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Because o^f onp power stroke in two Because of one- po$ler stroke in oue
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tior, ."q,,i'""'e"ts' Lowi'rate of wear cation requirements' Higher rate of

and tear' ' wear and tear'
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[gurlstroke engines ' have valves,tr'nd Two-stroke engines have rro valves but

,rti;;\.tu'ffiS:nleclra[iqlns -fsLOEr orrly ports (some two-stroke engirtcs

IJeYrr"\aa;; oi tr," i,tut" and ex_ aE-EtIai w*h co'vcntional ex'arrst

h^Irrt ,rulv"r. valve or reed valve)'
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.- w'eight anci complicated valve t"u"ho- ctue to tiie abs-e1r:3 t:'f vq!-"jliltgffig
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,ffiXor* .rn.iency is importrt*t, lJse<l whtlre l'w c'st, corrp&ctllo'$s "tl:l
vi,z., in !a,rs, buses, tru.cks. tra'c:tors,, light weiglrt &rc irnportartt' Yrz') lll

inciustrial engines, aeropki,nes, power rnopccis, scooters, lftotorc"/cle;s, hi'rtrd

genorirLion etc. $pri:iyerS etc.



L'V FOUR-STROKE COMPRESSION IGNITION (CI) ENGIF{ES

The four-stroke CI engine is similar to four-stroke SI engine except that a

high compression ratio is used in the former, and during the suction stroke,

air alone, instead of a fuel-air mixture, i\ inducted. Due to high compression

ratio, the temperature at the end of compression stroke is sufficient to ignite

the fuel which is injected into the combustion chamber. In the CI engine a

high pressure fuel pump and an injector is provided to inject fuel into

combustion chamber. The carburettor and ignition system, necessary in the

SI engine, are not required in the CI engine.

fn" ideal ."qu"t ce of operation for the four-stroke CI engine is as

follows:

1. Suction stroke. Only air is inducted during the suction stroke.

During this stroke intake valve'is open and exhaust valve is closed.

Z. Compression stroke. Both valves remain closed durirg
compression stroke. -

3. Expansion or power stroke. Fuel is injected in the beginning of the

expansion-stroke. TLe rate of injection is such that the combustion

*uirrtuins the pressure constant. After the injection of fuel is over (i.e-after

fuet cut off) the products of combustion expand. Both valves remain closed

during expansion stroke.

4. F-xhaust stroke. The exhaust valve is open and the intake valve

,remains closed in the exhaust stroke.
,i Due. to higher pressures the CI engine is heavier than SI engine but has

a higher thermal efficiency because of greater expansion. CI engines are

maiily used for heavy transport vehicles, power generation, and industrial

and marine applications.
The typical valve timing diagram for a four-stroke CI engine is as

follows:
ryO up to 30'before TDC
ryO up to 50o after BDC
EVO about 45" before BDC
EVO about 30" after TDC
Injection about L5" before TDC
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1*q;P-*9*T,I9rm&nce. USES$I,.$n errgine'$perabing at full throttle ariil c$il*
'' stantCiieel *ith-.varyffi Al F ialio. Under thesc corrrlitions, t;Iig AIF ratio

p1l*&c.! Pott lhrugwgr outpur an,t rl:e blte sp*.ifi* i,;;i;;il,;;;-;;;;;.indicated.h}'t,}re..tyPi*n,1Ci-1r1/es.stiowrrine*.ffi;:-
, ing,tqffiS$rmrry, output cnjlg curveis .cailetl 

-bgst pow,*r.,rrrotr:r.e
" 
witH i$$td/f ffiififfipp roIiilffiv i 2 : I . The ;i,rt** dri,,*op'or;;ii;il;..ihernin,irnirr.-poirrt;-;h;fficailerltJrebe*qt0Cot)0TIt},rnxfIjri,l.

, ,tlte 1l/&trltir; io"approxirn*u:11' 1$:1, It mray i:* n*i,-,.1]F-r il,-; i;r;ffi;;,ii.:,."1r*;fr/Sfiritrr$ ls tpilroxffrltllt:i)' Ili: l, it may [:* n*i,rlti {;ilat, t}lq: h*r**t ;.:e,rrri*1.

.$ixture'is mtrch richer thnil bhc chelnicaily co:'rer:t niixtqre arrfi-ii,eltst,..:bcon,ijhf}l:}n,,ff-fHal#5cEi{r.lir:.:i,I,u.;*;**'u.

sorrsf,arlf, oYer tne Iull rarlge oI tlrrottle opera-tiori and if the inflpence ofotherfd@, thc idca.i iur,i "*tfig cle'ic" 
"-ffi-'"e inr::,:iyt * -..-tlrre*

s'FPposition carburetor. Such a carburetor coul,_i be set for tire bt:st r)o*r"er

:tt flS*ilS3: is basei nn i,rff thrciiiie ciperRtion" 'fhq, AIF rerttE-rs ft:r tlr*
.best pow€r afi<l best eccllolny at part throitic ri,i':i: r:ut stric[,I.1, r,ile sfi,*r* {rs
'ei ftill tfrrottle. It tLrc AIF:rati,r.s for bcst powcl' a1d bcst ilcilE{-rriry ;r:ifi
mixtIntoYerthemII@oft}rrottIeopera,tiorianrliftheirrflttirrrcerlf

