» FirstRanker.com UNIT-T |

l 4 i &
‘Fgﬁimﬂer s choice www.FirstRanker.com www.FirstRanker.com
The enevyy s defined as 4he cxb'.h-Hr to do wovk. Enevgy exists

n vavious dorms e-g. mechanical, thevmal, e lecdvical edc. One Form of

eneygy cn be convevted into other bt)/'fhc. use of suiable 0W0~“.9¢m°”+5‘

Sources o'_f Encvjm?/
The voxrious souvyces .,:F cncy_c)cav ave. :
Solids - <oal, coke anthvacife ote

I FMC.\S qu/uic‘s - PC-“‘\'OL«.um and s dc_-n'va'\":s

Gases — Nafwral gas blas+ :/‘wrnacc\gas efe

2 Enevgy stoved in wodter

3 Nuc[c:o.r e.nc—rsta/
Y. w;ncl eneTgy”
5. solar enevgy

¢. Tidal Power

7. Geothermal enetgy
8. Thermoelectric powey
Fuel s
Fucls Moy’ be chemical ov nuclear.

A chemical fuel 95 o substance which ~elenses heot energy on

combusHon. The principal combusdible elements of each fuel are covboen
and hydvogen - Though sulphur is o combustible element oo but its

pre sence. tn Jhe fue_{ is consideved 4o be undesivable.-

ﬁlcls co.n ba‘class,'j(iac! aCCO“Ic“nj/‘ILO UOhC‘H)e_Y

e -Hnuf occur tn nodwe called pYimary, fuicls oy ave Pfc'.?are,c] calle d

saconclcm?/ fuels.

e rd Q'!‘_r_\-!-nﬂ i

/

www.FirstRanker.com



- R FILI'S{-H&erF-EEf“
i Firttiankerss ghoice Notteral. oo o ﬁer_conETCFOdcvéww.FirstRan ker.com
‘ CPiimar %) CS&conc,o:ﬂ{)
Solid Wood Coke
PCO.“" Cho:fcoal
| Lignife coal Byiguettes
| Liquid Fe froleum Giasoline
I Kevosene.
f Fuel oil
Alcohol
| Benzol
' shale oi]
Loseous Notuvel gas Pedvoleum 9es

3

Producer gas

coal gas

coke -oven gas
Blast furnace gas

cavbuveHed gas

Sewey gas
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The enevgy souvces ove of Awo Aypes

e Ut Ce - NEY Tid eney
)o Renewable energy Yesources — soloy enevyy) ol My

wind eneTaly” .
fossil duels

2. Non -venecwoble enedgy wesouvees —

VElecdic powey ﬁcnc'ra'f-ion using +he non -~venewabple encrgy

. FYO40N -
wesouice s ove called as 4he convan-l-:onal powey genc ot

i cSouUTCCsS
v The powey generodion using +he ~encwoble energy”

is known as non corventonal powey jfﬂfﬂ&{ﬂﬁ

:
R } A4 Powey
| fiifﬂi") ani/l?i\ia[o?man i o

Nt Cp‘dfmonrflla, ~enewoble natural) po
Fcl e blades oF wind 4urbines

— wey harnesses the power of the
‘wind 4o pvo
LV A +he <nd o 20\|, the copaq’-{-(j/ of wfnd,.f?owere,d 3e,ne:ra+o'fs was
i 228 gigawatts worldwide.

!..> Euvope has bult many solay Pho-l'ovolhn'c powey stodions

Lv chovanka solar pcrrk (India, 21HMwW) i3 the largest pho-!onou‘c. powey
\

| i Golmud
Eplcm+ i the wogld, as of Aptil 2012, and the second place is the Golmu

solay park (china, 200 Mw)

w The woyld s largest 3&04—"1&‘!"7’\&] power station s ' The Geysers' in

| C‘.O\l'J('O”(nfcg/ with o Cof)gd-{-,f aac Fso M-
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Ama/ hﬁf@. of engine oY machine which dexives heot eneYgy rom

+the combuston e quf-( oYy o.m?/ othey souvces and coqu:nﬁl-s +hts 6“&137’

into mechanical wotk e fevmed as a heot enjine-

Heat engines may be classified nto two main cdasses

|- External Combushtion engines

| Exdexaal Combushon engnes

= ~——— A

|
|
| 2 Inteynal combuston engines
i
r
[

Tn +4his case, combuston o Fuel takes Placc outside 4he Cylu‘ndr:Y
[0-5 in case a:F SJrcam enjn'ncs where the "\Ca'f o:f‘ camb%-l—ioﬂ s 6#)13!03/:4:] +o
JSCI\CTCL*'C steam which is used 4o move o Pf&lon N a Wli’ﬂc’dnﬂ

Tnternal Combushon engines

S e~ —~——

Tn +his coase, combushion & 4ne fuel with oXKrgen aaﬁ the. aivy oceur:

‘wi—!-hir) the Cyhnclc_v’ of +he ehgincs . The. fnternal combustion engines gvoup

inClU—JCS enjfnas emFloldfn7 mix{-uTcs OU( CambuSHblﬂ a—aSCs Ond Qr'f, knOUJn Cl.%

i ° i« known as kol engines
8as engines, those usrn?/ [(aln‘rc.v l.c,/uld fuel oy SFH’{' pe

il compression 1gnition
ond those usfn?/ heoviey la‘q,u..’d fuels, known as oi idd 9

oY diese| ensines.

C.lassh(ico:‘mﬂ ,':.F I-Cc Engines

N - CSa e
|- Accmdm;f/ 4o 57c|¢ a‘f oFeJaJ—qu
) Two stvoke cycle engines

i) Four stioke cycle engines
2. Accorclma- +o cycle A combushion
1) otto Cyc,c enginec
iy Diescl cycle engine
Iti) Dual- Cc,mbuskon oY Semi- Dicsel Cyclf. engine

3- Accowrdina/ ) arranjcmcn-‘- c:F Cyffm:fcr

i) Herlzenta| engine i) vevHeal engine.

fi) V- dype engine v) Rodia]l ensine
www.FirstRanker.com
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i) medium spcacl engline

i) High .chcc{ engfne

5-Acc<>~(clin3/+o me-tod oF i9nit+ion

) spork fonition engine

fi) Comf:-(r_ssmn igni%—ion €ngine

G- A—CCofAlha/ to method o1 c‘.ao(fn}/ {he ¢7[,nd¢f
i) Afv-cooled engine

fi) Wader - cooled engine

3 Accmdtnzf 4o numbev of eylinders

i sinsle cylindey engine

) muldi - eylindey engfne

Q- ACcmchinz/ to 4he fuel emrloau‘ and the method F duel S“Ff’l'f'}"’
the engine Uylincle.r

f) oil engine

() Pedvo] engine

i) Guas enging

fv) levosene- engine

q- Accmdir\y +o Hely uses

) stationarmy” engine

i) Porfable engine

i() Morine ensine

fU) M‘('UMOEN(,L &l’\jiﬂd

V) Aero engine

www.FirstRanker.com
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-he cylinder block & MaiN" SUppoY e ducre.

Jhe vaxious comPor\Cﬁ'l‘S".W‘e eylinder of o mul-'-icylmdcf engine ove cast

as a single unit, called eylindev block- The cylinder head §s mounted
on the eylindev block. The eylinder head ond eylinder block are provi-
ded with wordey jockets in +he case of wortey coolina, or with coo(in?
fins 1n Hhe cose oF aiv COO“V'I?/- Cylmdc’:f head jaskd- is l'nC.b'YPoﬁ'ocl-c_cl
bedween Hne eylinder block and eylinder heod-The eylinder head s

he ld “Hahf 4o Hthe cyl‘inde»r block lOIU mumber of bolks ev studs.-The

ankcase. A covey

is fos*‘cng
block

botom Po*vl—ion o5 the cylinder block s called v

lCaHed c~vonkcose which becomes o Sump fov luloﬁcajn'n?, oil
§+o the bottom oF Hhe cvankcase- The ifnner surfoce of +he Cy{f"d@"
iwhich is wmachined ond finished ocr_cma-h:ha, Yo c,yl:nciwical shope is
!Co”cd bove ov foce.

|

‘ Cylir\clcY
% As the nome implics i+ s o thr\d—xfcal Vcsse.l o~ SPQCC in which
!—pne, Pi5+on maokes o «ccipwoca«liny moHon. The '\lo:'rjfn?/ volume cveaded

i Hhe Cyl.‘nclev dmfng +he c‘:)e:fa“rfo'ﬁ of +he engine is filled with the
wmkinzz Fluid and subjected +o di ffevent %wmodvnom?c pvocesses. The
cylinder is suppo-r-f-ccl in Yhe Cy\fh(:leﬂ( block.
Piston

It is o eylindvical component Fitted nto +he  eylinder fwmn‘ng the
'Y'\Oxlinzz bounc[omz/ of +he combustion system. Tt fits Fe_vfcc,-l—haf Cshugly ) tnko
[ +he eylindey P’Yovic‘fngz o gas-Hight space with the piston “rings ond the
lubvicart . Tt Jowms the First link in "“"Msmf'H'fn? the qas fovees o the
output shaft-

www.FirstRanker.com
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The space enc
1cyf1nda~/ head and the FlS‘\'Oﬂ Fop duﬂngr +he combusdion pYocess; 15 called

the combustion chomber. The combuston oF fuel and the cansaq,uﬂn{ ~elease

o3 Hhermal erEgly vesults in Hhe bujldingz Up of pyessure in Hhis Fm{: of

dhe cyl‘unclm.

