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Energy Transfer by Heat and Work 

 

2-19C  Energy can cross the boundaries of a closed system in two forms: heat and work. 

 

2-20C  The form of energy that crosses the boundary of a closed system because of a temperature 
difference is heat; all other forms are work. 

 

2-21C  An adiabatic process is a process during which there is no heat transfer.  A system that does not 
exchange any heat with its surroundings is an adiabatic system. 

 

2-22C  Point functions depend on the state only whereas the path functions depend on the path followed 
during a process.  Properties of substances are point functions, heat and work are path functions. 

 

2-23C  The caloric theory is based on the assumption that heat is a fluid-like substance called the "caloric" 
which is a massless, colorless, odorless substance.  It was abandoned in the middle of the nineteenth 
century after it was shown that there is no such thing as the caloric. 

 

2-24C (a) The car's radiator transfers heat from the hot engine cooling fluid to the cooler air.  No work 
interaction occurs in the radiator. 

 (b) The hot engine transfers heat to cooling fluid and ambient air while delivering work to the 
transmission.   

 (c) The warm tires transfer heat to the cooler air and to some degree to the cooler road while no 
work is produced.  No work is produced since there is no motion of the forces acting at the interface 
between the tire and road.   

 (d) There is minor amount of heat transfer between the tires and road.  Presuming that the tires are 
hotter than the road, the heat transfer is from the tires to the road.  There is no work exchange associated 
with the road since it cannot move. 

 (e) Heat is being added to the atmospheric air by the hotter components of the car.  Work is being 
done on the air as it passes over and through the car.   

 

2-25C When the length of the spring is changed by applying a force to it, the interaction is a work 
interaction since it involves a force acting through a displacement.  A heat interaction is required to change 
the temperature (and, hence, length) of the spring. 
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Chapter 4 
ENERGY ANALYSIS OF CLOSED SYSTEMS 

 
Moving Boundary Work 

 

4-1C  It represents the boundary work for quasi-equilibrium processes. 

 

4-2C  Yes. 

 

4-3C  The area under the process curve, and thus the boundary work done, is greater in the constant 
pressure case. 

 

4-4C  1 kPa m 1 k(N / m ) m 1 kN m 1 kJ3 2 3�  �  �   

 

 

 

4-5 Helium is compressed in a piston-cylinder device. The initial and final temperatures of helium and the 
work required to compress it are to be determined. 

Assumptions The process is quasi-equilibrium.  

Properties The gas constant of helium is R = 2.0769 kJ/kg�K (Table A-1). 

Analysis The initial specific volume is 
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Since the pressure stays constant, 
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and the work integral expression gives 
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4-6 The boundary work done during the process shown in the figure is to be determined. 

Assumptions The process is quasi-equilibrium.  

Analysis No work is done during the process 2-3 since 
the area under process line is zero. Then the work done is 
equal to the area under the process line 1-2: 
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4-7E The boundary work done during the process shown in the figure is to be determined. 

Assumptions The process is quasi-equilibrium.  

Analysis The work done is equal to the area under the 
process line 1-2: 
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4-8 A piston-cylinder device contains nitrogen gas at a specified state. The boundary work is to be 
determined for the polytropic expansion of nitrogen.  

Properties The gas constant for nitrogen is 0.2968 kJ/kg.K (Table A-2). 

Analysis The mass and volume of nitrogen at the initial state are 
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The polytropic index is determined from 
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The boundary work is determined from 
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4-11 Saturated water vapor in a cylinder is heated at constant pressure until its temperature rises to a 
specified value. The boundary work done during this process is to be determined. 

Assumptions The process is quasi-equilibrium.  

Properties Noting that the pressure remains constant during this process, the specific volumes at the initial 
and the final states are (Table A-4 through A-6) 
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Analysis The boundary work is determined from its definition to be 
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Discussion The positive sign indicates that work is done by the system (work output). 

 
 

 

4-12 Refrigerant-134a in a cylinder is heated at constant pressure until its temperature rises to a specified 
value. The boundary work done during this process is to be determined. 

Assumptions The process is quasi-equilibrium.  

Properties Noting that the pressure remains constant during this process, the specific volumes at the initial 
and the final states are (Table A-11 through A-13) 
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Analysis The boundary work is determined from its definition to be 
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Discussion The positive sign indicates that work is done by the system (work output). 
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4-19 Nitrogen gas in a cylinder is compressed polytropically until the temperature rises to a specified 
value. The boundary work done during this process is to be determined. 

Assumptions 1 The process is quasi-equilibrium. 2 Nitrogen is an ideal gas. 

Properties The gas constant for nitrogen is R = 0.2968 kJ/kg.K (Table A-2a) 

Analysis The boundary work for this polytropic process can be 
determined from 
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Discussion The negative sign indicates that work is done on 
the system (work input). 

 

 

 

4-20 [Also solved by EES on enclosed CD] A gas whose equation of state is TRP u � )/10( 2vv  expands 
in a cylinder isothermally to a specified volume. The unit of the quantity 10 and the boundary work done 
during this process are to be determined. 

Assumptions  The process is quasi-equilibrium.   

Analysis (a) The term 2/10 v  must have pressure units 
since it is added to P. 

