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INSTRUCTIONS TO CANDIDATES: This question paper consists of Two 

sections: Section A and Section B. 
 
      Answer Two questions from each 

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

in brackets. 
For this examination you will be 
supplied with the following: 

- Steam tables  
- Moody chart  
- Formula sheet  

 
      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. 
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SECTION A 
[50 marks] 
Instruction: Answer Two questions. 
 

QUESTION 1 

 The following diagram is for a combined gas – steam power plant system. 

Superheated steam is supplied from the steam generator to the steam turbine at 60 

bar, 450oC and leaves as wet steam at 0.08 bar. The steam turbine has thermal 

efficiency of 50% and output power of 10 MW, calculate:  

 

(i) Assuming reversible adiabatic flows through the pump and turbine, 

determine the enthalpies at the inlets and out lets of pump and turbine. 

                                                         (8 marks) 

(ii)  The flow rate of steam to the turbine.                                         (6 marks) 

(iii) The heat transferred to the cooling water of the condenser.    

 (3 marks)                              

(iv) The difference between the inlet and outlet temperatures of the condenser 

cooling water for water flow of 6 T/h. (Cp for water = 4.2 x103 kJ/Kg).  

                                                                                                  (4 marks) 

(v) The power supplied to from the flue gases to the steam generator. 

                                                                                                  (4 marks) 

              

 
Figure. Q1 

 
Total 25 marks 
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QUESTION 2 

  a) State the assumptions made in solving problems in heat exchangers.   

(3 marks) 

 

b) A counter flow double pipe heat exchanger is to heat water from 20 oC to 80 oC at 

a rate of 1.2 kg/s. The heating is to be accompanied by geothermal water available 

at 160 oC at a mass flow rate of 2 kg/s. The inner tube is thin walled and has 

diameter of 1.5 cm. If the overall heat transfer coefficient of the heat exchanger is 

640 W/m2.oC, determine the length of the heat exchanger required to achieve the 

desired heating using the effectiveness - NTU method. Cph = 4.3 kJ/kg.oC ,Cpc = 

4.18 kJ/kg. oC) 

 

NTU = 
1

𝐶−1
 𝐼𝑛 (

𝜀−1

𝜀𝑐−1
) 

 
(22 marks) 

 
Total 25 marks 

 
 

 

QUESTION 3 

 a) Define and explain the term Reynolds stress. What causes the friction factor to be 

higher in turbulent flow?                                                    (5 marks)            

             

b) Water at 15 oC (𝜌 = 999.1 𝑘𝑔/𝑚3) and µ=1.138 x 10-3 kg/m .s is flowing steadily 

in a 50 mm in diameter horizontal pipe made of stainless steel of roughness 𝜀 =

0.002 𝑚𝑚 , at a rate of 0.005 m3/s. Determine the  pressure drop, the head loss, 

and the required pumping power input for flow over a 60 m long of the pipe.                                                                                                

            (20 marks) 
 

Total 25 marks 
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SECTION B 
[50 marks] 
Instruction: Answer Two questions. 
 
QUESTION 4 
For the control system is shown in Figure Q4.  

 

 

Figure Q4 

The controller is used in order to improve step response of the system.  

a) For KI and KD are set to zero (controller becomes proportional 

controller), determine the range of Kp to fulfill less than 5% overshoot 

requirement.                                                                       

(10 marks) 

b) Design PID controller to achieve maximum overshoot less than 5%, rise 

time  tr less than 1 second  and zero steady-state error for a unit step 

input.                                                                  

(15 marks) 

 

QUESTION 5 

a) Analyse the stability of the sampled control system as shown in Figure Q5, 

when sampling time is  

(i) T=0.5 sec. 

(ii) T = 1 sec.       

                             

                     

                                                  (19 marks) 

 
 
 

Question 5 continued over the page 
 



Page 5 of 9 
Off Campus Division 
B.Eng (Hons) Mechanical Engineering 
Semester 1 Examination 2018/2019 
Advanced Thermofluids and Control Systems  
Module No. AME6005 

 

Please turn the page 
 

 
Question 5 cont’d… 

 

 
Figure Q5 

 
b) If an 8 bits analogue to digital converter with the signal range between -5 V to 

+5 V.  

Find 

(i) the resolution of the AD converter,  (2 marks)                                                                                            

 (ii)   integer number represented a value of 2.5 Volts,                        (2 marks) 

 (iii)  the voltage does the integer 100 represent.                                    (2 marks) 

 

 

QUESTION 6 
a) Briefly explain the following three approaches for the analysis and design of 

closed loop control systems  

(i) Laplace transform.                                                 (2 marks) 

(ii) The frequency responses technique.                                           (2 marks) 

(iii) The state space techniques.                                                 (2 marks) 

 

b) Consider the mass-spring damper system depicted in Figure Q6 . 

 
Figure Q6 

Question 6 continued over the page 
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Question 6 cont’d… 

(i) Derive the differential equations describing the behaviour of the 

system.                                    (8 marks) 

(ii) Select the state variables and transfer the differential equations 

obtained from Figure Q6 above to the relevant first-order differential 

equations.                                                                                 (2 marks) 

(iii) Determine the state space equations of the system.                (9 marks)                                                     

 

 
 

Total 25 marks 
 
 

 
END OF QUESTIONS 
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1- Steam Tables   

- SATURATED STEAM: PRESSURE TABLE  
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- SUPERHEATED STEAM TABLE 

 

 

2. The Moody chart 
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3- Laplace and Z transform table. 

 

 

 

Step response formula 

 

 


