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Mechanism of unsteady spray formations by shock wave and bubble formation induced by
breakdown
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An atomization process of water injected by a laser breakdown and an electrical sp
ark discharge was investigated experimentally. Bubbles were formed by the laser irradiation with a convex
lens and the electrical spark discharge in a vessel with optical windows, and the behavior of shock waves,

bubble formations, bubble growths and collapses were observed using a high speed video camera. Water was

injected from a nozzle. In the case of the laser breakdown, bubbles were formed along the laser path mainl
y at the upstream of the beam west. Bubble interactions were clearly observed, which affect the maximum ra
dius and the bubble life time. Liquid thread injections were observed right after the laser breakdown. Aft
er a delay time of approximately 0.4 ms, a strong water jet was injected from the nozzle. In the case of t
he electrical discharge, bubble formations and water injections were also recognized although the injectio
n was much weaker compared with that by the laser breakdown.
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Fig.1l Experimental apparatus
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Fig.2 Formations of bubbles by laser
irradiation with 7=100mm convex lens.
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Fig.3 Formations of bubbles by

electrical spark discharge of 500kV.
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Fig.4 Relationship between bubble life
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time and maximum bubble radius.
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Fig.5 Instantaneous images of water
injection by laser irradiation.
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Fig.6 Relationship between [liquid

thread velocity and incident laser
power .

L 600
550 7y . o Py
500 T *
» .
450 - - o ol
o: * ‘g A ¢t g
4 *5—*
” " e q‘ s ‘1”0
e 350 L ) = ry $_
300 Y ®d=5mm ||
LN ] *d=10mm
250 o]
200

20 40 60 80 100
Incident laser energy [mJ]

Fig.7 Relationship between induction
time of liquid jet injection and
incident laser power.
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Fig. 8 Instantaneous images of water
injection by electrical spark discharge
of 384kv
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