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Abstract

The thermocapillary flow in half-zone liquid bridges of low-Prandtl-number fluids, when the free surface is partially

confined by thin solid walls, is investigated numerically. The linear stabilities to three-dimensional disturbances and
their physical destabilizing mechanisms are addressed for the axisymmetric steady flows, which are formed by changing
the aspect ratio of the liquid bridge, the axial position of the free surface, and the ratio £ of the free surface length to the
full liquid height. A partial covering of the free surface adjacent to the cold disc significantly affects the axisymmetric
steady toroidal vortices, especially the ellipticity of the streamlines. By decreasing &, the effect of the elliptic mechanism
on the energy production of the disturbance diminishes, leading to four distinct instability modes, including two oscilla-
tory modes. Each of the instability modes essentially consists of the elliptic instability and/or the centrifugal instability.
For a sufficiently small £, the instability appears to be purely centrifugal. The range of the ¢ in which the oscillatory
modes take place becomes narrower, the smaller the aspect ratio of the whole domain. If the free surface is assigned on
the cooling side, the instability is always the same as that for the unconfined half-zones.

1. #

SRR mR IOAEPEIET 5 &, WHEERICH
> THIW A &, WAROEBAERSINS. COANZ
ALFTT VTR EFEN, FlERRISNLHTNEY
SVATMIEMHINS . REZES S VT RIS R
RICBIARMPIEOHERNOO & Db L CThEE S
N, ZOZEEBH EHEPRRDOEN TS, ZODREIRT
4 AZEICRFES N, —HRiREIES#H SN, N—T
V= BRI N A EAEIC 51 SIS floating zone 5 il
ROEFIELT, X5 VIZRRBRR E ZOREN, R
7 EDBIGEDIRG T A L b Tr->Thb.

IN=TY = VRRENIRE A~ T v T 5 RE, VA L
A R ITRFESINAHWMNORE 1D EFIHE- T, B
PSRN ORES BRI 5 LR BN T\ 5. B R
RAREEMEA N ZANL, BEDT SV P IVE (Pr) IZX

i

S TKRELERD, Wy ) aviz s O iz sy
T, IRBIRAOEBBORIC 3 KITETWFIKEDNEIES 5
DT HBY.

— AR Prif iR Al S 28 <, ERIVICITIRE S R
K[OBNE e & DRk« I WS . BEEOFIEIC W T
1, BUEMEHTEIPFZE TR Re AIC DWW TOHE AL
THY, —J, ERWICIHEEEZ/ NS T5 T ERRE
ThAHIEND, HEFTOLD LB —F—K&E
Re e TOWRDPOLTH S, TEW LK TH 5K
PriffAOBFEIC 33\ T, BUEAENT & EBR & O A B
PEFICHETH 50, BREOV R VWERT — X%, H
F— 0 =575 5 Re ZAFTORMEMMT 2 DO & ks
BLTWAORBIRTHSH. RIETIE, BaLALE Hvic
FBRIZ J - T, IEENRANOEBY L 3 RILEH RN DER
SHEICHET AMEY DR BT RO TV HD, K Re 5k
PECOEBRMIBGEZE S PICHAEL T 5.

1 HEUHNZ R RN KA T v AT A LR T191-0065 H P23 & 6-6
Department of Aerospace Engineering, Tokyo Metropolitan Institute of Technology, 6—6 Asahigaoka, Hino, Tokyo 191-0065, Japan

(E-mail: swan@astan1.tmit.ac Jp)

2 U =V TRERSEBG R SIS FE T

Institute of Fluid Mechanics and Heat Transfer, Vienna University of Technology, Resselgasse 3, A—1040 Vienna, Austria

