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I'instabilité caractérisée par le changement de pente du
gradient de température, mais progressivement jusqu’a
aboutir 4 la forme finale.

I=1.5A , AT =82¢
Figure 8 : Evolution des rouleaux de Rayleigh-Bénard dans le
Carbopol 980 (0.05 wi%) en fonction de la puissance injectée.

5. Conclusion et perspectives

Alors que la bibliographie indiquait que la contrainte
seuil empéche le développement de ['instabilité de
Rayleigh-Bénard [8], les résultats expérimentaux
mettent ¢vidence I’apparition du mode convectif et que
le phénomeéne est réversible en aller retour, et cela pour
différentes concentrations de fluide. L’¢tape suivante
va étre de mesurer les champs de température dans le
volume par utilisation de cristaux liquides, et aussi de
regarder plus finement l'interaction entre le modéle
rhéologique le plus pertinent et les gradients de vitesse
présents dans la cavité. L’effet du glissement a la paroi
sera aussi abordé.
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Experimental study of the Rayleigh-
Bénard convection in a yield stress fluid

Abstract

An experimental investigation of the Rayleigh-Bénard
convection in a yield stress fluid by combined local
visualization of the flow fields and integral temperature
measurements is presented. First, the experimental
system and the measuring techniques are validated by
conducting experiments with a Newtonian fluid
(Glycerin). The classical continuous imperfect
bifurcation to convective states is confirmed (Fig.6)
and the critical Rayleigh number is found in a fair
agreement with both theoretical prediction and
previous experimental studies, Similar measurements
were performed for Carbopol solutions at various
concentrations (various yield stresses). For each of
these yield stress fluids an imperfect bifurcation to
convective states is found. As the rheological
behaviour of the solutions is highly nonlinear and
irreversible upon increasing/decreasing applied stresses
this result is somewhat surprising. In spite of
rheological nonlinearity and irreversibility of
deformation states illustrated in Fig. 2 the reversibility

of the bifurcation towards convective states in a
Carbopol gel is preserved (Fig. 7). Future theoretical
and numerical developments able to rationalise our
experimental findings are needed. What is clear for
now, however, is that Rayleigh-Bénard stability
problem with elasto-viscoplastic fluids should be
tackled via non-linear methods and, perhaps, a more
sophisticated rheological picture of the solid-fluid
transition in a yield stress fluid should be employed.
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