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Fig.1 Transition process of Marangoni convection

in liquid bridge configuration.
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Fig.2 The history of the microgravity experiments (modified from Ref. 11).
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Fig. 3 Dependence of critical Marangoni number on size of liquid bridge.
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KC1 (Pr=1) # M\ 7= Velten et al. 39 O FEBIZ X 5 54
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7T v MVERSEIC BT D Z OREEEBET 572018, (5)

Table 1 Discretization methods to solve egs. (6) and
(7) and analyze the eigenvalue problem (10).

Discretization methods Hz Fz

finite difference method Ref. 35, Ref. 45
36, 37

finite element method Ref. 38

finite volume method Ref. 39 Ref. 46

Chebyshev polynomials both in r | Ref. 40, Ref. 47,

and z-directions 41 48

Chebyshev polynomials in r-dir. Ref. 42
Chandrasekhar functions in z-dir.
Chebyshev polynomials in r-dir. Ref. 43,

finite difference method in z-dir. 44

5 KIEURIAIE DSEITIE, EFEE x FISWHESFE (SOQ), y HINIAWHEGFREL y=0 12564 DHWOIFRE L V5 OQ) SFREA .
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Spatial structure of the basic flow and
disturbance on the critical curves in Fig.8.

(@), @ P@), b), @: 8@), (), (): ¢, (1),

@, @ ¢, (&, ¢ @) .(a)(e):
Pr=0.05, -G): Pr=1. ¢, , ¢, and ¢g
respectively indicate the u, w, and @ -

components of the eigenfunction.

THZONDWERE r=I T ICB T 2 REES &AM
ISTIDINT v ZDGMS -n— PrReVT = 0%

S-n—PrReV,T-f(z2) =0 (13)

D LrHiz “EAWE L. ZZ7T, f(2) iX Table 2 TE
F#IND FEAHE RETHD. I, f3(2), §=10
FHAWDHZ LI > TPr<48 £ TOMITITKIIL,
Pr <0.05 TILERT— FICK L TERIIRELET D2,
Pr=0.5 TIHEHE— NI L TARLENRT D L% A
WE L., 2, WIhoBA D mE2 Th D L L?‘_
Bouizi, et al ® |ZHt~>TC, Zhd 3 FEEOEAKKIZ X

YR A%09=f(2) = f(1 - N TEHT 5. a“i,azb%,
1—AMm) = £,71(0.9), 1-Aa) = £,71(0.9),
1—A(8) = f571(0.9). (14)

Figure 6 (2”9 L 918, Aln) & AG) & TiEarE»»
LENTHWDHODIZEALEITRD LN, s&n D
Mo T A & A9 HZIFERICLARETREAST D Z
ERGnD. —J, Aa) TIhD 2 E’;Ektl:ﬁibf, N
éfxié@m‘%%:/%bﬂ\é. WIHICE L, n, o DY

M- TR IZE < 7220, {mlﬁi]fo\ ViRg O
Mﬁ%fs (r, 2=(I1, £1/2) EFHEOHRPERILEShS. L
7235 T, Fig. 6 IXEHNLRET % i3 2 BRI A H 7 fE #t
BHZD.

HIRZESy, AIRAERE, AIRERER O, B
PEYBERRZEFICE D Vo T2 7 4 VF =R PERD A E
nNTWnWasb7=sH, “TEHHME 3XAREEE XN 5D,
Nienhiiser, et al. 3VIAMRE/EE 5=500 &9 FRWIE

Table 2 Regularization functions found in
literature, f(2). (a): Ref. 43, 37, 36, 41; (b):
Ref. 47; (c): Ref. 49, 50, 51, 52.

(1 cos(no e+ )| torz < -2+
i4 CosS| T z 2 orz =< 2 5
1 1
f5(2) { 1for|z| < =-—= €)]
| 2 6
| 1 s (1 ) 2 orgs 1
k 4 Cos| T 2 Z orz = 2 5
z — e—al1-(22)*) b
a 1 e
fa(2) [1-(22)*"]? (c)
100
1071 \\“‘\\\\
~ T
~ B -
™ T sl
A 102 e
s
~
—  A9) =
10— — — —  An) B
***** A
0 | |
10 ;00 10! 10? 10%
4 n, a

Fig. 6 Cutting-length A defined by Table 2.
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WREERFTZEERALNITLT.

