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Open-book examination 
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14-AE-A3 

Applied Thermodynamics and Heat Transfer 

 

Problem # 1 (20 %) 

 

A diesel engine operates on an ideal Diesel cycle.  The air volume at the beginning and at the end of 

compression process is respectively 1200 cm
3
 and 75 cm

3
. At the end of heat addition process the 

air volume is 150 cm
3
.  At the beginning of compression process air is at 17

o
C and 100 kPa.  Show 

the cycle on the P-v and T-s diagrams (2%) and determine: 
 

a) the pressure at the beginning of heat rejection process (6%);  

b) the net work output of the cycle in kJ (6%); 

c) the mean effective pressure of the cycle (6%); 

 

Use the variable specific heats cp and cv for air. 

 

Problem # 2 (20 %) 

 

Water is to be heated from 15
o
C to 65

o
C as it flows through a 3-cm-internal-diameter 5-m-long 

tube.  The tube is equipped with an electric resistance heater that provides uniform heating 

throughout the surface of the tube.  The outer surface of the heater is well insulated, so that in 

steady operation all the heat generated in the heater is transferred to the water in the tube.  If the 

system is to provide hot water at a rate of 10 l/min, determine the required power of the 

resistance heater (10%) and the inner surface temperature of the tube at the exit (10%).  

 

Problem # 3 (20 %) 

 

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

temperature, pressure and volumetric flow rate of air enters the compressor are 300 K, 100 kPa 

and 20 m
3
/s respectively.  Air enters the turbine at 1400 K.  Heat is transferred to the cycle at a rate 

of 6.5 MW. Assuming an isentropic efficiency of 80 % for the compressor and 80 % for the 

turbine, determine:  

 

a) The regenerator effectiveness () (8%); 

b) The thermal efficiency of the cycle (6%); 

c) The net work output of the cycle (6%).   
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Use the variable specific heats Cp and Cv for air. 

Problem # 4 (20 %) 
 

 

 A steam power plant, as shown 

schematically here, operates on an ideal 

reheat-regenerative Rankine cycle has a 

net power output of 120 MW. Steam 

enters the first turbine (5) at 10 MPa and 

550 
o
C and leaves (6) at 0.8 MPa.   

 

Some steam is extracted at this pressure 

to heat the feedwater in a closed 

feedwater heater. The rest of the steam is 

reheated to 500 
o
C (7) before it expands 

to 10 kPa in the second turbine (8). The 

feedwater (9) leaves the closed feedwater 

heater at the condensation temperature of 

the extracted steam and the extracted 

steam leaves the closed feedwater heater 

(3) as a saturate liquid.   

 

Show the cycle on a T-s diagram (5%), complete the attached table (except the shaded cells) and 

determine: 

 

a) the mass flow rate of steam enters the first turbine (5) (5%); 

b) the fraction y and the mass flow rate of steam extracted to the closed feedwater heater (5%); 

c) the thermal efficiency of the cycle (5%). 

 

 pressure kPa x (steam quality) enthalpy kJ/kg entropy kJ/kgK 

1 10 0.0 191.83  

2 10 000  201.92  

3 800 0.0 721.11  

4 10 000  731.37  

5 10 000  3500.90 6.7561 

6 800    

7 800    

8 10    

9 10 000   731.37  

10 10 000  731.37  
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Problem # 5 (20 %) 

 

Figure shows the schematic diagram of a 

vapor-compression refrigeration system 

with two evaporators using R-134a as the 

working fluid. This arrangement is used to 

achieve refrigeration at two different 

temperatures (-20
o
C et 0

o
C) with a single 

compressor and a single condenser. The 

evaporators « A » and « B » have a 

refrigerating capacity of 140 kW and 400 

kW respectively.  The refrigerant leaves 

the evaporators (6 and 9) as a saturated 

vapor. The isentropic efficiency of 

compressor is 80% and the compression is 

to the condenser pressure of 1 MPa.  There 

are no significant pressure drops in the 

flows through the condenser and the two 

evaporators. The refrigerant leaves the 

desuperheater (3) as a saturated vapor and 

leaves the condenser (4) at pressure of 1 

MPa and at temperature of 30
o
C. Show the 

refrigeration cycle on the T-s diagram (4%) 

and determine: 

 

1. The mass flow rate of refrigerant through each evaporator and compressor ( 1



m , 5



m , 8



m ), in 

kg/s (5%); 

2. The compressor power input (Wc), in kW (3%); 

3. The rate of heat which could be recovered by the desuperheater shown in the figure (Qdesup), 

in kW ((3%); 

4. The coefficient of performance COP (5%); 
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