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R ERFAEAREERRIEE —RE Tmk
R 7K 7 B VR R {5 B T A8 E Physik Instrument
22 7] 5| B = A P (M-525.21, M-510.11) RI52
B, KFPRZEE £0.01mm B, 4 THEERK &
R B SV, ST HUMME BT TIE. MESR
BR, ¥ TREABESTER 10°C B, BRERL%
b, FAIRE S AAYSMHMET 0.2°C. WAHER
A1 10 mm ) K9 BEIA ALK 4. 4 T ®hst
Wtk shRIet 75 EMEE, EHH—ABEN 2.5mm
Mg, B —4 100mm x40 mmx 33 mm )df
il 28

8 d % EL T B A Shin-Etsu Chemical 23y 7] )
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F1 1 SEHMN2 SHEHANYESE
Table 1 Physical properties of the KF96-1 and

the KF96-2
Name (units) Symbol KF96-1 KF96-2

densit;

ensity/ P 818 873
(kgm~3)
heat capacit,

pacity/ Cp 1794 1764
(J’kg"'K)
thermal diffusivit,
v/ K 6.19x1078% 7.14x1078

(m2s71)

thermal expansion/

(K1)

@ 1.1x1073 1.0x1073

hydrodynamic
Y Y g 9.35x1073 2.702x 1072

viscosity /(kg-m~1s~1)
temperature
coefficient of

o 7.55x107% 7.50x107
surface tension/

(N-m~1L.K™1)

6 B3 7R o ik v 2 R A o T LA SC BRI 25 T g
R AN Ma 3. HI/EEX 3mm E %% 10°C
BBE, 1S Ma, =44733, 2 B Ma, =
16845. #3E Thess & (10 g 4E&ER ¥ Mo =
40000 HBf, Bénard-Marangoni X}t A T itk
A B, XEREANGES £ — K LK+ WL Bénard-
Marangoni 7 it H 2 HHE A i KB, L
KA 1~3mm BEEM, 1 SEEME Bo 4
0.14~1.26, 2 S REME Bo ¥4 0.15~1.39. X587

ZEZRP, REATRHSES. EEONEXAHYG
R BRI 77 1 1) B o B e IRUZ N B RE.

NFEGBRERGRERITEN. CCD .| #t
2. M RHAE PIV REGZARK. CCD K4 H
# 4 640 pixel x480 pixel, & E KR K AF)] 2001fp/s.
TR TR LD, TR EERANREEA
16 fp/s. KA 10pm MR OB/ NERIE A R ERRL
F. BOLESH BRI RK TR, BRERSH—
KF#RE. it CCD et iE 5 ik B4,
BEBHBHEREMEX, BINFLELE, H
KK S BRI .

BEFRERZHITEN., HP34401A B 6 fi~f
HETRARURRE T RABELR MiER 8
FETTiA £0.01°C, AR % 13.65Hz. (T Bénard-
Marangoni it ¥R Bk 5 KRR ESBEERE LT
KR EBNT RN, AT R RERZERER S
FEZERFER, BRE T B8 K — i B BOtE
W, B—SWMEAERENERE, WERZE0IEZERN
AR L. PR A R IR R E N T 0.01°C, BT LA
AT LLA A BT SR E RS B R TR R
wG5IEN.

2 LR

2.1 Bénard-Marangoni X ifg&E#

WHIRAE A 18°C, Bl 0.2°C/min #yFHE
HREBFRE 70°C. Wi FRERERSE, B
BAR Me TR S, FBIT AR Bénard-
Marangoni i &5 R OIS B 1 irfii 1
SHE 3mm R KR T2 .

