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A space experiment in fluid physics aboard
China’s spacecraft SZ-4

XIE Jing-Chang® LIN Hai ZHANG Pu LIU Fang HU Wen-Rui
National Microgravity Laboratory Institute of Mechanics Chinese Academy of Sciences Beijing 100080 China

Abstract Following many years of ground-based studies an experiment on drop thermocapillary migration at
large Marangoni numbers was conducted on board China's spacecraft SZ-4. In the experiment FC-75 fluorinert
liquid and Scst silicone oil were used as the drop phase and continuous phase respectively. The behavior of
drop migration at Marangoni numbers as high as 5500 was investigated under different temperature gradients in
a long stable microgravity environment. The experimental results show a notable deviation from the predictions
given by the YGB model and other numerical solutions which implies a complex behavior for the drop migration
at large Marangoni numbers. The experimental setup procedure and main experimental results are reported
and the drop migration behavior is discussed.

Key words microgravity fluid physics drop thermocapillary migration space experiment

Marangoni

* 2003 -07 -04

T . E-mail jexie@ imech. ac. cn

. 54.



Marangoni
Marangont
Marangoni
Marangoni
Re
< Re
Re
Re Ma
Young 1959
YGB
! Rex1
Marangoni Ma<1
YGB
V=V, +V 1
V, = AR* V, = BI'R 2
g -28p=p prp
3u 2u +3u’ 3
B = do 2k
T dr 2,u,+3,u’ 2k + k'

33 2004 1

i A
.R ounp K
.do/dT I =dT/dz
2—10
11—14
Re YGB
4 Re Ma
YGB
56 8—I10 . Re
Ma
Ma
Ma
2
113 ” 4
1
AfEH —p IN——
fass ||| —o HEBW— VIR
L ANE
W 30X 40 X 50mm3
PR G REEHHR
pigigstd
T 7
EiEMm4 BIEEA



1/1000ml.

3
IO_SgO 8o
3
96L Scst FC-75
2 a
2 a
2 b
3

KF-

2 a b
z
6% . 45°C  60°C.
1
Ma
Ma 5500.
1
R/cm Re Ma
9°C/cm 0.7—4.0 3—90 148—4100
12°C/cm 0.5—3.5 4—300 145—5525
3
3
Ma
6.0
50 |
2 40 AT=9C /mm
g 301 N A D=332mm
o / ¢ D=152mm
~ 20t &
: A
A/{‘ s
10 - -
e
0 |

PN IR T N [T T T N N T N BT A P NI ST R S Y
0 2 4 6 8 1012 14 16 18 20 22 24 26 28 30 32 34
tls

Vo 2 Ve, 4



Ma 1000
1.2 o iAW
1.0 O SZ-4 %36 sE%
@ 0.8 . — Hfufe
o - - RS ATR
£ 06
04} = m O
02 o o o & )
0 100 200 300 400 300 600 700 800 900 1000 1100
Ma#
4 V/Vyes Ma
4 Ma
YGB
YGB
Ma
5500 V/Vyes 30% —40%
4 Ma Ma =90
V/Vyes Ma
Ma
Ma
4
“ " Ma
Ma
5500
Ma
Ma
YGB

33 2004 1

5500

Ma
V/Viw — 40%
V/ Ve Ma
Ma
Re

Young N O Goldstein J S Block M J. J. Fluid Mechanics
1959 11 350
Hahnel M Delitzer V. Eckelmann H. Phys. Fluids A 1989
1 1460
Nallani M Subramanian R S. J. Colloid Interface Sci. 1993
157 24
Braun B Ikier C Klein H. J. Colloid Interface Sci. 1993
159 515
Wozniak G. J. Colloid Interface Sci. 1991 141 245
Xie J C Lin H Han J H et al. Microgravity Sci. Technol.
1996 9 2 95
Wozniak G Siekmann J Srulijes J. Z. Flugwiss. Weltraum-
forsch 1988 12 137
Balasubramaniam R Lacy C E  Wozniak G et al. Phys. Fluid
1996 8 872
Xie J C Lin H Han J H et al. Heat and Mass Transfer
1998 41 2077
Hadland P H Balasubramaniam R Wozniak G et al. Experi-
ments in Fluids 1999 26 240
Geng RH Hu W R Ao C. Axisymmetric drop Marangoni mi-
gration in different Reynolds numbers. TAF-98-]J.4.06. AIAA
1998
Dill L H Balasubramaniam R. Int. J. Heat Fluid Flow
1992 13 78
Balasubramaniam R Subramanian R S. Int. J. Heat Fluid
Flow 1996 22 593
Ma X J Balasubramaniam R Subramanian R Shankar. Nu-

merical Heat Transfer 1999 Part A 35 291

57-



