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Question ONE

a) Define the following;

I.  Kinematic similarity
Il.  Geometric similarity

I1l.  Dynamic Similarity
6 marks

b) Explain clearly Buckigham’s 1T —theorem method of dimensional Analysis. 3 marks

c) The thrust force, F generated by a propeller is found to depend on the following parameters: diameter D,
forward velocity u, density p, viscosity p and rotational speed N.

Determine the dimensionless parameters to correlate the phenomenon.
11 marks
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Question TWO

128uLQ

a) Showthat AP = y
7D

Where; AP is the pressure drop
u is the dynamic viscosity,
L is the length of the pipe,
Q is the discharge
D is the diameter
16 marks
b) Oil flows at the rate of 3 I/s through a pipe of 50 mm diameter. The pressure difference across a length
of 15 m of the pipe is 6 kPa. Determine the viscosity of oil flowing through the pipe.
4 marks
Question THREE

a) A plunger of 0.08m diameter and length 0.13m has four small holes of diameter 5/1600 m drilled
through in the direction of its length. The plunger is a close fit inside a cylinder, containing oil, such that
no oil is assumed to pass between the plunger and the cylinder. If the plunger is subjected to a vertical
downward force of 45N (including its own weight) and it is assumed that the upward flow through the
four small holes is laminar.

I.  Sketch the arrangement 5 marks

I1.  Determine the speed of the fall of the plunger.
The coefficient of velocity of the oil is 0.2
8 marks

b) The velocity distribution of a viscous liquid (dynamic viscosity u = 0.9 Ns/m?) flowing over a fixed
plate is given by u = 0.68y - y2
(u is velocity in m/s and y is the distance from the plate in m).

Calculate the shear stresses at the plate surface and at y=0.34m?
7 marks

Question FOUR

a) The diameter and width of a contrifugal pump impeller are 50 cm and 2.5 cm. The pump runs at 1200
rpm. The suction head is 6 m and the delivery head is 40 m. The frictional drop in suction is 2 mand in
the delivery 8 m. The blade angle at out let is 30°. The manometric efficiency is 80% and the overall
efficiency is 75%.

I.  Determine the power required to drive the pump.

Il.  Calculate the pressures at the suction and delivery side of the pump.
10 marks
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b) A centrifugal pump has been designed to run at 950 rpm delivering 0.4 m®/s against a head of 16 m. If
the pump is to be coupled to a motor of rated speed 1450 rpm.
Calculate the
I.  discharge,
1. head

I1l.  power input.

Assume that the overall efficiency is 0.82 remains constant.
10 marks

Question FIVE

a) Sketch a reciprocating pump showing its main parts and describe its operation.
12 marks

b) In asingle acting reciprocating pump with plunger diameter of 120 mm and stroke of 180 mm running at
60 rpm, an air vessel is fixed at the same level as the pump at a distance of 3 m. The diameter of the

delivery pipe is 90 mm and the length is 25 m. Friction factor is 0.02

Determine the reduction in accelerating head and the friction head due to the fitting of air vessel
8 marks
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