CP502 Advanced Fluid Mechanics (30-hr Project)




                           September 2010

Project 4: Unsteady-state motion-driven flow between two parallel plates
4.1 
A stationary incompressible Newtonian fluid is contained in the space between two infinitely wide parallel plates placed at a distance B apart from each other. At time t = 0, the lower plate is set in motion at velocity V in x-direction and the fluid begins to flow. Assuming one-dimensional flow, show that the flow velocity (ux) is governed by the following equation: 
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(4.1)
where ρ is the density, μ is the viscosity and y is the distance perpendicular to the plates measured from the lower plate. 

4.2 
Reason out the initial and the boundary conditions given below: 
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(4.2a, b and c)

4.3
Show that the steady-state velocity profile and the corresponding volumetric flow rate per unit plate width are given by the following equations: 
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(4.3)
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(4.4)
4.4 
Using the non-dimensionless quantities, 



[image: image7.wmf]V

u

U

x

=

, 

[image: image8.wmf]B

y

=

h



and

[image: image9.wmf]2

B

t

r

m

t

=

,



(4.5a, b and c)

reduce equations (4.1) and (4.2) to the following: 
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(4.6)
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(4.7a, b and c)

4.5
Solve equations (4.6) and (4.7) using appropriate numerical methods.

4.6
Simulate the velocity profile ux with time t for different values of V and show that it approaches the steady velocity profile as t goes to infinity. Take the fluid to be water at 27oC and the distance between the plates B as 0.1 m.
4.7
Plot the variation in the volumetric flow rate per unit plate width as a function of time, and show that the volumetric flow rate approaches the steady volumetric flow rate as t goes to infinity.

Reference: Ismail Tosun, Modelling in Transport Phenomena: a conceptual approach. Second edition 2007, Elsevier.     
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