko bofore the venturi to throttlo the air supply
and also egimultenoously incroase the doprassion in tha vonturi,
both loading to sn increasod supply of fuol in tho mixtureo.
- Choking should bo limited to the minimum nocossary to warm up
. tho ongina. If continuod tho unvaporised hoavior fractions
of gasoline will wash off the luuricating oil from tho
cylindor wallo, and the contaminatod lubricsnt will then run
dovn to tho crankcase, causing quick datorioration of tho

lubricating proportios of the oil.

In modorn high poworod sutomobiles, & spring~loaded
choking dovico is oparated by a bimotellic thormostat of the
vacuum piston typo shown in Fig. 2.6, As soon a8 tho enginag
starts, tho manifeld vacuum csusce the vacaum piston 'p*! to
partially opon tho choko '¢'. Exhsust gosce heat tho thormosctat,
bimotallic spring end its caoing, which thon allow tho choke to
assumo a wido-opon position. Thue at starting, with tho ongino
cold tha choko comas into operation causing tha necascary air
throttling offect; with tho onglne warming up, the throttling
effoct vanishos complatoly.

Areraft-onpine carburottors:  Alrcraft ongines
operate at high sltitudos. Tho relation botweon tho atmosphoric

prossuro ‘p' (poia) and tho sltitude 'h* (foot) above tho soce-
loval ig oxprossod ao

h = 122.86 Tp log |, ( L‘%Z) (7)
vhoro Ty i6 tho abooluto mean temperaturc botween tho soa-

lovol and tho altitudo roforred in degroos Rankino,
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Aloo ® = ¢, - 0.003566 h, omnll t's Gonoting °F units.
(7)

Tho donolity of eir is dircctly proportionasl to ite
progours and invorsoly proportional to ite temparsturo. Tho
effoct of prossurc on air donoiyy 16, hovwovor, relativoly
groator thon that op the tomporaturo with the rosulg, that

tho eir bocomos lighter (loss donson) as tho altitudn ineroacocs.

Thua, in a naturally aspirated aircraft ongino,
thare iz g roduction in thh amount of air drauvn inte tho
cylindor as tho alrcraft riscs in eltitude. Spcocial provi-
eions havo thercfore to bo maedo to provont ths form~tion of
rich air-fuol mixturos in tho aircraff conginc at hipgh alti~
tudos, looding to waetazo of fuol.

Tho main considoration hore is, to edmit moro air
or loss fuol to tho induction oysicm of tho onginn, in order
t0 componoato for tho altitude offcet. Tho measuros usually

adoptod aro:

1. Provision of an suxiliary air valvo or port for

rogulating alr supply a6 ehown in Fig. 2.7.

2. Provision for varying the poelition of thy vonturi

rolativo to the jot for rogulating fuel supply as in Flg. 2.8.

3. Provicion of o fucl motoring orifico with a noodlo

volve for regulating fuol supply.

4, "rovicion of & by-pors valve botwoen tho air sgaco

of tho float chombor and tho venturd to roduco proseuro
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diffeorcntinl for flow of fuol through tho jot and rogulnto
thereby fuol cupply o6 shown in Fig.2.9

Tho first threo dovices can ba controlled mamuinlly .
if roquirod. Ulormally all the four docvicos aroe sot and ag-
Jjustod for sutomatic componsation gccording to alt¢itudo ro-

quircmonte of flight.

Ieco formantion; The eveporation of the fuel in

tho vonturi and intako menifold, is oftcctod by hoat taken
from the incoming air and containing walle of tho panangoes.
A8 a rasult, air is coolod below the dow point and tho wator
vapour in tho air froezos on tho throttle plate, choking the
oir flow through tho carburottor vwhich, ofton provos 4ic-

astrous,

Toste havo shouwun that this phonomonon of icao formo-

- tion is pronocuncod whon the temprrature in tho vonturi £011p
by about 8% @ holow the dow point vith thn atmospheric tormorg-
tha at about 32°F, end aleo with rich mixturce and hirhly |
volatilo fuels.

A romedy for this trouble has boon found in tho
proheating of tho oir or the introduction of olcohol into
the system vhich sboorbs ths wator vapour and lowors tho

froczing point of tho alcohol-watcr vopour tharoby inhibiting
the tondcney for ico formotion on tho throttle plote. ‘

Totrol injoction; uol injeetion eyetom vhich

haoc at.ainod porfaction in tho casc of Dioool angino hes beon
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adapted to petrol engine with some modification to ovearcome

the disadventage of ths carburettor of which, the moct serious
ones are ice formation on the throttle plate, and flont chamber
troubles arieing from aircraft nanosuvres. In the injection
syatem applied to the aircraft, potrol ies injectad in a finely
atomized state either into tho intoke menifold or diractly

into the cylinder. The real sdvantaoge rsinod lice in the
facility of control of the sir-fuel rotio to cuit a wide range
of operationsl and periformance recuirements. It is bocause

the :uel injection system ie a device of high precicion and
loses its rellablility 1f not satisfactorily meintained that

it has not come into extenaiﬁé applicetion,

REFERANCES Ty 3, 4, 7 - 10O.

- G W e SR AP A SES Gty T e L W W0 e S See Gre GID SN AR Gl AN U S T A SR 06 WA MIN SON IS WD e G B A GND WNG Gy v W SEk W D BER WDe SIS SR AN N Yo W IR G Wl

L

For thzse and subsequent citations see neferences at
tha end.,
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2.2 TUSL T&JSCTION (COLTRUCSION-IGUITIVE LUGILES)

In a Diesol ongino, tho fuol injoction synter in
of paramount importanco, as the oparntion and performsnca
of the powor unit is primorily controllced by it. Thio
oquipment roquires a high stondord of dceign and monufoac:uring
tochniquo to ensurc satisfactory functioning over long poriods
of sorvico. 7Tts adjuctmont ond tosting olso call for con-

sidorablo care and skill. (11)

Atomizetion and Ponotration: Atemization ief tho

breaking: up of matericl (s0lld or liquid) to a high dogroc
of fineness and the disparcion of tho fino particles inte
air or gohacus medium; in othor words, it ie the production
of n fine mist in tha air modium, rosulting in a combustible

gas of howogoncous composition,

In tha caoogo of comprascion-fignition onrine, <ho
problcm io to achiove perfoet atomization of tho ligquid funl
injoctod into ongine cylinders, c©o that, complo’o comdusiion
ie offectoed during tho combustion phase of the cyeclo, the
poriod or which is ncarly ¥££E_§° 1/5 of tho working stroko.
If tho stroam of injocted fuol oii conciste of fino particles

bay do not gain sufiiciont womonitum duo to air resistance at
tho 1hatant of injoction, to cuickly dieporso inio the combuotion
spaco over the piuton head. On tho othor hand, if it cnnristo
of largc droplots, E#Eg%agﬁ flow ic produccd dua to high peneo-
tration momcntum, but this hi;ééfc tho dieporsion of tha |
tuel partdclaos neceecary for intimnte mixing of fuol with ¥
oxygen.  In both casos, thore aro dolayod ignition and
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dotonation troubles., Thus, thorg is an optimpm_magnitq@a

of tho fueol particle ponotration momontum ralaiiQo to‘tha
rooietonce offerod by air. Dispersion or intormixing of
tho fuel with eir is the maeximum achicveble for this optimum

in practico, within tho momené?y poriocd of combustion phesc.

rig. 2.10 shows, dlagremmaticolly, tho oncontiel
compononte ©f a fuol injection syston for a multl-cylindor
ongino. The disgram 18 salf-axplanatory. In a multi-
cylinder gngine, tha fuol pump containz ac many plungors
a8 thoro sre ongino cylinoera, {.o., cach plunpeor olomont
dolivors fuel to thec injactor, or pair of injectors, on the

cylindor to which it is connactod.

Fig. 2.11 shows o typleal soctional arrangeomont

of fuel pump and injector. The pump plungor 'B' is thruct
upward, on ite declivory stroko, by a toppot arirsngoment which
is operatod by tho ongino camshaft. As tho plungor 'B!

wovos through 1ts etroka tho port 'A' is closady thorcaftor
tho fuol line, ss—for-—gs ;hc fuol injoetor, ic undor com-
prossion. cgnﬁinuaﬂ movomont of tho plunpor ineroocses thae
prossure in the cystem until a point is raachod whore the
nozzlc valvo lifts and injoction bogins, Tho pressuro in the

gystom, throughout tho injoction poriod, 1o dotormined by
tho eross~soctional aroe and opocd of movemsnt of tho fuel :
pump plungor and tho aggrogato croes-nectional arca of ths !

hoelos in tha nozzle.

To regulato tho amount of fuel donlivored to the

angino ecylinder, it i necossary to very the offrctivo stroko
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of tho pump plunger. Over tho yoars, various arrangements
hnvo beon triocd but the simplost arrangamant is that in

which the plungor stroke ie constant and fixod, oand verintion
of offec’ivo etroko is obteincd by a spill port cut in tho
plungor. This is dono by the ongino governor through o
medium of rogulating rod, rack ond pinion.

“hon the upward injection etroko is complatod,
tho e¢sm rocodos, port 'A' is uncovered, and tho pump plunger
is returnsd douvunuard to tho ond of its suction stroke by an

intornal coprins, and the cyclo starts pgein.

‘‘han tho pump plungor moves upward, comproosion
of tho fuol in tho line bogins, ond a prossuro wavo io pro-
pogated throughout the fuol column oz far as thn fual vnlva.
Tho speod of propogsation ie approximatoly thot of sound in
the containod fluid,

Tho proessuroc wevo travols along the fuel pipe
until i¢ roaches tho nozzlo, where it may or may not bo ro-
floetod; 1.0., tho fuol velvo may oOr may not open. Tho
affoct of the impulse will dapond upon tho rolation boetwoon
the fucl-valvo spring prescuro and tho magnitudo of the

impuloo. If rcsonont wovee aro 82t up in tho pipo-ling, ! ﬂé~

tho fuol vplvo moy bo lifted morc than onco. )

retuation of the plunger by a mechenical "punch?
ie tho moet satisfactory method for gonarating tho proscurc
vavo by which tho charge of tho fuel is carriod. v1ithout

tho proesuro wave tho systom 16 purely hydrsulic, and thn
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fu=l con:umption cen be appracisbly affected. The spaed
of the tucl aischerge tirough the stomiser holes may be ib/’
650 to 1,(CO fps. Tho fuel v.lve 1s set to opon at, '

auproximately, one-half ot ths injection proseure.

The size and cost of the alr compreasor, nlong
with the power recuired for operation (asbout 10 per cont y
of that ol the engline) has made air-injcctinn syatém oonolate, 4
The basie cystems of fuol-injoction in common uee ara 1)common
rril ayeciemyii) ,erk pump system, and i1ii) Gas comprescion

cyotom,

conclusion: The problen for the future would be |

to desi n the fuel-injection gystem to handle low srede oils,
This would c=211 for considerable fucl eprny resesrch and

experim@ntaﬁian.'

