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6.76 A layer of viscous liquid of constant thickness (no ve-
locity perpendicular to plate) flows steadily down an infinite,
inclined plane. Determine, by means of the Navier—Stokes
equations, the relationship between the thickness of the layer
and the discharge per unit width. The flow is laminar, and as-
sume air resistance is negligible so that the shearing stress at
the free surface is zero.

6.77 A viscous, incompressible fluid flows between the two
infinite, vertical, parallel plates of Fig. P6.77. Determine, by
use of the Navier—Stokes equations, an expression for the pres-
sure gradient in the direction of flow. Express your answer in
terms of the mean velocity. Assume that the flow is laminar,
steady, and uniform.
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6.81 Two immiscible, incompressible, viscous fluids hav-
ing the same densities but different viscosities are contained be-
tween two infinite, horizontal, parallel plates (Fig. P6.81). The
bottom plate is fixed and the upper plate moves with a constant
velocity U. Determine the velocity at the interface. Express your
answer in terms of U, w,, and u,. The motion of the fluid is
caused entirely by the movement of the upper plate; that is,
there is no pressure gradient in the x direction. The fluid ve-
locity and shearing stress are continuous across the interface
between the two fluids. Assume laminar flow.
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An incompressible Newtonian fluid flows steadily be-
tween two infinitely long, concentric cylinders as shown in
Fig. P6.93. The outer cylinder is fixed, but the inner cylinder
moves with a longitudinal velocity V, as shown. For what value
of V,, will the drag on the inner cylinder be zero? Assume that
the flow is laminar, axisymmetric, and fully developed.
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7.11 Under certain conditions, wind blowing past a rectan-

gular speed limit sign can cause the sign to oscillate with a fre-
quency . (See Fig. P7.11 and Video V9.6.) Assume that w is
a function of the sign width, b, sign height, i, wind velocity, V,
air density, p., and an elastic constant, &, for the supporting pole.
The constant, &, has dimensions of FL. Develop a suitable set
of pi terms for this problem.
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7.16 Assume that the drag, %, on an aircraft flying at su-
personic speeds is a function of its velocity, V, fluid density, p,
speed of sound, ¢, and a series of lengths, €, t;, which
describe the geometry of the aircraft. Develop a set of pi terms
that could be used to investigate experimentally how the drag
is affected by the various factors listed. Form the pi terms by
inspection.






