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7–25 Air is compressed by a 12-kW compressor from P1 to P2. The air 

temperature is maintained constant at 25°C during this process as a result 

of heat transfer to the surrounding medium at 10°C. Determine the rate of 

entropy change of the air. State the assumptions made in solving this 

problem. 

Answer: - 0.0403 kW/K 

 

Solution 



 

7–26 During the isothermal heat addition process of a Carnot cycle, 900 

kJ of heat is added to the working fluid from a source at 400°C. 

Determine (a) the entropy change of the working fluid, (b) the entropy 

change of the source, and (c) the total entropy change for the process. 

 

 
 

7–29 Refrigerant-134a enters the coils of the evaporator of a refrigeration 

system as a saturated liquid–vapor mixture at a pressure of 160 kPa. The 

refrigerant absorbs 180 kJ of heat from the cooled space, which is 

maintained at -5°C, and leaves as saturated vapor at the same pressure. 

Determine (a) the entropy change of the refrigerant, (b) the entropy 

change of the cooled space, and (c) the total entropy change for this 

process. 

 

Solution 



 
 

7–31 The radiator of a steam heating system has a volume of 20 L and is 

filled with superheated water vapor at 200 kPa and 150°C. At this 

moment both the inlet and the exit valves to the radiator are closed. After 

a while the temperature of the steam drops to 40°C as a result of heat 

transfer to the room air. Determine the entropy change of the steam 

during this process. Answer: -0.132 kJ/K 

 

Solution Solution 



 
 

7–32 A 0.5-m
3
 rigid tank contains refrigerant-134a initially at 200 kPa 

and 40 percent quality. Heat is transferred now to the refrigerant from a 

source at 35°C until the pressure rises to 400 kPa. Determine (a) the 

entropy change of the refrigerant, (b) the entropy change of the heat 

source, and (c) the total entropy change for this process. 

Answers: (a) 3.880 kJ/K, (b) -3.439 kJ/K, (c) 0.441 kJ/K 

 

Solution 



 
 

 

 

 

 

Solution 



 

7–34 A well-insulated rigid tank contains 2 kg of a saturated liquid–vapor 

mixture of water at 100 kPa. Initially, three-quarters of the mass is in the 

liquid phase. An electric resistance heater placed in the tank is now 

turned on and kept on until all the liquid in the tank is vaporized. 

Determine the entropy change of the steam during this process. Answer: 

8.10 kJ/K 

 

 
 

 

 
 

 

 

 

 

 

Solution 



 

 

 
 

 
 

 

 

 

 

 

Solution 



 

7–38 A cylinder is initially filled with refrigerant  R-134a vapor at 50C 

and 0.8-MPa. The refrigerant is now cooled and condensed at constant 

pressure  until the temperature drops to 20C. Determine the entropy 

change of the refrigerant during this process. 

 

 

7–39 An insulated piston–cylinder device contains 0.05 m
3
 of saturated 

refrigerant-134a vapor at 0.8-MPa pressure. The refrigerant is now 

allowed to expand in a reversible manner until the pressure drops to 0.4 

MPa. Determine (a) the final temperature in the cylinder and (b) the work 

done by the refrigerant. 

 

 

 

 

Solution 



 

 

 

 

 

 

 

 

 

 

 

Solution 



7–41 Refrigerant-134a enters an adiabatic compressor as saturated vapor 

at 160 kPa at a rate of 2 m
3
/min and is compressed to a pressure of 900 

kPa. Determine the minimum power that must be supplied to the 

compressor. 

 

 

 

 

 

 

 

 

 

Solution 



7–42 Steam enters an adiabatic turbine at 6 MPa and 500 C and leaves at 

a pressure of  300 kPa. Determine the maximum amount of work that can 

be delivered by this turbine. 

 

 

 

 

 

 

 

 

 

 

 

 

 

Solution 



7–44 A heavily insulated piston–cylinder device contains 0.05 m
3
 of 

steam at 300 kPa and 150°C. Steam is now compressed in a reversible 

manner to a pressure of 1 MPa. Determine the work done on the steam 

during this process. 

 

 

 

 

 

 

 

 

 

 

 

 

 

Solution 



7–46 A piston–cylinder device contains 1.2 kg of saturated water vapor at 

200°C. Heat is now transferred to steam, and steam expands reversibly 

and isothermally to a final pressure of 800 kPa. Determine the heat 

transferred and the work done during this process. 

 

 

7–48 A piston–cylinder device contains 5 kg of steam at 100°C with a 

quality of 50 percent. This steam undergoes two processes as follows: 

1-2 Heat is transferred to the steam in a reversible manner while the 

temperature is held constant until the steam exists as a saturated vapor. 

2-3 The steam expands in an adiabatic, reversible process until the 

pressure is 15 kPa. 

(a) Sketch these processes with respect to the saturation lines on a single 

T-s diagram. 

(b) Determine the heat added to the steam in process 1-2, in kJ. 

(c) Determine the work done by the steam in process 2-3, in kJ. 

Solution 



 

Solution 



 

 

7–49 A rigid tank contains 5 kg of saturated vapor steam at 100°C. The 

steam is cooled to the ambient temperature of 25°C. 

(a) Sketch the process with respect to the saturation lines on a T-v 

diagram. 

(b) Determine the entropy change of the steam, in kJ/K. 

(c) For the steam and its surroundings, determine the total entropy change 

or Sgen associated with this process, in kJ/K. 

 



 

Solution 



 

7–50 Steam at 6000 kPa and 500°C enters a steady-flow turbine. The 

steam expands in the turbine while doing work until the pressure is 1000 

kPa. When the pressure is 1000 kPa, 10 percent of the steam is removed 

from the turbine for  other uses. The remaining 90 percent of the steam 

continues to expand through the turbine while doing work and leaves the 

turbine at 10 kPa. The entire expansion process by the steam through the 

turbine is reversible and adiabatic. 

(a) Sketch the process on a T-s diagram with respect to the saturation 

lines. Be sure to label the data states and the lines of constant pressure. 

(b) If the turbine has an isentropic efficiency of 85 percent, what is the 

work done by the steam as it flows through the turbine per unit mass of 

steam flowing into the turbine, in kJ/kg? 



 

 

Solution 



 

 

7–53 A 50-kg copper block initially at 80°C is dropped into an insulated 

tank that contains 120 L of water at 25°C. Determine the final 

equilibrium temperature and the total entropy change for this process. 

 



 
 

7–54 A 25-kg iron block initially at 350°C is quenched in an insulated 

tank that contains 100 kg of water at 18°C. Assuming the water that 

vaporizes during the process condenses back in the tank, determine the 

total entropy change during this process. 

 

Solution 



 
 

 

 

 

7–55 A 20-kg aluminum block initially at 200°C is brought  into contact 

with a 20-kg block of iron at 100°C in an insulated enclosure. Determine 

the final equilibrium temperature and the total entropy change for this 

process. Answers:168.4°C, 0.169 kJ/K 

 

Solution 
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