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7-88 A geothermal power plant uses geothermal liquid water at 160ºC at a specified rate as the heat source. 
The actual and maximum possible thermal efficiencies and the rate of heat rejected from this power plant 
are to be determined. 

Assumptions 1 The power plant operates steadily. 2 The kinetic and potential energy changes are zero. 3 
Steam properties are used for geothermal water. 

Properties Using saturated liquid properties, the source and the sink state enthalpies of geothermal water 
are (Table A-4)  
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Analysis (a) The rate of heat input to the plant may be taken as the enthalpy difference between the source 
and the sink for the power plant 
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The actual thermal efficiency is 
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(b) The maximum thermal efficiency is the thermal efficiency of a reversible heat engine operating 
between the source and sink temperatures 
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(c) Finally, the rate of heat rejection is 
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7-131 An expression for the COP of a completely reversible heat pump in terms of the thermal-energy 
reservoir temperatures, TL and TH  is to be derived.  

Assumptions  The heat pump operates steadily.   

Analysis Application of the first law to the completely reversible heat pump yields 
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This result may be used to reduce the coefficient of performance, 
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Since this heat pump is completely reversible, the 
thermodynamic definition of temperature tells us that, 
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When this is substituted into the COP expression, the result is 
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7-135 A Carnot refrigeration cycle is executed in a closed system with a fixed mass of R-134a. The net 
work input and the maximum and minimum temperatures are given. The mass fraction of the refrigerant 
that vaporizes during the heat addition process, and the pressure at the end of the heat rejection process are 
to be determined. 

Properties The enthalpy of vaporization of R-134a at -8°C is hfg  = 204.52 kJ/kg  (Table A-12). 

Analysis The coefficient of performance of the cycle is 
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Then the amount of refrigerant that vaporizes during 
heat absorption is 

kg 0.695
kJ/kg 204.52
kJ 142

C8@ ==⎯→⎯= −= mmhQ
LTfgL o  

since the enthalpy of vaporization hfg at a given T or P represents the amount of heat transfer per unit mass 
as a substance is converted from saturated liquid to saturated vapor at that T or P.  Therefore, the fraction 
of mass that vaporized during heat addition process is 
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The pressure at the end of the heat rejection process is 

  kPa 572.1== °C20@sat4 PP
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