
ME 351B – Answers to Homework #4

Problem 1: (Yaser Khalighi)
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Harvey Lam
Note: the right hand side is NOT zero even though we have made the constant density assumption. The O(epsilon) error term comes from using a Cartesian form for the divergence when the actual coordinates are not Cartesian.



2



Problem 2: (Ed Knudsen)
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Harvey Lam
Good work! A lot of algebra. But the physics underlying the the simplification is crystal clear! The boundary layer looks Cartesian to a near sighted observer inside! And the viscous term has to play a major role! The math just confirms the intuition.

Harvey Lam
Remember, if the wall is porous and there is stuff oozing out from the wall, then we have a different story to tell.



Problem 3: (Ed Knudsen)
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The above derivation shows that (in dimensional variables) ∂p/∂r and ∂p/r∂θ are of the
same order of magnitude on the surface of the cylinder. However, non-dimensionalizing the
variables using the transformation of Problem 1 shows that:
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∂Y
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)

and therefore ∂P/∂Y � ∂P/∂X.
Another way to look at this is that even though the transverse pressure gradient is large,

it only creates very small pressure changes over the thickness δ of the boundary layer:

∆ptransverse ∼ δ ×
∂p

∂r
� ∆pstreamwise ∼ a ×

∂p

a∂θ
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Harvey Lam
Amazingly, there are text books around that says \partial p/\partial r is small in comparison to \partial p/r \partial theta near the surface of an inviscid flow.

Be critical of what you read.



Problem 4: (Tarun Khurana)
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