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INSTRUCTION: Answer FOUR (4) questions ONLY.
Please use the answer sheets provided.

Question 1 (CLO2)

(a

(b)

(c)

(d)

Briefly explain what is meant by fluid kinematics.

(2 marks)

Determine the stagnation point in cartesian coordinate (x, y) for the following 2-dimensional

velocity fields V.

V = (u,v) = (0.5 + 1.2x)7 + (-2.0 — 1.2y)]

(2 marks)
V=@v)=01+25x+y)+(-05-3x - 2.5y)]

(6 marks)
V =@wv) = (@®— (b—cx)®)T + (—2cby + 2¢2xy)]

(4 marks)

Determine the value of constants in the following velocity fields 7 so that the flow is

incompressible, and mass is conserved.

V= (a;x + byy + ¢, 2)T + (azx + by + c;z)] + (azx + b3y + c3z)E
(2 marks)

V =alx2y+ y2)T+ (bxy?)j+ (cx)k
(4 marks)

Determine the acceleration components (ax and ay) at point (2,-1) in a steady, incompressible,

two-dimensional flow velocity field given as:

V = (u,v) = (1.85 + 2.33x + 0.656y)T + (0.754 — 2.18x — 2.33y)]
(5 marks)
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Question 2 (CLO2)

(a) In the linear momentum equation, the term summation of force (XF) is usually referred to

these three (3) types of forces. State these three (3) types of forces.
(3 marks)

(b) in brief, explain the difference in concept between linear momentum equation and angular

momentum equation.
(4 marks)

(c) A steam jet 35mm in diameter is discharged from a nozzle with a velocity of 80ms'. The
steam has a specific volume of 2.3m%kg™. This jet of steam strikes a stationary turbine blade
which deflects the steam by 30° from the horizontal axis as shown below. Calculate the
magnitude and direction of the resultant force on the blade. Ignore the effects of friction.

(18 marks)

Figure 1: Steam jet striking a turbine blade
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Question 3

(a)

(b)

(c)

(d)

With the aid of diagram, describe rotodynamic pumps and give tHree (3) examples of such .

machines.
(8 marks)

State three (3) factors that affect the net positive suction head (NPSH) in pumps.
(3 marks)

State the difference between brake horsepower and water horsepower and define the

efficiency of turbine in terms of these quantities.
(4 marks)

The water pipe both upstream and downstream of the pump has an inner diameter of 2cm
and is smooth (zero roughness). The minor loss coefficient of the sharp inlet is 0.5, each
valve has a loss coefficient of 2.4, three elbows has a total loss coefficient of 0.9. The
contraction at the exit has a diameter of 0.8cm and a loss coefficient of 0.15 at exit velocity.
The total iength of pipe is 8.75m and the change in elevation (z1 — 22) is 4.6m. Calculate the
volume flowrate through the piping system shown in Figure 2 below assuming free delivery

conditions (Hrequires = 0). Take pwater = 1000kg/m?®and u = 1.002 x 10°kg/ms.
(10 marks)

Figure 2: Reservoir piping system
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Question 4

(a)

(b)

()

State three main objectives of dimensional analysis.
(6 marks)

State and briefly define the three (3) principles of similarity.
(6 marks)

A fully developed Couette flow which is flow between two infinite parallel plates separated by
a distance h, with the top plate moving and the bottom plate stationary as shown in Figure 3
below. The flow is steady, incompressible, and two-dimensional in the xy-plane. By using
Method of Repeating Variables and the Buckingham Pi Theorem, determine the

dimensionless terms () for the following dimensional relationship:

u=fuvhpy

» V
| pn u
i b |

Figure 3: Fully developed Couette flow

Given:
u = fluid velocity in the x-direction (m/s)
M = dynamic viscosity (Pas)
v = velocity of the top plate (m/s)
h = distance between top and bottom plates (m)
p = density of fluid (kg/m3)
y = distance from bottom plate (m)
(13 marks)
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Question 5

(a)

(b)

in a river flowing at a velocity of 1.5ms™, a motorboat travels upstream at 9ms™' relative to the
land. The boat is powered by a water jet system that sucks in water at the bow and discharges
it at the stern. The discharge velocity is 18ms™" relative to the boat with a volume flowrate of

0.15m%". The engine produces 21kW of power. Take pwater = 1000kgm.