— 233 — 49



5

FRCRIETh 00, FUEMRN 26 FHIS N T\ 5 —
BRAR LV A VAR Rey ICHM T BIEZED, RV D O
VTIH0IKDOA—F—¢, FHENE L ETH
bH. COXOEEBEESGTERT AL LT, HH
REHO—H MBI TES FELAFNTH S EE2LN
% COHETCR HIX 7= 4 V7 — kSRR
FEBRNT BT, REBIMOFRELMEL REED 5 2 L ICHD)
LTwh. ThaeN—7Y—VIlEMd+52&T, EFT
4 A7 ENGBENRREEZO T %, HREREORE A
INSKERETH T ERAR LD, FEEDE, COHEE
L7560, MAEORELEBRR Re /s & DR
O AL AW T3 RICEMY I 2V —v a VEfT-
729 fEREL T, WRFER 2 O 3 RGN ORR S
Reld, HiFEmAREI S L LB IKRFEL, H
12, HEFREZERT « A7 CEET 728561203, 3Kkt
EFIREEE R, #it D SIREIT N EEER 53
EMRBAHEMPELP LIRS, DT B, RinAHN
BEMANZALDFEL TOWAHT EPREIN5.

QAL D FAEMATIIRFFEIC L O, AR Priftfk TOH
BRI D RENE A N = AL, RO b e A
TN OFLITE S BAICKRRE T S LI TE8.
CONREEWED, BETIBAMA N ZALO—FETH S
CHE XN AY. JT4E, Nienhtser and Kuhlmann 12 X -
T, MO REENE D —EBONLIEE A T = A LE
G4 5 EMESN TS0, FEHEREME, filk)
BRI O OREMIMEICRNT A e E 25 L, HhET
LT A2 LI LD, O EERE & DN AH
T HT EMTFHINS.

KRBT, BHERERARELL72N—7 Y — VR
B AREXES S VIS OWT, B LEmiie &
DI IVF— T 4T\, WRFRE RO R EM A =
ALy BICREITIARZEN: &R LI R ZEE D5 DAL
HHOLMCT A EHHIE L.

2. MW A E

2.1 HEBEETL

MR DEF )% Fig. LIRS, BE p, SRMERE
v, BJLECE o OIFEMME Newton iifh A, FEaD BT
T4 AZEINCREESN, @S LOBHELZTZEL TW5.
EFF 4 A7 OWRER, ThEN T, T,(>T.) ITfRFFES
N, AT=T,—T.DIREEN G 25N TWAH. FREEMH
12, RS L, OoOHHEFmMZEL T, EEHEKTEDODNTE
D, HHERBOREX.EY AT, &3 5. COREETIL
Al HlEMm A /N— "7 — 7/ (Partially confined half-
LIF, PCHZ) ¢M5CEICT 4. BT + A7 D
FROE RS E T HHEEESR (e, 2) #EBAL, HHEE
O LTl z Bl A, TNZEN 2, 2o & 5.
BUNEDEREIC BT A~ 5 v T xR e E 2, R
HARRR A RET 5. WAEREOET - BIZETZIT AT

zone :

50 J. Jpn. Soc. Microgravity Appl. Vol. 23 No. 4 2006

ft

no-slip
cold disc, T=T,

no-slip

side walls L.
e

Ly
‘ 4
free surface N ... } <h

. Ly

v

no-slip

hot disc, T =Ty,

Fig. 1 Partially confined half-zone. Two parts of the free sur-
face are covered with thin solid films.
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“(m)’ is azimuthal wave number.
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Fig. 6 Properties of the CE-stat mode. (a): Regions of strong
energy production (color) together with critical distur-

bance velocity field (vectors) in a plane where the local
term 7, takes its maximum; (b): regions for which 6 <0

(=)

(shaded). The contour lines are the basic streamlines,
and the orange bars indicate the wall-confined regions.
Pr=0.01, As=1.5, 2 =<hot), {~1=1.20, Re!'=1567,
m=2, and w.=0.