0 & EA B OBEFALICEABURH Z 0] TREHIAA
720X Kuhlmann and Rath*? TH 5. i 5id r FFrnc
XF by 7K, z FIMiZiE Chandrasekhar B4
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Table 3 Linear critical condition of HZ with Pr=1,
I=1 and Gr=Bi=0. (2): (13) is applied both for
the basic flow and disturbance, (b): (13) is
applied only for the basic flow.

Refs. | 35 | 42 | 43 | 36 | 38 | 41(a) | 41(b)

Re, | 2484 | 1450 | 2539 | 2532 | 2551 | 2678 | 2562

me 2 1 2 2 2 2 2

(a)

Fig. 7 O — component of the linear eigenmode
Re[pge™f] on the horizontal mid-plane at
z=0 along the critical curve in Fig. 8. (a): (Pr,
me, Re)=(0.05, 2, 19937), (b): (0.057, 1
11000), (c): (0.07, 3, 5483), (d): (0.1, 2
15979), (e): (0.4, 3, 9560), and (f): (1, 2,
2679). I=h/r-=1. (a) and (b): steady mode,
(©)-(H): oscillatory mode. In (c)-(f), rotating
waves rotate in anti-clockwise direction.
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1T m=2 2SR TUND OISR LTl B 1 me=1 %55 L
TW5.

Neitzel et al 5739 [TV B4k & i %2 AW Citik S
T-EiiE, ARESEUO L S EEH TR EET £
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DERWTER, BESE o, 2 R EROSGE O 5
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OFREFRLITZFELLSE WV Re 5202 ENRHLMNI S,
FMPLETHDTZODO+EMERZETHDHIDD
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5325 A L7- Nienhiiser and Kuhlmann3?, AR
%2 vz Ermakov and Ermakova 39 %2 X - Tfig
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%, Ermakov and Ermakova3® OF[BIEFEIEZ U7 fiE
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2TV, 5 =10 OIERNER T-f(2) & VTR 2R 4.,
BONEEAREAPr <1 LTy FLESOMR
Fig 8 TH 2. Figure 5 (I/xL7=kHiZ, r=rt,
=-112 FEFICB VW TEROREZ IT2BIZE(L, =1
WP T BEFT 228, T L5 2R B IT#R
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FEEARBEEICIIRZ T bR, 22T, ERICONT
DHA3) ZM LR/ WHTH 5. Figure 8 7 5
0.0561 < Pr < 0.0576 &\ 5 fRD THRWHEIFH T m=1 OFE
WE— RPBREGE G5 252 M0 5. Lyubimova
and Skuridyn®® %, ZOKT T MVEEEKIZB W T
me=2 7°6 1, 3 #RT m=2 ICEL81b%, i TrzE
ENET 2 MBI BT 2 MIRIEES 0 OfEFRE LTRL

TWa. O ORFBRITHEREMEICL D, o, EAidl
WoOERG % Fig. 912772, Levenstam et al 39 £ T
1%, 0.6 <Pr<08IZBWTIHKAT 28%REDENRH D H
DO, FHULSNTIEEZTH A= 2D 10%LLNITIX
FoTW5.

FHOHMENZEEICKIZTEREIZO W TIX
Wanschura et al®® |2 X > THHEATWS. £,

20000 SS S\V U SW RW . SW . RW
----- s --+—---ar . S .
0 ! ! !
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m=3 3
Rec N 1
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o Levenstam,|et al. \
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Fig. 8 Linear critical condition for HZ and weakly nonlinear characteristics of the critical modes.4? Solid line:
regularization (13) is adopted both on the basic flow and the disturbance, dashed lone: (13) is adopted
only on the basic flow. Results of Wanshura et al 49, Chen et al. 36 and Levenstam et al.3® are shown for
comparison. The weakly nonlinear characteristics along the concrete curve are summarized at the bottom
of the figure whereas those along the dashed curve are at the top of the figure. ‘SS’ denotes stable steady
state, ‘RW’ denotes stable rotating waves, ‘SW’ denotes stable standing waves, and ‘U’ indicates all the

bifurcating solution branches being unstable.
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Fig. 9 Critical Reynolds number given by the linear
eigenvalue problem (10) for HZ.
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Fig. 10 Critical frequency of oscillatory modes given
by (10) for HZ. O(2) —symmetry makes the
eigenvalue being a complex conjugate pair
so that the frequency has the form of +w,.
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Fig. 11 Imperfect bifurcation described byx =€ +
ox — x3 for € > 0.Dotted line : e =0, solid
line: stable, dashed line: unstable.
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Fig. 12 Linear critical conditions for FZ reproduced
from Bouizi et al. 59, Solid line and (o):
oscillatory mode, dashed line and (s): steady
mode.
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