..r' !'v'v.lrvp.r'r, t-\l- Lluuu..a ua.luureLur COLtI(_l De Set IOf tlle i)tlst pO:fIef
: mifr,ure qr.hen ma-xinrrlm peif"rrrraadlsffi fo, tt*:rp;;.,rrorr)
i ti;'when the pn. mary consideration is the fuel Llconorny. These t,"r,o
settings afe indicated irr Fig.S.3 ir} _ri,* suilii ji,i:.;.._i.ri,{;1'g ii;,.:i; _-t :;, i,iiiri li -

Z', respectively- Actual engirre requiremeuts, h<:rvever, agaip preclrrrle t5e

disctrssetl in the $irr*(:sr*:rrli nq ri*r,!,!rlr.

t2 t4 16 18 20

' AIF ratio (kg of airftg of fuel)

'Variation of Power OutPut
.i'

"Engine

and bsf c, with AIF ,Ratio
I , ,,

,i'

" Uncler normal conclit;ions it is desirable to run the engine on the max-

imurn econorrry nrixture, viz, arouncl 16:1 air-fuel ratio. For quick accel'

;i;;il f,i, maximum power, rictrr mixture, viz., !2:l air-fuel ratio is
Irequired. : ' 

i,i ',::i,,,



, apc uriz e d rul L *, ;1ffi:; J -1; 
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;.",-,. flT iiffi ;t # :T ;dftemperature spark between 

ihe 
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,ri* electrodes (at the moment ofdischarge the temperature of eleciroaei e*Ieeds r.0,000"E;, Ieaving behinda thin thread of flame' From this thin thread 
"o-tustion spreads to theenvelop of mixure immediately ry.oloding it at u ,ri* which dependsprimarily upon the temperature of the flams f?ont itself and to a ,".oldary

3.Iffi?Joo" 
both the temperature ;d ;* a"nriry of rhe surro,rrai"g

In this manner there grows up, graduatly at first, a snrall holtrow nucleusof flams' much in the manner or u soap tubbre. If tne ."ntents *f the

iOtO la'' ""',t'':

ragged {rgnt, thus prescnting a far greater surface area from which fr*oi i*
radiated; hence its advance is speeded up enormously. The rate at wgicn
the flame front travels is dependent primirily on the dlgree of turbulence,
but its general direction of,movement, that of radiatiing outward from the
ignition point, is not much affected.

The theoretical diagra- of combustion is shoqm in Fig. S.Z (a)but the
actual process is different. According to Ricardo the combustion can be
i*agoed as if developing in tn o stages, one - the growth and developient
of u se-iPropagating nucleus of flame qa[ed tgntdon lag or p,eparation
phasv,Eand the other, the spread of the flame thioughout"the LiU6ii;;

?80'

Crank bnglc

Fig, 5.2 (a). Theoreticalp0 diagram.
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lr tua {u*rl, rhat is, *n;'Ii";"1it=rry3*::-Y:ff:,T;:-il**;;;l-,,?'
:1"*:,ll*$11-i:,il;;ff#;*.ri.":"_:x,';;nrffi :i*"::"u"'
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th" pot'oi" iii i"re fierne' rcr.:; f"r;l-' r

chemical ud;*tt*t"'tl' ;;'':';;';;;Jiutioo' ete'' and rvhat i: r'j3;:::*,'

referred to as afterit'*i'g' *iU to a greater or less de'q-reo ccrlt:n*'e

througlrout thc exp:tnsioo s"i'o:'tt' 
.! .a.';rrr.;.; r-ai,,--ti irnlii

' The lsst utrtJ' i' :ltp.":"ttscl 
cugiuc: tt gai":ti iilnliioii lag'

whichlabell'**gi-l'racipio'p:f :-":Tr:T'i:;iil:JJifi"J#tl:

mffi-nfu,-i*ii###:#$ffi rt-t
pressure *"1"j-t:J;.r- 
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""-,.n 

of **ri*u* conrbnstion llrr.s-t'llrr'

[T:ll:"Tll'f dJi'1,:ft i::1"":3:*;;;..H"fi 
'J;;::I.l';"".""

. the volume o'"oe'"i'i'1blo"n*uuttion prt:d'rcts ma'vhe ah*:;t 5 p':r *t'rt'

:Jd ;;#ion cha'r.'ber sPace"

'* h'g. 5.3 shor+s the change in i]1c nlcslurc p' mcau tempcra' urc oi tlre

sases r, in'"'o"' *oli'"'lfiii'it**::i:*; ^ 
i'I' e*crnai u ork or thc ga:;cs

iy and utti'" u"ui 
"itlution 

r tluiing combustioa in a Russian e ngine

GA4-zl (.r.p'm' =' ;*' ;; = $ 33'l' y = 1'0?' p m= 10 kglcm/)' At point

I corresponding *;;'t" o'*ouot of actirc heat cvolverl is 73 pei cini'

During tUe aftuUt'ffi p'j'* tl::t-1T.?'yt is 85 per ccnt of thc availahle

heat of combusticn' 
polot z 

"ut'"tpontliog;; '-Jit 
1lo lri:r'r rhc point of

- ;;;t t* t:'* wuii' anci iiue io krc*rrrpiotc ci:it"'hustion are

pmat.The hsat losses io tn* ":l:",:::::;;,;:,** o i*un,r,irror' '- 3i ilte

hbout t5 per cent t*'t'en an engine is ilrottled tlr suc$ ri lc*n nrixi*

poiirt pr,, 
""" 

l"li ---^rii't-t"-a to * *i;i *'**r the prncess '-.f

ott"rUu'*ng'is muci' iong;l'
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m*nJ*r#ffiffff;iJ*;r**re and pressure-"G;nsffi or the unburned

.? tt _l -t ^-. *^*:^J .rS +l.no .nr{ ryec.

