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The Thermocapillary Effect on Pure Conduction Mechanism in a
Closed Square Cavity
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Abstract

In a closed square cavity filled with a liquid, a cooling horizontal upper wall and a heating lower
wall, the flow isn't generated under the ground-based condition when Rayleigh number is lower than
1700. In this mechanism, Ra=1534, Temperature and velocity ficlds near an air-bubble in silicon-oil
under a cooled upper wall were investigated. Temperature and velocity fields is visualized using the
thermo-sensitive liquid-crystal and light sheet visualization technique. The quantitative analysis for the
temperature and the flow fields were carried out by applying the image processing technique to the
original data. The symmetry shape of two vortexes near an air bubble was observed. As the bubble
size increased, the size of vortex and the magnitude of velocity increased. In spite of elapsed time, a
pair of vortexes was the unique and steady-state flow in a square cavity and wasn't induced to the
other flow in the surround region.
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Table 1 Properties of silicon oil at 20C. Ref(8)

Kinematic viscosity, V

1.109% 10™ *m?/s

Thermal diffusivity, &

1.1X 10_7m2/5

Density, p

969.4kg/m®

Volumetric thermal
expansion, [3

95.46x107° K~ !

Surface tension, O

21.2%x1073N/m

Variation of surface tension
with temperature ( 9o/ T) -

6.17X107N/m K

Table 2 Properties of TLC

Temperature range 19.5K ~ 22K
Red start 195 K
Density 998 kg/m’
Response time 0.23 msec
Diameter 20 pym
Resolution +02 K
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Schematic diagram for flow mechanism
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Table 3 Dimensionless groups related to bubble
radius, at y,=1(mm)

rhem | Ur U' | Ma|Md' | Bo | Bo

1.80 | 0.00229 | 0.00115. | 37.5 | 18.8 | 40.9 | 81.6
2.59 | 0.00329 | 0.00149 | 77.5 | 34.4 | 19.8 | 44.6

3.68 | 0.00468 | 0.00189 |165.5| 63.2 | 9.8 | 24.3
470 | 0.00598 | 0.00213 |255.5|91.0} 6.0 | 16.9
5.23 | 0.00666 | 0.00231 1316.6|109.8| 4.8 | 14.0
5.50 | 0.00700 | 0.00242 1350.0|{115.1] 4.4 | 133
5.82 | 0.00740 | 0.00252 (391.5(119.8| 3.9 | 12.8
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