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[Three Hours]

[Answer all questions. Each question carries FIFTEEN marks]
All standard notations denote their usual meanings.

Q1.

Pipes are connected between two reservoirs as shown in Figure Q1. If H = 11 m,
# = 8x 107 Pa s and specific density of the liquid is 0.9, find the discharge through
pipes A, B, and C.

2.5 k

You may consider that% = —2log [— + —]

AV

A k=12mm —_—
L=110 m; d=100 mm

L=80 m; d=120 mm

k=9 mm
L= length; d=diameter; k=pipe roughness

Figure Q1
[15 Marks]

Q2. a) The laminar boundary layer results obtained from the momentum integral

equation are relatively insensitive to the shape of the assumed velocity profile.
Consider the velocity profiles given below.

0= =2%)-1)’
wem=2%)-1%) -2’

Which of the above expressions produces meaningful results when used with the
momentum integral equation? Provide reasons for your answer.
[4 Marks]
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b) Corisidering your answer in part (a),

(i)  Determine the boundary layer thickness: as a‘funct{on Of x. _
| ‘ V(5 Marks]

(ii)). A smooth thin flat plate with a length of 1 m and width of 3 m is
immersed parallel to a stream of velocity 2 m/s. Calculate the boundary

layer thickness at the trailing edge of the plate and the drag forceonone

side of the plate for air (p = 1.23 kg/m%v = 1.46 X 10~5m?/s).
e [6 Marks]

A

Q3. A horizontal flow between the walls (Figure Q3) is defined by the étr_eam function.
Y= [47‘4/ 3 sin G 9)] m? /s, where r is in meters. ’

a)

Figure Q3

Determine the flow rate between points A(r =2 m, = 45°) and B(r=4m, 6 = 45°).
[3 Marks]

b) If the pressure at the origin is 20 kPa, determine the pressure atr = 2m, 6 = 45°.

p =900 kg/m3.
[12 Marks]

A circular cylinder of diameter d is placed in a uniform stream of fluid as shown
in Figure Q4a. Far from the cylinder, the velocity is V and the pressure is
atmospheric. The gauge pressure is P at point A (@ = 170°) on the cylinder
surface. T :

Figure Q4a
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(i) Using dimensional analysis show that .pV—z =f (T

[5 Marks]

(i)  The gauge pressure P is to be determined from a model study for a
20 cm diameter prototype placed in an air stream having a speed of
2.5m/s. A 1:12 scale model is to be used with water as the working
fluid. Some experimental data obtained from the model are shown in
Figure Q4b. Calculate the pressure at corresponding point A in the
prototype.
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Figure Q4b

[5 Marks]

b) For ideal fluid flow passing a circular cylinder, radial and tangential velocity
components are given by U,=U (1 i ;Zi) cosf; Ug=—-U (1 + %2) sing,
respectively. By applying Bernoulli's equation show that P — p—vz(l — 45in?6)

2
and calculate the pressure at the corresponding point A in the prototype.

[5 Marks]
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