1. .d{nisrru g the corvtpre s s ion f&tio. lgg{gn.$.s"s--l$- ggsg-{-9i"$"L%#*3

ffih;f dfu;k;##;q.uri isauces ah; delay period erthe end gas,

- :-- *-^^^rt#^ tr ..fh loar{ tn ore.ate.f
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critical compression
- ^! - 2^ ^^11^J 1Lo

,uriJ;il#'il;,itio.r, occurs. This conxpression ratio is called the

highe st us eJul compre s s iott rntio'

Materials vzith high heat conductivity coefficients sllch as atrurninium

attroys are desirable io. high comprossiol_cylinder treads since a cool

comtrustio* chamber wall is essential for high ccrnpression without knock'

F{owover hot spots may develop because of poor circulation of the cootrant

or improper distribution of the metatr.

z. Supercltargirtg. xt also increases both temperature and density'

3. Raisirtg ttte inlet tentperatltre. Delay period decreases, velocity of

flarire fravel increases.

4. ficisiru g the coolant temperatttre' Detray period decreases'

5. {tt*easi4tr4 tlte load (opening the throttle). An increase in the 1t1"4

inci,eases the temperature of rytLo"r and combustion chamber walls

thereby raising mixture and end gir temperatures. Also tho pressure of the

charge is increased. Hence the tendency to knock increases.

' 5, Raisiri,g tlte temperature of the cylinder awl combustion chanrber walls'

The [emperatuie of the .rrd gas depends on t&e design of'combustion charnber'

Sparking plug anc erhausi valve are two hottei-*:::f.:,"#:.:stion



ai"- *n;e I opa;li lln;n:s a-':d ,.j,rcrer-f s *::h ,a,1,'* r.i ,r-n l;1r:i: B',
ie ihrdr-ng the spaik tiri,ings the peak pre ssure s are ,.r.ti.c f;rii.rt.-.,*;
on thg poyg{ gtroke anC3I9 thqs_of lou'er masnitudc.

lf in a given engine the fuel qualitv is changed and knock rakes place .

retardirag the ignition lnay eliminate the knock; but it will alsg redr.icc rhe
engine po',ver.

(Bi Density factors. trncreaslng the deusity of the .rnburned
mixture by any of the following methods will increase the possibilirl, ot
kno-sk in the engine.

1 " I_lclg:Sge3r_gggprySs_i9_{Lfgtio"

2. Op"r"llggJltgtlr_r"g{lg.(increasing the load).
3. snp_{r9!iiging_g}p_ g,qgg}g,
4'. Incrlgpfgg {"b"q.$jpg pSeusp3g-q. An increase in the i:rlet ,rressui"rl

imereases ffie overall pressure duuing the cycle. T'he high pressuie in trie
emd gas decreases the rJe1ay perioct which increilsss t tle remetemcy of tiro
charge to detonate. I{owevor, an increase in [Fee irn]e,[ pr*ssurs nmurmases

the flarne velocity, which woutrq$ reduce thp [r:mq;fle rxcy {er det<.rx}atr}" ffiut [hr:
finst eftect aiways predomirrates. Thereflon*, with imer*ase,r$ flirCIssurn
terademcy to dotomate anways ixacno&sos.

5. "{.dvap-c_1*S Lhe spark ty3iygo:

(C) 'Tirne factors. IncreasingilfLUpg_ gf qxpg-su{e of t}rc, ui:burne i:l

r:nixture rc auqq.igulr*on .ffiiiJir btini ;r t[e follorvrng iacr.i:rs rvi;1

;rril"d;eTfie pogsiSitili pf kncck in Si enginei.

L. {ncreasingflame travel distance (conbttstioti chantber Cesigtt, soari-

ylttg positiott, engine size). The possibility of kncck is increase* bv
increasing the clistance the flame has to travei in *rder tc lrai'erse iiis
cornbustion chamber,

(i) Combttstion chamber skape. In general, i!ry i_.11:re compgrct.ig:Z*
combustion chanaber, the better will be its anti-knocl". char3.L.ieristics, since
the flame travel ared combusticn tinre wili be shcrter. Further, if the
eonebusttd;hambe;"H lrig*rfy ffirbr]ffiI" trrJlc*uustG r eie is hrg]r ane!.

{Jofisiequently cosmbustiom flirme is furthor reduced ; this fr.irihcr raduces iti.r:

tenCency to knock.

{ii) Locstion afsT:mrfupflrg A spark ptrug which is ccntraliS'locared
in [hr; cotnhustion c1aamber has mininrum tendency to knock as the flame
travel is minirnunt. The ftrame tnavel can be reduced by using trvo or rnore
spark plugs,

will be a tendency to knock.
"' ' (iv) ffiThedelay'periodi
si2e of the cylinder. However, flame requires a longer time to travel acr*t*i*it',the 

combustion chamber of a large englne. The large O"gi""srr tberefore, 
.

' hAve n weeter knnckins fenden"rltnrrr"*maller 
".roi"rr"" 

fl" si ".r;'," ;"'lave l geater knockin8 tendency than smaller engines. The SI engine is,
therefore, gener,qlly lidited to 100 mm bors.

