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Molecular Dynamics Simulation of Argon Crystal Particle
Irradiated by Pulsed Laser
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Abstract: The phenomena of heat transfer and phase change of solid argon crystal irradiated by
pulsed laser was studied through the molecular dynamics simulation. In order to analyze the process
of heat transfer inside the particle, the changes of velocities and locations of atoms were recorded at
different time. Then the process of phases change was discussed through analyzing the variation of
the number of argon molecules per unit volume. The calculation results show that when the laser
intensity is low, no melting will happen. When the laser energy is increased enough, the phase
change occurs and a transitional area of nanometer level instead of a clear interface is revealed
between solid and liquid phase. The moving speed and moved depth of the transition zone increase
with the increasing of laser intensity.

Key words: molecular dynamics; pulsed laser; phase change; temperature distribution

RSB HE: 2014-05-03

EE&WAR: ERARP R IH (51476102)

E—1EE: P/ A989 ), B BB AE . BFFE 5 1) R (&4 . E-mail: liangxiaolongeu@163. com
BIEMESE: & Q976 ) Lo, MlEER. 5T 7 1 R AL 3. E-mail. liling@usst. edu. cn



246 a2 N N

2015 4F 5f 37 %

UEAFE R T F AR B ok & R L ot e g
ARFE TS o0 T 75l 9 A R H 3812 O g
T Z DI ARAE A TR L 0 R4 BT SR 1 4
AR A R AT 2 2P 4 R L 32 B #Y)
MR IZ)Z BN B LI BT 2T =487 5. 30kt
SREREAR LA i R R — A A i
T 5 AR Z A BRI FRR O A R SO e 4913k
ARG AEE 0G5 9 50RH T FH R AL 3 K 8%
AR RN H ETE bR 2T X 0 AT 3
B W7 I - — 7 T SE 5T 5 57— J T AU A
L. Wotbesh LI BIF T I B 2 OB E AR M A 5 &
JEJEIT B X Se S 1 5 B2 REAS AR A5 A1 R A B4 T 30
FpeZt B (H 55— Lo 5 B T B (E A 0L ) = 22 ) &
X bedt i R P A% SHLBE (G B 55 . 4% G800 7 1 2 14 4k
A2 S SRR i S — P e LR R i 7
Ab FRAT S ] R B 2 388 1] — 26 R ME , AR S T BRI A
S TR AT 1R 7 A R R A R i AR R
MR BERE S 1 43 1 2l 1 2 — Fh e S
JRUBE 1 1t e PRS0 5 » BB A RIS S £
8 B SRy B . B 0 L 1 2 052 Bl 2 18 31 R
A ZR v 3 X A i R AR 3 ok A5 31 A3 5 2] SR T
RO B RS2 S O B T 2 G s
F1R A S BEE SHe F 22 40 1) 2 A S S el R st
G i 22 SRR 1 R BR A4 . Herrmann S5 35 Yk (8 H]
Gy T 12 E 0 LT R ek O e kR 1Y)
112 Ohmura 557 SR 4> F ol 124 ik 8l T
JUK O R R I TR B e il b AR N, AR
A SR AR AR T RN i 4 R AR Y
EZ A XL B AT R RS B — 2 SUR AR TR (1 43
TFB 12 F TS T 9K B AR A R RO 8 1R
T RREARAL . R 5T 3 Iy SRR 2 B
SRR KT 1 B AT 0 B 2 RUBE AR A AR
UE AN, 5 T ALE AR R R B 1 & e L 4y
T 1A ARAT UHE . AR S0 4y T 8 12
[ T3 I 78 B e ok S AR S Ao A 3 o o) 4
AR FIATZ 15087 5 2 i A2 Stk - AGE T
D7 AL O B ek AT IR P 3 1) £ 4R
TR M A8 I 361 950 S 1 1 7 A 5 R 3l LA S ol
FEXT AL R )5

1 EBipRE

1.1 4
RS B DL [ 25 S URE R X 4R 01

Bl 125 0 TR AR B R K v OB RE S T i A st
. 2 PR SEBR e O RS Bk AR RIS B — A0k
TATAR 23 A R SR BGRB8 AR 2% 1T 179 A0 I8 2%
JERST i 1 AR . BURL AR 46 TR 3 70 K
FHE R 16 754. DLER L by Ak AT Ji o 2t
STABKR ZR S JEF RO U 57 B F T 7. A 5 FA
JE - SR B G R R AR A ) e ek B AR 27 e 0T 5 R
255 S A R AL B
N | e
/ AN

