19.61. Model: The closed cycle in this heat engine includes adiabatic process 1 — 2, isobaric process 2 — 3,
and isochoric process 3 — 1. For a diatomic gas, C, =3R, C, =ZR, and y =1 =14.
Visualize: Please refer to Figure P19.61.

Solve: (a) We can find the temperature 7, from the ideal-gas equation as follows:

4.0x10° Pa)(1.0x107° m®
T2=p2‘/2=( )( )224O7K
nR  (0.020 mol)(8.31 J/ mol K)

We can use the equation p,V; = p, V" to find V,,

1y P 1/1.4
Vi= VZ(&) =(1.0x107 m3)(%J =2.692x107 m®
P O x a

The ideal-gas equation can now be used to find 7',
pV. (1.0x10° Pa)(2.692x10~ m’)

T =20 =1620K
nR ~ (0.020 mol)(8.31J/ mol K)

At point 3, V; =V, so we have
pV, (4x10° Pa)(2.692x107 m’)
I,="2= =6479 K
nR  (0.020 mol)(8.31J/ mol K)

(b) For adiabatic process 1 =2, Q=01J, AE, =-W,, and

W= p,V,—pV, nR(T2 - T]) _ (0.020 mol)(8.31 J / mol K)(2407 K — 1620 K)
) -y -y (1-1.4)
For isobaric process 2 — 3,

0 = nC,AT = n(2R)(AT) = (0.020 mol)Z(8.31 J / mol K)(6479 K — 2407 K)= 2369 J

=-327.0J

AE, =nCyAT =n(3R)AT =1692 ]
The work done is the area under the p-versus-V graph. Hence,
W, =(4.0x10° Pa)(2.692x10”° m’ =1.0x10™ m*) = 677 J
For isochoric process 3 — 1, W, =0 J and

AE, = Q = nCyAT = (0.020 mol)($)(8.31 J / mol K)(1620 K — 6479 K) = ~2019 J

AE, () W, ) o)
1—-2 327 -327 0
23 1692 677 2369
351 -2019 0 -2019
Net 0 350 350
(c) The engine’s thermal efficiency is
- 30J =0.148 =14.8%

23697