Talet Manifold
The pipe which connac—l—s +he in-bka sbfs-km 4o the inlet valve oj:

the enjmc: ond -Hwouah which alv ov afv- fuel mixture is dvawn into

'-(—hc cyl?nclev ts called e inled maniJold-

Exhoust Manifold
The pipe which connects e exhaust Sd-s-km +o +he exhaust

valve of 4he engine ond —Hwough which the products of combushon

escape tnto +he oanosPhcwrc ts called +he exhaust manifold-

In\c—‘— ond Exhaust Valves

Volves are commonhzx mushvoom shaFecl Poppc{ +m>e- TF\:Z/ oye
pvovided either on he eylindey heod oy on +he side of 4he cylinder for
e c\nage_ <:0m|r\<2( into the CY[lﬂd@Y Cinlet valvc) ond For

"ff-julod-m?,
dlSCh&"[‘jln%/ “+he PTOCJ(,\C_—I—S Q;F combuS+nOﬂ CCIhOuS{ Vlec_) _L‘,om the CYIIDCJCY

Spoa k P\uj
Tt Is o comPoncnf 4o iniHeate the combustion pPy¥ocess in SPCLY‘<-

igniton engines ond is wsuu\l?/ located on +he «:ylfnclor head-
Conner_—kng Rod
Tt infevconnects the piston and +he cvankshaft and dvansmids the

| aas forces From dhe pfston +o +he crankshoft. The 0o ends of +he connecd;-
o ~od ove colled as small end and +he big end: Small end s connecled

40 the P‘\s-hm b‘a, Sw;{jgon pin ond the, bij end is connected +o Hhe cyank-
shodt b?r cYankpin.

www.FirstRanker.com



RirstRanker.com
Frsraner sShOUSAs e el s sonbion of ko st aomsc o
0(0'{*&77/ rmo4ion oJC +Hhe ou*-PUL't shoft. Tn the "—'YQV'\ksl')mC-{. q:f‘ o sinjlc.
eylinder engine there are o paiy of cvank oxms and balance wcrgm;s- The
bolonce wcfa-h‘{:s ove P"’O\ﬁdﬁ fov stotic and dynamic ba\ancina/ oF “he
1o+0uhn3f SﬁSJrcm. The c—mnkSHxH; is em:losacl in & C'mnkCO-SC.
Pisbon Rinas

Prston Mings, fiHed tdo the slots oxvound Hhe pisdon, provide o
Hah‘c seal bedween 4he pislon and 4he eylinder wall +hus p—rc.vcn-‘—ir\g
|ea|<03e; of combustion go-ses:
Gudgeon Pin

Tt links Hhe small end o 4he. wnncckngz vod and +Hhe Preron.
Camshadt

The camghaft ond s associoted poxts contvol Hhe opening and
clos?n% of 4he o valves. The associated poats are push ~ods, vocker
axms, valve sp-rfnas ond —hon:aJrs‘ This shaft also P-mvidcs +Hhe dvive
to the ignition svshm.'& comshaft s dxiven bnz +he cvankshaft Hhvough,
Himing gears-

Cams

These are mode 0o Tntegval Po:(+s oF the camshaft and are s0 dcsijnfic’
4o open the valves ot the covvect -HminZ/ and 4o kch +Hhem open fov the
nece ssoxy duvadion-

| F'la—whce\

e net tovgue impoxted Yo the cvonkshaft clmr:ngr one. complete
eyele o% oPe'roA-ion of the engine Fluc tuates causi'n?/ o change. in the
anguler velociby of dhe shoft: In ovdex 4o ochieve o uniform tovg4e
an inerl mass i dne drem of o wheel fs aboched o the oudput

shaft and Hhig wheel is called +he '(lgwhce.l-

www.FirstRanker.com
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diameter of the Wo*(ki"\Z’ C'Y“ndeﬂ is called the

The Nominal inner
ond is usu.a[ha/ e;xP-vcssQ[

desi_gr\a-{tc{ by the ledtey d

in milli meder Gmm).

| Platon Avea CA)

| 4o +4he c.yl.’ndc:r bove is

The aveo of o civcle diemeter equa

colled the piston avea ond is deslignoted by +he letHer A and is

usualllj, e_jc‘:)"‘fCSSC’_C, N Sq/u.av’e_ cen-‘—fme.'l—e'f CCn«-?—),
Stvoke (L)

The nominal distonce -’c’n'vouah which o wmrk\‘nax piston moves

between 4wo successive weversals of its diveckion of modion is called

d usually

’-“\c stvoke and is c{e.s‘njr\u-LeA Eljf*('h(’_ leer L and is exXpTESSE
iin millimetey Crmm).

stvoke 4o Bore Ratio
| L/ ~otio is an 1mf>07+an{; owome.JrcY in classifgfnaz the size of

+he engine- Tf d<L, it is colled under~ Squove engine. Ifd=L, it

s called squove engine - If d>L, 3t is called ovev-sguave engineé-

'Deod Centre
The position of —he wow’kinaf piston and -the fnoviﬂaf ports which are

connected to it, at the moment when the divection of +he
of 4he styoke is called the

MEChmfmll?,
n 1s ~evevsed ot eithey end

are +wo dﬂod centres in the cnjmg.'maf art
i1) BotHtom Dead Centve

piston moHo
deod centre . Theve

i) Top Dead Centre

TOP Decod C—Cﬂ“‘"C_ (TD C.)
It is 4he dead centre when -the piston is forthest Fsem the

evanksha{t. Tt is dcsisnc\-lnd as TDC For vevteal engines ond Inner
Dead Cendre CIDC) for hovizonhal EN9ines.

Bottom Dead Cenire (BDC)
It is '“’\C C‘C'-C\d C&ﬂ‘h’(. when +he PISJrO\") 'S necu'¢5+ 4'0 +he. Cfﬂnk-

AM%%AA%M@—&%EL‘\th

Centre Copc) fov hovizandeFienRlOnGT.com
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The nominal Vo(uW'@w%nkB%om""— wo":\kW%F,i‘ﬁ@%Q{(e&ﬁQg},
havd[;ﬂz, F<om one dead centre o the other is called +the deP\acemmL

dl § FirstRanker.comelue cv)

olume. Tt is expressed in texms of cubic centimeder Ccc) and given by
v .

7\-2.
V_S:A"XL = —’—_‘-—'d L

| C ubic CaPacH-Z/ ov Engine CaFogci-hi/
; TThe Arsl:lacevnen'(: volume of o Cy(fnc’mr muHTPITed bla’ numb ey
of cylindevs tn an engine will 9ive the cubic CQPaCH-y/o-Y +he, engine

CQPQC'-"’Z' For z.'xampla; 1§ 4heve are K CL/ln‘ndc:/s in an e_nije,, +hen

cubic CoPacT—l-ljz = Vs % K

| Cleavance Volume (V&)

; Tre nominal volume of the combustion choamber obove +he PTS{-or)
(when it s ot the +op dead centre 1s the cleavance volume. It is designated

505 Ve and exp’rcssecl in eubie centmeter Ccc).

;Com,g'fcss'loﬂ Rotio ()
; 4 is the ~atio of the +0Jra|' cylinder volume when +he ptston is ot

i.;.ht bottom dead centre, V1, +o +he cleavonce volume, Ve TE s desTgnated

by 4he ledHer "
T =+
Y = VC. \/C

www.FirstRanker.com
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rf on engine is WWV&S@@%@%% Hn WY WAFITRARARKET LA D,

K cycle of opc-ro\Hons In o seq,uﬁnkal monne - The Sequence is q/u.H—r_

i b firstRankericagm.. i

~igid and cannot be c\r\anﬂa&
The cvedit of Tnven—Hng ‘he SFodk-ignT-l—ion engine  90€s 4o Nicolaus

A. oHo (183¢) wheyeas comec.ssTon.-ijnH-Eon engine was tnvented by

Il
iQw:lol{ Diesel Claqz)."mcvc{mc’., “H')e«tg’ ave offen ~efezved 4o as O+to

kanjfﬂa and Diesel cr\s’mc.

