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INSTRUCTIONS TO CANDIDATES: There are SIX questions.  

Answer ANY FOUR questions. 

All questions carry equal marks. 
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This examination paper carries a total of 
100 marks. 
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the paper. 
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obtained by programming an electronic 
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Q1)  a) What depth of oil which has a specific gravity of 0.8 will produce a pressure 

of 120 kPa?  What would be the corresponding depth of water for the same 
amount of pressure? 

      
      [5 Marks] 

b) A jet of water 10mm in diameter has a velocity of 18m/s. It strikes a plate 
moving in the same direction as the jet with a velocity of 3m/s. Determine the 
force exerted by the jet on the plate. What will be the force on the plate if the 
velocity of the plate is increased to 10m/s 
     
     [10 Marks] 
c) In Figure Q1c fluid P is water and fluid Q is mercury. If the specific gravity 
of mercury is 13.6 times that of water and the atmospheric pressure is 101325 
Pa, what is the absolute pressure at point A when h1 = 15cm and h2 = 30cm 
     
     [10 Marks] 

 
Figure Q1c: U-tube manometer opened to atmosphere 
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Q2)  a) Water (density = 1000 kg/m3) flowing in a circular horizontal pipe has a 

diameter of 150mm and a velocity of 3 m/s. At the downstream section of the 
pipe, its diameter is reduced to 75mm as is shown in Figure Q2a. Determine 
the velocity at point 2 and the discharge rate in the pipe. 

      
     [5 Marks] 

 
Figure Q2a: Circular pipe with a varying cross section area 

 
b) A venturi meter with a throat diameter of 180mm is fitted into a horizontal 
pipeline of 360mm through which water flows. The pressure difference 
between the entry and throat is measured by a U-tube manometer. If the 
difference in level indicated by the manometer is 40cm, calculate the velocity 
at point 1 and at the throat of the venturi meter shown as point 2 in Figure 
Q2b. 
     
     [15 Marks] 

 
Figure Q2b: Venturi meter showing pressure difference between inlet and throat 

c) Calculate the pressure at the throat of the venturi meter (point 2) if the pressure at 
point 1 is 50kPa. 
     
     [5 Marks] 
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Q3)  a) Define the following: Isobaric process, Isothermal process, Adiabatic 

process, Isochoric process and Bottom Dead Centre. 
      

     [5 Marks] 
b) A gas at initial state of 300K, 800kPa, and 0.3m3 is expanded slowly in an 
isothermal process to a final pressure of 250kPa. Draw a p-v diagram for the 
process 
     
     [5 Marks]  
c) A gas in a piston-cylinder assembly undergoes a polytropic process for 
which the relationship between pressure and volume is given by 𝑝𝑝𝑝𝑝𝑛𝑛 = 𝐶𝐶. The 
initial pressure is 3 bar, the initial volume is 0.1m3 and final volume is 0.2m3. 
Calculate the work done for the process if n=1.5 
     
     [15 Marks] 
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Q4) 
A   block diagram for a furnace temperature control system is shown in Figure Q4 
below: 
 
 

 
 
    Figure Q4 
 
Where, 
 
 G1(s) = 15 

 G2(s) = 
3
s+8

 

 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] 
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Q5) 
 
A block diagram for a control system for a steam-turbine speed control is shown 
below in Figure 5. 
 
 
 
 
 
       
 
 

 
 
 
 
 
     Figure 5 
a) Derive the closed loop transfer function C(s)/R(s).           [10 marks] 
b) Sketch pole-zero diagram.       [6 marks] 
c) The order of the system.       [4 marks] 
d) Is the system stable.                 [5 marks] 
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Q6) 
 

a) A spring damper system has a transfer function of 𝐺𝐺(𝑠𝑠) = 30
10𝑠𝑠+1

.    [5 marks] 

If a unit step has been applied to the input, sketch a diagram to display the 
relationship between the input force and the output displacement. 

b) Find the time constant and the steady state gain.         [5 marks] 

c) The relationship between the input signal to a radio telescope dish and the 
direction in which it points is a second-order system. Figure 6 shows the 
output of the system which subjects to a step input. 
Determine: 

(i) the system’s natural angular frequency (the undamped angular 
frequency) ωn,  

(ii) the damped angular frequency ωd,  
(iii) damping factor ζ,  
(iv) the 100% rise time tr,  
(v) the percentage maximum overshoot,  
(vi) the 2% settling time ts,  
(vii) and the peak time tp of the output.       [15 marks] 

Figure 6 
 
END OF QUESTIONS – PLEASE TURN PAGE 
FOR FORMULA SHEETS 

 
 

PAST
 E

XAM
IN

ATIO
N



Page 8 of 16 
School of Engineering  
BEng(Hons) Mechanical Engineering 
Semester 2 Exam 2022-23 
Advanced Thermo-fluids and Control 
Module No. AME 5013 
 

PLEASE TURN THE PAGE 

PAST
 E

XAM
IN

ATIO
N



Page 9 of 16 
School of Engineering  
BEng(Hons) Mechanical Engineering 
Semester 2 Exam 2022-23 
Advanced Thermo-fluids and Control 
Module No. AME 5013 
 

 
 

PLEASE TURN THE PAGE 
 
 

PAST
 E

XAM
IN

ATIO
N



Page 10 of 16 
School of Engineering  
BEng(Hons) Mechanical Engineering 
Semester 2 Exam 2022-23 
Advanced Thermo-fluids and Control 
Module No. AME 5013 
 

PAST
 E

XAM
IN

ATIO
N



Page 11 of 16 
School of Engineering  
BEng(Hons) Mechanical Engineering 
Semester 2 Exam 2022-23 
Advanced Thermo-fluids and Control 
Module No. AME 5013 
 

 
 

PLEASE TURN THE PAGE 

PAST
 E

XAM
IN

ATIO
N



Page 12 of 16 
School of Engineering  
BEng(Hons) Mechanical Engineering 
Semester 2 Exam 2022-23 
Advanced Thermo-fluids and Control 
Module No. AME 5013 
 

 

 
PLEASE TURN THE PAGE PAST

 E
XAM

IN
ATIO

N



Page 13 of 16 
School of Engineering  
BEng(Hons) Mechanical Engineering 
Semester 2 Exam 2022-23 
Advanced Thermo-fluids and Control 
Module No. AME 5013 
 

 

PAST
 E

XAM
IN

ATIO
N



Page 14 of 16 
School of Engineering  
BEng(Hons) Mechanical Engineering 
Semester 2 Exam 2022-23 
Advanced Thermo-fluids and Control 
Module No. AME 5013 
 

 
 

PLEASE TURN THE PAGE 

PAST
 E

XAM
IN

ATIO
N



Page 15 of 16 
School of Engineering  
BEng(Hons) Mechanical Engineering 
Semester 2 Exam 2022-23 
Advanced Thermo-fluids and Control 
Module No. AME 5013 
 

 
PLEASE TURN THE PAGE 

PAST
 E

XAM
IN

ATIO
N



Page 16 of 16 
School of Engineering  
BEng(Hons) Mechanical Engineering 
Semester 2 Exam 2022-23 
Advanced Thermo-fluids and Control 
Module No. AME 5013 
 

 

PAST
 E

XAM
IN

ATIO
N


	UNIVERSITY OF BOLTON
	BENG(HONS) MECHANICAL ENGINEERING
	Q6)
	PLEASE TURN THE PAGE


	K



