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Abstract

An experiment is carried out to study the surface-tension driven flow characteristics in a cylindrical
liquid column heated from above (which is the low gravity floating zone simulated on earth) with
varing the aspect ratio and diameter of the liquid column. Hexadecane, octadecane, silicon 0il(10cs),
FC-40 and water are used as the test liquids. The free surface shape varies sinusoidally for Ma>
Ma.- and its frequency is found to be the same as that of temperature oscillation. It is verified
that the surface temperature profile changes from linear to S-shaped profile for Ma> Ma... The
frequency of temperature oscillation decreases with increasing liquid volume, while its level increases.
Ma.. decreases with increasing aspect ratio, and also decreases with increasing Prandt]l number in
the range of 25<Pr<70.

7 5 4 B R DA - AR R E

Ar H %‘3& H] (L/D) r . o_)i _r__,] a HO]_*O]: 5}_&15;_

Bo. :% Bond % (pgD/|30/3T|) z P g FoluEk AR FH

D R Ma  : Marangoni 4 (|90/0T| A T-D/pa)
f P EEAEF Ma.. : A Marangoni £
£ i R Py :Prandtl 4

L tollFo] ol T rolFe o

T PAREY 2y
* 434, dAd e FaE 7 A Fds T. DR =

** A3, dAdsn e AT 4 38ge 253



630 ol A %

A gAE

: 2 A s A
-1

TEEAY

R AA S
EAAA S
eEAFY AF

¥ R 9 o WA

1. A B

XA wH3le) 2§ &3 (surface-tension driven
flow) & AfEHE¢ A+ 49 AfFEndd L5
IL szl FFRE o ool WE EFHAFY ¥
32 olrlH e 258 TEbe 53] Lxwisld el 4
7le FAAY oo A 3EL dx4AHE §5 &
& Marangoni f-%ol2t &+, olejyt E=AY w3
2 Q% ZEL AYNEY oy LA 24 o
g vz gLo] W Aeu ol E € 2TLT L
33 A2 7] 28 o] % (migration of a bubble) 1*¥
dA Qe EdolA e 49 H4t(flame spreading) @
9 g (melt) 2 $5]¢8] A4 4A(crystal growth) &
o] gt

EAY Hg3t2 QF FEq I AT 704
2 FA$F4AY FHow $FF7 FATA o] Lo
7hssl A el el FE FA A fAlfEs W
Hol 313 o) FFQ s JF3I FHTdv FFFke
A Bfd 484 (floating zone method)el] &% 2%
9 4 kA AL X HF AT Fh=
wol o]l Fojzich. & AT A= old AQiet ¥
Hd £gded Ay vAFHA st AAFYRL
A4 A AFAR AAF FH A8 HolAer
velvde 2t §o 983 ol 13 A4FAY A
A3E T 4+ don ¥ & AL AL F U+
o] slek. zevh A A sA (crystallization) o] 4
€5 9 FEHIZ T A4 AHEAY FAAY Y
22 opyH e FEL 2d2 EAFH He A4 F
9] ggke] 7t4e wz} Ao XA FFo
el oo =gl B2hAY TR 8 Yo B8
W Fa4el el d4= AT 1093 AR o
£ 2= ¢ 45y A4 sd4Y Wz 4
FE dg AT AFH o2 DU o] FJXa gl
o,

Ostrach®= g% 5829 g g Add
59 432 wlql %5 Bond 4 (Bos=pgBD*/|00/0T])