| Four- Stvoke Spoxk -Ignifion Engine

|
1 In o '_Fou,y_ 5+fol<g e,ﬂ_g‘ﬂe., ‘e C—yC‘C 5'5: OFC-TC‘\""K-OHS is ComPlC'l'CA
\

in dour sivokes of the piston ov dwo ~evolukions of the crc_mkshaf-é-
!Dm?r\g Hhe dour shvokes, theve ave five events 4o be comp leted, viz-,
| n, expansion oand exhaust- Eoch stoke

| Suc_“-?on , COmP-fcss‘ion, combus*ho

o ! fov an
eonsists of 180° of cvonkshaft ~otodion. The cycle fOPC:fO"L on

fo“ow]ﬁ?/ ]Cou:f S"“{Okes %

ideal Foux- sivoke ST cn_g.‘m: consists oJC the.
O suchon ov intoke stroke s 1) comp¥ession styoke;

i) expansion of powey stvoke ond W exhaust stvoke

The detoils of vorious processes oF o foury- stroke spcwk—
;}gn'l-h‘on e.ﬂjiﬂc. mHh ovex heod wvolves arve shown in F.'B,. When ‘he

| i ideal ode, the
engine completes ol dne five events under ideal cycle m

| 1 ‘Il be as Shown in F;g"
| . [ume C ID—V) duajwram {N]]
} pfcsswre, vo

iSu.c-(-fon ov Infoke stvo ke
Suchon stvoke O—1 clovls when 4he piston is at the top deod

cen-[—w.-_ i abou{ +4p move clownwcrfcls- The n’r)'c.‘l‘ valve . is assumed 1o open
d ot +his Hme the exhaust valve is Tn the elosed
on

! ?ns*on‘bﬂeouSly/ the mo-ion _oac—H'\e Prs+on +owords

ipos“%‘on. Due +o +Hhe suctHon cveoted ‘DLa/ :

i—\—\n boltom dead centre, the eharge consfskn?, of furel-air mixfure 79
< )

! the botom dead

! [ ]
' d—rown m-\-o

centre ‘the sucHon stioke ends and the inlet valve closes Tns-l-anjro.ncmslj

“the Cylfnclc:r- When “4he Pfs-bn ~eaches

| www.FirstRanker.com
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The Chovge ok WHHEITHRANKGITRIEY duﬂw%lvwéstai‘ejﬁ%rmc%oke ’s
compressed by the ~ctuvn shoke of dhe piston 1> 2; Duvfng this stroke
both falet ord exhaust volves ave in closed Posf—‘-i’on-'mé mixdure which
£lls dhe entive eylinder volume s Now comPﬂrcSSﬂd into the clmyo.nce:
volume « A+ dhe end of the compression stroke the mixture s f_«)rﬁh:d with
I'H‘e help of o spork PIU~3’ located on the cylinder head- In Tdeal "-"37-"‘35
i 15 assumed *hat buning dakes place Tnstontaneously when Fhe P‘5+°:—
is ot +he op deod centre and hente the bwminc}/ pi0Cess can be AapP™
ximoded as heol oddition ot constant volume. szng,%e_ buvniné,FTOCfss
!%%e chemical enevgy of the fuel 15 converked into heat f—nﬂwwodw"}

i + the
o -l-CmFe.Ya+wc. ~ise of abo(,d: 2000 c CPTocess 25 3). The Fﬁrcssuwc o

i
end & +he combus-kon process s cons?davabltr inc\rcasr.c] due o the heo
E«Clea":c From tne fuel-

EEI,Fans‘l.Oh oY PONCT S"'TO,(C.
| The H@In pYessuyc of the buant Hases fovces the prs-en towards

f—lhe_ Bpc, ( stvoke 254)- Both +he valves are in closed position- Of the
1; four~ sdvokes onllﬁ/ du:rfng/ expansion-

'J Exhoust st~oke

| At dne end of Hhe expansion shroke tne exhaust valve opens tnstan-
hnm@l.{ and the inlet walve vemains closed. The pressure falls 4o

level o Pcmc of Hhe buynt gascs escope: The piston storts

4 hevric
atmosphevi dcacl cenlve 4o +0P deod cendve Cstwoke 5->0)

mOuima/ f4om the bo+HHom

ond sweeps the bovnt gases out from Fhe eylindev almost ot atmosphevic
| OO

7 ~eaches TDC: ot
pressure. The exhoust volve closes when +he Pns—hm s

e ed in the
the end of +he exhoust stvoke and some ~esidual gases Frapp n

cleaxance ~volume ~emain N 4he Cylfncle_'ff

www.FirstRanker.com
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:Il FirsE%!:;kEr's.thai ) . j

! The. igw, s%dhawft[s&a@wker.dcsn sim lowwhe FifseR DM r cdmo ke
|

| sT engine but + oPC“ra'l'ﬂs ot a wmuch higher ComP'YCSSl'of) ~oto. The
cornp¥ession ~noto of an ST engine 7s hetween 6 and 10 while for o

i i - ke
CL engine b 1o f5omn 16 0 20 Tn Hhe €I engine du:nnZ/ sucHon stvoke,

aiv, fnsteod of o fuel-oaiy mixture, s inducted. Due +o ‘n(ahu comprression
~atios emp\o_tjed, Hhe 'ltmf’ﬁff&“’uYC. ot the end of the compression stvoke
s Suﬂa‘deﬂ"rllﬂx high o self 1gnite the fuel which Ts injected into the
corbuston chambew. In CIL engincs, o hfgh pre ssure fuel pump and
on injector ave Pwovfdecl 4o fnjec'l- the fuel fnto the cor buskion chambe.
The. covburedter and ‘{sn‘i-l—ion 5Us-km necessory in Hhe ST englne are
not ~equived N 4he cx engine -

The ideal sequence of oFe:roA-l‘ons Fov 4he. four- stvoke €T engine

as Shown N Fia~ is as JCOHOMJS'.
Suction stoke

A alone Ts inducted clcufr\?/ the suckion stvoke- Dwring Hhis
stvoke inlet value fs open ond exhoust valve is closed.

Comp¥ession sAvoke
‘v inducted duﬂnZ/ the suckon stroke is comP—chScd into 1he

elecyonce volume: Both valves ~emain closed dw”n?/ Hhis Stvoke-
Expansfon stvoke

Fuel fnjcc-Hon stords hCo:;[?/ ot 4he end o= the comprression cdvoke-
The ~ate of fnjection 75 such Hot combushon maintains +he pressuve

nstant tn Spite of Hne P75+°n movement on Tts expansion shvoke.
co
incvmsiny the volume: Heat ts assumed to have been odded ot

}COV\S—\'oﬂ‘t pressure: Afdey the injecton of fuel is comF\c-l-cd ¢ie aftey
| 1
icu—k—o{a‘) Mne P-ro&uc-[-s of combustion e_acpond- Roth 4he valves vemaln

elosed dwﬁnzx Hhe expansion stroke-
| Exhoust Stvoke
| The piston +vavellin Liom BDC o TDC pushes out the Fﬂ.ocju‘d's Z:F
i combustion. The exhouwst valve s open ond the tntoke valve s close
WWWWMMM@H—
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s‘Hoke 'fo*r Eva-r?/

n
[

for Slushing 4he

4 with the Fwesh ehayg

jbz' an cchYno:LIve_ oY Yongemen

then i+ is possible +o obtaln o powey sivoke for e
Ec‘fﬂmkShO{‘t (ncvcasin%/ “the Out-l-Pud- of Hhe engine. However,

!

hove much in common,

‘Pumm-l-e'rs ltke basic Cyc\e oF oFcYaHon,

stRan .C o
igkﬁa’ﬁk%'h‘%lh%igel; M Eqgies

Tn both sI on
two ~evoludions of the evonk shaft - There are two

onN-— Pq'oclu(.—l-?vc stvo
F—roduc:‘-s o:£ cOMBuS-Han

e engines opc’:rou-kng/ o four—

i every’ two ~vevoluton of the cvan

D

wyw Firs{Rankencom. engt AW WGETRERADKE] £OPBwey

CI

kes of exhaust and sucton which ave nece SSOTY

fyom dhe cylinder and :F-‘“TZ
e 'ch{x’c“{vclzz- T{ +this purpose could be serv

P _{:'
+, WHhOuf i'nvolvfna/ +he plerm movemen
very ~evolution of +he
in both ST and

slvroke c.yclc, powey €on be oktained Onl?/
d ¢I engines

kehaft- Since both sT an

4 1s worthwhile 4o compare Yhem based o0 7"‘P°"“""*

fuel tnducton comF-fcssioq ~odio

ete-

ﬁDcsc:riP-Hoﬂ ST ENnging , CI Engine

e . A , B

' Basic Cycle Works on oHo cycle o | Wovks on Diescl eycle o

f constant volume heodt constant pressure heat
addition cycle. i oaddikon c7c‘.l&-

. Fuel Gasoline, a h"@h"[ volodile| Diesel ail, o non-volatile fuel

Tndvoduckon of fuel

LOOd Con‘g‘vol

fuel. Self- n‘jnf-h'on terpPe- 5¢_|{,..'jn‘.h'oﬂ +r.mf>c-ro.-luvc. s

votuve is h'ua}v

: Coum'o.Huch{ low-
i

A Jaseous mixture of giFuc.I is tnjected d-’wcc—l—har into
fuel -aiv is inhoduced :-Pne. combustion chamber ot

du-ﬁng the sucHon stroke, hgh pressure at the end of

_‘+hc_ compYession stoke- A fuel

A carburetHor and on ignl
| Pump o inf Y ave NCCesSavy.
o svskm are NECCSSOY v ,P P ond i jectoy a Y

