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1. Put your name on each page of your examination, including the extra yellow sheets. 
2. Start each problem on the same page as the problem statement. 
3. Write only on one side of a page.  Use extra yellow sheets where needed. 
4. Make sure you list all assumptions and equations used.  Points will be deducted if not 

included. 
5. Make sure your work is neat and clear.  Work that cannot be followed will not be 

graded. 
6. After you have completed the examination, put all papers in order.  This may mean 

you have to remove the staple and re-staple your papers together.  DO NOT TURN 
IN LOOSE PAGES. 

7. DO NOT TURN IN YOUR CRIB SHEET. 
8. Put the tables handed out to you in a separate pile from your examination. 
9.  
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No partial credit will be given for problem 1. Put your answer in the box provided. 
The answer in the box will be the only answer considered. Partial credit will be 
given for all other problems provided that the work is neat and can easily be 
followed. 
 
Problem 1 (40 points) (4 points for each correct answer) 
 
a) A heat engine is operating between a hot reservoir of 300 °F and a cold reservoir of     

70 °F. What is the maximum thermal efficiency this engine can obtain? 
 
 
 
 
 
 
 
 
 
 
b) If a compressor has an isentropic efficiency of 85 percent, an inlet enthalpy of 300 

Btu/lbm and the actual enthalpy at the outlet of the compressor of 450 Btu/lbm, what 
would the outlet enthalpy be if the compressor was adiabatic and internally reversible. 

 
 
 
 
 
 
 
 
 
c) List three ways to increase the thermal efficiency of an ideal Rankine cycle. 
 

1. 
 
2. 
 
3. 

 

                         
                             Btu/lbm 



 
 
d) Nitrogen (N2) is the working fluid for a gas-power cycle.  The initial conditions of the 

cycle are a pressure of 95 kPa and a specific volume of 0.969 m3/kg.  The cycle under 
goes the following process: 
1-2 Adiabatic, internally reversible compression in a to a pressure of 1746 kPa and a 

specific volume of 0.121 m3/kg. 
2-3 Constant volume heat addition to a temperature 1200 K, 
3- 4 Adiabatic, internally reversible expansion to a pressure of 95 kPa, 
4-1 Constant pressure heat rejection. 

Plot on the axisthis cycle in the given the p-v and T-s diagrams given of this cyclebelow. 
Label all pointsstates and all processes. 
 
    
  
 p      T 
 
 
 
 
 
 
     v       s 
 
e)  A 240-m3 volume rigid tank contains moist air at a temperature of 40 °C, a relative 

humidity of 76.22 percent and a pressure of 101 kPa.  The air in the tank is cooled 
until the moisture just starts to condense from the air. 

 Find:  i) The initial partial pressure of the water vapor, in kPa,  
              ii) The initial humidity ratio (absolute humidity), in kgv/kgdry air, and 

           iii) The temperature at which condensation first take place, in °C. 
 
 
 
 
 
 
 
 
 
 
 
 
 
 

 
 

i)                                                             kPa 

ii)                                       kgv/kgdry air 

iii)                                                   °C 
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Problem 2 (40 points) 
 
A rigid tank with a volume of 0.04 m3 has one fourth of its volume filled with liquid 
refrigerant R22.  The rest of the volume is filled with refrigerant R22 vapor (State 1).  The 
initial pressure in the tank is 10 bars.  Heat is added to the system until the mass of liquid is 
one half the initial liquid mass (State 2) while a valve on top of the tank opens and allows 
vapor to leave the system and maintains a constant pressure in the tank. 
 
Find: (a) The initial (State 1) and final (State 2) temperature of the refrigerant, in °C, 
 (b) The initial (State 1) and final (State 2) quality, 

(c) The mass of the refrigerant that left the system between state 1 and State 2, in kg, 
(d) The heat added to the system between State 1 and State 2, in kJ. 
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Problem 3 (40 points) 
 
Propane gas (C3H8) is mixed with pure oxygen (O2) in a constant volume combustion 
chamber of volume 0.27 m3 and in a molar ratio of oxygen to fuel of 10.  The initial pressure 
is 101 kPa and the initial temperature of is 25 °C.  The mixture is allowed to burned to 
completion.  The final temperature is 2730 K.  Assume that the specific heats of all gases are 
constant at the values given below. 
 Gas  Cp (kJ/kmol-k)  Cv (kJ/kmol-K) 
 C3H8  74.057   65.743 
 H2O  33.729   25.415 
 CO2  37.232   28.918 
 O2  29.375   21.061 
 N2     29.106   20.792 
 
Write the stoichiometeric equation per kmol of fuel. 
Write the actual equation per kmol of fuel. 
Find:  (a) The actual number of moles of fuel in the reactants, in kmol, 
 (b) The final pressure in kPa, 
 (c) The heat transfer from the combustion chamber, in kJ, and 

(d) Is the heat transfer into or out of the combustion chamber? 
 
