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Taylor Vortex Flow at Very Small Aspect Ratio
(Mode Formation and Bifurcation in Time-Developing Dynamic System)
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Mode formation and bifurcation in Taylor vortices are interesting physical phenomena which
are typical of those in nonlinear dynamics. In this study, we investigate the system with aspect ratios
(column height/gap width) of order of unity and present the numerical results of flows in various
modes and unsteady transitions between modes. The appearance of the normal two-cell mode,
anomalous one-cell mode, twin-cell mode and unsteady mode is predicted. When the flow starts from
rest, the flow in an anomalous mode or twin-cell mode is established after the sudden breakdown of
symmetric two-cell mode. In the flow of unsteady mode, the values of physical properties vary
periodically. When the rotation speed of the inner cylinder decelerates, the mode transition between
normal two-cell mode and anomalous one-cell mode and the transition from twin-cell mode to
anomalous one-cell mode are found.

Key Words: Computational Fluid Dynamics, Stability, Fluid Transients, Taylor Vortex Flow,
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cation
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Fig. 1 Numerically calculated mode pattern obtained by abrupt increase of Re
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(a) Symmetric normal (b) Asymmetric normal
two-cell mode. two-cell mode.
(I'=1.0, Re=800) (=10, Re =200)

Fig. 2 Velocity vectors in normal two-cell mode. Sym-
bols ® and © indicate clockwise and counter-

clockwise rotating directions, respectively
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(b) Numerical result
(Ir=1.0, Re=600)

(a) Experimental result
(I'=1.0, Re =659)

Fig. 3 Velocity vectors in anomalous one-cell mode
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Fig. 4 Velocity vectors in twin-cell mode
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Fig. 5 Flow development from rest to normal two-cell
mode (I' = 1.0, Re = 200)
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Fig. 6 Flow development from rest to anomalous one-

mode (I' = 1.0, Re = 500)
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Fig. 7 Flow development from rest to twin-cell mode

(I'= 0.7, Re = 1000)
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Fig. 8 Time variation of mean enstrophy (I'=0.5,
Re=600)
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Fig. 9 Time variation of mean enstrophy (I'=0.5,

Re=1500)
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Fig. 10 Variations of streamlines at time points shown
in Fig. 9
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Fig. 11 Development of flow field from anomalous one-
cell mode to normal two-cell mode (I'=0.8,

Re=500— 100, t,=1500, ¢,=3000)
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Fig. 12 Development of flow field from normal two-
cell mode to anomalous one-cell mode (I'=1.0,
Re=800 — 500, t,=2400, ,=4800)
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Fig. 13 Development of flow field from twin-cell mode to
anomalous one-cell mode (I'=0.8, Re=1000—
600, ¢,=3000, ¢,=6000)
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