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Table 1 Stats of MEIS experiment

Experiment period Number Disk Sample
of runs* | diameter

2008.8.20-10.17 31 30 5cSt

2 | 2009.7.9-8.25 18 30 5cSt

+TNSB

3| 2011.9.20-11.4, 29 30 20cSt

2012.1.15-2.8 +TNSB

4 | 2010.8.28, 9.20, 27 50 20cSt
10.26-12.22

5| 2012.6.26-2013.2.25 32 50 10cSt

*Including check-out
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Fig. 1 Liquid bridge formation
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Fig. 3 Fluid Physics Experiment Facility (FPEF)
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Fig. 4 Schematic diagram of observation system
for velocity and temperature fields.
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Fig. 5 Structure of experiment cell components

Fig. 6 Photograph of experiment cell
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Table 2 Experimental conditions

O B 2 @Y7 Lo, MEIS EBiZ, RAEO Series W?E% dm%
EREA G O L~ h LR SR & LT omE %, uid lameter
B b > T DR LS. MEIS e 30mm
- - ~ICS

%2y AMOERPICIE, 1SS O EIHIEN 2 MEIS2 | . th photochromic dye 30mm
éﬂf:by /\Ub“—‘:/ﬁ)f‘/\fl :/y:/$$"z:/&‘_;&'%b\ KF'96'2OCS
KECEANFE SN0 2 ETFHERIEBIEEL, £ MEIS-3 with photochromic dye 30mm
DOFRE, FEBGEAED £ & OHEY L ORFEEITVRN S, MEIS-4 KF-96-20cs 50mm
ERA~DOEEER/NNRIZT D200 FREBMR LI, & MEIS-5 KF-96-10cs 50mm
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Table 3 Physical properties of the silicone oil at 25°C

KF-96L-5¢cs KF-96-10cs KF-96-20cs
L 915 935 950
[kg/m3]
v 5.0x10° 10.0x10°6 20.0x10°6
[m2/s]
¢ 746x10° | 8.94x10% | 9.67x10°
[m2/s]
Pr
67 112 207
[]
p 1.09x10°3 1.06x10°3 1.04x10°3
[1/K]
7 19.7x10°3 20.1x1073 20.6x107
[N/m]
or —6.58x1075 2 -6.24x1052
6.12x10°
[N/(m-K)] | -6.26x105P —5.85x105P

a) pure silicone oil, b) with photochromic dye
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Variety of liquid bridge shapes for (a) AR=0.35, (b) AR=0.50, and (c) AR=1.00
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Table 5 Experimental conditions of surface velocity

measurement
Method | AR | VR | Ma | MaMa
1g experiments
tracer 0.33 | 1.00 | 1.89x104 1.12
tracer 0.50 | 1.00 | 1.89x10% 1.13

photochromic | 0.50 | 1.00 | 1.56x10* 1.12
pg experiments
photochromic | 0.50 | 0.95 | 2.03x10* 1.04
photochromic | 0.75 | 0.95 | 3.18x10% 1.10
photochromic | 1.00 | 0.95 | 3.00x10* 1.12
photochromic | 1.50 | 0.95 | 9.37x10%* 4.06
photochromic | 2.00 | 0.95 | 1.27x10° 3.53
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Table 6 Projection errors in camera parameters
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Table 7 Uncertainties of 3-D position measurement of
tracer particle

Camera#1 Camera#2 Camera#3
MEIS-2 0.80pixel 0.94pixel 0.90pixel
MEIS-3 0.89pixel 0.85pixel 0.89pixel
MEIS-4 0.64pixel 0.62pixel 0.87pixel
MEIS-5 0.55pixel 0.55pixel 0.66pixel
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zlmm] | Urssxlmml] | Urssylmm] | Urss,[mml]
0~15 +0.14 +0.19 +1.31
15~30 +0.12 +0.12 +1.01
30~45 +0.12 +0.10 +0.65
45~60 +0.10 +0.08 +0.39
Total +0.12 +0.12 +0.84
= 15 T T
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Fig. 29 Uncertainty ratio between axial and radial
direction as a function of the angle between
two camera axes
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Fig. 30 Particle trajectories and stream lines for
steady state (AR=1.25, VR=0.95 and
AT=2.9K); (a-c) those measured by using
3-D PTV, and (d) those predicted with
CFD
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Fig. 33 Particle trajectories measured by using 3-D PTV for AR=1.00; (a) standing wave oscillation (A7=12.5K),
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Fig. 34 Relation between flow field and temperature field for AR=1.00 and A7=23.1K; (a, b) time evaluation of
particle trajectories measured by using 3-D PTV, and (c¢) time evaluation of surface temperature

fluctuations viewed by IR camera
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Fig. 35 Particle trajectories measured by 3-D PTV for AR=1.50; (a) slightly supercritical condition (A7=3.1K,
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Fig. 36 Relation between flow field and temperature field for AR=1.50 and A7=11.2K; (a) time evaluation of
particle trajectories measured by using 3-D PTV, and (b) time evaluation of surface temperature

fluctuations viewed by IR camera.
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Table 8 Main characteristics of the hydrothermal wave and the conditions of the liquid bridge

