ONSET OF INSTABILITIES IN TAYLOR-DEAN FLOW OF YIELD-STRESS FLUID
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ABSTRACT:

We present an experimental study of the stability of the Taylor-Dean flow of well characterized suspensions of
solid disks occurring between two horizontal coaxial cylinders. The inner cylinder is rotating and the outer cylin-
der is at rest. By means of a visualization technique, we determine the shape of the vortices which take place in
the flow at the onset of the instability and the corresponding critical parameters against the flake concentra-
tion and the system aspect ratio.

ZUSAMMENFASSUNG:

Dieser Artikel stellt eine experimentelle Studie der Taylor-Deam-Stromung gut charakterisierter Plattensus-
pensionen vor, die zwischen zwei koaxialen, waagerechten Zylindern hervorgerufen wird. Der innere Zylinder
istin Drehung, wahrend die AulRenseite ruht. Mit Hilfe einer Visualisierungs-Methode bestimmen wir die Form
der Luftwirbel, die im Abfluss entstehen, sowie die entsprechend kritischen Parameter gemaf der Konzentrati-
on der Platten und der Geometrie des Systems.

RESUME:

Cet article présente une étude expérimentale de I'écoulement de Taylor-Dean de suspensions de disques bien
caractérisées, généré entre deux cylindres horizontaux et coaxiaux. Le cylindre intérieur est en rotation alors
que celui extérieur est fixe. A I'aide d'une technique de visualisation, nous déterminons la forme des tourbillons
qui prennent naissance dans I'écoulement ainsi que les paramétres critiques correspondants en fonction de la
concentration des disques et du rapport d'aspect du systéme.

Key worbps: Baroclinic instability, Herschel-Bulkley model, necking cell, suspension, Taylor-Dean instability, Tay-
lor vortices, wavy Taylor vortices

1 INTRODUCTION

Dean [1] considered the flow of a viscous fluid in
a curved channel under a pressure gradient. He
showed that there occurs an instability of a sim-
ilar type to the Taylor vortex flow. The Taylor-
Dean flow is the combination of the Taylor-Cou-
ette flow (generated between two coaxial
rotating cylinders), [2] with the Dean flow (the
fluid being pumped at the same time around the

oscillatory marginal modes and stationary three-
dimensional ones in the Taylor-Dean problem.
The theoretical study was performed by Diprima
[6]. Generally, the authors assumed the onset of
theinstabilitytobe axisymmetricand stationary.
Chen and Chang [7] presented a linear stability
parametric study of the Taylor-Dean flow in a
wide range of the two parameters governing the
problem.These parameters are the ratio of angu-

annulus). The Taylor-Dean arrangement is con-
cerned with many engineering applications such
as paper making [3]. Raney and Chang [4] (see
alsoDrazinand Reid [5]) showed that there exists
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lar velocity of the outer cylinder to that of the
inner cylinder and the ratio of pumping and rota-
tion velocity denoted here by A. They furnished a
topology of the nature of the instability. So they
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Moreover we note an increasing of the value of
Ta according to the concentration for all values
of the aspect ratio I'. Analyzing these data, we
can deduce an experimental law from the exper-
imental curves as

Ta=a+ bcr' (7)

The values of the constants a, b and c are deter-
mined by fitting from the experimental curves
(Tables 1and 2).

4 CONCLUSIONS

We performed an experimental investigation of
the effect of the onset of hydrodynamic instabil-
ity in the Taylor-Dean flow of suspensions of sol-
id disks of Aluminium in a Simili gazoline-Chal-
lala M mixture (80/20). The suspensions were
well characterized. They have a viscoplastic rhe-
ological behaviour following the Herschel-Bulk-
ley equation of state. The stability of any rotat-
ing hydrodynamic system has never been
considered before for this rheological model. The
variation of apparent viscosity and rheological
parameters of the suspension against the disk
concentration C was then derived from the pre-
vious rheogramms. The apparent viscosity, the
consistency and the power law index follow a lin-
ear dependence on C, while the yield stress
remains quite constant with the same average
value as for the suspending liquid.

The onset of the instability was then inves-
tigated using a visualization technique. For giv-
en concentrationintherangestudied, the nature
of the structures taking place in the flow system
depends on the radial aspect ratio tested, while
for given radial aspect ratio in the range studied,
the value of the critical Taylor number charac-
terizing the onset of the instability in the flow
system depends on the particle concentration.

We notably found that the evolution of the
value of critical Taylor number Ta corresponding
to the occurrence of the first instability is non-
linear according to the radial aspect ratio. First of
all, we noted that for high radial aspect ratio,
namely 10.16 < I’ < 10.44, the secondary motion
which is superimposed on the base Couette flow
is of (well known) stationnary Taylor vortex flow
type. The flow stability being analogous to that
(well known) of a closed system, we could focus
ourinvestigationsonradial aspectratiosuchthat
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I'’<10.16,and we notably identified three regions.
In the range 10.16 < I’ < 9.85 we noted a stabiliz-
ing effect of the flow according to the radial
aspect ratio. This is due to the effect of the free
surface. Furthermore, we noted the occurrence
of a necking cell at the exit region. In the second
range 8.22 < I'"” < 9.85, a source of instability
occurs, which is located at the extremity of the
flow system generating an inclined travelling
rolls with the coexistence of a baroclinic insta-
bility, which itself is responsible for the decreas-
ing of the critical Taylor number characterizing
the onset of the instability in the flow system.
Finally,inthethirdrange2.19<I""<8.22,theinsta-
bility has the form of inclined travelling rolls.
Moreover, the baroclinic instability does no
longer exist for I'” < 7.82 inducing an increasing
of the Taylor number according to the decreas-
ing of I, which indicates a stabilizing effect of
the free surface. We also noted an increasing of
critical Taylor number according to the concen-
tration, which indicates a stabilizing effect of the
particle as described by an exponential evolution
for the second and the third regions.
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