:Modun ensincs hove go.sol.‘n:;

[injecion.

t'TF,-ro-l-Hc, contvolg the f},uan-|ﬂh¢ WM‘)’ o fuel te ~egulated
““”‘-J’ of fuel-air mix+ture 4o (4o Con-l-vol Hhe load: Alr Q}-m";"ty

| 12 ¥ AUAT P |
TS tfd—gm-.zﬂ—- -

a 1
L=t Riol) RS WL~
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Iﬁm

|
[
|

Comirrcsston Ratio

i
|
| SPc&A

Thermal e%‘cienc:,r

{ Hciajnt

Reqpivves FSHARREo ﬁ»gsw‘cm
with spark P‘uj tn Hhe com-
bustion chambev- P«tmw%

voltoge. 15 prrovided by either

a baHUﬂaf oY O ma_ﬂnc}o-

G 1o ID: UPPC.Y limit s fixed
by ondi knoc k q/\ml?%{ of +he
fuel-

Due o h’aH: wcia«]nt and olso due
+o homogencous combuston,

%cz/ ove. hra,h spccd Lnﬁincs-

Becouse of the lower CR, Hhe
moximum volue of Hhermel

e.f-ﬂ'cjcnclf +hot con be obtain-

cT Enjiﬂc:

ol DSRS0
h’.‘ah +¢ml::c1o.+um of aiv beca-

use. oF Hhe high compression:
Igmjrl'on SU-s-km ond spomrk
Plug are not nNecessary-

\6 40 20- UPPcY imit s ltmited
by wc.‘ah{ inevease of +he

engine -

Due o hc-aVna/ wciah'l: and
also due 4o hc-lf_nraacne.ous
combustion, +’nc-a/ ore low

speed engines.

Because of hrahcf CR, the
maximum volue of Hhermol
efficiency, Mot can be ob-

ed

is lowe-

L{a\njrc'f due 4o comFaYa-l—ivc\l»l’

lowey Fcak pressures.

toined s h?a-HUf'

Heaviey due to comPo-(ovl-ive_hy
\n(aJncY Pcak pressures

—_———————— e
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I"-‘-“a”"er Spt'lﬁ'f?njecgonwgﬁ%@s,t%Haecqmpsf Vi NUVEBIRBERAOKET B0 wotking

|
|

of cx cr:ﬁinesf The engine Fa-r:(—-o-rmo.ncc Viz., powey owl-lou-}, c_cgnam.a/ etc.
1o jrc&-tl.f dq:e_ﬂden'(: on the effectiveness of +he fuel- injection SU“’M'
f‘mf_ injection 566-‘—511{] has o pcrfo*rm the ?mFo-rJran{: du-l«( o i’nﬂn’a-l-inz/ami

ICO(Y"YOH;naz the combustion process.
Basica“ta/, the purpose of carburetion and ﬁml.-injcchon {s +the some

:n case of coxburction fuel
codey Hhon fucl speed
| sfccd ot the POirL-}-

Viz., P"ﬂpo:foul-ioﬂ o 4he combustible chayge. Buud
‘15 atomized by processes “:hﬁm?, on Hhe aiv ch.:A g
‘ot the fuel nozzle, wheveas, in Fuel-injection +he fue
Enﬁ dz\ivc-ndf is a-rca-iu 4hon the air 5fec:c1 do octomize dhe fue
Hors, ol -ﬂowinaz -H'ﬁOUﬁ—h o ventuxi picks up fue| from o nozzle locote &

Jreve- The amount of fuel dvawon into the engine clr.fcnds upon “ne O
n SlgS"’Cm/ the (lmOanJ‘ aJC ;lLCrl

ine 15 CDI’\*‘YO\\CA \O‘a’ O

|. Th carbure-

velocity in the venturi- In a fucl- injectio
delivered into the ofy stream  going 4o the €09
;pumF which forces dhe fuel wndey pressure-

When dhe fuel is injected into the combustion chamber Jowaxds the end
of compvession shoke, it is adomized Mo veny fine diopleds. These droplets
vopoxize due 4o heat dransfer from the compressed oir and foxm o fuel-
oiy mixdure- Due 4o continued heod +ronsfer from hot oy 4o the fuel, ¥he tem-
'Pe:rm\uvc reoches a volue higher than its sd{_gnih'on +¢m‘=mc&urc~ This
couses ne fucl +o ignite spertancously Tnfkaknz/*hc combusHon process:
Funchional Reqpivements f on Tajeckion SLJSJ‘““

Fov o proper -mnninﬁ and g00d Fmrfmrmanu; from +he engine, the
—foiloming -fcqy‘m»_mm#s must be met ba/ +he injecton System:
i) A ccu~ode me,-kfing & e fuel ir\jed-cd per Cydt’-- This is ‘”—’-73/
Lexitical due 4o Hhe fock dhat Nexy small q,uonkl-fas F fuel being handled
Mc-%cﬁnjz ex0vs may cause dvostic voxiotion from -the desived output-
The. ‘1}*0""4;‘%’ o Ane fuel meterved should Vo Yo meet Chmj‘f\?’ speed

Cu—d lOo,d '{C‘?}J;Yaﬂ(’.ﬂﬁ O:f +h€. &(19’[('\5-

"“.) Tfmmz the EGJCC-koﬂ oF the 'fua‘ Cmcd-l"j’ in the C'Yde 2 ‘*hcr* IR

%Fowc-{ "s obioined ensavir 72
www.FirstRanker.com
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'uﬁiﬁi'l?ﬁﬁﬂkél‘kﬂh’l"’ MJ'M'“OH 80 dhat Ahe destred heerd - velease

pf-ifr"c‘-{%”ﬁr'a?tw‘ﬁ'?d ‘"\“";W@V\Af ngﬂ%\#l?é}'.com www.FirstRanker.com
i) Propey adomization o fuel 1ndo very fine. chopleds.

v Ropey spray potdern Yo ensure vopid mi'xina of fuc| ond air.

V) Untforn distvibudion o Juel chol'llc.'\'s in he combas}-im chambe.

vi) To supply cqual quantities o medered fuel to all eylinders 1

case ¢f vwaulh C\/l:’nclc:( CQ_C)'MCT)'
viih) No lag ‘clminzz L’CO‘”“"”?’ and end of injeckton j.e, 4o &\Tmina{}‘,dﬂribblhf,
of uel dw‘orlc-\s o Ahe cY\mAm.
IC\Q‘.S.()I".{‘(C(IMO(\ a'!A .Iru‘('.(.‘""‘l‘or) S :‘)"(‘.n’){‘J

Ta a constant- pressure ¢ycle oy diesel engine, only” oir (s
COmF’!CﬁSCd in the Cyl?ndr;{ and then fuel s Tnjec-{ccl into +He C\/“ﬂdc‘f‘
‘b\J means o{ o {ucl—-injcc“ori sz,s—\eh')- Fov F’deucfﬂgz +he ‘TCQ},(]'ICA press-

we foy cdomizing dthe fuel either alv ov a mechanico| mecans s used-

I:Accdhfdirlg\ubf the  tnjection sU.srlcms can be classified as;
| 1) Aly mjcc_irion Svs#cms

Fth s Solid  intecdion sustems
i '9, ohid N} US
iA’\Y Injud-ioﬂ ngs'\cw\

| . o this sUs-h:m, fuel is forced indo the cylinder bbr means of comp-

|
|

vessed aiv. This smas-&cm is little ueed ”°‘*’°‘d°75/ because T£ wequives
}o bu.\kW mul - S4th)c alr comr-rcsso'f- This causes an incrvease in engine

?uuciarh't and ~educes the bvoke power O(A+Pu+ Fuxiher. One adVan+03¢_ Yheot
'ts clatmed fov +he otv fnjecton s-ﬁs—kcm s g00d m’\x_inz, of fuel with the
%a‘Y with ~vesuldant Hahcf mean effective pressuve. Anothey is +he ab}[;}.,r
j+o whilize fuels of high viscos?+13/ which ave less expensive 4han +hose used
i\ma'-ihc_ engines with solid injec-h’on 5”54‘”’5' These MVM"‘OJcs are off—set
by 4he ~equivement fop. mul-Hf:\agc. compressoY +hc~(cl=t,/ mak’mg/ +he oir-

| tajection SId-s‘\cm obsolede.

www.FirstRanker.com
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' Tn His Sgsv&m the aui is injected 'm:ci‘t)/ into the
E combustion chambex without He aid of cOmF-{C-S.Scd aiv. Hence, T s

' Jlen called oivless mechanicol injection or solid injection system- Solid

jfnjcc.'l"coﬁ S(GS%cms can be classified as:
- b Individual pump and nozzle system
;:’i) Unit injector sUskm

i) Common aif system

[tv) Dishibutor system

|
All the obove SUSM:) comP-ﬁse mthﬂ/ of Hhe follow’:ng/ com[aoncnl-s.