2.

l: f:,, 
, ',, :, . l,

Decreasing the turbulenc& .

to knock. Turbulence depends on the design of combustion chambei and
one engine spe-ed, ', 

,, '1 ,, 
', 

'''

decreases the turbulence of the mixture resulting in reduced flame speed.
AIso lowcr t hc cnginc speed, longer is the absolute time for the flame to
traverse the cylinder which increases the time available for perflamc
reactions, Hence the tendency to knock is increased at lower speeds.

Note. Arrigoni et al. have reported
that most sevsre knockiirg conditions are those met by small displacement

i,engi$es at a sufliciently high constant speed (4m0-5000 rpm) and wide
, opoo throttle. Motor octane number is by far the most important 'fuel

;:cngie' fector in controning high speed knock,at all engine ipeeAs. High
'", intensities (that is, 3 V) mu'ch greater than:tracs terien (iUout:O ,z*)

will cause engine damage. : :
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-_|-ttffiTrie ffiie aur o- i gn it i o n

of f""r *i!l! i - .e iiie and-Eigh

a longot tnls largt . ,A long*-'-'--"
g f.*q 

ckilgt in diesel e

delay period-rrot o"ly i*'*;"t-thg *oqq"t

t-ffgr'f6G"Utrtg:g 
ure and

itstrrcrilcar p:gp** +- t-8-rrytgl'iriE{:g
detona[ibiln SI engines'
"; -* 

It il *ry ;;ile to compare rhe phenomenon of detonation in SI

engines witt, that of knocking in cr eogines.-There is no doubt that these

two phenornena are fundam.rtully"similar. Both are proces-ses of

auto-ignition subject to the ignitio_n time-lag characteristics of the fuel-air

nrixrure.However,(rfflre""nr*m-f *q-"5iientqsgrg*"-"J!I"i"1.91"911?
and the cl;;;i".g- 9J'e""*:

@s4*?tlr5@ (t) J.*-tl's S[ ;P * ation-?t-1o-g*9--c-gg1!--ut-a*!fgg"{SJ

combustion whereas dffi;ci fuern,a;a;non occurs near the beginning

(2) ubs-dsr@-$J enllle is .-d-g hesgssqge}}L-9}-a#s

9?vssLvsryb-l$ryts,ef-ry$*:si 
pje5'Irae' In

the al_endpe rh, tudm_#.+Ie_ dfiirqeiffS;{4q[beneq lbe Iqq aI

plgq,u,.,ir..i*o'*'lb&'';T gp*tpf thscharge

if the de&)'Period q-!91g-l}1se 3'lP'

rcl I

t9r t t-r
rir lot-l
,1, I F-

iEi I$) , r> l-'r-i ;a =tlei ;[:
o-

T ime

[t!e_-$!_9gg1ne.

I

I

I

I

I

(3) since ixths gls*ssp-$p-J*.etsisjs-.ls"S "lste-*p--pvlts-4-ff:-p'slv--

gu[*-S*g.t:lfg*t"*-P* ffi $'9f-9--l-l1"9" Te n s-t1eg-qj jpfS:igoitipn'

o,' nlgssffi d,*n jileS:-sssL'*

(4) Js__$g s_l e.e'i',r i* ir:"@-Lq g+l'"suish between

L,,,skiss*.4j+g*:k*ejK,$s-epernq*umffi ses-""*"r*'ffi
drsg*Stlon. Floweve r' i[Ifrgtr'g-F t

l$.*l Uv ellg3gllgg-L a"'J-i'e"t" *"tt CI e'friles ffi"ilffireG nt lv h igh

rare of pressure rrse p-effiffi;A*f *ffiUlffiotre :WEe;

-su;ffio rtdeeo m e s-a*"r*i* *- rHe r e 
- rt .xt" t-ivs :"i6 ilti6" il; n gin e

structure, in the opinion of the observer, the engine is saicl to knock' It is

clear that personal judgrnent is involved here- Thus in the ctr engine there

is no defi nit e di st inct ion b e twe en:, n o r m al and- ks'gs-Fr*d""sl*!rytig*t 
Th *

"ffi;", Hi.}r'pd;dli;m tr;cr?nfrni mailedch as high as 1"0 bar

-Pglggnh-*.elggssdg'It is most importurit to note that factors that tend to r rduce detonation

in the SI engine increase knocking in the cI engine and v'ice versQ because

of thef ouowingreason.Thedgtg*3g*e*srkns-g$qej*ILesl-grs"r4e-is-d*s
ro simulraneouF -allqo.l-g $et*s* 1-o*-Lu"g*3-*te

dffiffir,ffiHtiffi*]slprqq*u*Hnte:s*t-a}}sseiberJF-q3sJs.Wltigt,dJb"Hmt
frffi figJuql, To e*lmig*[,9-*irr--"*; h-r***%-\s

zuskys53$B*qffi tibl as eq5|y"a'+-p""-""$.s..'t'h1e and thereror e

desire **hg.g*Iay-a i*- 9{etHe-e$th*fusl
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Compression ratio. Increase in compression ratio reduces the

delay period as it raises both temperature and density. Fig. 6.8 shows that

with increase in compression ratio the temperature of the air increases

(curve a). At the same time the minimum auto-ignition temperature

decreases due to increased density of the compressed air, resulting in closer

contact of the molecules which, thereby, reduces the time of reaction when

fuel is injected" As the difference between compressed temperature and

12 50

1 C00

750

s00

250

0

auto-ignition temp (b)

