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Q1

Q2

a)

b)

b)

Define the following:

i) Discharge

ii) Mass flow rate

iii) Steady flow

iv) Adiabatic process

(10 marks)

Water with density 1000 kg/m3flows in a pipe. At a section where the
inside diameter is 150 mm, the velocity is 3 m/s and the pressure is 350
kPa. At a section, located 10 m from the first section the inside diameter
reduced to 75 mm. Calculate the pressure at the second section if:

)] The pipe is horizontal (7 marks)
1)) The pipe is vertical and the flow is downward (8 marks)

Take height as 10 m
Total 25 marks

Describe with the aid of a diagram the principles of operation of the Pitot
and Pitot static tubes meter. (10 marks)

A venturi meter having a throat diameter d2 of 100 mm is fitted into a
pipeline which has a diameter di of 250 mm through which oil of specific
gravity 0.9 is flowing. The pressure difference between the entry and
throat is measured by a U-tube manometer containing mercury of specific
gravity 13.6 and the connections are filled with the oil flowing in the
pipeline. If the difference of level indicated by the mercury in the U-tube
is 0.63m calculate the theoretical volume rate of flow through the meter.

(15 marks)

Total 25 marks

PLEASE TURN THE PAGE.....
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Q3

Q4

b)

During some actual expansion and compression processes in piston
cylinder devices, the fluids have been observed to satisfy the relationship
PV =C

Calculate the work done when a fluid expands from a state of 100 kPa and
0.05m3 and final volume 0.3 m3 for the case when n=1.2.

(10 marks)

A jet of water 12.5 mm in diameter has a velocity of 15 m/s it strikes a
plate moving in the same direction as the jet with a velocity of 3 m/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 12 m/s.

(15 marks)

Total 25 marks

Figure Q4 shows a simplified mechanical system, where

(@)

(b)

(€)
(d)

M =10 Kg; K1=2 N/m; K2 =4 N/m; C = 3 Ns/m

Develop the differential equations for the variables y1 and y2 of the
mechanical system. (8 marks)

Determine the Laplace transforms of the differential equations obtained
from Q4(a) above. Assume that the system is subjected to a unit step
input and the initial conditions of the system are zeros (i.e. at time =0, X,
x, X" are all zeros). (4 marks)
Determine the transfer function G(s) = Y2(s)/F(s) (8 marks)
Explain the differences between open-loop and closed-loop control

systems.
(5 marks)

Q4 continues over the page...

PLEASE TURN THE PAGE...
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Q4 continued ....

[ S S S S SS

3
_ L
| c §Kzllyl

Y2

Figure Q4 A Simplified Mechanical System

Total 25 marks

Q5 (a) A vehicle system has a time constant of 0.15 seconds. If it's speed is
suddenly increased from being at 30 KM/Hour into 100 KM/Hour,

()  What will be the speed indicated by the speedometer after 0.3
seconds? (4 marks)

(i) If the maximum speed of the vehicle is 150 KM/Hour and a unit step
inputs into the system, determine the time t taken for the speed
output of the system from 0 KM/Hour to reach 80% of its maximum
speed value. (6 marks)

Q5 continues over the page...
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Q5 continued...

(b) Figure Q5 shows a block diagram for a hydraulic control system.

Input 6 1 Output 8o

C - - (s> +5+6)

3s

Figure Q5 A Hydraulic Control System

() What is the hydraulic system’s transfer function G(s) = 00/0i?
(5 marks)

(i) If a unit step input is applied into the system, determine the
system’s percentage overshoot, rise time, settling time, peak time,
natural frequency, damped frequency, and damping ratio.

(10 marks)

Total 25 marks

PLEASE TURN THE PAGE.....
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Q6 If a position control system has experienced a disturbance D(s), and a gain K
has been inserted into the system as shown in Figure Q6:

D(s)

Input

R(s) , + Output

i @_ K L] 6s+20 | | 1 sy,

. s (s* +3s5+10)
Figure Q6 Position control system
Determine
(@) the whole system’s output 6&(s) function (8 marks)

(b) the range of values of K for the system which will result in stability, using
Routh-Hurwitz stability criterion.
(10 marks)

(©) the steady-state error if the disturbance D(s) = 0, R(S) is a unit ramp
input, and K = 2;

(7 marks)

Total 25 marks

END OF QUESTIONS
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PLEASE TURN THE PAGE FOR FORMULA SHEETS.....

