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The Numerical Model for Laser-Induced Liquid Jet
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Laser-induced liquid jet (LILJ) is a promising surgical knife because it reserves blood vessel and emits less heat.
LILJ is ejected at high speed by shock wave and expansion of a bubble caused by the pulsed laser focusing in
water. In practice, this underwater explosion brings elastic deformation of the thin and narrow tube as well. In
this study, we developed a numerical model for laser-induced liquid jet under the influence of wall elasticity and
realistic fluids with phase change, covering a wide range for temperature and pressure. Using these models, the
phenomenon of laser breakdown in water which is the early stage of LILJ was investigated. In the simulation, it
was found that cavitation bubbles are formed near the acrylic resin tube wall by low pressure caused by the large

oscillation of the tube wall.
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Fig. 1: Schematic diagram of the laser-induced liquid
jet (LILJ) system is shown. LILJ is generated by irra-
diating pulsed laser within tube filled with water.
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Tab. 1: Fitting coefficients a; and corresponding correlation coefficient R for water and steam in temperature range

273.16K-647.096K]

F(T) ap ay as ag ay as ag R
In(psqe)  —7.045364 x 10 7.037878 x 107 —2.716884 x 1072 6.064245 x 1076 —7.928070 x 107 5.647571 x 1072 —1.692521 x 1075  1.000
Pisat —3.726770 x 10>  6.675586 x 10 —3.900921 x 10~ 1.217122 x 103 —2.146343 x 1076 2.018627 x 10~? —7.918682 x 1073  0.993

In(pgsar)  —1.989760 x 10 —2.089313 x 10~! 2.821146 x 103 —1.168679 x 10~° 2.365039 x 10~ —2.390330 x 1071 9.685766 x 107>  0.987

€lsat 1.232021 x 10°  —3.329504 x 10 2.429734 x 102 —8.280355 x 107! 1.565437 x 1073 —1.560331 x 107¢ 6.444526 x 10710  0.999
€gsat —5.006823 x 107 7.730674 x 10° —4.691108 x 103  1.497363 x 10 —2.647511 x 10~2 2.459928 x 10~5 —9.396962 x 10~°  0.988
K, —1.318904 x 1010 1.648058 x 108 —8.279949 x 10° 2.210894 x 108~ —3.328391  2.670858 x 10~3 —8.883164 x 10~7  0.988
fn —7.246856 x 10° 1.083304 x 10° —6.713922 x 102 2.208302  —4.055142 x 103 3.925001 x 1076 —1.566144 x 10~  0.992
fio —6.017620 x 107 7.259707 x 10° —3.651604 x 10°  9.818312  —1.488568 x 102 1.206004 x 10~5 —4.082380 x 10~  0.984
s —2.213051 x 106 2.195612 x 10* —9.091751 x 10 1.987885 x 10~ —2.399263 x 10~* 1.499730 x 10~7 —3.731245 x 10!  1.000
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Fig. 2: Comparison between analytical equations of F%g. 3 Comparls?zré) between analy.tlcal EXPIESSIonS
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Fig. 4: Analytical results of initial conditions after
point energy release in water are shown. Energy den-
sity E,/{2 is needed to be given: (a) Temperature T}
calculated from Eq. (26), (31), (34), (35); (b) Pressure
p1 at Ty, p1 calculated from Eq. (26). These values can
be initial conditions for numerical methods in fluids.

ol b T H, TN, LERIEAEHTE S L &, KO
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FUZTDOWTC, EREEDOHZE I EZR U 72, SeaEfatEE
[T 247 5. LILT FA3E 1, 2% 1.0 mm O
MEOHRRIZ, ZZ04dmm OT7 7 A NN—=DEEIN, 77
A N=SEn 5 HStiE £ TOMEEE (standoff distance) A3
10.0 mm D, MHRRBIEHAT N1 ZA%2EZ 5.
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Tab. 2: Physical properties of the device

Stainless Steel  Acrylic Resin

Young’s Modulus[GPa] 200 3.2
Poisson’s Ratio [-] 3.0 3.5
Density [kgm 3] 7800 1200

WM IERD LS IZHRET 5. MERZE2 Ty, =
293.15 K, po = 0.101325 MPa DK Tiii7=3. &I,
Ty AN=SEED, LT3 F— 130 mJ @ %
KIZEZ B, KL, 774 N=REHIZHE > 722 0.4 mm
OXMEMEEAN (4T 0.2 mm) T, L—¥F—T )L ¥—
% 0.1 (13 mJ) BHFZINT 2D RET S, 20D
YE, ZOHEPFDOKDI XL F—EEIT 1.0345 GJm 3
Thodh5, KTEREFL LY (Fig. 4), E T, =
598.86 K, £/ p1 = 0.57384 GPa 7%, @EiREEKDH)
Wi LTiEsNS.

EREDBEFUTMMERE 95, BMEREOYIMEEIZIX, A
F—FILRHNRELZEEL, ATV AME T 7V IV
fig (RVAFNLAZZYL—1) OfEiZHWS (Tab. 2).
BB, 77 A N—OBEFIIMIREEY 35,

4. RITER - BR

Fig. 5 12 LILJ #4415, WK A it
ED TRTIEARE R 2, BOMERAT VL ZAHDbH D
ET 7 VIIVEBIIEDE D EWUANTRT (t=1.7ps) . K
X, KA FR (CHOS LR DD EE) O,
EJ1 (), EERZ MV (KH) 25T, &8, £
WBWr—YEThH5.

TANVF =2 B KIIBERY v M ARIZZDOT
FIVF — 2L, KP@EREREZS. TOL &, EHh
DERTIREIDR TR, 774 N=mohEns, #)
WIREPAER LA 5. 0%, KJILIEEL, &FHE
AR Y =y M AR BT 5.

ATV VAELT 7 VVERLETS &, HlELANX
WY Z U NVEDFPEEITRE IREIL, EEMEBDIE
BOENEZ bbb, £, 727 VIVERBEETIX, ¥
WL eI, BOERIZ & 0 AU REESIC F v
VFr—vavhBHEUBZehbhrd. —f, MENRKE
WAT VL AEDSE, BERFEOXF YT —Ya vk

BENRW, ULdi->T, HED/NS VIR Z 17—
TIVRNEBEIZ W56, T V¥ —REERIZ,
DOEEMAETEF Yy ETF—Y 3 UAMED B a[gEME A RIE X
nbd.

5. #&

AWfge i, LIL) EBHEEOHMELR &, SEEED
AL % & 8T & 5 58 2 EME M B S8 s U i 15
PRES U=, LIL] REVHOBERKTH S, L—P—T %
VX — DIRFIRIZ & > TAD S [IADNFER I N, & fHEE
MERET AHBIIOWTIRT 217 o 72, TR, 772
VOVEE & W7z LIL) BAEEETE, L—Y—2X)L
¥F—EgER, KPEgEREe IEIIREIRFIL, KE
o EBEENEHE T Yy U T —Y a UMNEL B Z A
FEINT-.

i
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B Stainless Steel Tube
A Formed Bubble

\/ Cavitation

0.0 1.0

Void Fraction [-] gom 001

I aa——
Pressure [MPa] o0 50 100 150 200

Fig. 5: Numerical results of laser breakdown in wa-
ter which is the early stage of LILJ at t = 1.7us are
shown. Cavitation bubbles are formed near the acrylic
resin tube wall by low pressure caused by the large os-
cillation of the tube wall.
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