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Abstract Laser—induced plasma formation and shock wave generation mechanism are our concern problems in
investigating high intensity laser pulse focusing into water. A high speed schlieren photography technique with
double-pulse lasers is used as a background light source, and the temporal and spatial evolution of shock wave
are obtained. A two—phase computation model is established in consideration of water vaporization, plasma
absorption laser pulse energy. The processes of laser induced plasma shock wave in water are numerically
simulated. A reasonable agreement is obtained between experimental and simulation results. The shock wave
propagation characteristics are studied, and comparison between simulation results and theoretical predictions
are presented. The results show that the shock wave speeds in the initial stages of laser induced breakdown in water
is up to 5 km/s, and pressure is up to a dozen GPa. Shock wave velocity and pressure decay rapidly over time, which
decrease to acoustic speed in an 1 ps later after breakdown.
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Fig.1 Experiment arrangement for laser induced breakdown in water
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Tablel Physical parameters of distilled water used in computation model

Material Density Thermal Specific Vaporization Vaporization
ateria
[(g+cm™) conductivity /(W m™-g™) heat /(J-kg™ - K™) heat /(kJ-kg™) temperature /K
Water 1.0 0.6 4182 2260 373

0902001-3



Bl B %
WKW E E T UUAEHERAESGRIE BE MG ERT KT 48 AN GEZ T .
DRI, 90 25 7K IR 25 07 TR R ™
p \
pt _(p), ©)

potF po
Horn=7.15, F=3085.6x10° Pa, 4 1 5 %, po R 5 T R /K 09 %5 B po MARME R AR o 7K P 75 30 1480 mi/s.
K 2 7 A 0 A B R T AR SR S T R AR
TR A T F1 R — A ER RS, W05 TR EE R 300 Ko 7K AR OG BVE HTF OO E & X i o e
DAV IR (4 8 2CRE A 21 BE et J7 R v, DU B 2t 5 0T S

Sy = £, eXp{_(t_ztO)z}a (7

%’ntha T

A EodE A ST OGRE I 50 BT R], LAEOE I 06 48 H 0% B 220 A B TR 055 R R RE 2 v A X AR 50 S O ik o
Y S TE) , BA 24 ns s 0 F1 2,00 F 50, X B2 EBCH 12 ns 122,14 ns. 35 H 2200 U AR 80 6 FH I A4 1K R R 8k
(VOF)RERY, Jif Y0 455 78 36 FH A5 10 k= BE B0 0O T A RB i RS /K IR S 5 FR 4 A 2 SR B0 A FR )7, R H
fluent 3K fife a4 FEA 7K fifk 145

4 ZHR518
4.1 AEERT SR FE BT B R b

4 FF 75 215 ml) SO a8 5K 5 AR 7B 220 s o 070 5 00 S0 R L SO AT S A S .l T G A L
3 U LA I A1 4 O R [ — SO B b R T R AT 22 O L S, AR LIS AN T 3 g
T L P T LA SR IR i 220 B SO BE . WO I b 9 R R RS IR /N T 2% . M S R 4% R
B RS S SR A . FES s Z AT B RAR S0 BR AN R 2.92: 1, FE7 ~25 s B AL L B
H1.28: 1, P4 F W] BOE T G A B 78K BT BRI b o B L R S TR S 25K . B
S5 ERF B0, SRR 06 ot 0 S B 160 A3 L L 3 s S 57 900 e 05 TR S S L) 4 T

laser
< —

B4 215 m] #OG i %K 5 R [ 20 ks 6 7 39 14 405 B8 A
Fig.4 Schlieren pictures of shock wave for different delay time after optical breakdown in water by 215 mJ laser pulse
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Fig.5 Computed shock pressure contour at different time for 215 m]J laser pulse
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Table2 Theoretical predictions of pressures and temperatures in the plasma bubble after optical breakdown in water

Laser pulse energy /mJ 150 215 290 355 400
Pressure /GPa 35.3 50.6 68.3 83.6 94.2
Temperature /10'K 5.73 8.19 11.0 13.5 15.2
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