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NPTEL

A constant volume tank contains 20 kg of air at 1000 K and a
constant pressure device contains 10 kg of air at 300 K. A
heat engine placed between the tank and the device extracts
heat from the high temperature tank, produces work and
rejects heat to the low temperature device. Determine the
maximum work that can be produced by the heat engine and
the final temperatures of the air in the tank and the device.
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Figure 1.
Solution of the problem in Fig. 1:

Constant volume tank A,

T; , = 1000 K,my = 20 kg, v = constant
Constant pressure device B,

T;p =300 K,mp = 10 kg,p = constant
Aiir is assumed to be an ideal gas.

Here, the temperature of the temperature reservoirs is changing, unlike the problems we saw

previously, because the reservoirs are finite in size.

The heat engine operating between the temperature reservoirs will give maximum work if the

engine runs reversibly.



The engine will stop working when the temperature of both the reservoirs become equal, i.e., the

final temperature T¢ of both the reservoirs is the same.

We can apply the first law to the constant volume tank A and the constant pressure device B
separately. The tank A and the constant pressure device B are closed systems.

The first law for the tank A, dU = 6Q — SW (there are no changes in the kinetic and potential
energy of the system). As the tank is rigid, the process is a constant volume process for tank A.
Hence, W = 0. Thus, §Q4 = dU = m4C,dT4. 5Q, is negative for the tank A.

The piston in the constant-pressure device moves as the device receives heat from the engine.
The first law for the constant pressure device B, 6Qz = W + dU = pdV + dU = dU + pdV +

Vdp = dH = mpC,dTg. 5Qp is positive for constant pressure device B.

Now, apply the first law to the heat engine.

$6Q=¢$W - 6Q,+6Qz= W - [6Q4— 16Qs] = 6W (considering the sign

convention)

Integrating,

W == |fmACvdTA| - |medeTB| == |mACv(Tf - Ti,A)l - |mBCp(Tf - Ti,B)l ..... (1) (CU and Cp
are assumed constant. §Q 4is positive for the engine whereas § Qzis negative)

We are asked to find the maximum work. Hence, the heat engine must be reversible.

5 5 C,dT CpdT
Hence, 224 = 298 _, _Mabdla _ ME%%E  (Tne temperature of the tank A goes down.
Ty Tp Ty Tp

Hence, dT A would be negative. To make the numerator positive on the left hand side, minus sign
is added.)

Integrating,

myC,[InTy), = —mpC,[InTg]/ (i initial, f - final)



Substituting the values,
J ] .
InT; —In(1000) = — 0.7[In Ty — In(800)] (C, = 717'5kg_-1< and C, = 1004.5kg—_K assuming

Ryir = 287,(;—_1( and y,i = 1.4 (diatomic gas))

Hence, Ts = 609 K.
Equation (1) implies,

W =20x717.5 % (1000 — 609) — 10 x 1004.5 x (609 — 300) = 2.5 MJ
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A constant volume tank contains 20 kg of air at 1000 K and a {r‘)
constant pressure device contains 10 kg of air at 300 K. A et

heat engine placed between the tank and the device extracts
heat from the high temperature tank, produces work and
rejects heat to the low temperature device. Determine the
maximum wark that can be produced by the heat engine and
the final temperatures of the airia the tank and the device.
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