0 t, I 12 16 20 2t-

Compression ratio
F'ig. 6.S" Effect of compression ratio on maximum air temperature and minimum

auto-ignition temPerature.

the minimum auto-ignition temperature increases, the delay period

decreases.
The above theoretical analysis may suggest that in diesel engines the

highest possible compression ratio should be used to achieve the lowest

de-lay p"iioa. However, there are practical disadvantages of using very high

"o*piession 
ratios. In CI engines the compression space is already very

small and the necessity of providing working clearance between the piston

and the cylindcr head and around the valves compels us to leave thin layers

or pockets of air to which the fuel cannot reach. Wth a compression ratio

of 
'16 

the.unused air fs already about 20 per cent. With increase of
compresslon ratio the unused ak would be much more decreasing the

voiumetric efficiency and power. Another disadvantage of high

compression ratio is lower mechanical efficiency due to increases in weight

of reciprocating parts. Therefore, in practice the engine designer uses the

lowest compression ratio which would satisfy the needs of easy cold starting

and light toad running at high speeds. Note that this practice is opposite of

the Siengine design practice where the endevour is to use highest possible

compression ratio, only limited by detonation.

The maximum peak pressure is only marginally affected by the

compression ratio, because with higher compression ratio delay period is

shorter and therefore the rise of pressure on ignition is lower.
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sr*.i, n* ELEMET{TARY cdRBuRErr;

T hrol ile yalve

To understand a modern carburettor which is a complicated piece ofequipment' it is helpful to fust study a sirrfle or rr.*rntary carburettorwhi ch pr o vi d e u w-*fu!*!rux,fu r sn i i nxq ruqm gl 
- rq ryK -q! -a ;u!gt_esffi{KL-the t',o oaakgff*fr-,1*/#.r provide for orher duries likestarting, idffing, vaffiUte 

"ffiffi;[;p."a;p.rarion 
and accererarion.Fig' 1L'9 shows a simple carburettor. I[ consists of a flqrl_.hamber,nozzle frt oa throttle valv".ffiffi gyp 

trolin the-flqat'[i"'u;'ml&;a?;rn1;ir"*#HrH"fu*il.ro*1qr_o.signediersffiFs-ffi @s#Ei-trir+1'ft#cdtffierirspry1;,u.,
A ir- f uel mix ture --r*'-.-1

-

Venturi
t h roat

Noz z le
(discharge ,iet;

Fucl from

=-prmp

Nee d le valw

Float c ha mbe r

Pufing suction stroke air is drawn throu@V@
tgL mum at rhe rhroar

-E r - t . . -(Venturi tube is also known as choke
minimum resistance to air flow). nturi increa-
qgg p veloqs,aq$.the presqure in tses in velo ffi

heric a pressure
cafled catbuiettor
f fuel into the,aii,stream and,,the.iiid t

of the smallest section in the
qyr{ed by the diqI/ruYrSt g uy ttrs (tlscnarFe Jet qgo me slzg-_gt tlls jet is chose*n erypEiq&*-

lo=Fve [herpquired eopme t the
fully open throttle condition lies betrreen 4 and 5 cm. Hg below atmos-
pheric, and seldbm exceeds 8 cm Hgbelow atmospheric. T6 avoid wastage
of fuel, the Ievel of the liquid in the jet is adjustld by the float chamber
needle valve to maintain the level a short diitance below the tip of the
discharge jet.

'4th qqqry 
'thsl ryh*lp*ip{eqqrqsd 

"t e egfis}llq $pgeGp ,."quqt qi
lhq "lildstrs 

ip qeducp4,
butterfly tlpe which is situa
l-^- ,' /Fl .l l -.

',i:,r,Iist e ngHq t4r?$4,t+t,yi..::.,,r', *tr:rx-m

i::', ,o.;t*tr-aJroll.'o-o^ff{^^--r!*-r^---- tt r | .r,*rytu:rrrrrrrurc trervereo ro r{9=cltp{gls.3pg leqce less r del,eloped.
.'
power of the engine inEreases""t 

A simple carburettor of the described above sutffers frorn a

*d ?Ar* ilrirra*t-*rth fuii thiaiffi,
a . AIro

1t=lglv 
qpgeds qt pqrt op_en thrgttle, T$algromenon 

"
i f:PY:if *': tng tryqtq$ffi

Float

When the eneedlev4yq,
"l oply ryrt-
is re"teA e_il,e at*o--:oip

,' l. 

r tnr.oatr le for

I::P:-*Ix::":)



qilaeAhe* oF AN IGNlrloN sYsrEM

A srnooth a,nd reliatrle functioning of a,n ignitiorr s)rst,eur is essential fol:

;.-ldi- *"rr.i"g 61 6,n engine. The 
'eqriirentertts 

of srici] an ignition sYster:rr

(i) It strould prcivide a got>cl spark bet;rn ecn the electrodes of the phigs at

the correct tiuring'

(ii) It shoulcl func,tion efhcienl;ly over the erttire I'a,rlge clf elnp"ine speecl'

(iii) It should be light, e{rective 0,r}c1 relia,trle irr scrrvice "

(ir) It should be compact and eia,$Y to ntainta'in'

(r) It shoulcl tre chea,trl ii,nd coilveltient to hanclle'

(r,i) .rlie i,t;erfe'ence fi.orn ttrc high voLtage sourcre sltc[ikj rtot aflect the

fu*ctioni*g of the raclio ancl telervision rr,rceivers insicle a'ti lttttornoirile"

