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QUESTION ONE [30marks]

a. The impeller of a centrifugal pump has a diameter of 0.15m and an
axial width at the outlet of 16mm. There are 16 blades shaped
backwards and inclined at 25° to the tangent of the periphery. The
flow rate through the impeller is 9m3/hr when it rotates at 750
revolutions per minute. Calculate the head developed by the pump
when handling water and assuming one dimensional ideal flow theory
and allowing for relative eddy between the blades determine the
actual head developed. [13
marks]

b. Discuss the phenomenon of slip in hydraulic machines.
[5 marks]

c. A wave in water 100 m deep has a period of 10 s and a height of 2m.
Determine the wave celerity, length, and steepness.

i. What is the water particle speed at the wave crest?
11. when it has propagated into a near shore depth of 2.3 m.

Calculate the wave celerity and length
[9 marks]

d. Withexampleslistthetwomainclassesofturbines

QUESTION TWO [30 marks]

[3 marks]

a. A Kaplan turbinedelivering40MW worksunder ahead of 35mand runsat
167rpm.Thehubdiameter is2.5mandrunnertipdiameteris5m. The
overall efficiency is 87%. Determine:

i) Thebladeangles at thehub and tipand at adiameterof
3.75m.

ii) The
=
speedratioand flow ratiobased onthe tip velocity. Assume

1JH 90%

[22 marks]



Page 3 of 9

b. A singleacting reciprocating pumphasaplunger ofdia. 300mmand
strokeof 200mm. if the speed of the pump is 30rpm and it delivers
6.5I/s of water. Find the coefficient of discharge and the
percentageofslipof thepump.

[4 marks]

c. Based on the method by which mechanical energy is transferred to
the fluid withexampleselaborateonthetwomain classesofpump
classification.

[4 marks]

QUESTION THREE [30 marks]

a. A Peltonturbine is required todevelop9000kWwhenworkingundera
headof 300m.Theimpellermayrotateat500rpm.Assumingajet
ratioof10and overall efficiency of 85%, calculate the following
assuming a speed parameter of 0.48:

i. Quantity of water required.
11. Diameter of wheel

iii. Number of jets
iv. Number and size of bucket vanes on the runner
v. The velocity triangles at inlet and outlet

[15marks]

b. A Francis Turbine delivers 16MW with an overall efficiency of
85% and a hydraulic efficiency of 91 % when running at 350rpm
under a head of 1OOm. Assume Internal Diameter is 0.6 of outer
diameterandthewidth is0.1ofthe diameters. The flow ratio is 0.2
and blade blockage is 8% of flow area at the inlet. AssU171e
constant flowvelocity andzerowhirl at exit. Determine the runner
diameter and bladeangles.

. [15marks]
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QUESTION FOUR [30 marks]

a. The inletofadraft tubeofa reaction turbine is2.5mabove the tail
race level. Theoutletarea is3timesthe inletarea.Velocityatinlet is
8m/s.kinetichead recovery is 80%. Considering atmospheric
head as 1Om water column, determinethepressureatthedraft
tubeinlet.
[7marks]

b. List the function ofadraft tube [3
marks]

c. Acentrifugal pump is requiredtoproducea flowofwater ata
rateof 0.0160m3/s against a total head of 30.5m. The operating
characteristics of a pumpataspeedof 1430rpmandarotor
diameterof125mmisas follows:

Efficiency 0 48 66 66 45 %
UA 0 0.0148 0.0295 0.0441 0.059 M3/s
HA 68.6 72 68.6 53.4 22.8 M

Determine:
i. Correct size ofpumpand its speed toproduce the requiredhead

and flow.
ii. If only the 125mm pump is_available, what speed must it run to

obtain the required head and flow.
iii. What is the efficiency and input power to the pump?

[20 marks]
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