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a) Dropping capsule b) Touchdown

Fig. 1 10m drop tower.
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Fig. 2 The schematic for liquid bridge formation.
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i) 5/30sec ii) 7/30sec iii) 41/30sec
a) Stable formation.
(v=5c¢St, D=10mm, L=11.2mm, V=37.3mm/sec)

i) 6/30sec ii) 9/30sec iii) 10/30sec
b) Breaking caused by fast injection.
(v=50¢St, D=5mm, L=10.1mm, V=37.9mm/sec)

iii) 41/30sec
¢) The liquid bridge cannot hold for the
overflowing liquid.
(v=5¢St, D=10mm, L=20mm, V=42.9mm/sec)

i) 12/30sec ii) 33/30sec

o ) - - 5
1) 6/30sec ii) 9/30sec iii) 10/30sec

d) Breaking caused by fast injection.
(v=50cSt, D=Fbmm, L=10.1mm, V=37.9mm/sec)

f;jn Nl -

!

1) 26/30sec ii) 35/30sec iii) 37/30sec
e) Separating caused by too long length.
(v=50cSt, D=bmm, L=15.2mm, V=24.0mm/sec)

Fig.3 The condition of liquid bridge formation under
microgravity.
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Fig. 4 The relationship between non-dimensional
surface tension (cD/vp) and Reynolds
number (Ud/v) in a liquid bridge
formation.
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Visualization of temperature distribution
by thermal sensitive liquid crystal and
computer simulation (KF-56, Aluminum
particles: ¢30um 0.1w%, liquid crystals:
0.75w%)

40 Int. J. Microgravity Sci. No. 31 Supplement 2014

REMBHR, fE, FICHEA) PErmE e n R TR
T& 7. ISS Ic## & L7z FPEF (Fluid Physics
Experiment Facility) Tix 3CCD # A Z &7 7F A%
HWENPEa L Pr— AR THD.

3135 vYa—rr AN EREEH

2 SO B CORERBIFZV ) a— A V%
SOKPERET D EDRDOMhoT-. KoBNEEND L
FKHEEHINDELL, BOLE LEERNERTERLIRD.
IOk, NEETATI L LIFE CHREBR ML,
INOLORBREZOHOFHAT — v a VERFHE A&
KMEnTns.

RN WG CMERER LT AV T A
=XHENEE LR WEFIN S -T2, ZOREGORK %
FHT DM EEREIT-oT-E A, Fig. TITRT XD
W2, BEOBEWEETIIKRSDEERTE LD L 51
B 25 2 L b o iz, Pig, 8 ITiEHER @I PR E ORI

. top
i Al disk TH

mobile
/ US |lc Tinterface

f L=4mm
‘ Silicone oil @

| liquid bridge

{ r=7.5mm

stagnant
region

\  bottom
Al disk Tc

Fig. 7

Schematic  diagram  of  interfacial

contamination phenomena on Marangoni

convection.

1 |
— 37
Q)
9,
E
KES
»
2|
=SB0 W f: e ] { : T
2 :
9 b Dew point | Dehydration |
.9 | ///‘ il 8] without| with J‘
2 = “zioEn |+ | >
E i 1’ :G (air) o .
‘O | (KF-56) [_=5:0 (ain) s A
] C 1200 (ain) o L
E | dimethyl | _13.0 (air) v -
) = -30.0 (N2 -

2 0.01 i | (KF-96)[ - '(l) ©

E 100
Temperature difference, AT [*C]

Fig. 8 Relation between temperature difference
and interfacial velocity at the center of
clean interface.

0 8400



B AN,

VI RE T HRAKIEE OB L RS, WEA bR
HPREITIREZED 2/3 FIZHHIT D2 ERbhrotz. KF-
56 OHEFENRERE TGS, REKIBENE &5
NRAETIHENDIoT-. —F KF-96 2V —XTZZoD
BHEIIRONR -7 10, ZOBLOFERKIIH ST
R, KF-56 ICEAEINTWD 7 = = LDV BIK
WD HIL, YU a—rA AR LENDOHEBTER
U 727K 5 ISR SR T VSR AE LK Sy DR & Rk L 7= D T
TR hEEZLND. TLXaT—v—T EEEAL
L CREHRIEZ oy ic i &8, FHKROWE N 51
RT VB RER BN WER Do T2,

3136 YYa—2AAIDEREERE

TR-IA 2 S CIXIEEROREEZ BHIO—> L& LT .

