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ORDRE DES INGÉNIEURS DU QUÉBEC 
 

NOVEMBER 2014 SESSION 
 
 
Open-book examination 
Calculators : only authorized models 
Duration : 3 hours 
 
 

14-PH-B4 
APPLIED THERMODYNAMICS AND HEAT TRANSFER 

 
 
Problem # 1 (20 %) 
 
A diesel engine operates on an ideal Diesel cycle and has a compression ratio of 18.2. Air is at 27oC 
and 100 kPa at the beginning of the compression process and at 2000 K at the end of the heat 
addition process. Show the cycle on the P-v and T-s diagrams (2%) and determine: 
 
a) the cutoff ratio (6%);  
b) the heat rejection per unit mass  (6%); 
c) the thermal efficiency  (6%); 
 
Use the variable specific heats cp and cv for air 
 
 
Problem #2 (20%) 
 
A long 10-cm-diameter steam pipe, whose external surface temperature is 110 oC, passes through 
some open area that is not protected against the winds.  Determine the rate of heat loss from the 
pipe per unit of its length when the air is at 1 atm pressure and 4 oC and the wind is blowing 
across the pipe at a velocity of 8 m/s (20%). 
 
Problem # 3 (20 %) 
 
A Brayton cycle with regeneration using air as working fluid has a pressure ratio of 10.  The 
temperature, pressure and volumetric flow rate of air enters the compressor are 300 K, 100 kPa 
and 10 m3/s respectively.  Air enters the turbine at 1400 K.  Assume an isentropic efficiency of 80 
% for the compressor, 80 % for the turbine and an effectiveness ε of 75 % for the regenerator. 
Show the cycle on a T-s diagram (2%) and determine:  
 
a) the thermal efficiency of the cycle (8%); 
b) the network output of the cycle in kJ/kg and in kW (10%). 
 
Use the variable specific heats Cv and Cp for air.  
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Problem # 4 (20 %) 

 
A steam power plant operates on an 
ideal reheat-regenerative Rankine 
cycle with one reheater and one open 
feedwater heater is shown 
schematically here.  
Steam enters the first turbine (4) at 10 
MPa and 600 oC and leaves (5) at 3 
MPa.   
Steam is then reheated to 500 oC (6) 
before it expands to 20 kPa in the 
second turbine (8). Heat is transferred 
to the steam during the reheat process 
at a rate of 1000 kW. Some steam (7) 
is extracted at 1 MPa from the second 
turbine to the open feedwater heater. 
The feedwater leaves the open 

feedwater heater as a saturate liquid (9).  Show the cycle on a T-s diagram (3%), complete the 
attached table (3%) (except the shaded cells) and determine: 
 
a) the mass flow rate of steam enters the first turbine (4) (3%); 
b) the fraction y and the mass flow rate of steam extracted to the open feedwater heater (4%); 
c) the heat rejected by the condenser (in kJ/kg and in kW) (4%); 
d) the thermal efficiency of the cycle (3%). 
 
 pressure kPa x (steam quality) enthalpy kJ/kg entropy kJ/kgK 

1 20 0.0 251.40  
2 1000  252.39  
3 10 000  772.95  
4 10 000  3625.30 6.9029 
5 3 000    
6 3 000    
7 1 000    
8 20    
9 1 000  0.0 762.81  
10 20    

 
 
 
Problem # 5 (20%) 
 
Refrigerant 134a enters the compressor of a refrigerator at 140 kPa and –10 oC at a rate of 0.15 
m3/min and leaves at 1 MPa.  The isentropic efficiency of the compressor is 75%.  The 
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refrigerant enters the throttling valve at 0.95 MPa and 30 oC and leaves the evaporator as 
saturated vapor at –18 oC.  Show the cycle on a T-s diagram (4%), and determine: 
 
a) The power input to the compressor (6%); 
b) The rate of heat removal from the refrigerated space (6%); 
c) The pressure drop and rate of heat gain in the line between the evaporator and the 

compressor (4%). 
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