ROFCL AICET; 7, 9y 11 & 12,



2.3 COMBUSTION CHAMBERS.



TAPL™ 2.1 - COMBUFPTION CHA TS

TYPY O QOI'BIMTION CIAINMTR, YA, T 170.
1% typo vord in side- %
volvdy Cnorinen, 1914 2.12

Turbulcat hend uoed in
cldc.valvo cngines, 1919 2.13

mth 2ub typn uscd in
ovarheosd vrlve engines. i 2. 14

— . . S —— S G——
—-‘————.—.—.-_..‘—_————-—-——-—_-—
- - o o

* cor fl'jurer see next lwo pages.
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(F"" CPARK=-IMTITION TGIY™S)

FEATUNES

Advantageosus from manufacturing and maintenace
point of view. Ibweveor, exceroively prone to detonation,
and extromely omnsitive to ignition timing, b-cnusc, it
¢id not produce the required turbulence, This disadvantage
made 1t inferior to theo typo of combuotion chomber developed

for overheed valve ongines with the nocesacry turbulence
effect,

The above defact was overcome by bringinz (1) that
portion of the hend vhich lay over the farther sid» of the
platon into as cloer a contact as possible with the piston
croun, thuc reducing the offective lenzth of flamo poth and,
2) by positioning tho main body of the comburtion chambor
over tha volveo, leaving a nlihtly restricted pasange-way
communicating with the cylinder, thua crasting adsitional
turbulcenee apd  opecding up the second otnge of combuntion,

Simple and mechanicanlly convenient commromiss with
good all-round performance; other advantaes arae:

1) high volumstric efficiency b -couse of large inlet
valve or valves,

2) schort flome path, ond

3) additio-al turbulernes (aquish) provided by tha
flenks of he oval which overhan: the cylinder bore,

RIPCRHICTS: 7, 9, & 13,
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{ POTY QYRR BAIATLIONITION  YIGINTS)

FTATURTS

“c choxn in the figures, ouction svirl (cyclnnic
effret of »1ir adnittod into the ceylinder) 1o obtained as
a) by macking one side of thoe inlct valve aop that air is
aaultt-d iIn »n derircd dircetion around 2 part of th-
perinh ry nl the valve, b) by aloping the oidea of the
1712t nort in the desired ércction, and c¢) by cacting
8 1lin sver ane gide of the inl-t volve, The mnaking of
the inl-t v-1lve i8 tho morp common m~thod, ag it normits
the f1indin: of tho best tangontiol drection by turning
the v+:1lve abnut itn centre linec,

*tonoontial orrangsoment of thr scavenge ports
crasten a strong air swirl in the exhaunt gases ang this
nwirl 1s tranemitted t2 2h- frrgh air suck~d in cimultr-
nzoualy,

" ante chamber cormunicates with ths cylinder
space throuzh nn orifice tengsentinlly dieposed to the
cylinder, muring compression strke ailr cntere tho
ente chamber vith a8 cyclonic flow which continues after
conprecgion is completed; ond this cyclonic flow 1o
completrly dicturbed by injcction of fuel, producing
the rogui-ed turbulence and instantaneous combuntion,
PMoure shown tho diffrorent variotions, a) A compact onta
chambOr cuitablo for high speeds and high outputs, b) Comect
doudl~ evirl combuction chamber, ¢) Snmo ag (&) bit with
large pasceage to anto chomber -hich gote throttlcd as tho
pleton anproaches the cnd of the etroke theroby intenai.
Tying the avirl affect which sustaine durin;: the fuol
injcetion nordod resulting in vigorous turbulence and
instantan-our combuation,

"he thinning of tho clearnnecen of the circunm-
ference of the cnvity, with the pinton approsching the
dead-contro, couses a violent radinl flow of air oo 4t
ig bein. oqucezed and induces Lraester turbulence in the
air mnon contained in tho envity., This squioh effoct has
the advontage of boing well tuned with the injoaction of
fuel to produce inetantanoous or explosive combuation,
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w '::g :..:;(ﬁ\) MAN antechamber engine with very high turbulence. !
‘ti 9 2170)  Waukesha Comet Diesel engine with highly turbulent. antechamber and
[;pl;ss;?;ske? g:;:zn he:ri. fCleagan;:)e volume in cylinder equals swirl-chamber volume?

/o B, y opment of a Combustion Ch v for Medi oh-speed Diesit
Ergines, AT Jour. 57, 59 oy, ooy e Jor Aediun wud Hgkee
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CATURTS,

T™ho proccombustion chamber 10 o samall nir pocket
on 0 0id of tho cylinor communicating with the main cylindor
annec throuzh o narrow orifica.  with tho commrcooion of
the oir charge, air £111s this pocket at thoe compreacion
proccuro atteincd in the moin cylinder, snd, -ith furl
injcetlon inte this poclkot, pertial combuntion firat toakes
place in the air pocket, Thie causces en instantoncous
blow of tho partinlly burnt oo into ths nmoin combuation

chnbrr cheord, with the turbulcneo produced by the blow,
inotontnn-oun combuntion oceura.

Th~ Lonava couburtion chambcr hao two air chombors,
ol in injected oeroag the main chembep, com- cntering
ond i, nitin, in the firot ousdliary chrmber. This roisce
the preecure in the ouxdliory chembero, ond tha burnis:
md:urs ic dlocharyed into tho main chambor vhich 40 do-
oignad th nmduce n doubln owirl, The uoe of o auxdliney
chonbors and o storting valve that can shut off the =ain
alr chomber makes poscible a higher comproecsion ratio for
ooy gterting,

Mr-cell combustion chambora arc dooimed to nrduce
arooth combustion proecsses with Qm low moximum nre sourea,
The result 1s somn logs of cfficirney, oincr the omothnerag
1o uveually accommlinhed by hoving mors than the optlaua
ama?nz of combustion during tho cxpancion otroka of tho
cngine,

NRTREICW: 7y 9, 12-14,
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0,4 CCAVIRCING (T/0~ STROZT ZUGILITEG)

Thn proccss of ceptying tho cylindor of an intornnl -
coubustion ongino of ite oxhount gosos 1o gonerally roforrod

to o8 "Scavening”. Thie applics epoeially %o n two-gtroka

I

ongine vhore oxhausting of geses gecurs Over o vory short

‘poriod of tho cyclo ond is closoly foilowod by tha £illing of
tho cylindor with tho oir or gas charge. Ao propcr scavonging
ie o difticult proposition vith o {wo-stroko onzing, it noods

thorough oxamination,

Tho scavonging of the oxhoust vould bo complotely
offectod in a four-strokc onalne glth coparato oxhmust nnd
nucﬁion strokos. “Mth o two-ctroks ongine, howovar, both ox-
hsust and inlot occur towords tho ond of the otroko, anﬂ,“for
a pordod the oxhoust and inlot valves romoin cimaltsncously opon,
Tn g naturally agpirotod two-strnka cnpino, oxhauog r~loaco
ic cufficiontly advenceod 8o o L0 coufn o Blow of the burnt
facoes through thﬁ cxheust volvao lnstnntancously pro-ucing
olight vacuum in tho ceylinder whon tho inlot valve opena, ~nd
frcoly admits air or gee. In a supor charged two-stroko
angino thz oxhouet ¢on bo mado o occur vary moorly at tho
n ond of tho otroke and the burnt gases aro actuslly blovn
out by th2 oir ontoring the cylindar. Horo, tho burdon of
scavonging roets on the inlot chargo.

Trom tho above, it is clear thnt in a two-stroko
poirol enzino oome of the combustiblo mixturc vhich sorves
a0 a scavonging medium vill naturelly oecapé throuzh the

oxhauot portc elong with th burnt gasos, incrossing thoroby

i
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tho spocific fucl concumption of tho ongine, This ie a posi-
tive disadvantogo in tho caso of large eizo povor units, Tho
-pocition is, howovor, difforent in tho coso of two-otroko
Dicsol ongino, as air oscapos vith tho burnt gosos through tho
-oxhauct ports, and thic is8 of no matorial disndvantoge. It
is for this rcescon that tho two-stroko cyclo hac boon moro
oxtonelvoly uced in large sizo Dioscl ongincs than in p-trol
ongincs, | |

Propor combuation and in turn tho powor output of a
two-ctiroks ongine would in no emall moasuro bo pgovernod by the
offoctivonose of secavonging, 1.c., upon the purity ot tbo air-
fuol mixturo or oir insido the ¢ylindor, boforo tho commoncomont
of tho comprocsion stroko. Thue s mojor problrm in th- desipn
of a two-stroke onging 15 v oncuroc complate scnvonging by adopt-

ing simple mogne, with littlo or no fucl loss,

So far throo systcms of scavonging havo bnng dovolopnd
and commonly epplicd to two-otroko onginee viz.,
a) Crose- gscavonging
b) Loop scevenging
¢) Uniflow scavenging,

Tablo 2.3 givas o briof desceription of thaso types of

scavonging.



TABLE 2.3 « SCAVEKGIRG SYSTEMS OF TWO-STROKE
ERGINES.



OF T0=C1ThO7 + ZUGIGa0

DESCKIPTION

probebly, the most common, particularly in potrol
engines. There ie usually a defloctor~head type of piston,
which helps to avoid short-circuiting by directing the air
flow upwards; cross~scavenging 18 found to ba vory affective
and recults in a lower mep, But ite simplicity and low
coet arc often useful factors in the deeign of low cnpacity
power unito. , ‘

‘rovidec a longer path for thn scaveng~ charge, and
various desipgns have been successfully developed. A ecavenge
afficicncy of 80 per cent 18 now claimed. The arr -ngemente
describad in tha above fizuree arae inflicative of a simple
cylinder construction with a cylinder head of a cuit-ble shapa ¢
w susiain high thermel etresses without damage., Turther, mep's
of €0 to 85 psl have been achicvsd in engine eylindars ucing
the syctem cince 1943,

In this arrangement, the exhoust peees and the {nlet
cherge flow in the sams direction thus minimdsing the mixing
(turbulonce) of the inlet chargo with exhsuet geses. The
fi,ures shown describe three esyctems of uniflow scavenzing.
Jecauec of a larger crose-soctional area for flow, both ad-
micsion end exhaust are free ensurin; ;0od breathin: characteri-
stica. Turthcr, the loss of fucl in the cose of petrol
enginec {s well avoided in tho uniflow system. Howover, thie
system noccseitetes the provision of independent valves in a
two-utroko engine complicating thargby ths design with roper-
cussion on costs. The consoquential incrasce of the
specific output orf tho angine offsets the above dicadvantage.
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develop inside the engine cylinder while the exhaust geses
are s8till in motion in the esceps from cylinder sprce; and
the occupancy of ths cylinder spaco with a fresh charpa e
couplete before tho escepe motion of the exhaust gases re-
duces to zaerp, producing e r@turn£{:<§;utroy the depreacion,
Thic 1o exactly what scems to be understood by proper timing
beatween tho inetent of deprescion in tho cylinder and ad-

mission of charge,

Dasign developmonts on the basis of this conception
would call for a) good deal of exporinantation to ctudy the
pressure characterictice 1n8ido the c¢ylinder durinz ths
exhoust gnd admission phases undar varying conditions of
loads and spseods, and proportions of adnission and exhaust
paseapes, and b) deteiled analyeis of prescure wave phenomena
connectad'with gas flow conditions obtaining in the internal-
combustion engine. This i8 a fruitful field for research

in future.

RETIREHCS + 7, 11 & 13,
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Ludonacy Scavensing; The nams of Kadenncy (11)
hac beon identifind vith somo original work on two-stroko
ongine scavenging. A8 stntod by Profescor L.J. Davico,
Fadonacy claims; "Imucdistoly on opening rapidly tho
axhaust portc of on ongino during the oxpancion stroke,
thoro 1e vwithin tho first interval of time of a fow
thousandc of o socond, an urgo or impulse in the gasce vl th-
in the cylindor, to oscaopo vory repidly from tho eylindor
loaving boahind them a2 dnpression, By ruitrblo tWUmin~ of
tha admiscion velvo or port tho now chorge 18 arrongnd to
ontor tho cylindor bahind tho raotreating ges. Thaco actions
are found to occur with cultsble port -ooign and timing;
no scavoniing pumpo, inlot pipos or exhaust pipos aro

nceecosary to cnnble cuch on onglne to run and deliver power,”

His furthor cloim in support of his obeorvetion of
thu seovenging oporation ic, that tho burnt getes vere dis-
chzrged from the cylindor "as g2 moos, in oen intervel of time
chortor than that roouircd for tho burnt gasco to oxpand

down to tho embicent presoura by adisbaiic flow,"

It would appoar from tho sbova silatements thnt tho
exhuuct from tha intornalécumbatian.angina cylindor har an
oxplorive charactor which oncblos vacuum conditions tn ariso
for cxtrcncly short duration in the first blart to ntmosnhare,
Tnis doce ocungost that ths right time for admission of oir

or air-fucl mixture ic vwhon tho deprecscion (vacuum) bo~ine to
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develop inside the engine cylinder while the exhaust gases
are still in motion in the escepo from cylinder spoca; and
the occupancy of ths cylinder spaco with a fresh charpa is
compleote baefore thn escspe motion of the exhauet gascs re-
duces to zaero, producing o raturn*to deotroy the daprescion,
This 15 exactly what scems to be understood by proper timing
between the instant of deproseion in tho cylinder and ad-

mission of charge.

