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Patterns of Barotropic Vortex in a Rotating Fluid and
the Structural Rotation of Tripolar Vortex

Hyeok Min Kwon, Young Lok Oh*, and Tae Yeon Kim
Gyeonggi Science High Schoal for the Gifted, Gyeonggi 440-800, Korea

Abstract: In this study, the patterns of barotropic vortices and their structural rotation were investigated through laboratory
experiments. Both stable and unstable barotropic vortices were formed in a rotating water tank with a rotating circular
plate depending on the diameter, direction, and speed of rotating circular plate. The patterns of stable vortices turned out
to be tripolar, triangular, rectangular, and monopolar vortex. These vortex patterns were affected by the gap between the
circular plate and the wall of the water tank. Many unstable vortices were formed by anticyclonically and highly rotating
circular plate. These results were caused by the centrifugal instability. The structural angular velocity of the tripolar vortex
increased with the tangential velocity of the circular plate. The anticyclonic tripolar vortex had higher structural angular
velocity than the cyclonic vortex. The tripolar vortex in the water tank was very similar with the real oceanic tripolar
vortex from the view point of the Rossby number and the structural rotation.

Keywords: barotropic vortex, tripolar vortex, centrifugal instability, structural rotation, rotating fluid
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Fig. 1. A schematic drawing of the laboratory experiment.
The water tank on the turntable always rotates counter-
clockwise at 10rpm. A spinning circular disk is used to
form barotropic vortices, it rotates clockwise or counter-
clockwise at 2-15 rpm relative to the water tank. The camera
corotate with the water tank.
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Fig. 2. Typical barotropic vortices formed for various values
of d/D and /€. The inner diameter (D) of the water tank
is 39cm and the background rotating angular velocity (£2)
of the water tank is 10rpm counterclockwise. (a) tripolar
vortex, d/D=0.38, ®/2=1.0. (b) triangular vortex, d/D
=0.77, @/€2=1.0. (c) rectangular vortex, d/D=0.90, v/
=-0.3. (d) monopolar vortex, d/D=0.90, w/Q2=03. (e)
unstable vortex, d/D=038, w/Q2=-14. (f) very small
vortices of the outside of monopolar vortex (d).
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Fig. 3. The observed various barotropic vortex structures, as a function of &/D and w/Q2. d, D, o (2 are the diameter of
rotating disk and water tank and the angular velocity of rotating disk and water tank, respectively.
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Fig. 4. The structural rotation of anticyclonic tripolar vortex.
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Fig. 5. The angular velocity (d6/dt) of structural rotation of the tripolar vortex, as a function of wd. The angular velocity of
cyclonic and anticyclonic tripolar vortex increases almost linearly as wd increases. Note that the slope of anticyclonic tripolar
vortex is greater than the cyclonic vortex.
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