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11-26 A vapor-compression refrigeration cycle with refrigerant-134a as the working fluid is considered. The rate of 
cooling, the power input, and the COP are to be determined. Also, the same parameters are to be determined if the cycle 
operated on the ideal vapor-compression refrigeration cycle between the same pressure limits.   
Assumptions 1 Steady operating conditions exist. 2 Kinetic and potential energy changes are negligible.  
Analysis (a) From the refrigerant-134a tables (Tables A-11 through A-13) 
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  kW 3.317=−=−= )39.12005.253kg/s)( 025.0()( 41 hhmQL &&

  kW 4.534=−=−= )39.12074.301kg/s)( 025.0()( 32 hhmQH &&

   kW 1.217=−=−= )05.25374.301kg/s)( 025.0()( 12in hhmW &&
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(b) Ideal vapor-compression refrigeration cycle solution 
From the refrigerant-134a tables (Tables A-11 through A-13) T
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  kW 3.931=−=−= )22.12746.244kg/s)( 025.0()( 41 hhmQL &&

  kW 3.947=−=−= )22.12708kg/s)(285. 025.0()( 32 hhmQH &&

   kW 1.016=−=−= )46.24408.kg/s)(285 025.0()( 12in hhmW &&
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Discussion The cooling load increases by 18.5% while the COP increases by 5.9% when the cycle operates on the ideal 
vapor-compression cycle. 
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11-35 An ideal vapor-compression refrigeration cycle is used to keep a space at a low temperature. The cooling load, the 
COP, the exergy destruction in each component, the total exergy destruction, and the second-law efficiency are to be 
determined. 

Assumptions 1 Steady operating conditions exist. 2 Kinetic and potential energy changes are negligible.  

Analysis (a) The properties of R-134a are (Tables A-11 through A-13) 
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The energy interactions in the components and the COP are 

  kJ/kg 108.6=−=−= 93.13551.24441 hhqL

  kJ/kg 151.993.13585.28732 =−=−= hhqH

  kJ/kg 43.3351.24485.28712in =−=−= hhw

 2.506===
kJ/kg 33.43
kJ/kg 6.108COP

inw
qL  

(b) The exergy destruction in each component of the cycle is determined as follows 

Compressor: 

  0122gen,1 =−=− sss

   0== 2-gen,102-dest,1 sTEx

Condenser: 

 KkJ/kg 05124.0
K 298

kJ/kg 9.151KkJ/kg )9377.04791.0(233gen,2 ⋅=+⋅−=+−=−
H

H

T
q

sss  

 kJ/kg 15.27=⋅== K)kJ/kg K)(0.05124 (2983-gen,203-dest,2 sTEx  

Expansion valve: 

 KkJ/kg 04595.04791.05251.0344gen,3 ⋅=−=−=− sss  

 kJ/kg 13.69=⋅== K)kJ/kg K)(0.04595 (2984-gen,304-dest,3 sTEx   

Evaporator: 

 KkJ/kg 02201.0
K 278

kJ/kg 6.108KkJ/kg )5251.09377.0(411gen,4 ⋅=−⋅−=−−=−
L
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 kJ/kg 6.56=⋅== K)kJ/kg K)(0.02201 (2981-gen,401-dest,4 sTEx  

The total exergy destruction can be determined by adding exergy destructions in each component: 

  
kJ/kg 35.52=+++=

+++=

56.669.1327.150
1-dest,44-dest,33-dest,22-dest,1totaldest, xExExExExE &&&&&
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(c) The exergy of the heat transferred from the low-temperature medium is 

  kJ/kg 812.7
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The second-law efficiency of the cycle is 

 18.0%==== 0.1803
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812.7

in
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The total exergy destruction in the cycle can also be determined from 

 kJ/kg 35.52812.733.43intotaldest, =−=−=
LqExwEx  

The result is identical as expected. 

The second-law efficiency of the compressor is determined from 
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since the compression through the compressor is isentropic (s2 = s1), the second-law efficiency is  

 100%==1CompII,η  

The second-law efficiency of the evaporator is determined from 

[ ] 14

1-dest,4

14014

0

expended

recovered
Evap II, 1

)(
/)(

XX
X

ssThhm
TTTQ

X
X LLL

&&

&

&

&

&

&

−
−=

−−−
−

==η  

where 

  
kJ/kg 37.14

KkJ/kg )9377.05251.0)(K 298(kJ/kg )51.24493.135(
)( 1401414
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Substituting, 
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−

−= 544.0
kJ/kg 14.37
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11-64 A two-stage cascade refrigeration system is considered. Each stage operates on the ideal vapor-compression cycle 
with upper cycle using water and lower cycle using refrigerant-134a as the working fluids. The mass flow rate of R-134a 
and water in their respective cycles and the overall COP of this system are to be determined. 

Assumptions 1 Steady operating conditions exist. 2 Kinetic and potential energy changes are negligible. 3 The heat 
exchanger is adiabatic. 