H TR EEG R, BEHX s e g
BRI E IR ARMN Z AR EH (E
1(a)) MARNLEE, 2 Ma BHHEF] 9752 1,
MK TT S HFEAE (I 1(b)). 24 Ma = 13554 I
SAKAEAIRIESE, FHFHIRT 3 MERRE
(A 1(c). X 3 MRS IBEE Ma 4k
S mst NIERECRA. B IR KR O R
Mrssh, HEIH, BHE XA B TRMRLESHEE R
4 Ma = 23261 B, HEEHNMRREIE, ERE
HER%, AR EEHRIELEH. 2 Ma = 48088
B, WRHHEA IR, A A R A, A ) 4 AR
2, WshRARENLE
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(c) AT = 3.03°C, Ma = 13554

(d) AT =5.2°C, Ma = 23261

(e) AT =10.75°C, Ma = 48088

1 1 SEEM 3mm B2k FlLE
Fig.1 The particle trace graph of liquid layer of KF96-1 with 3mm in depth

2.2 1 SEHEENR

EREN TREMRN, SNETRELTH
BE HREBIE-GRER, T HIEBER
G MERENTS, RELH TREHEKA
B, AIRERGNIEENERHRRS.

W2 5 iR 1 Sk, B 3mm B2 KRR
BER. A 2(a) BroR, MEEMT 2.074°C(Ma =
9278), REHAT G, FFT HTHBEIZB
BeifyFH05 0.048 Hz. X LA B MHEEH, BT A
HIRREANTERE TRERY, BENRERD
XM PAR R EE. MR EREET &) 2.73°C
(Ma = 12212), 2135235 2 W R{EH, REHAT IR
EWBE, T4 0.015Hz. 48 2853 7.04°C
(Ma =31492) B, RFEHANT T2E KA PR G Y

Bt Wl 2(c) fran, AR BRI S B AR R,
RIFSTEME, BREWHA EHBREERS N AR EH
% 0.220 Hz. S HTRIESAATLIE W, 85 1 Bk
BEAGE 2 BrE, BERGHEHRRE, S4B 2B
BAE 3B, BERGHIHES

AT EERE SIS BSE AL, XPEA
IR SR B AR RE TS BT, i 3 R, MR
TR, YRARNE, GERREBE KYEEE
I IR, BT LAREIB] B398 i th R BRIR 22 A1 K
EA R LERER], ERABRGNE,
BRI G ET = RS MR . TRRERSM
BR-MURRGIONE, RABEEHHAE, FHH
£ 0~0.05 Hz WX BN M f; A HIRSGH I B 4
MESF, WERWHIRBARE, BEHE.
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Fig.2 Three stages of temperature oscillation and spectrum analysis
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X160 : : 2.3 1,2 SEHHERER S LS

AX . shortpo table «.‘ ST 1 SaEm i) Bénard-Marangoni Xf i &,
e e RS ITRS, BELH T REN K AR
e %, TRERY, BeEMERARES. 2 SN
Bénard-Marangoni % Jfiiff 5 4% B 1L 5 H R 48
AR, BELYEESET —ERAEN, SHRER
MiEGHE. B4 £ 2 Sl Som BHEFHHN
BERGERE R, URBIESHER.

& iy

i RN Gous e el

0 02 i HF 2 BEEHEREY 3mm KRR, BAERK
frequency/Hz AR ZE R 5.403°C(Ma=9101). E2FfEIXNHT
B3 1SRN 3mm RERBEES N A SIS XA R B R R R IR TR R R Ma $
Fig.3 The time spectrum graph of liquid layer of KF96-1 with E\"’E:;f: Fﬁ]ﬁ_ﬁﬁ‘]ﬂ] Bénard—Marangoni Xﬁﬁﬁﬁ%ﬁfjllﬁ?
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B4 2 SHMBEEERERRERY
Fig.4 The temperature oscillation and spectrum analysis of liquid layer of KF96-2

%2 1,2 SHpERERES Ky, Mo JRBRGEF Ma 8, d ABEHE
Table 2 The temperature onset of oscillation of KF96-1 fg, L Ainhiash 40 mm.

