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A Study of Heat Transfer Phenomena due to a Formed Gas Bubble under Heat-
Conduction Domain in A Closed Square Cavity
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Abstract

In a closed square cavity filled with a liquid, a cooled the upper horizontal wall and a heated the lower
horizontal wall, the flow isn't generated under the ground-based condition when Rayleigh number is lower than
1700. In such case the flow phenomena near an air bubble under a cooled horizontal wall were investigated. The
temperature and the flow fields were studied by using the Thermo-sensitive Liquid-Crystal and the image
processing. The qualitative analysis for the temperature and the flow fields were carried out by applying the image
processing technique to the original data. Injecting bubble at the center point of upper cooled wall, the symmetry
shape of two vortexes near an air bubble was observed. The bubble size increased, the size of velocity and the
magnitude of velocity increased. In spite of elapsed time, a pair of two vortexes was the unique and steady-state
flow in a square cavity and wasn’t induce to the other flow in the surround region
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Fig. 1 Mechanism of thermocapillary convection

2 g9 FAE BESE A WEL 2

FAS B o5t A e WEt
Ao fAel @Al ool Agu n

A wEA, AAR 2wl oA B
2 94 Heom =99 S
o] el o] AFE s, o #Held
ofwl s o Fulz oAt ZAwel Fee
WA, ol el el
olll= 2RlERA "‘(l)ﬂr 2ol %
augde ewsl  gred i
%7]_01‘11] }1\:]_0 g‘i ]j»—‘— 1__]:]—.

dO' 60‘0T 0060
At oT o ac Ot

dc , 90 0p.
op, ot

86

O O [e) A .
A ddE A FEAE, FY9T FEA|H),
Canon DI1X Digital Camera ¢} PC, =2z 2
AR FAH] o 1 MRS Fig 2 ¢
Fag=

Ao AMEE AES Fig. 3 ¥ o] 53

4 W& F7 3mm 9 Plexiglas 2 W — 79
mm><10 mmX<10mm(Z X Z o] X Fo|)e} o F
97 mmXx28 mmX 10mm = TAStL &F-oF U5
Abole]l 3 mm FIFE ® 2 T TFRE SIS
deld PEL NS G4 2R o Do
=4dNS A dES Aststrl fHEA
oltf. AEe] A/t AAUFI} AR ke
Rayleigh o] ©Asl  AsHon, »
218]o] A Rayleigh = + 658 ©|t}.

S
Viertical Shoet Optics Ve vl

LI
[ | &

I =is

i

PET TR R T

2288

| et Tl s

L

Fig. 2 Experimental setup for the visualization of
temperature and flow field
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Fig. 3 Schematic of experiment specimen
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Table 1 Fluid properties of the test liquid silicon oil
100cst (ShinEtsu) at 25C

Kinematic viscosity 1x 107m7s
Theraml diffusivity 2.8586 x 10 m”s
Density 964 kg'/m

96x 10k

Volumetric thermal expansion

Surface tension 209%x 10" N/m
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Fig. 4 Temperature and flow fields in steady state
without a flow

Ra=658, Pr=350, AT=2K, v=100cst
(a) Original temperature field image, exp. 20sec
(b) Result of image processing
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Fig. 5 In case of bubble size V = 94mm®, exp. 20sec
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Fig. 7 In case of bubble size V = 376mm’, exp. 20sec
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Fig. 8 In case of bubble size 376mm’, exp. 20sec, after
120 minutes from starting experiment
(a) Original image of visualization
(b) Schematic diagram of flow mechanism
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