Reynolds-Orr HAER D T )V F =TT B\ CTHLELHY
D3 Ly b L3I, THAH (Tablel). [T =

Table 1 Critical values and energy budget for selected cases of
the instability mode. Here w, corresponds to ona’/v-
fdim Pr=0.01, 4s=1.5, 2 =<hot)

Mode type Energy budget

CE-stat i 1, I,
I 1.20 | 1 —0.032 0.178 M. 0.003
Re! 1567 | 2 0.156 0.720 M,  —0.023
Re, 1529 | 3 —0.241 0.059 | 19~ 410~ 0.211
o, 04 0.904 0.072 I3 0.211
m 215 0.243

CE-osc i 1, I,
&t 1.55| 1 0.147 0.144 M, —0.003
Re! 5550 | 2 0.031 0.599 M,  —0.009
Re, 10149 | 3 —0.186 0.067 | 19~ 413~ 0.297
w, 629.2 | 4 0.960 0.209 x5 0.385
m 315 0.067

C-osc ! 1, I,
&t 2.50 | 1 0.087 0.037 M, 0.000
Re 4106 | 2 0.185 0.639 M,  —0.004
Re. 20200 | 3 0.251 0.226 | 199~ +1y°~ 0.789
w, 341.1 | 4 0.234 0.107 I 0.869
m 315 0.252

C-stat i I, I,
&t 5.00 | 1 —0.097 0.137 M, 0.012
Re! 3940 | 2 0.073 0.655 M,  —0.003
Re. 80961 | 3 0.286 0.289 | 19~ 41~ 0.860
w, 04 0.460 —0.081 I8 0.953
m 215 0.278

@

Fig. 7 Properties of the CE-osc mode. (a): Three-dimensional iso-surface of the local energy production i,=0.75; (b): regions of strong

energy production (color) together with critical disturbance velocity field (vectors) in a plane ¢ = const. in which the local produc-

tion 7,4 takes its maximum; (c) the same as (d) but in a plane @ =const. in which 7, takes maximum (A(p= 0.157 from the plane
for (d)); (d): regions for which § <0 (shaded). The contour lines are the basic streamlines, and the orange bars stand for the wall-
confined regions. The parameters are Pr=0.01, As=1.5, 2 =<hot), £~1=1.55, Rel' =5550, m=3, and w.=629.2.
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Table 2 Ranges of the inverse of the free surface fraction £~ ! in
which the different instability modes take place (Cor-
responding to the critical branches in Fig. 5 (c)). Pr=
0.01, 4s=1.5, 2 =<hot)

range of {1 mode type m
1.0 ~1.417 CE-stat 2
1.417~1.512 CE-stat 1
1.512~1.672 CE-osc 3
1.672~1.720 C-stat 1
1.720~2.029 C-osc 2
2.029~3.446 C-osc 3
3.446~3.599 C-osc 4
3.599~5.0 C-stat 2
////F\\\\\

, )
< (.?\: .

1liptic mechanist

g g
\\\ _///

Fig. 8 Schematic structure of the disturbance flow in CE-osc
mode.
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Properties of the C-osc mode. (a): Three-dimensional iso-surface of the local energy production #,=1.50; (b): regions of strong

energy production (color) together with critical disturbance velocity field (vectors) in a plane ¢ = const. in which the local produc-

tion 7, takes its maximum; (c): regions for which 6 <0 (shaded) . The contour lines are the basic streamlines, and the orange bars
stand for the wall-confined regions. Pr=0.01, As=1.5, 2 =<hot), £~ 1=2.50, Re{'=4106, m=3, and w.=341.1.
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Fig. 10 Streamline eccentricity parameter £ in the center of the
basic vortex along the critical Reynolds number Re
for Pr=0.01, As=2.0, 2 =<hot) (solid line), P =
{cold) (dashed line). The small vertical partition bars
indicate a change of the critical mode.
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Fig. 11 Map of the critical mode in the (7!, As~!)-plane for
2 =<hot).  Colors different
mechanisms and azimuthal wave numbers.
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