Dosign developmonte on tho baeic of this conception
would cail for a) good deal of experimnntation to study the
pressure characteristics 1asi1do the cylinder during the
exhoust cnd admission phases under varying conditions of
loads and speads, ané proportiona of admission and exheuet
passayes, and b) detasiled analyeis of prescure wave phenomens
connceted with gas flow conditions obtaining in the internal-
combus tion engina. This 1e a frultful field for research

in future,

REFIRGWCS @+ 7, 1l & 13,
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2.5 .J? RCHARGIN
The hast of charge paer stroxr~ in tho cylinder of

an ~ngine is givan by

- 1
}"n-\?.zﬁg L'i.nt

“hare k 13 the hcat of chargs, W~ EVF“ l

n, ie the volunoiric officioncy,

-y

T 46 the dismotar of the cylinder , )(;;:'
L 16 the length of the cylinder, = .- ‘g,{
itg 16 the opecific voluma of %%f o&“‘J
A 18 tho air-fucl ratio, © R
and C 18 tho calorific vulwo of thf fual. {2 ’%Ui
werefore for an ongine of given proportione, a
Fivin quqlity of fuel and any specifird aim~fuﬂ1 mi xturs,

tk» above equation msy ba revwritton os

¥ =K (gv ) where ¥ is a conctant,

S8 the poweraoutput of an engine dopsnds upen tho
he .t of chiarge, inereasing the velue of ny /Va w111l increase
thz Ii2 deveclopods. Thio 16 obtainsd by feeding tho cylinder
with oir of grcater density (higher pressure) which improvas
itc voluactric efficicney nv end raduces the spocific volume
Vge .it. proceas involved in this, 1e rightfully knocrn ae
"euperchorging”, in contraet to naturnsl espirestion vhich
lattcr ic the norasal case vhen an air ic drown in  Simnetly
from {3 otmozphere durin; a suction stroka of the -n,-ine.
a Juperchnrzing 1 aleo known ae "boosting" bocauce of 1te

“honatin.c effect on the power -eveloped.
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\/;The iden 0i superchurging dates back to 185 (15)
w en it waz first applied to gas engines, but 1ts attractive-
ness wag lost duw to inherent difticulties then presented.
About the osddule of the firet world war (1916), however, the
aero-cnsine forced its aepplication on account of the need(gﬂﬁf'
malntainin,; poser at high altitudes, an? due t? ?QF cmerancy
intencive 2ftorts could bg dirgeted to devclop the ncececary %
devices fops cupercharging irrospoctive of cost, 11ith this
achiav::~nt, progress towerds commercial spplic-tion of the /uf17,
davice b*cam@ poesible ond during the lost forty yaarn cuper-
chargw“ nav‘ vesn increasingly spplied to land and marine powsp

b

uni ts,

"rloafly epecking, suprrehsrging has been applicd to

internsl cumbustion onginec to achiove the follouving ndventis.-os:

1. »% i h sltiwdes the eir io rarefied, This hae
adversa effect on thy power out-put of an uilr-craft
taine or in stationary ongine instealled in a mruntain-

ous rcgion. Supercharging overcomes this cfioet, .

2. o roduce the bulk and weight of the enginc por horee-~
powar dsveloped by supplying ample quantity of air
»or onglng stroke ond maintaining the recuired air

supply at bigh onging speods,

‘vidently tho two advantapges of sup-rcharging wera
nprlicinble not only to tho new designe but also to the older

enginee in erder to increase thoir pouer rating upto a licit
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Leyond vhich oporation troublos vould arisa.

:upcrcharginé has onablod cuccossful dovelopmont
of high-opcod on ines roducing tho cpocific woight of tho
onzino froo 2.5 1b. pcr bhp in 1816 to 1 1b. por bhp to-dny, v
in the airernft fiold.

—————————..,

“1though tho power output tonds to incrosse with
a @eoter quantity of nir inhalod por cycle, tho following
- poinis nacd conniderntion whon suporcharging is appliad to

opark-ignition onginoc. (13)

1. Tho in:rcaced cencity of oir snd ite convcruontial
incroaved tnmporoturo (the latior depanding upon th. dogree
of inilaorcoolin) tond 1o opc2d up the cosburtion procoec by
regucind thr delay poriod cnd  accolerating tho rat~ of spoad
of tha flame, The effoct 1¢ oinmilnr to that prouuced by
annthor factor known es turbulcnes., Since, in mort modorn
hiph-duty petrol ongines, the degres of turbulonen is ael-
rondy adoguato for orticiont combuction, suporcharsing vould
overdo tho turbulrnco offact, rondering the congins more
sancitivo to air-fuel mixture, thoroby limitin: the raongo
of th» cdixtaro rotio over vhich tho cngine msy produca powor
at o bih officicncy. For best rosults, the derrco of tur-
bul-ne2 in a superchergod ocngine chould ba lover than in airm

a naturally acpiratod onginoo,

2. The furtber offcet of incerossed density snd
towperature reoulting by supercharging 48, tho tendoncy
for dotonation and pro~-ignition which restricts tha deogroe

of cup rcharge for eantisfoctory oparotion of a potrol congina,
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Hora, fucl characterictics play on importent part os ignition
of somo fuols is morc oscnsitivo to tomporaturo and others more
sonsitivo to pressurc;  oven tho fuol rated for the acnme nctano
numbor would scom to rospond difforontly to a givon dogreo of

\

suporchar;o,
(.
3. It hao beon oxpcrimentally osteblishod that 1f the
hoat of chargo 1o doubled by increasing tho suporchargod in-
tako of pir to approximately two atmosphores, the lossos to
tho cooling modium is incroased pnly by about 70 por cont.
Although roducod cooling losscs havo an advantage in that
tho thormal officicncy ie incroasod, tho componcnts vithin !

ond noar tho combustion space tond t6 bocoms over-boated

)

offocting raliebility of oporation end meintonanca, snd in- - \\
croaeing tho tondoncy of dotonation. Tha thormal officioncy )
is &po improved by virtuo of rigorous turbulence resulting
from incrcase of high pressuro air with superchsrging in
cnginos whoro combustion chambers are spacially dosigned for
this purposc, and fuol is proporly treoatod to inhibit tho
tondency fbr dotonation. For the above rossons, the degroo
of cuparcharging is limitod; the incrosse in the powor rating
with satisfactory cooling systom doos not oxcroed 40 ¢o 50 por
cont. It may bo pointod out that en intorcooling syntom
oither in tho form of a hoat oxchanger or water-injection
hao beon addod o tho normal cooling systom to satisfoctorily
control tompbraturo conditions ineide tha angino cylindera

and inhibit th: tondency for dotonation oo as to achiovo such



hi h power ratings. lormally superchsrging is provided for

increcsing the powar rating upto 20 per cent,

4., Cupercharging, effecte an improvement in ecavenging
of exhaust, g8 air admission pressuro is sufficiently high to

drive out the residual exhaust gnoses from the engine cylinders,

3. The addition of a supercharger to thr syctem, in- -
creases the frictionsl losses, but, due to considersblg in-
crease in power, the ovorall machanical efficiency of the

engine showe inprovcment.

So fer as spark-ignition cngines are concerned,
supercherging has been appliad to large capacity aircraft
engines, and tho centrifugal or axial flow type of ﬂuper~'
charger hae been found to give sstisfaoctory service in .

there engines.

In tho case of comprecsion~-ignition (C.I.)
enginos, iho conditions for dotonpotion and pre-ignition
bacoma leoes .ronounced with supercharging. Ixperimants in4di-
cote that,grestor the density of air, shorter is tho delay
peried and in consequenco smoothor and more complete ie ; ,/
the combustion. This 1s in contrast to the conditions |

obtainoed in spark-i nition engines.

__ Anothor adventago- is that with the incresse in the

\
prasence of the inteke air, propensity of the fuel to Giecsl

"

knock (cetane number) is reduced due to suppraesion of vola-

/ .
tility. This encliyles fuels of a widor ronge of cetane numbers

¢
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being ueed in a cuparcharged onpgino. Thic odvantagr 15 of a
meximum degreo when the suporcharged precoure 1s stoadily
maintained over tho full rango of oporation rcelating to
loado ond spoeds,

4ith a suporchargod cpark-ignition ongine, it may
bocoms ncceosary %o roduco tho comprassion rstio in ordor
thot maximum ppessures devoloped ag a ros8ult of combustion,
practically at conctant volumo, may not oxcnod the dosign
1ici ts, Thio condition hardly appliocs to a cupcrcherged
CoT. onigine, op conmbuotion taokos plsce practically at con-
atant prceocure duriag e part of tho working . trokc snd tho
maxicum prossuro devolopod show.less varistion with incroased
pressuro of tho inloke odr.  Thie cnabloo higher dogroo of
suporcharging boing applisd to C.I. engine with tho roculting
ndvantago ot higher power rating ond therefore e higher
mochanical cofficicney as compared to a nu?erchergeé speric-
ignition engine, in opito of tho highor frictional lo:tsos

of the  hoavier C.I. engine mochbenicm,

Lovwovor, docign conzidor tinne hava impoecd s limit
on suporcharging vhich io doterminad by tho maximum cylinder
precosuras of cbout 1200 psi achigvnablo with tho inteke air
procsurc of aobout 30 pei (2 atmosphoree) and a comprension
ratio of the ordor of 16:1, giving a fingl comproseion proessure
of about <00 psi., Apeinset thic, a nﬁiurally acpirated cngine
cen bc decignod for o comproesion ratio of 1€:11 with tho fipal

-
comproction prassure attaining a velus of only about 280 psi.



Thoco doedipn limltntions aro intonded to ovoid: (1) oxcocoive
ccuffing of the piston and hoavy liner woar, (2) Overloading
of tho bearings, oand, (3) loskage of the cylindor jrints, due
to opringing of tho cylinder~head bolts. "dth those limita-
tions, incroaso in povor rating of gbout 40 to 50 por cont
1o obtained in g supercherged C,Y. Engino with a more ofgd-!
cient cobling eystom than ie neceseary for a suporchargod
spork-ignition potrol congine, vhere tho maxirum popfiiscible
incroaco in rating is about 10 to 15 por cont. L//

Concluoion; From tho nbove ebsorvations ralcting
to tho application of suporcharging to spark-and C.I. ongines
(potroel and Diceol), it would be cleoar that tho main purpeso
of cupcercharging in potrol sngines would be to svold loes
of powor duo to intako of rorefioed air at high altitudon... o
vory lamportent considaration for an aireraft cngino...
whoreas, in tho cesoc of C.I. enginas, the main purpece of
ouporcharging would be to onhance the reting of tho powor

unit, thoroby, roducing its spocific woight.

Thero arda special cocoe of spark-ignition enginos
being cuperchargod for increescd power output, but in cuch
ceces fuols of octeno mumbor (performonco numbor) highor than
100 con alono be saoticfactorily used sport from th~ neaed

for o morc offcetive cooling srrangomant.

y 3 (S0e noxt page for results
RUFLURBHCES: 7, 13, & 195, ebtained from supercharging)
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2.6 LUA..ICATION

Tt is vorth noting that cortain advantagos of
lubricntion havo boon knouvun from the vory oOarly timos
vhon animal and vogotable oils wore freoly uscd to oli-
minatc oquoaking sounds producod by eurfacos in rubbing
contact. Although idoec about friction as wd know thom -
todsy, woro litilo undaratood then, thoro was sufficiont
oxporicaco with tho usg of oily liquids to minimdso voar and
he~ting on eurfacos vigorously rubbing againot ocach othor,
In modaorn torminolosy, oils usod for such purposes aro
callcd! lubsicanto.{ Ao sald slroady, corly lubricante
wore cnlmsl and vogdtablo oils end cekos which wore roadily
nveileble end uoro oble to maot tho lubrication requiro-
mente ofi pricitive machinery, Tho modorn mochanisms and
poucr units covar a wido range of boaring proesures and
opoods, onvironmental and tomporaturc conditions, and do-
mand hignly rofinnod lubricants of grost sdaptability <o
moct tooso conditions., dnoral oile have come into the
fiocld nsnd ofton thoso ere apocially procossad and blandod
vith organice compounde to fulfil tho nooeds of a vide
varioty of industrial ocquipmont,

It can bo woll aald thet it 18 the davelopunnt of
thy seicneo ot lubrication compriocing cdvineod knowlodgo
in 4hs f{i10ld of phyciec, chomlsiry and fluld dynamice, and
the sciontific oxploitotion ot tho mineral end orgenic ro-
courcee of oils that hovo contributed matorislly to tha

advrncooont of tho intornal-combustion~ongino and to
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theversatility of its applicition. It would be worthwhile
to deel bricfly with the fundesmentals of lubricntion bafore
approaching the problem of the lubrication of internnl-com=-

bustion angines.

