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Study of geometric effects on vortex breakdown in a rotating axisymmetric
circular cylinder

Kim Jae Won , Kim Nam Wook , Byun Sam Mon

Abstract

A numerical investigation has been made for flows in an axisymmetric circular cylinder with a
rotating cone located at the bottom of the container. The axisymmetric container is completely filled with
a viscous fluid. Major parameter for the present research is the vertex angle of the cone, otherwise
Reynolds number of fluid and aspect ratio of the vessel is fixed. Main interest is in vortex breakdown of
meridional circulation by rotation of the cone with respect to the longitudinal axis of the cylinder. The
method to this problem is numerically to integrate momentum and continuity equations on a generalized
body fitted grid system. The pattern of vortex breakdown is quite different from that in a right circular
cylinder with flat end wall disks. Flow visualization photographs of a preceeding work are compared
with the present numerical results.
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Table 1. Flow parameters for present
numerical works.

Flow Reynolds | Aspect

. Vertex angle
run number ratio
of cone
parameter: (Re= (v= ®)
Numerical OR*) H/R)
CASE 1 60 degree
CASE 2 90 degree
CASE 3 2570 30 | 120 degree
180 degree
CASE 4 (flat disk)
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18 1. Schematic illustration of flow
diagram and coordinates system.
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232, Comparison of vortex
breakdown for Re=1854,
v=2.0. (a) the photograph by
M. P. Escudier. (b) the
present numerical results
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Z1¥4. Plots of meridional circulations
to show vortex breakdown near
the vertical axis for Re=2570,
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Table 2. Comparison of number of bubbles
according to the vertex angle of the cone.

Number of bubbles
Re | v 8 present | Escudier’s
(deg.)
results work
60 1 -
90 2 -
25701 3.0 120 2 —
180 2
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