Remember h = u +pv. 
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Problem 4 (40 points) 
 
On the following page is a schematic diagram of a vapor power system.  Water is the 
working fluid and the system operates on a modified Rankine cycle with reheat and 
regeneration.  Steam enters the first turbine at a pressure of 10 MPa and a temperature of 600 
°C, is expanded to a pressure of 2 MPa where some of the steam is bleed from the turbine 
and goes to a closed feedwater heater.  The rest of the steam is expanded is in the second 
turbine to a pressure of 0.8 MPa where it is reheated to a temperature 500 °C before entering 
the third turbine.  The steam is future further expanded in the third turbine to a pressure of 
0.3 MPa where some additional steam is bleed from the turbine and goes to an open 
feedwater heater. 
The remainder of the steam is expanded in the fourth turbine to the condenser pressure of   
7.5 kPa.  The water leaving the closed feedwater heated (State 11) has a temperature of 300 
°C.   Turbines 1, 2 and 3 are adiabatic and internally reversible.  Turbine 4 is adiabatic but 
not internally reversible.  Both pumps are adiabatic and internally reversible.  The steam 
bleed of the turbine at state 2 leaves the closed feedwater heated (State 12) and passes 
through an expansion valve (Trap) before entering the open feedwater heater.  The table on 
the next page shows some of the actual properties of the cycle. 
 
 
Below the schematic drawing of the system on the axes provided sSketch the cycle in a T-s 
diagram of the cycleon the axes that are provided below the schematic drawing of the system.  
Clearly label all points.  Show isentropic process as dashed lines and actual process as solid 
lines. 
 
Complete the table by filling in spaces without an X in them. 
 
Find:  (a) The percentage of the steam going to each feedwater heater, 

(b) The total work of the of the system, in kJ/kg water going trough the steam generator,  
(c)  The isentropic efficiency of the fourth turbine,  
(d) If the temperature at which heat transfer takes place in the steam generator is            

700 °C and the surrounding temperature is 25 °C find the exergy destroyed in the 
steam generator.  

 
 
 
 
 
 



 
 
 

Table for Problem 4 

State p T h s x or 

  kPa C kJ/kg kJ/kg-K region 

1 10000 600 3625 6.902 SH 

2 2000 335.4 3104 6.902 SH 

3 800 218.6 2881 6.902 SH 

4 800 500 3481 7.867 SH 

5 300 648.3 3168 7.867 SH 

6s   X       

6 7.5 40.3 2561 8.023 0.9969 

7          

8 300 40.3 168.8 0.592 SC 

9 300 133.5 561.5 1.672 0 

10 10000 134.4 571.9 1.672 SC 

11 10000 300 1342 3.247 SC 

12 2000 212.4 908.6 2.447 0 

13   X   X X 

      
Where 6s are the properties if the fourth turbine were 
isentropic   
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Problem 5 (40 points) 
 
Refrigerant R22 is the working fluid in a large refrigeration system to cool the freezer room 
of a food processing plant.  The system operates on a modified refrigeration cycle. The 
evaporator pressure is 4 bars and the condenser pressure is 12 bars, the refrigerant enters the 
compressor 1.56 °C super heated and exits the condenser at 28 °C.  The compressor is 
adiabatic and internally reversible and the mass flow rate of the refrigerant is 4.15 kg/s. 
 
Sketch the system,  
Complete the table below, 
Draw the Ts diagram of the system on the axes provided, 
Find: (a) The capacity of the system, in tons, 
 (b) The entropy generated in the throttling valve, in kJ/(K-s). 
 
 

Table for problem 5 
State p T h s X or 

  bars C kJ/kg kJ/(kg-K) region 

1 leaving the evaporator            

2 leaving the compressor           

3 leaving the condenser           

4 leaving the throttling valve           
 
Sketch of system 
 
     T 
 
 
 
 
 
 
 
 
           s 



 