and the KF96-2
x 104

1.0mm 1.5mm 20mm 25mm 3.0mm 3.5mm 1.2

les 1.539°C 1.685°C 1.970°C 1.377°C 2.074°C 1.487°C 1.0 @ lcs
2cs 3.935°C 3.566°C 4.508°C 4.721°C 5.403°C 3.978°C * 2

0.8
%3 1,2 SRMEHEEST Ma 8 os
Table 3 The Ma onset of oscillation of KF96-1 and §
0.4
the KF96-2

1.0mm 1.5mm 2.0mm 25mm 3.0mm 3.5mm 02

les 2295 3769 5875 5133 9278 7760 0
2cs 2210 3004 5063 6627 9102 7818

_020 oz OQ A 0% o8 1.0
RBRMM AN RERERGERNEA Mo $5 d/L x10~1
HEHMAHESELR. KR M EMETENNEE
EEHXE (A 5 FiR). M5 BRERSHR Mo M5 LRABENXR
Ma Fig.5 The relationship between critical Ma of temperature
< =1.035 x 10°

d / L oscillation and dimensionless depth
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UAHRES Mo FBLRAE Mac i, 25
M ERGARIIR ZTER A 0~10°C RAMM 1 &
REMATEZ T 3 NBTEL, TR — BRI KALNIR
%. “HEBERGEARENE XEEA 1 SHEM
(Pr = 16.16) f1 2 Bk (Pr = 28.1) BEFARKY
W2, Pr ¥t/ Bénard-Marangoni Xt —1~
EHEENEHSE BMFHE Mo —H, BITA

R Pr %, SBHASRRERSAE ERNE
&, | SEMMREMEEL 2 SEmKDS, BEASTR
&, FTCUEASHIAMNIRS. B 6 Gl T 1,2
SEMAREE THRGE. MRKEEMNR, AFE
WEBE, EACNFRBRAILRNE 15k
MERERGHHNT 3 MEHHIBTE, 2 ShEME
PRiEEREE G AR, WEEA 4 RIS

03

frequency/Hz

2cs2Zmm

0 03 06 09
frequency/Hz

les3mm

0.6 09

6 1,2 B 1,2,3mm HRHHIE
Fig.6 The time spectrum diagram of liquid layer of KF96-1 and -2 with different depths (1 mm, 2mm and 3 mm)
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ASCHEWH T Bénard-Marangoni X i HJRE
REGAZEEHFHRIR. B TERERSEROIR
F Mo E5XLENEFEEKRXFR: Mac = 1.035 x
10° x (d/L). K3 1 SrEmHBBERGELEN
RENKARRS, TRERY, e ERk
B3NP 2 SEEMERARRSIN Mo HEEH
M, WHRARBERY BRGHRMEE Ma HO8 KT
WA, sh, AT Xt Bénard-Marangoni A 4 [ f1A
R, ARFRLEXNRSGHT R, FREITRH
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EXPERIMENTAL INVESTIGATION OF THE TRANSITION OF
TEMPERATURE OSCILLATION IN BENARD-MARANGONI
CONVECTIONY

Wu Di* Zhang Yang! Duan Li* Hu Liang* Li Yonggiang! Kang Qi*?
*(The National Microgravity Laboratory, Institute of Mechanics, Chinese Academy of Sciences, Beijing 100190, China)
t(The College of Science, Northeastern University, Shenyang 110004, China)

Abstract In this paper, temperature oscillation is found in the experiment. The experimental research
focus on the critical Ma number of onset of temperature oscillation, and discuss the transition of temperature
oscillation as the Ma increase. The experiment result shows that onset of temperature oscillation in silicon oil
with different physical properties meet the same law. The super critical temperature oscillation shows different
transition routes in the different fluid, but the same route is performed in the same fluid with different depths.

Besides, convection pattern and its transition are studied by particle trace method.

Key words Bénard-Marangoni convection, temperature oscillation, transition, convection pattern
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