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Numerical Study on Bifurcation Phenomena and Mode Formation in Taylor Vortex Flow
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Taylor vortex flows between cylinders of finite length are classified into three modes: primary mode, normal secondary mode
and anomalous mode. With the characteristic length being the gap between cylinders, the Reynolds number is defined by the
rotation speed and the aspect ratio is a non-dimensional length of cylinders. They are dominant parameters which determine
modes of Taylor vortices. In this study, the numerical investigation is carried out on the decelerating Taylor vortex flows. The
governing equations are unsteady Navier-Stokes equations and they are solved by the finite difference methods. Bifurcations
from the normal secondary modes to the primary modes are observed and the range of the Reynolds numbers in which flow
modes exchange is determined. In the flow with anomalous cells, extra cells near the end wall of cylinder merge with each other
and the flow mode becomes normal. The result agrees quite well with experimental evidences.
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Fig.1 Bifurcation from secondary normal mode to prima
ry mode
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Fig.2 Development of flow field from secondary normal
mode to primary mode ( I' = 4.6, Re = 150 - 140
). Deceleration starts at t = 450 and ends at ¢ =
900
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Fig.3 Development of flow field from secondary normal
mode to primary mode ( I' = 5.4, Re = 700 - 80
). Deceleration starts at ¢t = 2100 and ends at ¢ =
4200
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Fig.4 Velocity vectors and contours of stream function
1 near end wall with anomalous cell (T = 5.4, Re
=700 - 80)
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Fig.5 Radial rate of strain on end walls of cylinders ( T’
=54, Re =700 - 80 )
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Fig.6 Path lines of particles released at ¢ = 3234 and
traced until ¢ = 3948 (I = 5.4, Re = 700 - 80 )



