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ORDRE DES INGÉNIEURS DU QUÉBEC 

 

MAY 2014 SESSION 

 

 

Open-book examination 

Calculators : only authorized models 

Duration : 3 hours 

 

 

14-PH-B4 

Applied Thermodynamics and Heat Transfer 

 
Problem # 1 (20 %) 

 

An ideal Otto cycle has a compression ratio r = 8.  At the beginning of compression process, air is at 

27 
o
C and 95 kPa.  400 kJ/kg of heat is transferred during the heat-rejection process. Show the 

cycle on the P-v and T-s diagrams (1%) and determine: 
 

a) the pressure and temperature at the end of heat-addition process (6%); 

b) the net work output in kJ/kg (5%); 

c) the thermal efficiency of the cycle (4%);  

d) the mean effective pressure of the cycle, in kPa (4%). 

 

Use the variable specific heats Cp and Cv for air. 

 

Problem #2 (20%) 

 

Airflow through a long rectangular heating duct that is 0.75m wide and 0.3 m high maintains the 

outer duct surface at 45
o
C. If the duct is uninsulated and exposed to air at 15

o
C in crawlspace 

beneath at home, what is the heat loss from the duct per meter of length? (20%) 

 

Problem # 3 (20 %) 

 

A regenerative gas power plant operates on a Brayton cycle.  Air enters the compressor at 300 K 

and 100 kPa where it is compressed to 1000 kPa and 640 K. The air enters the turbine at 1400 K. 

The isentropic efficiency of the turbine is 80 %.  The regenerator effectiveness () is 70 %.  

Determine: 

 

a) The isentropic efficiency of the compressor (6%); 

b) The amount of heat transfer in the regenerator (in kJ/kg) (7%); 

c) The thermal efficiency of the cycle (7%). 

 

Use the variable specific heats Cp and Cv for air. 
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Problem # 4 (20 %) 

 

A power plant operates on an ideal 

regenerative Rankine cycle with an 

open feedwater heater. Steam enters 

the turbine at 3 MPa, 600 
o
C and at 

rate of 25 kg/s. The condenser 

pressure is 10 kPa. Some steam is 

extracted at 500 kPa: (i) to the open 

feedwater heater (state 6), (ii) in 

addition, a steam supply of 5 kg/s is 

taken out by industrial process (state 

9) and not returned. The missing 5 

kg/s water is added to the feedwater 

heater (state 8) from a 20 
o
C, 500 kPa 

source. Show the cycle on a T-s diagram (6 %) and find: 

 

a) the needed extraction flow rate to cover both the feedwater heater and the steam supply (7%); 

b) the total turbine power output (7 %). 

 

 

Problem # 5 (20%) 

 

Refrigerant 134a enters the compressor of a refrigerator as superheated vapor at 0.14 MPa and -

10
o
C at a rate of 0.04 kg/s, and it leaves at 0.7 MPa and 50 

o
C.  The refrigerant is cooled in the 

condenser to 24 
o
C and 0.65 MPa, and it is trottled to 0.15 MPa.  Disregarding any heat transfer 

and pressure drops in the connecting lines between the components, show the cycle on a T-s 

diagram (4%) and determine: 

 

a) The rate of heat removal from the refrigerated space (4%); 

b) The power input to the compressor (Wnet,in) (4%); 

c) The adiabatic efficiency of the compressor (4%); 

d) The COP coefficient of the refrigerator (4%). 
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