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Abstract: It is expected to manufacture new materials with containerless processing under the
micro-gravity environment in space. If the levitated droplet is large, the surface of the levitated
droplet nonlinearly and dynamically deforms and vibrates in space. In the present working
group, nonlinear dynamics of the levitated droplet, surface deformation, its internal flow and the
external flow, are experimentally and analytically investigated. The levitation experiments with
the ultrasonic levitation apparatus and electrostatic levitation apparatus are conducted under the
normal gravity condition and micro-gravity condition with aircraft. Based on the experimental
results, theoretical and numerical analyses are conducted to clarify the nonlinear dynamics of the
surface deformation, vibration and oscillation, as well as the internal and external flow of the
levitated droplet in space. In the present study, new technology to measure the viscosity in high
viscosity region is proposed.
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Fig.1 Surface deformation of a levitated droplet
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Fig.2 Non-contact measurement techniques for
viscosity with electrostatic levitation apparatus
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Fig.3 Relationship between rotation velocity and
horizontal length of levitated droplet
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Fig.4 Three dimensional measurement system with
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Fig.5 Three dimensional PIV results
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Fig.7 Oscillation frequency and amplitude
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Fig.8 Numerical simulation result

5. f&E
ERBIRIE Y AT MR DT LRI RE S
PRI DI TH A F 2 v 7 R RIEAT
RPRE) R[] E D 2B 8 1T B3 2 EBRA R R &
/5 ENTE,
HonfzmAEzRANT, ZIWETARARETDH
72 105 10%[Pa-s] % T o Ji i o kb fE
S T B RS TEAR B E 7 & BT T I A A
L7,
WL O 3 IRTTIE & IR T 5 72 D NES
it DAL SRS A SR UL IR O PR E T
DAT LA B DOBEEAER D & | IR O
PRIB TR O 3 IRILHENY; D PIV FHAIRE R 4
/DLl Lz,
TRk 2 043 A, Z O 3 RTINSt Eh
T FEBREE A O 7o KR 3 1 i oD S i 28
B & NERBY ORI A4 . DAS OfiZEr%
W=/ NEBREE2 AV CHEME L, FRiliKR
O E A F I 7 RN KIETEHO
WELZHL MM LT,
TS OFERR L RIREC, SRR O IERE &
TR E AR 2 0 5 72D Oy %1
Pt 2 I T2 SR A S kE 32 38 LD IR
TEEL R OMEEE 21T - T, FIEIRHE O[5 RE D
EWHEEBRTHI ENTE,
TR P DO IR TH A F 2 v 7 Tp2¢H)
LNETOREN Z TR 5 72 O DL IR IE T
T ORAEIENT Tk % AT BT 217> ¢

FERE N OB O TR FRETH 5 =
LERLT,

Lth . BRETRIES AT A L NS R EIE
VAT I E DT R Rl IE R A i D &
& B ITHT LW IR BELGR O HEEE & B fRAT O
Tz I HICEMET D Z Ll k- T, FHilEKR
OB AA T I 7 AMBHL., FFRkoF
HERE N COFEERICET 2B 7R %
BTyl tETs,

ZE R

1) Rhim, W.-K., Ohsaka, K., and Paradis, P.-F.,
Noncontact Technique for Measuring Surface
Tension and Viscosity of Molten Materials using
High Temperature Electrostatic Levitation, Rev.
Sci. Instrum., Vol. 70(6), 2796-2801 (1999).

2) Ishikawa, T., Paradis, P.F.,, and Yoda, S,
Noncontact Surface Tension and Viscosity
Measurement of Rhenium in the Liquid and
Undercooled states”, Appl. Phys. Let., Vol. 85(24),
5866-5868 (2004).

3) Ishikawa, T., Janding, Y., and Paradis, P.F.
Noncontact surface tension and Viscosity
measurement of molten oxides with a pressurized
hybrid electrostatic-aerodynamic levitator, Rev.
Sci. Instrum., Vol. 77, 053901 (2006).

4) Rayleigh, L., On the capillary phenomena of jets,
Proc. R. Soc. London., A29, 71-97 (1879).

5) Lamb, H., Hydrodynamics, 6th edn. Dover.,
(1945).

6) Ohsaka, K., Rednikov, A., Sadhal, S.S., and Trinh,
E.H., Noncontact technique for determining
viscosity from the shape relaxation ultrasonically
levitated and initially elongated drops, Rev. Sci.
Instrum., Vol. 73(5), 2796-2801 (2002).

7) Onodera, H., The oscillation behavior of levitated
drop, Master Thesis, Tokyo institute of
Technology (2004).

8) Abe, Y., Awazu, S., Matsumoto, S., Watanabe, T.,
and Nishinari, K., Study on Nonlinear Behavior of
Levitating Liquid Drop, Progress Multiphase Flow
Research, Vol. 2, 63-70 (2007).

This document is provided by JAXA.



