53 12 2004 12 Vol.53 No.12 December 2004

1000-3290/2004/53 12 /4277-05 ACTA PHYSICA SINICA (©2004 Chin. Phys. Soc.
*
310027
2004 3 11 2004 4 19
9.5d 9.5dx8d
o "T T/m<0.05 J/kg
1.2

PACC 4630P 4610 8220M 6120]

1. 24d d
- 2.
i—6
6—12 13
13
K Beverloo  °7
Q D Hertz
QocCo D-kd S
89 10
5 F’l FS
F,= k d-r;, -7, Vi- 0
Hirshfeld " x d—r; &
) F.o= mn -V, § pl F- al
12 Vi=i; §+d w, +w; 12 d ry
k, Yoo Y

" 10274071 2001 AA84ts06



4278 53

nos . 150d 20—30 d
k, 1 x 10°mg/R v, 7, 80 D =9.5d.
30°.
m/gldld 40m /gld S1=5x10"°Vdlg u
5 6 2000/s 0.4 m/s 1
=04 g=49m/s m=1x10"kg d=2mm.AV
AV
=1 m/s €:‘AV =0.82.
3.
3.1.
2
Fn wall = kn d - rij - 7»\311 Vy. i d - rij fi 30d 27d
F.., =F. 26d 24d 23.5d 23d 22d 21d  20d
y\\'a]] = ]OO 7" . D 9.5d. 2
ywall 24’d
AV =1m/s € =0.83 Hertz -
24d 24d
x 1
2
30d
A
B
C
1000}
900
=
&
& 800
g
=z
ig 700
600
500 1 1 1 1 1 1 i 1
0.0 0.5 1.0 1.5 2.0 2.5 3.0 3.5

WA ¢ /s

. L=150d D=9.5d 2

20—30d 30° g=4.9 w/s 30d 27d 26d 24d
2000 . 9.5d x 8d 23.5d 23d 22d 21d  20d. 9.5d A B C 30d


Absent Image
File: 0


4279

12
T/m=0.01 J/kg.
3 9.5d x 8d
3.2.
T
24d
2000/s 23.5d 24d
4 a
N T
=i 1(*m V,-—T/z)
nia
P
4 b c . P = <sina >
a
P
Hou 1
P=0.5
P<0.5.
4 a 23.5d
23.5d 0.5—1.2  T/m
0.05—0.15 J/kg
dxd 0.8
4 b
<sin‘a >
2000F @ L,
[ <sina >
. [ MBI
¥ 1800
S r 4 ¢
i C
he 1600 X e B
C e 4 a 24d
1400 e -
i . , T/m
0.80 — 0.05 J/kg N
o 0.70 ,
e T=0.38m e ™" N=3 T/m-=
¥ .60
0.01 J/kg
0. 50 4 c
0.12 e,
T_an 0.08 [ e,
52 0.04 |
i .
0. 00 . . S . .
20 22 24 26 28 30
wE/d
5 24d
3
2000/s 9.5d 2.2s



4280

0.30 F
'\\
I o\._}x (a)
o

. 020F /

gy

2

S

0.10 F
0.00
0.0 1.0 2.0 3.0
S N
r [ ©
0.60 | 0.60 F
sl 050 LA b
) - ) - W\M\/}
0.40 0.40 |
0 30 [ i i A AL Il 'l s 2 0‘ 30 [ s A L AL L
2.00 2.04 2.08 2.12 4.00 4.10 4.20
IR ¢/ W] ¢ /s
4 9.5d x 8d a b c
<sinfa > a 23.5d 24d
=1.24
2 5 4
24d
2000/s
12
24d T/m =0.05 J/kg.
5 24d 2.2s

N=1.24.



12 4281
1 Jaeger HM  Nagel S R Behriger R P 1996 Rev. Mod. Phys. 68 9 Chen W HouMY LuKQ et al 2002 Appl. Phys. Lett. 80 2213
1259 10 ToK LaiPY Pak HK2001 Phys. Rev. Leit. 8671
2 de Gennes P G 1999 Rev. Mod. Phys. 71 S374 11 Hirshfeld D Radzyner Y Rapaport D C 1997 Phys. Rev. E 56
3 Kadanoff L P 1999 Rev. Mod . Phys. 71 435 4404
4 Shinbort T Alexander A Moakber M et al 1996 Chaos 9 611 12 XuGL HuGQ Zhang X S et al 2003 Acta Phys. Sin. 52 875
5 Bak P Tang C Wiesenfeld K 1988 Phys. Rev. A 38 368 in Chinese 2003 52
6 Ristow G H 2000 Pattern Formation in Granular Material New 875
York Springer 13 Duan J 1999 Sands Powders and Grains New York Springer
7 Beverloo W A et al 1961 J. Chem. Eng. Sci. 15 260 14 HouMY Chen W Zhang T et al 2003 Phys. Rev. Leit. 91 20

8 Chen W Hou MY Lu K Q et al 2001 Phys. Rev. E 64 61305

The molecular dynamics simulation of the effect of channel
width on two-dimensional granular flow *

Hu Guo-Qi
Department of Physics ~ Zhejiang University — Hangzhou

Zhang Xun-Sheng Bao De-Song Tang Xiao-Wei
310027 China
Received 11 March 2004 revised manuscript received 19 April 2004

Abstract
In this paper we use the molecular dynamics simulation to study the phenomena that the granular flow changes from dilute
flow to dense flow by increasing the channel width at a fixed orifice of 9.5d d is the diameter of grains . In the area over the
orifice the density of flow increases and the granular temperature decreases with the increase of channel width. The change from
dilute flow to dense flow begins at a channel width of 24d a lower granular temperature 7/m = 0.05 J/kg and a larger
coordination number of 1.2. The mechanism is a structural change in the granular flow since a wider channel results in more

horizontal chains of particles and a lower temperature makes these chains more stable.
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