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5.93 
 A 10-m high cylinder, cross-sectional area 0.1 m2, has a massless piston at the bottom 

with water at 20°C on top of it, shown in Fig. P5.93. Air at 300 K, volume 0.3 m3, under 
the piston is heated so that the piston moves up, spilling the water out over the side. 
Find the total heat transfer to the air when all the water has been pushed out. 

 Solution: 
 

H2O

Po

cb
air

 
V

P

2

1

P

P1

0

V V1 max  
The water on top is compressed liquid and has volume and mass 

 VH2O = Vtot - Vair = 10 × 0.1 - 0.3 = 0.7 m3 

 mH2O = VH2O/vf = 0.7 / 0.001002 = 698.6 kg 

The initial air pressure is then 

 P1 = P0 + mH2Og/A = 101.325 + 
698.6 × 9.807

0.1 × 1000  = 169.84 kPa 

and then mair = PV/RT = 
169.84 × 0.3
0.287 × 300  = 0.592 kg 

State 2:  No liquid water over the piston so 

   P2 = P0 + 0/  = 101.325 kPa,    V2 = 10×0.1 = 1 m3 

State 2: P2, V2     ⇒      T2 = 
T1P2V2

P1V1
 = 

300×101.325×1
169.84×0.3  = 596.59 K 

The process line shows the work as an area 

 1W2 = ⌡⌠PdV = 12 (P1 + P2)(V2 - V1) = 
1
2 (169.84 + 101.325)(1 - 0.3) = 94.91 kJ 

The energy equation solved for the heat transfer becomes 
 1Q2 = m(u2 - u1) + 1W2 ≅ mCv(T2 - T1) + 1W2 

         = 0.592 × 0.717 × (596.59 - 300) + 94.91 = 220.7 kJ 
 
Remark: we could have used u values from Table A.7:  
 u2 - u1 = 432.5 - 214.36 = 218.14 kJ/kg    versus 212.5 kJ/kg with Cv. 
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6.131 
A steam engine based on a turbine is shown in Fig. P6.131. The boiler tank has a 
volume of 100 L and initially contains saturated liquid with a very small  amount 
of  vapor at 100 kPa. Heat is now added by the burner, and the pressure regulator 
does not open before the boiler pressure reaches 700 kPa, which it keeps constant. 
The saturated vapor enters the turbine at 700 kPa and is discharged to the 
atmosphere as saturated vapor at 100 kPa. The burner is turned off when no more 
liquid is present in the as boiler. Find the total turbine work and the total heat 
transfer to the boiler for this process. 

 Solution: 
C.V. Boiler tank.   Heat transfer, no work and flow out.
Continuity Eq.6.15: m2 - m1 = − me
Energy Eq.6.16:      m2u2 - m1u1 = QCV - mehe
State 1: Table B.1.1, 100 kPa  =>   v1 = 0.001 043,  u1 = 417.36 kJ/kg

=> m1 = V/v1 = 0.1/0.001 043 = 95.877 kg 

State 2: Table B.1.1, 700 kPa  =>   v2 = vg = 0.2729,  u2 = 2572.5 kJ/kg 

=> m2 = V/vg = 0.1/0.2729 = 0.366 kg,  

Exit state:  Table B.1.1, 700 kPa  =>   he = 2763.5  kJ/kg 

From continuity eq.:   me = m1 - m2 = 95.511 kg 

 QCV = m2u2 - m1u1 + mehe 

= 0.366 × 2572.5 - 95.877 × 417.36 + 95.511 × 2763.5 
= 224 871 kJ = 224.9 MJ 

C.V. Turbine, steady state, inlet state is boiler tank exit state.
Turbine exit state:  Table B.1.1, 100 kPa  =>   he = 2675.5  kJ/kg

Wturb = me (hin- hex) = 95.511 × (2763.5 - 2675.5) = 8405 kJ 

W
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