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Problem 1: (15 points) 

True or false exercise (12pts 1 error; 10 pts 2 errors; 8pts 3 errors; 6pts 4 errors; 4pts 5 errors, 

2pts 6 errors; 0pts >6 errors) 

 
Statement True False 

1 – Hydrogen has a higher gas constant than Oxygen X  

2 – Autoignition increases the efficiency of reciprocating engines  X 

3 – Temperature is an extensive system property  X 

4 – No device can transfer heat from a cold to a hot object without work input X  

5 – Heat transfer by conduction is less than by convection  X  

6 – A system with constant volume cannot produce boundary work X  

7 – Electrical heating is regarded as energy exchange by work X  

8 – System entropy is reduced when cooling it X  

9 – An ideal thermodynamic process must occur at constant temperature   X 

10 – The Carnot cycle is internally reversible X  

11 – The efficiency of a hydroelectric installation can be higher than that of a diesel engine X  

12 – In a gas turbine engine the air enthalpy increases in the turbine  X 

 

 

 

APPENDIX 

Universal gas constant: R = 8.314 J/mol  K 

Gas constant for air: Rair = 287 J/kg  K 

Specific heat at constant pressure for air: cp = 1008 J/kg  K 

Ratio of specific heats for air: k = 1.4



Problem 2 (15 points) 

A wind turbine is rotating at 15 rpm under steady wind. The air flows through the turbine at a rate 

of 42,000 kg/s. The tip velocity of the turbine is measured to be 250 km/h. If 180 kW is produced 

by the turbine, determine  

a) The average velocity of the air 

b) The conversion efficiency of the turbine 

Take the density of the air to be 1.31 kg/m3 

 

 

Solution (2 ANSWERS REQUIRED !!) 

 

2-74 A wind turbine produces 180 kW of power. The average velocity of the air and the conversion efficiency of the 

turbine are to be determined. 

Assumptions  The wind turbine operates steadily.  

Properties The density of air is given to be 1.31 kg/m3.  

Analysis (a) The blade diameter and the blade span area are 
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Then the average velocity of air through the wind turbine becomes 

 m/s 5.23
)m )(6140 kg/m31.1(

 kg/s000,42
23A

m
V




 

(b) The kinetic energy of the air flowing through the turbine is  
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Then the conversion efficiency of the turbine becomes 
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Discussion Note that about one-third of the kinetic energy of the wind is converted to power by the wind turbine, 

which is typical of actual turbines.   

 



Problem 3 (15 points) 

A friction-less piston cylinder device initially contains air at 200 kPa and 0.2 m3. At this stage a 

linear spring (i.e. the spring load is proportional to the displacement) is touching the piston 

without exerting a force on it. The air is now heated to a final volume of 0.5 m3 and a pressure of 

800 kPa.  

a) Plot the process in a P-V diagram. 

b) Determine the total amount of work done by the air in the cylinder. 

c) Determine the work done against the spring.  

 

Solution (3 ANSWERS REQUIRED) 

 

 



Problem 4 (20 points) 

Steam enters an adiabatic turbine at a pressure of 7 MPa, a temperature of 600 0C and a velocity 

of 80 m/s. It leaves the turbine at 50 kPa, 150 0C and 140 m/s.  

If the power output of the turbine is 6 MW, determine: 

a) The mass flow rate of the steam going through the turbine 

b) The isentropic efficiency of the turbine 

 

 
 

Solution (2 ANSWERS REQUIRED) 

 





Problem 5 (15 points) 

An Ideal Diesel cycle has a maximum cycle temperature of 200 0C and a cut-off ratio rc = 1.2. 

The state of the air at the beginning of the compression is P1= 95 kPa and T1 = 15 0C. The cycle is 

executed in a four-stroke, 8-cylinder engine with a cylinder bore of 10 cm and a piston stroke of 

12 cm. The minimum volume enclosed in the cylinder is 5% of the maximum cylinder volume.  

Determine: 

a) the air temperature at the end of compression and before ignition 

b) the power produced by this engine when it operates at 1600 rpm. Use constant 

specific heats at room temperature. 

 

Solution  (2 answers required) 

 



Problem 6 (20 points) 

This question deals with a small gas turbine with a regenerator. Air enters the compressor of the 

engine at 100 kPa and a temperature of 20 0C. The compressor ratio is 8 and the maximum cycle 

temperature is 800 0C. The cold air leaves the regenerator at a temperature 10 0C lower than the 

hot air stream at the inlet of the regenerator.  Assuming both the compressor and the turbine to be 

isentropic answer the following questions:  

a) Sketch the turbine system. 

b) Plot the turbine cycle in the T-S plane. 

c) Determine the rates of heat addition and rejection of the cycle in case the turbine 

produces 150 kW.  For air assume constant specific heat cp = 1005 J/kg.K  

 