(i) Calculate the propulsion force of the water jet system.
(3 marks)

(i) Calculate the propulsion force on the motorboat.
(4 marks)

(iii) Determine the water jet system overall efficiency in percentage. Take efficiency (1) in

__ output force 0
percentage as n = Tpucforce. X 100%.

(2 marks)

A 75mm diameter jet has a velocity of 33.5m/s. it strikes a blade moving in the same direction
at 21.3m/s. The deflection angle of the blade is 150°. Friction further reduces the relative
velocity of water with respect to the blade by 1.5m/s. Determine the force exerted by the water

on the blade.

(16 marks)

Figure 4: Jet flow striking a moving plate
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Question 6

(@)

(b)

(c)

One of the important parameters in the analysis of fluid flow is Reynolds Number (Re). State

three (3) factors that influence Reynolds Number.
(3 marks)

The two (2) flow regimes namely laminar and turbulent have many different properties when
compared to each other. From the viewpoint of flow over flat plate, describe in your own
words and with the aid of diagrams, the boundary layer (8) acting on a flat plate, and state
the factors affecting the flow regime within the boundary layer to change from laminar to

turbulent.
(10 marks)

Atrainis 110m long, 2.75m wide and with sides 2.75m high is travelling at a velocity 160km/h.
Assuming that the skin friction drag on sides and top of the train can be approximated to a

flat plate that is 110m long and 8.25m wide and taking the density of air as pg;r = 1.225 -fn—i,

Uair = 1.790 X 1075 Pas, determine the following:

() The drag force (Fp) exerted by the air on the frontal area of the train.
(7 marks)

(i) The boundary layer thickness (3) at the location x = 110m (at the end of the train).
(2 marks)

(i) The power (P) needed to overcome the drag force (Fp).

(3 marks)

END OF QUESTION PAPER
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Fluid Statics

Fluid Kinematics &
Dynamics

P141v1 = prAv;

@+6(pu) 6(pv)+6(pW) _

ot dx dy 0z 0
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Head Loss

Py

Py

v, 2 P, v,?

1
+_+Z1 + Hpump =p_§+ 29 +Zz +HL +Hturbine

2g
u = L {v?

(pipe friction factor)

Y
L — Zg

(losses in fittings)

H, = (f%+ >:K) (%)

(total head loss in system)

_pvD wD
===

Re

Re < 2000 (laminar)
Re = 4000 (turbulent)
(for flow in pipes)

Flow Over Immersed
Bodies

64
/= %e
(laminar flow)
1
- 1x10%\3
f =0.0055|1+{20000¢&; +
Re
(turbulent flow)
Fp
Crh =
b %pva
Fy
CL B %pvzﬁ

CD = CD,friction + CD,pressure

FD = FD,friction i+ FD,pressure

vl vl
ReL = 'p'—‘ = -
U v
vX  vx
Re, = 7=
u v
4.91(x
5 = 49109
Re,?
c = 0.664
I Rex;

(for laminar flow, Re < 5 x 10°)
*flow over flat plate at location x

0.38(x)
Rex%
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. _ 0059
I Rexé

(for turbulent flow, 5 x 10°> < Re < 1 x 107)
*flow over flat plate at location x

C = 1.33
4 ReL%

(for laminar flow, Re < 5 X 10°)

*flow over the entire plate of length L

0.074
f =

Re,%
(for turbulent flow, 5 x 10° < Re < 1 X 107)

*flow over the entire plate of length L

Buoyancy

Fp =W pfgvsub = pavg.bodygvtotal

Turbomachinery

(P v?
H=|—+=++2
pg 29

P v?
|tz
out rg 9 in

H = EGLyy — EGLiy,

i . . AP .
Wyater horsepower = mgH = pgVH = m-? = VAP

bhp = Wshaft = wTshaft

n = Wwater horsepower __ Wwater horsepower = ngH
pump Wshare bhp WTshast
P,— Py ayv* — v,
Hyequirea = hpump,u = 0g 29 +(zz—z)+ Hytotal
P v B,
NPSH = | —+— -—=
Py ) pump inlet 2
Nid, _ N,d,
NU = ——=
Vo, Wz
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