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Project 5
Fluid velocities in a cylindrical pipe

In a long na,rrow pipe with circular cross section a fluid is streaming and
we want to investigate how the fluid velocity is va"rying in the pipe. Denote
by u the velocity component in the z-direction and by o the velocity com-
ponent of the r-direction. The flow is circular symmetric, i.e. in cylind.rical
coordinates the dependent variables depend only on r and z, not $.

At the inlet z : 0, the velocity is 0.1 [*lt] in the z-direction, hence
u(r,O): uo:0.1, tr(r,0):6, 0 ( r ( a. The cross section radius of
the pipe is o :0.05 [rn]. The density of the fluid is p - 1000lkgl*\ and the
viscosity u : l0-5 l*' Itl. In fluid dynamic problems the Reynolds number
Re: usaf u is an important quantity. When RE >> 1, as is the case here,
the Navier-Stokes equations 'can be simplifi.ed to
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The pressure p depends oniy on z. At z : 0 the pressure is assumed to be
po : 104lpascall. At r : 0 the boundary conditions are

#ro,z) 
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At the wall r: a both velocity components are zero, i.e.

u(a, z) : u(a,, z) : 0

Far away from the inlet (several meters from the inlet) the velocity will have
a stationary distribution: u : 2uo(t - (r lo)'), u : 0.

The differential equations (1) and (2) must be speciaily treated when
r : 0. Show with the help of I'Höpitals rule that they get thb form
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