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Oscillatory Thermocapillary Convection of Half-Zone Liquid Bridge
with Consideration of Ambient Air Motion and Heat Transfer

Masakazu HARASHIMA ", Satoshi KAWAME '™ and Hiroshi KAWAMURA*

Abstract

Thermocapillary convection is driven by surface tension gradient due to temperature gradient along the free
surface of a liquid. Thermocapillarity is of fundamental importance in material processing and in micro scale. A
floating-zone method is a material process technique for producing and purifying single crystals of metals and oxides.

In a half-zone liquid bridge, which mimics a half of a floating-zone method, the thermocapillary convection of a
high Prandtl number fluid is induced by applying the temperature difference A7 between cylindrical hot and cold rods
sustaining a liquid bridge. If AT exceeds a critical value AT, the flow field exhibits a transition from a two-dimensional
steady flow to a three-dimensional time-dependent oscillatory one. The onset of the oscillation is known to be sensitive
to heat transfer at free surface caused by the ambient air motion. Under the gravity environment, however, the
thermocapillary convection is often hidden by the influence of the buoyancy. This problem is solved by experimental
system with a small scale and with placing horizontal partition disks near both the top and bottom rods in the ambient
air. With partition disk, the buoyant flow in the surrounding air can be suppressed and controlled.

In the present study, an effect of the ambient temperature upon the stability of the thermocapillary convection is
investigated experimentally and numerically considering the ambient region with or without partition disk. The
transition A7, once increases and then decreases with increasing heat gain as pointed out by Kamotani (2001). It turned
out that this change in AT, is accompanied by the transition of the azimuthal mode number.
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Fig. 1 Experimental apparatus.
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Fig. 5 Critical Marangoni number as a function of AT.*
for various aspect ratios without partition disk
(Experiment).
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(a) AT, *=1.1, AT=15.7[K]  (b) AT, *=2.3, AT=14.9[K]
(I"=1.0, Experiment)

Fig. 6 Top view at mid-height without partition disk.
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Fig. 7 Top view at mid-height without partition disk.
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Fig. 10 Top view at mid-height with partitin disk.
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Fig. 11 Top view at mid-height with partition disk.
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Fig. 14 Side view of the particle pathline in the
experiment under heat loss without partition
disk (Integrated, AT,* =-0.1, AT=5.4[K]).
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Fig. 16 Side view of the particle pathline in the
experiment under heat gain without partition
disk (Integrated, AT,* = 0.86, AT= 5.9[K]).

Fig. 15 Side view of the particle pathline in the
experiment under heat loss with partition
disk (Integrated, AT, * =-0.1, AT= 4.0[K]).
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Fig. 17 Side view of the particle pathline in the
experiment under heat gain with partition
disk (Integrated, AT,* = 0.81, AT=7.6[K]).
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Aty N LU—t R, EEEICHREE B BRI E
TELTWAZ L L, HWHETFEHICABRm HEE
LHFENCTHNANEE TWD Z &R TH 5.
OEGAIZIE, @iEe v R L 0 ST OEE O
F@EWed, kv y FIEFIC b8V B & i
FRAEET, ~ T =R PRICERE S D IS &
>, vy FORWIEEIZEHBWT, BHHERIZ
IBWTAE OWNNAIAET S, FTEKE e v RiEes
FETEFELLKNL, T2 THRSh, B4

-
—
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BEAA)7 9 R E 7o 3l BRB) ST, AN D
BN D FENCHRA R Z D, ok ricLC, AP
SURTI IR DR &b . Z DT IlEE
IE TR bR B BRI E TEIZR,
JE PSR 20> & TAEAR ~ D BV D W ADMIERE S5 .
X 17 1%, PSR 0 RN D550
WS TH D, U ROBRED -, K MAE
MOWENAR—RFIREIND. ZOTDIEN L
DWHREND. ZOMS T AR T7HIE, REESIC
U0 0 WREEERE A, REZAICERAR S KR v K
DIRE£EE L 5 L Gr=1500~3000 & 5/ h&EW, %
D=, FRRAEORITTE <, (8]0 B3I
L, R L—H R RSN T I RN,
R BENRD CRE Lo TS, F£72, JHEE~
H] 9 ¥R H < 720, FAESEEIR ORI,
WA A BRI O~ 7 ¥ T =3O 0 EEE) /) &
725 T, WRARLHIC O AEERIE N FAET 5.
HMEEDN D IR O KEPIEITUCL < e b=, F
R S 2> D AR~ DBV D A E I INH S b .
s, 0 REOSEIT AT, JE KA E
EFIZHED Ma, OEIMMPAT,*DO KX 7202842
FRTHDHEEZLND.

5 #

Heat gain 52 5% & Heat loss B 52 C O J&] [ U4 O i i
g, SRR RAET 23 IR L - T,
K& B2, BERNLEDR~OER~Z I
=# Ma \Z35 B3 % &, Heat gain BREEICEIT 5 Ma,
3, SRR RIS, AU RO A &
59, HOFARMBEE CIImL, #nll ko
REEIES 2 L RIS 5. O, RAERHE
O — ML F IR C B 22 8 7 T — M B,
L VIEKRDOE— FIZEERT S, Ma, O LTS
MEEDKTICEDLDOTHY, Ma, ODEBIRIKT
&, KN OE— FEOEITE->TAEL .

BN RERL LI28E, RO Ma 1%, &0 &0
JAFHRMEREIZ BV TRAET D, iUt v ki
& o THEHREORHR 2 s S h, JE SRS
HRIE~OBGRAD A LT Z &Ik 5.
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