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5-25 A piston-cylinder device contains air gas at a specified state. The air undergoes a cycle with three 
processes. The boundary work for each process and the net work of the cycle are to be determined. 

Properties The properties of air are R = 0.287 kJ/kg.K , k = 1.4 (Table A-2a). 

Analysis For the isothermal expansion process: 
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For the polytropic compression process: 
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For the constant pressure compression process: 
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The net work for the cycle is the sum of the works for each process 

 kJ -4.65=−+−+=++= −−− )97.6()86.34(18.3713,32,21,net bbb WWWW  

 

Air 
2 MPa 
350°C 



 

PROPRIETARY MATERIAL. © 2008 The McGraw-Hill Companies, Inc.  Limited distribution permitted only to teachers and 
educators for course preparation.  If you are a student using this Manual, you are using it without permission. 

5-18

 

Closed System Energy Analysis 

 

5-29 Saturated water vapor is isothermally condensed to a saturated liquid in a piston-cylinder device. The 
heat transfer and the work done are to be determined. 

Assumptions 1 The cylinder is stationary and thus the kinetic and potential energy changes are zero. 2 
There are no work interactions involved other than the boundary work. 3 The thermal energy stored in the 
cylinder itself is negligible. 4 The compression or expansion process is quasi-equilibrium.  

Analysis  We take the contents of the cylinder as the system. This is a closed system since no mass enters 
or leaves. The energy balance for this stationary closed system can be expressed as 
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The properties at the initial and final states are (Table A-4) 
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The work done during this process is 
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That is, 

kJ/kg 196.0=in,bw  

Substituting the energy balance equation, we get 

 kJ/kg 1940=+=+=−−= 7.17430.196)( in,12in,out fgbb uwuuwq  

T

v 

2 1 

Heat 
Water 
200°C 

sat. vapor 



 

PROPRIETARY MATERIAL. © 2008 The McGraw-Hill Companies, Inc.  Limited distribution permitted only to teachers and 
educators for course preparation.  If you are a student using this Manual, you are using it without permission. 

5-22

 

5-35 An insulated rigid tank is initially filled with a saturated liquid-vapor mixture of water. An electric 
heater in the tank is turned on, and the entire liquid in the tank is vaporized. The length of time the heater 
was kept on is to be determined, and the process is to be shown on a P-v diagram. 

Assumptions 1 The tank is stationary and thus the kinetic and potential energy changes are zero. 2 The 
device is well-insulated and thus heat transfer is negligible. 3 The energy stored in the resistance wires, and 
the heat transferred to the tank itself is negligible. 

Analysis  We take the contents of the tank as the system. This is a closed system since no mass enters or 
leaves. Noting that the volume of the system is constant and thus there is no boundary work, the energy 
balance for this stationary closed system can be expressed as 
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The properties of water are (Tables A-4 through A-6) 
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Substituting, 
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5-42 Two tanks initially separated by a partition contain steam at different states. Now the partition is 
removed and they are allowed to mix until equilibrium is established. The temperature and quality of the 
steam at the final state and the amount of heat lost from the tanks are to be determined. 

Assumptions 1 The tank is stationary and thus the kinetic and 
potential energy changes are zero. 2 There are no work 
interactions. 

Analysis (a) We take the contents of both tanks as the system. 
This is a closed system since no mass enters or leaves. Noting 
that the volume of the system is constant and thus there is no 
boundary work, the energy balance for this stationary closed 
system can be expressed as 
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The properties of steam in both tanks at the initial state are (Tables A-4 through A-6) 
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The total volume and total mass of the system are 
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Now, the specific volume at the final state may be determined 
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which fixes the final state and we can determine other properties 
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(b) Substituting,  

[ ] [ ]
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5-67 A student living in a room turns her 150-W fan on in the morning. The temperature in the room when 
she comes back 10 h later is to be determined.  

Assumptions 1 Air is an ideal gas since it is at a high temperature and low pressure relative to its critical 
point values of -141°C and 3.77 MPa. 2 The kinetic and potential energy changes are negligible, 
Δ Δke pe≅ ≅ 0 . 3 Constant specific heats at room temperature can be used for air. This assumption results 
in negligible error in heating and air-conditioning applications.  4 All the doors and windows are tightly 
closed, and heat transfer through the walls and the windows is disregarded. 

Properties The gas constant of air is R = 0.287 kPa.m3/kg.K (Table A-1). Also, cv = 0.718 kJ/kg.K for air 
at room temperature (Table A-2). 

Analysis We take the room as the system. This is a closed system since the doors and the windows are said 
to be tightly closed, and thus no mass crosses the system boundary during the process. The energy balance 
for this system can be expressed as 
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The mass of air is 
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The electrical work done by the fan is 

 W W te e= = × =& Δ (0.15 kJ / s)(10 3600 s) 5400 kJ  

Substituting and using the cv value at room temperature, 

 5400 kJ = (174.2 kg)(0.718 kJ/kg⋅°C)(T2 - 15)°C 

   T2 = 58.2°C 

Discussion Note that a fan actually causes the internal temperature of a confined space to rise. In fact, a 
100-W fan supplies a room with as much energy as a 100-W resistance heater. 
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5-72 Air in a closed system undergoes an isothermal process. The initial volume, the work done, and the 
heat transfer are to be determined.  

Assumptions 1 Air is an ideal gas since it is at a high temperature and low pressure relative to its critical 
point values of 132.5 K and 3.77 MPa. 2 The kinetic and potential energy changes are negligible, 

0peke ≅Δ≅Δ . 3 Constant specific heats can be used for air.  

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

Analysis We take the air as the system. This is a closed system since no mass crosses the boundaries of the 
system.  The energy balance for this system can be expressed as  
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The initial volume is 
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Using the boundary work relation for the isothermal process of an ideal gas gives 
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From energy balance equation, 
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5-96 Long cylindrical steel rods are heat-treated in an oven. The rate of heat transfer to the rods in the oven 
is to be determined. 

Assumptions 1 The thermal properties of the rods are constant. 2 The changes in kinetic and potential 
energies are negligible. 

Properties The density and specific heat of the steel rods are given to be ρ = 7833 kg/m3 and cp = 0.465 
kJ/kg.°C.  

Analysis  Noting that the rods enter the oven at a velocity of 3 m/min and exit at the same velocity, we can 
say that a 3-m long section of the rod is heated in the oven in 1 min. Then the mass of the rod heated in 1 
minute is  

kg 6.184]4/)m 1.0([m) 3)(kg/m 7833()4/( 232 ===== ππρρρ DLLAm V  

We take the 3-m section of the rod in the oven as 
the system. The energy balance for this closed 
system can be expressed as 
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Substituting, 

         kJ 512,57C)30700(C)kJ/kg. 465.0)(kg 6.184()( 12in =°−°=−= TTmcQ  

Noting that this much heat is transferred in 1 min, the rate of heat transfer to the rod becomes   

kW 958.5=kJ/min 57,512=min) kJ)/(1 512,57(/inin =Δ= tQQ&   
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