Thus the quantity 10 must have the unit kPa·m6/kmol2. 

(b) The boundary work for this process can be determined from 
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Discussion The positive sign indicates that work is done by the system (work output). 
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4-26 A saturated water mixture contained in a spring-loaded piston-cylinder device is heated until the 
pressure and temperature rises to specified values. The work done during this process is to be determined. 

Assumptions The process is quasi-equilibrium.  

Analysis The initial state is saturated mixture at 90qC. The 
pressure and the specific volume at this state are (Table A-4), 
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The final specific volume at 800 kPa and 250°C is (Table A-6) 

 /kgm 29321.0 3
2  v  

Since this is a linear process, the work done is equal to the area under the process line 1-2: 
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4-27 A saturated water mixture contained in a spring-loaded piston-cylinder device is cooled until it is 
saturated liquid at a specified temperature. The work done during this process is to be determined. 

Assumptions The process is quasi-equilibrium.  

Analysis The initial state is saturated mixture at 1 MPa. The 
specific volume at this state is (Table A-5), 
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The final state is saturated liquid at 100°C (Table A-4) 
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Since this is a linear process, the work done is equal to the area under the process line 1-2: 
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The negative sign shows that the work is done on the system in the amount of 5.34 kJ. 
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4-26 A saturated water mixture contained in a spring-loaded piston-cylinder device is heated until the 
pressure and temperature rises to specified values. The work done during this process is to be determined. 

Assumptions The process is quasi-equilibrium.  

Analysis The initial state is saturated mixture at 90qC. The 
pressure and the specific volume at this state are (Table A-4), 

/kgm 23686.0

)001036.03593.2)(10.0(001036.0
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The final specific volume at 800 kPa and 250°C is (Table A-6) 

 /kgm 29321.0 3
2  v  

Since this is a linear process, the work done is equal to the area under the process line 1-2: 
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4-27 A saturated water mixture contained in a spring-loaded piston-cylinder device is cooled until it is 
saturated liquid at a specified temperature. The work done during this process is to be determined. 

Assumptions The process is quasi-equilibrium.  

Analysis The initial state is saturated mixture at 1 MPa. The 
specific volume at this state is (Table A-5), 
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The final state is saturated liquid at 100°C (Table A-4) 
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Since this is a linear process, the work done is equal to the area under the process line 1-2: 
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The negative sign shows that the work is done on the system in the amount of 5.34 kJ. 
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 5-4

5-10 Air is expanded and is accelerated as it is heated by a hair dryer of constant diameter. The percent 
increase in the velocity of air as it flows through the drier is to be determined. 

Assumptions Flow through the nozzle is steady. 

Properties The density of air is given to be 
1.20 kg/m3 at the inlet, and 1.05 kg/m3 at 
the exit.    

Analysis There is only one inlet and one 
exit, and thus . Then,  � �m m m1 2  �

)of increaseand  (or,     1.14
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Therefore, the air velocity increases 14% as it flows through the hair drier.  

 

  

 

5-11 A rigid tank initially contains air at atmospheric conditions. The tank is connected to a supply line, 
and air is allowed to enter the tank until the density rises to a specified level. The mass of air that entered 
the tank is to be determined. 

Properties The density of air is given to be 1.18 kg/m3 at the 
beginning, and 7.20 kg/m3 at the end.    

V1 = 1 m3

U1 =1.18 kg/m3

Analysis We take the tank as the system, which is a control 
volume since mass crosses the boundary.  The mass balance 
for this system can be expressed as 

Mass balance:         

VV 1212system         UU � � o' � mmmmmm ioutin  

Substituting, 

kg 6.02  � )m 1]( kg/m1.18)-(7.20[)( 33
12 VUUim  

Therefore, 6.02 kg of mass entered the tank.    
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5-14 A cyclone separator is used to remove fine solid particles that are suspended in a gas stream. The 
mass flow rates at the two outlets and the amount of fly ash collected per year are to be determined. 

Assumptions  Flow through the separator is steady.  

Analysis Since the ash particles cannot be converted into the gas and vice-versa, the mass flow rate of ash 
into the control volume must equal that going out, and the mass flow rate of flue gas into the control 
volume must equal that going out. Hence, the mass flow rate of ash leaving is 

 kg/s 0.01   kg/s) 10)(001.0(inashash mym ��  

The mass flow rate of flue gas leaving the separator is then 

 kg/s 9.99 � � 01.010ashingas flue mmm ���  

The amount of fly ash collected per year is 

 kg/year 315,400 uu ' s/year) 360024kg/s)(365 01.0(ashash tmm �  

 

 

 

5-15 Air flows through an aircraft engine. The volume flow rate at the inlet and the mass flow rate at the 
exit are to be determined. 

Assumptions 1 Air is an ideal gas. 2 The flow is steady. 

Properties The gas constant of air is R = 0.287 kPa�m3/kg�K (Table A-1). 

Analysis  The inlet volume flow rate is 

  /sm 180 3   m/s) )(180m 1( 2
111 VAV�

The specific volume at the inlet is 
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kPa 100
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Since the flow is steady, the mass flow rate remains constant during the flow. Then, 
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