WEE Schwabe & OEEEMFICHER ©0 5, 772 MUK
WCHBI L CRR~ 7 T80 ET 2 L IRELT,
R=eF o A= RTETT AT NEDOREBIIR{ ST v
M VECHIBIMICZ LT 2 SIE L. B 15mm DK
FEOWEN TR AR TR ZZHEW Lz 719, B X LB
DA —1 > 7 LR &3 L/D=2/3 TH % 10mm O
Wrlci/NE 720 LHEHIL7=. KF56 OEKEEIL 15cst TH
0T, HEHSHZIEEZEIT 100°CLLE & 7 v IBShiE & 5%
AR DITIFEBEORHK ERERSH D Z LR bhroT.
T, BURWSIC K pRA, KiCLDIEROBIE, &
BHERENREE DK T 2 7= 9729, KF-56 & KF96-1lcst
28 TCT LY RTHZLaRAR, 2FBHEOVY a—r
FANET VY RLUEEZREST 5 2 S13E < Thi
TWAEETH H. KF-56 & Kf96-lest & 2:8 TF L
RL7Zv Y a— A VIEERT 7eSt BETHDLENH
Lokl olo. TeSt TIHERMMREZET 40CRETHHH
DTHEN, 40°CREDEEREZ TS 2 L ITATHE
EZbNT. FlKICEDTERD R L TRORK S D%
AL B THHATZDOTT L KLy ) a—rd A V%
HBRIAE LTRBELE., 22 CRALEY Y a—uF
ANVDT Ly RBLORIBRE ET VI =T L) RORE
EIIRE O TR-IA#3 1B W T HERH Sz,

3.1.3.7 BRMRRB DM A

BURR B OFERICH-> Ty ) a—rd A Lhdksy
TGRS 1 BfETOVRICEELTLEY, S8
LBWENHEE 2o, HRwA 7 ubhrerr ey
7Y W40 13Hh 7B LANCE T F 2TV DH DT, K
FICEVERE LI EZOND.

YU A=A ANFOKGEBRAKATHS T Z LI
XV 3 EMORETHEELICS K Y, BELER
W THORMTHET 22 ENHLMCRY, Na s

v b CTOWNEAERICEIET D Z ERHLNE T
FHOMEEDERMRE L ML —V—2 T 25613,

AROEN 2 B8 U EZREE OMAEOMER N EET
bHEEXD.

Int. J. Microgravity Sci. No. 31 Supplement 2014

5.6mm

T 4w

T3-T5

Sampling rate
25Hz

25Hz
50Hz

TH H
T3 (0.02mm

T40.38mm
| | T5[0.98mm

Fig. 9 Outline of test section.

3.1.3.8 IRENERLEICE LGS EEREOA

FTX #2 TIX Fig. 9 \R @Y 7 ¢ A 7 [ S r 7

OER BN O ERE L RBEORAEIZ L b7 9 REIR
FORELEMRLZ. Znid~T v A= HE T v
Lo mMmEREY (T WEBeT6um) T 4 AU
HEVEHT DL IICHDIAR, ILICHIEEED Y 7
Y =7 ETCORY T Y S A A EE 1 10Hz 12
XL T 25:50Hz L@ b LICLVEHAIT 2 Z & & AlhE
L7z ey ML EFERCIE ETT 0 A7 %1
C, WEMT + 27 REIZRE LT O-V 7V TEHET S
Tl V) a— A NVDIRNABNENL ST B,
Z DOEFIZ @ E D & H T 2 SRR ELVE 5 S B L 72 0
L9210, MBVIT 4 A7 ICHEHZE Imm (T EDQES Y ZH1 0
F U AT HBALTWAETZ DY) OIS o R EE
KPS TWD X HIC-EL =

3.1.3.9 FIHAD &+ 3 RITEE

WAENIEI D 8 WotHid&E 2 O T A 72018 BT
4 AT BFHRIC LT 3R BlEid 5 Z L % Fig. 101277
YRR 0L 7. ZORIMMREROEH VBB Z KRG
LT TART 4 A7 O T 7 A THT 0 A7ICEEL
oo YT 7 AT T A AT OMBNIT 7 7 A4 T OFEHICE
— B B ETH N E AR Le, M ESEBR T,
BRSO F L—H— L L HITIRES O 3 WoThis Wi
FERR L7z, BEIZIT KF994 &\ ) S A 2.3¢St &K

L1QUID BRIDGE

CCD CAMERA

coLD DISK

Fig.10 3D observation experimental set up.
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T 271012, HOENPUDHBEIT ¢+ 27 REICEYER
BRI, BHIT A A7 OBEIE & HICHEER R L
ENEHDATRECHAT S, LWHTATT Thol-.

