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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 oC 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 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%). 
 
Use the variable specific heats Cp and Cv for air. 
 
Problem # 2 (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. 
Heat is transferred to the cycle at a rate of 60 MW. The isentropic efficiency of the turbine is 80 
%.  Determine: 
 
a) The isentropic efficiency of the compressor (5%); 
b) The regenerator effectiveness (ɛ) (5%); 
c) The mass flow rate and the and the volumetric flow rate of air enters the compressor (5%); 
d) The thermal efficiency of the cycle (5%). 
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Problem # 3 (20 points) 
 
The gases enter a finned-tube, cross-flow heat exchanger at the temperature of 250 oC with the 
flow rate of 1.5 kg/s. The heat exchanger is used to heat the water with the flow rate of 1 kg/s and 
inlet temperature of 35oC.  The gas-side overall heat transfer coefficient and the gas-side area of 
heat exchanger is 100 W/m2 K and 40 m2, respectively.  The specific heat of gas is 1 kJ/kg K.  
Determine: 
 
a) The rate of the heat transfer by the exchanger (8%); 
b) The gas outlet temperature (6%); 
c) The water outlet temperature(6%). 
 
Problem # 4 (20 %) 
 
A steam power plant operates on an ideal regenerative Rankine cycle (isentropic efficiency of 
turbine and each pump is 100%).  Steam enters the turbine at 6 MPa and 450 oC and is 
condensate in the condenser at 20 kPa.  Steam is extracted from the turbine at 0.4 MPa to heat the 
feedwater in a open feedwater heater.  Water leaves the feedwater heater as a saturated liquid. 
Show the cycle on a T-s diagram (4%), and determine: 
 
a) The net work output per kilogram of steam flowing through the boiler (8%);  
b) The thermal efficiency of the cycle (8%). 
 
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 oC before entering the 
compressor.  Following isentropic compression to 1.2 
MPa, the refrigerant passes trough the condenser, exiting 
at 44 oC and 1.2 MPa.  The liquid then passes trough the 
heat exchanger, entering the expansion valve at 1.2 MPa.  
The mass flow rate of refrigerant is 6 kg/min. Show the 
cycle on a 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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