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(XA 30X x 50X, PGB K A = 1.06um, B AR
VT 3 BE A 24X, FI X (40) FT4N, Eo A1 Hy XM
TANBECRERELE 1, MRS — LA
T AT GO I T8 & 40 B ik 4 2 B A 3
DR N

= 1
[E|=1, |H|=1, §=:EH-=

U(t)

N =

(66)

[ SRR

(67)
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BTN Bt 8 F W 3 o A R N 1 BT i
WA, SN TIERREE N 0.5. AS A5 &
0° Fl 15°. B 3 RBALENMNEKMEGERER

My T 28 B o A, W 4 R BOCL Y R 5 81K
HER I REESG. HHREYHSH AR 2
gl

(a) N5 =0°

(b) Af# =15°

Wl 3 2Bk B B R ARG MR O T (K 1 3 D R

52 IHHERSH

(1) Boe£e sk ™ B 8 R A 5 R iR 2 10 (1
BT R

N e A 22 RN 28 3 B B A K BT
. B 3(a) FRICENE R GEE & AHTER
AR TR E R, ISP 15 £5. K 3(b)
T 4T (8 KoK 1 R D) R KB AT BT, OB 2 A
T 88 B A T R A A P S T R AT A B
NEHEH 25 6%, Wil 4(a) Bis. (DA 150
&8 7, IL R X 2 R AR, W 4(b) Fis.

W5 Bon 7 & AL IEXN SR L ER
R R A4k g B LSC/LSD
BHEFRLATFR U TEENEFEK. A
W5 0T W, B A5 T 2 = 0.6 £ B AL, TG ERT, B F
FEAK, RS, BB SR, JF LB

T 20 4 8 A 07 1 3 2 7 U 1
PR R BT — % (W14 K =1ns). 14 6 o,
PR 4 A 47 L RE P 67 0 ) S T )
T B 0 92 3 DL LSD 0 7 5L A O
NS BN, B 9 LT 2 1
0 - T 8 041 047 A 4 1 4
i

17 St T SRR A4, A AL
e 0 T AL OB A 75 IS, W 0
BEKLOBT 15% B 8 AR R A i
RS T . O 9B T D 5
MBI RRIER), TR USRI e R
19T B th, LSD A T 8 R
510 1) 2RI, I (A 42 A2 BL LD i
S NS O]

17.658
1 5.802
14.127
i 12.361
10.595
8.829
7.063
5.297
3.532
1.766
0.000

(a) AIHff =0°

(b) N f =15°
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Wiz o PR G AT H.
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VT R AE I R o 6 D6 b AL
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Xt ot ® PRt Ot 2B R TR L FDTD 75 ot
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(3) ASCRHEE T T R8s T E T —
AT 2SI, BT Maxwell B Yy Euler
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(4) R N-S 772 Euler J A%, 5wl
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THEORETICAL MODELING AND TRANS-SCALE
SIMULATION OF COUPLING FIELDS GENERATED BY THE
EXPLOSION OF A FOCUSED HIGH POWER LASER BEAM

DUAN Zhuping®t FANG Xin! WANG Wenbiao? HUANG Chenguang!

1 LNM, Institute of Mechanics, Chinese Academy of Sciences, Beijing 100190, China.
2 Graduate School, Chinese Academy of Sciences, Beijing, 100190, China

Abstract The study of coupled electromagnetic and thermo-mechanical processes concerning with a focused
high power laser explosion in gas medium is now becoming an important research forefront. The subject includes
a series of energy absorption and transfer processes, such as ionization and optical breakdown in mixture gases,
the evolution and propagation of the laser supported combustion wave (LSC) and laser supported detonation
wave (LSD) in gas-plasma.

In fact, these very complex processes can be macroscopically considered as interactions between three
distinct phenomena, that is, laser scattering, high temperature as well as high speed flow in gas plasma. In the
present paper, we are mainly concerned with the coupling effects between the electromagnetic wave propagation
and the thermo-mechanical flow field, that is, the coupling between Maxwell equations which describe the elec-
tromagnetic wave induced by laser, Navier-Stokes or Euler equations of gas dynamics, thermodynamic Equation
of State, the Saha equation of ionization balance (Saha Eq.), the evolution and propagation of LSC/LSD waves
and the recoil pressure and impulse.

This research works cover three stages. In the first one, the laser scattering in inhomogeneous mixture and
laser wave propagation is modeled based on the Maxwell-Euler equations.

In the second, a numerical model for ignition and/or optical breakdown of combustible mixture gases under
the radiation of high power laser is presented. The electromagnetic fields of laser beam propagating through
mixtures are simulated by directly solving Maxwell equations with FDTD scheme and free-reflection boundary
conditions. The fine structures of the power density distribution near the focus center are revealed by means
of coupling numerical analysis of Euler equation and EOS for heat diffusion and convection, Saha equations

of ionized gas in equilibrium state and detailed chemistry mechanism. Because the dielectric properties are

t E-mail: zpduan1983@yahoo.com
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changed with thermal state of the gas mixtures during the radiation, therefore, a unified scheme are developed
by combining CIP scheme for LSC/LSD propagation with FDTD solver for Maxwell equations over the uniform
grid cells. The finer structures of power flux near the focus have been revealed and visualized from numerical
results, depending on the power level and incident angles of the laser beam.

In the third stage which is now underway, models and simulation technique will be developed and extended

to more complicated flow processes.

Keywords high power laser explosion, Maxwell equations, Euler equations, eleclromagnetic-thermal coupling,

FDTD method, trans-scale simulation
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