CHAPTER| 4

><- WORKING PRINCIPLE OF AN I.C, ENGINE

_,___.--""'__ i

The internal combustion enpine may be g four-stroke or two- stroke eng
four-siroke engine males 1wo revolution of cragkshalt 1o develop one power |
where as a twosstroke eml'u:m develops one power impulse in each revelution
crankshaft, The warking prlj[u:_iplv.-. of these enpgines|is discussed os under,

4.1 FOUR-STROKE ENCINE |
] i . ’ ! |
fnlllgqun # four-stroke engine, t_h" piston ﬁﬂrfﬂrms four events in cne cycle, which g

4.1.1 Suction stroke E_Inh;i: vﬁh'e':;p :ﬁ'.and_]ﬁxh14st closed)

Eh: sucnon suoke i also called fntake of induction stroke. In this stroke

mOves Zom top-dead centtr {TDC) to bottorn-tead center (EDCY. The inlet val

. epened to allow the fuel lizture (petrol enping)| or air (dicsel engine) to enter int

Cylinder and fill the partial vacunm created by the movement of the piston, The ex
valve remains clgsed. ; S i R e

4.1.2 Cmnprr:saim_]._ st:'q}{;:- oth valves ':I]usc':]}

: ; - - : e et )
In this stroke both the intake and the exhaust valves remain closed and the o
moves from BDC to TDC| end thus compresses| the fuel mixture {petrol engine) ar
' (diesel engine) into cledrante volume thereby raising the temperature and pressure of
 inrake charge. In petrcl erjpines the compression ratio is vsually between & and 9.
pressure at the ead of this siroke'is 6 to & ke/cm’. In diesel engines COINpression r

* could vary rom 15 to 22 . .

4,13 Power stroke (Both|valves closed)

When the piston approaches TIBC during|compression stroke, a spark plug ign
the fuel mixture in petrol engne, Where a3 in case of a diesel engine, diesel fuel is njed
inta the cylinder in the form of mist with the hef’p of an injector and [uel injection pum@
The fue) charge ignites inside the cylinder and the expanding pases push: the piston da
Ry e waydé§ BDC and hence prlawer i5 developed. I
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4.1 Exhaust stroke [ nlet valve clnsed f-ml:l Exh"msl-w!{: opened)

— —_— | r——— 1arf
n this siroke, the p]:;tun s fmm TDE to TDC and SWELD auy h“‘if,'ﬁ
throuph the exhaust valve, which is opened while the intake valve remaing clogey L

1

NOTE: To complete folir strokes stated above, in one :::.‘r.lr::, the cronkshaft g
through 180° x 4 = TIE" In two revolutions |of the crankshall or cne cycle, ane

g the power struknj Except: power siroke the rest
! called as idle strokes, which are pe

impulse s produced (d
strokes (suction, ccn:.p‘cssmn and exhaust) are

by consuming the energy stored in the ﬂ}whﬁral

Y

4.2 TTWD—STRDIGL.E‘IG‘EAE 5 g E
“THis type of enghne |

" This type of engine completes one cycle in anly two strokes 1::u £ the Plﬂﬂll
are 1o definite intake add exhaust valves, Buf mstead 1 I
cylinder walls, which upﬂrmd and closed by|the piston, -

Each cylinder eontains two openings i {e. mlet and exhaust pnrts ane for th

- of fuel charge and the other for exhaust nfhurft gases. When the piston moves fo

10 BDC, a fresh fuel mixture enters through the intake port. At the same fime b

escapes through the exhaust port, which is also uncovered. The compression and
strokes are similar to those of the four-stroke|enpine, However, in order 1o compl
cycle the piston makes lonly two strokes,: wh. ch is equivalent 1o 2 x' 1B0 = 340°

revolution of the crankshaft. |
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Figure 4.2, 1 Working of twa-stroke cycle edgine
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4.3 COMPARISON OF d-EﬂlGHEEFR_GL AND ESEL ENGINE

i .\/I” zlpetml EHgine.LnE:-:LLrE U.f petrol and |[:|il:‘ iz taken into the cyvlinder dusine SuChian
stroxe ‘-‘J!JE!I'E-'JS uuly clean air is sucked in disse] Engines, ) i

Imjector {5 used tg nject or spray '

1 Lg ] the diese] fuel intg the eylinder whereas in petral
BNZINes ng injector is usad,

Ej““'f—m’: spark, plug is used to ionite the
SOZNCS no spark plug is used, |
to vaparize the petrol is used in petrol ensines, But it diesel enmine
—— : ! ; o2Ines, DUl 1 ciesel engines
fuel 15 E‘.GL‘L‘FEI‘I‘.IEd Irite mist with the help ' o fuel injection puunp and injecteor,
The compression rthtin of diesal engine is higher than that of a patrol engine,

: ure of dizsel engine is higher than that of a petrol engine.
Diezel engine is heavier than petral Egigz for the same horsepower reting due ta

[ ]

Fli"it'l.lI'E n petrol engmines wheress in diezel

- 1ts higher compression ratio, which demafids a heavy cylinder block.
8. Diezel engine develops mere power from same quantity of fusl and hence it is mare
eflicient, :

9 . Petrol engine is m]larf: complicated to repair as compared to dizsel engine due to
complicated cirenits of earburetar and igcﬁﬂnn systerm.