Lubricating oils have atw.ained a spocial signitficonce,
tho full gppreciation of which 1s obtained through the dos-
cription of a number of properties which o0il poasceacs and
how thnse properties could bo combined to sclect thn lubri-
cant for a particular use, The importsnt properties which
an ongineer carefully examines in dociding on a lubricnnt are

as follows: =~

Chemical properties :

1. acidity (indicntive of corrosion ).

Z. Oxidation (indicative of cludge ferm-tion),

3. Saponificotion number (indicativa of freer acid).
4, Carbon residuo (indicative of the rolrtive cerbon

depocit that my form in sn angino).

Phyeical properties :

1. Cloud and pour points (indicative of tho teopera-
ture limite under which 01l will function az a
lubricant).

2. Colour tests (indicative of tha commegrcia’ grados
of oils).

3. Flash and fire points (indicetivec o the tendency

for vaporisation),.



%, Tmulsification,

9. Viscosity.

6. Soadimont (indicativeo of tho cleanlinesn of o
lubricont).

Viscgain; Tho viscoslty of a lubricoting oil muat
bo givon careful considoration in the oelcetion of tho
propor oil for any intornal-combustion cngins. On» of thn
primary rcouircmants of a satisfoctory lubricrting o1l io a
suiteobls viccooity-temporature charscterioctdc, The gronter
1ho Lcaporaturo renge through which the oil must operate
tho lecos chould bo tho relative changn in the vieco~ity of
the oll. If tho viecooity of tho oil 15 axirercly hipgh
whon tho o0il tcmperaturo is low upnon atarting the on -ine,
0il flow vill bo restriciad and lubric-tion will bo poor.
a\ftor tha onglns and oil have wearmad up, th~ viacoriltly of the
0il muct bo cufficiont to mointaln o film thicknoss that
vill pirovont motnl-to-motal contnet and recultine excecasive
wgar. “hilc a high-viscocity o4l will recult in a louwer
oil consumption, novortholess considorablo powecr loor ra-
sultc from tho incrogscd friction ceuscd by tho highr vig-
couity. In viow of tho conditions and limit-tionc imposad
by tho oil viscocity, 1t ia alwaye dosircble o2 uro tha
lowret viceoeity 011 thret will maintain eufticivnt oil film
t0 prevent metcl-w-motal contact at thy enginoe opar-ing

torporaluras.,

Dxidotinn: ‘hero lubrdicnting oil i used over and

over ot it 158 in on intornpol-combustion cngine, {1 chould

be relatively frco from oxid:tion difficulties, Omitiedly,
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lubricnting oils subjected to tho haot of combustion in thn
cylindor will burn, Tho major porition of the lubricating
oil, hovovor, is not subjoctod to this intenso hcat anad
siruld not oxidizo apprceiabliy at thn tompo-aturcs on-~
counterod in the ongine ¢rankcagso and in the piston vhen

usod for piston cooling.

pdlution by fuel oll: Thle changos tho'vincoeity

charactoristice and usually rosulte in unduo wvonr if éi-

lution ic considorabla.

ho smount of &ilution primarily doponds on th~ oil
tcmporaiure, boing high vhen tho 04l tomporaturc is low,
and vicec vorsa. Thus, the dilution tonds to roach a moaxicum
undor cterting ond 1dling conditions and & minirum,undor
oporating conditions., In soms cacoe, it is docirsble to
pradiluto tho lubricesnt so thnt, whon oil ic chcngoed,
the onring does not hava to doal with an oil moro viscous

than that which will exist aftor a fovw cold atarts,

Charte, basod on tho viscoeity of now ond usod oil,
hovo boon dovolopod to indlcoto tho por cont fuol dilution

and tho por cont fncraaen)in vigcoeity rosulting from too
cold end too hot conditions, roespoctively.

cnrben rosiduo; Tho cardbon formed from tho lubri~
coting 0il appcars to bo indopondont of tho oll consumption.
It hoo beon found that tho volatility choractorictics ero
o bettor guido ag to carbon rosicue than tho conradson

corbon-rcaiduc tost. Thus, 1f tho distillation curve for
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thc hoavier ends runs bhigh, tho carbon daposition vwill bo

hi ¢,

Addiiion\hganssg Since lubricoting olle are
ucod for vidoly verying typos of sorvico in our industrisl
world to-day, it is only natursl that for coriain servico
conditions it has voon found necaseary to add vardous
compounds to minoral lubriceting 0ilé in order that tho
lubricant will moot tho special raquiromonte dasired,
Theoso "additivos” are gonorally put into lubricating
oils to act as pour point dopressante, oilincss carricrs
and oxircmd prossuro matorials, viscosity-indox improvars,

oxidution inhibiRors, snd colour improvers,

0il Reconditioning: O©1l eirculatod in an intornal-
cocbuetion ongina doas not woar out or break down but bo-
corz8 unfit for furthor use through contamination by solid
porticlos and wator, through dilution by liquid fuols and
oxidation.

ono of the simplost and beet mothode of rocondi tion-
ing cenzine lubricating oil is by moans of contrifuges. In
largor onginos tho oil fs circulatod through tho contrifugo
all tho timo; 4in smelileor enyginos dbotch purificntion may be
usod. Propor purification of lubricating o4l not only
roducos tho o0il consumption very matorially but nlico in-

cronsac the lifo of thoe cngino through doerosscd woar.

01l Coolinsg: Low-dut,ut engines usually have suffi-

ciont crankceno surfaco from which hcet can be transfarrod
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to» the surroundin: air to preovont the oil from rising to an
undesirable temperature., high-sutput angines have a com-
'parJtively omsll crankcase area, and in such ongines the
0il temperature mgy continuc to risc and reduce the vis-
coelty until the connecting-rod bearingt are destrayed.
Tharefore, for preventing thr oll-tompeorature from ricing
sufficiently to ?educe tho viccosity to the danger point
01l coolers are employad which gre constmicted of radistor

sactionc ucin- alr or weter for the cooling medium,

felretion of lubé%ting olis: A table for selacting

& lubricnting oil for a spocified service ic 1ven in

Appendix

RIP.AEICHS: 7, 9, L1, 16 - 1€,



CHAPTIR 3

TATTANAL- CJLBSTION
SHGL WS APPLICATIONS

It cannot be denied thot the internal-conbustion
anzine has acquired a singular position in the range of its
applications amongst the diffarent forms of power units. The
{mport.nt ones rclate to rood end rail traction, aircraft
and marine propulsion and power genoration. These ars briefly

diecusaed in this chapter,

" 3.1 T0AD TLAKCPORT

rutomobile engineering has had tha lergest chara in
the dev&lopmeht nf spark-ignition internal-combuction engines
and ingenious mechanicms for steering, power tranridecion
and sansitiveness of response to trection conditions, etec.
chronological roview of tho development of the sutorobile is

presentad in Table 3.1.



TABLE 3.1 - HISTORY OF THE AUTOMOBILE.
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e AUTOT ORILE

ACHIEVEESNTS

Firat to conceive tho epplication ot potrol on-
gine te road vohiclo. Ho madoe four attompts to dovolop
his own idoas on cerburation, trenemiscion, otooring
0ic,, but atteinod little cuccess. His work, hovovor,
inapircd othor invontora te davolop sulteble povor units
ond mochsnisms,

HO brought forth tho first (horiZontal) potrol
cngine powored throo-vheolod vohiclo follovwed by a foure
wheolod vohiclo comprising tho following foaturcs: 1, Vor-
tical crankshaf{ which was intonded to ovorcomo gyroscopic
offocis affooting the stoering. 2. Dovol goar end beolt
trancmlceion., 3. A reck and pinion stooring systom., 4,.Sur-
feco carburottor, and coil-and-battory immition. EHundroda
of cars to his designe woro succossfully usod plscing him
~a8 tho father of the modorn sutomobilo.

Lo succossfully plonnorod tho davolopmont of tha
11 ;ht potrol engino of tho vortical cylinder typo.
138 commareial venturoo both in Gormany and Snglend acealeratod
thc dovolopmont of the sutomobilo finally merging into
tho lorcados automobile concorn,

An ominont ongincor who applicod the seinntific
principleos both to power unit and running goar of tho
crudo potrol driven horecloss carriago, and davoloped
the firot besic sutomobile, tho maoin foatures of which
continue to oxiet in tho modorn vehicle. HKHis work was
rocognisod by an award of a2 gold modal for his car of
1899, by tho aputomobile €lub of Groat britein.

Following tho succossful dovolopments achioved
by his contompororios, production modols voro dovolopod
in o largo scelc for commorcisl applicotion, improving
on tho dosign of wator-cooling Jjackots and oir conling

fins (round tha radiator). Pncumatic tyrcc woro intre-
ducod.
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ACLET V33T

on tho baosio of Zuropoan dovolopmants in fha
sutorecbile field, Ford, carricd out numorous oxpori-
meats 1o acvolop a rolisblo petrol driven vehiclo.
¥ic otforve leod to commoreinl production in America
introcucing mags production mathode for putting into tho
markot populnr modolo.

“iorting vith hic meidon offort on the 1{ hp.,
De pion-llcuton tricyclo, ha repidly dovolepod the Renault
car compricing tho bast fontures of tho contomporsry dGo-
oipno.

rdvonecd from tho corbior desipgn of twe and four-
¢ylinacr onyrince and davolopod the firot eix-cylindor
potrol cnzinc tor eutomdbiles wvwhich successfully stood
the sovero toot of covoring 1581 milos Guring o run of
24 houro, giving an avorsgo spocd of €7 mph, including
etopprgre. Thie indientod possibilitics of furthor in-
croesc in tho numbor of eylindors for more powerful suto-
wobilco dovcleped lator.

Introcucod a novol docign of oloove valvos in
placo ot mushroom velvos for inlet cond oxhauct, but
thio tcehnicol ingonuity did not¢ attsin commareial succoes.,

Taoy hnvo ocarnad tho crodit ifor incorporating tho
bast featuros dovolopod by othor ongincors and inveontors
in tho lnayout of the ceor thus hnlping a long way in the
progrcoc ot the sutomdbilo. Thoso ero: 1, Vertical ongine
with crrnkehaft running four and aft, mountod in tho front
part ot the charis, 2. Ynivorcal jointe ond right anglo
bavel poar {ransmission to tho driving wheools.
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Aurther devolopmontog

Cince the carly type of Daimler, Bonz, Do Tion,
outon and othor pioncers, thcre hat boon a progresoive
davelopment of tho automobilo engine with tho objects
of irproving its performance, roducing 1te woight,
offocting tho maximum cconony in fucl concumption,
simplity,ing 1te controls and operation and, incidentally,
in cherponing its coot of production; it hos boon mado
ORkre.uly ﬁoliéblcihxaeting condi tions of cervica, ~nd
with @ fow oxceptions, ic rcletively chaspor eimglo to

mcintein in normnl working.condition.

Thcoo improvements, vhich were to be cxpected vhen
thc vory lerge nunber of petrol onginea constructod sinco
18206 io concidorod, hrvo rcsultcd from oxporimont and ox-
porience with provious modolo and alco from rososrches in-
to thr subjocts of cocbuction, corburction, ignition, snd
matallurgicel problcms acsociatod with 1lizht motale, alloy

otoocls, nrw boaring matals, otc,

tost of tho moro rocont proJrces in poltrol engine
dosign bhes boen duo to tho uso of bighfor quolity fuclo
wvhichh cnablce highor comprossion ratioe 1o bo uscd without
dotonation offectsy; to tho ueo of alloy stecole and light
nluminium ond magnecium alloyo giving much hihor otrcngth
wQight rotios; to improved combustion chambor Gosign por-
mitting bigher 'mcpsqto bo dovolopad from fuole that pro-

viously could not bo employcd, owin, to dotonation offocte;
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to improvedongine cooling systeme; to more officicnt and
reliablo high-prescuro lubricotion oyctems; to the achicve-~
mont of higher volumetric officlencles duc to more of.cctivo
valvo port end manifold design, combingd with bettor dosipgns

of carbourottor, ctc. Tho genoral trond has beon to obtain d/
highor powor outputs from rolatively &mell angincs, in tho
caccfof motor car and cyele ongince, by e genorsl incraosso \

in sggine spoade and alec of mops.