Analysis From the water and refrigerant tables (Tables A-4, A-5, A-6, A-11, A-12, and A-13), 

)throttling(   kJ/kg 94.63
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    liquid sat.
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The mass flow rate of R-134a is determined from 
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An energy balance on the heat exchanger gives the mass flow rate of water 
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The total power input to the compressors is 

  
kJ/s 35.44

kJ/kg )1.2510.4kg/s)(5083 01523.0(kJ/kg )86.22559kg/s)(267. 1235.0(
)()( 1256in
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The COP of this refrigeration system is determined from its definition, 
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11-65 A two-stage vapor-compression refrigeration system with refrigerant-134a as the working fluid is considered. The 
process with the greatest exergy destruction is to be determined.  

Assumptions 1 Steady operating conditions exist. 2 Kinetic and potential energy changes are negligible.  

Analysis  From Prob. 11-55 and the water and refrigerant tables (Tables A-4, A-5, A-6, A-11, A-12, and A-13), 
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The exergy destruction during a process of a stream from an inlet state to exit state is given by  
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Application of this equation for each process of the cycle gives 

[ ]
[ ] kJ/s 417.0)96866.024757.0)(1235.0()0869.30249.9)(01523.0()303(
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For isentropic processes, the exergy destruction is zero: 
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Note that heat is absorbed from a reservoir at -30°C (243 K) and rejected to a reservoir at 30°C (303 K), which is also taken 
as the dead state temperature. Alternatively, one may use the standard 25°C (298 K) as the dead state temperature, and 
perform the calculations accordingly. The greatest exergy destruction occurs in the condenser.  

PROPRIETARY MATERIAL
preparation.  If you are a student using this Manual, you are using it without permission. 

. © 2011 The McGraw-Hill Companies, Inc.  Limited distribution permitted only to teachers and educators for course  



 11-81

11-116 An air conditioner operates on the vapor-compression refrigeration cycle. The rate of cooling provided to the space, 
the COP, the isentropic efficiency and the exergetic efficiency of the compressor, the exergy destruction in each component 
of the cycle, the total exergy destruction, the minimum power input, and the second-law efficiency of the cycle are to be 
determined. 

Assumptions 1 Steady operating conditions exist. 2 Kinetic and potential energy changes are negligible.  

Analysis (a) The properties of R-134a are (Tables A-11 through A-13) 

  

KkJ/kg 4228.0
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kPa 180
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The cooling load and the COP are  

 
Btu/h 28,020=⎟

⎠
⎞

⎜
⎝
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kW 1
Btu/h 3412kW) (8.213

kW 8.213kJ/kg)26.10814.245kg/s)( 06.0()( 41 hhmQL &&

 

 

  

kW 88.10kJ/kg)26.10864.289kg/s)( 06.0()( 32 =−=−= hhmQH &&

kW 670.2kJ/kg)14.24564kg/s)(289. 06.0()( 12in =−=−= hhmW &&
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(b) The isentropic efficiency of the compressor is 
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−
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The reversible power and the exergy efficiency for the compressor are 
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)()( 12012
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(c) The exergy destruction in each component of the cycle is determined as follows 

Compressor: 

  kW/K 0007827.0KkJ/kg )9483.09614.0kg/s)( 06.0()( 122gen,1 =⋅−=−=− ssmS &&

   kW 0.2426=== kW/K) 0007827.0(K) 310(2-gen,102-dest,1 STxE &&
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Condenser: 

 kW/K 001114.0
K 310
kW 88.10KkJ/kg )9614.03948.0(kg/s) 06.0()( 233gen,2 =+⋅−=+−=−

H

H

T
Q

ssmS
&

&&  

  kW 0.3452=⋅== K)kJ/kg 4K)(0.00111 (3103-gen,203-dest,2 STxE &&

Expansion valve: 

  kW/K 001678.0KkJ/kg )3948.004228.0kg/s)( 06.0()( 344gen,3 =⋅−=−=− ssmS &&

   kJ/kg 0.5203=⋅== K)kJ/kg 8K)(0.00167 (3104-gen,304-dest,3 STxE &&

Evaporator: 

 kW/K 003597.0
K 294
kW 213.8KkJ/kg )4228.09483.0(kg/s) 06.0()( 411gen,4 =−⋅−=−−=−

L

L

T
Q

ssmS
&

&&  

  kW 1.115=⋅== K)kJ/kg 7K)(0.00359 (3101-gen,401-dest,4 STxE &&

The total exergy destruction can be determined by adding exergy destructions in each component: 

  
kW 2.223=

+++=

+++=

115.15203.03452.02426.0
1-dest,44-dest,33-dest,22-dest,1totaldest, xExExExExE &&&&&

(d) The exergy of the heat transferred from the low-temperature medium is 

  kW 4470.0
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3101kW) 213.8(1 0 =⎟
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This is the minimum power input to the cycle: 

  kW 0.4470==
LQxEW &

&&
minin,

The second-law efficiency of the cycle is 

 16.7%==== 0.1674
670.2

4470.0

in

minin,
II W

W
&

&
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The total exergy destruction in the cycle can also be determined from 

  kW 223.24470.0670.2intotaldest, =−=−=
LQExWxE &

&&

The result is the same as expected.   
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