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Chaotic behavior of thermocapillary convection in half-zone liquid bridge
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Three dimensional ‘oscillatory’ convection appears in a half-zone liquid bridge of a high Prandtl number fluid (Pr > 10) when a
temperature difference between both end surfaces of the bridge exceeds a critical value. In the present study, flow patterns induced by
thermocapillary-driven convection far from the criticality are obtained by numerical simulation. The flow patterns are distinguished
through the velocity and temperature variation in the bridge, the power spectrum of the surface temperature variation, the reconstructed
pseudo-phase space and the evaluations of the correlation dimension and the Lyapunov exponents. The reconstructed flow patterns and
their characteristics are in good agreement with the experimental results by our group.
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Fig. 1 Configuration of the half-zone liquid bridge
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Table Physical properties of 2 cSt silicone oil

Pr[-] v[m%s] x [m%s]

or [N/(m'K)] plkg/m’] Bl

28 2.00x10°® 7.12x10°®

7.15x10° 8.70x10° 1.24x10°
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Fig. 3 Correlation dimension and maximum Lyapunov exponent.
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Fig.2 Route to chaotic and turbulent behaviors in the half-zone liquid bridge; (1) Ma/10*
=3.5,(2)6.1,(3) 6.3, (4) 6.4 and (5) 8.0. Column (a) indicates the temperature distribution
at mid-height of the bridge, (b) the time series of the surface temperature variation, (c) its
Fourier spectrum, and (d) the reconstructed Pseudo-phase space.
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