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Chapter 7                                                  ENTROPY                                         Sheet No. ( ) 
 
Entropy and the Increase of Entropy Principle 
 
Q1) Does the temperature in the Clausius inequality relation have to be absolute temperature? Why? 

 

Q2)  A system undergoes a process between two fixed states first in a reversible manner and then in an 

irreversible manner. For which case is the entropy change greater? Why? 

 

Q3) The entropy of a hot baked potato decreases as it cools. Is this a violation of the increase of entropy 

principle? Explain. 

 

Q4) Is it possible to create entropy? Is it possible to destroy it? 

 

Q5 (A) A piston–cylinder device contains helium gas. During a reversible, isothermal process, the 

entropy of the helium will (never, sometimes, always) increase. 

 

    (B) A piston–cylinder device contains nitrogen gas. During a reversible, adiabatic process, the entropy 

of the nitrogen will (never, sometimes, always) increase. 

 

   (C) A piston–cylinder device contains superheated steam. During an actual adiabatic process, the 

entropy of the steam will (never, sometimes, always) increase. 

 

   (D) The entropy of steam will (increase, decrease, remain the same) as it flows through an actual    

         adiabatic turbine.  

 

   (E) The entropy of the working fluid of the ideal Carnot cycle (increases, decreases, remains the 

same) during the isothermal heat addition process. 

   (F) Steam is accelerated as it flows through an actual adiabatic nozzle. The entropy of the steam at the 

nozzle exit will be (greater than, equal to, less than) the entropy at the nozzle inlet. 

 

Q6)What three different mechanisms can cause the entropy of a control volume to change? 

 

Q7) Is a process that is internally reversible and adiabatic necessarily isentropic? Explain. 

 

Entropy Change of Ideal Gases 
 
Q8) Prove that the two relations for entropy change of ideal gases under the constant-specific-heat 

assumption (Eqs. 7–33 and 7–34) are equivalent.  

 

Q9) Starting with the second T ds relation (Eq. 7–26), obtain Eq. 7–34 for the entropy change of ideal 

gases under the constant-specific-heat assumption. 

 

Q10) Some properties of ideal gases such as internal energy and enthalpy vary with temperature only 

[that is, u _u(T) and h _ h(T)]. Is this also the case for entropy? 

 

Q11)Starting with Eq. 7–34, obtain Eq. 7–43.  
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Reversible Steady-Flow Work 
 
Q12)  In large compressors, the gas is frequently cooled while being compressed to reduce the power 

consumed by the compressor. Explain how cooling the gas during a compression process reduces 

the power consumption. 

 

Q13)  The turbines in steam power plants operate essentially under adiabatic conditions. A plant 

engineer suggests to end this practice. She proposes to run cooling water through the outer 

surface of the casing to cool the steam as it flows through the turbine. This way, she reasons, the 

entropy of the steam will decrease, the performance of the turbine will improve, and as a result 

the work output of the turbine will increase. How would you evaluate this proposal? 

 

Q14)  It is well known that the power consumed by a compressor can be reduced by cooling the gas 

during compression. Inspired by this, somebody proposes to cool the liquid as it flows through a 

pump, in order to reduce the power consumption of the pump. Would you support this proposal? 

Explain. 
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Problems 
 
Entropy and the Increase of Entropy Principle 
 

Q1) 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.                    Answer: -0.0403 kW/K 
 
Q2)  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. 

 

Q3)  During the isothermal heat rejection process of a Carnot cycle, the working fluid experiences an 

entropy change of -0.7 Btu/R. If the temperature of the heat sink is 95°F, determine (a) the amount 

of heat transfer, (b) the entropy change of the sink, and (c) the total entropy change for this 

process.                                                                    Answers: (a) 388.5 Btu, (b) 0.7 Btu/R, (c) 0 
 

 
 
 
Q4) 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. 
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Entropy Changes of Pure Substances 
 
Q5)  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.         Ans: _0.132 kJ/K 
 

Q6)  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. 

 

Q7) 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 

theentropy change of the steam during this process.                                          Answer: 8.10 kJ/K 
 

 
 

Q8) Refrigerant-134a enters an adiabatic compressor as saturated vapor at 160 kPa at a rate of 2 m3/min 

and is compressed to a pressure of 900 kPa. Determine the minimum power that must be supplied 

to the compressor. 

 

Q9) 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. 

 

 

Entropy Change of Incompressible Substances 
 

Q10) 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. 

 
Q11) 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. 
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Q12) A 50-kg iron block and a 20-kg copper block, both initially at 80°C, are dropped into a large lake 

at 15°C. Thermal equilibrium is established after a while as a result of heat transfer between the 

blocks and the lake water. Determine the total entropy change for this process. 