10, The petrol engine dccelerates (speed up)|mere rapidly than that af o diesel EOZING

=i During scavenging &f 2-stroke engine,

due to its liphter weight,

4 COMYARISON QF 2-STROKE AND 4-STROKE ENGINES.

—

1. ‘For each revolution of crankshalt there is a power stroke in 2-stroke BITINE,

: Theoretically, the power developed by 24stroke enpine will be twice 1o that of 4-
. stroke enging having same dirmensions, -l _ :

<3 Expulsion of c:-:hau:st gases (scavenging) in 2-stroke low speed enwmines is more

' complete as all the sases find no IEEtI‘lL"{iﬂ_Ll for therr escape when compared to a 4-

stroke engine. - _ ;
"3 In 2-stroke eagives, work required’to oveicome the fiction of exhaust and suction
_ strokes s saverd: ' s : e o '
‘ 4, As two idle stmkc_:l are’ ornitted in 2-strgke eneines su there is a more balanced

turming moment on the crankshaft, which dvoid vibration, ———

3. High Speef_engines Woriing - pele are less efficlant owinata low
. volumetrinaffciency— : g
el

mixtire can escape throuoh exhaust
. peort as both the inleq and outlet ports are n'pened at the same time,

7. Two-stroke engine consumes more lubricating oil as some of the oil bums along
with the fuel. L B e g B ppdl
8 . Inlet and exhaust phrts are provided in 2-stroke engine instead of valves in d-
; streke engine, which|demand special attention of wear, tear and Jubrication,
9, Two-strake engine is cheaper to r=pair a5 compared to 4-stroke engine,
10.  Four-stroke engine ik heavier in weight sq it i recommended for medium spesd

e R

rumning vehicles and stationary power pls
lighter in weight tuat high speed, is reco
as for marine engines) L

nts. Whereas a 2-stroke enginé being
mmended for small nmning vehicles as well
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Th: sequence of igrition that takes place In a multi cylinder eagine 15 called &
order, This is achieved primacly by the shape d

posituen af each piston.

Table 4.] Possible Fi -'IE order detail of n-_-i-crlind:r engne.

T

FIRING ORDER |

il‘-u. 5
[(NF o
x‘"\-\.._ i
_'___.J‘—‘.'_ i

e arrangernent chosen should ensure
betwesn the power and compredsion strokes. :

In a four-stroke four-cylinder engine for e
or 1-2-4-3. Similarly for a six-cylinder engine it is

.,

H-""h.‘ . x

. — T
L'__‘?ﬂ-"

[ the crankskaft, which determines
complate-balu

ki

xample, the fring order can be 1-3-
snally 1-5-3-5-2-4 er 1-4-2-6-3-3.

Crankshaft | Cyligder 1, | Cylinder 2 Cylinder3 -~ | Cylinder4 |

Atgle R ' 1
eprees) ) - t @&

0-130 Power Exhaust/C Compressiocn® | Suetion

| 180-360 Exhiust - | Suctinn/P :':Puwe_rjs- _Compression

Iﬁ;sﬂ-fdn Suction Compression/E | Exhaust/C Power

540-720 Comipression | Power/S Suctinn/P | Exhaust |

‘Where S = Suction,

4.6 ENGINE SYSTEMS
The intermal combustion enpine is pl’ﬂ‘-;ilil:[

speranons and pariormanc
below.

1. Valve system

2. Fuel system

. Some of the systems

C = Compressia ::1,. P & Power and E = Exhaust stroke

| with differan: systems to govern engn
and their intand=d functions are outline

To govern the operation of tniake and exhaust valves.

To supply regulated amounts of fuel and air in accordanc

_ operational needs; '
3. Ignitien & ‘Els::tn::al To create nsp;u;k in the engine (for igniticn), and provide
systern .and power ru; 3-I:I.’-stmir.g malcha.ni-sm | :
4, Cooling system l Ta kl:r.;; the gngi_:.e nperaﬁng at an uptimulm temperature.
5. Luhbrication : To lubric atv;.'aIl.m:ving end other statinu::ry f:mr't: 10 mini
system friction. ] : :
O =180 ?ﬂhEEr E x lhaull il C{:hff 1 .H:(tl_rlt.ﬁf_'ﬁﬁ '“_
180 -360 | Expaust| Pwer| |Suction| Compr
Sbo -S| comer | Suction] | exmaunt] Erocr
p i | g 12D o P Qnmf{ 1?-1_.?_&!‘ E_Ilf'fl‘muﬂ




