
II . Elementary viscous flow



2.2 The problem of 2-D steady viscous flow past a circular cylinder of 
radius a involves finding a velocity field                                          which 
satisfies

together with the boundary conditions

Rewrite this problem in dimensionless form by using the dimensionless 
variables

Without attempting to solve the problem, show that the streamline pattern 
can depend on       ,           and        only in the combination, so that the 
flows at equal Reynolds numbers are geometrically similar.





2.3. (i) Viscous fluid flows between two stationary rigid boundaries       
under a constant pressure gradient                     . Show that
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(II) Viscous fluid flows down a pipe of circular cross-section            under 
a constant pressure gradient                      . Show that



2.4 Two incompressible viscous fluids of the same density      flow, one 
on top of the other, down an inclined plane making an angle       with the 
horizontal. Their viscosities are      , and       , the lower fluid is of 
depth      , and the upper fluid is of depth     . Show that







2.6 Viscous fluid flows between two rigid boundaries          ,           , the 
lower boundary moving in the x-direction with constant speed       , the 
upper boundary being at rest. The boundaries are porous, and the vertical 
velocity      is        at each one,       , being a given constant (so that there is 
an imposed flow across the system). Show that the resulting flow is





2.5 Viscous fluid is at rest in a two-dimensional channel between two 
stationary rigid wals           . For              a constant pressure gradient                 
is imposed. Show that                satisfies

and give suitable initial and boundary conditions. Find               in the form 
of a Fourier series, and show that the flow approximates to steady channel 
flow when                        .
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2.7 Incompressible fluid occupies the space                   above a plane rigid 
boundary              which oscillates to and fro in the x-direction with 
velocity              . Show that the velocity field                             satisfies

(there being no applied pressure gradient), and by seeking a solution of 
the form

where         denotes ‘real part of’, show that

where                         .





2.8 A circular cylinder of radius a rotates with constant angular velocity         
in a viscous fluid. Show that the line vortex flow

is an exact solution of the equations and boundary conditions.

Describe roughly how the vorticity changes with time when the cylinder is 
suddenly started into rotation from a state of rest. Likewise, discuss the 
case in which an outer cylinder              is simultaneously given an angular 
velocity           .