) fuel +ank,

i) fuel feed pump 4o SUPPI'{ fue| fom 4he moin duel tank 4o Hhe injection
séfs-k;m,

iif) injecton pump to meder ond pressurize +he fuel for iajeckion,

Y govemoy 4o ensuve thot Hhe amount of fuel injected 75 in accovdance

;wH-h voriation 1n load,
|
\
|

V) injector 4o tuke Yhe fuel Fom the pump and dishibude i in +he
aseribis Liors, chardlses by atomizing i+ fato fine dhopleds,

Vi) fuel fifders 4o P’f&\/&ﬂ‘[: dust and obvasive paxticles from entexin
e pump and fnjectors +hcch:»3/ W'lfnTml'anT the weor ond feor of Hhe
é componcnﬁu

| www.FirstRanker.com
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,Q.ml tnjector- By o&omn}mgf the fuel indo very fine dvoplets, i+ increases
-H-»e swface area of +he Fuel d:vop\CwLS 'fC-Sul-hnaz in betHer m\'I_m?/ ond
SuBSa%m{ combus-tion- Atomizaltion is done by’ a‘inrcmB/ the fuel though
& small ovifice under high presswre: The injector assembly consists of

i D a needle volve

|

i o compYeSsion 5?1’?-’\7
im) o Nozzle

;',V) an injectoy bodqa/

When +he Juel is wPFl‘eA b(f"'ha, injecton pump it exerts suffi-
;C'E’-ﬂ’f fevee ogainst +the sp*nngz to liff 4he nozzle valve, fuel is SP“‘&U"A
o e combustion chamber in a :Cmcluax atomized pavticles: After, fuc
’—rmm e c{c’.\nl&TtT pump sets exhausted, Hhe S\WMZ/ pressure pushes +the
‘nozzle valve boack on iHs scat For proper lubricadion between nozzle
valve and its guide o small quantity of fuel is allowed +o leak Hrroush
the clovonce between them and then dvained back o dacl +ank Hrough
leak off connection- The SPTiNgs tension and hence +he valve opmmg, pressure

s condolled by addus-\ﬂr\ﬁ/ the screwd provided ot +he +op-

www.FirstRanker.com
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End Cap ‘§\\\\\\\\\\\\\\\\\\\\\\\\§\N N
S \\\\ Ad just™g Serewd
U IEd e
N = f
eak O / A A Spyn
Leak off- ég é 7 Py
| ‘%—:‘/
:j/// sprndle
zz ) F
Fu‘e{ nlet § %% Noz=le cap
N\ / \
ctor bel NV / N\
Ih\/ éf § \/ §§§ Nozzle valve
N NN
\§§ N
Fuel passage - No 2=le boch
/ \
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i Need Fov Coo\i\"laf SL(YS-‘n;m

D‘“‘“ﬁ +he process oF corwew{-\%na/ Yrermal cncﬁ%/-'ro mechanical
’enaﬁ\{, Nﬂh -\the'fO-‘l’Wﬁs ave produced in 4he c\/i:’nde:rs of Yhe engine
as o vyesult of the combusHon pPFocess. A large portion of 4he heat
f4om the goses ol combuslion is transfevved 4o the C—\/linden’ head g
walls, piston and valves. Unless +his exeess heat is coxvied awoy,
and these parts ave acleq/ua-l—e\tf cooled, Hhe engine will be damaged-
;/—\ C"Oh“ﬁ sb'sh’.m mus} be prvovided not onlt?/ +o prevent damage
4o the vitol pavts of the engine , but the %mpeﬁot#ure_ of these comp
EO”C“+S must be maintained wihin <eviain limits in ovdey Yo obtain

| Maxtmmum Pm(afmrmonca fom +he engine: Adequade c:;olfng. is then o
fundamental —fcq/ui'rcmcn{ ossociated with —mdP—meﬁr\Z’ ‘ntevnal comb-

usHon engines- Hence, ou:oolina, Sl(’fsm is needed 4o keep the engine

| from not _Sﬂjt‘{'iﬂ? so hot as 4o couse P‘rob\e,ms and. yet Yo FC’Ym'.L i+

I+o ~NUN ot cnoudb o ensure MmMoximum e_ncﬁ'c?enc?/ oF Hhe engine- Tho

|

ldud"ﬁ ot coo\i(\T SUﬁ—"&m, in othey wovds, is 4p kccPv“-i-he, engine Ffom

| aettin not too hot and o the same Hme not 4o keep' it Hoo cool either
9 z i

|
|
{
|

Chavacteyisdics oF an etdicient @ohng sgs-\em

: The %llowinzf are +he t0 main characteristics desired of an

|

Ec{ﬁ.’c‘.m-l: c::o[fnzz SUS—I'U“:

1) Tt should be capable & Yemoving about 207 of heat generaded in the
;Combus—(»io(\ chambey while maerc;mmy the opHmum +cmPc_-rahAvc Fihe
Ecngina under all opcror\%nj/ conditions f the engine.

1) T4 should ~vemove heat ot o facter ~ote when engine s hol. Howevey,
idwﬁr\? 5—\—erin7 A +he engine. the caol?ﬂgf should be minimum, So Hhadt
e wmkimj/ patts of the engine ~each thelr oFm'o.{—mg/ temperodures 10

a shm + -H’me.-

’ www.FirstRanker.com
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Tre {'unr_hor’: r;‘( 0. V&W}"{;E}iﬁﬁ@ﬁ}n%§% s +c\)N Vi!:v'\i(fxlll;s Eaghe;9f;rzn{
rvlf,n‘”r[ A cool, fildered oil +o Jive positive and cdequote lubvication
44 o\l 4re rcwing Pwﬂrs of on engine: The vaxious lub~icodion safs-k_ms

veed Aar indecnal combusgtion engines mw; be classified as
1) st Vubrricotion sasﬁ'un
1) vied cumnp Wub~icodion sUercm

fir) f“l‘ﬁ —’;U”IP lub~icotion S”S‘h:nq

Mied  Lubrication ‘5:0';‘r'3f/)

This 5554un is used wheve cronkase lubvicadion s not suiloble. -
Tn Aun-sdvoke engine., as +he chayge s compressed in the cvankcase, i+
% nod possible 40 hove Are lubwicahn?/ oil in 4he Sump . Hence, mis+
lbriieadion 12 odopied in Pwac4~f¢c- Tn such engines, +he \u[:ﬂ?co:\'inj o
5 mired with dhe fuel, Hhe usual ~atio bc.'m%/ %/ +o 6% - The oil ond
e fuel mizdure. ove inducded -%wouah the corbuvettor. The fuel s vopo-
ized ond Ane oil In Ahe fovm of misl 90es vio the cvankcase into e

olivdeys Tre ofl which sivikes 4ne cvankcose walls lub~icotes dhe main 3

‘rr,(,nfrl’.nz/ od bcmmas, ond the. west of the oil lubxicates “he ploton,
j]‘,l.‘rinr) 'Jmag and he U/lihfh’-"fr

The, ml-mrﬁnﬂf, n’{ this 635%"’\ 5 14s 51mFlfC;.} and low cost as it
dues nol. wequire. on ol pump; {ilder, etc. Howevey, there are certain

r!f‘.r,r(vnr,\ru)lir, which ove enum&*{o:lcd balaw-

T rouser hrmna/ erhoust smoke due 4o bwming/ of |l&l>1|'co-hn3/ il

,V”_Hnuw of {u”lj/ ond olao forms chor,H»_-, on Pr:,-fpn evown ond exhoust
|

Cpoide wbich offecl engine c(—("cfunf.z-.

i) Sicce e dil comes 0 close condact with acidic Vopours
; =

pyoduced
duiina, e combusdion process  aeds confaminaded and Moy ~vesull Tn the

| covroeion o l)"/rl‘!v’)(a/ surfoce. .

