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Table 1 Critical Marangoni number and wavenumber for the model

system with different o* and different p*

a*(ay/az) w1 fp2)
0.1 10 0.1 10
MaﬁL) -141.5 1415 2202 —-83761
ke 3.98 3.98 4.62 5.69
Ma,. -70.75 707.5 1101 —41880
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3.3 EXREMIFHFERE Marangoni iR EE ST (B Hi5L)

BRI AR, TERTERIAN AR T Rl L sk AR R G, X RB AU B A A
A xR K 3h 12 L A BT IR TR TR (L3CHR [18]). 7EASCHTIEH bk
| 5 FF AL _E T NP 2 A 1) Marangoni XFIfi, & A WA TER LIRS S 4 MR R A 8t -0
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CRAGRETUEEARAFYUFTFERM EEHREMEZR, AT B XERTHME
Wik 245, HAPHFAW (Fluorinert FC70 F2) ki (Silicon oil 50Cs | 2) W2 BAK K #1%
BB R pt = 3571, 0" = 3.13,x* = 2.143, p* = 0.493, Pr = 405.8 fil o* = 2.022. &A1
Fe o WriZ REWECEERFE. HBERKE FSA RSP L H bR 58455 ik kg #
Bzt o™ = 2.022, A% 30 B0 2 AR RGE 4D U RS R s KR R B S Bk o = 2.
AW o {HHH 0.5 AE 4, FFRFFI - BRIl E R TRERE o0 A7, DUTHHEANR
T 5K J7 (88 A 1 X Marangoni XHALSN J1 22 R ) 52 .

B 4 5T AR E Bk B R o = 0.5,1,2.022 fil 4 ) RGEERMRE TPl £
Mo k. %F o* = 2.022 iy F.S.A. Y, AILITEWG Rk k. = 4.67 4b K I H AT (10 8 /N g
# Marangoni $34 Mal" =5442. 4 o* W% o* = 4 )5, RGN TE o = 2.022
RIRENAE BLIa) T8l AHXT R A Marangoni ¥ 5442 /N ZE 2630. XRHIJH FS.A
WHRE (o = 2.022) BiF L HR KK R RBE SR E AR, o =4

M Mat™ = 2630. UMK, 4R 5K S

10°

‘&\ BERHEZHEH o = 2.022 /T 0.5 I,

\ — RGP e &b o5 sh,  FUX s E il R

S 10 \'A\Nww‘yw’ i — Marangcni #¢ Matl M. 5442 H§ k4] 1.69 x
< g“ = S 10*, RHEAHEIEE. £ 4 el LUE H,
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Fig.4 Critical Marangoni number MagL) of Marangoni Pﬁ%{ﬂ%%éj’ﬁ (h* = 1) , 4’5@:%% o* =2 ﬂ‘z:

convection VeI‘STlS wave number for different ST F &4 Marangoni X}t E@%%}E%ﬁg, a

7 i BSA wystem R ARG F KRR MRS T 1

REHOITH), LT Z R R LR

3.4 LREMFWBETRIK Marangoni % i #{EEH (B #1)

KT F.S.A. Ak R GE R e AT T i S 10 T ok IR R (07) BB, A
SCEBCEML TR ELA R = 2 W TEREARE R BOBREM KRS £ 2 50 TR 20
Marangoni X}t ) B KB EE, P ITHEFEIBKLES (9 = 0) &4 F 44 Marangoni
AT I Marangoni %0 Ma'™) 85 T B gR MR M 407 73 1 15 5 Marangoni ¥ Mal"). B
HREREKIREREZ I o* 0350E, FRBRE GULIE) 5 R85 Rk BEM) Rxtfin
FNHBEL L (V2man/P1,max) BHIBAEAL. B, 24 0" = 0.25 B, %2 max/¥1,max = 0.79; 0* = 0.5
B, %2 max/%1,max = 0.548; 0™ = 2.022 B, Y2 max/¥1,max = 0.08 J 0™ = 4,92 max/¥1,max = 0.16.

