51 10 2002 10 Vol.51 No.10 October 2002

1000-3290/2002/51 10 /2286-05 ACTA PHYSICA SINICA (©2002 Chin. Phys. Soc.
*
100084
2001 12 18 2002 2 27
AVLIS
DSMC
AVLIS DSMC

PACC 4745 5100

1. . 11 12
DSMC
13—16
DSMC  BGK . 1
2 DSMC
3—5 BGK
6—8
DSMC
2.
2.1. DSMC
910
Boltzmann
Iie Ay %:”frs’ L fr &
-fré&tfré& i

o ? 96-A18-01-02



10

2287
x godQd§, . 1
Boltzmann
direct-simulation Monte
Carlo method .DSMC .
DSMC
DSMC
Ek+Ei+Ef:Ek/+Ei'+Ef’ 4
E, E,
17 1 ]
iy E. i
18 19
i/ j/
2.2. p il j E, = S 5
Zgi'gj’Ek’
g & o
5
At l’ j/ 4
E,
-n VoAt
p=1-e"" 2 m 2
E, = — ’Ui 6
5 Vr k 4 |
Vo= v =0 - v
2elU
V., V.= . N, | v
_ i i _ P v
fle = eV, I = Uw 3
P U w vl
2
3.
45% .
1.
2.3.
1.
g=>5 3
215 g=7 513 g=9 999 g = 2500K
11 1719 g=13 em™'. 107" m’ 5kW/cm 5kV
Smm Scm 0.6m 0.4m

Smm 350K



2288

51

0.5.
2
T, V, =
v 2RT, R
Iy
b
X=0 7
:04 0-4 \\Q (C)
628m 157K o \ /*"f\“.
3 *0, > 1
680m  250K. ¢ \ T &
§ 0.2t @\\\“‘m//\\m\l‘/\
S~ e
0'1—‘_—\0.1 JM/\//—EE’\
O%uﬁ\
-0.3 -0.2 -0.1 0.0 0.1 0.2
VA X/m
3 2
45% 1.0A 0.3A VA
4

3.2. 3.3.

0.4

0.3

0.1 a
?, 3
0.0 "\ %\}%\(

(a)

-0.3 -0.2

-0.1

X/m

Q@ Qs\
{9'52' & 7
0.0 0.1 0.2

0.3



Absent Image
File:
0


10 2289

0.4 800
0.3 600
§ 0.2 § 400 (@
N
0.1 w 200
===V . |
-0.3 -0.2 -0.1L 0.0 0.1 0.2 0.3 0.0 0.1 0.2 0.3 0.4
X/m Z/m
3 a
1.5 1800
L1 ~0.3A 1400
- — 1.0A
E
= @) éwoo (b)
&
0.7
600
0.3
200
0.0 0.1 0.2 0.3 0.4 0.0 o1 0.3 0.3 0.4
zZ/m Z/m
a b
5 Z
0.8
0.6
&~ 0.4 (b)
- 0.3A DSMC
0.2 —1.0A
0.0 - . .
0.0 0.1 0.2 0.3 0.4 1
Z/m :
E] b
4 z
5.0 x
10w 1.0x10 "’ Z 2.
5
1.0x 10" m’

5.0x 10 " m?. 3.


Absent Image
File:
0


2290

51

1 Sibold D and Urbassek H M 1993 Phys . Fluids A § 243 13 Nishimura A Arisawa T Ogura K Ohba H and Shibata T 1991
2 Kong Y F Ying CT and Wang D W 1996 J . Tsinghua University 36 Prog . Rep . At . Collision Res . Jpn. 17 117
50 in Chinese 1996 14 Nishimura A Arisawa T Ohba H Ogura K Shibata T Shinkuu
36 50 1992 J. Vac. Soc . Jpn . 35 305
3 Aoki K Sone Y and Yamada T 1990 Phys . Fluids A2 10 1867 15  Nishimura A Ohba H Ogura K and Shibata T 1992 J. Nucl . Sci .
4 Sone Y and Sugimoto H 1993 Phys . Fluids A5 6 1491 Technol . 29 1054
5 Sone Y Sugimoto H 1995 Phys . Fluids 7 2072 16 WangY G WangDW KongYF YinM Bao CY and Ying CT
6 Xiao J X and Wang D W 1999 J. Tsinghua University 39 52 in Chi- 1994 Chinese Journal of Nuclear Science and Engineering 14 364 in
nese 1999 39 52 Chinese
7 Xiao J X and Wang D W 2000 Chinese Atomic Energy Science and 1994 14 364
Technology 34 244 in Chinese 2000 17 Bird G A 1994 Molecular Gas Dynamics and the Direct Simulation of
34 244 Gas Flows New York Oxford University Press p40
8 Xie G F Wang D W and Ying C T 2002 Acta Phys. Sin. 51 584 18 Bird G A 1994 Molecular Gas Dynamics and the Direct Simulation of
in Chinese 2002 51 584 Gas Flows New York Oxford University Press p219
9 Uetake N Asano T and Suzuki T 1991 Rev. Sci . Instrum . 62 1942 19 Koura K 1986 Phys. Fluids 29 3509
10 Asano T Uetake N Suzuki K Shinkuu 1991 J. Vac. Soc. Jpn . 34 20 Schiller Siegfried 1982 Eleciron beam technology ~ New York
238 Wiley p36

11 Nishimura A and Shibata T 1995 J. Nucl . Sci . Technol . 32 905
12 Balakrishnan ] Boyd I D and Braun D G 2000 J. Vac. Sci . Techn-
ol. A 18907

The effect of atoms excited by electron
beam on metal evaporation”

Xie Guo-Feng Wang De-Wu
Department of Engineering Physics
Received 18 December 2001

Ying Chun-Tong

Tsinghua University — Beijing 100084  China

revised manuscript received 27 February 2002

Abstract
In atomic vapor laser isotope separation AVLIS  the metal is heated to melt by electron beams. The vapor atoms may be
excited by electrons when flying through the electron beam. The excited atoms may be deexcited by inelastic collision during ex-
pansion. The electronic energy transfers translational energy. In order to analyse the effect of reaction between atoms and electron
beams on vapor physical parameters such as density velocity and temperature direct-simulation Monte Carlo method DSMC

is used to simulate the 2-D gadolinium evaporation from long and narrow crucible. The simulation results show that the velocity

and temperature of vapor increase and the density decreases.
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