
Homework 9
ME 225: Introduction to Fluid Dynamics • D. H. Kelley

Each item counts 4 points.

1. An incompressible, viscous fluid is placed between horizontal, infinite, parallel plates
as shown in Fig. 1. The two plates move in opposite directions with constant velocities,
U1 and U2, as shown. The pressure gradient in the x direction is zero, and the only
body force is due to the fluid weight. Use the Navier-Stokes equations to derive an
expression for the velocity distribution between the plates. Assume laminar flow.

Figure 1: Problem 1.

2. The streamlines in a certain incompressible, two-dimensional flow field are all concen-
tric circles so that vr = 0. If A is a constant, determine the stream function for

(a) vθ = Ar, and

(b) vθ = A/r.

3. The stream function for an incompressible flow field is given by the equation ψ =
3x2y − y3, where the stream function has the units of m2/s, with x and y in meters.

(a) Sketch the streamline(s) passing through the origin.

(b) Determine the rate of flow across the straight path AB shown in Fig. 2.

4. The stream function for a given two-dimensional flow field is ψ = 5x2y − 5y3/3. De-
termine the corresponding velocity potential.

5. An ideal fluid flows between the inclined walls of a two-dimensional channel into a sink
located at the origin, as shown in Fig. 3. The velocity potential for this flow field is

ϕ =
m

2π
ln r,

where m is a constant.



Figure 2: Problem 3. Figure 3: Problem 5.

(a) Determine the corresponding stream function. Note that the value of the stream
function along the wall OA is zero.

(b) Determine the equation of the streamline passing through the point B, located at
x = 1, y = 4.
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