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14-PH-B4 

Applied Thermodynamics and Heat Transfer 

 

 

Problem # 1 (20 %) 

 

An ideal diesel engine has a compression ratio of 20. The state of air at the beginning of the 

isentropic compression process is 95 kPa and 20 
o
C. The isentropic expansion process is replaced by 

polytropic expansion process with the polytropic exponent n = 1.35. If the maximum temperature in 

the cycle is not to exceed 2200 K, determine: 

 

a) the thermal efficiency (15%); 

b) the mean effective pressure (5%). 

 

Use the variable specific heats Cp and Cv for air. 

 

 

Problem #2 (20%) 

Steam condensing on the outer surface of a thin-walled circular tube of 50 mm diameter and 6 m 

length maintains a uniform surface temperature of 100 
o
C.  Water flows through the tube at a rate 

of 25 kg/s and its inlet and outlet temperatures are respectively Tm,i = 15 
o
C and Tm,o = 57 

o
C.  

Determine the average convection coefficient associated with the water flow (20%). 

 

 

Problem # 3 (20 %) 

 

Consider an ideal Brayton cycle with air as the working fluid.  The pressure ratio of the cycle is 

6, and the minimum and maximum temperatures are 300 and 1200 K, respectively. Now the 

pressure ratio is doubled without changing the minimum and maximum temperatures in the 

cycle.  Determine the change in: 

 

a) the net work output per unit mass (10%); 

b) the thermal efficiency of the cycle (10%). 

 

Use the variable specific heats Cp and Cv for air. 
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Problem #4 (20 %) 
A cogeneration power plant modified with 

regeneration is shown schematically here. 

Steam enters the isentropic turbine at 6 MPa 

and 450 
o
C and expands to a pressure of 0.4 

MPa.  At this pressure, 60 percent of the 

steam is extracted from the turbine, and 

remainder (40%) expands to 10 kPa.  Part of 

the extracted steam is used to heat the 

feedwater in an open feedwater heater 

(FWH). The rest of the extracted steam is 

used for process heating.  Water leaves the 

process heater and the open FWH (saturated 

liquid at states 3 and 9) is mixed, and the 

mixture is pumped to the boiler.  It is assumed that the turbine and the pumps are isentropic and a 

net power output of 15 MW. 

 

a) Show the cycle on a T-s diagram (6%) and  

b) Determine the steam mass flow rate through the boiler (14%) . 

 

 

 

Problem # 5 (20%) 

 

Enclosed figure shows a two-stage vapor-compression 

refrigeration system with refrigerant R134a as the 

working fluid.  The refrigeration capacity (
L

Q


) is 200 

kW.  The refrigerant leaves the evaporator (1) as a 

saturated vapor at –20 
o
C and it leaves the condenser 

as a saturated liquid (5).  The refrigerant pressure 

leaving the first and second compressor stage is of  0.4 

MPa and 1.2 MPa respectively.  As is showed in 

enclosed figure, the system uses a direct contact heat 

exchanger operating at 0.4 MPa.  The refrigerant 

leaves this exchanger as a saturated vapour (state 3) 

and as a saturated liquid (state 7).   

 

Assuming the isentropic compressions and isobar 

heating processes, show the cycle on a T-s diagram (5%) and determine:  

a) The masse flow rates of refrigerant 1



m  and 3



m  (in kg/s) (5%); 

b) The power input to each compressor, in kW (5%);  

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