CP502 Advanced Fluid Mechanics (30-hr Project)




                           September 2010

Project 6: Unsteady-state motion-driven flow between two concentric cylinders with outer cylinder rotating and the inner cylinder at rest. 
(Owing to the slightly raised complexity of the problem over Projects 1 to 4 for a beginner in CFD and in the steady flow profile derivations, a bonus of 30% of the marks gained for the project will be added to the final marks.)

6.1 
A stationary incompressible Newtonian fluid is contained between two concentric cylinders of radii kR and R (where k < 1). At time t = 0, the outer cylinder is set at motion with a constant angular velocity Ω. Assuming axisymmetric flow, show that the flow velocity (uθ) in the tangential direction is governed by the following equation: 
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(6.1)

where ρ is the density, μ is the viscosity and r is the distance along the radial direction from the axis of the pipe. 

6.2 
Reason out the initial and the boundary conditions given below: 
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(6.2a, b and c)

6.3
Show that the steady-state velocity profile and the corresponding torque acting on the unit length of the inner cylinder are given by the following equations: 
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(6.3)
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(6.4)
6.4 
Using the non-dimensionless quantities, 
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(6.5a, b and c)

reduce equations (6.1) and (6.2) to the following: 
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(6.6)
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(6.7a, b and c)

6.5
Solve equations (6.6) and (6.7) using appropriate numerical methods.

6.6
Simulate the velocity profile uθ with time t for different values of Ω and show that it approaches the steady velocity profile as t goes to infinity. Take the fluid to be water at 27oC and the radius of the pipe R as 0.2 m and the ratio of the radii k as 0.5.
6.7
Plot the variation in the torque acting on the unit length of the outer cylinder as a function of time, and show that the torque approaches its steady value as t goes to infinity.
Reference: B. Bird, W.E. Stewart and E.N. Lightfoot, 1960, Transport Phenomena. 2007, John Wiley & Sons.     
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