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10-5  (a) Noting that TH = Tsat @ 800 kPa = 32.74°C = 305.7 K and TL = Tsat @ 140 kPa = -21.91°C = 251.1 K, 
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(b)  Process 4-1 is isentropic, and thus 
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(c)  Remembering that on a T-s diagram the area enclosed represents the net work, and s3 = ssat @ 800 kPa = 0.9066 
kJ/kg·K, 
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10-13 (a)  In an ideal vapor-compression refrigeration cycle, the compression process is isentropic, the refrigerant 
enters the compressor as a saturated vapor at the evaporator pressure, and leaves the condenser as saturated liquid at the 
condenser pressure. From the refrigerant tables, 
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Then the rate of heat removal from the refrigerated space and the power 
input to the compressor are determined from 

and 
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(b)  The rate of heat rejection to the environment is determined from 
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(c)  The COP of the refrigerator is determined from its definition, 
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10-28  In an ideal vapor-compression refrigeration cycle, the compression process is isentropic, the refrigerant enters 
the compressor as a saturated vapor at the evaporator pressure, and leaves the condenser as saturated liquid at the 
condenser pressure.  From the refrigerant tables, 
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The mass flow rate of the refrigerant and the power input to the compressor 
are determined from 

and 
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The electrical power required without the heat pump is 

Thus, 
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10-49  (a)  We assume air to be an ideal gas with variable specific heats.  We also assume both the turbine and the 
compressor to be isentropic, the turbine inlet temperature to be the temperature of the surroundings, and the compressor 
inlet temperature to be the temperature of the refrigerated space.  From the air table, 
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Thus, 
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Then the rate of refrigeration is 
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(b)  The net power input is determined from 
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Thus, kW3.88=−= 48.936.13,innetW&  

(c)  The COP of this ideal gas refrigeration cycle is determined from 
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10-81 (a)  We assume helium to be an ideal gas with constant specific heats, Cp = 5.1926 kJ/kg·K and k = 1.667.  The 
temperature of the helium at the turbine inlet is determined from an energy balance on the regenerator, 
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(b)  From the isentropic relations, 
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Then the COP of this ideal gas refrigeration cycle is determined from 
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(c)  The net power input is determined from 
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