
THIRD YEAR FIRST SEMESTER EXAMINATION FOR THE DEGREE OF BACHELOR 
OF TECHNOLOGY IN MECHANICAL ENGINEERING  

EMT 3306: APPLIED THERMODYNAMICS II 

TIME: 2 HOURS 

INSTRUCTIONS: (i) This paper contains FIVE questions 

(ii) Question ONE carries 30 marks, while the other four questions carry 
15 marks each. 

(iii) Answer question ONE (COMPULSORY) and any other two 
questions 

QUESTION ONE (30 MARKS) 

a) Define the following terms 
i) Stoichiometric mixture     (1 mk) 
ii) Entropy       (1 mk) 
iii) Efficiency ratio      (1 mk) 
iv) Critical pressure ratio      (1 mk) 
v) Specific steam consumption     (1 mk) 

b) Explain the difference between proximate analysis and ultimate analysis in fuels  
(2 mks) 

c) What is the highest possible theoretical efficiency, in percentage of  a heat engine 
operating with a hot reservoir of furnace gases at 2500�� when the cooling water 
available is at 15��        (3 mks) 

d) Using a neat sketch, describe the open cycle gas turbine unit and state at least two 
limitations of this unit.       (5 mks)  

e) Using a neat sketch, illustrate the construction of a ram jet and show its processes on a T-s 
diagram          (7 mks) 

f) A single-stage double-acting air compressor is required to deliver 14m3 of air per minute 
measured at 1.013 bar and 15��. The delivery pressure is 7 bar and the speed 300 rev/min. Take 
the clearance volume as 5% of the swept volume with a compression and re-expansion index of 
� = 1.3. Calculate: 

i) the swept volume of the cylinder      (3mks) 

ii) the delivery temperature       (2 mks) 

iii) the indicated power       (3 mks) 

 

 

 



QUESTION TWO (15 MARKS) 

a) Explain the difference between a weak mixture and rich mixture as applied in the 
combustion of fuels        (2 mks) 

b) Other than meeting various conditions of load and speed, petrol engines are required to 
operate over a wide range of mixture strengths. Explain the meaning of mixture strength 
and give an equation to show how it relates with air-fuel ratio   (2 mks)   

c) The analysis of a supply of gas is as follows: �� 45.4%; CO 22%; C� 18%;��� 4%; 
�� 0.6%; �� 6%; C�� 4%. Calculate: 
i) The stoichiometric A/F ratio      (6 mks) 
ii) ii) Wet and dry analysis of the products of combustion  (5 mks) 

 

 

QUESTON THREE (15 MARKS) 

a) Define a heat engine         (1 mk) 
b) Describe two categories of heat engines      (4 mks) 
c) A steam power plant operates between a boiler pressure of 42 bar and a condenser pressure 

of 0.035 bar. Assuming a Rankine cycle with dry and saturated steam at entry to the turbine 
and 85% isentropic efficiency during the expansion process, calculate the following: 

i) Rankine efficiency       (4 mks) 
ii) Work ratio         (4 mks) 
iii) Specific steam consumption      (2 mks) 

  

QUESTION FOUR (15 MARKS) 

a) Explain the difference between a nozzle and a diffuser    ( 2 mks) 

b) Using neat sketches, illustrate the difference between a convergent nozzle and a convergent-
divergent nozzle         (4 mks) 

c) Gases expand in a propulsion nozzle from 3.5 bar and 425�� down to a back pressure of 0.97 
bar, at the rate of 18 �� �⁄ . Taking a coefficient of discharge of 0.99 and a nozzle efficiency of 
0.94, calculate the required throat area of the nozzle. For the gases take � = 1.333 and �� =

1.11 �� ���.⁄  Assume that the inlet velocity is negligible    (9 mks) 

 

   

   

 

 



QUESTION FIVE (15 MARKS) 

a) Using a neat sketch well labeled sketch, briefly explain the parallel flow gas turbine unit  
(5 mks) 

b) State two advantages of the system in (a) above    (2 mks) 
c) A gas turbine takes in air at 17oC and at 1.01 bar and the pressure ratio is 8:1. The 

compressor is driven by the HP turbine and the LP turbine drives a separate power shaft. 
The isentropic efficiencies of the compressor and the HP and LP turbines are 0.8, 0.85, 
and 0.3 respectively. Calculate: 
i) Temperature of the gases entering the power turbine   (3 mks) 
ii) Pressure of the gases entering the turbine    (3 mks) 
iii) Net power developed by the unit per �� �⁄  mass flow rate  (2 mks) 

Neglect mass of fuel. 

 

 

 

 

 

 

 

 


