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ABSTRACT

In microgravity, the familiar convection due to specific gravity difference disappears and
the convection due to surface tension distribution (Marangoni Convection) takes place. In the
field of material processing, this flow disturbs the uniform crystal growth and ends in a random
distribution of concentration. The importance of developing methods of in-situ observation of
Marangoni flow has been recognized, and this is the main objective of this study.

In the sounding rocket TR-IA, we have developed the method of two-dimensional
observation inside a liquid bridge. But in chaos flow, three-dimensional observation from
multiple directions becomes necessary. Moreover, tracers in a liquid column barely goes in the
proximity of the free surface, and this leads to the necessity of developing a method of
measuring surface flow. As the surface tension is determined by the temperature of free surface,
the way of non-touch measurement of surface temperature is also in demand.

In this study, we have carried out the following in-situ observation technique;

i) Three dimensional observation using two independent CCD cameras.

ii) Observation using high speed rate camera.

iti) Measurement of temperature of the liquid column using infrared camera.
iv) Observation of photochromism driven by ultra-violet ray or pulse laser.
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We have obtained the following results;

i) The contacted two liquids exchange the heat very slowly.

ii) The mare contact of the two silicone-oil balls didn't cause the formation of a liquid
bridge. The placing of a needle was needed.

iii) The temperature inside the liquid bridge (if formed) is normalized quickly.

iv) In case of water and ethyl alcohol contact, the quick averaging of the temperature due
to Marangoni convection takes place. The study of the observed vibration of the
whole liquid column is undergoing.

v) The visualization of the surface flow by photochromism due to the ultraviolet-ray
absorption, needs a further study. '

vi) The visualization of the flow by photochromism driven by pulse laser is already in
the good level for utilization.
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Fig.1 Arrangement of observation units (upper view)
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Fig.2 Flow inside liquid balls when they contact with different temperature
(every 1 second)

B3 BEORERZ VY 3V A VBHEORARESAORNENL 18%)
Fig.3 Transition of surface temperature when two liquid balls contact with different
temperature (every 1 second)
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Fig.4 Observation during contacting of two balls with different temperature
(High speed camera ; every 1/ 120 second)
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Fig.S Formation of liquid bridge by contacting two liquid balls with different
temperature and flow inside the liquid gridge (every 1second)
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S DR EEL () |

Fig.6 Formation of liquid bridge by contacting two liquid balls with different
temperature and transition of surface temperature (every 1 second)
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Fig.7 Observation of liquid bridge formation by contacting two liquid balls with
different temperature (High speed camera ; every 1/120 second)
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Fig.8 Transition of frequency and amplitude of liquid balls contacted with different
temperature
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Fig.9 Formation of liquid bridge by contacting two liquid balls (water and ethanol)

with different temperature and flow inside the liquid bridge (every 1 second)
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Fig.10 Observation during formation of liquid bridge by contacting two liquid balls
(watrer and ethanol) with different temperature (High speed camera ; every 1/120 second)
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Fig.11 Formation of liquid bridge by contacting two liquid balls (water and ethanol)
with different temperature and transition of furface temperature (every 1 second)

4. &5
AERTE, MAENTRBI2BEERVBEE~YS vy I EOBER#H O
A% - RAEZIT o720 EBRFEELS, DLTOLH T 022 L% S,

DFEMLZ2Y Y I VRETT T =iz voo, WEOW- Y LAZRVF
—RZWEIT I o

QYU IVERIEML T, FREOHES (REZ0FERCEDLLT) BELEWV,
DR, MEIELLDI—FORFEIEHE LA, MEROBIZHEE DL »
e —ERTHELTORAL 7,

GEL7Y ) IVHRE~I VTl L N RELBEOY LT

@K, =7/ - VOREIELVIEE 2w, BB CAEEoy—{bsfThbh s,
BEEZTIVITHICE 20D LB 3, BEHBERIBEARHTH S,

GYENM 7 # b0 v 2B ERABER L L TTRESSV IS, BNk
BOKMIEH D EBG9h o7,

@OV—FIlL27+bsray s BRBARETCOHEMEHATERTSH 2,

Bt

REBRETICH), ERETEAB Lot YA XY EY FZ7H -V ADFH 4

IR CHALE L B E 4,
— 41 —
This document is provided by JAXA.