T WO

E1 g
Fig.1 Physical model

B A b (9 B[R] 25 10 fs, W) 4 B 210 Dy
5 ps. G208 25 ps. Hrp g TR ANk b vE L
ASBOCTEAS A o 8 5] 4041 ikopf = 98 5 ps.
YO Ik o i B R 96 2 55 357 43 A1 FE 5 ps BRHIF R
#. 15 ps Bz S .
1.2 R

53T 22 (BB bR B TE A 2 2 N FH 937 8 2
J7 1k ) G B, I8 SCCOR FH A i N A Y B AT Y
Lennard-Jones 12 — 6 3 bR %k, 75 #F 47 #4001 3o 72
W A R T A A B e R B A — A R T
Lennard-Jones 1117 , Ho3Z2 B & A1 I %0l /2 4
i 24, B

dZ,'al
§ F; = m; L (1)
= dt?

K, m HEF R NETFALE N
AL Fy i 555 ) BRI EAE T HOR/NAT
i Lennard-Jones #:R 15, Bl F; = — 9¢,;/or;. H
' Lennard-Jones # ¢ ;2

)] @

b, = 48[(1%)12 -
K. e HEREBHATRE o ZRAHEAERAMIE T 5
JiF-7 EREN O BYBIRE RS ; vy MR T 1 5T
HEEES . RVER 0 F vl DL REAS 3

12 6
ng:4€[_12 614 +6%]7"ij 3)

Ty Tij

TEVHR B R Verlet Hk B




5 3 4]

_09,;(t + 6D

ri(t+85t) = r;(t) + v;(t + 5t/2)56t
JFU(Hat) =

T €Y

v (t+35t/2) = /vi<t+at/2>+Fi'(,¢f6t)at
A vy HIET T U ot Ay it S AR e i )
PR

TEVHRE AR O 1D ] P J
BRI KT 0.851 5 nm' ™/ iy Z Mg FAR FLAE ). |
il PR IUAE X O BE 9 R SCAR O 2.5 ™ 7E
BEURBE N M ZHEAT AR BOG RN AR h L OLRE A
iR J35 1 2 JOR 2% 16 1) B0 SR A B

I=Q-Re= (5)

s Lo W ASHHOERI W U658 Ry dh A 1
B s o O e b AR PR ORCR B 2 DAl S
R B E. DORE R — )2 B BE I BF 2 53
FEFIZ)Z A B — A T E L T IR O RE 2
AR A ST ) SO RE RS IREEAR AT

MBA R AR AP PR T A R7 BAd
(9L IEE T P 2% (07 P A DX Ja— 5 JR BE PN 8 A st
THF-ShE R vi T EAE

_ mo?
= 3k, (6)

A ke RBURIZBHHL
2 HERTERERSH

A SR AR I IE R TR, Y RS
REPPA IS o 3 (6) 159 2 50k B 4 69. 70 K. It
B8 SR I A B 8. 02X 107 T, I 24 Hk 3 37 1
PRSI ARG LIS ¢ = g/ (M« ADITEARF],
[ AEAE7L. 36 K Y L #4454 0.935 K]/ (kg « KD,
X5 3CHRC166% 0.895 KT/ (kg « KD EEAW) A5
2.1 NEHHNEEA0.01J/m?

L T AT 0.01 T/m? i1
{50, 38 A AT IRATURE P A A AR B T 2 43 )
R TR BURIAE 5,10,15,20 F125 pshsf P55 L 14
OYATTESL U O B ORI ER O A B

IEL 2 FTLAE L 78 5 ps I, FURL PN AP EE Ak
FOPHRRAS s U O TT U6 BT 026 10 ps B, 34
SRR B Fe AR A A P v S 3 PR 3R 1 o
Ab T SET L » TS A R RO A TR S AR YRR AR
T FRE IR A 8 B N A B OL R Ak 2 IR
S8 PR R THT FRRLRE S — 25 T BRI R T T

71

BN S S DKo e e e AR ABIURL 1Y) 23 - 3l ) A A 247
80
x5
~
B
70 [ . L4 . °
65 .
0 1 2 3 4 5 6
l/nm
(a)t=5ps
80
M 75
“ 0 « o o 7
65 .
1 2 3 4 5 6
l/nm
(b)t=10ps
80
i 75 . *
~ 70 e o
65 L
1 2 3 4 5 6
l/nm
(c)t=15ps
80
s 75 . °
= ° hd °
70
65 -
0 1 2 3 4 5 6
l/nm
(d)t=20ps
80
75
= ° . °
& « °
70
65 L
1 2 3 4 5 6
I/nm
(e)t=25ps

2 BES#H(=0.01J/m®)
Fig.2 Temperature distribution (I=0.01 J/m?)
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