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EMT 3207: THERMODYNAMICS 
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INSTRUCTIONS:  Answer question one and any other two questions.  
 

 

QUESTION ONE (30 MARKS) 

a) Define the following terms; 

(i)  System         (1 Mark) 

(ii)  Surrounding        (1 Mark) 

(iii)  Boundary         (1 Mark) 

 

b) Using neat sketches illustrate the differences between the following ; 

(i)   Open system and closed system     (3 Marks) 

(ii)     Sink and source       (3 Marks) 

c) Describe the following sources of energy; 

(i)  Nuclear energy        (2 Marks) 

(ii)  Solar energy         (2 Marks) 

d) State the first laws of thermodynamics.     (2 Marks)  

e) A container of capacity 0.25m3 contains nitrogen at a temperature and pressure of 25oC 

and 1.013 bar respectively. If 0.3kg of nitrogen is pumped into the container, determine 

the new pressure attained when the container has returned to initial temperature. 

Take the molar mass of nitrogen as 28kg/kmol and it may be assumed to be a perfect gas 

          (4 Marks) 
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f) During the compression stroke of an internal combustion engine, the work input is 

88kJ/kg and the heat ejected to the cooling water is 47kJ/kg. Determine the change in the 

specific internal energy of the working fluid, indicating whether it is a loss or gain 

          (3 Marks) 

g) The specific heat capacities of a gas at constant pressure and constant volumes are given 

as �� = 0.843	
/	� and � = 0.650	
/	� respectively. Calculate the gas constant R 

and the molar mass, m of the gas.      (4 Marks) 

h)  Steam at 7 bar dryness fraction, 0.90 undergoes a throttling( constant enthalpy)process 

that reduces the pressure to 35 bar. Calculate the change in entropy for this process 

           (4 Marks) 

  

QUESTION TWO (20 MARKS) 

a) State the Boyle’s and Charle’s laws.      (2 Marks) 

b) A gas occupies 125ml at 125 KPa, it occupies 0.1 litres. Calculate the original 

temperature of the gas.       (3 Marks) 

c) 1 kg of nitrogen at 20oC undergoes an isothermal and reversible compression process 

from 1.01 bar to 4.2 bar. Assuming nitrogen to be a perfect gas, compute the following; 

(i)  Work done        (3 Marks) 

(ii)    Heat transfer during the process.     (3 Marks) 

d) The initial volume of air at 22oC and 1.02 bar is 15,000cm3. A piston compresses the air 

adiabatically and reversibly to a pressure of 6.8 bar. Calculate the following; 

(i) The final temperature       (3 Marks) 

(ii)  The final volume       (3 Marks) 

(iii) Work done on the mass of the air in the cylinder   (3 Marks) 

QUESTION THREE (20 MARKS) 

a) Calculate the following for steam at 7 bar and specific enthalpy 2600kJ/kg. 

(i)  Dryness fraction        (3 Marks) 

(ii)    Specific volume       (3 Marks) 
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(iii)  Specific internal energy      (3 Marks) 

b) Steam at 150 bar has a specific enthalpy of 3309 kJ/kg. Calculate ; 

(i)   The temperature        (1 Mark) 

(ii)     The specific volume       (1 Mark) 

(iii)   The specific internal energy      (3 Marks) 

c) Find the enthalpy of superheated steam at 18.5 bar and 432oC.  (3 Marks) 

d) Calculate the internal energy  for steam at 80 bar , 400oC   (3 Marks) 

 

QUESTION FOUR (20 MARKS) 

a) A certain perfect gas of mass 0.01kg occupies a volume of 0.003m3 at a pressure of 7 bar 

and a temperature of 131oC. The gas is allowed to expand until the pressure is 1 bar and 

the final volume is 0.02m3. Calculate ; 

(i)   The molar mass of the gas      (6 Marks) 

(ii)   The temperature       (4 Marks) 

b) A perfect gas has a molar mass of 26kg/kmol and a value of � = 1.26. Calculate the heat 
rejected when unit mass of the gas is contained in a rigid vessel at 3 bar and 315oC, and is 
then cooled until the pressure falls to 1.5 bar.    (10 Marks) 

 

QUESTION FIVE (20 MARKS) 

a) Using the non-flow energy equation, show that the amount of heat energy required to 

change saturated water to dry saturated vapor is given by;   (6 Marks) 

Q = h� − h� = h�  

Where  Q = heat energy 

hg = enthalpy of dry saturated vapour 

hf = enthalpy of dry saturated liquid 

hfg = enthalpy of vaporization 

b) Show from first principles that the work done in a reversible process is given by  

� = � � ��� where m is the mass of the fluid  p is the pressure and v is the volume. Use 

the concept of a frictionless fluid expanding behind a piston in a cylinder.     (6 Marks) 
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c) Define the following thermodynamic processes; 

(i)   Isobaric process       (1 Mark) 

(ii)    Isentropic process        (1 Mark) 

(iii)  Polytropic process       (1 Mark) 

(iv)   Isochoric process       (1 Mark) 

d) Using diagrams illustrate the difference between forward heat engine and reversed heat 

engine.          (4 Marks) 


