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Benha University                     Thermodynamics II 

Faculty of Engineering      2
nd

 year 2016    

Mechanical Engineering Dep.     Final-exam (code: M 1222) 

 

Time: Three Hours (attempt all questions)          (assume any missing data) 

Question1  (15 points) 

1-1) What is the difference between Stirling, Ericson and Carnot cycles? 

They differ from the Carnot cycle in that the two isentropic processes are replaced by two 

constant-volume regeneration processes in the Stirling cycle and by two constant-pressure 

regeneration processes in the Ericsson cycle. Both cycles utilize regeneration, a process during 

which heat is transferred to a thermal energy storage device (called a regenerator) during one 

part of the cycle and is transferred back to the working fluid during another part of the cycle. 

 

1-2) A four-cylinder, four-stroke, 2.2-L gasoline engine operates on the Otto cycle with 

a compression ratio of 10. The air is at 100 kPa and 60°C at the beginning of the 

compression process, and the maximum pressure in the cycle is 8 MPa. The 

compression and expansion processes may be modeled as polytropic with a polytropic 

constant of 1.3. Using constant specific heats at 850 K, determine (a) Show the cycle on 

P-v and T-s diagrams, (b) the temperature at the end of the expansion process, (c) the net 

work output and the thermal efficiency, (d) the mean effective pressure, (e ) the engine 

speed for a net power output of 70 kW and comment.   
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Question 2  (25 points) 

2-1) How can we increase the efficiency of the Brayton cycle?  

1- Increasing the turbine inlet (or firing) temperatures 

2- Increasing the efficiencies of turbomachinery components 

3- Adding modifications to the basic cycle 

 

2-2) The single-stage compression process of an ideal Brayton cycle without 

regeneration is replaced by a multistage compression process with intercooling between 

the same pressure limits. As a result of this modification, 
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 (a) The compressor work decrease 

(b) The back work ratio decrease 

(c) The thermal efficiency increase 

2-3) The single-stage expansion process of an ideal Brayton cycle without regeneration 

is replaced by a multistage expansion process with reheating between the same pressure 

limits. As a result of this modification, 

 (a) The turbine work increase 

(b) The back work ratio increase 

(c) The thermal efficiency increase 

2-4) A steam power plant operates on an ideal reheat– regenerative Rankine cycle and 

has a net power output of 80 MW. Steam enters the high-pressure turbine at 10 MPa and 

550°C and leaves at 0.8 MPa. Some steam is extracted at this pressure to heat the 

feedwater in an open feedwater heater. The rest of the steam is reheated to 500°C and is 

expanded in the low- pressure turbine to the condenser pressure of 10 kPa. Show the 

cycle on a T-s diagram with respect to saturation lines, and determine (a) the mass flow 

rate of steam through the boiler and (b) the thermal efficiency of the cycle. 
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Question 3  (20 points) 

3-1) How can we lower the temperature of a gas below its critical-point value for the 

liquefaction of gases (show your answer schematically and T-s diagram)? 

 

Several cycles, some complex and others 

simple, are used successfully for the 

liquefaction of gases. Below we discuss 

the Linde-Hampson cycle, which is 

shown schematically and on a T-s 

diagram in figure. Makeup gas is mixed 

with the uncondensed portion of the gas 

from the previous cycle, and the mixture 

at state 2 is compressed by a multistage 

compressor to state 3. The compression 

process approaches an isothermal 

process due to intercooling. The high-

pressure gas is cooled in an aftercooler 

by a cooling medium or by a separate 

external refrigeration system to state 4. 

The gas is further cooled in a regenerative counter-flow heat exchanger by the uncondensed portion of 

gas from the previous cycle to state 5, and it is throttled to state 6, which is a saturated liquid–vapor 

mixture state. The liquid (state 7) is collected as the desired product, and the vapor (state 8) is routed 

through the regenerator to cool the high-pressure gas approaching the throttling valve. Finally, the gas 

is mixed with fresh 

makeup gas, and the cycle is repeated. 
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3-2) Consider a two-stage cascade refrigeration system operating between the pressure 

limits of 0.8 and 0.14 MPa. Each stage operates on the ideal vapor-compression 

refrigeration cycle with refrigerant-134a as the working fluid. Heat rejection from the 

lower cycle to the upper cycle takes place in an adiabatic counter flow heat exchanger 

where both streams enter at about 0.4 MPa. If the mass flow rate of the refrigerant 

through the upper cycle is 0.24 kg/s, Draw the schematic and T-S diagrams and 

determine (a) The mass flow rate of the refrigerant through the lower cycle, (b) The rate 

of heat removal from the refrigerated space and the power input to the compressor, and 

(c) The coefficient of performance of this cascade refrigerator and COP if this cascade 

work as a heat pump? 

Compare your results with a single stage refrigerator and comment.   

Solution 
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Question 4  (15 points) 

4-1) A tank contains 21 kg of dry air and 0.3 kg of water vapor at 30°C and 100 kPa 

total pressure. Determine (a) the specific humidity, (b) the relative humidity, and (c) the 

volume of the tank. 
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4-2) A certain natural gas has the following volumetric analysis: 72 percent CH4, 9 

percent H2, 14 percent N2, 2 percent O2, and 3 percent CO2. This gas is now burned with 

the stoichiometric amount of air that enters the combustion chamber at 20°C, 1 atm, and 

80 percent relative humidity. Assuming complete combustion and a total pressure of 1 

atm, determine the dew-point temperature of the products for moist and dry air. 
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         for dry air Tdp =  

 
         

 

        With best wishes 

    Dr. Mohamed Ramadan 

 

 

 

          


