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INSTRUCTIONS TO CANDIDATES: There are FIVE questions. 
 
      Answer ALL questions in SECTION A 

and only TWO (2) questions in SECTION 
B. 

. 
 
      All questions carry equal marks. 
 
      Marks for parts of questions are shown 

in brackets. 
 
      This examination paper carries a total of  

100 marks. 
 
      All working must be shown.  A 

numerical solution to a question 
obtained by programming an electronic 
calculator will not be accepted. 

 
      Pressure tables are included in the 

Appendix at the end of the paper. 
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SECTION A [ Answer ALL questions in this section] 
 
Q1.     a) Steam flows steadily through an adiabatic turbine shown in Fig. Q1(a). The 

inlet conditions of the steam are 4 MPa, 5000C, and 80 m/s, and the exit 
conditions are 30 kPa, 92 percent quality, and 50 m/s. The mass flow rate of 
the steam is 12 kg/s. Steam tables are attached in Appendix 1 for reference. 

               Determine  
 

(1) the change in kinetic energy,  (5 marks) 
(2) the power output, and  (5 marks) 
(3) the turbine inlet area. (5 marks) 
 

 
Fig. Q1(a) 

  
b)  A hollow spherical iron container shown in Fig. Q1(b) whose outer diameter 

is 40 cm and thickness is 0.4 cm is filled with iced water at 0oC. If the outer 
surface temperature is 3oC, thermal conductivity of iron, K, is 80.2 W/m.oC. 
The heat of fusion of water is 333.7 KJ/Kg at 1 atm. Calculate: - 

 
(1) The approximate rate of heat loss from the sphere                  (5 marks) 

(2) The rate at which ice melts in the container.                                (5 marks) 

Question 1b continued over the page 
Please turn the page 
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Question 1b cont’d… 

 
Fig. Q1(b) 

 
Total 25 marks 

 
Q2     a) Underground water shown in Fig.Q2(a) is to be pumped by a 78 percent 

efficient 5-kW submerged pump to a pool whose free surface is 30 m above 
the underground water level. The diameter of the pipe is 7 cm on the intake 
side and 5 cm on the discharge side. Determine  

 
    (1) the maximum flow rate of water and     (10 marks) 
 

(2) the pressure difference across the pump. Assume the elevation   
difference between the pump inlet and the outlet and the effect of the 
kinetic energy correction factors to be negligible.   

(10 marks) 

 
Fig. Q2(a) 

Question 2 continued over the page. Please turn the page 
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Question 2 cont’d… 

b) A smoking lounge shown in Fig. Q2(b) is to accommodate 40 heavy 
smokers. The minimum fresh air requirement for smoking lounges is 
specified to be 30 L/s per person (ASHRAE, Standard 62, 1989). 
Determine the minimum required flow rate of fresh air that needs to be 
supplied to the lounge, and the minimum diameter of the duct if the air 
velocity is not to exceed 8 m/s. 
 

 

Fig. Q2(b) 

(5 marks) 

Total 25 marks 
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SECTION B [ Answer ANY TWO (2) questions in this section] 

 
Q3 a) Consider the mass-spring damper system depicted in Fig. Q3.  
 

 
Fig. Q3 

 
(1) Derive the differential equations describing the behavior of the system.                   

(8 marks) 
 

(2) Assuming that   𝑥𝑥1(0) = 𝑥𝑥1̇(0) = 𝑥𝑥2(0) = 𝑥𝑥2̇(0) = 0 , determine the 
transfer function      G(s) = X1(s)/F(s).                                                                                                       

(12 marks) 
 

b) With the aid of a graph, explain the different between underdamped and 
overdamped response. 

(5 marks) 
 

Total 25 marks 
 

Q4       a) Derive a transfer of a first order system having unit step response shown 
in Fig. Q4. 

 

 
Fig. Q4 

 
(8 marks) 

 
 

Question 4 continued over the page 
Please turn the page 
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Question 4 cont’d… 

 
b) Consider a system with transfer function     G(s) = 15

𝑠𝑠2+2𝑠𝑠+7
  . 

 
(1) Determine stability of the system                            

(3 marks)               
                                      

(2) Calculate peak time and peak value if a unit step input is given to the 
system               

(10 marks) 
(3)  Sketch unit step response of the system.        

                                                                 (4 marks) 
 

Total 25 marks 
 

Q5  Refer to the block diagram of a feedback control system with disturbance 
shown in Fig. Q5.  

 
Fig. Q5 

 
(1) Derive the whole system’s output X(s) function.        

(8 marks) 

(2) Determine the range of K that make the system remain stable   
(9 marks) 

 
(3) Calculate steady state value of the system if R(s) is a unit step input and 

D(s) = 0.              
(7 marks)                                                                                          

 
 

Total 25 marks 
END OF QUESTIONS 

Please turn the page 
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Appendix 1 
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Appendix 1 continued 
 

 
 
 

 
END OF PAPER 
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