MAE 341-03 Final Exam May 1,2013 Name:

Problems (Open Book)

1. A 20 W curling iron has a surface temperature of 85°C. Determine the rate of entropy

generation for the curling iron in W/K. (10 points) &
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2. A heat pump operating at steady-state maintains the inside of a building at 20°C while
transferring heat from a well at 10°C. The heat pump transfers 120,000 k]/h to the building.
Over 14 days the heat pump consumes 1490 kW-h of electricity.

(a) Find the amount of heat in k] transferred from the well by the heat pump during the same
14 day period. (5 points)

(b) What is the coefficient of performance for the heat pump? (5 points)

(c) What is the maximum coefficient of performance for this heat pump when operating
between the well (10°C) and the building (20°C)? (5 points)
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3. Nitrogen (Nz) at 1 bar, 37°C is compressed to 10 bar using a well-insulated compressor. The
mass flow rate is 1000 kg/h and the specific heat ratio of nitrogen is k = 1.391.
(a) What is the minimum theoretical work needed to compress the gas? (10 points)
(b) If the exit temperature of the compressor is 397°C, what is the isentropic efficiency of the
compressor? (10 points)
(c) Suppose the compressor is poorly insulated, but the exit temperature is still 397°C. Would

the isentropic efficiency be higher or lower? Justify your answer using the 1st and 2nd

Laws. (5 points) m
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4. Aheat pump using R-134a operates at steady-state as shown below
(a) What is the work input into the compressor? (10 points)
(b) What is the coefficient of performance for this heat pump? (10 points)
(c) An inventor claims to have a turbine that can replace the expansion valve and recover

50% of the power required for the compressor. Is this a valid claim? Justify your answer
with a number. (5 points)
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