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Dynamic Particle Accumulation Structure (PAS) due to Thermocapillary Effect
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We focus on the dynamic particle accumulation structure (PAS) due to thermocapillary effect

in a half-zone liquid bridge. In present study, we analyzed effects of liquid-bridge shape described

by its volume ratio upon shape of the PAS itself and motion of particle on the PAS by tracking

particles in the liquid bridge and by measuring temperature on the free surface. It is found that the

variation of the liquid-bridge volume ratio leads to a significant variation of the temperature

gradient on the free surface, which results in difference of the shape of the PAS. By considering

the particle motion as simply modeled motion, we explained that the variation of the PAS shape is

determined by drastic change of the axial velocity of the particle.
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Fig. 1 SL-PAS of azimuthal wave number of 3 in
HZ liquid bridge of 2 cSt silicone oil.
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Fig. 2 Experlmental apparatus
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Fig. 3 Typical examples of formed PAS in the case
of (a) VIVy=~ 0.9 (b) VIVy~ 1.0 (c) VIVy= 1.1 Arrows
in the top view indicate direction of the PAS rotation.

(PAS rotates either clockwise or counterclockwise at
the same possibility).
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Fig. 4 Reconstructed motion of a particle on the
PAS at (a) V/Vo = 0.9 (b) VIVy= 1.0 (c) VIVy= 1.1
(for 1 s in top view, 0.6 s in birds-eye view). Arrows
show direction of the particle motion.
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Fig. 5 Time series of particle velocities in radial
direction in return flow (left), and the one in axial
direction near free surface (right). Arrows indicate
maximum absolute velocity Velocities in the region
of 0.36 < /R < 0.92 for left, and 0.18 < z/H < 0.69
for right are plotted (» = 0: center of the liquid bridge,

z = 0: bottom end surface).
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Fig. 6
liquid bridge observed form side by IR camera (a)
VivVy = 0.9 (b) VIVy = 1.0 (¢) VIV, = 1.1. Arrows
indicate propagating direction of the thermal wave.
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Fig. 7 Surface temperature distribution in the axial

direction on the relatively cold region in the cases of
three different volume ratio V/V, (Axial position = 1:
top end surface).

Fig. 8
PAS itself and motion of a particle on the PAS from
unrolled side view of liquid bridge; (a) base

Spatio-temporal correlation between the

condition”, (b) lower axial velocity case and (c)
higher axial velocity case. Note that directions of
rotation of PAS itself and azimuthal particle motion
are opposite.
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