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Homework 5
Due Nov 28, 2006.

1 Water flow down a vertical circular pipe under gravity. The pipe walls are
pulled up with velocity U . Is it possible for there to be zero net volume flux
down the pipe? If so, what is U?

2 A circular cylinder of radius a rotates with angular velocity Ω cos ωt. Com-
pute the flow of a viscous fluid inside the cylinder. [You may want to ignore
transients.]

3 [Acheson 2.14] Consider in y ≥ 0 the 2-D flow

u = αxf ′(η), v = −(να)1/2f(η),

where
η = (α/ν)1/2y.

Show that it is an exact solution of the Navier–Stokes equations which (i) sat-
isfies the boundary conditions at the stationary rigid boundary y = 0 and (ii)
takes the asymptotic form u ∼ αx, v ∼ −αy far from the boundary if

f ′′′ + ff ′′ + 1− f ′2 = 0,

with
f(0) = f ′(0) = 0, f ′(∞) = 1.

Bonus: solve the equation numerically and plot your solution. Show that
f ′(3) = 0.998.

4 Find the dimensionless parameters for flow of a thin film of depth h with
surface tension σ. [You should find at least Froude, Weber and Reynolds num-
bers.]
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