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Numerical Study on Inertial Oscillations in the Spin-up of
Fluid in a Circular Cylinder
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ABSTRACT: In this paper we present the aspect of inertial oscillation typically observed in the spin-up of fluids ar low Rossby
numbers in a circilar cvlinder. Numerical computations for the guasi three-dimensional equation as well us the one-dimensional equation
are performed to estimate the predictability of the one-dimensional equarion with Ekman pumping/suction models. It is assumed that the
discrepancy between the nwo results may be attributed to the ineriial oscillation. The detailed analysis 1o the numerical results reveals
that the axial plane is dominated by a comparatively strong oscillatory flows caused by the inertial oscillation. In view of the fact that
the time-averaged flow field however agrees to the Tavlor-Proudman theorem, it is recommended thar further analvsis is needed to

obtain an improved one-dimensional model like the Revnolds-averaged Navier-Stokes equation for turbulent flows.
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Fig. 1 Schematic drawing for formulation of the axisymmetric

spin-up flow
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Fig. 6 Streamlines (lefl) and vorticity countours (right) obtained by two-dimensional numerics for the same parameter sct

as Fig. 2. Increment of stream functions is 0.0002, and the vorticity is colored white for the value greater than 0.2 and

black for lower than -0.2



Fig. 7 Stecamlines (left) and vorticity countours (right) obtained by two-dimensional numerics for the same
parameter set as Fig. 2. Increment of stream functions is 0.0002, and the vorticity is colored white for the value
greater than 0.2 and black for lower than -0.2. Initially the azimuthal velocity is specified and a circular vortex patch

withe uniform vorticity resides at the center point
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