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4-41 A rigid container that is filled with R-134a is heated. The temperature and total enthalpy are to be 
determined at the initial and final states. 

Analysis This is a constant volume process. The specific volume is  R-134a 
300 kPa 
10 kg 
14 L

/kgm 0014.0
kg 10

m 014.0 3
3

21 ====
m
V

vv  

The initial state is determined to be a mixture, and thus the 
temperature is the saturation temperature at the given pressure. 
From Table A-12 by interpolation 
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The total enthalpy is then  

 kJ 545.2=== )kJ/kg 52.54)(kg 10(11 mhH  

The final state is also saturated mixture. Repeating the calculations at this state, 

  C21.55°== kPa 600 @sat 2 TT
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 kJ 846.4=== )kJ/kg 64.84)(kg 10(22 mhH  
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4-42 A piston-cylinder device that is filled with R-134a is cooled at constant pressure. The final 
temperature and the change of total internal energy are to be determined.  

R-134a 
200 kPa 
100 kg 

12.322 m3

Analysis The initial specific volume is  

/kgm 12322.0
kg 100
m 322.12 3

3

1 ===
m
V

v  

The initial state is superheated and the internal energy at this state 
is 

  13)-A (TablekJ/kg 08.263  
 /kgm 12322.0

kPa 200
13
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The final specific volume is 

/kgm 06161.0
2

/m 12322.0
2

3
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1
2 ===

kgv
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This is a constant pressure process. The final state is determined to 
be saturated mixture whose temperature is 

  12)-A (Table kPa 200 @sat 2  C10.09°−== TT

The internal energy at the final state is (Table A-12) 
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Hence, the change in the internal energy is   

 kJ/kg 110.47−=−=−=Δ 08.26361.15212 uuu  
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4-79  An automobile tire is inflated with air. The pressure rise of air in the tire when the tire is heated and 
the amount of air that must be bled off to reduce the temperature to the original value are to be determined. 

Assumptions  1  At specified conditions, air behaves as an ideal gas.  2 The volume of the tire remains 
constant.  

Properties  The gas constant of air is R = 0.287 kPa.m3/kg.K  (Table A-1).  

Analysis Initially, the absolute pressure in the tire is 
Tire 

25°C 
  kPa310100210atm1 =+=+= PPP g

Treating air as an ideal gas and assuming the volume of the tire to 
remain constant, the final pressure in the tire can be determined from 

 kPa 336kPa) (310
K 298
K 323

1
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2
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Thus the pressure rise is 

  ΔP P P= − = − =2 1 336 310 26 kPa

The amount of air that needs to be bled off to restore pressure to its original value is 
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4-84 A piston-cylinder device containing argon undergoes an isothermal process. The final pressure is to 
be determined. 

Assumptions   At specified conditions, argon behaves as an ideal gas.   

Argon  
0.2 kg 

0.05 m3

400 kPa 

Properties  The gas constant of argon is R = 0.2081 kJ/kg⋅K (Table A-1).  

Analysis Since the temperature remains constant, the ideal gas equation gives 

 2211
2211 VV

VV
PP

RT
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RT
P

m =⎯→⎯==  

which when solved for final pressure becomes 
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4-92  The specific volume of steam is to be determined using the ideal gas relation, the compressibility 
chart, and the steam tables. The errors involved in the first two approaches are also to be determined.  

Properties The gas constant, the critical pressure, and the critical temperature of water are, from Table A-1, 

 R = 0.4615 kPa·m3/kg·K,  Tcr = 647.1 K,  Pcr = 22.06 MPa 

Analysis (a) From the ideal gas equation of state, 

 error) (3.7%/kgm 0.09533 3=
⋅⋅

==
kPa 3500

K) K)(723/kgmkPa (0.4615 3

P
RT

v  

(b) From the compressibility chart (Fig. A-15), 

H2O 
3.5 MPa 
450°C 
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Thus, 

  error) (0.4%/kgm 0.09161 3=== /kg)m 09533(0.961)(0. 3
idealvv Z

(c) From the superheated steam table (Table A-6), 

 } /kgm 0.09196 3=°=
= v  C450

MPa .53
T
P  
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4-95 Water vapor is heated at constant pressure. The final temperature is to be determined using ideal gas 
equation, the compressibility charts, and the steam tables.  

Properties The gas constant, the critical pressure, and the critical temperature of water are, from Table A-1, 

 R = 0.4615 kPa·m3/kg·K,  Tcr = 647.1 K,  Pcr = 22.06 MPa 

Analysis (a) From the ideal gas equation, 

 K 1246=+== )2)(K 273350(
1

2
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v
TT  

Water  
350°C 

sat. vapor 

Q 

(b) The pressure of the steam is 

kPa 529,16Csat@35021 === °PPP  

From the compressibility chart at the initial state (Fig. A-15), 
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At the final state, 
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Thus, 
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(c) From the superheated steam table, 
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