FTOT AT T ERAET D720, HEHEEA—HI—ThH
ST AN SBEETE L LR LT, 1994 /F 6 HITHZEH
FEBR A £ L7z, 20 BRIOM/NE D ERE TEA 30mm ©
F 4 27 HICEE 10.8mm D EBRER L, NEREE
3-D PTV T+ 2L WHFEBRTH--. EREEXE
Fig.12 (2”7, =WocidEatilEE A4k % Table 1 127
J. /NUEAE CCD B ATNERAT 4 A7 O EIZHKES

A, AN E ROt BT HEE CHDH. CCD 4
A ZIIHEESM I HERICEE SN, T OTHITRERR

B/W CCD cameras(3D-PTV)

Optical Fiber

NE

Fig. 12 Flow apparatus and 3-D PTV system for
parabolic flight experiment in 1994.

Table 1 Specifications of 3-D velocity measurement.

Ttem Specification

CCD camera and

Controller

 Number of pixel 768(H)x494(V) (B & W)

+ Resolution horizontal 579 TV lines
vertical 350 TV lines

+ CCD size 1/2 inch

+ Focal length 7.5 [mm]

. Field of view 3 directions from ®28[mm]

camera #1 . heating disk
Liquid bridge - g[ + Depth of field 28 [mm] .
- Output NTSC composite
S . RESET RESTART
! camera #3 + Synchronization 3
» Number of camera
Lower disk Illumination

camera 42 + Method Halogen lamp with fiber

+ Output power 100 [W]
Fig. 11  Camera configuration for TR-1A #4 - Shape Ring
experiment in 1995.
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TE AL & 2 IR AL O B P 13 Ak & e Bl AR 8 S LT
BV, BEAMOREICALRNE S ICZY v 7RO
EAWTWS. ZOREST, %% FEPF Ic#ians 3-
DPTV DFANREE -T2 FA 5.

3.14.2 MBTARY

BT 4 A7 OHEEREDRA 2 F & L THIRRE, IRE
Bp—tk, WEFHE o FE2ELELTCND I L, ME D
OB, Rk O N, RERFEER S D,
NEEBTHHEEL LTMET 4 2 2712x L F i DMt
EATo7c. BT «+ A7 OFIR%E Fig. 18 [TRT. #&FHt:
FE% Table 2 127”7,

O V774 YHTAOERH

NEa sy NEBRTClipng T CORBRERH Z A8 F]

T 5720, MEAT 4 A7 2% LTI BAF AR IR FE ) — 4,

Connection port

‘emperature sensor Sid_em/

bl
O-ring Sl

part-A

Fig. 13 Structure of disk heater and sensor.

Table 2 Specifications of disk heater
Specifications

Disk: Sapphire Glass

Heater: Transparent ITO film

Temperature Sensor: Transparent

ITO film

(1)®28[mm] in diameter

(2)Disk edge angle: 45 degree

(1)More than90[*C](1min) with

75[W] input power

(2)Temperature homogeneity:

axial : less than +1[°C]

radial :less than +1[°C]

(3)Max. Current: 0.25 [Al/ input

channel

(4)Resistance of heater:

110+10(Q]

(5)Max. disk temperature:

100[C]

Method: 4 probe by film sensor

Range: 20~100[°C]

Points 3 points

Accuracy +1[C]

Thickness of sensor:

Item
Material

Shape & size

Heating
capability

Temperature
measurement

0.5[mm]
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Fig. 14 Surface temperature measurement (Infra-
red temperature measurement image).
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Table 3  Specifications of surface temperature
measurement.
Item Specifications
- Range 0-100[C]
+ Resolution 0.1[C]
- Spatial @0.2[mm] (when the distance
resolution to the object is 130 [mm])
+ Time 0 [frame/s]
resolution
- Wavelength 8-12 [um]
+ Field of view 34x46[mm](VxH)
+ Distance to 130[mm]

object Less than +2 [C]
« Accuracy 2 [mm] (when the distance to
- Depth of Focus | the object is 130 [mm]
- Output NTSC Composite (B & W)
i, HEERIE DB O T AR A L TR IS

5@&#M%ﬁhokbtﬁm,ﬁ7x_;éﬁ%ﬁ@
WLz X DB E DR TABRES SN, JRET
% 818 um DOFRIMROWIRPHR ) /NS e b L 57
Nv=ov AWoBRERAL, FRCF V=T LB ER
U CRIRIF CRABHEE S O E T A — 2 — D%
EEITV, fHIEE{To 7.

