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REEAREEERGITHIENRGEX. B4,
MNEFEBHF—ACEESENE R BEREKR
BATHEM. 3R Z R T RN AR A AR
EMIERE X, T EARXFEED, Nz AIE
BRI BIR S B AR MR, Bk, WK
AEHROERBITREFTENHFRRAEAR
FE M LI S AR RE.

4 ERAIEREE

RMEATRE M AT A AL BB /DR EY,
28 48 P A HIT 50 2 7 X VAT i ¥ 44 4 o U AT
. ETRKEBBZLBH T, BREANRE
0 % R A A O T B I B M B PR BN, [
I e R AR RE BT X s, KB
HREAFILERTREE D ITTTE BHERE
b AAE - B A T IR AL AR X R AR A B S
ELHE R AR 160641 FOE [RIFEBUST (65~67). KA Xt
45 58 B0 0 B0 A 1oy e me 93D S M RR AL ME
o), DL BIXT N F KR o, M S AR E £,
HARIEE w = wr +w;, AIEKE o, MRGHE
wi MR ERE], RMEATRE T (K45 R AR A
BB GRS M ERAE S, BEN TG
PO KBS AR LB AT A A2
REE

R R E IS R AR T R IR G R B X
MM ER, BHFRREEEEXRFRENA
#7688 ReRfREMEREXNES LM
AR, e iR E B R PR EAE L
AN “BREE Mo ERIK, BEAZET
FIVER PE AN B8 5 M 23 AT T VR TR AE v SRR A I L
PRI, EH TR E HEE IR M RS M EREER
IRE MRS &M RTESNRBIEFN T RA
AUMEEAREEI BT RUER. @
Wk F BT L NEERE o MARIFEH
APrT FeUIBIEEE TTAR, # WA J7 R AR In Jf
SRR, BRRXTMEERRE E =
%f@hw+uwwmvmﬁﬁﬂﬁmé

1dE 1

Far =5 "PrD-Mal+PrJ) (1)

H A 2—NMEMBESE, D AT 5373 2H3)
TR (Y # S AR AR 43, T J A — E BT AR 4 (68,
K H Marangoni $ 11 4 ANFGEHSE, #1iEAH
KUEMBHEE. 5 Marangoni HFTLLETS
F# (11) FIARCORAE 10 45 21, A B F) i 7+ Marangoni
Bethoh

(Ma), = T%Ma()\) (12)

STFAEWRELA Prandtl $, B3 TkF
Marangoni #{. &£ Pr=1, A=1 H Bi =03 Hf&
B rRgERN, ZHms e d Ma = 6274 181,
ZHEREN AT B RN T A R m =
0,1,2 F1 3 Bt Ma = 6254, 1503, 2633 1 354519, &E
BEREHHERNER A AREESIET
i, A REBRAFEN.

JLAN R TFUEAHEANE & NELAD T it

&

4.1 PRI TR ESNIE
MR E b7 777, Smith F1 Davis
2 UUR BRI A8 S PSR AR R AR 5 R 4 TR
foE R, BIEMEFRE MR KIWZ B A
TR KRR E R O AN S ERT N
Lj Expli(ez + By - wt)] BLIELL, AR (2, y) &
WESEFF R ARE N, T4, BEKR =45
T 2B 2k 5 Marangoni #{ Ma.. X TFIRES

u 3Jrz\2 17z

n-1(@) ~3() v=e-o
g Rah B AR IR A 2 1 — SUAT U, IR IREE LN
R, XN RN RO R A R E
¥, XX Prandtl 3 Pr WEEHZH LK. B
TR AT ML S B L #4053 LB Y
SEHTAR S, FR G0 X N R A 1 FT L RE = TS R
i 158,59]

X — N E AR 2 Ml - Marangoni
BMERLUARKBEM LRSS RHELE N X
BR & 92 SRR I AR AN R M A [
B T A7 P A P R A, TR A PR KR )2 B
PR R B W AR A AT 0. R Ik, i
BT E MRS T2 KA R % B
% i RS 4.

12 EBHNE TR

WIRAR A TR E M E 54/ Prandtl #1E €

¥ RBE. Levenstam A1 Amberg (1995) H B B:H{H
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R 247 T/ Prandtl 0 Pr = 0.01 #HF, RINEL
SRR R AR AT R R B — A 2 W AR R
SRS RE A BIRG S D8, GRRY, HHX
G &, N AAE PG 5 Marangoni £, #HF
RELL A=18425H4 (Ma)g = 1960 Fl (Ma)e
= 6250. FRITFE i — P Ash AR AL
HER, XLURARGEEREARMN, GELER
AT AR AR E SRR L. /) Prandtl
T ¥ % 746 40 X A RS 48 R AR B 1 AR
o ML AR RE.

