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(a)

(b)
Fig. 1

197

OB

(a)Experimental setup and optical arrange-
ment and (b)apparatus for trapping of air bub-
bles in tube and release of a air bubble into
silicone oil

(OB-object beam, RB-reference beam;1 beaker;2
Tygon Tubing;3 roller pump;4 test tank;5, 6 He-
Ne gas laser:7 convex lens:8 photodiode:9 high
gain amplifier, Iwatsu Electric Co., Ltd., DA-
2A:10 digita) retarder;1l, 12 pulsed Nd:YAG
laser; 13 optical fiber cord: 14 silver azide pellet; 15,
16 double-pulsed holographic laser:5, 11, 15laser
power supply:6, 12, 16 laser head:17 half millor;
18 concave lens, f=-40x ; 19 paraboloidal mir-
ror, f=3000mm:20 convex lens, f=250e ;21
convex lens, f=498x:22 film holder;23 plane
mirror;24 filter, ND-4;25 concave lens, f=—60
m : 26 convex lens, f=1000m ; 27 air pump:28
laboratory dish;29 spiral glass tube;30 stainless
pipe)
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Table 1 Initial size of rising gas bubble in liquid and comparison of properties of liquid and gas at 293K.
{(a, b, f, and d are major diameter, minor diameter, flattening factor, and equivalent diameter of
sphere, respectively, Subscripts | and g indicate liquid and gas, respectively.)

Combination a b f d= (a’b)* afeg  malegeg
of liquid/gas (mm) (mm) ={(a-»5)/a (mm)

Water/air 3.0 2.3 0.23 2.8 ‘ 4.316 3.575 x 10¢
Water/helium 3.9 1.5 0.61 2.8 1.481 8.92 x 10¢
Silicone oil/air 2.0 1.0 0.50 1.6 2.73 1.86 x 104
Silicone oil/air- 1.2 0.82 0.29 1.0 - -

helium mixed gas

T

Fig. 2 Interferogram of shock-air bubble interaction in silicone oil

( (a)Spherical shock wave and rising air bubble, (b) | expansion wave, P - pellet before explosion,
{c)contour of air bubble on (b))

LT %, Fig.3 (b)8, (c)3Tix, FXM_oBNE aTHATHS, WEITOFig.3 (b6, (¢)1F Tk
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Fig. 3 Collapsing air bubble in water.
(I-incident shock, E - expansion wave, R -
rebound shock)
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Fig. 4 Time history of width and height of air bubble
in water and amplitude of rebound shocks
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Fig. 5 Collapsing helium bubble in water
(I - incident shock,E - expansion wave,R -
rebound shock)
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Fig. 6 Time history of width and height of helium
bubble in water and amplitude of rebound
shocks
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Fig. 7 Collapsing air-helium mixed gas bubble in
silicone oil
(I - incident shock, E - expansion wave,R -
rebound shock.)
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Fig. 8 Time history of width and height of air-

helium mixed gas bubble in silicone oil and
amplitude of rebound shocks
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An experimental study of interaction of a shock wave generated by
micro-explosion with a gas bubble in liquids

by Kiyoshi YAMADA®*, Hajime NAGOYA®*, and Kazuyoshi TAKAYAMA**

Interaction of a shock wave with a gas bubble was investigated experimentally for four
combinations of liquid/gas, such as, water/air, water/helium, silicone oil/air, and
silicone oil/air-helium mixture. A gas bubble was exposed to a spherical shock wave
generated by detonating a 10 mg silver azide pellet. The shock-bubble interaction over
silicone oil/air interface was observed by double exposure holographic interferometry.
Those over other cases were visualized by shadowgraph and were recorded by a high speed
camera. Collapse of a gas bubble and generation of rebound shock waves were explained.
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