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Abstract

Numerical investigation on the structures of various Taylor vortices induced in the flow between two
concentric cylinders, with the inner one rotating and with a pressure-driven axial flow imposed, is
carried out, and compared with the experiments of Wereley and Lueptow [Phys. fluid, 11(12), 1999]
who studied the Taylor vortices using PIV in detail. Especially, the properties of helical vortices and
random wavy vortices are discussed, and their three-dimensional structures are visualized using the
numerical data. Our simulation also predicts that random wavy vortices have quasi-periodic movement
which can be explained by traveling waves formed in the azimuthal direction. The numerical results are
well consistent with the experimental findings of Wereley and Lueptow.
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Fig. 2 Instantaneous contours of azimuthal velocity
component on the center surface of the
annulus; laminar vortex (LV) at Ta=123 and
Re=0, wavy vortex (WV) at Ta=139 and
Re=4.9, laminar helical vortex (HV) at
Ta=129 and Re=24, helical wavy vortex
(HWV) at Ta=167 and Re=13.1, random
wavy vortex (RWV) at Ta=215 and Re=24.
The regions of higher (lower) azimuthal
velocity than the median is marked by black
(white)
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Table 1 Properties of azimuthal waves for various
cases of Ta and Re
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Fig. 3 Movement of the vortex center during
passage of one traveling wave at a given
r-z plane, &= (r-r;)/d, Ta=129, Re=0
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Fig. 4 Distribution of the axial velocity component
along a radial line (% ) through a Taylor
vortex center; without an axial flow
(Ta=123 and Re=0) and with the exact
laminar axial velocity profile subtracted

(Ta=123 and Re=4.9)

Fig. 5 Local Reynolds number along the azimuthal
direction, at Ta=139, Re=4.9
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Fig. 6 Instantaneous velocity vectors of helical
vortices on a portion of an r-z plane in
the flow domain along with arrows
pointing the corresponding vortex on the
other side; 7a=129 and Re=24 (HV) with
the axial velocity profile removed. Solid
and dotted lines represent foreground and
background pointers, respectively. O.C. and
I.C. denote ‘'outer cylinder' and ‘inner
cylinder', respectively
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Fig. 7 Three-dimensional structures of helical
vortices, Ta=129, Re=24, with the axial
velocity profile removed; (a) contours of
azimuthal component of vorticity (wg) in
a portion of the flow domain, dark color:
positive g, bright color: negative g,
(b) contours of J—0.254°>0 where J
represents Jacobian of shear-stress vectors
and A denotes divergence of
shear-stresses
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typical azimuthal plane during passage of one wavelength of the travelling wave (from top to
bottom); (a) including the axial velocity profile, (b)with the axial velocity profile removed
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Fig. A.1 Velocity vectors and magnitude contours
of azimuthal velocity component in a
radial-axial plane at 7¢=139, Re=4.9
during passage of one travelling wave
(from top to bottom) with the axial
velocity profile removed