Vi) i s .‘.n'n-\rrq calls fg—,/ 0 H'umuugh ml-,y_'.ng/ fn{ c{(:ﬁ-“vc. lU[D'”'(("'l'\'Of]-.”'“'-‘

¢'lrt,[lf“lr'£4 ey  sepovade rv’\'r‘t,inaz p‘n’o*f lo use ov use of Some. oddi{ive.

e "\'u:"af Vo er T RTeSs
www.FirstRanker.com i



:I l./)FliL E-Fgﬁﬁ:m oPc_m'Hon 25 in +the cose of 4he vehicle

" Ot::;a doi;rf t—\l:ly? |¢c Ehi |, tnewanBirstRasRér Boffey Fromww Frefinientombrication

o5 Hae 5U‘PP1"f of fuel is less . Tis is an imFm-‘ro.n'E teaitatton of Anis
Sﬁshzm- |

Tr some of The modexn engines, the lubwicaking oil is divecty
injected tnto +he cavbuvettor and +he q,uan'WrW of oil is veguloded.
Thus ‘he pyoblem of oil e ffcicncy/ ts eliminoded +o o very great
extent. T Hnis sg&\-cm e main bcow'mars also veceive oil from
a sepavate pump. For -Hhis purpose, Fhey will be locoted oudside +he

(a \(Case' l’\] ”\ ‘lCHj Y 'l- dt (v} 1 T bm'(l.
H) ( 5|'l's a C{ co YOSION ci
9 ) i 'S 5‘05 / -FO mMoaoctioN ﬂf F n Y

ngs ove also eliminadted-

Wek Sump Lobricodion System

Th +the wedt sump sUs"tm, +he bottom 4 +Hhe cvankcose containg
an oil pan oY Sump fvom which Hhe \ubﬂcaln"na/ oil 7s PumPcA 4o
,Vavfous e,rlg‘me. Componen—B b% o PUMp- Afder |M.‘D'1iCa-Lin2, Jhese po 4—5/
the ol Flows back 4o dhe sump by 31@\11-\—(6'- Again Tt is picked up
b‘f o pump and veciyculated —\—hﬁroua,h dhe engine \U.\Dfrfco.-hng’ 565¥cm,
Theye ove Mhvee \IO-Yie-"';CS 10 the lAJC{ SUJ’T\P \\Ab’rfco\-‘-{oq S(a,skm.'rhu'}’
ore.

) e 5?\osh sxdfs-km

i the sPlash ond pressure sUskm

i) the pressuve feed saskm

www.FirstRanker.com
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VL.

1) Indicated ‘H’\&‘rmo.\ mq:x’c:’er) oa/ C"?/._-H.)

i) Brake thevmal mc,q-c,’w‘?, (o)

i) Mechanicol Cjcffcfenga,C L)

V) Volumed~ic &{QC:MC"‘?’C%)

vy Reladive &Jcacl’denu?/ o4 E{ﬁcicqc.?/ wodio (n, | )
W) Mean effective pressuve CPm)

vily Mean pisfon speed C3p)

viliy Specific power output (Py)

ix) Specific Juel consumption (sfe)

x) Tnlef-valve Mach Index (z)

x1) Fuel-aiv ov oiv—fuel ~otio CF/a o7 AfF)
xii) calowific velue of the fuel Cav)

F'n'guré‘- shows the dn'og*{oumeH(. ’TCP'TCSEI]-‘—QJ-{OQ ,3C enc:rﬁt?/ disti.

bulion in an IC engine-

Sa= l = www.FirstRanker.com
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dl Tikan fescom

er's cholce
e totel pouelWALES RN KELE O buss ML RLBRCHRE Mo
5410\0 chamber is called indicected power-

\oml LANK %10
Ip = — 3

kw

wheve., N = No-of t‘-k/[mclms
Pt - Indicated mean cffeckive pressure, box
L — Length of sluoke, m
A - Avea of Fis-l—on, ml-
k= —‘2: fov 4- stvoke engine
= 1 fov 2- shvoke engine

The powes dcveloPtd b\z{ on engine ot the ouﬁ:u# shaft is called

‘he broke powes-

oo 2TNT gy,
G6000

wheve, n - Spef_cl N APm
T - Tovque in N-m
he difference between TP and B-P fs called FricHonal powey, F.p
Fp=I-P-B-P

The ~otio ¥ B-P 4o I-P i5 called mechanical ef—ﬁ}(jenu?/.
B-P

P

T/rﬂcc,h = TP

www.FirstRanker.com
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Tt 15 the ~aligvud RIFERGOKEISOMe. ind WIS PRIBESEP 1o e
Cinput fuel enevgy 0 appropriate units.
T-P [kJ/s]
Vi = ;ncvgta. in fuel pev second Ckr/g])

Tndicalid Puwey

Tiuw =

MaQass o:( -Fuc.l/sm > caloxtfic value o{ fud

Brake thevma| €{-fauc.'mj/-
T4 s the ~olio o e_nexg[a/ i1 the breke powe, &P, 40 Hhe

;nPqu Suel energy in OFP"I'OP'TI-(L"{‘P_ units-

B-P

'?/b%h = ;_‘;SS o a(ud/s“x calovific value of J(uc(

Mechanical Efffcicnoa/
Tk (s 4he vokio of brvake powey Cdeliveved power ) +o +Hhe tadrcadey
powey ( power P-rovldccl ‘o the F75+°“)'

B-p _ B-P
T ™ Tp = gpsFp

F.Pz I.P- BP
Tt can also be defined os the ~vatio of the brake Hhermol effa‘dc_naf

+o the tndicaded Hhevmal efﬁ‘c(chczr-

Volume laic E{F,‘ucncv“

s ts one of the veny feportant F‘““"”"—‘!'C‘YS which decides
¥he Pu:fmmoncg of four-sivoke engines. Four- stvoke engines have dist-
inct suchion stvoke and tnheve fove the _Vo\umc.\-,,-c ¢1(7€'Cfmcv7/fndrca+:s
the b*rEan:nc(}’ abI(Hxa’ of Hhe engine: Tt is to be noted +hat Hhe uliliza-
Hon o1 the aly is what Joina, 40 dedevmine Hhe powey oitput & the

engine. Hence, an engine must be able 4o toke In as much airas

possible.
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:I .1 First“ankér%cﬁmancv s cle.gffncd as the volume flow ~ote of
N Firstranker sehoiciake. syt i din e ~almerrskioketoamolume

RE d:sf\uced bla’-‘rhc svds-\rtm-
| v
W L, Vaigp Nfo
£ -5 zalet dens?-l—%
An oldernolive equivolent definition for volumedvic ﬂ:cﬁ‘cfcnv:ng/ e

Mo,
ARV
Tt (s 4o be noted Hhat ivvespecHve of the engine whether sI,
CI oY 9as engine, volumetric ~ode of aiv Fflow 75 whot 4o be taken

into account ond not Hhe mixture How-

£ F, ts token as 4he atmasphexic ot ciensf-hﬁ/, then ¥, vepe-

seats the pumping pex fo¥mance of 4ne entive inlet 55,5.1.,:“,]_ L ik is

doken ag the oiv dansi-hy in the inlet mam’folc], +Hhen VL\/ -re.PTcsen'i-s Hhe
Pum?ima/ Pe:r:meanca o the tnlet P°"‘+ and valve on[a_,

The novma| “onge o volumedric efﬁ’cicnc%/ ok full HvoHle for
ST engines s between 80 t0 &5% where as fov CT engines i+ is
bedween 85 Y0 907 - Gas engines hove much lower volumeric efficiency
since goseous Fuel d?sp\aces v and Hhevefore the b’ft’—&“ﬂfﬁaf caFacH-?,

5 the engine s weduced.
Relodive Efficiency on) E{{;C;mua, 6B

ot is the voto of theimal c{:aficimu?/ e eyele
4o Hnat of dhe ideal cyele- The CH:"C"MC% ~atio 1s a vexy usedul
oviterlon which indicades the degvee of deve\of:mcn{: of the engine.

Actual themol| efficiency
/L""‘ = 7 Aiv- standaxd c.H:fcfcnc?/
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ol FiestRankeren: (k) !
Irs“ankers\zzzlczﬁfu_kvwmp‘vfg§tﬁanWEE.G\Q‘K& dva#dﬂﬁI&W.ﬁi‘F&Mr.m@'ﬂcle +Hhe

cylrndus O;F on T envine bo.s'z,cl on ‘the C&\Cu\oﬂtd oY mf_mswrec\

tnereases as manifold pressure increases. oy any

ot o given sPaed and power owl—Pu%,-\-he_—re
fmep, and a

Pwex OLL'l“PLL+- rt
poticular engine, opﬁﬁa-\iny

will be a specidic tndicoted mean effective pressuve,
F-(cssm/e., bme\o- '\'he(a, ave dexived

dt broke mean effeckive
' C,OWCSPO!’\ nax O

 Jron Ve tndicaded and broke powe¥ wcs\:ec-‘-we\%/.

| Tadicated Fowef con be shown Yo be

RaLANK
TP = ~goo00
| | tthen @
Yhen , Ythe tndscated mean effeckive pressure can be wT S
)

GO00OX T-P

Pm = T LANK

Sfm’llou\\b/, the broke meon effechive pressuve is given by

60000 X B-P

R —
Pbm - LANK

wheve.,  T.P — Indicated power Ckw)
Pin - Tndicaleid mean effectve pressure C ™)
L - Length o dhe stioke (m)
A - Avea of piston (m")
N- Speed ™ ~evolubons pex minude Cvpm)

= Number of powey’ strokes
N =Nfy for H-staoke g N foy 2-stroke engines

K = Numbey oF c_ylir\AC—TS
Another way F SFCCTQCU"ﬂaf +he indicated mean effecdive pressuve P;,,.,
ts fromn e knowledge o engine indicator diagram (p-v diagvam). Tn

this case., bl’m' mo.oo' be duﬁncd as
3 Area «f Hthe ?nd:‘co}of d\'o_nj'm"’)