FUNCTIONAL REQUIREMENTS OF AN INJECTION
SYSTEM

5@
bbr a proper rtlnning and good'
1-1fllrirorl.lnrr*r'.-"'-l 

L^ "' . r I 'r

Perforula'nce from the engine, t'lrtr fbllowing

(r;;.a,t,e r,t,rtori*g of t ire fuel injected p.:,1,:It.3 -'|l'it 
is very criti-

c:r,1 rltrt: t,r: r,ht: faCt, l,hat, very rrrrr,ll qtur'ntiiies of fuel being handled'

IVlet,ering r)r.rolrs ura,y mlLrse clrashic varia.t;ion frrinr t'ht: <lesirecl output''

.fhe quantity DL ttre frrcl rncltercrd shorrlcl var:y to tneet changirlg speeci

and lotrd retlttittlrltelrts of Llic ctrgine

(ii) ,Ilir*iilg ttle inler:t;ion of'tiro fuel ctlrrec'ilri in the cycle so tha't rnaxirtrurrl

powe' is ,ltrt,ui*trd erlsuritrg; firel ec'ononrY a,ci ciea, bur,ing'

*

(iii) prop*r .ontr.ol of riirl;c of irucct;it-,n so r,hat th'e desirecl hea't-release

pti,t,t,t,'ritisa,chic\€ddrrringt'ontt-rttstitlrl

(ru) Prnpor ir,t,0uli:rit,1,iott t.)f frlci irito \-et'1' fiue cf rrrylr,rls' ,

(,,) [:,r*11.r-sl)t.i]]'[);.rtt,,.rt'li t.tl ,-:ltstrrt'ItrPici rrli:<ing o[ fucl ertril air'

(ui) IJrriltri.,r riistrilrrnitxi rif t\rel clroplet,s titrotr5r;irout t'Ite conrbusfit>n charn-

1-l trt' .

(vii) Ti"r srrl-r1;l.1, oerrirl qrra,,Lities of l:rcLei:er-l frrel to ii'll c;rliuders in case of

nrrrlti cYlirttlt:r engines'

(r,iii) No lag ci*ri*g };c:ginni,g anrl cnf of i*jcction i.e,, to eliminate clri'b-

bli,g i.,f f*erl d,opl*.hs into t,he cylir:der
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SUPERCHARGING

ttl.

A good r,rr*y to rneet these neecrs is to har-e sriper charging rvhich rrral' be

iiii,eci fojced i*chictio,. As alread;. st,ateci. tlie purpose of supercharging

sdl,igTh,s.. ihe irrFzrsecl ma,--ss of air rvill be inducteci rvhich rvill the*

t,__.gtttpge-s,seq1, in-each-r;1,'linder. - 
TU:- ryr*u *rg q4..iger' ^i'iGb'ie 

for

gernbustioi thti lbq sggvgl$lg1gl u ttl9il-pfgarn'ing- ttre -fresir 
air charge

!,tg- lhe qyl4gp*-(ntl tt ancl fuel

pe, .y*t. ,ffiilrt;a r*i; tffi c+,rincter; ,,*.r thi;ailmffit
,11,r:i,rg the irjniuirsrion ptd!,:y:I-taiselhe engine por'ver orttput to a higher

The poi*ts to be nor,ecr in s*perchargi,g a, e*gi,e sr-rlnmarizerl as:

Jo s*percha'ging i*r-:r.eases tt " 
power output of the engine' It does not

\,' ilcreaser the f\re:} cotlsurnption, per brake kW hour'

$i certair] per.cent.ge-o1 u?*er is consllnred irr cornpressiDg the air' This

po\ver. ha.s to be t,,k"rr. fro,r the er-igi,e itself- This lvill lead to some

po\,,.er 1oss. Ho*,ever. it is seerl that the *et power outptit u'iil be more

r'a* the pc,,i-cr olrtp,t of a, engi,e of tire same capacity, without

sr.tperchtrr gitrg '

.j#ii Tiie e'gi*e sh.uld be clesignecl to rvithstand tire higirer forces due to

- ' s\u)erchar ging '

-$,i rire increasecl pressul'e fl;rrd tempcrabure i1-s a result of supercirargirtg'

rnay. letr,d to cletontr,tion, Therefore tire fuel used,rust har-e better

arrti-knocli characteristics'

In pr.actice, racing car engines use s,perrcharging. The urost iruportatrt

i,rez)s r,v[exe superc]rarging is of vital importance are :

(i) h{ar.ine a,'cr a,rrt,orn,tirre engines where weig]rt and space are irnpor-

ttlnt,

(ii) ILrg.i*trs *,cirki,,g &t higli aitit*des. Ttre powcr loss due to altitucle call

ffiUPERCHARGERS

6@ ure-boclosti,g <lrxice -rnrJuch.supplies air (or rnixture)

:iTTl'-11?:;:.3 ;i;

