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INSTRUCTIONS TO CANDIDATES: There are SIX questions.  
 
      Answer any FOUR questions. 
 
      All questions carry equal marks. 
 
      Marks for parts of questions are shown 

in brackets. 
 
      This examination paper carries a total of 

100 marks. 
 
      Formulae sheet is attached at the end of 

the paper. 
 
      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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Question 1 
 
A   block diagram for a furnace temperature control system is shown in Figure Q1 
below: 
 

 
 
 
    Figure Q1 
 
Where, 
 
 G1(s) = 8 

 G2(s) = 
2
s+4

 

 G3(s) = 
1
𝑆𝑆
 

 
 
a)       Determine the system damping ratio, natural frequency, damped frequency, 

and steady state gain.              [7 marks]       
 
b)       Determine the time domain response of the system, y(t), to a unit impulse 

input, r(t).                     [6 marks]            

c) For a unit step input, determine the system rise time, peak time, maximum    
percentage overshoot, and settling time for a 2% tolerance. 

      [6 marks] 
 
d) If the input of    𝑟𝑟(𝑡𝑡) = 90, 𝑡𝑡 ≥ 0 𝑎𝑎𝑎𝑎𝑎𝑎 0 , 𝑡𝑡 ≤ 0 
 
              is applied, analyse the system steady state error. 
      [6 marks] 
 
       
      Total marks 25 marks 
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Question 2 
 
A block diagram for a digital control system for a steam-turbine speed control is 
shown below in Figure Q2. 
 
 

 
 
 

Figure Q2 
 
Where, 
 
 The digital controller: GC = Kp 
 

 The zero-order-hold: GO =    
𝟏𝟏−𝐞𝐞−𝐬𝐬𝐬𝐬

𝐬𝐬
                                                 

 

 The dynamics of the steam-turbine: GTurbine(s) = 
𝟎𝟎.𝟓𝟓
𝐬𝐬+𝟎𝟎.𝟓𝟓

 
 
a) Determine the closed-loop z-transfer function for the system. 
      [12 marks] 
 
b) if the gain of the digital controller  Kp = 10, determine the range of the 

sampling time interval T that will make the closed-loop control system stable. 
      [6 marks] 
 
c)  If the sampling frequency  f = 20kHz,determine the range of controller gain Kp         

that will make the closed-loop system stable. 
      [7 marks] 
      
  
      Total marks 25 marks 
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Question 3 
 
A dynamic system is shown in the block diagram below, Figure Q3(a),  
 
 

 
 
Figure Q3(a) 

 
 
 
a) Show how the block diagram in figure Q3(a) could be reduced to describe the 

output over the input C/R.               [10 marks] 
  
b) From the Matlab graph shown in Q3(b), shown over the page, estimate the 

gain and phase margins         
  [6 marks] 

 
c)  Sketch the magnitude and phase for the following functions. 

 (i) `G1(s) =  10
0.2s+1

       [3 marks] 

 (ii) 𝐺𝐺2(𝑠𝑠)  =  2500
𝑆𝑆2 +80𝑆𝑆 + 2500

       [3 marks]
  

 (iii) G3(s)  =  8
S
        [2 marks] 

 
d)  Sketch the final result of G1(s)*G2(s)*G(s) and estimate the phase and gain 

margin.         [7 marks] 
 
  
QUESTION 3 CONTINUED OVER THE PAGE… 
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QUESTION 3 CONTINUED… 

 Figure 3(b)    
         Total marks 25 marks  
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Question 4 
 
a) Describe the three key steps involved in a typical Computational Fluid 

Dynamics (CFD) simulation. 
     [4 Marks] 
 
b) Determine the head loss resulting from a flow of 100 litres per second of 

glycerine at 20° C through a pipe with a length of 100 meters and a diameter 
of 20 centimetres. The Specific Gravity of Glycerine is 1.26 and Dynamic 
Viscosity = 0.886 Pa.s. 

     [6 Marks] 
 
c)  Derive the Darcy Weisbach Equation for the loss of Head due to friction in a 

Pipeline using the Bernoulli’s Energy Equation. 
             [15 Marks] 
  
            Total Marks 25 Marks 
 
Question 5 
 
a)  Draw a Temperature – Enthalpy diagram for a process of steam formation 

and label the following: sensible heat region, latent heat region, saturated 
temperature, saturated liquid, saturated dry vapour and wet steam region. 

     [6 Marks] 
 
b)  Calculate the Enthalpy of steam at the pressure of 10 bar. Take specific heat 

capacity cp of superheated steam as 1.85kj/kgC. 
i. When dryness fraction x=0.6 
ii. When dry saturated 
iii. When superheated at 200°C 

             [6 Marks] 
 
c) A quantity of steam of a pressure of 20 bar and dryness fraction of 0.8 

occupies a volume of 0.1551m3. The gas expands according to polytropic 
process of pv3.5=c to a pressure of 6 bar. Determine: 

i. The mass of steam present and Enthalpy when pressure is 20 bar. 
ii. The volume, dryness fraction and Enthalpy when pressure is 6 bar. 

