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Dynamics and Structure of a Bathtub Vortex: Importance of the Bottom Boundary Layer
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A bathtub vortex in a cylindrical tank rotating at a constant angular velocity £2 is studied by a laboratory experiment,
a numerical experiment and a boundary layer theory. When the volume flux Q is large and (2 is small, a vortex in
which angular momentum is constant outside the vortex core is formed (Regime I). When Q is small or €2 is large,
however, one in which the angular momentum decreases with decreasing radius occurs (Regime II). When the ratio
of O to the theoretical boundary-layer radial flux Q, (scaled by 2mR%(v£2)"”* for a potential vortex) at the radius of the
drain hole is larger than a critical value (of order 1), the radial flow in the interior exists at all radii and Regime I is
realized. When the ratio is less than the critical value, the radial flow in the interior nearly vanishes inside a critical

radius and almost all of the radial flux occurs in the boundary layer, resulting in Regime II.
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Fig. 2: The angular momentum at
r=4cm scaled by that at the sidewall on
the 20 plane as obtained from the
numerical experiment.  The green
curve shows the criterion given by (1).
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