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SOLUTIONS TO HOMEWORK  3  

 
Problem 1 
 
Known: Data are provided for a process of water contained in a piston cylinder assembly 
Find: Determine the mass of water and Q for the process  

Assumption:  
1. the water in the piston-cylinder 

assembly is the closed system  
2. the process occurs at constant 

pressure 
3. volume change is the only work 

mode.  
4. changes in kinetic and potential 

energy are negligible.  
 
 
 
Analysis: a) since volume change is the 

only work mode 12W = ∫
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b) An energy balance reduces to 
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Problem 2  
 
a) Using the ideal gas equation of state  
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b) Using data from table A-1  
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Assuming that the chart value is correct, the ideal gas model under-predicts the mass by 
about 4.1% 
 
Problem 3  

Known: Data are provided for air contained in 
a piston-cylinder assembly fitted with a paddle 
wheel  
Find: For the process of the air, find 
temperature at the final state and Q  
 
Assumptions  

1. The air within the piston-cylinder 
assembly is the closed system 

2. the changes in kinetic and potential 
energy for the process play no role  

3. Air is modeled as an ideal gas  
Analysis: a) Using the ideal gas equation of 

state, 
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b)Reducing an energy balance, 
 )( 1212121212 uumWQWQPEKEU −+=⇒−=Δ+Δ+Δ  

Where BtuBtuBtuWWW pistpw 31.2)31.3()1(12 =++−=+= . The specific internal energy 

values are obtained from table A-22E: 
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. The mass, m, is obtained from 

the ideal gas equation of state  
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Finally, Btu
lb

BtulbBtuQ 12)43.17225.128)(324.0(31.212 −=−+=  

 
Problem 4 
 

Known: Air enters a furnace operating at 
steady sate and is to a duct system 
consisting of three ducts. Data are 
known at the inlet and each of the 
discharge ducts 
Find: Determine (a) the mass flow rate 
entering the furnace, (2)the volumetric 
flow rate in each of the 6-in. exit ducts, 
(c) the velocity in the 12-in. exit duct 

Assumption: 1. the control shown on the accompanying sketch is at steady state. 
     2. The air behaves as an ideal gas  
     3. The temperature and pressure in each duct are the same as the temperature 
and pressure of the air delivered to the duct system  
 
Analysis: (a) Using Eq 4.4b, with the ideal gas equation  
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(c) Applying the mass balance to get  
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Problem 5  
 

Known: steam passes through an extraction turbine operating at steady state with known 
inlet and exit conditions. The power output is specified  
Find: Determine (a) the inlet mass flow rate (b)the diameter of the extraction duct 
Assumption: 
 1. A control volume enclosing the turbine is at steady state 
 2. For the control volume, heat transfer and potential energy effects are negligible  
Analysis: To find 1m , apply a mass rate balance: 321 mmm +=  

Then, since 22.0
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m
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are omitted by assumption 2.  
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Solving 
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From table A-4E, h1=1487Btu/lb, h2=1246.1Btu/lb. With table A-3E data, 
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   =1.91 x 106 lb/h 
**Unit conversion is necessary for the velocity components in the denominator since it is 
in ft2/s2. To convert that into Btu/lb, which is the unit for enthalpy, first of all, multiply 
1Btu/778 ft lbf and to get rid of lbf, multiply 1 lbf / (32.2 lb ft/ s2). Then the unit will 
come out as Btu/lb. ( 1Btu = 778 ft lbf and 1 lbf = 32.2 lb ft/ s2 from the conversion 
factors chart in the book)  
Every component in the denominator is in Btu/lb. In the end, (Btu/h) / (Btu/lb)  lb/h  
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Problem 6  
 

 
Assumptions:  

1. The control volume shown in the sketch 
is at steady state 

2. The air is modeled as an ideal gas  
3. Kinetic and potential energy effects are 

neglected  
 
 
Analysis: reducing Eq. 4. 20a  
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With enthalpy data from table A-22, Eq(1) gives  
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Problem 7  
 
Known: Ammonia and air pass in separate streams through a heat exchanger at steady 
state, for which data are provided 
Find: Determine the mass flow rate of the air  
Assumptions 

1. A control volume enclosing the heat exchanger is at steady state 
2. For the control volume, 0=cvW , heat transfer can be ignored, and 

kinetic/potential energy effects are negligible. 
3. Air is modeled as an ideal gas  

Analysis: Since the streams flow separately, the conservation of mass principle indicates 

as steady state: 
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From table A-15, h1=1542.89kJ/kg. From table A-14, h2=352.97kJ/kg. From table A-22, 
h3=290.16kJ/kg, h4=315.27kJ/kg. Then 
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