3.1.4.4 REERFTREE

KO~ Z A= oREEIEEZRE T 5 2 & I3
OTHEETH D, WIEICRASEZR TN EL,
FTHLEL ZBEH L T EREEORRBRETH D EIELE
WV, 207, U a—rF A VR 20,
INEL—YPTHBRITIZLICEDERSEDHEDOH
WBHFICEL D $AATZ. T OFEIIX, 1987 FFICH T X DA
N AN RS UT2BRIZ, -2 ORFFRED 2 F
ERTZOHEMZANTW =2 L Z2FHA LD THS. 7
+ hrm Iy 7 Eic L aEmERE T, Fig. 15 1R
T AR L — T OREKIC LV AE U REHOBEE
P L VWR
TLIE O 72 6D D Ye gk

FEEZEATAENS FL—H—JETRD LD
WK

HEREMOWREZFHT 5.
ZTORALTEL.

(F

Surface velocity measurement (Photochrom
dye activation system)

Fig.15
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Table 4 Specifications of surface velocity measurement.

Ttem Specifications

GNz2 laser

+ Type Pulse laser

- Wavelength 337.1 [nm]

- Pulse cycle 1~20 [Hz] (2[Hz] for
experiment)

- Pulse width 3 [nsl

- peak power 85 [kW]
4 [mW]

+ Averaged power

- beam Shape 7lmm]x7[mm] square

Ilumination

+ Method Collimated by Cylindrical
lens
2set

+ Beam Shape Cross 7[mm]x7[mm]

Line width 0.8[mm]

+ Location 5[mm] apart from the heating
disk

Imaging

+ Method Telecentric optical system

. 5 set

- Field of view About19 [mm]x11 [mm]

+ Spatial resolution 12.4 [um]

+ Depth of focus 3850.5f[mm1]j "

: urface Li

- Back light 30[mm]><3§[mm] by Halogen

lamp
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— A& L, FITUAT 4 —Ho/NEY (K¢ 8mm—
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\ § —~g—— Transducers
Fig. 16 Acoustic Doppler current profiler.

Table 56 Specifications of acoustic Doppler current

profiler

Item Specifications
Transducer
- Basic frequency 8[MHz]
- method Time divided
+ Number of transducer 2
- Shape & size ®5[mm]*30[mm]
Controller
- Max. speed to be 0.32 [m/s]
measured
+ Spatial resolution 0.5 [mm]
+ Number of point 64 (max)
+ Sampling frequency 25 [Hz]
- Maximum meas. length 25.5 [mm)]
+ Minimum meas. length 2.5 [mm]
. Shape & size 199 [mm]x183

[mm]*80 [mm)]

QEAFEWEE ETFBZLICEY, FFUATF 44—
BEfEZ2/NSLSTDHZERTE, /RO NT 2T 4
—H L.

F7, RAMHEREEIT NS 250, 2 E TOM/N
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ZBER AT (Imm 13 E) 1S L TGRESRL L
DOWPE ZAT - 7. OFER, FOEVE SR 2 68 3 uE -+
WA DR A ZFH R 2 E23 A L, KRR
B0 AHF 72 BVEB SR O Ik 5 R E M 2 e L7z
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EZEAb O ZEL 2 3l LT\ 5. BVEHE B
kg% Table 6 IZ7R7.
BHENOFNZBAEL SR L 512, B 0.5mm O
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Table 6 Specifications of thermocouple insert system

Ttem Specifications
Thermocouples
- Type K
- Diameter of Sheath 0.5 [mm]
- Sheath material Inconel
- number of senor 3
Insert mechanism
* Method Rotation by DC motor
* Speed About 1.7 [mm/s]

By — ZAENE AR L2, 38 ROBGESHIHEIFICEE L,
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kPO B - MIFRIRHBEE 2 B L T, AT 2R
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R Te DI EE AR MMWEICRE L, FFRIEEL? K
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AL TW53 (Fig. 17 (bottom)) . HIEDERBREE T
1, 20164FLARRIC A T8 LTV 2 B RREE [A) 52 7 525,
BEMJEREMI (Japan-Europe Research Experiment on
Marangoni Instability)~® ¥ 58 & U CTiAE: % 7.0 M
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ERBHLODREHBELTCND 3830 HKERGRMAIE, Bk
2 BRO 5 cStOVY a—rA A VEHn. 2k,
WMHEEREZRFT XTA—FL LT, TAXZ M T =
H/R, &fEtL VIVo = VI@R2H)#E A+ 5. Z 2T, H:
WAEm & (AR « 2 7 [EEE) , R AT «
27, Vi HERETH D.

 EAFZECIXEIE, (1) RERER S OIS, (2)
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RRERELUTITRT.