           [13 Marks]                            
 
         Total marks 25 Marks 
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Question 6 
 
a) The Enthalpy of 2kg of steam at the pressure of 50 bar is 3850kj. Determine 

the condition and dryness fraction of the steam. 
        [4 Marks] 
 
b) A reversible engine operates between the temperatures of 2800°C and 400°C. 

Draw a p-v diagram of Carnot cycle, illustrating all the processes, and 
determine and the efficiency of the engine.  
       [8 Marks] 

 
c) A car engine burns 5kg of fuel (equivalent to addition of QH) at 1500K and 

rejects heat to the exhaust at an average temperature of 750K. If the fuel 
provides 40,000kj/kg of energy, what is the maximum amount of Work the 
engine can provide. Assume that the car engine operates according to Carnot 
cycle.  

                                                                    [13 Marks]  
 
      Total marks 25 Marks 
 

 
 
 
 

END OF QUESTIONS 
 
 

Formulae sheets follow over the page 
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Thermofluids Formula Sheet 
 

𝜆𝜆 =  
64
𝑅𝑅𝑅𝑅

 
 

𝐻𝐻𝑓𝑓 =  
𝜆𝜆𝜆𝜆𝑣𝑣2

2𝑔𝑔𝑎𝑎
 

 

𝑅𝑅𝑅𝑅 =  
𝜌𝜌𝑣𝑣𝑎𝑎
𝜇𝜇

 

 
𝑄𝑄 = 𝑉𝑉𝑉𝑉 
 
𝑆𝑆𝑆𝑆𝐺𝐺 =  

𝜌𝜌𝑓𝑓𝑓𝑓𝑓𝑓𝑓𝑓𝑓𝑓
𝜌𝜌𝑤𝑤𝑤𝑤𝑤𝑤𝑤𝑤𝑤𝑤

 

 

𝜌𝜌1 +
1
2
𝜌𝜌𝑣𝑣12 + 𝜌𝜌𝑔𝑔ℎ1 = 𝜌𝜌2 +  

1
2

 𝜌𝜌𝑣𝑣22 + 𝜌𝜌𝑔𝑔ℎ2 + ℎ𝑓𝑓 
 
ℎ = ℎ𝑓𝑓 + ℎ𝑓𝑓𝑓𝑓 
 
ℎ𝑠𝑠𝑓𝑓𝑠𝑠 = ℎ𝑓𝑓 + 𝑐𝑐𝑠𝑠(𝑇𝑇𝑠𝑠𝑓𝑓𝑠𝑠 − 𝑇𝑇𝑠𝑠) 
 
𝑝𝑝𝑣𝑣𝑛𝑛 = 𝑐𝑐 
 

𝑚𝑚𝑎𝑎𝑠𝑠𝑠𝑠 =
𝑣𝑣𝑣𝑣𝑣𝑣𝑣𝑣𝑚𝑚𝑅𝑅

𝑠𝑠𝑝𝑝𝑅𝑅𝑎𝑎𝑠𝑠𝑠𝑠𝑐𝑐 𝑣𝑣𝑣𝑣𝑣𝑣𝑣𝑣𝑚𝑚𝑅𝑅
 

 
𝑣𝑣 = 𝑥𝑥𝑣𝑣𝑓𝑓 
 

𝑆𝑆𝑝𝑝𝑅𝑅𝑐𝑐𝑠𝑠𝑠𝑠𝑠𝑠𝑐𝑐 𝐸𝐸𝑎𝑎𝑡𝑡ℎ𝑎𝑎𝑣𝑣𝑝𝑝𝑎𝑎 =  
𝑉𝑉𝑐𝑐𝑡𝑡𝑣𝑣𝑎𝑎𝑣𝑣 𝐸𝐸𝑎𝑎𝑡𝑡ℎ𝑎𝑎𝑣𝑣𝑝𝑝𝑎𝑎

𝑚𝑚𝑎𝑎𝑠𝑠𝑠𝑠
 

 

𝐸𝐸𝑠𝑠𝑠𝑠𝑠𝑠𝑐𝑐𝑠𝑠𝑐𝑐𝑎𝑎𝑐𝑐𝑎𝑎 =
𝑂𝑂𝑣𝑣𝑡𝑡𝑝𝑝𝑣𝑣𝑡𝑡
𝐼𝐼𝑎𝑎𝑝𝑝𝑣𝑣𝑡𝑡

  

 

𝜂𝜂𝑐𝑐 = 1 −
𝑇𝑇𝐿𝐿
𝑇𝑇𝐻𝐻
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