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b. The rate of cooling

c. The COP
d. The theoretical maximum cooling rate for the same power input to the compressor.

(3 points, 1 per part) A heat pump operates on the ideal vapor-compression refrigeration cycle
with R-134a as the working fluid. This heat pump is used to keep a space at 25 °C by absorbing
heat at a rate of 2.7 kw from geothermal water flowing through the evaporator heat exchanger.
The evaporator operates at 20 °C, and the condenser pressure is 1.4 MPa. The compressor
receives work at a rate of 20 kJ/kg.

a. Show the process on a T-s diagram

T (°C)

R-134a Saturated Liquid Vapor T-s Diagram

0.0 0.2 0.4 0.6 0.8 1.0 1.2
s (kJ/kg-K)

8.

b. Determine the rate of heat transfer to the heated space.
c. Determine the COP

(3 points) A water heater is operated using a heat pump that heats the water by removing heat
from the room air and transferring it to the water. The heat pump has a COP of 3.4 and
consumes 6 kw power. Determine if the heat pump can be used to cool the room for “free” by
absorbing heat from the air in the room. The rate of heat gain in the house in summer is less

than 45,000 kJ/hr.

(4 points, 1 per part) A Carnot refrigeration cycle uses R-134a as the working fluid. The
maximum and minimum temperatures in the cycle are 30 °C and -20 °C, respectively. The
quality of the R-134a at the inlet of the evaporator heat exchanger is 0.15 and 0.80 at the outlet.

a. Show the process on the T-s diagram.

b. Calculate the coefficient of performance.

c. Find the condenser and evaporator pressures.

d. Find the net work required.
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T (°C)

R-134a Saturated Liquid Vapor T-s Diagram
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