
 
[ENG09] 

 
UNIVERSITY OF BOLTON 

 
SCHOOL OF ENGINEERING 

 
BENG MECHANICAL ENGINEERING 

 
SEMESTER ONE EXAMINATION 2021/2022 

 
ADVANCED THERMOFLUID AND CONTROL 

SYSTEMS 
 

MODULE NO: AME6015  
 

 
Date:  Tuesday 11th January 2022          Time:  10:00 – 12:00 
        
 
INSTRUCTIONS TO CANDIDATES: There are SIX questions. 
 
      Answer 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. 
       
      All working must be shown. A numerical 

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

 
CANDIDATES REQUIRE:    Formula Sheets (attached following 
    questions). 
       
 
         

  



Page 2 of 14 
School of Engineering 
BEng Mechanical Engineering 
Semester One Examination 2021/2022 
Advanced Thermofluid and Control Systems 
Module: AME6015 
 
Question 1 
 
a) Steam is at 22 bar and has enthalpy of 2750KJ/Kg. Find the dryness fraction, 
specific volume and internal energy  

(12 Marks) 
 
b) A Reversible engine operates between temperature of 400℃ and 2800℃, the 
heat being supplied is at the rate of 300KJ/s. Determine its efficiency and power 
output. 

(8 Marks) 
 
c) A Steam Power Plant working on the Carnot cycle operates between 1 bar 
99.6oC and 10 bar 179.92 oC. Determine the pressure, temperature and entropy of 
all points and draw the cycle on the P-V and T-S diagram.  

(5 Marks) 
 

Total 25 Marks 
 
 

 
 
Question 2 
 
a) The phenomenon of drag is of consideration important to engineers involved in 
the design of vehicles. The drag F on a fully submerged smooth sphere of diameter D 
depends on its velocity V, the density of fluid ρ, and the viscosity of the fluid μ. Arrange 
these variables into independent dimensionless numbers. 

(15 Marks) 
 

b) Gasoline at a temperature of 20oC (v=4.5×10-7 m2/s) flows through a flexible 
pipe from a gas pump to the gas tank of a car. If 3L/s are flowing and the pipe has an 
inside diameter of 60mm, what is the Reynolds number? Is the flow laminar or 
turbulent? 

(10 Marks) 
 

Total 25 Marks 
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Question 3 
 
a) The Radiator of a steam heating system has a volume of 15L and is filled with 
superheated water vapour at 200Kpa and 200 degrees Celsius. At this moment both 
the inlet and the exit valves are closed. After a while the temperature of the steam 
drops to 80 degrees Celsius as a result of heat transfer to the room air. Determine the 
entropy change of the steam during this process. 

(10 Marks) 
 
 
 
b) i) Determine the head loss due to a flow of 100l/s of glycerine at 20℃ through 
100m of 20cm diameter pipe. Glycerine has a specific gravity of 1.26 and Viscosity 
0.886 Ns/m2. 

ii) Rework the problem for water as fluid, with density = 1000Kg/m3 at 20℃ 
and viscosity of 1.005×10-3 Ns/m2. For water use the Moody diagram provided in the 
Appendix with ε=0.025cm. 

(15 Marks) 
 
 
 

Total 25 Marks 
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Question 4 
 
a) Derive the differential equations describing the behaviour of the spring-mass-

damper system shown in Figure Q4. 
(8 Marks) 

 
b) Select the state variables and transfer the differential equations obtained from 4a 

into the state-space representation. 
(10 Marks) 

 
c) Determine the state space equations and system matrices A, B, C and D, where 

A, B, C, and D have their usual meaning, and the output variable are 𝑦𝑦1 and �̇�𝑦1. 
(4 Marks) 

 
d) Evaluate the system matrices A, B, C and D for 𝑚𝑚1 = 2, 𝑚𝑚2 = 5, 𝑘𝑘1 = 10, 𝑘𝑘2 = 6 

and 𝑐𝑐2 = 0.2. 
(3 Marks) 

 
Figure Q4: Spring-mass-damper system with two masses. 

 
Total 25 Marks 
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Question 5 
 
A PID controller is used to control an automation processing plant as shown in 
Figure Q5. The open loop transfer function of the plant is given by 
 

𝐺𝐺𝑝𝑝(𝑠𝑠) =
60

(𝑠𝑠 + 2)(𝑠𝑠 + 5)
 

 

 
Figure Q5: Control system of the processing plant. 

(a) Evaluate the performances of closed loop plant system (natural frequency, 
damping ratio, Percentage Overshoot, peak time, settling time and steady-state 
error) to assess its performance without the PID controller. 

(10 Marks) 
 

(b) Design a PID controller to determine the parameter 𝐾𝐾𝑝𝑝, 𝐾𝐾𝑖𝑖 and 𝐾𝐾𝑑𝑑, and clearly 
identify the design procedure if the system responses for a unit step input are 
required as: 

• The maximum overshoot is less than 8%. 
• The settling time is 40% less than that of without the PID controller. 
• The steady-state error is 0. 

(15 Marks) 
 

Total 25 Marks 
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Question 6 
 
The transfer function of a servo control system is given as 
 

𝐺𝐺(𝑠𝑠) =
100

(𝑠𝑠 + 2)(𝑠𝑠 + 10)
 

 
a) Draw the asymptotic Bode plot. 

(15 Marks) 
 
b) Draw the Nyquist plot using the 𝜔𝜔 values at 0, 0.5, 1, 2, 3, 5, 10 and 100. 

 
(10 Marks) 

 
 
 

Total 25 Marks 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 

END OF QUESTIONS 
 
 
Formula Sheets follow over the page…. 
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