
Chapter q.: Velocity Distribution with 

More That One Independent Variable 


Example 1: Unsteady Flow near a Moving Wall, Semi-Infinite Domain 

A semi-infinite body of liquid with constant density and viscosity is bounded below by a hor
izontal surface (the xz-plane). Initially the fluid and the solid are at rest. Then at time t = 0, 
the solid surface is set in motion in the positive x direction with velocity Vo as shown in Fig. 
4.4-1. Find the velocity Vx as a function of y and t. There is no pressure gradient or gravity 
force in the x direction, and the flow is presumed to be laminar. 
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Example 2: Unsteady Flow near a Moving Wall, Bounded Domain 

It is desired to re-solve the preceding illustrative example, but with a fixed wall at a distance b 
from the moving wall at y = O. This flow system has a steady-state limit as t ~ 00, whereas the 
problem in Example 4.1-1 did not. 
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Example 3: Unsteady Flow near an Oscillating Plate 

A semi-infinite body of liquid is bounded on one side by a plane surface (the xz-plane). Ini
tially the fluid and solid are at rest. At time t = 0 the solid surface is made to oscillate sinu
soidally in the x direction with amplitude Xo and (circular) frequency w. That is, the 
displacement X of the plane from its rest position is 

X(t) = Xa sin wt (4.1-41) 

and the velocity of the fluid at y = 0 is then 

dX
vx(O, t) = dt = Xo w cos wt (4.1-42) 

We designate the amplitude of the velocity oscillation by Va = Xow and rewrite Eq. 4.1-42 as 

(4.1-43) 

where ~{z} means "the real part of z." 
For oscillating systems we are generally not interested in the complete solution, but only 

the "periodic steady state" that exists after the initial "transients" have disappeared. In this 
state all the fluid particles in the system will be executing sinusoidal oscillations with fre
quency w, but with phase and amplitude that are functions only of position. This "periodic 
steady state" solution may be obtained by an elementary technique that is widely used. Math

' ematically it is an asymptotic solution for t ~ 00. 
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