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Transient process of multiple mode in Taylor vortex flow with finite aspect ratio
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Taylor vortex flows between two concentric rotating cylinders of finite length is analyzed numerically. 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. 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. Even though the aspect ratio and the Reynolds number
are fixed, the final mode of flows developing from rest depends on the acceleration rate of the inner cylinder. The range of the
acceleration rate in which each flow mode appears is determined at uniform aspect ratio, and the formation processes of the
anomalous six-cell mode and the normal six-cell mode are observed.

Key Words : Computational Fluid Dynamics, Fluid Transients, Axisymmetric Flow, Finite Difference Method, Taylor
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Fig. 1 Development of flow field from twin-cell mode to
anomalous one-cell mode (I'=0.8, Re=1000 - 600,
t1=3000, t>=6000)
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Table 1 Acceleration of inner cylinder and final flow mode

(a) I' = 2.6, Re = 500

Ts] | 020 | 040 | 0.60

0.70 0.75 0.80 1.00

St 0.3333 | 0.1667 | 0.1111 | 0.1026

0.0952 | 0.0889 | 0.0833 | 0.0667

Mode A3 A3 A3

N2 N2 N2 N2

(b) I = 2.6, Re = 550

T[] | 020 | 040 | 0.60

0.70 0.75 0.80 1.00

St 0.3030 | 0.1515 | 0.1010 | 0.0932

0.0866 | 0.0808 | 0.0758 | 0.0606

Mode A3 A3 A3

A3 A3 N2 N2

(c) I = 2.6, Re = 600

T[] | 020 | 040 | 0.60

0.70 0.75 0.80 1.00

St 0.2778 | 0.1389 | 0.0926 | 0.0855

0.0794 | 0.0741 | 0.0694 | 0.0556

Mode A3 A3 A3 A3 A3 N2 N2
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Fig. 2 Flow development from rest to anomalous six-cell
mode (I'=5.0, Re=400, t,.=4.8, St=0.42)
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Fig. 3 Flow development from rest to normal six-cell mode
(I'=5.0, Re=400, tqo.=9.6, St=0.21)
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