MAE 3310 Problem Set # 10

698 A refrigerator is to remove heat from the cooled space
at a rate of 300 kJ/min to maintain its temperature at —8&°C.
If the air surrounding the refrigerator is at 25°C, determine
the minimum power input required for this refrigerator.

Answer: 0.623 kW
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6—1003 A heat pump is used to maintain a house at 22°C by
extracting heat from the outside air on a day when the outside
air temperature is 2°C. The house is estimated to lose heat at
a rate of 110,000 klJ/h, and the heat pump consumes 5 kW of
electric power when running. Is this heat pump powerful

enough to do the job?
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6-1110 A Carnot heat pump is to be used to heat a house and
maintain it at 20°C in winter. On a day when the average out-
door temperature remains at about 2°C, the house is estimated
to lose heat at a rate of 82,000 klJ/h. If the heat pump con-
sumes 8 kW of power while operating, determine (a) how
long the heat pump ran on that day: (5) the total heating costs,
assuming an average price of 8.5¢/kWh for electricity; and
(c) the heating cost for the same day if resistance heating is
used instead of a heat pump. Answers: (a) 4.19 h, (b) $2.85,
(c) $46.47

6113 An air-conditioner with refrigerant-134a as the
working fluid is used to keep a room at 26°C by rejecting the
waste heat to the outdoor air at 34°C. The room gains heat
through the walls and the windows at a rate of 250 kJ/min
while the heat generated by the computer, TV, and lights
amounts to 900 W. The refrigerant enters the compressor at
500 kPa as a saturated vapor at a rate of 100 L/min and
leaves at 1200 kPa and 50°C. Determine (a) the actual COP,
(b) the maximum COP, and (¢) the minimum volume flow
rate of the refrigerant at the compressor inlet for the same
compressor inlet and exit conditions. Answers: (a) 6.59,
(b) 37.4, (c) 17.6 Umin

6—122 Tt is often stated that the refrigerator door should be
opened as few times as possible for the shortest duration of
time to save energy. Consider a household refrigerator whose
interior volume is 0.9 m* and average internal temperature is
4°C. At any given time, one-third of the refrigerated space is
occupied by food items, and the remaining 0.6 m® is filled with
air. The average temperature and pressure in the kitchen are
20°C and 95 kPa, respectively. Also, the moisture contents of
the air in the kitchen and the refrigerator are 0.010 and
0.004 kg per kg of air, respectively, and thus 0.006 kg of water
vapor is condensed and removed for each kg of air that enters.
The refrigerator door is opened an average of 8 times a day,
and each time half of the air volume in the refrigerator is



replaced by the warmer kitchen air. If the refrigerator has a
coefficient of performance of 1.4 and the cost of electricity is
7.5 cents per kWh, determine the cost of the energy wasted per
year as a result of opening the refrigerator door. What would

your answer be if the kitchen air were very dry and thus a neg-
ligible amount of water vapor condensed in the refrigerator?

6-151 The drinking water needs of a production facility
with 20 employees is to be met by a bubbler type water foun-
tain. The refrigerated water fountain is to cool water from 22 to
8°C and supply cold water at a rate of 0.4 L per hour per per-
son. Heat is transferred to the reservoir from the surroundings at
25°C at a rate of 45 W, If the COP of the refrigeration system
is 2.9, determine the size of the compressor, in W, that will
be suitable for the refrigeration system of this water cooler.
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6—159 Cold water at 10°C enters a water heater at the rate
of 0.02 m*/min and leaves the water heater at 50°C. The
water heater receives heat from a heat pump that receives
heat from a heat source at 0°C.

(@) Assuming the water to be an incompressible liquid
that does not change phase during heat addition, determine
the rate of heat supplied to the water, in kl/s.

(b) Assuming the water heater acts as a heat sink having
an average temperature of 30°C, determine the minimum
power supplied to the heat pump, in kW.
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