
PROBLEM 6.143 

 

 



PROBLEM 6.176 

 

Fig. P6.176 shows a vapor power plant operating at steady state.  Data at key locations are given 

on the figure.  The turbine and pump operate adiabatically, and kinetic and potential energy 

effects can be neglected.  The isentropic pump efficiency is 90%.  For such a vapor power cycle, 

the back-work ratio is the ratio of the pump work input to the turbine work output.  Determine 

the back-work ratio  

(a) using data interpolated from Table A-5 to obtain the specific enthalpy state 4. 

(b) using the approximation of Eq. 6.51c to obtain the specific enthalpy at state 4.   

Compare the results of parts (a) and (b) and discuss. 

KNOWN:  Data are known for the steady-state operation of a vapor power plant.   

 

FIND:  Determine the back-work ratio using data from Table A-5 and the approximation of Eq. 

6.51c to obtain the specific enthalpy at the exit of the pump. 

 

SCHEMATIC AND GIVEN DATA: 

 

ANALYSIS: First, determine the turbine work.  For the turbine, mass and energy rate balances 

reduce to give:    
     = (h1 – h2).   

 

From Table A-4: h1 = 3253.9 kJ/kg.  With data from Table A-2:  

 

h2 = hf2 + x2(hg2 – hf2) = 151.53 + (0.92)(2567.4 – 151.53) = 2374.1 kJ/kg 

 

The turbine work is 

 

   
     = 3253.9 – 2374.1 = 879.8 kJ/kg 

7.5 MPa 

440
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ηp = 90% ENGINEERING MODEL:  (1) The 

control volumes are at steady state.  (2) 

For the turbine and the pump,   
   = 0 

and kinetic and potential energy effects 

are negligible. 



PROBLEM 6.176 (CONTINUED) 

 

The pump work input is   
     = (h4 – h3).  From Table A-2: h3 = hf3 = 151.53 kJ/kg.  To 

determine h4 we use the isentropic pump efficiency: ηp = (  
    )s/(  

    ) = (h4s – h3)/ (h4 – h3) 

 

(a) Interpolating in Table A-5 with s4s = s3 = 0.5210 kJ/kg∙K and p4 = 7.5 MPa we get h4s ≈ 

159.53 kJ/kg.  Thus  

 

h4 = h3 + (h4s – h3)/ ηp = 151.53 + (159.53 – 151.53)/(0.9) = 160.42 kJ/kg 

and 

   
     = 160.42 – 151.53 = 8.89 kJ/kg 

 

The back-work ratio is  

 

 bwr = (  
    )/(   

    ) = 8.89/879.8 = 0.010 (1.0%) 

 

(b)  Approximating the ideal pump work using Eq. 6.51c we get 

 

 (  
    )s ≈            

 

               = (1.0064 x 10
-3

 m
3
/kg)(75 – 0.06)bar 

       

     
  

    

      
  = 7.542 kJ/kg 

 

Now, h4 = h3 + (  
    )s/ ηp = 151.53 + 7.542/0.9 = 159.91 kJ/kg.  Thus 

 

   
     = 159.91 – 151.53 = 8.38 kJ/kg 

 

The back-work ratio is  

 

 bwr = (  
    )/(   

    ) = 8.38/879.8 = 0.0095 (0.95%) 

 

Note:  The values obtained using the two methods are very close to each other.  The method of 

approximation in part (b) is commonly used in vapor power plant analyses (See Chapter 8). 

 

 

 



PROBLEM 6.180 
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