In the larger typcs of motor vehiclos for goods and
paecongor transport purposes, howover, tho high-opood compro-
psion=-ianition (c.i.) ongino hes to a largo oxtent roplocod
the petrol ¢nging, for roasons counnec.od uith ite bottor fuol
ceonony ond tho use of chonpor fuels. Similorly, in the f£icld
of large ototionary power plent, rail coaches, commorcisl and
farm tractors, motor road rollors and emall marince craft, tho
petrol ongine has boon gonorally supplantcd in moro rocont

dosignc by tho compression-~ignition engino,

~hor: the potrol cngino will probably rofign sﬁprnm@
for & long poriod is in applicotions roguiring meximum power
output from minimum ongine weight ae in motor cars, motor
cycles, compotitive types of high-opecod ongincs for marine
ond lond purposcs; slco for militery and commoreisl nircraft
whoro povor-veight ratio is of primary importanco. "th thoa
usc of high octano fuclse, poraitting tho employmont of atill
highcr comprosoion ratios or dogrocs of supcrcharging, tha
fucl cconowy of the potrol ongine approximaxco wore closoly

to thrt ot tho C.Y.cnging, 80 that wilh ite lighter ucizht
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for a given powar output the petrol engine holds a dominating
vosition in the aircraft field,

Tn the case of the empller 6izes of ongines, nemely,
those below about 20 bhp, the petrol engine is simpler, lighter

nnd cheaper tn mamifacture than the C,I. engine; more parti-

cularly 1nithe chee with th~ smnller sizes of tvo-strok~ petrol
engine, Tt is unrivellad slso for small portable povwer plant ,
8g., ,Atrol-alectric cats, solf-contained road-drills, rammers,
mpotor lawn-mowers, Small air-compressure plant, etarting angines

tor leryo Ilesel tractors, atc,

Conclusion: Takin i note of tho modorn irend: that

have now been acquired, it can do safoly stoted, that in the
finsl shepe of things, compreseion-ignition ragine vwill completely
replace eperk-iynition engine in future pover unite, from the
lowest tr the highent capacitles roeuired in a large varioty

of spplicntiona. One promisin’ fipld in which tha enrcineer-
scientist 1s now ploying a very importsnt role, io the adapts-~
bility of compreasion-ignition sn;ina to a wide rango of fuels,
r.o6e work hag already boen done in successfully devcloping rulti-
furl enzinos using crude petroleoum (mimeral sour-es). The scope
16 widn. dng towards the usc of or. anic fusls such r~o vogetnsble
0il3 ~nd towards tho‘devolopmnnt of gas producara of n vide

roage of sutputs usingg coal‘and indueiriel waetes nc fuel, It
may nei bn far élstant wien tha fuel problem of the ¢.i.engine
will huve been complately eolved overcoming tho precent hnndi -

cap ot high fucl costs, 7Tt may be noted that the delivered
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p-ice of Diesel oil in this country ranges from R.3€0/- to
4CC/~ por ton, of furnace oil I,178/- per ton, of charcoal
F.40 por ton, and of high grade coka P.60/~ to £0/- per ton,
The uce of vegatable oile nnd colid fuels for C.I. engines
would bo an important development, con&idering tho faet,

that in this country, poetroleum rasources arn meagro and
those of othor fuals sbundant, Vegetable oile which nr~ to-
doy usou oo edible o0ils arc extremsly cootly o tho ,ro-
ducticn ic ineufficiont to meet tha country's reruirements.
~“ut it large scolo farting is programmed for cultivation

of 0il cued crops the switehing over to vegatabls olls far
c.i. en,ance auring ho: tiiities wouald prove to be o vitil de-

tence uossure., In India, therefore, rcsearch on tbe develop-

ment of tcehniques for adaptation of c.i, angines to a large |

variety of indizonous fucls 18 of rpecial import nce.

IVENLUCES: 2, 3, 4, 14, 20-22,




3.2 AILCAAFT PROPULYIOL

It has bgen possible for the aeroplsan~ to reach its
prasent etage of developmant beccuse of the patrol ongine.
this new mode of traneport has had a very speedy career and
its adventement during the last two dscades has been co
fast that it has completely revolutionised the design of
the petrol c¢ngine suited to air flight conditions, 1Irblae
3.2 tracesc the history of the application of petrol enrgine and
the recarkable changee that bhavo becen introduced in th~ de-

eign of the potrol ongine to mect tho exscting demendr of
aircraft. )



TABLE 3.2 - HISTORY OF THE AEROPLANE.



Tr A SROPLANE

ACHI BVE'BNTS

Firot attempts at flying models ware made with
tho help of light steam power units by John Stringfeollow
in 1848, Biram laxim in 1880, and lLaurence Hargrave
nloo in 1l&e0.,  Theso sttempte achieved indifferent success.

Tiret concoived tho id2a of lipht petrol ancine for
airerzft, bui the credit for -daveloping o cuccecsful flying
modal _oes to "right Brothers, who mey ba regarded -o the
piuaccra of aircraft propulsion, a8 their efforts a¢ ¢-blished
phyoical poﬂaibilitias of tlying.

Then followed g fow anterprises of French enginaering
firms in tho developmant of aircraft propuleion. 4 notable
enterpriec amongst these, consisted in the evelution of
roiary engine oo called bocause of the mcchaniem it provided
for rot-tion of the circuler c¢ylindor body round & fixed
cerenkehcft with reciprocating componoents rndinlly dicposed,
‘n ing.nious device, which, did not attain much Success
by virtuc of tha fact that ite dovolopment §id not proceed
further from ite initial trieals,

intencive offorts were mode to develop patrol cngine
powercd aireraft during the firet world war for air atinckse,
Fowevar, with the ending of the war a number of problo ra-~
lating to body streamlining, decign of monoplaene, o u;iggaybvyf
f iulti-ongine machine, problems concerning hiph nl¥

tuge, rnd questions reoleting to air naviga'ion remeined un-
snlved.

‘sace poariod betwesn 1918-193E contributed to the
solution of the variouso problems and succernful spplica-
tion ot ‘he folloving features which made the patrol ~naine
a li;bt component power unit., 1) Supercherging 2) iir
coolin,:, &) Improvemonte in fuel,
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rarther Dovelopments:

crogreasive ioprovements in fuol with a view <¢o
reaucing the tondenc, to dotonate have dons more than any-
tring elggy&g rander poasible tha high performasncae of the
modorn}?:gine. since the roalization prior to th: 1i14
war, thnt the incidence of datonation e-t » lirdid, »nd in
thoeo deys a very early limit, to the gower output out-ino-
ble, r-ce.rch on fuels hgs been carried on intensively, ond
th~ ¢n_incer hao, at every atep, taken full adv ntae of
it, at tirst to roice his couiprascion ratio and th by
gein ia thormel efficiency and, when that had roacihsd vhe
practical limit, to increasse further hic map by rfupercharging.
An incrcare from 66 to 1C0O in Octane number pormits of al-
most a throe-fold increase in mop but at the cost of more
than doubling both he maxitnum gaoe preciures and the intensity
ot haat flow. Throughout the last thirty-five yecara 1t has
taon 2 neck~-and-neck race betwecen the chemlet and tha engineer;
at times the chemist has been a-head, and the engincer at
frantic paine to stiffen the etructure end working parts and
improve the cooling of hie engine in order to (ko full ad-
vantrge of the improved fuel; at otbsrs ho has tnkoen the
lead. ~“rom a mechnnicsl point o: viecw, prograse hes teken
the form ot strengthening ontep by step each wepk link se it
gavﬁfﬁndsr the evar-iaéreaaing strain. At ons tirms exhsust
valves wara thoe limiting foctor but the introduction of sodium
cooling and the use of "Stellite", "Brightray" or othar
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in vhich X2 1g the negetive sequence impedonce of the machine,

For terminal-to=-ncutral ghort elrcuit, tho a.c. component of

the phoase current are given by
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in vhich xo0 1s the Zero s;aquep‘é; impedance of the nochine,

The subiransient ﬁ.ne conptont, Td" does not chonge much vith
different conditions and, {thcrofore,. the single ;rulue is uscd for all
conditions, The e&hqy”icmpcncnta, that is, the unidiroctional components
arc detornined in ﬁ{; sone ranper as used fo fianding the unidirecotionel
pmmmte of s?o;'t circuitl froa loed, |

Thofébwa values of ei, o'i end o1 depcnd on load conditions,

;6’: some aspects of ghort eimﬁ: analysnis have been discuoscd in
the preoeéing pages by nethod used by Westinghouse Engineer Mr, C,F, VWagner,

/" The inproved mothod uscd by Hr, Hogaor ore latest as that of
1942’: stcp by sicp, sinpglicr and rmn!sc‘tiho caloulations of short éirmit
analyois of synchronous tiachine eagier,

But the mothods suggosted by M/r, R.E, Doherty and C.A, Hickle in
the year 192_8 and 1930 are basig, and on the basis of knowledge prosented by
Doherty & Hickle that further improvesent in tho fs;eld of short circult /

onalyois of Synchronous nochine wero guggested by other .Engineor./t

C—
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cimller matorials for fescing tho velvos and thoir scatings,
benished this .(imit, lioxt como boarings, when tho intonsity
of loading excoodod tho c¢epacity of ordinary anti-friction
liningo, end spociel matoriels such a8 copper-lead, canmium-
nickol, or eilver-losd, involving now techniquos, had to bo
Jubetitutad, Throughout tho whole pleturo tho piston 1t-
80lf hao always boon thao weskost link largoly becnusoe of

tho hih tomporaturs vhich ths pietons attain in aireraft
angincsy hora dotailod design in tho way of bottor dicpocal
of matorinl, with o view both to stross distribution ond hoat
diseipotion, and tho vso of oil cooling havo dono nuch to
improvo conditions, but so far a8 tho piston is concornegd,
iho groatost gein of all, in the opinion of hicardo ( 13 ),
heos becon the dovolopmont, by lNepior's come 30 yoars pgo, of

+he wedgo-chaped piston-ring.

cpceific wolghts ond outputs; Fig. 3.1 shows tho
progross madeo from tho panst to the prosont times. vhilst

tho bhp has repidly incroasod eftor 1940, the upward
curvo of thc spocific wolight is duo to the roquiromsnts

of modarn ongino ocgquipmont, suparchargers, cccessorics otc,

Alr coolinx and _ligquid cooling From the day tho

tiroct ocroplonn left thn ground, controvorsy has raged as

to the reolativo morits of olr and liquid-cooling.  To-day
it hos gonorelly bocn gecoptod that, whoro vory bigh speocds
of £flight arc callod for, tho liquid-cooled ongine with 1te
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much highor porformance rating and louwcr cooling drag

bocouso of tho shopo of the hest discipating ourfacec of

tho ongine, 18 proforablo, dospito tha objrctione of
vulnorability, pluabing, end frooczing; but that for modorste-
spaodmachinos, where o rclativoly large frontal arns and
cooling drag cen be tolerated, sir-cooling i¢ to bo pro-
ferrod. AS to ovorell spocific wolght, thero is but little

to chooso; on tho wholo 1t 18 claimed thet tho opceific
volght of tho liquid coolod ongine, togothar with ita ra-
diator ond cooling liquid i, 1if onything, tho lowor.

Compression-i mition enginos for aircraft propulsion;

Vory chortly eftor tho 1914-18 wor tho Alr ..inistry
inetigatod a resocrch into tho possibilitics, for osircraft
propulcion, of the compression-ignition onins ucing hravy
oil, and by 1921 tho Royal Alrcraft csteblishnent had con-
vortod their largost singlo-cylinder sorc-engine unit and
succoodod in roaching a powor 6utput ot o picton opend of
2400 fpm, closoly comparsble with that of contomporary sern-
onginee, and thet with o fuol consumpiion ac low ae ihe ctationnry
Iicool ongino of thot dste. This really remarkable achiove-

mont nover rocoived tho opprociation or publicity it doservod.

