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Q10) 

Chapter 7                                                  ENTROPY                                         Sheet No. (7) 
 
Entropy and the Increase of Entropy Principle 
 
Q1) Yes. Because we used the relation (QH/TH) = (QL/TL) in the proof, which is the defining relation 

of absolute temperature. 

Q2) The entropy change will be the same for both cases since entropy is a property and it has a fixed 

value at a fixed state. 

Q3) No. Because the entropy of the surrounding air increases even more during that process, making   

the total entropy change positive. 

Q4) It is possible to create entropy, but it is not possible to destroy it. 

 
Q5A) Sometimes. Q5B) Never.  Q5C) Always.   Q5D) Increase.   Q5E) Increases.  Q5F) Greater than. 

 

Q6) They are heat transfer, irreversibilities, and entropy transport with mass. 

 

Q7)Yes, because an internally reversible, adiabatic process involves no irreversibilities or heat transfer. 

 

Entropy Changes of Ideal Gases 
Q8) No. The entropy of an ideal gas depends on the pressure as well as the temperature. 
Q9) 

 

 
Q11 

 
Reversible Steady-Flow Work 
 
Q12)  The work associated with steady-flow devices is proportional to the specific volume of the gas. 

Cooling a gas during compression will reduce its specific volume, and thus the power consumed 

by the compressor. 

Q13)  Cooling the steam as it expands in a turbine will reduce its specific volume, and thus the work 

output of the turbine. Therefore, this is not a good proposal. 

Q14)   We would not support this proposal since the steady-flow work input to the pump is proportional 

to the specific volume of the liquid, and cooling will not affect the specific volume of a liquid 

significantly. 
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Problems 
 

Entropy and the Increase of Entropy Principle 
 

Q1) 
Assumptions 1 This is a steady-flow process since there is no change with time. 2 Kinetic and potential energy changes are 

negligible. 3 Air is an ideal gas. 4 The process involves no internal irreversibilities such as friction, and thus it 

is an isothermal, internally reversible process. 

Properties Noting that h = h(T) for ideal gases, we have h1 = h2 since T1 = T2 = 25°C. 

Analysis We take the compressor as the system. Noting that the enthalpy of air remains constant, the energy balance for this 

steady-flow system can be expressed in the rate form as 

 

 
Therefore,      Qout =Win = 12 kW 

 

Noting that the process is assumed to be an isothermal and internally reversible process, the rate of 

entropy change of air is determined to be 

 
Q2) 
Analysis (a) This is a reversible isothermal process, and the entropy change during such a process is given by ΔS= Q/T 

Noting that heat transferred from the source is equal to the heat transferred to the working fluid, the entropy 

changes of the fluid and of the source become 

 

 
Q3) 
Analysis (a) This is a reversible isothermal process, and the entropy change during such a process is given by     

ΔS= Q/T Noting that heat transferred from the working fluid is equal to the heat transferred to the sink, 

the heat transfer become 

 

 
This is expected since all processes of the Carnot cycle are reversible processes, and no entropy is generated 

during a reversible process. 
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Q4) 

Analysis Noting that both the refrigerant and the cooled space undergo reversible isothermal processes, the 

entropy change for them can be determined from ΔS= Q/T  (a) The pressure of the refrigerant is 

maintained constant. Therefore, the temperature of the refrigerant also remains constant at the saturation 

value, 

  
 
Entropy Changes of Pure Substances 
 
Q5) From the steam tables

 
 

 

Q6)  (a) From the refrigerant tables 
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Q7) From the steam tables 
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Q8) 

Assumptions 1 This is a steady-flow process since there is no change with time. 2 Kinetic and potential 

energy changes are negligible. 3 The device is adiabatic and thus heat transfer is negligible. 

Analysis The power input to an adiabatic compressor will be a minimum when the compression process 

is reversible. For the reversible adiabatic process we have s2 = s1. From the refrigerant 

tables  

 

 
 

There is only one inlet and one exit, and thus m1=m2 =m . We take the compressor as the system, which 

is a control volume since mass crosses the boundary. The energy balance for this steady-flow system can 

be expressed in the rate form as 

 
 

Q9) 
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Entropy Change of Incompressible Substances 
 
Q10) 
Assumptions 1 Both the water and the copper block are incompressible substances with constant specific heats at 

room temperature. 2 The system is stationary and thus the kinetic and potential energies are 

negligible. 3 The tank is well-insulated and thus there is no heat transfer. 

Properties     The density and specific heat of water at 25°C are ρ = 997 kg/m3 and cp = 4.18 kJ/kg.°C. The 

specific heat of copper at 27°C is cp = 0.386 kJ/kg.°C. 

Analysis      We take the entire contents of the tank, water + copper block, as the system. This is a closed system 

since no mass crosses the system boundary during the process. The energy balance for this system 

can be expressed as 

 
 

Q11) 
Assumptions 1 Both the water and the iron block are incompressible substances with constant specific heats at room 

temperature. 2 The system is stationary and thus the kinetic and potential energies are negligible. 3 The tank is 

well-insulated and thus there is no heat transfer. 4 The water that evaporates, condenses back. 

Properties The specific heat of water at 25°C is cp = 4.18 kJ/kg.°C. The specific heat of iron at room temperature is         

cp = 0.45 kJ/kg.°C   

Analysis We take the entire contents of the tank, water + iron block, as the system. This is a closed system since no mass 

crosses the system boundary during the process. The energy balance for this system can be expressed as 
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Discussion The results can be improved somewhat by using specific heats at average temperature 

 

Q12) 

 
Assumptions 1 Both the water and the iron block are incompressible substances with constant specific heats at room 

temperature. 2 Kinetic and potential energies are negligible. 