 

 
 
Entropy Change of Ideal Gases 
 
Q13) Oxygen gas is compressed in a piston–cylinder device from an initial state of 0.8 m3/kg and 25°C 

to a final state of 0.1 m3/kg and 287°C. Determine the entropy change of the oxygen during this 

process. Assume constant specific heats. 

 

Q14) A 1.5-m
3
 insulated rigid tank contains 2.7 kg of carbon dioxide at 100 kPa. Now paddle-wheel 

work is done on the system until the pressure in the tank rises to 150 kPa. Determine the entropy 

change of carbon dioxide during this process. Assume constant specific heats.     Ans: 0.719 kJ/K 

 

 
 

Q15) A piston–cylinder device contains 1.2 kg of nitrogen gas at 120 kPa and 27°C. The gas is now 

compressed slowly in a polytropic process during which PV1.3 = constant. The process ends when 

the volume is reduced by one-half. Determine the entropy change of nitrogen during this process. 

Answer: - 0.0617 kJ/K 
 

Q16) Air is compressed in a piston–cylinder device from 90 kPa and 20°C to 400 kPa in a reversible 

isothermal process. Determine (a) the entropy change of air and (b) the work done. 

 

Q17) Air at 800 kPa and 400°C enters a steady-flow nozzle with a low velocity and leaves at 100 kPa. If 

the air undergoes an adiabatic expansion process through the nozzle, what is the maximum 

velocity of the air at the nozzle exit, in m/s?  

 

Q18) A constant-volume tank contains 5 kg of air at 100 kPa and 327°C. The air is cooled to the 

surroundings temperature of 27°C. Assume constant specific heats at 300 K. (a) Determine the 

entropy change of the air in the tank during the process, in kJ/K, (b) determine the net entropy 

change of the universe due to this process, in kJ/K, and (c) sketch the processes for the air in the 

tank and the surroundings on a single T-s diagram. Be sure to label the initial and final states for 

both processes. 
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Reversible Steady-Flow Work 
 
Q19)  Water enters the pump of a steam power plant as saturated liquid at 20 kPa at a rate of 45 kg/s and 

exits at 6 MPa. Neglecting the changes in kinetic and potential energies and assuming the process 

to be reversible, determine the power input to the pump. 

 

Q20) Liquid water enters a 25-kW pump at 100-kPa pressure at a rate of 5 kg/s. Determine the highest 

pressure the liquid water can have at the exit of the pump. Neglect the kinetic and potential energy 

changes of water, and take the specific volume of water to be 0.001 m
3
/kg.           Ans: 5100 kPa 

 
Q21) Liquid water at 120 kPa enters a 7-kW pump where its pressure is raised to 5 MPa. If the elevation 

difference between the exit and the inlet levels is 10 m, determine the highest mass flow rate of 

liquid water this pump can handle. Neglect the kinetic energy change of water, and take the 

specific volume of water to be 0.001 m
3
/kg. 

 

Isentropic Efficiencies of Steady-Flow Devices 
 
Q22) Describe the ideal process for an (a) adiabatic turbine, (b) adiabatic compressor, and (c)  adiabatic 

nozzle, and define the isentropic efficiency for each device. 

 

Q23) Steam enters an adiabatic turbine at 8 MPa and 500°C with a mass flow rate of 3 kg/s and leaves at 

30 kPa. The isentropic efficiency of the turbine is 0.90. Neglecting the kinetic energy change of 

the steam, determine (a) the temperature at the turbine exit and (b) the power output of the turbine.  

Answers: (a) 69.1°C, (b) 3054 kW 
Q24) Steam enters an adiabatic turbine at 7 MPa, 600°C, and 80 m/s and leaves at 50 kPa, 150°C, and 

140 m/s. If the power output of the turbine is 6 MW, determine (a) the mass flow rate of the steam 

flowing through the turbine and (b) the isentropic efficiency of the turbine.  

           Answers: (a) 6.95 kg/s, (b) 73.4% 
Q25)  Air is compressed by an adiabatic compressor from 95 kPa and 27°C to 600 kPa and 277°C. 

Assuming variable specific heats and neglecting the changes in kinetic and potential energies, 

determine (a) the isentropic efficiency of the compressor and (b) the exit temperature of air if the 

process were reversible.     Answers: (a) 81.9 percent, (b) 505.5 K 

 
Q26)  Air enters an adiabatic nozzle at 60 psia and 1020°F with low velocity and exits at 800 ft/s. If the 

isentropic efficiency of the nozzle is 90 percent, determine the exit temperature and pressure of 

the air.     Answers: (a) 728.2 m/s, (b) 786.3 K 

 