1t oorved, hovover, to inepiro and cncourago others
o pursuo tho samo olm, and by about 1828 rcsecrch ond
dovolopmont work had reachad the otogo vhon covernl full~

0izod oxporimnntal acro-enginog, both air-coolcd rndlel and
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1iquid~-coplcd V-deeign, voro dosignod ond built. At that
tina tho porfermance of tho contemporary potrol onginoe
wero 3till limited by tho low o¢tano numbor of the fuol
availablo, onog thn heoavy-oil C.I. engince looked 1iko boing
¢loadaly competitivo oven on the basie of épceific weight,
and woro, of courso, immaesurably suporior on the Gcore of
fuel geonniy, but by tho time theso ongincse wore complotod
and hac becen nureod through their toothing troubles, tho
octane nunber of potrol had so much improvod, and with it
tho poerforuanco of tho potrol ongina, thet much of tha ad-

vantageApma disoppcarcd.

Turiny tho later 1230 s, tho rate of increaro of tho
octans numder of petrol otecpernod, with the rosult thnt tho
pcrformonce of the patrol cnzinag grincd a 1ead, leaving thn
C.I. ongino for bchind thn racec, "i¢h tho merked advantaga
ceined by the potrol cngine znd vith tho intornational ro-
lations shoving signe ot hoetilitioo tho conditions vere
not favourable for C.I. angines to teko tho challcnge and
has sinco then lost ito pocition 98 a powor unit for sircraft

propulsion,

Tamporary Ausmentntion of Powors

in pilitery usaga moro ospneially, it is very dosire-
ble to be ableo, for short pariods, to augmant tho pouwor nf
the engino for toko-off or for combat. At tako-off and at

roletivcly low zltitudos the superchargar can slways provide
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tho cngino with more oxygen thut 1¢ can snfoly conrume,
vithin tho limits eot by dotonation or by thormasl concideara-
tions, or both, Undor such conditions a tomporary increeco
of pover can bo obtoinod by tho injection of wator or of a
wator-mothanol mixturo. In this caso the hi:h latant hoat
of the injectad liquid sorvos to provide internal cooling
both to tho superchargor and to the ongino c¢ylindore, whilae
tho stoan producod sorvoe a8 a vory offcctive anti-dﬁtonmntJ
By such simplc moans it is possiblo to augmont thc povor by
about 20 por cent without inercaging oithor tha hnni ojrosaaes

or the maximum poak praeseurcs,

Tho addition of mothanol, nlthough ite latont hent

is lower than that of water, conforc cortoln advantagos:

l. It scrvee o an antl-frooze,

2. Ite boiling point is much lowor than that of
water honcg it vwill ovaporate morce rondily osnd theraforo
eariior in the cyclo.

3. It is itsolf a fuel, and to this oxtont is
convonicnt in that its admission has tho offoct of onrich-
ing automaticaelly tho mixturo strongth.

At high sltitudos whera, ovon with ths super-
charger all out, tho cngine is siill otarvod fersdeek of
oxygon, temporary pouor sugmentation can bo achiovod

only by supplying additional oxygon in somn form or other
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In the firct attempts liquid oxygon was injected into the
eye of ths supercharger; this achiesved tha desired rerult
and was used in operstional servies, but involved diffi-
cult ocupply problems. Il‘oreover owing to {increassed flamn
tamperature the tendency to dotonato was inc-eamted. Latar
nitroha oxida wen used in preference to liquid oxygen, for
this could be stored and carriod as a liquid, in liysht cylindere,
Witrus oxice proved to Lo a very effective anti-knnck ~nd by
its usc at high altitudes 1t was found poseibla to eugment
tho povor by as ruch as 4C to SO per cent at a consumption of
5 1b, of nitrouc oxide per additional 100 hp per minuto.
zince the timﬁ durin;g which such power sugmentation was re-
quired was genornlly a matter of seconds, i,e., in ovder to
‘cloae with, or breck sway from, the encoy, this relatively

high concumption was not o sorious abjretien.

The lerge power sugmontation by tha use of nitrous
oxide was due to;

1. The liberation of free oxygen.

2. The liberation of a 1arga'amount of heat by its
dlasociation into oxygen and ni trogen.

3. The high latent heat of the liquid, the whole of
which was evepornted within the supercharger, thus lowering
tha teaperanture and inc-eacing th~ density of the normal
superchnrgs ond odding thereby to the supply of atmoepheric
oxygen.

Couclusions aAlthough the petrol engine has bean

well developed for eireraft propulsion, modern roquiremsnts
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of epead ond power s-e impoeing too heavy demands on the
power unit, Due to thae very inherent limitetionc in the
dasign of roeciprocating engines these requirements cannot be
mat by this type of power unit and gee turbine is now fast
taking over from tho potrol sngine unit {n the high powered
aircraft, flying at cpeods bnyond 400 mph and is broaking v

the sound barricr.

REFIREICES; 4, 10, 13, 22 - 25,



3.3 UARINT PROPULSION AHD PO R G3NJZRATION

Onc of the most fruitful f£islds in vhich Diesel powar
hns besn wall plonted, ie marine propulsion. Diesel enginas
davaloped to sult power generation in stotionery plents, have
with nocescery euxiliaries been well ritted into thn ocheme
of marine propulsion, 1In-cource of tims large tonnoge vcessele
wa ‘0 ouccessfully adapted to well designed Diesol-plant capa-
bla of 1) smooth operation under verying conditions of pro-«
pulaion and, 2) reversing quickly from forward to backward
drive. Ths latter is an escontial foature of the pover re-~
quiremcnts in sea faring veecele. A Diesel powornd vessel has
the gcdvantage of incressed paylosd, maximum closnliness and
fart epcous; 1t has now becomo popular with luxury prsgenger

linsre.

1th the gas turbine devslopments, thera sre prespects
of sto=n turdince finding a keen rivel, as this nrw type of
power eliminates the use of bollers and other cumbersomo aquip-

ment.

In the field of stationary power, Diesel nnd gad
ongines havo been succescfully ueed in pilot generating unitse
on 1) large oenginearing construction works of power stntions,
2) for crude o0il exploitation and refineries plant and onuip-
men:, 3) for mgnicipal woter-works and drainsgo systems, and
8) for pcak load operation in clectricity gride. Although
internsl-cowduction thermal stations arae highly offieci-nt,

the limitations of 1ts reciprocating mechanism have restricted
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the maximm power rating of a single unit to about 1C,CCO hp, J/
Thic has been ite major handicap in finding ite place amongst
mpdorn larga cepacity instsllations of contral pouwer station
syotenms. In industrial applications whore, by-products,liquid
and goioous fuals are available for generation of power, and
where heat is re&uired for processing purposes, internal-
combustion engine hae often proved econemical., i-ro, well
designud hsat roecovory systems hoava baen satisfactorily intoo-
duced tv obtein vory high thermal sfficiencios. rower nbtained-
from internal-combustion thaermsl stations io ofian rore aconomin[

¢al thon that obtainad from the electricity zrid.

A brief geeount of tha applicotion of intarnnl-combusion
ongine to marine propulston is given in a chronnlosicrl ordesr



TABLE 3.3 - HISTORY OF THE MARINE ENGINE.
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one congina, which had alresdy _rown out of inf-ney
whon patrol engine wae in teathing otago had attracicd the
stiontion of marine engineers, but, the problom of production
of gae in a moving vescel did not holp the application of
thic t,.: of ongine to cea-poin,: vegeele, However, th~ posei-
biliticr of internal-comdbuction engine as a marino power unit
wat continued to be kept in view,

Conceived tha idea of spplyiny the crude typ~ of patrol
engine then developed for 1i,ht boats, and, bis tirst oxpoeri-
ment consinted in fitting a two-cylinder petrol en:inc to 2
leunch, This self-propelled vessel incicated the poscibilities
of in ¢rasl combua;ion powor in tho merina fiecld.

Ac far as the records go thoy wera the pioncers in
inirocucing gas engine for maring propulsion, ‘fhecy ware
follovwed by leesrs. Bearduwore and Co., of D-lmuir, whose
firat cxperdnent in taio £icld wat tho replecoment of tridple
-axpancion ongines by a et of Bsardmore-Cepitsine gas en:ines
and suction gas plant.

~ Tho gas engine did not produce nuch improcaion in the
marine pover field, beccause of the difficultine ond unattractive
aconomles in the production of gaseous fuel in moving veesels,
rriestmsn took over the reins at thic stage ond doveloped the
crude oil aengine which was succescfully applied to river
craft, laying thereby a solid foundstion for tho sprlication
of larg> capacity power unite of improvod performanca to sea~
Join vroscis.

iioneers in tho field of Diesel engino devaelopmont;
(Dr, iioesl did most of hic e.arly work with sulzer roz).
They toow advantage of the oxperience gained with crude oil
on;ine ac o marine gower unit and introauced large ¢ pacity
1iasel unite (two-and four-stroke) to marinc propulcion
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The nain difficulty exporicnced with the Dicoel was 178
non-revorsibllity which adversely affected manoouvrauility
of the¢ vessels, It was Sulzer Bros., who succesefully
devoloyud the design of two~siroke reversible aengine ¢o
overcoms thie difficulty. This dssiun sisultencourly in-
eraas d W power rating to mininmlse dead woight cur+ied
by tas voosel, '

“ufficient moturity had been gained in ths apuli-
cation of rdesel engine to marine sorvices, tn ensblr
nutarous unmifscturing concerns and ship builders to
briny ceut largo tonnego motor vassals., “Thoy replaced to
a degrce, rociprocnting steam englnes which sufferad from
the mgjor dieadvantage of low efficicncy and largs non
revenue cnrgo of coel,

ilthough Diesel powvered vescels dld not increasse
in rnusber durins the firet wer peried, the turning point
cann agvout the year 1823-24 with a magnificient enter-
prigse in the forn of & Diescl vesnel of 13,CC0 bhp capacity.
‘he war,howaver, helpad the develoymont ot Tiesal cubmarines
snd test bDattle-ships,

Iiesel pouer in marine services has comoe to etay
aliaou h 1¢ hes all olong beon facing keen compatition
frou.  the sisam turbine,
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"06% of tho recont progroees in the dosign of stationary
and marino engines deeisa has beon duo to

1) Improvomont in fuoel concumption partly duo to
tho oxtonsion of tho rangoc of oporation of tho vworking mo-
dium, and partly to tho incroasod cfficicney of comburtion
ond to the roduction of mochonical losscs. Fbtgarly the
maximum cylinder pressures soeldom oxcoecdad §99 pci but to-

day praossures oven highor than 1000 poi arec a common foaturo.

2) Thomuochanicel injection has rcplaced the air-
injcetion systom thus oliminating tho costly and bulky air
comprossor, snd improving tho machenical officiency. Tho

rosult of all this 18 an overall improvemont in economy.

3) Utdilisaiion of tho hoot in tho exhsust gesos
vhich vwas a rarity in tha sarlier days is to-day univorssl.
The oarlier two-ctroke ongines woro at s corious dicsadvantago
ac rogerdo wasto~hoat rocovory, compercd with the four-stroko
typo,~n occount of thoir much lowor oxhaust tomporaturo. As
g rosult of oxtonsive study of tha scavenging procoss, how-
ovor, tho air quoanity in soms designs of tuo-sfroko enzinoes
has voon grostly reducod. Thie had tho two-fold advantago
of docrcasing tho load on tho &cavengs pump inerocaeiny the
povor roting and thareby tho mochenicel officioncy, and
7100 of raioing tho tomporsturc of tho oxhasust gesco, thus

ineropsing tho nmount of heat recovareblo from them.

In tho coasoloss ondoavour to roduco first cost, which

vas a sorious handicap to the oill ongino, @8 comparad with
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ptram machinary, dsocigmors diroctod their offortc to jyotting
nore and more povor out of a givon weight of matorisl.

Tho rosulis of thcac offorts were in the attainmont of highor
piston epceds (1500-20C0 fps ac compored with 7C0~BCC fpo

in tho aorlicr onginos) and highor moan proscures (SC poi).

Tha proprosoivo reduction in tha cost of two-siroko
eongino inctallations becemo s sorious matter for the four-
stroke fratornity until tho position was groatly changod
by supcrchorging. This cnablod the moan prescures in four
ciroko onsinos to bo incerocascd by cbout 40 por cont. fuper-
chering, of coureq, wad aleo adoptod in coma twn-stroko

deoipns, but not to the samd oxtent.

an imnporiant dovolopmant in marino propulcion in
who geered Ticsol onging, IR 10 tho tisot caticfaclory
forw of indiroet drivo, rockoncd os an‘altcrnative 0o tho
dircct-couplod engino ond connidored in tormz of woight, spaco

occu;:ind, firot cost, and so on.