Bl 5 JBRT o 4FRI%F 2.022 #10.25 54 F R4+ Marangoni MK E I . T
AR o, TEAFESSZERRGRRE M —xT d R (EH) #4533 %3 Wi
oI 5(a) FIPE 5(b) , BTLAB] BB BI7E o = 2.022 {4 R G0 h RS2 IR0 7Y X0 3 4
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%2 FSA REGRERERNBERMLL (o) FTEARS Marangoni MABARERER
AREEARKTEBEZIE (V2umax/P1max); 5 = 3.571, 0% = 3.13,
" =2143,p" = 0493, Pr=4058 1 h* =1, R =2
Table 2 Maximum streamfunction of Marangoui couvection in each liquid layer and the ratios of

amplitudes of convective flows in the lower and encapsulant layer (¥2,max/%¥1,max), in F.S.A.

system for p* = 3571, " = 3.13, x* =2.143,p" =0.493, Pr =405.8 and h* =1, R =2

Marangoni number Flourinert-FC70 layer Silicon oil-50Cs layer Air layer Ratio
ot Mab(Mal) Y2, max X 1073 Yranax X 1070 %3 max X 1073 %2 sax /%1 mmax
0.25 2 x10%(1.43 x 10%) 2.0162 2.5501 1.0559 0.79
0.5 2 x 10%(1.69 x 10%) 0.1710 0.3103 0.2242 0.548
1.0 2 x 10%(1.21 x 10%) 3.6078 3.1908 4.3951 1.128
2.022 1 x 10%(5442) 0.6709 7.840 7.9108 0.08
4.0 1 x 104(2630) 3.0895 19.077 18.285 0.16
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Fig.5 Streamfunction patterns, (a) for o* = 2.022, Ma!l) =1 x 10%; (b) for o* = 0.25, Mal) =2 x 10%;

for p* = 3.571,a* = 3.13,x* = 2.143,p* = 0.493, Pr = 405.8 and h* = 1, R = 2
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MARANGONI CONVECTION IN MULTIPLE LIQUID LAYERS Y

Liu Qiusheng
(National Microgravity Laboratory, Institute of Mechanics, Chinese Academy of Sciences, Beijing 100080, China)

Abstract The Marangoni convection in a rectangular cavity filled with immiscible liquid layers
have been studied under microgravity environment. The Marangoni convection is performed when
two-layer liquids subjected to an applied temperature gradient perpendicular to the interfaces.
A linear instability analysis of the Marangoni convection is presented in a system of two-layer
fluids in an infinite cavity. Numerical simulations on the Marangoni convection were complicated
to investigate the hydrodynamic and thermal characteristics of the Marangoni convection. In this
paper, the model systems are considered as the two-liquid layers with equal depth (h* = 1) and with
different liquid viscosities (g1 # pa, 2 =const.) or different thermal diffusivities (a: # ¢, a3 =
const.), in order to show the role played by different transport ratios on the lower liquid (melt) flow.
Two different boundary conditions of the rigid top wall (case A) and the iree open top strface (case
B) are considered, respectively for different model systems and for the Fluorinert FC70-Silicone
oil 50Cs system.

The effects of some importazi and Lasic parameiers of immiscible fluids, such as thermal
diffusivity ratio, viscosity ratio and interface-tension ratio, on the Marangoni convection of system
are presented for both avalytical model systems and experimental fluid systems. Main behaviors
of the Marangoni convective flow are compared with those of the thermocapillary convection.
A highly viscous liquid or a relatively week thermal diffusive encapsulant layer are favorable to
diminish significantly the intensity of the Marangoni convection in the melt (lower layer). The
first variant is more efficient than the second one. For a two-layer liquid subjected to a thermal
gradient perpendicular to the interface, the variation of the viscosity or the thermal diffusivity of
the upper layer influents greatly the instability of fluid system. Dynamic effect of the coupling of
two interfacial tension-forces has been also shown for the damping of the Marangoni convection in
two-layer liquids with an open free surface for heating. There exists also a range of ¢* in which
the convective flow in the lower layer can be reduced and the convective flow damping is almost
maximum when ¢* = 2, similar to the situation for the thermocapillary convection. But the
special value * = 2 where the damping effect of flow is most great doesn’t correspond to the most
stable state of the system for the case of Marangoni convection. For the same Ma, the Marangoni
convection flows in the model systems are generally weaker than the thermocapillary convection in
the same systems, and the difference of intensity of convective flow between these two convective

flows become greater with the augmentation of the Marangoni number.

Key words multiple-layer liquids, Marangoni convection, thermocapillary convection, linear

instability
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