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Image measure of characters of cavitation bubble by optical breakdown
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Abstract To study the integration phenomena such as the plasma, high pressure shock wave, cavitation bubbles,

5l

—

bubble crumble lighting when high intensity laser pulses interact with liquid targets, high speed photography

technique is used in liquid laser breakdown investigation. Experimental investigation of cavitation bubble after light
breakdown with Nd: YAG laser pulses in the liquid targets , such as water, glycerin. alcohol, silicon liquid are
presented. The experimental investigation of the laser-induced cavitation bubble expansion and collapse were done

with high-Speed photography. Based on the analysis of bubble image list, the characteristics of the laser bubbles are

gained. It may serve as a tool for the optimization in the bubble study and applications of laser medicine, laser
=

laser physics; light breakdown; high speed photography; bubble impulsion; shock wave; bubble lighting
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Fig. 1 Diagram of the apparatus of laser-induced bubble
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Table 1 characteristic of liquid targets

Viscosity Surface Steam Sound

Liquid /(cP=10"?
Pa+s) /(dyn /em?) /(mmHg) /(m/s)

tension pressure velocity

Alcohol 1.2 22.39 43.9 1168.0
Water 1. 002 72.8 17.535 1481.0
Silicon 1107 21 ~0 1055.0
Glycerin 1810 63 ~0 1923.0
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(a) water bubble
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(b) glycerin bubble

(c) alcohol bubble

(d)silicon liquid bubble
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Fig. 2 regulation impulsion process of laser-induced bubble
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Fig. 3 the relation of bubble diameter and time (a) perpendicular way (b)horizontal way
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Tab 2 the relation of biggest bubble diameter and impulsion period with impulsion process
Linaid Firs Second Third Fourth Fifth sixed seventh
iqui
1_ oscillation oscillation oscillation oscillation oscillation osicllation oscillation
variet
Y Ruwx/mm T/ps Ruw/mm T/ps Ruw/mm T/ps Rpw/mm T/ps Ry./mm T/ps Ry /mm T/ps Ry /mm T/ps
Water 7.3 665 2.4 215 1.9 170
Glycerin 7.4 760 6.2 635 5.6 575 5.2 530 4.9 495 4.7 480 4.6 470
Silicon 8.6 775 6.8 610 5.9 530 5.5 490 5.1 455 5.2 465 4.4 395
Alcohol 9.4 760 7.2 585 5.9 475 5.1 415
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Table 3 Relation of biggest bubble energy with impulsion process

Test First Second Third Fourth Fifth Sixed seventh
data/m]  oscillation oscillation oscillation oscillation oscillation oscillation oscillation
Water 20.6 7.0 4.0
Glycerin 21.4 12.6 9.3 7.4 6.2 5.5 5.1
Silicon 33.6 16.6 10. 9 8.8 7.0 7.4 4.5
Alcohol 43.9 19.7 10.9 7.0
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Fig. 4 Shock wave image of laser-induced -cavitation

bubble expansion (a) silicon bubble (b) alcohol
bubble(c) glycerin bubble(d) water bubble
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Fig. 5 Shock wave image of laser-induced -cavitation
bubble collapse (a) silicon bubble (b) alcohol
bubble(c) glycerin bubble(d) water bubble
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Fig. 1 Image of bubble crumble lighting

AT FE U » A SCS2 56 WL 5 A [] 3 A v 9801 25 36 4]
B RO L H 5 ZE R A S <R Kl e

5 Jarman. P 525 25 A0 — 2, B4 B KK
DGR B 5 WA ) 2 T 5K ) 5 28 VR A IR B A O
PER L 23 Y K R Ol R R BT UL I T 3R T 5k ) i1 T
77 5 ZIRIE T LU

(7] R 98 A% 1107 8 A2 5 B 2 ) 25 000 110 RO 0
JE R T I R A /N B 2390 AR TR WA b i A
R AR A AR IS I Y 3R R S SO A
ZE WA T 25 10 358 KR A9 3 BE R

4 4k ®

Vw5 TR AR R T IR SO o 2R R AE ST R
BT PO E AR B A5 B TR N O L A ik
o) b PR B A I K R AR ad X ER
G o st T oL S W A KA S W RE AR L
RS AR, LA RS CA K T S
THA SR W) G R0 U T B BT R D)
5 A B AE A P AR, DTS
SRR R O T B BT (S A2 ok R TR S A
KA WK T TRt — S5,

& X X #

1 Zhang Dejun, Li Long, Yu Ming. A New Method of Opto-acoustic
Transform Extra-corporeal Lithotripsy[J]. Chinese ] Ultrasound
Med. . 2003, 19(1); 74~76
TG, 22 . W PR OG-SR SRS AT vk s s ).
o R R R, 2003, 19(1); 74~76

2 Chen Qingming, Cheng Zuhai. Laser acoustic energy conversion
efficiency induced by pulse laser in water[J]. Chinese J. Lasers,
2007, 34(3): 341~344
v B, ARARE . K i OGAE K Hh R R Bk b i D 7 R A 4 sk
R[], FEBE. 2007, 34(3): 341~344

3 Yu Quanzhi, Li Yutong. Interaction of ultrashort high internsity
laser pulses with liquids[J]. Physics, 2003 32(9); 585~589
TaX., 50, BEEREOCS WEMEERTRI]. B
. 2003, 32(9): 585~589

4 Wang Sande, Zhang Xiaoan, Shang Zhiyuan. Study on effect of
optical penetration on the thermoelastic ultrasound generated by
laser in liquid[J]. Chinese J. Lasers, 2001, A28(3) . 225~228
T, RN, WRR IS, IR P R R 5F 5 AN I W O
[J). ¥ HE#k. 2001, A28(3). 225~228

5 Alfred Vogel, Joachim Noack. Shock wave energy and acoustic
energy dissipation after laser-induced breakdown [CJ. SPIE,
1998, 3254. 180~189

6 Alfred Vogel, Joachim Noack, Kester Nahen. Energy balance of
optical breakdown inwater[C]. SPIE1997, 3245; 168~179

7 1. Akhatov,O. Lindau, A. Topolnikov. Collapse and rebound of
a laser-induced cavitation bubble[ J]. Physics of Fluids. , 2001,
13(10): 2805~2819

8 1. Akhatov, N. Vakhitova Dynamics of laser-induced cavitation
bubbles[ ] ]. Experimental Thermal and Fluid Science, 2002,
26. 731~737

9 E. A. Brujan, K. Nahen, A. Vogel. Dynamics of laser-induced
cavitation bubbles near an elastic boundary[J]. J. Fluid Mech. .
2001, 433. 251~281

10 Li Ming, Zhang Hongchao. Physical analyses of optical
breakdown and plasma formation in water induced by water[]].
Acta Photonica sinica, 2005, 34(11): 1610~1614
2= W), kR WO S BUKE M B IR E B R 4 4
BrlJ). &F 3], 2005,34(11); 1610~1614

11 Huang Jingquan. Noise at inception and collapse of a cavity[ ]].
Applied mathematics and mechanics. 1990, 11(8): 725~730
B IR A3 bR IR R B K B B MR S LT ] BT AR A N g 2
1990, 11(8) . 725~730

12 R. T, Knapp, J. W, Dailly, F. G. Hammlt. Cauitation and
Erosion [ M ]. Isttute of Water Resources and Nydropower
Research, Transl. Beijing: Irrigation Press, 1981, 94~100
RTHIT5E, J WHEA ., F G, 52 miM] KAk
R E R BE e dbat . KR hiAt . 1981,94~1001