A T IS H AR EMEM /N Prandtl £
M TR BT PR I A R 8 K Prandtl 0 HF
152 (A1 4 45 Prandtl V6. W TF— A=
1 MRS, W 2k 5 N LA, 0 < Pr <
0.057 Bf & m = 2 i E H XA, 0.057 < Pr < 0.070
B2 m =3 M#IRFHXR, 0.070 < Pr < 0.183 Ft &
m = 2 MR % AR, 0.183 < Pr < 0.840 I &
m=3Fl m=4MNEFERGNR, Pr>0.840 B¢
m = 2 FATE WG X 8L m B, AR
TSRS HE KA Z A, RN
/Iy Prandtl £ B 3E 38 WA R R 10 75 Yo7y K O o i 3E
S W WA, B — X BRELRIUEW. 5
B FAEE F =4 B E T LRER PR 7 R
MR R

RIS & B, R/ Prandtl BB HF R, &
KRBT RN R B HG K Prandt] 1S 7
WA IR AR, XL R EIEER — 4%
BUERL R 3 5253 ff F K Prandtl OB KA F
TR 2l ZWELITHE T —14 10 SEEmK
WLl E R PRI o BRI K BILRE 6254,
ke R AL R EWE R

4.3 BETEHATHMNE

Ostrach Fll Kamotani i T —ME T O HHE
BREMPLE 1O FAWMRRR (7) Fiw, W
A Marangoni K T4FENE, A5 T —
MHMRSMSERER O AT, BIEXF
PLEE, HFARYIE T — MEXTB/ N X 38 (xd
TV AL AR K B, X R A b A Lo AT, 3X
AN/ 0 T A D3RR A RO R A T AR XA X A
A S BN B BT AR b T 48N X I8 10 B 18] Sl i 42 /.
/N RIS B ] L RE b R AR A AR SE, T L
WEM BN S AE G AT, BEAFE I IR A BEX:
X 2K TR B 1R e 38 A Ab Al L 1 BT, 5 oG

i O AR T A A 4 K I 780 BE AR s R
HeriE i, A — AR, XIE2RGHE S
METRE.

ETEHSN, NN S SEH5IAm K

pr\ /2 11/8 p,.1/8 [ He e
sz(ﬁ) Ma''/3pr (u—m) (13)

HAF N5 ¢ il m 25 EAKE T. MFHEE
(T +T.)/2 BT HME. ST 4 R4 HETRMIE 7 &4
S =69 +14%, KFHAE S SE R AT 70 W/
EHFTIF LTS, EFELR N, K Marangoni
sk

it ( b 1L/ g\ 411
(Ma), = 21.973Pr o = (14)
e Pk

CAKAT AERMGLXNME BT, LK%
T MR ERN R AEHRR, OB
LK~ COp Bt M7, 5 —Jrm,
XA WL 4 F T CORHAL 1981,

EER, XAMPEER —NDER, It
JRCH I AN BX R X AT X, ANBE R H 2R
WHRRBM AR EER MR KK O HEE T H
1R BB BE (TR e A O 1551 XML AN TR T
PP AR E M ML A

M b SE g5 R 8l R E SRR N
g 1T R, BAERRK (10) T ERM, A
HTREMFIERE, eFGHd T ORERES
FHRWADT 0(1073). XEWE, Y HHEER
AR 1) BE 224 o SR U 2 /N R

4.4 EETEZHEEE

B W =4 H BB AR R 1 K 3
TEBF AR R ARAF T E, H R XX R 3L
WAT AT E. M 20 D 80 TR, EEH =4
BUEB BB A KT R RS, LR R
H = (5 BT R AE 7T LA AR 2 o = A
UL B 3 B R M

Rupp 55 A (1989) &R T k& = 4 F A Bl
JiVEJFHAR T /Iy Prandtl $0%F X 3k 3% $ B A 6
A M BUE RS RN SE R 25 . 24, 5541, Leven-
stam F| Amberg (1995) & I/ Prandtl £{ Pr = 0.01
EEFEXKPIR G AR U8 f5R, KEMHE
FBEA BN /N Prandtl $F7% X 40 & IE BT,
i, B 9 MFFRABKEFT T —NEETR, t
BT&AXTESHMABT/A Prandtl $¥EX M
R, FRMERE 15% WEHEE N 7,
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k2 W ZE BB R S A H RFTR K
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B P ER. XA TG H KRBT R K Prandtl
OB P K 2 AR A B2 KB R TR
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4.5 FLWAYLEER

