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7.48 We propose to heat a house in the winter with a
heat purp. The house is to be maintained at 20°C
at all times. When the ambient temperature outside
drops to —10°C, the rate at which heat is lost from
the house is estimated to be 25 kW. What is the
minimum electrical power required to drive the FIGURE P7.48
heat pump?

7.51 An inventor has developed a refrigeration unit that
maintains the cold space at —10°C, while operating
in a 25°C room. A coefficient of performance of
8.5 is claimed. How do you evaluate this?

7.69 A house is heated by a heat pump driven by an
electric motor using the outside as the low-
temperature reservoir. The house loses energy in
direct proportion to the temperature difference as
Qe = K(Ty — T;). Determine the minimum
electric power required to drive the heat pump as FIGURE P7.69
a function of the two temperatures,
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7.84 We wish to produce refrigeration at —30°C. A
reservoir, shown in Fig. P7.84, is available at Ou H O
200°C, and the ambient temperature is 30°C. Thus,
work can be done by a cyclic heat engine operat- O v (')
ing between the 200°C reservoir and the ambient 5 2
surroundings. This work is used to drive the refrig-
erator. Determine the ratio of the heat transferred O ﬁQL
from the 200°C reservoir to the heat transferred /
from the —30°C reservoir, assuming all processes
are reversible.
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8.71 A piston/cylinder has ammonia at 2000 kPa, 80°C
with a volume of 0.1 n¥’. The piston is loaded with
a linear spring, and the outside ambient is at 20°C, NHz
shown in Fig. P8.71. The ammonia now cools ‘
down to 20°C at which point it has a quality of
10%. Find the work, heat transfer, and total en-
tropy generation in the process.
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8.96 Two rigid tanks shown in Fig. P8.96 each con-
tain 10 kg of N, gas at 1000 K and 500 kPa. e
They are now thermally connected to a re- :
versible heat purap, which heats one and cools H -Q£:> @ |25, B
the other with 1o heat transfer to the surround- I
ings. When one tank is heated ‘0.1500 K the ﬁ
process stops. Find the final (P, T) in both ta]}ks w
and the work input to the heat pump, assuming
constant heat capacities.

FIGURE P8.96

8.104 A rigid container with a volume of 200 L is di-
vided into two equal volumes by a partition,
shown in Fig. P8.104. Both sides contain nitro-
gen; ope side is at 2 MPa and 200°C, while the
other is at 200 kPa and 100°C. The partition rup-
tures, and the nitrogen comes to a uniform state at
70°C. Assume the temperature of the surround-
ings to be 20°C, Determine the work done and the
net entropy change for the process.
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FIGURE P3.104
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8.130 Water in a piston/cylinder shown in Fig. P8.130 is
at 1 MPa, 500°C, There are two stops: a lower one 1
at which ¥, = 1 m® and an upper onc at ¥, = : 4
3 m’. The piston is loaded with a mass and out- H,0
side atmosphere such that it floats when the pres- G
sure is 500 kPa. This setup is now cooled to —
100°C by rejecting heat to the surroundings at
20°C. Find the tolal entropy generated in the
process. FIGURE P8.130