kool F oA

F A A9 201 AP Fdd Fol
g FHAF g 39 JFL A o n]4
94 el Ef4d S5l g AP L A4
A A" e g 4 vtz gk, Schwabe, Schar-
mann, Preisser ¢} Oeder™ &= NaNQO,; & 843 4§
Y Aol of ste] Marangoni -, F Ma$rt AR
o] kel w A AFAle) 22| &% 4| % (thermooscillation)
o] A7l vl Al 28 Aolrt doj g APAH e
2 #alslgcl. Schwabe & Scharmann® & NaNO,
ol 3l FHulY W HE o9 2 2E=AF
o] dejue Ma <, & oA Ma+¢ wislE ddA
2 %4}3lg o9 Chun 3 Wuest® & light-cut method
ol & Aol FHql RFFol L& Uz 2
2HE LEAFL 4F WY fAHEd FQ s
3 stg b, =& Kamotani 8} Vargas1® &= FC-43 3}
¥ 2td| 7} (hexadecane)of] of stef A Ma5& A4A
28 T £xAFol Eul 2EE 3o UAF A
7o £xAFY UL Fd TR Qg o
A Afado e S5} o]2 Qg B WY
o Flalgtetz &tgel. =3 Chuni} Wuest'd = 3
ol A& AAo FFAA Ay HAo Yawzls
Hol IRy ¢ AHgor PAdTgon] o] Iy
o] I YA LEAFFo A F-EE Hedn
ol AR M AHEH WFPo| AAUTY {F
of ZlQztetn dhgiet. @ Lai'® & §4 AH3d
o Wye] g At A Yo gyl &
= 3 25749 #AE% (coupling)ol] #q T4 stut
AetEg FEged Pr>lal A%, Pr49 F7td
el L5750 gAEY Prglg) A Pr49
Ztaeell Hel LEAFol AR o Z5tg o

A AI78 453 Ao ¥gY &
R ATE A" S et A TR Aty
o] AAAo)x] F3le 2EAF S HT ATFE o}
A7t2] F£38] o] Folx A L Amoltt, & oAF
oAl A€ #Aui3t, SEh 3k (octadecane), 4EE ¢
(silicon oil) (10cs), FC-40 3} $F<+& 4-8% 959
Ao A £F 2 LEAFT FH4 ¢ 4PH o= &y
Al X, wzsm otge Prso =& A Mas
9 W3lx zAstnal jid.

2. BN 1 gy

2.1 AMEEX|
£ AT AHER AEAA = i S840 =e}



459 4 FAY Witz Ay ZEFAA A 4¥A 47 631

Fig. 13 72 Adel 97 Azsglet. 24 4
235 s34 Aold] (%3 AAE hHAA 4F
< stk AA AfEdd ETHE Fod. 4
R 2E A7 FdA FAL Folx a3 ol
A7 gom EAXE dibdoz F oA gl o
Az d4u g, Leblg, 48E 29(10cs), FC-
40, 5%+ 57HFE 4™ AHEegeh. A A4
ulAlFE A sl A& Ao 5] I F
Bond 47} 1 B} Zope st A - a4 A7
4.2mm o] 32 A3 =

Fig. 2& ¥ Add A48 F A AAY M=o
th, AARdsl g43e FFo s Alzsiga A4Ee
Y2844 ot AGE + QA sgek old 43
2 23t JaEAd JdsE gHgs $u
o] 75W 4l slidacs 2 ZA 3t Alejstglon 49
ILE EHHE 70~100°C, A& LEHE 25
~35°Coll 4 ol Foj ). AW £x FAL A
o] 0.075mm ¢l C-C(copper-constantan) d X & s}
gk, AR x4 -3 dA &2
ol 4 2mm =& 2 He] H7o] 0.125mm gl C-Cd=l

£ Fastd A skgoh AL ARE o]l
Hatgle] slA] 7t 1.5mmal o] f Atz FYWE 24
sgeh A dile £49 L2 AW E 53
L2 23R AU o[ X Ay o Fefol A
o] $1}Ah (3] 4] =1. 5mm) & 24 ] EFFH g o
dAdel4 dex FAddL A 509 A= FF o
23 wW4st 0.5mV/cmal 3-pen 7] EAd] 7] S35
=t

Th

Fig. 1 Schematic of simulated floating zone
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Fig. 2 Schematics of main experimental set up
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Fig. 3 Schematics of light-cut method
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Fig. 4 Sketch of the streamlines
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Dimensionless axial coordinate

Fig. 7(a) Surface temperature profile variation
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