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1  (a)  From the steam tables, 
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From steam tables at 10 kPa we read  T6 = 87.5°C. 
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Thus the thermal efficiency is 
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(c)  The mass flow rate of the steam is 
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2  (a)  From the steam tables, 
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The fraction of steam extracted is determined from the steady-flow energy equation applied to the feedwater 
heater. Noting that & &Q W ke pe≅ ≅ ≅ ≅∆ ∆ 0 , 
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where y is the fraction of steam extracted from the turbine ( = & / &m m6 3 ).  Solving for y, 
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Then, 
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and 
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(b) The thermal efficiency is determined from 
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3  (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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The quality of the refrigerant at the end of the throttling process is 
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(b)  The COP of the refrigerator is determined from its definition, 
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(c)  The power input to the compressor is determined from 
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4  (a)  From the refrigerant tables, 
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The mass flow rate of the refrigerant is 

 ( ) skg
kgkJ
skJ

hh
Q

q
Q

m H

H

H
R /0834.0

/49.9136.291
/600,3/000,60

32

=
−

=
−

==
&&

&  

Then the power input to the compressor becomes 
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(b)  The rate of hat absorption from the water is 

 ( ) ( )( ) kW13.02=−=−= kgkJskghhmQL /49.9164.247/0834.041&&  
(c)  The electrical power required without the heat pump is 
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