: #;fr[edb'4si,-
ffiuistl ,leri"rt'l,t_pt-' rthe

enqi*e exhaust ga,sgs. such a slrperchnrger is ca[e9J@bz]'rger' There

ffiffirperchargers

A\ Centrifugal iYPe

lii) Root's tYPe,/

(,1-) \'aue ty'Pe

Centriftrgal TYPe SuPercharger

The ce,trifugar type s-lpe'chnrger is cornn]only used in autornotive e,gi,es

(Fig. le. 1 ) . . 
A Y-hllTfi[gf*"ryS.p9]l?v J]l]Ltl]'?I11!srcharges 

First'

the erir,Ig1-u{1ur:e *rrt.*,, i[* *rp-ik" .t-tlr. .ilt*' It ti*tt passes t]rrough

tJre inrperle:r a*d the di{tr.rser rurr*r. Fi*all;r, il'ir: clr rrtixtltre enters the voltrtel

casing and tSen goes to the e*gine frorn the ca,sing' The rtrixtnre will colne

o*t at 
'igher 

pressure *ncl this co,clitio* is ci,ulletl supc)rchargecl conditir:tr'

Beca,use of higher- presfiure rnore a,ir-fuel nrixture is to'cetl into the cylin-

cler. About*11[6_urgj.g_L1l*rj1el j*ixltrrc-can-"be-fofceii i*:to t]re comb*stion

chainbei:.-rne irppg{er runrj a* #;rnl*tca,m, -oIi*i'i stl,t}00 rgvol*tions

per uri,ut6r *i.i.dli*{*i1*Jl.;}:-.*,l]*,lt J*llffi,$,tlx*:
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Diffirser

Volute casing

Centrifugal Type af SupercJrrlr ger

Root's Supercharger

sffi r g E . The Root'ssuper-

.ilrr.g.. has tu.o r.otors of epicycloids shape, w'ith each rotor keyed to its

shaft. One rotor is connected. with the other one by rneans of gears' The

gears rlre of equal size ancl therefore both the rotors rotate at the same

,p..d. T5e Root s supercha,rger .operates like a gear pr,rrr{r. Tlre-m"ixture

at the outlet of this supercharger will be at mttch higher pressure than the

irrlet.

Rotor

Fig. 19.2 Root's Suqet"charger -
Vane TYPe SuPercharger

Dettrils of a tvpical va,ne type s*percharger is shown in Fig'19'3', {;ttul*"
ber. of vanes ilre mounted on the drunr which. is iy1;-idujAg*b'dy 1,*"Lrt-I \-rr v (!lrL,

slrpercharger. The va,nes ca,rr slicle in 6;i@-*agtri*st$9-Qrceo{I'g,sllns
f t tP(,l \-rr(rrr b\'

Ileca*si: cfi' t,his arrarrgerrent, the varles Ir" alrgys [r$'ut'"Y,1t1'*::l'l:::
:,ffiH;',;,; bJ;'1{;;; between the ffi:: *,':r,s or the bodv a,nd

rr:---"--ill-^ .^) t.Ll lcr,L,u \.rr tJr

the 6*rfr, decreaq6.J trorn the inlet to tlie outer sicle. In im way, fh-e quan-

;;;;;h, ;;;*;;;'*rrra ernters at the inlet, clecreases in vol,n€, because

of i,r,,lich the pressrrre of the nrixture will increase as it reaches the exit'

comparison between the Three superchargers

.f'e reqnired characteristir:s of a centrifirgal type supercharger is poor and

suit,a,hle for Only lor,v speerls. 'rhe root's supercharger is sirnple in cotlstrltc-

ti.ri. r.rr(*riros ,rrly rni,irn*,r ,rai,terla*ce itntl htrs lo*ger life' The varle

,[r-1r1.s*])(.,r.1rrr,r-g*r lr.,s a speci*l pr.bicr* of rv*a.r of t,iPs of the \ral]es 
'o'itt'

Iirrrr.. 
-l.ilr.r.t,for(,. orrc hrr,s tg tlke into a,cclolult tltt'a1l1llir:;r't'itln zrnrl t'ltetr

,1...,i,1,, {1.,. t.-r-,- ,-'' l:"'":1 "1 "'-,'-'-'- l: -'l ' 
- --l'--- - 

--

Outlet

Outlet

Inlet
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engines InaY be cla,ssified as

(i) mist lubricati,rtr sYstetu

(ii) wet stlnlp lubricatiorr s;zstenr
..

(iii) clr;y sump luirrication systern

L3"9.1 Mist Lubrication SYstem

Ttris systerp is rrsed rvhere cra,nkcase lubrication is nttt srritatrle. J.rttwn-
stroke errgine) r-rs the chtr,rge.l:*gglqpry5ggll jI t,tre c*'ar:kcase, it is not possible

iu:ft*ii*ffi 
"t,-ubt_rruil 

- 

IF*o., gi-il1"tti,tat J.-adopted

irr r:Lactice. I, sur:h errginls, the-l-utrriiabi'S oii is mixed. wjtir -the*ftte1,

thg qsual 1at,lffi 6%. 'I!g, qilj+r}ql the firpl rui"trrrp is in&rcted

t he fuel is vi,r,porized and the oil iil thq-,h$S of

i rit"t the
riecting rod bearings. and the

,:t,.ii"of:t,}reoiit..6'ict.ies-i1iItr;ridtjrecr-1inr1er.
'I'tre aclvturtage of this systern is its sinrplicitv and lorr,- ct-rst as it does not

relquireanoi}pI1n}p,fi1ter,etC:rI,indisq{L\.atrtageS

fu) It cauSes he:av), exha,lst smoke due to buning of
J tially .or fully iltrd a,lso forrns deposits on piston

ports'whicrh affect engine e{Iiciency.

