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                 TIME: 2 HOURS
INSTRUCTIONS:   
ANSWER QUESTION ONE (COMPULSORY) AND ANY OTHER TWO QUESTIONS

Question One (30 Marks)
a)
Explain the meaning of the following terms as applied to fluid mechanics

(i)
Geometric similarity






(3 Marks)


(ii)
Dynamic similarity






(3 Marks)

b)
In a pipe of 400 mm diameter the maximum velocity of flow is found to be 3m/s.  If the flow in the pipe is laminar, find:


(i)
The average velocity and the radius at which it occurs.

(4 Marks)


(ii)
The velocity at 50mm from the wall of the pipe.


(3 Marks)

c)
Determine whether the flow is attached, detached or on the verge of separation for the following velocity profiles:


(i)
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(3 Marks)


(ii)
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(3 Marks)

d)
(i)
Define a Reynold number.





(2 Marks)

(ii)
Show that the Reynold number is given by 
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where the symbols carry their usual meaning.






(6 Marks)

e)
State any three (3) characteristics of laminar flow.



(3 Marks)

Question Two (20 Marks)
a)
Explain the meaning of the following terms as applied to boundary layer theory:

(i)
The ‘no slip’ condition





(1 Mark)


(ii)
The boundary layer






(2 Marks)


(iii)
The boundary layer separation




(2 Marks)

b)
The velocity distribution in the boundary layer is given by 
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being the boundary layer thickness.  Find:


(i)
The displacement thickness





(3 Marks)


(ii)
The momentum thickness





(3 Marks)


(iii)
The energy thickness






(3 Marks)

c)
Describe with sketches any two methods of controlling the separation of boundary layers.










(6 Marks)
Question Three (20 Marks)
a)
State three (3) cases where Reynolds model law can be used.

(3 Marks)

b)
An oil of specific gravity 0.9 and viscosity 0.002Ns/m2 is to be transported at a rate of 2.5m3/s through a 1m diameter pipe.  Tests were conducted on a 0.1m diameter pipe using water at 20°C is 0.001NS/m2, find: 


(i)
The velocity of flow in the model




(5 Marks)


(ii)
The rate of flow in the model.





(2 Marks)

c)
Find an expression for the power absorbed in overcoming viscous resistance in the case of journal bearing.







(10 Marks)

Question Four (20 Marks)
a)
An oil of viscosity 0.8NS/m2 and density 800Kg/m3 is flowing through a horizontal pipe of 60mm diameter.  If the pressure drop in 100m length of pipe 1,600,000N/m2, determine:


(i)
The rate of flow of oil.





(4 Marks)


(ii)
The centre line velocity





(2 marks)


(iii)
The velocity gradient at the pipe wall.



(4 Marks)


(iv)
The Reynolds number and state whether the flow is laminar or turbulent.











(3 Marks)

b)
Obtain an expression for velocity distribution, u, for coquette flow with b being the separation distance between the two plates.




(7 Marks)
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