‘ b'.m = erj-}-h & He 1adicater diagram

www.FirstRanker.com
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Mean Piston speed € 5p)
An meo-rJron‘{; Pa'mmc’.{ex in engine applfco.h’ons is the mean
pi&lon ched "P 1+ is defined as
5P = 2LN
where L {5 dnhe shwoke and N s the votational sPccd oF the

ic"‘m"ls‘ﬂaﬁ in ypm- It e ¢ be noded dhot Sp i odfen o more

appvafwroia porameter Yhan ciank aototional speed foy co'r‘raloclingf

engine behovieur o< a :\CunC'{'ioﬂ n:F spef.c(-

Resistarke 4o a0s flow into the enging o7 stvesses due o
the inevha of the moving, poxts limi} the maximum value of Sp o
within g 40 15 m|s- Awkme'(ﬁ— engines G‘P&TC&C ot the “3“"’ end

and \o.vjc marine diesel engines ot Hhe lowey end of +nis Yange

o3 piston speeds:

SFch;r.‘(_ Rower oudput (R)

Specific powex oquPqu of on engine s defined as Hhe powey
output per unit piston area ond is a measure of 4he engine designers
success in usiﬁgr +he avoilable Pis-‘mn orca. veqoxdless of eylindew
size . The spcct!fc. powey can be shown to be 'FTOPW‘HO”O‘I to the
product of +he mean effective pressue and mean PISM srcc’.d-

S?GCI-ﬁC powey Ou‘l'Pu'f‘, P.= B-P/A

= COﬂS'*‘On'{: *x Pbm x g?

As can be seen tne .siocch(.'c powet GLL‘!‘Pu'tL consists oF two afe_man'f’s,
viz., the fpice avoilable 4o wovk and e SPch with which 1+ is wwkha*-
Thus, fot the some piston d'.sp\m:cmmf and bmep, an engine '*unfﬁﬂa‘ ot

o} hlakcf spce.cl will give o kalne,-r specm(_ ou.\LT.uL T+ is cleax Hhati the

w{'f’u{‘_ o.T an en3|qg con be .n(_-xcay:A bb{ |ﬂL‘(CCl,Slr‘13/ e,l"H’lC,Y*f‘e— SFGCCJ.

o the meP InuCa_slng, +he SPC::J involves increase in the mechanical
nnc-rca&naf the bmep better

Sﬂcsscs -.u:uc VaY oW s erf\3|n€, comFoncn“'ﬁ For
» A5 oYe

[ [
Hhetmal  load €N enging FirgiRahker.com
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» FirstRankeraompon csfc)

A Fiirstra

nke%ﬂﬁ%l cOﬁstP#iﬂﬁR&Wmﬁm!quswv&/.Emst&agkef_.c% geaeva
1'\3/ chYeSScc! 0 derms of SPCCF:J[n'c Jue | CoﬂSWﬂP""’OG in k"lgj‘foms of
Suel per kilowod - howt- T+ is an importonl paamedey thod ~eflects how
q00d the engine Fe."{jco"\'m&ﬁ(_ﬁ. is. TH is “r‘Ve—"’S&l‘ﬂ/ P‘OFMHOM‘ to “he

thexmal efficiency” oF dhe engine:

Fuel .’:onswnPJrfon pet wnit Hme

POUULY

Brake 5f>cd£'c. fuel conswﬂfﬂ—ion ond Tndicated S?cc‘.’lacic fie] eonsum-
bhon, abbvevigded os bsfe ond isfc , are Hne s\:e_c.ia[:’c Juel consump -
:Hor\s on the basis ,:F bp and 1P P{C$f>£c,+ivtla'-

;Iﬂ\dir—\/al\;a Mac hh IfxchOCCZ)
| Th a ﬁcciPToco:Hn% engine Hne flow) of intuke chavge Yokes Place

'Vrn'ouﬁln 4re. intake valve oPenin% which s \/(1“(8{02, dw:?ng/-H')c inducHon
Zolxnrcx-l-.'or\. Also, “the. moximum  gas ve.\ocil-?/ -\’mfoua_h this aveo 15 limited

‘bn the. local sonic va[ocﬂ-‘d. s au.s v&\odjnaz is ffﬂal[l,)/ chosen b‘a, ‘he
ifollowmj equodion
| A

C: Al

| wheve ,  y - 9as V"-“’CH"{ %"0\*3"\ He toled valve ot smallest flow

QYEQL

Ap - piston arca
AL — nominal intake valve o‘ae.r\‘.naz oreG

Cii~— fnl¢+ VCl\\J& 'F(OUL) c':ocfﬁ.'cfenf

d 3
a ' u AP (i) (R
« AL G RV A Tavi

wheve, b — c7lmc1e_v diametex
D¢ - inle} valve diameter
Np ~ mean pi ston specd
o — inlet sonic ue(ocihy

i = _avevaqe flow coef{ficien
Ci — inled WWW FirstRanker.com ficient
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Piessure —

1 S'\onc‘mcl a'\mosphcnc = F60 ™Mm Ha"

= 01325 bay
5 -
1 bay = 10 N'mb - 100 k(\]lm -~ 100 kPo‘

AMPa = lOdﬂxsc:\lb ) 10‘ Nlm" = 10 bav

I 'ﬁ"‘]":“"‘",“": —> The dgyvce of hotness ov level f in-‘cnsi-haf‘ of
hC0+ n o bodtdz-

; ¥ Ener v
If{\:{\inal higla/( )

The dodal wmoleculan enev oy’ oI o 'flu'lcl, most of which

15 -he an-{{c Cr\t_"l_f)'y .J‘ llnean MD'HOY\ oJ “+he. W\D[LCU(M s

called  Srdemal  enerovys

AU = AK +AP
Tadevnal N Todema
5 K.# E PvE

Tn  cote of oases AP s small FL it coan be. htg[ec(id-

Av = AP
when KOS .‘E MmassS m k—?o 1S F\lel_cf fvom T, to Tj_
C.‘r\or\od. n 'J.m[c'mql er\u‘:)g’l ChA:' ™M Cy (TZ"Tu)

Cy » Sch Fic hcm,- ,& aw, at con.ﬂnn-f vo lume

www.FirstRanker.com



=2 » FirstRanker.com
4l

!
|
|

hawe the Jollowinsy” 4wo 5?ecf;f—ic hca{; def‘tﬂdlf\“{“

lritéi%%[\:qugmfeH) www.FirstRanker.com www.FirstRanker.com
~— ~
H= U+ PV
v volu
:fhkwrm.l Pﬂrcsswm g me
e,ne\’ﬁ'ﬂ/

chonge 1 n ef\-[-hahﬂﬁ‘, dH = mCp (Tz—"rr')

heat SQT-fewheti Yo ~ise
o F the substance '#rrfouuafh
o —l—cm,wﬂ'(m"wuz,.

S,ffﬁ fie I’\U‘C{"(C)r—by The omount oJC‘
o LU\’H mass

Pl
o u.n'c"‘ S

Q
- —_— KT“(_‘j..K
c = me« AT

SFCCT :H(. kccx‘{" ‘,_{—x waEL"f 's L-19 K_j—ltj-K_

Sol’.'cl.fq HU.LI:LS donod change. 4he volume on heo.'\-?r\y‘,

: ~ 4he  gascs
‘“\cye{v(f_ —W\LVJ hove or\L\{ on €. é,?o_ctﬁc "NCOA &"'{ J

upon -

r-roccss o\dorltd JLD{ Ineo.-‘-\'v\ﬂf “Hre 'a—cd

1) S'rcci;ic_ heat at corg-tant pvessune CCP)

(‘Ohﬁnr\'{ vo-lumc_ ( Cv)

2) ST':(I' ';l’( b\la.( fl‘l

www.FirstRanker.com
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A Pew:f'cd gas  ov [d eol yas is defined ag the F2%

in which  moleculan ocHracdion 15 2ev0-

Lom)

The gas  which si'anc-“u( obeues the all i laws  undey
ts called perdec ps

+ume
all  condidions f pressune ¢ AemPer® W

No 30.5 ‘s known re{{cc{'

‘ Laws

Boblc s law — The Vo\ume_ J given MA&s ,{' PC'T‘:Fcc'I‘ aras

< € HSsuy.
vasies frwe*t&elu}/ s '“’\C. QBSO[uL P

\e iy
{ bc‘* D%P«D) when  +he anf&f&'{umé ~emaing consl
GG’L
\ c(-—-l—v whe 4cmpe~ca4wu.. Ts com'lan+
P
C L4
= H‘Sy C = ¢onstant o ‘f’lofaof‘l%ona‘lw
} PV =C
Pl\’l'—'—?j_\‘j,:-———'-— Pﬂ\’()
A
\
—~
T v
1A
v
£ y
b= >

Volume (V)

Chaxle's Law — The volume o\'[‘-' ow given. moss o oGS
Vavies dhﬂ“"f oy s . absolufi -H,mfcm'ﬁm«;

whey the P"CSSLULLVH{EMTY\S cor\.v)-(-an"*»

“
i

‘: Vel T . ~L{
| C —> consdant- of ki Hone.(i
| v =TcC \
\vl rd ‘Vl o }_’L - S— -'(I—n"
— ) F-r ; - n
Twww.FirstRanker.com ' 1
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\'l - :‘."' ’
¢ “\
=
Q
P2
7 AT
‘ Teﬂ\i‘t\:\*‘\"-‘

. ” - - '\
Charactknistic Gas  Epuaron

(Ccrnb:nc@ﬁcﬂ e’} Bt‘\-J\C‘S & Clhanle's

|

| A
:
i 3
R

\Y i‘\u_ me

Reow) QFPllocf\Bl chaale's law CI-—'L)

N }._1_. (goh(x'\ M
L

-

V
Vg = —-—i'l"'x"Tl —> @
A ‘

appying  boyle's law  (2-3)

Prvy= P3V3

By Equating O 3 )

AY

'F-\ eSS cem\}#ﬂﬂ" )

www.FirstRanker.com

L\\KO )

Ch.‘lﬂ-fl’\ 41"\P COV\S'L\O\"‘)

| Rut  feosly § 1= T3

! ‘ P> ¥

i ,,P_3_B~3_— i x Ty Pxvy _ Bwv
g i e T3 T
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Firstr nkE-r s ch

www.FirstRanker.com www.FirstRanker.com (’;_E

'R'L\a\“‘" =
V. R
Povy = T:____z = ,el.;?

