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ENGINE

In this chapter the laws reienng to the be;
haviour of gas which affect IC engines are
briefly discussed.

3.1 GAS LAWS
Some of the important gas laws are given below.

Boyle’s Law

If gas'in a cylinder is compressed, its volume
decreases and a rise in pressure takes place.
Also a rise in temperature takes place owing

to the heat generated in producing compression..

The fall in volume and rise in pressure have a
definite relationship as defined by Boyle’s law. It
states; If the temperature of a gas is kept - con-
stant, the volume of a specific mass (m) of a gas
is inversely proportional to the pressure. Mathe-
matically it may be written as
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To express it in another way, for a gas at a
specific pressure and temperature

Vom (3.2)
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Combining relations (3.1) and (3.2), we get
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If the constant of proportionzlity is k, we have .

Tf’=-;—,r’-1k, or PV = mk!

THERMODYNAMICS OF IC

If V1 i3 the volume of a gas at pressure P; and
Vs represents the volume of the same gas -when
‘pressure is P,, we have

PiVy= PV, =
where C'is a constant.

C ER)

Charles’ Law

‘Heat is generated when a gas is compressed and
it is released when the volume of the gasis
increased. We may say that the volume of a
gas increases when its temperature is-raised and -
vice versa.

If the pressurc of a particular quantity of
gas is kept constant, the volume will change

~1/273rd part of its volume at 0°C for each
degree of temperature change.

Also, if a gas .is not allowed to expand
(volume remains constant) when its temperature
increases, the pressure will increase by 1/273 of
its value for each degree rise in temperature
above 0°C.

The temperature-pressure-volume relation-

~ ship of a gas is known as Charles’ law and is

stated thus: Ar constant pressure, the volume of
a mass of gas is directly proportional to its
absolute temperature. Mathematically, we have
VT .
/

It may also be stated thus: The vo ume.
remaining constant, the pressure of a gas is
directly proportional to its absolute temperature,
i.e.

P T
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Scanned by CamScanner



; Repair
16 Farm Tractors: Maintenance and Rep

of a gas changes t0 volux:l:jlfz
e temperature T, changes 2
ant, W€ get

If volume Vi‘

when absolut _

pressure remaining const
V_l T s = Vg T 1

ure is measured from

s absolutc tempe.
: les ofa

Note: When temperat

it 1 wn a
_273°C as zero, 1t 18 known_as &
rature and is the value where molecu

gas have no motion.

ination of Boyle’s and Charles’ Laws

From the above two laws we conclude that in
casc the pressure of a gas is changing, Charles
law cannot be applied and when temperature

Comb

changes Boyle’s law is not applicable. But in

practice, the pressure, volume and temperature
of a gas change simultaneously. Therefore, to
understand the behaviour of a gasin such cases
the two laws have been combined. :

By Boylke’s law.Voc"-;;‘
By Charles’ law. ¥ o« T when P is constant

Therefore,

when T is ‘constant

Ve P when P and T both change

i

where C is a constant of proportionality

HC-MR where M is the .
‘ : m
~considered and R isthe s e

: then pecific gas ({On stant’

o e e T s s e

. LPY = MRF\
For unit m gas, since
| a?f ?f _ggﬂgcc M= |, we get
| PV = RT \

(3.4)

'3,.1.1 ISOYHERMAL CHANGE

- The change of state of
a gas with
: pressure_gnd volume when tempcratur?s;epect_to
cqnst_gnt Is known as isothermal chayge (Bma“}s
law). Figure 3.1 shows the behavioy, o oyle's
under such change. a gas

and

i
" "The value(‘of‘-k"'for""eiii'""ei't‘" atmospheric pressure

of gas

3.1.2 ADIABATIC CHANGE

When a gas is CQmprf;ssed in‘a Cyliﬂder, an
walls of the cylinder "and piston ar, absg, &
non-conductors of heat, wh_atever heat js Olutg
rated due to the compression of the t
remain in the gas itself. Such compregs;y
cxpansion of a gas when enclosed i such
non-conducting cylinder is called adl'aba,,-a
(Fig. 3.1). The compression of air in gy “aicr
cooled’’ compressor cylinder is practically adia.
batic, as the time is so short that little hegt can
escape through the walls. According to Boyle'

835 wij

law PV = C (at constant temperature). Thep,.

fore, if a gas is subjected to adiabatic compression

the change in temperature also affects the pres.

sure produced and an additional factor must pe
introduced. Therefore, for adiabatic compres.
sion PV¥ = C. This exponential K varieé
with the initial pressure and nature of gas, In

‘general practice, the equation of a curye
- representing the adiabatic change of a gas is

[PV = PV |

S AT

]

[Bo[2T

|

(3.3)

(1033 kg/em?) is 1.40.

Pressure

Isothermal

|

Volume

Fig. 3.1 PV diagram for adiabatic and
1sothermal change

3.1.3 THEORETICAL HEAT CYCLES
There are two

(i) otto cycle theoretical cycles of the engine:

and (ii) diesel cycle. In each
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of these, a given quantity of pure air is subjected
to certain adiabatic compression and expansion.

Ideal Otto Cycles

The diagrammatic representation of such a cycle
is given in Fig. 3.2
The sequence of operations in this cyclc 1S as
follows :
. AB represcnts the admission of air slightly
below the atmospheric pressure.
BC represents compression under. adiabatic
condition (without gain or loss of heat
from or to the cylinder walls). This opera-
tion raises the temperature
throngh a certain range.
3. Ignition occurs at C and the combustion
is instantaneous, i.e. rise
occurs at a constant volume V..

