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CARNOT ENGINE

The most efficient heat engine is called Carnot heat engine. It was proposed by
Camnot in 1824.

PRINCIPLE

The heat engine extracts heat from HTR and converts this heat partially into work

- and remaining is discharged into LTR. The work done is maximum during a cycle.

- CONSTRUCTION

The Camnot heat engine consists of an ideal gas enclosed in a cylinder provided
With movable piston. It has two thermal reservoirs called HTR and LTR.
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QH Net work W
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\ Heat in PV curves.

Isotherm
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Adiabat |
d(Pe, Ve, Ty
CPe.VeTy)
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Voluma

WORKING
The Camot heat engine operates in a cycele called Camot cvele. The Camot cyele
has four steps. The behavior of Camnot cycle during four steps 1s shown on PV dagram,
1: ISOTHERMAL EXPANSION
Consider an ideal gas is enclosed in a cylmder provided with piston having pressure
Pa, volume V, and temperature T),. Along path ab pas s expanded isothermally. The
pressure and volume becomes P, and V, respectively. The temperature Ty, is constant,
Heat Qy enters into system from HTR. The change moanternal energy s zero. The work
done is negative because V>V,
3: ADIABATIC EXPANSION
o Along path be, gas is expanded adiabaucally. The pressure decreases from Py o P
and volume rises from V,, to V.. The temperature falls from Ty to T, . The work done is
negative as V> V,. The heat transfer is zero.
3: ISOTHERMAL COMPRESSION
- Along puib cd, gas is compressed isulhcrm:llly. The pressure inereases from P to
Py and volume reduces from Vv, 1o Va. The temperature is constant, The Heat Q18
discharged into LTR. The work done is +ve as Vi< v,
4: ADIABATIC COMPRESSION

Along path da, gas is compressed adiabatically. The volume decreases from Vi ©0
V. and pressure rises from Py to P,. The heat transfer is zero. The work done is positive #
V< Vi. The temperature rises from TLto Ty,

EFFICIENCY OF CARNOT ENGINE
The Carnot cycle of Carnot heat engine consists of four processes
ISOTHERMAL EXPANSION PROCESS
The process along path ab is isothe

: ' + . It ;!“l\
) othermal expansion in which temperature et
constant. The work done on ideal gas is
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W= -]pav
v
Ve
n
LU
v - [ PV = nRT]
ins Ty durin h
The temperature rcmams H g path ab and v :
arkdone is Wi and given as olume changes from V, to v, The
W, . [oRTy "
v, V ay' = ‘“RTHanV]
Va
W, =—nRTHLn(¥h) ..-.;.._(»1)
The first law of thermodynamics is .
dEiny = dQ+dW

For isothermal expansion change in internal energy is zero because temperature is
constant and work done Is negative because V, > V, and heat Qy is taken positive
because heat enters into system. Under these condition first law becomes

0 = Qu + (-W)
. Qu = W, PP |
Comparing eq(1) and eq(2) )
V Vi
Qu = - nR Ty L"(V:l) =nR TyLa (::1 )

L73) [T ()

f Q” = l]R T|| L" (i’,’:) -

 SOTHERMAL COMPRESSION PROCESS < son n which emperare mmajcs _
The process along path cd 1s isomcrmaloc:;n(;g; Wi taken as positive because Vs
W .

Lang y .
3 volume changes from V. to V. The Va

ViaRTL gy = +nRTLILRV]
Vv

=8|
W, Ve
%) e )
W., = N R TL Ln (:,,c
The first aw ‘:)F_thf:rn1odynim_‘ic5=IS 4Q +dW erature is constant and work
dEin ¢ temp because heat leaves the

is zero : ative
o ghe change in internal encrgy ';:ﬂl QL is taken N€g
Yy POSIiVE because Vg < Ve @7

es
. - -+ Jaw beco™
Nder these condition first lay _ (-QV + (W2)
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Qi =

Comparing eq(4) and eq(5)

Qu =

Divide eq(3) and eq(6)

Qu
Qu

. | Qu _
. QL
ADIABATIC EXPANSION PROCESS

The process along path bc is
from Ty to T, and volume ch
is P V"= Constant

adiabatic exp
anges from Vy to V.,

nRTLLn ‘X‘f) ...... (5
Ty L, :\\//_b)
- V.
1R T[_ Ln (vc)
V,
Ty L. (&V_b)
VaY e ()

TL Ln k{,ﬂ)
c

ansion in which temperature g
. The Boyle's law for adiabatic

PV" = Constant
nRT .
v V' = Constant [PV=nRT)
. T vi-l - Constant
For path be
AL M I (8)
ADIABATIC COMPRESSI()N PROCESS

The process along path dy s
from T, 10 Ti and volume ch

For path da

Tu(vy! =
Tu (V) <
(9)
Tu(v,)r-!
—ivy) :
T (V) -1
Vv,

—

Vi

f)ividing €q (8) and ¢q

it

* Form eq (7) and eq (10)

- Q

QL ¢

adiabatic com
anges from v, (g Vi

ﬂh;’
. . . = i1
pression in which temperatur

Ty (v,)!
T (Vy)r-!

Tl (\;d)\' 5
TL (Vc)r =
LI— /
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THERMAL EFFICIENCY
The net amount of work done during a Camot cycle divided by heat input Qg
alled thermal efficiency of Carmot heat engine and denoted by e.
W e,
; Qu Qu Qs
U Ty
Qu To
1 4 'I":

¢ ] 0
Fri

Since

The efficiency of Carnot heat engine will be 100%, if Qu 1s zero. This is not

. - . . P T - »  caer i
possible because engine becomes perfect which is against Kelvin statement of second law
OrthFmOdvnﬂn'\i(‘C The afiiciencvy (]l'nl'”ds upon IL‘n”’%"m[u‘reS D! HTR and LTR'
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