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Figure 1.  

Solution of the problem in Fig. 1: 

                                     

Process 1-2, the process of condensation, is shown on a T-v diagram in Fig. 1. During this 

process, the temperature and pressure remain constant.  

From the steam tables, at 100  , the saturation pressure is 1.014 bar. Hence, at 100   and 1.014 

bar, the difference between entropy of the saturated vapor and the saturated liquid is sfg = 6.0469 

kJ/kg K. For the process from 1 to 2 on the T-v diagram (Fig. 1),                        . 

Hence,                  
  

 
.   

 

For the surrounding air, the process is isothermal as the surrounding atmosphere is huge. The 

heat transfer to the air in the condensation process will not change the air’s temperature. Hence, 

the process is reversible for the air. 



Hence, integrating    
  

 
 gives       

    

 
. T = 298 K. We need to find Qrev.  

The heat lost by vapor and water in the condensation process equals the heat gained by the air. 

The heat transfer is negative for the water and vapor, whereas it is positive for the air. 

The heat transfer in the condensation process                               

           (    is the enthalpy of vaporization. It is positive for vaporization and negative for 

condensation). 

Now,       
    

 
 

     

   
      

  

 
 (     is positive for air) 

                                  = net increase in entropy of water plus surrounding.  

The entropy of the universe has increased as the process of condensation is irreversible because 

heat transfer occurs because of a finite temperature difference between the system (condensing 

water and vapor) and surrounding air. 
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Figure 2. 

 

Solution of the problem in Fig. 2: 

A schematic of a closed tank containing water receiving heat from a heat pump is shown in Fig. 

2.  

For the closed tank containing water,                                    

                               
 

 
       

  

  
. 

The heat addition process for water is a constant volume process. Hence, work interaction is 0. 

The first law in the integrated form is               …..(1) 



From steam tables, at 20  ,            
  

  
         

  

  
. Since,         , we have a 

mixture of water and steam at state 1. Hence, the qaulity at state 1,     
     

     
          . 

Hence,    [     (     )]   
   

  

  
. 

 

At                     
  

  
          

  

  
. Again,         . Hence, we have a 

mixture of water and steam at state 2. Hence,     
     

     
       . 

Hence,    [     (     )]    
      

  

  
 

Equation (1) implies                         =heat transfer to the water=heat given 

out by the reversible heat pump = QH. 

For the reversible heat pump (see the schematic in Fig. 2), 
  

  
  

  

  
 

   

   
            .  

According to the first law for the pump, | |  |  |  |  |      kJ. 

This is the work input to the pump. Hence, W = -718 kJ. 

 

 

 