1

4. DE represents adiabatic expansion during -

the power stroke. The ‘pressure and
temperature of the air falls in this stage.
Finally at the lowest pressure (E) the heat
remaining in the airis rejected and both
pressure and temperature fall to their initial
values at the commencement of the cycleé.
Analysing the heat and energy reactions of
the cycle, we find that heat is added along CD
and lost along EB. We can write

th

of* the air |

in pressure CD

T hermodynamics of IC Eng::nes 17

Theoretical thermal efficiency

Ql Q2
_ X1 X2 3.
¢ Ql ( 8)
Substituting values of @: and Q,. Eq. (3. 8)

becomes

e=1— %;_?; (3.9)
From the gas laws, we have
Pp Vy =Pc Ve - Pp Vp _ PeVe
Tg Tc s T
and

PpVg* = PcVc* and PpVp* = PgVek
Substituting the values in Eq. (3. 9) we get

Pp\k-1)k
=1= (Pc)

ey

(3.10)

It should be mentloncd that t the cycle des-
cribed above forms the basis of operation of
the four-stroke petrol engine cycle, although the

- pressure-volume diagram of this engine differs

in several respects from the ideal diagram. In
the first place, neither the cxpansion nor the
compression processes are fully adiabatic.
Again, heat addition and heat rejection pro-
cesses do not always occur at constant volume.
Although by suitably timing the ignition, the

=

Atmosphernc line

Q, = heat added = Cy (Tp—Tc) -G
Q; = heatlost = Cy (Te—Tb) (3.7)
D
o Adiabatig
E ¢
—\V,=> c
Ak —f—— =
s v'
Voluing

Fig. 3.2 Ideal Otto cycle
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pressure rise line can be made practically
i ' inate line.
arallel with the pressure ordina S
i Also, the specific heat of the petrol-air mix:
‘ture is not constant as the theory presupposes.
It varies with temperature so that thc tempera-
ture rise due to any given heat addition cannot
be estimated in a simple. manner.
The actual PV diagram of a four-stroke

-engine is shown in Fig. 3.3,

Pressure

Atmospheric line

Volume

Fig. 3.3 Actual Otto cycle .

‘ Constant Pressure Cycle (Diesel Engine) -

In this cycle a given quantity of air is assumed
to be contained in a cylinder fitted with a freely
moving but air-tight piston. Figures 3.4 and

3.? show ideal and actua] diese] cycles respecti-
vc y‘

Pressure

Atmoaspheric |
—"espheric ling

Volume —

Fig. 3.4 Ideal diesel cycle

Pressure

A!.".’.".‘ﬂ?_'ﬁ_linn

Volume .

Fig. 3.5 Actual diesel cycle

.. The sequence of operations is as follows:
1. AB. represents admission of air, - slightly
.. lower than the atmospheric line. , ¢
2, Air is compressed adiabatically (%), with.
out gain or loss of heat from orto the
“cylinder walls. This operation raises the
temperature of the air through a certain
‘Tange, _
3. Heat supply is then added at the uppet
- constant pressure: (CD) and hence at in-
.+ creasing temperature (injection of fuel).
4. Adiabatic expansion then occurs (CD). The
pressure and temperature of the air both
- falling on the piston move it outward.

5. Finally, at the lowest pressure the heat
rémaining in the air is rejected and both
Pressure and temperature fall to their initial
value at the commencement of the cycle.

Q1 = heat added = Cp (To — T¢)
Q; = heat lost — Cy (TE— Tp)
Theoretical thermal efficiency |

e= $2(Ip — Tc) — Cp (Te — T)
Ce (Tp - T¢

(3.11)
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From the gas laws, we have Substituting these value in Eq. €3.11), we get,

t ical effici |
PsVe _ Pc FVc _Po Vo _PeVi heoretical ¢ (;::n((:g-l)jk (VplVc)—1
Ts Tc Ip Tk Ere l—'(f’_o). ‘ k[(Vb/Vc)-—1]

and PaVg* = PcVct-and PpVo! = PVt | (3.12)

1 . A I LT,
Coybasd Voluwace, - odtho CAy ehog - edd) e T —foan. QTEL,

s s : s - R P & °
{;’54\‘ -\_"- AL t 'if}ﬁ‘t' ) 2 E« % ‘,bf.a o ‘:D i "»"‘i =7 g*ﬂ/ @g\?"wé\,_\lm‘;.@ o
(= s d
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" OBJECTIVE QUESTIONS

When ----- of a gas is changing charle's law cannot be applied.

Boyle's law cannot be applied when ----- of a gas is changing.

In ----- expansioh or compression, the gas neither receives nor rejects the heat,

The efficiency of diesel cycle is influenced not only by the ----- but also by the length of

~ time during which the heat is added to the compressed air.

----- is also called as constant volume process.
----- is also called as constant pressure process.
Efficiency of dieseal cycle increases as the compression ratio ------- & fuel cut off

In air std. otto cycle, heat addition takes place at const ------ v
In air std. diesel cycle, heat addition takes place at const ------

Inairstd. otto cycle the compression and expansion are ----------- processes

Inairstd. diesel cyclethe compression and expansion are ----------- processes
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