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streaming in a heated binary fluid layer under weightlessness
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ABSTRACT

Acoustic streaming describes a steady flow generated by an ultrasound wave propagating in a fluid.
The ultrasound waves at high frequency are shown to allow a reduction of convection and also to
affect the stability of the buoyant convection [1]. The coupling of convection and thermodiffusion
leads to species separation independently of the gravity direction [2].

The purpose of this work is to study the influence of acoustic streaming on the species separation
which appears in a heated fluid layer in microgravity. A rectangular cavity (height H and length L with
L>>H )filled with an incompressible newtonian binary fluid is considered. Two impermeable walls are
kept at different and constant temperatures Ty, and T.,q. A constant radiation pressure is generated in
the x direction by an ultrasonic beam of variable dimensionless width e=d/H placed on the upper part
of the wall x=0. (Fig. 1).

The ultrasound field is assumed to be a plane wave traveling in the positive x direction and is

characterized by the acoustic streaming control parameter A, defined as: 4 = OtVazH . / v? where o is

the spatial attenuation coefficient for ultrasound, V, the amplitude of the acoustic velocity oscillation
and V the binary fluid cinematic viscosity.

Analytical and numerical techniques are used to study the stability of the unicellular flow obtained.
The traversal profiles of the basic unicellular flows are determined analytically. This work showed the
possibility of increasing significantly the species separation for an optimal value of the beam width.
The optimum separation is obtained for e=1/2 and the critical value A, , which characterized the
unicellular flow stability loss, is much higher than A, leading to the maximum separation.

REFERENCES

[1] W. Dridi, D. Henry and H. Ben Hadid , Stability of buoyant convection in a layer
submitted to acoustic streaming, Physical Review E 81, 056309, (2010).

[2] B. Elhajjar, A. Mojtabi, P. Costeséque, and M.C. Charrier-Mojtabi, Separation in an
inclined porous thermogravitational cell. International Journal of Heat and Mass
Transfer Vol.53 pp.4844-4851, (2010).

Figure 1.
UItrasoundSO{‘ y=1 Velocity profil Teold
I

1-¢

v

Thof x=L/H X