Present Schwabe (2005) |Xu & Davis (1984)
Fluid 5¢St silicone oil | 20c¢St silicone oil | 2¢St silicone oil
Pr 67 207 28 67
D 30mm 50mm 6mm

AR 1.50 1.00 2.50 00

Ma/Mac 4.02 2.11 2 1
Mode of oscillation SW RW RW RW
Azimuthal mode number m=1 m=1 m=1 m=1

Propagation direction Toward CD Toward CD Toward HD Toward CD

Inclination angle 37° 34° 47° 44°
Dimensionless axial wave length, A,* 1.5 1.0 2.7 3.1

CD; cooled disk, HD; heated disk
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Fig. 40 Time series of surface temperature deviation evaluated by IR images (Fig. 32) in the case of I'= 2.5;
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columns (a) to (c) correspond to those as shown in Fig. 40
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MEIS-4
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Fig. 46 Time series of phase averaged image of the PAS for AF=0.35, VF=0.80 and A7=54.0K

Table 9 Observed condition of PAS in MEIS

Series AR VR AT
0.35 0.71 53.9
MEIS-3 0.35 0.76 54.0
0.35 0.80 54.0

MEIS-5 0.28 0.95 20.7
* cooled disk temperature is kept constant at 20°C
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18 ERAEHOFRAIE—E
List of measured value in MEIS-1 (Pr=67, D=30mm)
AR | VRD | 1elcl | mwlCl | AT | Mald | flHd | pE(OSClaton)
0.10 0.95 10.0 71.8 61.8 3.94x10* | 6.67x101 0.41 -
0.15 0.95 10.0 55.0 45.0 4.00x10* | 2.78x101 0.38 SW 4
0.23 0.95 21.1 40.0 18.9 2.74x104 | 1.18x101 0.45 SW 3
0.25 0.95 20.8 36.8 16.0 2.45x104 | 1.04x101 0.50 SW 3
0.27 0.95 20.5 34.8 14.3 2.32x104 | 7.81x102 0.45 RW 3
0.32 0.95 20.6 32.6 12.0 2.27x10% | 5.92x102 0.49 -
0.40 0.95 21.6 31.6 10.0 2.37x10* | 4.10x102 0.51 SW 2
0.46 0.95 20.1 29.2 9.1 2.39x104 | 3.40x102 0.56 SW 1
List of measured value in MEIS-2 (Pr=67, D=30mm)
ARFL | VRH | TePd | 7ulCl | ATH | Mall | flHA | pr |Oscllafionfo, g
0.15 0.95 20.0 54.0 34.0 3.30x10* | 2.55x101 0.38 -
0.18 0.95 20.0 46.7 26.7 2.97x104 | 1.75x101 0.40 SW 4
0.20 0.95 20.0 43.0 23.0 2.78x10% | 1.52x101 0.44 SW 4
0.25 0.95 20.0 36.4 16.4 2.36x10% | 9.52x102 0.47 SW 3
0.33 0.95 20.0 31.1 11.1 2.01x10* | 5.41x102 0.50 SW 2
0.80 20.0 28.4 8.4 2.25x104 | 2.44x102 0.49 SW 1
0.50 0.85 20.0 28.4 8.4 2.25x104 | 2.69x102 0.54 SW 1
’ 0.89 20.0 27.4 7.4 1.98x10% | 2.44x102 0.52 SW 1
0.95 20.0 27.5 7.5 1.99x10% | 2.69x102 0.57 SW 1
0.63 0.95 20.0 25.6 5.6 1.85x10% | 2.63x102 0.93 SW 1
0.69 0.95 20.0 25.7 5.7 2.07x104 | 2.50x102 1.00 SW 1
0.75 0.95 20.0 27.3 7.3 2.90x104 | 2.32x102 0.92 SW 1
0.87 0.95 20.0 29.4 9.4 4.44x104 | 2.22x102 0.96 SW 1
1.00 0.95 20.0 25.1 5.1 2.67x10% | 1.95x102 1.44 SW 1
1.25 0.95 20.0 25.4 5.4 3.54x104 | 2.22x102 2.23 SW 1
1.50 0.95 20.0 23.0 3.0 2.31x10% | 6.25x103 1.12 SW 1
1.75 0.95 20.0 23.0 3.0 2.64x10% | 6.25x103 1.42 SW 1
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