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Dynamics of Suspended Particles in Periodic Vortex Flows

By
Hiroshi KAWAMURA*

Abstract: Seeding the flow with tracer particles is a common way to visualize the flow in a half zone liquid
bridge. In our experiments on the ground, these tracer particles were found to accumulate and to form a rotat-
ing closed loop when the flow field is three dimensional and traveling. We named this structure the Spiral
Loop Particle Accumulation Structure (SL-PAS). The present experiment conducted was using the sounding
rocket MAXUS6 which launched on 22. 11. 2004 operated by ESA. The SL-PAS was firstly confirmed to
emerge under the microgravity, too. The SL-PASs with mode number of 2 and 3 were formed successfully.
Bottom and side views of the SL-PAS were recorded. The numerical analysis of the three dimensional struc-

ture was also performed.

Keywords: Marangoni convection, liquid bridge, particles
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Fig. 1 Transition from 2D study flow to SL-PAS with increase AT (m = 3).
(a) is Steady flow, (b) is traveling 3D oscillatory flow, (¢) is SL-PAS)
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Dynamics of suspended particles in periodic vortex flows (HHIMIZ2 BRI BT 258 T D54+ 3 7 A)
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Fig.2 Share chart of the project.

2.2. MAXUS6 & AV 73658
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TEM-0627 M: Dynamics of suspended particles in periodic vortex flows
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Mirror

Fig.4 Experimental apparatus onboard MAXUS6. Fig.5 Arrangement of the half-zone experiment.
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Hot Cold  Creeping up of silicone oil

Hot
{a) Heating from the top (b) Heating from the bottom

Fig.6 Stability of the liquid bridge against a direction of thermocapillary
convection in the terrestrial experiment.
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Fig.7 Lift off in the frozen field.

Fig.8 Training of teleoperation
{Schwabe, Tanaka, Kawamura) .
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Fig. 9 Dismounting the flight apparatus.
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Fig. 10 Retrieved payload.

(Tanaka, Kawamura, Sasaki)
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82 EREREER

821 m=3

EHEBROEE, TV m3 2L Tid 28175 SL-PAS
DEWMEEFSEM (D =064, AT=145K) 28T, H
BRI & HLO AR D SL-PAS FHEX S & T L
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DR TIIEIR T 4 A 7 I L 2T &G do TV LI,
PNE I BT b AR SL-PAS IR T A 7 IS4 L T
WiEv, LA Ui/ E ) EE SL-PAS T, B REROSE &
WL TTFET 4 A7 b OEHESEN Einhd. 0
L 9 72 SL-PAS O F LML = RICIEIRD, H L3R & M/ NE
NEBOEROBENIE, 5HDFETHS.

LB, EROBESREB T =322 2FHORT-O%E
BiA4rd P s LTwizds, m= 2 OFERER CMsiRE i

(a) Bottom View

(b) Side View
(1) Experiment (ug) (2) Experiment (1 g)

Fig. 11 Structure of the SL-PAS.
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(a) Reconstructed SL-PAS in 1-g. (b) Reconstructed SL-PAS in u-g.

(c) A direct comparison between the reconstructed SL-PAS under y-g and
1-g (Bird's eye view).

(d) A direct comparison between the reconstructed SL-PAS under
wgand 1-g (axial view).

Fig. 12 Reconstructed PAS under p-g and 1-g, all the other experimental para-
meters are identical.
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Fig. 13 Calculated SL-PAS by numerical simulation
(Ma = 34,600, ug)
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