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The Effect of Heat Transfer from the Bubble Growing on the
Bénard Convection Flow in a Square Cavity
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Abstract

Flow motion and variation of thermal field around a bubble which attached at the upper cooled solid
wall in a Benard convection flow is studied experimentally using thermo-sensitive liquid-crystal tracers and
image processing for flow visualization and analysis. The air is injected gradually by 0.1m¢ to make the
bubble. As the growing of the bubble in a Beénard convection flow, the variation of temperature field and
surface tension along the bubble, which in turn cause to change the thermal field patterns and the flow
direction and patterns. 6 celis flow pattern is transformed into diverse flow pattern.

At the large size of a bubble, it's only conduction mechanism under the region of the bubble because
of low Ra number 1137, but the convection flow both sides of the bubble leads to another convection
flow in the bubble influence area which has been remained stable stagnation.
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Table 1 Fluid properties of the test liquid silicon
oil 100cst (Daw Coming) at 25C

Kinematic viscosity ¢ lem®/s
Thermal diffusivity @  2.8586 %10 cm?/s
Density o 964 kg/ m*
Volume expansion A 96x10~°C !

Surface Tension ¢ 20.9%10 "°N/cm
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Fig. 3 Flow field in state of Benard convection; Fig. 5 Steady state for the reversed state a bubble
Ra=2221, Pr =350, AT=2K, v=100cst size =5.05mm
(a) Original temperature field image, exp.0.5sec (a) (b) (c) : explain same as Fig. 3
(b) Result of image processing
(c) Original flow field image, exp.8sec FAEE FEHTE Uebddh Fig. 39 YEd
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Fig. 4 No flow region, a bubble size r=5.05mm

(a) Left : Original temperature field image (b

exp.0.5sec Fig. 6 In a case of a bubble size r=8.46mm
Right : Result of image processing (a) Original temperature field image, exp.0.5sec
(b) Original flow field image, exp.8sec (b) Original flow field image, exp.8sec
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Fig. 7 In a case of a bubble size r=13.1mm
(a) (b) : explain same as Fig. 6
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Fig. 8 In a case of a bubble size r=18.7mm
(@) (b) (c) : explain same as Fig. 3
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Fig. 9 In a case of a bubble size r=33.7mm
(a) (b) (c) : explain same as Fig. 3
(d) Redrawing flow pattern from the image (c)
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