FORMULAE SHEETS
Blocks with feedback loop

G(s) = GO—(S) (for a negative feedback)
~ 11 Go(s)H(s) g
Go(s) "
G(s) = (for a positive feedback)

1-Go(s)H(s)

Steady-State Errors

€ s — LI_IB [S(l_ GO (S))el (S)] (for an open-loop system)

~ lim[s————6,(S)]

€ss 1+ G ( ) (for the closed-loop system with a unity
feedback)
1
- I|m[s 9i (5)]
N G, () (if the feedback H(s) # 1)

1+G,(8)[H(s)-1]

_ ||m[— GZ (S) )
S s—0 1+ G2 (Gl (S) + 1) d (if the system subjects to a

disturbance input)

Laplace Transforms
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A unit impulse function 1
1

A unit step function g
1

A unit ramp function S_z

First-order systems

G(S) — 9_0 — Gss (S)
0, ws+l1
(dg"}rﬁo =G0,
dt

-t/
‘90 = Gss (1—9 T) (for a unit step input)

Ho (t) = Gss [t B T(].— e_(tlr) )]

(for a ramp input)

o, (t) =G, (E)e—(”f) (for an impulse input)
T

Second-order systems

2
d 62)0 +24m, a6, +0’0, =b,w’0
dt dt
2
st bol
6.(s) s +2w,S+w;
G
tr=2—

PLEASE TURN THE PAGE.....
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ts= 4/((;0)n)
wd = onV(1-2)
—(r
( 2 )
Percentage overshoot (PO) = e (1-¢) x100%

PLEASE TURN THE PAGE.....

Percent overshoot. ¢ OS

0 01 02 03 04 05 06 07 08 09
Damping ratio, ¢
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Formula Sheet

P=F/A
o=m/v
m-= pAV

P =Pg + Patm

P= p gh

Bulk Modulus g=- -4
dviv

T =udu/dy

_ 4o
pgsd

Zl+&+i12:2 +&+i§

pg 29 7 pg 29

PLEASE TURN THE PAGE.....
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Q- W =AU + APE + AKE

W = [ PdV

PV =C

n-1

W =P (v2—v1)

W =PV In (\QJ
V.

Q =Cy4AV2gh

_P1Vi-P2V,

V,=C \/2g h, [”gm
e

> F= AM_ am

i
F=pQVv
Re=VLp/u
dQ=du+dw
du=cudT

dw = pdv

PLEASE TURN THE PAGE
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pv = mRT
h = hf + thg
s = s¢+ xsfg

v=xVg

Q- w=Ymh

PLEASE TURN THE PAGE.....
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F 271
L[ R
R,
T
T,
SZ_SlchL Ln?l
T h
S,=C — =
¢ TP TNo73 T,
T f
S = pLLn_f_'__g pu Lnl
273 ] T,
SZ—Sl=|\/|Cp LnL—MRLn&
T 1
F Lo pu’s
2
F :%CLPUZS

d
S =—(P+pgZ
o ds( p9Z)

_ aD*Ap
128l

64(Lj(v2j

hy=—| = | —

R\ D A 29
2
hf:41‘Lv
d2g

Q

f==2
Re

PLEASE TURN THE PAGE.....
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2
h = Kv
29
k%)
m 2g

Sgen = (82 - Sl))_'_%

W =(U, -U,)-T,(S,-S,) —T,S,e
W, =W -P,(V, -V,)

W, =U, —U,)-T,(S,-S,) +P,(V,-V,)
®=(U-U,)-T(S-S,)+Po(V-V,)

I =ToS,,

V=ro

END OF FORMULA SHEET
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