MAE 210B – FLUID MECHANICS II – SPRING 2017
HOMEWORK ASSIGNMENT # 4 (Due on May 13, 2017)
Problem 1: A layer of liquid of density ρ and viscosity µ lies on the surface of an infinite flat surface inclined
at an angle α, as indicated in the figure. Consider the steady motion induced in the presence of gravity when
the wall is moving upwards parallel to itself with speed V . Obtain the pressure distribution across the layer
assuming that the pressure differences in the air are negligibly small, so that p = pa at y = h. Determine
the velocity distribution vx (y) for 0 ≤ y ≤ h. Find the viscous force per unit surface on the wall. Calculate
Rh
the value of V for which the volume flux 0 vx dy is identically zero.
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Problem 2: Consider the unidirectional periodic motion induced in an infinitely long circular pipe of radius
a by an oscillatory pressure gradient −∂p/∂x = ρA cos(ωt). Write the conservation equation with boundary
conditions that determine the axial velocity vx (r, t) and show how the problem can be solved exactly by
separation of variables. Study separately the limits a2 ω/ν ≫ 1 and a2 ω/ν ≪ 1 and obtain the corresponding
limiting solutions. In biofluid mechanics the square root a(ω/ν)1/2 is called the Womersley parameter, which
takes fairly large values for blood flow in large arteries, as you can see by using the values corresponding to
the human aorta (µ/ρ ≃ 4 × 10−2 cm2 /s, a ≃ 1.2 cm, and ω = 2π s−1 ), but that decreases for flow is smaller
arteries. Find how small the artery radius needs to be for Poiseuille flow to be approximately applicable.
Problem 3: A fluid of density ρ and viscosity µ is confined between two parallel walls separated a distance b.
The fluid rests on a horizontal surface that moves with velocity V ex relative to the vertical walls, inducing a
steady unidirectional motion with velocity v = vx (y, z)ex . Write the equation with boundary conditions that
determines vx (y, z). Rewrite the problem in dimensionless form using V and b as velocity and length scales.
Obtain the solution by separation of variables and show that the volumetric flux is given by Q ≃ 0.27V b2 .
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