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Based on the variational approach, the
reversal of the swirling flow has been described
by the equation
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where Q  is the vorticity of the flow. An
axisymmetric solution was obtained, and a
reversal of axial flow was demonstrated.

In order to relax the axisymmetric condition, we
write
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From the vorticity equation (1), we have a
general solution as
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where Q,(,f) and Qz(,f) are numerical coefficients.

The flow velocity U may be expressed as
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The present solution is not valid in the near-
wall region, as is noted in the main text. In the
calculation of dissipation the integral
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(I):f (—87’) dV is used, and the helicity is
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given as ‘P=fv U-Qdv

We limit the volume integral to the range
r<ry per unit length of a cylinder. After a
lengthy mathematical manipulation, we have
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From Eqgs.(11) and (12), @ is rewritten as
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From the eigenvalue condition J 1(7» rM)=0 , we

have
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In Eq. (13), the second term is positive from Eq.
(14). This fact indicates that the minimum-®
state under the constraint of fixed ¥ is realized
for
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That is, the axisymmetric condition is given as
the minimum state of @.
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