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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.  750 kJ/kg of heat is transferred to air during the heat-addition process. Show the cycle on 

the P-v and T-s diagrams, use the variable specific heats Cp and Cv for air and determine: 

 

a) The pressure and temperature at the end of heat-addition process (5%); 

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

c) The thermal efficiency of the cycle (5%); 

d) The mean effective pressure of the cycle, in kPa (5%). 

 

Problem # 2 (20 %) 

 
A 25-cm-diameter stainless steel ball (ρ = 8055 kg/m

3
, CP=480 J/kg

o
C) is removed from the oven at a 

uniform temperature of 300 
o
C.  The ball is then subjected to the flow of air at 1 atm pressure and 27 

o
C 

with a velocity of 3 m/s.  The surface temperature of the ball drops to 200
o
C.  Assume that at the end of 

this process the ball is at a uniform temperature of 200 
o
C and determine: 

 

a) the average convection heat transfer coefficient during this cooling process (10%); 

b) the time required by this process (10%). 

 

Problem # 3 (20 %) 

 
A Brayton cycle with regeneration using air as the working fluid has a pressure ratio of 9. The minimum and 

maximum temperatures in the cycle are 300 and 1300 K. Assuming an adiabatic efficiency of 75 % for the 

compressor and 82 % for the turbine and an effectiveness () of 65 % for the regenerator and using the 

variable specific heats Cp and Cv for air, determine:     

 

a) The air temperature at the turbine exit (6%); 

b) The net work output of the cycle (in kJ/kg) (7%); 

c) The thermal efficiency of the cycle (7%). 
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Problem # 4 (20 %) 
 

 

Steam enters the turbine of a cogeneration plant at 

7 MPA and 500 
o
C.  25% (fraction y) of the steam 

is extracted from the turbine at 600 kPa pressure 

for process heating.  The remaining steam 

continues to expand to 10 kPa. The extracted 

steam is then condensed and mixed with feedwater 

at constant pressure and the mixture is pumped to 

the boiler pressure of 7 MPa. The mass flow rate 

of steam through the boiler is 30 kg/s.  

Disregarding any pressure drops and heat losses in 

the piping, and assuming the turbine and the pump 

to be isentropic, show the cycle on the T-s 

diagram (5%) and determine: 

 

a) Net power produced by cogeneration plant (8%); 

b) Utilization factor of the plant () (7%). 

 

 

Problem # 5 (20 %) 

 
An ideal vapor-compression refrigeration cycle is modified to 

include a counterflow heat exchanger, as shown in enclosed 

figure.  Refrigerant 134a leaves the evaporator as saturated 

vapor at 0.14 MPa and is heated at constant pressure to 20 
o
C 

before entering the compressor.  Following isentropic 

compression to 1.2 MPa, the refrigerant passes through the 

condenser, exiting at 44 
o
C and 1.2 MPa.  The liquid then 

passes through the heat exchanger, entering the expansion 

valve at 1.2 MPa. The refrigerant mass flow rate is 6 kg/min. 

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

 

a) The rate of heat absorbed from the refrigerated space 

(QL), in kW(6%) ; 

b) The power input to the compressor, in kW(6%) ;  

c) The coefficient of performance (COPR ) (5%). 
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