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Measurement of Bubble Dynamics by an Optical Fiber Probe
(2nd Report, Simultaneous Measurement of Interfacial Velocity
and Chord Length of a Bubble)

Takayuki SAITO*® and Takeo KAJISHIMA

*3 Department of Mechanical Engineering, Faculty of Engineering, Shizuoka University,
3-5-1 Johoku, Hamamatsu-shi, Shizuoka, 432-8561 Japan

To improve the probe methods to characterize bubbles and/or the interface between gas and
liquid phases in multiphase flows, a single optical fiber probe with a wedge-shape tip have been
developed. For the analysis of signals, the contacting process of a single bubble and the probe is
elcidated using visualization by high-speed video cameras and digital image processing. Comparing
both the motion of center of gravity and the interfacial motion of the bubbles with those of free rising
bubbles, the presence of the probe has few influences on the motions. The measured values by the
probe are compared with those obtained by visualization and digital image analysis. On the basis of
these results, it is demonstrated that one can simultaneously measure interfacial velocity and chored
length of bubbles by our probe.

Key Words : Bubble, Optical Instrument, Multi-phase Flow, Optical Probe, Interfacial Phenomena,
Digital Image Processing
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(1) Optical fiber for bubble detection, (2) Optical fiber for
light source, (3) Optical fiber for photo mulitiplier, (4) Halo-
gen lump, (5) Photo multiplier

Fig. 1: Structure of Wedge-tip single optical fiber probe.

)

l i(13)

(12)

y R

15)

(1) Water vessel, (2) WT-SOFP, (3) Stainless tube, (4)
Optical fiber for light source, (5) Optical fiber for
photo multiplier, (6) Halogen lump, (7) Photo multi-
plier, (8) Amplifier, (9) High-voltage DC supply, (10)
A/D, (11) PC, (12) Optical Z-stage, (13) Stepping mo-
tor, (14) Controller, (15) Optical base

Fig. 2: Experimental setup for detecting WT-SOFP
signal during piercing air-water interface.
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(1) Water vessel, (2) Needle, (3) Single bubble, (4) WT-
SOFP, (5) Cylinder, (6) Regulator, (7) Heat exchanger, (8)
Micro flow meter, (9) Precision control valve, (10) High-
speed video camera, (11) Substantial microscope, (12) Strobe
scope, (13) Polyethylene film, (14) 6-freedom optical stage

Fig. 3: Experimental setup for visualization of bubble con-
tacting process with WT-SOFP.
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(a) (®) © (d)

(2) Background image, (b) Bubble image, (c) Result, (d)
Binary image, (i) Absolute difference, (ii) Binary

Fig. 4: Procedure of digital image analysis.
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Fig. 5: Average trajectory of rising motion of single 3. ERERLE®
bubbles.
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Fig. 6: Time evolution of average chord-length ratio of
single bubbles.

Oms 2ms 4ms 6ms 8ms 10ms 12ms

Front view

Ey
3mm
Side view
Fig. 7: Sample images of motions of a bubble contacting with WT-SOFP.
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Fig. 8: Sample images of motions of a free bubble.
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Fig. 9: Time evolution of average rising motion of bub-
bles. O: Up,, At Up,, O: Up,.
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Fig. 10: Time evolution of average interfacial velocity
of bubbles. O: Uy, O: Uy,.
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(b) WT-SOFP with rough surfase of the tip.

Fig. 11: Output of WT-SOFP at piercing liquid-gas in-
terface.
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Fig. 13: Relationship between dV/dt and velocity of moved
WT-SOFP
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Fig. 14: Tipical signal outputted from WT-SOFP.
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Tabel 1: Comparison of average Uj., average Uy and aver-
age Lc calculated from visualization and digital image analy-
sis (V & DIA) with those measured by WT-SOFP.

Method Average Up; Average Uy, | Average L¢
(mm/s) (mm/s) (mm)
V & DIA 266 262 2.21
WT-SOFP | Not measurable 227 2.05
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