Tn genoral termo, tho cleims madc for tho gaarod
drivo aro:

l. Increasod rolinbility, by having morc then one ongine
por sercu, |

2., On2 or coro of tho onginos ceon bo shut down whon
tho ohip 1o running 1i,yht, ths othars thon being oporatod at
their wost cificient rating.

3. Tosicr mointonanco, becousc tho englines aro of
LOT0 mennacebla cizao,

&, IGnco of overhoul of the caginoa at coa becnuoe
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of th availability of spare power.
9. Largcr scope for stondardisation of pover unite both
in rogard to the number and size of cylinders in a einsle unit

=ith ndvantage to initiasl cost ond raplacements,

piesel -aloctric drive: Ae an alternative to the direct

~coupled Ticsel engine, the claims for the Diesel -clectric
drive have mach in common with those for tha gearrd Diescl

drive.

Thero are certoin additional cleims which can be
made tor the Dicsel-slectric alternating current drive, viz,,
1. Tiexibility of power distribution, becauee any
dasired nucber ot engines per skaft con be installed,

2. Tho sngings can be locnted aonywhere, the mntors
being arranged aft, thur eliminn ing tunnol shafting,

3. UDiesel englines are non-rovarsible,

4. omplete bridge control can bo obtained,

5, A quicker tara-round 4n port can ba srrangod,

besed upon a eystem of running ovorhaul.

Conclusion The Diersel engine development has nenrly

reached its clima. as o raciprocating type of powsr unit, and
the only field in which the ccops of its application can

be widaned i8 1ts adgptotion to a wide rrnge of fusle. In
this directicn recenrch has nlready been tsken up nnd th-
future will indicete how, aven solid fuels and industrionl

waetes can be satisfactorily used for deriving power vith the
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help of this typa of power unit. ™or large cepacity instol-
lations the Diesel ensine is being raplaced by gas~turbino
pover unit which hse rocently come into commercial applica-
tion. Therefore there ie ample scope for research end in-
veatigntion to improve the operation and parformance efficiency

of tha gas turbine.

RITSRINCES: 2, 11, 26-30
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3.4, KhAIL TRACTIONH

2l
The first attezpt to . wpyly the 1nte’}z-combustxon engine
to a locomotive was made by Daimler, in 1£91. Hio c~ude

locomotive was couipped with a 4 hp petrol engine. (31)

Inile progrees was bein; made with the internal-conbustion
ongino in tho stationary power, marine and sutomotive field the
gtcam locomotive as » power unit for rsil traction wus attain-
ing meturity. The intornal-combustion engine was berinnine to
show its supariority over tha oteam-engine in the abova applii-~
cations and it ¢acily attracted attention a8 a “ubriitute for
gtean pover,for rail traction.  .arly stieupts datin: 19C i-1°
woro made with petrol en ine on light ehunting locnmo“ives both
in U.S.A. and Gormany, but wue to the bigh cost of iu~l, lower
cifficicncy, and limitaiions regarding powar reting, petrol en-

gine bugan to be roplecad oy Diesel cenuine.

In 1812, Sulzer Brothaors introauced the Diecrl engine for
rail traction., Since tho trensmission (direct drive) provad 2o
ba a failure thoy switched over to electric tranemission in
1914,

Tho devoloprent of Diaeael traction wes cut chort
by th~ firct world war. After thn war, intenoive rasearch on
@gggg@igg}ggs vere carried out., 'dth the solution of tho
transmigsion problem and with the advent of the h.gh-speed
\:ieanl engine, the Dieeel locomotive progressed at a rapid rate.

‘o~doy tho Tiesel locomotive is a koeen compoetitor %p the steam
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and slectric locomotivgf

Appendix 1T gives tha chrrocteriotics of oteam and.
nissel traction. Table 3,4 gives the factors that are tnken
inio consid: ration in the design ot the Diesel cngine for

difforont typos of traction duties.



PABLE 3.4 - ENGINEG FEATURES FOR DIFFERENT
TYPES OF TRACTION DUTIES.
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PIFFIRNT TYPIS OF TRACTION DUTI IS

whethar the transmiscion be electric or hydraulic,

ongine weight 48 an important factor,

The tendency has besn to incorporate engines of tho
horizontal typs mounted undor the floor of thn rail-cnr, so

that no useful epace 18 occupiad by the powar unit,

Although welight par bhp and space occupied are not
of the eane inmportance ~6 for rail-csr or meinline Li~sel-
eleactric locomotives, aven hers, the tendency ic tow-rds
more ¢ mpact units of hi _her spaeds. howsver, considerable

attention has beoon peid to the production of an angine which is

/
/

robust and relisbles.
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gcongcluasion: As mentioned eerlier the Liesel engine

developmant has nearly reached its climex as & reciprocating
type of pover unit, ond tho only field in which the scope

of 148 application can be widened 18 1te adaptation to a
wide ronge of fucls, Therefore, research on the davelop-
ment of tachniques for adaptation of compression-ignition

engines to a large variety of indigenous fuels ie of speeial

importonce.

RI™IR LICIS; 11, 20, 27, 31-35




CEAPTER 4

TH ; GAD TURBI.LE

A8 steam turbino followod tha rosiprocating typo of
stonm ¢ngino in ordor to moot the increasing domands for
povor, itho rociprocating typo of intornal-cumbustion ongino
i nloo giving 1te placo to the gas turbim, Gas tprbins
poroccsccs charactoristics gimilar fo etoem turbino, that ls,
in tho low powor ran,. ite porformance officicncy is low but
it moots roquircments of o spocialised naturo, In conatééc-
tion, tin ges turbino unit doos not .atorielly diffor from the
oteom turbinc unit, Both of thom use highly onargiood work-
ing fluid§> a8 8toam possoesing & high content of cnerpy is
producod in boilere by burning difforont kinde of fucl, gss
having aﬁgbntnnﬁ of cnorgy, is produced in combustorc burning
difforont kinds of fucl. The only difforance 48 that tho
pr esura of steam 18 raicsed in boilors by comprossion undor
otntlic conditions and that of ges i ralsed undor dynamic
conditiono, It io for this rogson thot much highor energy condi-
tions ccn Do cbteinod in 8teanm 28 working fiuld, In the c¢onso
of pas, tho dynamic cystom usad for reising prossurg, is a
comprciuvor, Pproscurocs boysnd 5 to 6 atmosphoros cannot ba
achiovod vithout heavy onaréy lossoe, Honco this prcssuro ie
taken ¢6 an optizum limit, Of courso, another sdvantago
poocoscod Dy stoei. 18 1ts bigh apocific host as comperod

Lo air or gos, and for the some preoenro-inupuf turo conditiona,

tho amount of gee romired to produce tho semo powor is noarly
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twics tho omount of stoam.

The basic 1dcas about tho ges turbino aro more than
a contury and a half old. It was Hero (36) of Alaxendriam, who
first concoivaed tho 1dea of a rotery powor machine actuantoed
by hot gesos, But it was Jobn Barber (2, & 36) an Inglishmon,
vho firot attomptod to usc soma sort of & gas turbino for
developing powor in 1791, for which he obtainod a patont, The
fuol ho usod for his turbino wat gat obtainod from enal,
wond or 61l., He introduced tho ides of comprossing air by
noans of a comproasor unit run through s chain drivo from
the turbine shaft. Barber'c venturs wao rowardad by »
otondy incrosse in tho number of ges turbina patonts takon
by othar aspirants, but nono of thceeo pntonts lod to tho
dovolopmont of s commorcial powor unit bocsueo of tho ineoffi-
ci-nt dacigns of the furbine and coupreosor which consumnd
practically all tho onorgy dorived from fuol., This feilure of
tha oarlicr inventors of ths gas turbine ic attributablo to
lack of adoquate knowledge of thormodynaomics and anorodynamics,

and offorts in the diroction of developing gas turbing droppad.

Dr. P. Stolze (36) of Franco took up the idoa of dovolop-
ing o gas turbino towards the end of tho ninotocoth contury
and waé tha firet to dosign o multistago axial-flow compressor
diroctly couplod to a multistage roaction turbinc., Teets mado
on this machine in 1800-1804, clonrly showod tho incfficioncy
of tho compressor unit throby indicating tho ncod of 2 scientific

approcch to problems of acrodynamics. Attompts of othare vho



folloved hin zlco failod for the somd ronsons.

Tac modorn cra ¢f geo turbinos bogins from 1680's,
Arowvn Bovorl wac tho firet to dovolop an officiont axiasl-
flov comprcosor and turbino unif, and his vsluagblo oxporicnce
helped oihoro to dosign suitsblo gas turbineo.. Tho first gas-
turbinc povar plont for gonoration of olectricity woe built by
Irovn Nowori and succoosfully tosted in 1939, Tha plant was
instnllod in tho city of Houchatol, giving a not output of
4,000 kv at a thormsl officloncy of 18 por cont. Rrouwn
Rpvorl also producod tho first ges-turbing locomstive which

wat cucccoofully run on the Swiss Federal Reollways, in 1941,

In U.%., crodit is givon to Sir Fraonk whittle for
promoting tho davelepment of tho jot-propolled plané. Fo
doveolopod an officiont gas-turbino unit uaing axisl and
contrifugel comprossors for which he obtoinrd s potent in
130. 7Tn Germany, gad turbine was adapted to aircereft pro-
pulaion by & young Gorman physicist, Pabst von Dhain in tho
omploy of Irnost Hoinkol, and his turbojot eirersft (Ho 176),
had a cuccessful flight in August, 1839,

it ie from this point thet the ges turbine bogan
to ohow promigo in a wide rango of applicstions;for gonera-
tion of povor, aircraft and merinc propulsion and rail
troction. A8 pover units of small sizoe hevo not yot
found to bo roliasbla in.operation and sufficiontly officient...
poarticularly undor varying conditions of lopd... the uen of

ges turbing in road traction is etill in an oxporimental stange.
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Fundamentally, the gag turbine eycle is similar to that
of the reciprocating internal-combustion engine, the main
ecvents being: compression, combustion and expansion. Thermo-
dynamlc analysis of the gas turbine cycle is basically similar
to that of the reciprocating internal-combustion engine.
Allowances on theoretlcal efficiencles s detarmined by this
analyeie are necescary in order to take asccount of the dsvia-
tion of the actuel comprescion and expansion events from the
1deal adiabatic conditions., Some of the haat cyclec in comwmon

use arce briefly outlined in Table 4.1

Y leo¥

GENTRAL LIBRARY UNIVERSITY OF ROQRKEE.
ROORKEE.



TABLE 4.1 — GAS TURJING CYCLES.
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GAS TURRILG CYCLES

DESCRIPTION

fimplost form of gos~turbino powoer plant; consista
of: 1) CQowprosvor, to ralse t ¢ prossuro of air to rbout
5 atmosphorcs; 2) Combustion chamber, to burn fual »nd raisa
the tomporaturo of comprossod air undor congtant pressure conéi-
tionsy; 3) Turbine, to producse work by expansion of gas~ air
oixture. The maxisum preactical ofticicney of thie cycle 1o
approximatoly 20 peor cont. This low etficicney is dun to con-
eidorablo amount of hoat lost to oxhauct.

this cyelec ciffors from tho oimplo opon cyecle, in
that & hoat oxchangor is addod 0o oxtract heat from tho ox-~
heusd and pass it to the compressed air baforo it onters tho
cocbustor. Tho oxheust tomporntures arc thus reduccd, thoro-
by incroasing tho practical of:iclcney to 27 por cent.

in this cyclo only hootad oir tlowe through tho turbina
and cowbustor; and for this purpoee hont exchangers arc pdded
Lo form a scporcto oxternal loop. This oyestom con bo appro-
pristoly callod exhsust hontod @rtornal-combuction open cycle.
Tho cfficioncy of this cycla is samp a8 that of tho nbovo ono
with hrat oxchanger viz., 27 per cont,

This 18 2 composito syctom having intornal-combustion
opon cyelo on tho turbine unit for pover generation, and a
close oxternsl-combustion air cycle on the turbine driving
tho comproesors., This ie algo known o0& somi-cloced cycle,
bocauso of tho turbine circuit baing cloco end the othoar bo-
ing open. As tho amount of alr drewn in and combuction gosos
oxhructod 48 o fraction of a totol amount of air used in tho
syctom, hoat losscs to oxhaust gasos aro roduced,incroasing
thr actuol officioncy to 32 per cont-

™n tho closa cycle, thn working ges rocirculatos con-
tinuounly, and combustion gnses do not ontor tho circuit.
The power onutput can bo variod by changing tho prossurs in
tho circuit. Afir 1o ordinarily used as tho vorking gas,
but 1t bhne boon sugiostod that holium rdght pgivo sufticiently
liproved performanco to justify 1%8 uso. Uith o full lond
prossure of 700 psi, s proscuro iox ratio of 10:r 1, 2nd ¢
403 teaporature of 1200 F at inlot te turbine, en offi-
cioney o5 high ns 35 peor cont can bo attinod. If th~ fempora-
turd at inlot to turbine is incrossod to 1300 F, officicncy
ic incrocood to aoout 37 per cont.
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Cyclo Rofinomonts;

1. Intorcooling is tho coolin,; of comprosscd sir betwoon

tvwo or moro stagos of compression, thus roducing tho spo-
cific volumo ot air\delivored to tho lator &tagos of the
comprassor, with a corrosponding roduction in the work ro-
quirad for compression., Thooretically, the bonifit. of
intercooling incroasas with the number of stages, but in
proctico tho numbor of intortoolors ie ucsunlly not grasnter

than too.

