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Second Law of Thermodynamics
C

(iv) n is one only when f is zero. i.e. when T, = 0K or T, =« K. Both these temperature are impossible

to obtain. Therefore, the efficiency of an engine can never be one or 100%. That is heat can’t be transformed
completely into work.

(v) Forall reversible cycle operating between the same source and sink temperature, the efficiency is the
same.

T

Comparison of efficiencies of reversible and irreversible engine.
The efficiency of a reversible Carnot cycle is the theoretically possible maximum value which an
engine can have. Since the various processes of this type of engine are to be carried out reversibly,
therefore, such type of an engine does not have any realistic basis because reversible processes
are idealized concepts which can never be realized. Areal heat engine, which is irreversible in
nature, will have efficiency smaller than the reversible heat engine.

Let us have two cycles, one operating reversibly and the other irreversibly. Let both of
them operate between the same two temperature T_and T, and involve ideal gas as the working
substance. These two cycles along with q values, are shown in the figure below.

(A) Isothermal expansion formvolume V. to V,. The expressions for the work involved are

—w, (rev) =g, (rev) = RT, In\%

1

And  —w(irr)=q,(irr) = p,, (V, - Vi)

Since we know that |w, (rev)| > |w, (irr)|, therefore,

q, (rev)>q, (irr)
(B) Isothermal compression from volume V, to V,. The expressions for the work involved are
—w; (rev) =g, (rev) =RT, InYe
V3
—w, (irr)=q, (irr) =P, (V, = Vs)
Now, since in the irreversible process, more work is done as compared to that in the reversible
process, we have

W, (irr) > w; (rev)
It follows that
la, (irr)| >a, (rev)|
Now the efficiencies of the two cycles are
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n(rev)= G (rev) Gy (rev) 9 (rev)
g, (rev) q, (rev)
() m)_ [ i)
q, (irr) g, (irr)

Now since ¢, (rev)> g, (irr) and [, (rev)| <], (irr)|, therefore, it follows that

‘qz(rev)‘ 3 ‘qz(irr)‘ { _‘qz(rev)‘}>{ _‘qz(irr)‘}
q.(rev) q(irr) or 11 g, (rev) ! q, (irr)

ie.  n(rev)>n(irr)

Basic Conclusion from Efficiency of a Carnot Cycle :
For a reversible Carnot cycle operating between two temperatures T, and T, the efficiency is
given as
n = Q+9 _Tu-Te
0, Ty
where g, and g, are the heats exchanged with the thermal reservoirs at temperatures T, and T,
respectively. Rewriting the above expression, we have

Or,
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—+—==0

OI‘, TH Tc

that is, the sum of the ratios of the heat involved and the corresponding temperature is zero for a
Carnot cycle.

Carnot Refrigerator:

It is the reverse of Carnot engine i.e. the energy flow from
low temperature body to a high temperature body by
providing energy in the form of work to the system. Itis
the energy transfer device therefore, the ratio of its output
to input is represented by coefficient of

performance which can be greater than 1.

In case of Carnot refrigerator system absorbed
heat from low temperature body and transfer it to the high
temeprature body. In carnot engine heat is input work is
output. Inrefrigerator heat isoutput and work is input.

Co-efficient of performance () of Carnot refrigerator:
It is defined as the ratio of heat transferred froma lower temperature to a higher temperature to the work done

|c|

The lesser the work done the more efficient the operation and greater the coefficient of performance.

B= |qC| — TC
|Qh|_|qc| T, -Tc

on the system, i.e. B =