Properties The specific heats of iron and copper at room temperature are ciron = 0.45 kJ/kg.C and   ccopper =0.386 kJ/kg.°C. 

Analysis The thermal-energy capacity of the lake is very large, and thus the temperatures of both the iron and the copper 

blocks will drop to the lake temperature (15°C) when the thermal equilibrium is established. Then the entropy 

changes of the blocks become 
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Entropy Changes of Ideal Gases 
 

Q13) 

Properties The gas constant and molar mass of oxygen are R = 0.2598 kJ/kg.K and M = 32 kg/kmol 

(Table A-1). 

Analysis The constant volume specific heat of oxygen at the average temperature is  

 
 

 

Q14) 

Assumptions At specified conditions, CO2 can be treated as an ideal gas with constant specific heats at 

room temperature. 

Properties The specific heat of CO2 is cv = 0.657 kJ/kg.K (Table A-2). 

Analysis Using the ideal gas relation, the entropy change is determined to be 

 
Q15) 

Assumptions 1 At specified conditions, N2 can be treated as an ideal gas. 2 Nitrogen has constant 

specific heats at room temperature. 

Properties The gas constant of nitrogen is R = 0.297 kJ/kg.K (Table A-1). The constant volume specific 

heat of nitrogen at room temperature is cv = 0.743 kJ/kg.K (Table A-2). 

Analysis From the polytropic relation, 
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Q16) 

 

Assumptions 1 At specified conditions, air can be treated as an ideal gas. 2 The process is specified to be 

reversible. 

Properties The gas constant of air is R = 0.287 kJ/kg.K (Table A-1). 

Analysis (a) Noting that the temperature remains constant, the entropy change of air is determined from 

 
Q17) 

 

Assumptions 1 Air is an ideal gas with constant specific heats. 2 The nozzle operates steadily. 

Properties The properties of air at room temperature are cp = 1.005 kJ/kg.K, k = 1.4 (Table A-2a). 

Analysis The exit temperature is determined from ideal gas isentropic relation to be 
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Q18) 

 

Assumptions 1 Air is an ideal gas with constant specific heats. 

Properties The specific heat of air at room temperature is cv = 0.718 kJ/kg.K (Table A-2a). 

Analysis (a) The entropy change of air is determined from 

 
 
Reversible Steady-Flow Work 
 

Q19) 

 

Assumptions 1 Liquid water is an incompressible substance. 2 Kinetic and potential energy changes are 

                         negligible. 3 The process is reversible. 

Properties The specific volume of saturated liquid water at 20 kPa is v1 = vf @ 20 kPa = 0.001017 

m
3
/kg (Table A-5). 

Analysis The power input to the pump can be determined directly from the 2 steady-flow work relation 

for a liquid, 

 
Q20) 

 

Assumptions 1 Liquid water is an incompressible substance. 2 Kinetic and potential energy changes are 

                negligible. 3 The process is assumed to be reversible since we will determine the limiting case. 

Properties The specific volume of liquid water is given to be v1 = 0.001 m3/kg. 

Analysis The highest pressure the liquid can have at the pump exit can be determined from the reversible 

               steady-flow work relation for a liquid, 
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Q21) 

 

Assumptions 1 Liquid water is an incompressible substance. 2 Kinetic energy changes are negligible, 

but potential energy changes may be significant. 3 The process is assumed to be 

reversible since we will determine the limiting case. 

Properties The specific volume of liquid water is given to be v1 = 0.001 m3/kg. 

Analysis The highest mass flow rate will be realized when the entire process is reversible. Thus it is 

determined from the reversible steady flow work relation for a liquid, 

 

 
Isentropic Efficiencies of Steady-Flow Devices 
 

Q22) 7-101C The ideal process for all three devices is the reversible adiabatic (i.e., isentropic) process. 

The adiabatic efficiencies of these devices are defined as 

 

 
 

 

Q23)  

Assumptions 1 This is a steady-flow process since there is no change with time. 2 Kinetic and potential 

energy changes are negligible. 3 The device is adiabatic and thus heat transfer is negligible. 

Analysis (a) From the steam tables (Tables A-4 through A-6), 
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Thus 

 
 

(b) There is only one inlet and one exit, and thus m1 =m2 =m . We take the actual turbine as the system, 

which is a control volume since mass crosses the boundary. The energy balance for this steady-flow 

system can be expressed in the rate form as 

 
 

 

Q24) 

Assumptions 1 This is a steady-flow process since there is no change with time. 2 Potential energy 

changes are negligible. 3 The device is adiabatic and thus heat transfer is negligible. 

Analysis (a) From the steam tables (Tables A-4 and A-6), 

 

 
 

There is only one inlet and one exit, and thus m1 = m2 =m. We take the actual turbine as the system, 

which is a control volume since mass crosses the boundary. The energy balance for this steady-flow 

system can be expressed in the rate form as 
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Q25) 

Assumptions 1 This is a steady-flow process since there is no change with time. 2 Kinetic and potential 

                      energy changes are negligible. 3 The device is adiabatic and thus heat transfer is  

negligible. 4 Air is an ideal gas with variable specific heats. 

 

Analysis (a) From the air table (Table A-17), 

 
 

 

Q26) 

Assumptions 1 This is a steady-flow process since there is no change with time. 2 Potential energy 

changes are negligible. 3 The device is adiabatic and thus heat transfer is negligible. 4 Air 

is an ideal gas with variable specific heats. 

Analysis From the air table (Table A-17E), There is only one inlet and one exit, and thus m1 = m2 =m . 

We take the nozzle as the system, which is a control volume since mass crosses the boundary. 

The energy balance for this steady-flow system can be expressed as 
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