CCD camere
for top view

Top rod

Liquid
bridge
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/. D camer
Bottomrod " ‘TN £/ cide view
Shield
LB \ /
A A
(b) 6, ~ HS camera (1)

HS camera (2) 02 Giiblc

beam splitter

Bottom rod Cooling channel

Fig. 17 Experimental apparatus; (Top) open system and
(bottom) enclosed system within external shield
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321 REFAEBBROREF

SEXERT AN N ERT DR IEE G, EH
mEE R (Wb bR~ T T = Ma:) & FEERAIIZ
Kiz (Fig. 18) 30, 728, KA LITHRER L O
o=, RRREORIERST 7 v M AVHRIKEZ v
7=Velten, et al 398 X UMasud, et al3®D#ER L 71 v
FLTW3. 772 M0 ~ TOREE OHIFHIZ I T
X, Mach® 5000 ~ 50000 FEEOHEPNICINE D Z &,

Velten et al. (1991)
105 —| @ NaNO; Pr=7.025 D=6mm
F7| @ CuHsy Pr=49 D=6mm

[ | Masud et al. (1997) (Silicone oil) 1
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g | | ¥ 5cStPr=54~59 D=3mm a i
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10° M
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Fig. 18 Critical Marangoni number against liquid
bridge aspect ratio I' = H/R, where H and R
are the height and the radius of the liquid
bridge.

(c) (d)

Fig. 19 Particle path line in the ambient air motion at
steady flow (exposure time: 1 s, Ma = 1.1x104):
(a)-(c) with partition disks and (d) without
partition disks. The region between the top and
bottom partition disks is shown. The distance,
L, between the top partition disk and the end
surface of the top rod is (a) 0.5 mm, (b) 2.0 mm,
and (c) 3.8 mm.
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Fig. 20 Effect of the heat loss on the critical Ma;
comparison between the numerical [9]
(horizontal solid lines) and experimental
results [2] (solid circles). The horizontal
dotted line is the Mac experiment without
the partition disk.
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Fig. 21 Correlation between azimuthal mode

number m and liquid-bridge aspect ratio
I'. The product of mI" is also plotted.

Int. J. Microgravity Sci. No. 31 Supplement 2014

hﬁ@@%@ﬂﬁ
WAEWNIRBY A A S m 269 5F— MEiEE 2
THIERMLN TN, i EEBRTELNE m OF
AT N HRAEME A Fig. 2112773, Preisser, et al 39 12X
ST, REMEBZOET— NMEIEL 7 A7 o BR
i ml'~22 T <1 EEROITIINTWIZR, Fan
FEhe L2 EEBRICBWTYH, ml' ~ 2 OBEEIAHEEE
7z, MEISTORERNRIA—FREIIHL>TILID
BR A N — R ZPRIE L7223, FERAICHUNE DR TO
FBRIZIB W TII B CToRER & BRI 587 2 M A FTE

THLZEPHENE T
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Fro, =T A7 PR TFIZBN T~ T I =H%
RK&ELT5HZ L TREDRZ 5PAS (SL1-PAS, SL2-
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PTV% I\ TSL1-PAS, SL2-PAS LIZfF7ET HHi 1D 3
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D PASTERL D W B E 7 /L DR R 42D HAE FH R 4449\ &
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Rotating
direction
of SL-PAS

Traveling
direction of
particles

Top view
|

|
Side view
(a) Instantaneous Images from
the experiment (projections)

(b) 3D reconstruction

Fig. 22 (a) Top and side views of PAS realized in
liquid bridge, and (b) reconstructed spatial
structure of SL1-PAS of m = 3 (Ma = 4.8x104
I'=0.66).
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——Partck
—— Edge of rod

-1 0 1 2 -1
(C) x [mm] (d) x [mm]

0

Fig. 23 (a) Snapshot of SL2-PAS observed from
above (Ma = 4.8x104, T' = 0.64) and (b) ~ (d)
typical examples of reconstructed trajectory
of a particle on the PAS (b) in the bird’s eye
view and (c¢) the top view in the absolute
coordinate, and (d) top view in the rotating
frame of reference with the hydrothermal
wave (counter-clockwise in this case).
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Fig. 24 Flow regimes of (a) Rgl: steady flow, (b)
Rg2: Pulsating flow I, (c) Rg3: Rotating flow
I, (d) Rg4: Transition, (e) Rg5: Pulsating
flow II, () Rg6: Rotating flow II, (g) Rg7:
Chaotic flow I and (h) Rg8: Chaotic flow II
(Turbulence); Column (1) indicates top view
of the flow field, (2) the Fourier spectrum of
surface temperature variation, and (3)
reconstructed pseudo-phase space (PPS).
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