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 20.11. IDENTIFY:   The heat Q mc T= ∆  that comes out of the water to cool it to 5.0°C is CQ  for the refrigerator. 

SET UP:   For water 1.0 L has a mass of 1.0 kg and 34.19 10 J/kg C°.c = × ⋅  
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EXECUTE:   
3 6(12.0 kg)(4.19 10 J/kg C°)(5.0 C 31 C) 1.31 10 J.Q mc T= ∆ = × ⋅ ° − ° = − ×
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C| | 1.31 10 J.Q = ×  
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EVALUATE:   1.7 h seems like a reasonable time to cool down the dozen bottles. 



 20.12. IDENTIFY:   H C| | | | | |.Q Q W= +  C| |
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SET UP:   For water, w 4190 J/kg Kc = ⋅  and 
5

f 3 34 10 J/kgL = . × .  For ice, ice 2010 J/kg Kc = ⋅ .  

EXECUTE:   (a) ice ice f w w .Q mc T mL mc T= ∆ − + ∆  

5 5
(1 80 kg)([2010 J/kg K][ 5 0 C ] 3 34 10 J/kg [4190 J/kg K][ 25 0 C ]) 8 08 10 JQ = . ⋅ − . ° − . × + ⋅ − . ° = − . ×

58.08 10 J.Q = − ×  Q is negative for the water since heat is removed from it. 

(b) 5
C| | 8.08 10 J.Q = ×  
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(c) 5 5 6
H| | 8.08 10 J 3.37 10 J 1.14 10 J.Q = × + × = ×  













(b) H out 210 kW
3 0 MW

0.070

Q P

t e
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= − = . − = . .  
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5 5C| |/ (2 8 10  W)(3600 s/h)
6 10 kg/h 6 10 L/h

(4190 J/kg K)(4 K)

m Q t

t c T

. ×
= = = ×  = ×  .
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EVALUATE:   The efficiency is small since CT and HT don’t differ greatly. 














