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ORDRE DES INGÉNIEURS DU QUÉBEC 

 

NOVEMBER 2016 SESSION 

 

 

Open-book examination 

Calculators : only authorized models 

Duration : 3 hours 

 

 

14-AE-A3 

Applied Thermodynamics and Heat Transfer 

 

Problem # 1 (20 %) 

 

The compression ratio on an air-standard Otto cycle is 9.5. Prior to the isentropic compression 

process, the air, which occupies a volume of 600 cm
3
, is at 100 kPa, 35

o
C, and. The temperature 

at the end of the isentropic expansion process is 800 K. Using the specific heat value at room 

temperature, determine: 

 

a) the highest temperature and pressure in the cycle (5%); 

b) the amount of heat transferred in, in kJ (5%); 

c) the thermal efficiency (5%); 

d) the mean effective pressure (5%). 

 

Problem # 2 (20 %) 

 

A commercial refrigerator with refrigerant R-134a as the 

working fluid is used to keep the refrigerated space at -30
o
C 

by rejecting its waste heat to cooling water that enters the 

condenser at 18
o
C at the rate of 0.25 kg/s and leaves at 

26
o
C. The refrigerant enters the condenser at 1.2 MPa and 

65
o
C and leaves at 42

o
C. The inlet state of the compressor 

is 60 kPa and -34
o
C and the compressor is estimated to gain 

net heat of 450 W (Qin) from the surroundings. Show the 

cycle on the T-s diagram (3%) and determine: 

 

a) the refrigeration load (QL) (6%); 

b) the COP of the refrigerator (6%); 

c) the theoretical maximum refrigeration load for the same power inlet to the compressor 

(Win) (4%).     
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Problem # 3 (20 %) 

 

A preheater involves the use of condensing steam at 100
o
C on the inside of a bank of tubes to 

heat air that enters at 1 atm and 25
o
C. The air moves at 5 m/s in cross flow over the tubes. Each 

tube is 1m long and has an outside diameter of 10 mm. The bank consists of 196 tubes in a 

square, aligned array for which ST=SL=15 mm. Determine the rate of heat transfer to the air 

(20%). 

 

Problem # 4 (20 %) 
 

Consider a cogeneration power plant which is modified 

with reheat and which produces 3 MW of power and 

supplies 7 MW of process heat. Steam enters the high 

pressure turbine at 8 MPa and 500
o
C and expands to a 

pressure of 1 MPa. At this pressure, part of the steam is 

extracted from turbine and routed to the process heater, 

while the remainder is reheated to 500
o
C and expanded 

in the low-pressure turbine to the condenser pressure of 

15 kPa. The condensate from this condenser is pumped 

to 1 MPa and is mixed with the compressed liquid which 

leaves the process heater at 120
o
C. The mixture is then 

pumped to the boiler pressure of 8 MPa. Show the cycle on T-s diagram (5%) and determine: 

 

a) the rate of heat input in the boiler (7%); 

b) the fraction of steam extracted for process heating (8%).   

 

Problem # 5 (20 %) 

 

Electricity and process heat requirement of manufacturing 

facility are to be met by a cogeneration plant consisting of a 

gas turbine and a heat exchanger for steam production. The 

plant operates on the simple Bryton cycle between the 

pressure limits of 100 and 1200 kPa with air as the working 

fluid. Air enters the compressor at 30
o
C. Combustion gases 

leave the turbine and enter the heat exchanger at 500
o
C, and 

leave the heat exchanger of 350
o
C, while the liquid water 

enters the heat exchanger at 25
o
C and leaves at 200

o
C as a 

saturated vapor. The net power produced by the gas-turbine 

cycle is 800 kW. Assuming a compressor isentropic 

efficiency of 82% and a turbine isentropic efficiency of 

88%, determine: 

 

a) the mass flow rate of gas turbine (4%); 

b) the back work ratio (the work consumed by the compressor to the work produced by the 

turbine) (4%); 

c) the thermal efficiency of the Brayton cycle (4%); 
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d) the rate at which steam is produced in the heat exchanger (4%); 

e) the utilization efficiency of the cogeneration plant, defined as the ration of the total 

energy utilized to the energy supplied to the plant (4%).   

Use variable specific heats cp 
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