INEZ GO AR LTS PO R P AT
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HAFR B3 XA bR FR LK
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AR R 5K F7 & — N E W )R, T e AT
L3104 AR A B8 1T LA S| A2 Il 5+ Marangoni (/)
KR ZE, $5 52 ths i g RASLE 45 R
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R, dy = 4mm, A =096 H dn/dy =09, L%
REW T HMFF, GREN 6 = 4691005 H
6, =4.6+0.1, Wk 8 Frx B4

Schwabe T A4K4E T 1X 77 [ IR 5, B & Hh E
LR 18 R4 STS 89 f (GAS) (gas away spe-
cial) payload G-141 b HJSEH, F 25 (8] SE 5K ) B ]
R 14 /B B AR REMIRAAT N, TR E R

AT=40°C
A
0 1 2 3 4 5 6
J/Hz
(a)
\ AT=55.25°C

A
%Mrw‘
0 1 2 3 4 5 6
#/Ha

(©)

T 1

AT=58.9°C
i

0 1 S
f/Hz
(e)

4

AT=70°C

f/Hz
(8)

B 7 XEBEEBL R 2 = 0.16 mm &b B o 68 B L7

R T — e R B IR &R, A N B TR A
T 4 O A S RN ] T I 2 3 P AS TR B B A A
2. i b A SEK 2 XK Prandtl # (Pr = 7,49
A1 65) WHFHEATI, 4 STS 89 LIRSt Pr=71#
WAFBEATH. BN ERIMKER N, REZXE
&K HEMEREMRELEERIBTEENE

AT=50°C

0 1 2 3 4
f/Hz
(f)

AT=100°C i
i
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(a) fo = 36.55°C+0.05°C (b) f2 = 48.01°C+0.05°C

(c) f4 = 61.65°C+0.05°C (d) fs = 64.56°C+0.05°C

(e) fie = 65.15°C+0.05°C

B8 LRWBRBREMEE A (a,b), Milk (cd) MEMKERZE (e)

b © 1994-2010 China Academic Journal Electronic Publishing House. All rights reserved. http://www.cnki.net
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P IR 1 IR R R A — B T,
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BRIEHI 3 T AR Prandtl %7 438005
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Xt TK Prandt]l $iatE E, B MLRHR
M4 R & H T Y-E MR, B, 7% Prandt]l
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— LR
6.2 EHHEZRX
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MTEXEREEER., —MUEEXHZEHMN
EX, SRR -HAHBMNR AR EX EHE
Sk, LA I AT He A AN TR RLR (R Y R R B
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SHFTRAFEX ALK &E.

6.3 BRIRELH

Fohi BEE LK) (PAS) & F X sl B A 5t
MRS, KM AFESHE N W BUR AR
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Abstract Abstract: This paper provides an overview of ongoing studies in the area of thermocapillary con-
vection driven by a surface tension gradient parallel to the free surface in a floating zone, with emphases focused
around the onset of oscillatory thermocapillary convection, also known as the transition from quasisteady con-
vection to oscillatory convection. The omnset of oscillation depends on a set of critical parameters, and the
margin relationship can be represented by a complex function of the critical parameters. The experimental
results indicate that the velocity deviation of an oscillatory flow has the same order of magnitude as that of
an average flow, and the deviations of other quantities, such as temperature and free surface radii fluctuations,
are much smaller when compared with their normal counterparts. Therefore, the onset of oscillation should
be a result of the dynamic process in a fluid, and the problem is a strongly nonlinear one. In the past few
decades, several theoretical models have been introduced to tackle the problem using analytical methods, linear
instability analysis methods, energy instability methods, and unsteady 3D numerical methods, the last of which
is known to be the most suitable for a thorough analysis of strong nonlinear processes, resulting generally in a
better agreement with the experimental results. The transition from oscillatory thermocapillary convection to
turbulence falls under the studies of chaotic behavior in a new system, which opens a fascinating new frontier in
nonlinear science, a hot research area drawing many recent works. This paper, with 93 references cited, reviews
theoretical models and analyses as well as experimental studies on thermocapillary connection in floating zones.
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