2. Ho-hosting: Thic is similar to that used in stoam
turbines, 7nividing tho turbine inte high and low proscurg
éections and 1ntrdducing e cecond combustian chambor to ro-
hoat the exhpust gee from tho high prasourge turbine bafore
it onterse the low proseurc turbine , improves the thormal
officicncy of tho cyelo.. But, at low prossurc ratios, pro-
souro losses countar-act tho gnin.Ro-~hoating 2lso compli-

cntes tho design of the low proessurc turbine.

3. fultiple shafte; vhon the load ie subjoct to widse and
sbrupt variations, oporation 16 lmproved by driving thé com=-
proegor vith ono turbino and the load with snother. A
multiplo shaft unit docs not stall cesily wilhb rapidly-
ospplicd loads, as tho cpeod oi tho comproscor snd hospt in-

put to tho cyecla can bo sustrinad,

Taeble 4.2 prosonts the factors that influonce the

cholco of cyclo for g gas-turbino power plant.



TABLE 4.2 - FACTORS INFIUENCING THZ CHOICE OF
CYCLE FOR A GAS-TURBIRE POWER PLANT.



83
OF CYCLE WOR A GAS-TJHBINZ I'CG 3h PLANT

Ae praviously ocutlincd ths use of multiplo shafts
may boe coneidored,

Thoee often 1imit tho choice to a eimple, rolatively
inefficient cycle and especially precluds extensive h-at
axchange apperatus, A :

~or short operating periods (g8 for example in
stand-by duty), the simpleet cycle is usually the choice,
beenusd 0f 118 lower capitsal charges.

Jor part losd performance, muliiple shaft design may
be considerad.

‘baoncg of g tupply of cooling water in come land
instellations may prevent salection of compound cycles.

- Coul burning turbinee have reached only the development
stage., Residual petrol fuels have boen widely used but with
1littlo succaess, ~hera distillate fuels ere used, the Dinrsel
engine is a serious competitor boecause of fts hisher nfficiency,
Tt is tho fuel cost, therefore, which is lesdinz to thr
development of thn exhsust heatad cycle and other decipgns,
that are especially sdspted to ths use of low grads oils and
80lid fuels,



conclusions A8 tho goe turbino cuffors frop the

handicap of low preseuro limitationo of tho comprecsor unit,
coneidorecble recocarch ie nocoseary to improve the cycle
officioncy baforn Lt can be 8asid to comparc in portormenco
with tho etoam turbino pouvor unit. The latter is advancing
further in tho direction of highor offieioncios by utilication
of gas turbing cycles to minimiso lotent hoat lossrsg, which,
normally occur with tha standord condonsate cycle, Thoro 1e
an othar direcction in vwhich reesesrch can bear frult and this
lics in tho utilisation of_éiffnrent typoo of fucla, At
prosent, gns turbinee uee l1liquid funls, such as kerooono,
furnaca o0ll, ate., but tho usg of conl, which irs found in
gbundanco in India and many othsr countriaeo should ho a pgood
solution to tho fuel provlon in thie typo of powor unit.
Coal-burning gas turbines have boon doveloped, but now,
considorablo difficuliios aro being oxporioncod on account

of 1) fly aoh ontrapped in combusiion gesog in intornsl-
combustion fwurbines and, 2) hoat oxchenger lessos in oxtornsl~
combusiion gas turbines. Indian coals which aro ganoraelly
inforior in quelity, will present a moro &sorious situation

in thie fiold of investigution., But it is of vital importanco
to dovelop conl burning gas turbince for usc in this country
80 that gas~-turbine power can bo sdvantegonously appiiaﬁ to
contral pouor stationn ond ¢o tho grids loc»ted in roglons
wharo 0 lov grado goale are in gbundance. In rell traction

alepo, usa of oll in s gas-turbinn pover unit i8 tn bo
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deprecated, as indigenous resources of oil are mesgre

pnd large scale demands of fuel oil will make the country
aconomically dependent on other countries. Research on

coal burning ges turbings can be carried out in thn drection
of the development of gas produccre using coel, coke or
othar waste products as fuel, or, on heat exchangers which

can be successfully appliod te exhsust hrated cyclos,

RTFIRENCRS: 2, 36-38,



CHAPTER B

“ANUFACTURING TECENICUSS AND PLARNING

/e hnve seen in the historicel review presented in
ths earlicr chapters, ths important rolc which the intarnal-
combustion- EZngine hae ployed in the fie6ld of power and its
voried applications, Enorgy recuired for industrdal pur~-
poeoe 16 not only obtsined in the form of electricity, but
also ac Giraect shoft powsr. Not a emall portion of totsl
anergy is utilised in tho latter form in tho olectricity
gride. To-day, this i3 g nqtiunal feature in every indus-
trielly advonced countries& end, oven in couniriaes thet

are progressing fact towards a high level of industrialisation.

5teanm turbine, of course, dominetes in tho fleld of
large capacity thermal stations connocted to the grid system.
“ut in the field of commarcisl ond defence transport, parti-
cularly by road, sea and sir, internal«combustion paower (in-~
cluding gas turbine power) dominates and is not 1likely to lose
its porition until nuclaar power c¢an ba harnesssd to attain
tha degree of flexibility in itls applicntions necrasary for the

abovs montioned services,

It is obvious that no country can gdv-nce indu:. trially
if th¢ internal-combustion engine 18 not ivon ite right
place in 1ts industrial life. There is no doubt that high

enginecering standards both in rogard to nmenufaciuring
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techniques and processing of conatruction materials sre
reaguired for developing an indigenous industry for pro-
duction of a wide rangs of internal-corburtion power

unite (from fractional horse power reting te 10,000~

20,000 hp). This 16 very importont to m-~et satisfactorily
the re-uiroments of s well developed notional oconomy., It
may bo added, that if labour ic org-nised on a larga scale
to manufactlure internal-combustion plsnt, its copabilities
for production of nighly complicatad engineering ecuipment
ore assured. The metallurgicel recuircmonts for the

supply of high quality motals to with-stand tcmpersture ond
pressurs conditions cnd complex aynemic forces obtaining

in an internal~combustion power unit are no dlfferent or of
lesser stianderds than thoce recuired for other high quelity

engineering plant snd enuipment,

Tt would be @ good approach thersfora, to give con-
sidoreble importance to tha manufacture of internnl-
combucstion ongines in thie country in the planning of tha

devolopmont of hasvy industries in tha immsdinte future.




CHAPT?R €

FATN OBSSRVATIONS AND
SUGGISTIONS FOR RESZARCH.

Tho following aré ths importont obsorvations mado
on the basis of tho dotailed roview of tha davolopmont
of intornsl-combuetion onglna presentad in tho earlior

chaptors.

1. Dlosel engine is roplacing potrol ongine
from tho lowast to the highoet ¢apacity requiroed for a
verioty of applications bocauso of its highor performanco

cfticloney and lowor fuol costs,

2. Diascl oengino developmont hes roachod ite
climax a8 a rociprocating typo of powor unit.,  Howover,
tho ecopo of ite application 1s boing widenod by ite
ndaptation to g wide range of fuolae,

3, Diesol engine is slowly boing replaced by thae
268 turbine in a varicty of applications.

4. Tho gas turbing suffors from the disodvantago
of low officiancy. Thio handicap is bolng ovorcoms by tho
davolopmont of the exhsust hoatod cycle end othor decigns
that aro cepocially adaptod to the uso of low grado oils
and eolid fuols,
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~uppeations for Rosaarch:

1. Rosoarch on indigenous fuole for Dicscel engines

on the following lincs:

a) Hydrogonation of tar obtainod as a by-producs
of carbonisation procoess for manufacturc of
coko,

b) Diroct gesification of coal (inforior grade)

and synthosis of goeoas,

2. Roscarch on tochniquoe for the adsptation of

Ticeol angine to s0lid fuols and industrial wastos,

3. Rkesoarch on coal burning ges turbincs in the
diroction of tho dovolopment of gas producers ueing coal,

coko, or othsr wasto products at fuol.

4, Resoarch on hcat oxchongore which can bo succosg-

fully applied to oxhpust hostod cyclos for ges turbinos,

-~

5. Rosoarch on improvemont of manufacturing techniquas
and procossing of constmuction materiale for devoloping an
indigonous industry for production of a wide rango of intornal-

combustion pover units.
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CRART *On T .59L TNGI 58

HOAST 207ER PJIR GRADG OT OIL VIGCOIITY
CYLINDER RICOLLRIDTED CEITI POISTS AT 5C C
h
Upto 50 Dlesel Znging oil, 2¢c or 2 B
above 50 riesel "ngine oll, 3c or 3 10
A1l Cizes. Circulation oil, 3 10
"Tpio WO riesel ingine Oil, 2¢ or 2 B
sbova o0 riessl :ngine Oil, 2c or 3 1c
All eleca tiesel Ingine 041, 3 or ¢ ' 10 om 13
Upto &0 riceel Zngine 011,3¢c or' 3 1G
Above L0 Licsel Zngine 011, 4¢ or 4 13
all &izes Kerine ngine oil,1 56
M1 sizes riesel ingine 011, 2 or 4 8 or 13

AU A W P B B e Nl W W S M e NS D G D W W S Wi Y S A W B B W A uaau-umaw«ﬁm»mn-anm—uumnmu*“m‘

* The !umbers 2y 3, 4 refer to viecosity Number of the oile;

the addition of lotter ¢ moans that oil ie compounded with
fixed oil,



AFPENDIX I1 - STEaAL AWD DIESIL TIACTION CHALACTERISTICS

(Dynamomoter car raport lo. 49 (1954) Rallway testing

and research centre, Lucknow, Indis.)



TRACTION CHARACTERIGTICS

¥igh (on account of the price of diesol locomotive boing
chout E.5 timos thot of tho steam locomotive),

24 t0 26 ¢

12 to 14

€.3 to 0.6

quipment more complicated in component design with tipghter
size anu weor tolersnces,

Fiuh st~ndard of ekill re.uired. I'aintenance charges gonerally
low in tho first § years, but inc-ase, loter,on account of
renswals and replacements of Miesel enrgine units, 7.0.5 to

0.8 par enﬁin@ mile.

Iizh, Less time ie required for inspaction and repaire than
with ataam power,

18
260
1.87
1.2



e3

LT .8ZL

Conparatively low except in cases of axle hung motors
walch cauce hcavy iupnct on joints.

iigh, duo to oil etorage eepocially in hot we-ther

Good

wogligibloy vwater is required only for cooling and
¢leaning purpocas,

Cne mechanle and one driver (main line). One driver (con-
trol provided with deadman's handle), for cuburban
servico,

“inimum nuab r of types recuired a3 this type of
pover le adaptabla to multipls unit operntion ond
to ccmnon decigne for qoode and pacsenger services, atc.

10 10 15 < (approx).

Up to 10 ¢ for short periods. Limited by efficicncy
of cooling system sand dynamic etress produced on motor
ermature.
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