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A Study of Bubble Generation on Underwater
Discharge by Laser Doppler Method

Yoshitaka Nakao, Noriyuki Takeshima,
Masataka Matsuo and Taikichi Hattori

Abstract

The bubble generation is one of the important events in the study of underwater discharge. In this
report, it is described that a laser Doppler system is capable of measuring bubble velocities under impulse
voltage application.

The principle of the laser Doppler method is based on the frequency shift of a laser beam occurred when
it is scattered from a moving particle. Although such a technique has been used with success to measure the

velocities of stream under aerodynamic or hydrodynamic conditions, the application of this technique to
underwater discharge is more difficult owing to a number of factors and it is necessary to develop another
method. By using this laser Doppler system, the bubble velocity and the beat inception time are measured in
water under several electrical conditions. The effects of concentration of the solution, polarity, peak value
and tail time of the impluse voltage on the bubble velocity and the beat inception time are discussed.
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Fig. 3 Geometry of dual incident beam
arrangement Fig. 4 Interference fringe for two inter-

secting beams
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Fig. 5 Optical and analyzing system of laser Doppler method
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Fig. 6 Experimental circuit

7T ryORER LT T IEB L EEE 5RO FERICLIVBELEZ A, WE
FBiEDP HROLFEE TG YES L, BRL2V—F o 7278008 L METUAR
THEFPWNET 2L TEDLZEDHEND LN,

4 oo A BIEHEE N % Fig. 6 (7R, KRR 140 mm, BATE 100 mm, &E 100 mm
DT 7 VVBERT, BOEBBEIEA 7T 4 AN STV VEFEHL T, SIEBKIZHERD &
gt 13 5 &2 B, MR EEY S D 1.ommBERS L I2EEL 2, FHEMIIERE S0
mmooITZAX BT oL 2B\ REE W,

4. KERER

KA X v v 72 OV ZEEREINT 5 &, ¥ 7RIS ENFET 5,
IORBOREEBRELZL - Py 7T EAFERL THE2OEET CEEL 2,

4. 1 BRBEHLIUHBNTE
MU RiEEE (m/sec) E— MEBOEMbLy L Ny 77 Bl oE ke (Fig. 7), =i

2ONCKRAL TEHELZEEEL VS, _ fDAo
" 2sin¥

(19)



406 R - T BTEE - RRIEZ - RESEE

(a) Schematic pattern of the beat signal

Fig. 7 Typical beat signal (b) Oscillogram of the beat signal

Upper : Photomultiplier output 0 .5msec/div, 2V /div
Lower : Filtered output 0.2msec/div, 0.2V /div
Delay time 1msec, Filter 9kHz HP 200kHz LP, DC Amp. 0.2V /full
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Fig. 8 Effects of concentration on bubble velocity and beat inception time
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Fig. 9 Effects of impulse voltage polarity on bubble velocity and beat inception time
(2) and (b) are same conditions as Fig. 8 respectively.
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Fig. 10 Effects of peak value of impulse voltage on bubble velocity and beat inception time
(a) and (b) are same conditions as Fig. 8 respectively.
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Fig. 11 Effects of tail time of impulse voltage on bubble velocity and beat inception time
(a) and (b) are same conditions as Fig. 8 respectively.
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