: iii)

hrbricating oil par-
crown and exhaust

Since the oil conres in close contact with acidic vapollrs produced

tluring t;ire cornbustion process gets contarninated ancl may result in

the corrosion of bearing surface.

This systern calls for a thorough rnixing for effective lublication. This

rcqlire:s either separate rnixirrg prior t<t use or use of solne adclitir''e

to ,give the oil goclcl mixing characteristics.

) During ck-rsed throttie ope:ration as in the case of the vehicle nroving

down the hill, the enginer will sr.rlTer frotrt insufficient lubrication as the

suppl;' of fgel is less, This is an irnportu,nt lirnitat,kln of this systern.

In sorne of the nrodern engines, the; lubricating oil is directly injected

into the carhuiettor and the quantity of oil is regrrlated. Thus the problern

of oil dgficielcv* is elinrinated to a, very great extent. In this system the

rua,il 5earipgs alsci recrlive oil frorn a separate punlp. For this purpose,

t,hev will be locatecl otrl;si,le the cra,nkcase. With this systent, formation of

In t6e wet sump sl,steur, the bottorn of ther crankcase cortta,ins au oil pzlll

or surnp frorn which the }ubricating oil is plmlped to various engirle coln-

pone,t,s by a pump. After hitrric:ating these parts, the oil florvs be"ck tc tiie

sump bv gravity. Again it is pickecl ,rp t,y a purrlr ancl recirculated tlrrough

tle e,gi,e. lubricating system. 'fhere are three vri,rieties in the r'r'et sllmp

lubrication sYstem. TheY ai:e
t

(i) 'the spla'sh sYstertr

(ii) the

(iii) the

splash aud Pressure sYstent

\7,

pressure feecl s1'stern )

ump Lubrication SYstem



Oil pressure gauge

Camshaft

Connecting rod bearing

Main bearing

Lower oil Pan Oil troughs

Oil pumP

strainer

Splash
EJBryS.
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A sr;hernzr,tic diagram of this system is showrt i1 Fig'13'9'
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ry,r\t_rg rde,walls, tappei ;ii-*,--frrt";;rrd l,Cto,,;ifu* u." rru.[utoa b' oil sprayfrom around the piston pins and the main ord connecting rocl bearings.The basic cornponelnts of the wet surlP lubrication systerns are (i) punlp(ii) strainer (iii) pressure regulator (iu) rilr., 1r1 breattrer.
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*g ,, ,,Jres'sure Feecl Lubrication System

orr*"t'rX#iil.:HlTi and its components are shown,n 
",ri-. o,, o.,.;:;:;';;-'::"::-,:,:,:{::T"3::"::"'3: jr:",i.,:::*:::1.:1,":l

fro,r entering the oil circrrla,ti,g,rr,"rrr. A 
^ffiwhich a*tomntically keeps the cleiiver, pressure constant and can be set toa,y value' when the oil pressure 

"*"""a, that for which the rarve is set.the valve dpe,s ancl allows so*e of the oil to return to the sump;hil;
11]ievius 

the oil pres'ure in the svstems. Fig.13.13 shows a typicai gearplrmp' pressure relief varve and by-pass. wtost of the o* rro* ii" prrrrpgoes directry to ihe engi*e bearings ad a portio, of the oil passes through, cartridge filter which removes tire solid p.r.ti.iu. from the oil. This reducesthe aurount of c.ntarnination from 
"orbo, 

a,rrt urraolfr;i il;;r*, presenti' thr oil' since a,, the oil comi'g from the pump does not pass d.irectlytlrrough the filter, this firtering *f*t"* is ca,rtea by-pass firtering system.All the oil will pass throug' tfr* nft", o.,", u period of operation. Thea'dvantage of this systern is that a clogged filter will not restrict the flow ofoil to the engiire.
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Fis. 13.12 Basic corn.p,nents of w'et sump Lutsricatictn -systern

reillove trea,t frorn the oil"

Pressure
relief valve

To bearings

A trry srlmp r*brica,ting s),ster* is ilustra,tecl in FIg.1:r.14. In this, the supply

of *ii is carried in *ur, &t*rnal ta,,k. A*'il p*nrp-tlraws oil from tlr'e s*pply

tank ,,*r1 circ*ja,tes it *,clerr pressure to the ,rurio,rs bearings of the erigine'

oir dr ippi*g fi:,*r tire cvri,tllrs a,ncl hreari*gs into the sur*p is reilloved by

*, sci1,\rengi*g punlp rvliich in tr-rr* the oil i* passecl through a filter' ancl

is ted ba,cl< to ttre s*pprv ta,'k. '.rt,rs, oil is preventecl from accunlulating

in the base tif the engine. rJre caPacit"y of the scavenging pump is ahvavs

grr:*,ter triarr the uil irrrrrrp. In ttris systerrr a filter with a bypass valve is

trllaced i* betwceil the sc:averlgc) pump an,l the srrpply tank' If the fi'lter is

croggerl, hhe prossrlre relicf vzr,rve opens perrnitting,il to hy-pu;s the filter

a*cr re*ctres t5e s*ptrrly t,a*k. A separtr,te oil cr:oler with eit'her water or

a,ir as trre cooli*g mi,,li*m, is usrrarty proviclecl in the dry surnp systenr to

Vent

e

" 
Oil PumP

Engine crankcase

SupplY tank

Filter bY-Pass

pressure relief valve

+

Oil cooler

Scavenging PumP

Strainer

Fig. 13.14 Dry Strrnp Lubrication System


