COM 03

An incompressible flow in a pipe has a velocity profile given by:

r2
u(r) = uc(l _RZJ

where u. is the centerline velocity and R is the pipe radius. Determine the average velocity in the pipe.
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COM 03

SOLUTION:

The volumetric flow rate using the average velocity profile must give the same volumetric flow rate using
the real velocity profile.

y=+H s dA
Qrealzju'dAzjdgz J. uc(l—”Az)(Zﬂrdr)zéﬂuch dA = (1)
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The velocity, u(r), is nearly constant
over the small annulus with radius dr so
we can write the volumetric flow rate
over this small area as dQ = u(r)dA =

u(r)(2nrdr).
Operage = J.u dA =17 ( ya Rz) (There is no need to integrate since the velocity is uniform over r.)  (2)
A
Oreal = Onverage = %ﬂ'uch = ﬁ(ﬂRz) 3)
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