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Faculty of Engineering

MID-SEMESTER EXAMINATION – November 2010
CP502  ADVANCED FLUID MECHANICS 

(1 hour)

Answer both questions

Simplifying assumptions used in developing solutions should be stated. In case of any uncertainty about the meaning of the question, the assumed meaning should be clearly stated.

It is an open-book examination and therefore you are free to refer to any material.

(1) 
Two very large plane surfaces, one fixed and the other moving at a constant velocity of U, are separated by a thin film of lubricant as shown in Figure 1. The width of the lubricant film is h and the dynamic viscosity of the lubricant is 
[image: image1.wmf]m

. A constant pressure gradient is imposed in the x-direction. The fluid is taken as Newtonian and the flow is assumed to be incompressible, steady, fully developed and laminar.

a) Obtain an expression describing the velocity profile of the flow.

   [6 marks]

b) Obtain an expression describing the volumetric flow rate through one unit width fluid film along z-direction.






   [6 marks]

c) Show that at zero volumetric flow rate, 
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   [2 marks]

d) Show that the pressure should increase in the x-direction to be able to achieve zero volumetric flow rate.       
   





   [3 marks]


[image: image3]
Figure 1
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(2) 
A fluid of constant density and viscosity (
[image: image4.wmf]m

) is in a cylindrical container of radius R, as shown in Figure 2. The container is rotated about its own axis at an angular velocity Ω. The flow is assumed to be steady, fully developed and laminar, and therefore the velocity profile in cylindrical polar coordinates reduces to 
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 and 
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 = f(r). 

a) Assuming no pressure gradient acting in the θ-direction, obtain the differential equation governing 
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. 






   [3 marks]
b)  Show that 
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 satisfies the differential equation governing 
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.    [2 marks]

c) Show that A = Ω and B = 0 satisfies the boundary conditions of 
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.
   [3 marks]

[image: image11]






   Figure 2
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