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Abstract

The hydrodynamic instability of a viscous fluid flow in an annular space between a rotating inner cylinder
having axi-symmetric wavy (cosinusoidal) surface, coaxia with an outer fixed smooth cylinder is studied both
numerically and experimentally. The basic flow is two-dimensional, axi-symmetric with two counter-rotating
vortices per wavelength. On one hand, a CFD code based on a finite volume technique (FLUENT) is used for
flow simulations and on the other hand, the Particle Image Velocimetry (PIV) and wall shear probe
measurement techniques are used, to localise the transitions and to understand the competition between Taylor's
vortices and those imposed by the wavy surface. In this flow system, different flow regimes (steady and
transient states) appear which are not characteristics of the flow in right circular cylinders geometry. The Taylor

vortices appearing in the modified system have to compete with the vortices forced by the geometry.

I ntroduction

The flow between concentric cylinders, as described
by Taylor [1], is one of the most investigated
problems of the motion near rotating bodies. These
vortices may also appear in geometries other than
right circular cylinders. In this connection, Wimmer
[2], among others, has studied the flow between two
rotating spheres. The flow between two-coaxial cones
and a variety of cone-cylinder combinations have
been studied by Wimmer [3-4]. In past, a number of
modifications to the right cylindrical Taylor-Couette
system have been the subject of investigations [5, 6, 7,
8].

This study considers a geometry consisting of two
coaxial cylinders such that the outer smooth cylinder
is stationary while the inner rotating cylinder has an

axi-symmetric wavy surface. The fluid column is
confined axialy by two fixed end plates. This
geometry can be considered as an extension of
Wimmer's cone-cylinder configuration. A closely
related case of the flow in a hourglass geometry has
been studied by Wiener et al. [7].

Basic Flow

The basic flow in the Couette system having wavy
inner cylinder is two-dimensional in meridiona plan
with an out-of-plan swirl component. It consists of
two counter-rotating vortices per wavelength of the
inner cylinder. This is due to the imbalance in the
centrifugal forces resulting from the periodic nature



of the inner cylinder’s radius such that the crest points
of the wavy surface behave like outflow boundaries
and the trough points like inflow boundaries of the
geometric vortices.

The radial and axia velocity components crucially
influence the generation of the vortices. Both of them
depend on the angular speed of the inner cylinder, the
local axial position, the amplitude and the wavelength
of the wavy surface.

(i) (i)

Figure 1: Basic Flow with two different cylinders
having the same wavelength (I =71.75 mm) but
different amplitudes: (i) a=3.91mm, (ii) a=1.96 mm

Behaviour of Taylor vortex flow

Two-dimensional basic flow has significant influence
on the inset, occurrence and behavior of the Taylor
vortices. With increasing the rotational speed as the
Taylor number exceeds certain critical value the flow
becomes supercritical but owing to the wavy surface,
the flow becomes supercritical at some points while it
remains still sub-critical at the others. The loca
Taylor number is defined as:
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Where ry: the mean radius of the inner cylinder, R:
the radius of the outer cylinder, W: angular speed
(rad/s) and n: kinematic viscosity, a wave-amplitude
and | : the wavelength.

The vortices appear first at the trough points as could
be anticipated because of the maximum value of Tyg.
The visual observations and the wall shear probe’s
signals (Figure 2) show that at the on-set of this
instability the flow system starts exhibiting an axia
spiral motion.
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Figure 2: Oscillations due to spiral motion
recorded by a wall shear probe placed at the outer
cylinder’swall.

This oscillatory state decays out once flow is
supercritical everywhere in the annulus.
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Figure 3: The Taylor and geometric vortices with
two different cylinders having the same
wavelength (I =71.75 mm) but different wave-
amplitudes: (i) a=3.91mm, (ii) a=1.96 mm



The duration of the oscillatory flow state, the size and
the intensity of the Taylor vortices depend on the
amplitude and the wave length of the inner cylinder.
Figure 3, shows the Taylor vortices along with the
geometric  vortices after the decay of these
oscillations.

With the increase of the rotation rate, the flow
undergoes the subsequent transition and the multi-
vortex configuration starts oscillating. If one
continues to increase the rotation rate, the
oscillations go more and more intense till the
moment that the strong geometric vortices start
absorbing the less intense Taylor vortices and the
flow comes back to its two-vortex per wavelength
configuration.