.E—\—l-z COV‘-‘S'{'
i

Ths COws"ﬂn'*‘ 1s colle c( c kmc-(-mis-h‘c. aay COM'LMJ'}'CR)
R :T[ K9 -k
Pv -pr

T
z D ELLU\L‘on ,',{:‘ "rf—'r‘]C&C'f\ 33 to1)

| chamacdenishic 3N e.w\‘-ioﬂ'

o e 35-3")"‘1"‘\ cona\‘erhNy‘ ojL o~ MMoSS o:\L m ky °°L3""5
i Pv -~ mMRT

| mass o £ the 3N > m i:oa/
; mo lecalas ..Ug.;al"'f = M ey
Y

no . JZ{“ rvr\a((_v1 ~ n

M o -
| N = -5 > m=nM

i 'P(Dclu(_““ «JL moh(tg[m’u W“-“‘Uh'{' (M) O\P-R"L gh g
| ¢ hane cfen st e gt cordant ¥s tnewn  ay  ynfyersal 3al

cowy tant Cov) molon cau.}-(nrnl .

Ru = MXR
Ru— 331y Ulk,j Mo le —K (n) 8 3lY Kﬂ'lﬁg‘ mole —K.

PV = mRT

PVa NMEAT =)

"XV nR,.T
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I
|
| congtant  volume

Total  heat SMFP\MJ at coustant  prevsit
Ta -—'T;) Cf”ft%ww Cc'nS-Ian*F)

g
i
| O\"LW\CFC

m Cv QTz_'—TQ (voluma cowstarrt)
] =

Cp = 1005 KTl“;‘.‘)K

Cy — ©0-7F\B ksl K9k

S OLJ\'\C '5 ‘KM S The CL\QV\-‘—jf.. °§\ :r"k" nO.L Ql’\e"rj ‘,r ‘§~ a.

fh&ecl“ 2t d'l‘-f-c-ﬂzy\ F¥opon Fona]l o
tho o Change o:{— -l-e:r)f:

due, dT
du = C- clT
dUL':_ Gyl a1

Cl\&':_ Vel Cy (Tl':r,)

R eonault's law —» The. Hwo Sfﬁ(‘l;fc. hea b P g oo L
34y donoT  Charnse with Hhe Change o F
tempe § PRTSIWLe

}/" C\&.‘a‘:q-.‘n‘q coh.g-]an‘)' — r (JC\MW\)
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A vﬁmmoébnamic pYocess 1s ore which  causes o change

in e stale od a wyck_im?/ mecdivm  Substance From  ome

. ey
eq/Lu( brium condi Hon. o avothen width e 7£ow aJ(' EnexYo o~

| e
| DU:’UV\“J'“ Hhis Hlow o~ C.‘N'.\y\ae "l-akbs F‘-&C e In rfbfe'f fes JL
..km FQ"I’Q‘{-{_‘J‘L& o.r\cl Ol%o

Sbt(os-l-ance aulln o F—reaswu_l voltume.

| k-
; te 2ng ALy °q/bLMH‘,"?Lj such . a4y Tn#(ml eneyg heat § wo¥

Thee ’gbllﬂu.ﬂr\_)f one_ tha d—i“f*f:eff.h‘f‘ "\f’hp'ﬁow process &

CReversiblay oy Qf?lteci po pevfect o

), Cowstant vo lume. process  (0%) Ts0 chovic P2 M

) Conzdant presswie TXOL A () Tsobaric pEDL s

o '-{ : ¢
2)  Cowtant -l-LmPcm:[-uM PO (LY () Trolbesmal PYOCN

) Hgpesbolic  procon PV =)
s) AdfT obedi ¢ 7o <ess  (ov) T,stnq'-gbrfz_. Process
¢) Fol'ﬂ H"f"‘c pYDLESS

| T, the above 0I5, +Hie  wot kiny medium does

no + lcave He fooundm.7/~. Onlvr enev iy

boundany~ th o fovm € koat f“’m‘k'

CYLSSA e

|
|
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The heoknoy o Petdecd g ™ Cump 0 vessel
s I-.nuwn o (‘pwﬂun‘l‘ 'vo\lur\d ff'UCCSS-
(hay = Lusaoc's law
P AT whan Volume (5 constant 0 v =cC AN‘W/
P
"?‘—' 1"“:2:' c.(a)h‘
T T vesse|
’ |
-
o F p
| \ 9~
—_— >
v v
H f&-hv‘-{/ Coo \\N/
n  workdene by e gas
N ~—— ‘
work done. by Heoo 4 v qon Flow wever sible  pTOCESS
v
S Pdv
Vi
& c‘ -0
slnce ghorge tn volumes v’(’ Al N s 2evoy v
\
| W= | poy=
' vl

o equal TO Zem
:r'\_ 7‘)06 ko'f’( TTO(C'S‘;/ wa‘&k‘:{d\'\c La/ rf*L..J‘ 9‘_6 |5

L) ‘fﬂaw)t vy Indenal enev vy’
’ N O S—— ~

"\
chavye. In ‘\(\J",\.J( enex vy

!
E cdu = mcy aT

e sy [ healid oo skl L d o gafea
L L

; j\c'](/\:. MC\/L dT
[}
|

LWy -~y = MCv (T2-T)
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& - dl&—{'w

aincee w=0

Q= due= W, —UWy = ™MCy (72'_1-')
160“_5]'_““4_‘ F«fsswu_ proccss

c“\ G\"I’LL : S LDJ-*-)

\Vj - Com-ﬁ‘ Cw}\uq pressine
T rs congdant)
vi _ Vo
—:r: Ty

—~

*) otk done. Sta,- Heeo puy

o ————

M nan’__g—{mu rpe_\lf.f'ﬁlbtk m(_%

v V-
w""j Pclv = P dv =~ PCV”'—V')
v i
W = ‘PC\IL"VI) <« PV:‘.MRT
W= MR (1, -T))

B (hange in frlernal
— N~

O~

eneT iy
N
du = mcy (Te—=T))

| e) ‘+Ct‘{JuPP!"cJ (o) H-?a‘l’ 'T‘mnsfcﬁt:c_/

—

e

by NFEE

Qf; (JL\'*'W

Cp = Cy+R
= My (Tn-"‘Tl) ~+ PC VL—-\”)

m Cv C'T:.':Tl) o i CTJ‘*T')
X

1"

m (T)—-—Tl) ( Cvt P\)

Q - mcp CTa—-Ty)
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o @ = dH

Terefore  endhol Py mAc be- J.u[_(mc! ay amount & oot
supplied  ad- congrlan 1 pressuns

Q =dH =mCp Cr2—T()

(Ovu,-lan"' —lw\i’&m-img pou'ss
A—PYoceSs in mhIcLL Fle, {fmpeva+un1s OQL wm.(kl\w;/

Sron)
[de @Apamlon o OMPYEI
substanc e ~emainy eonylant duwlry- p

) Ca.\l.(',cl rSO““{NﬁW“\l"\l \-10((55.

Ceneyal 9t e puodon)

Pivi Fa o

g

Ty

—

T

Cince Aba 20y Ts heafed af \

—\-Lm? L o, w\-{ﬂr\"’ ¢y ' V*/
T( '-‘—'T’J-/ ‘ \/

tet) PV = cony bt

9 wot kdome_ by Hhe gy

$ot  non —Flour ~evevsibl process
\7=

\Y
w = PV - i,,k%'c“’ =< L ¥ Crey

; > < Eluﬂ"w]\o [-L"ﬂc. Vi ]
|

| . v
W Paa- toge ( \7_:: = MRy Loy, ( '\I’l:)
| =

Ww = P,V‘ 10)((1’)

| w\\L\v( Y = _P(_ - Vo s r;'\“ P; Vl—)
E P)— Vl
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