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. rticity Transport From a Thin Rotating Rod. A very long,

S e e R e
Newtonian liquic ‘The rod and surrounding liquid are initially at rest,
but at time t = 0 torque is applied to the rod, causing it to rotate
‘around its axis at a constant angular velocity 24, for ¢ >0. The rod’s
i iy st s vlody 1. 01 12, Te ol
pr

0, v0(r,),0)

in a frame of reference fixed with respect to the liquid and using a cylin-
drical coordinate system whose = axis coincides with the cylinder. One
expects the ¢ momentum to be transported away from the rod into the
surrounding liquid by the viscous mechanism, with the velocity distur-
bance gradually reaching further in r as ¢ increases.

(a) Show that for the velocity field assumed, the vorticity w =V x v
has only one component, along =

where v is the kinematic viscosity. This is a diffusion equation for
vorticity.

(b) The equation found in () needs atsxliary conditions. That the fi
is at rest initialy, and at rest far from the cylinder for ¢ >0 gives
two conditions; express these in terms of w,. For a third, treat the
rod as a line-source for vorticity The diffusion equation in () has
the form of s conservation equation for a scalar quantity in motionless
media. The right hand side can be interpreted as

-V.Q=-V-(-vVu,)

where Q = W, s a flux with only a radial component. Con-
sequently one can stipulate a constant total outflow flow boundary
condition at = K. Show that this thinking leads to

b LIV
g~ Tgrs = constan
which is a line-source. What value of a s suggested by dimensional
analysis 7
(€) Find the solution for w,(r = 0,¢) using similarity transform (Hint:

the transform needed is suggested by V&O Exercise 7.9 ).
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