Figure 4: Absorption of Taylor vortices

Experimental and theoretical methods

The velocity field is measured by using Particle
Image Velocimetry (PIV). The flow is seeded with
fluorescent particles and the respective optical filter
is used to avoid the optical noise. The experimental
set-up is enclosed in a cubical box. The gap
between the cylinders and the box is filled with a
refractive index matching motor oil (Shell Flex 212
FC). The inner cylinder is driven by a computer
controlled motor. The cylinder rotation is increased
dowly to insure the reproducibility of the flow
states.

The wall shear probe technique is based on the
principle of mass transfer on a micro-electrode, flush-
mounted on the wall of the outer cylinder, when a
potential difference is applied across the micro-
electrode and a reference electrode. When the size of
the micro-electrode is very small as compared to the
reference electrode and the Schmidt number is high,

the mobility of the ions is solely controlled by the
diffusion process. The oxidation-reduction couple
used in this study is the agueous solution of Ferri- and
Ferro-cyanide (3 and 6 moles/m® respectively) with
Potassium sulphate as a catalyser. The details of the
techniques can be found elsewhere [9, 10].

The numerica simulations are performed using a
finite volume based CFD code (Fluent) for laminar
steady state fluid flow. In this regard, the mass
balance and the momentum balance equations are
solved in the cylindrical coordinated. The equations
are discretized using up-wind central difference
scheme and the pressure-velocity coupling is resolved
using the SIMPLE algorithm.

Results

Experimental Vorticity field T=67
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Figure 5: Experimental and Numerical vorticity
field

More results will be presented and discussed during
the oral presentation.

Conclusion

The experimental and numerical analysis presented
here show that in the Taylor Couette system with
wavy inner cylinder, there exists a competition
between regular Taylor vortices and those imposed by
the geometry. Moreover, the vorticity can be



controlled by the variation of wavelength and the
amplitude of the imposed wavy surface.

The combination of the two flows leads to quite
different flow states that do not exist in the Taylor-
Couette system with right circular cylinders.

Acknowledgement

This work has been redlized a Laboratoire
d' Energétique et de Mécanique Théorique et
Appliquée (LEMTA), Institut National Polytechnique
de Lorraine (INPL), Nancy, France as a Ph.D.
research for the author M.R. who gratefully
acknowledges the guidance and assistance extended
by LEMTA-INPL to accomplish the task.

References

[1] Taylor, 1923, “Stability of a viscous Liquid
contained between two Rotating Cylinders’,
Phil. Trans. R. Soc. London, A223, 289-343.

[2] Wimmer, 1976, “ Experiments on a viscous fluid
flow between concentric rotating spheres’, J.
Fluid Mech., 78(2); 317-335.

[3] Wimmer, 1995, “An experimental investigation
of Taylor vortex flow between conica
cylinders’, J. Fluid Mech., 292, 205-227.

[4] Wimmer, 1988, “Viscous flows and instabilities
near rotating bodies’, Prog. Aerospace Sci., vol.
25, 43-103.

[5] Eliko lkeda and Tony Maxworthy, 1994,
“Spatially forced corotating Taylor-Couette
flow”, Phys. Rev. E, 49, 5218-5224.

[6] Koschmieder, “Effect of finite disturbances on
axi-symmetric Taylor vortex flow”, Phys. Fluids,
Vol. 18(5), 499-503.

[7] Wiener, Snyder, Prange, Frediani and Diaz,
1997, “Periodic-doubling cascade to chaotic
phase dynamics in Taylor vortex flow with
hourglass geometry”, Phys. Rev. E, 55, 5489-
5497.

[8] Rotz and Suh, 1979, “Vortex motion induced by
V-grooved rotating cylinders and their effect on
mixing performance”, J. Fluids Eng., 101, 186-
192.

[9] Mitchell and Hanratty, 1966, “A study of
turbulence at a wall using an electrochemical
wall shear-stress meter”, J. Fluid Mech., 26.

[10] Cognet, 1980, “Electrochemical technique for
studies of fluid dynamics and transfer
phenomena, some examples’, Lecture Nagoya
university, J.S.M.E.



