15 3 Vol 15 No 3

1999 9 T ransactionsof the CSA E Sept 1999 65
K. D. Kafui C. Thornton
( ) ( )
(Distinct ElenentM ethod DEM)
: Cundall (2] . .
( ) : , :
, Thornton %
Cundall : ol
, Cundall TRUBAL A ston tol
’ ( ) [11, 12, 15]
,Langstong ™ DBM
K afui*® TRUBAL ( )
: [16]
1 DEM
11
, At
Fi- Bovi= mAvi/At (D
i=123 X,¥,2Z 7 Fi— ;o Vi—— ;
m— v Po—
Mi- Bew= IAw/At (2)
Mi— T — ; [—
Axi = viAt (3
AD = wAt (4)
12
© 1999-01-06
17 75 100083

© 1995-2005 Tsinghua Tongfang Optical Disc Co., Ltd. All rights reserved.



66

1999
1) Hertz ( [5]) ,
_ 4E"
N = . (5
a= 4 R — 7/ 7 R — , R1
R2 . B — : At
A,
AN = 2E  aAx (6)
M indlin D ereciew icz v &D) ,
2) JKR e Hertz
N=Ni:- 40 ME a° N.:= 4E a°/3R’ (7
Y— ;. a—— ,
AN = 2E aAx(39 N1 - 3JNC)/(34N - JNC) (8)
N ¢ N o= 3mR°
Thornton”  Savkoor  Briggs”
M &D "
2
[16] (1
1 [16] ’
B=10.0276m H=0.0680m
21 b=0.6B
, [16] ! 192;3”— Eﬁﬁﬂz
Q 0276 m, H = Q 068m, 60 % 1
1 2 ’ Fig 1 Geometry and
! 3 dimension of the barn
1
Tah 1 Physical propertiesof particlesandw alls
(DFT) (HARD) (ADHE)
p/kg- m- 2 2 65x 10° 2 65%x 10° 2 65% 103
Y Qo Qo Qo1
ExN- m 2 7 0x 107 7 0x 10%° 7 0x 10%°
Vi Q25 Q25 Q25
u1 Q35 Q35 Q35
EaN- m- 2 7 0x 10% 7. 0x 10% 7. 0x 101
V2 Q3 a3 a3
I Q35 Q35 Q35

© 1995-2005 Tsinghua Tongfang Optical Disc Co., Ltd. All rights reserved.



2
Tah 2 Distribution of the particle size

1 2 3 4 5
/mm Q 9358 Q 7802 Q 6236 Q 4680 Q 3122 Q 60
250 1150 1435 1915 250 5000
22 3
221 Tah 3 Time step and nunber of iteration
, (OFT) (HARD) (ADHE)
/s 5 2005% 10" 7 1 6446x 10" 7 8 2228x 10 8
3 / Q1 Q1 Q 05
7% 10° 20x 10° 41x 10°
Atc= TRmin/VRz
p/G TRmin/O(, 3 y
2272
2ab ¢ 3ab ¢ 24% 3
, \ (massflow)
(plug flow), , ,
0. 00— h = 0. 40m
O B vg._aél N
T
'E 0. 00— 4 =0, 025m
B 0.05 Plapidd] [t [
§ 0. 00— i p \’ ’J kh==0.010m
| v, "~ £ 3
0. 05 "".A-"c:' . ,," Vol
. SOFT c. ADHE L :
a a. SOFT b. HARD c. ADHE

2 3
Fig 2 L ayered particle profile at 24 % discharge Fig 3 V elocity profilesof three different layer hights

223

4a b 3
,HARD OFT , 2.43%, HARD ADHE 21.93%,
, HARD SOFT ., ADHE
, OFT HARD 3 , ,OFT
HA RD 1/3, ,
224
3 1
DFT ADHE ( 5a, b), HA RD ,

© 1995-2005 Tsinghua Tongfang Optical Disc Co., Ltd. All rights reserved.



68 1999

— SOFT
----HART
M -~ ADHE.
i WG s
VAR S M \ \
S
by,
W
0.1 0.2 0.3 0.4
B8/ s
b. EERE
4
Fig 4 Discharge characteristics
SOFT , 5c ) ,
, - g HARD ADHE ,

‘\‘a
Vi 1\‘\‘ Yar Wy
N
T 0 0,04 0.08 0.1 0.16 0.20 0.24 T T oos 00 o010 ou T 8.00 0.04 0.08 012 0.16 0.20 0.24
utEl/s itial/s /s
a. THIKBRL (SOFT) b. $EES CADHE) c. GOMGSEIL (SOFT) JREBIBCA
5 3
Fig 5 V ertical velocitiesfor 3monitored particles
1) ’ 1
2) L L 1
3) DBV
, DEM ,
4) , ( 5000 10000

© 1995-2005 Tsinghua Tongfang Optical Disc Co., Ltd. All rights reserved.



[ ]

[1] Cundall PA, Strack O D L. A descrete numerical model for granular assanbles Geotechnique,
1979, 29(1): 47 65

[2] C Thoruton Interparticle sliding in the presenceof adhesion J PhysD: Appl Phys, 1991, 24: 1942

1946

[3] Thornton C, Yin K K. Impact of elastic heresw ith andw ithout adhesion Pow der T echnology,
1991, 65: 153 166

[4] Thornton C. On the relationship betw een the modulus of particulate media and surface energy of
the constituent particles J PhysD: Appl Phys, 1993, 26: 1587 1591

[5] Johnson K L. ContactM echanics CambridgeU niversity Press, Canbridge, 1985

[6] M indlin R D. Compliance of elastic bodies in contact J of AppliedM echanics, 1949, 16: 259 268

[7] Mindlin R D, Deresiavicz H. Elastic pheres in contact under varying oblique forces J Appl
M ech, 1953, 20(3): 327 344

[8] Johnson K L, Kendall K, RobertsA D. Surface energy and the contact of elastic ©lids Proc R
SocLondA, 1971, 324: 301 313

[9] SavkoorA R, Briggs GA D. The effect of tangential force on the contact of elastic lids in adhe-
sion ProcR SocLondA, 1977, 356 103 114

[10] , . , : , 1991

[11] : ol 1

, 1990

[12] - | l : :
1996

[13] Langstong PA, TusunU & HeyesD M. Discrete simulationsof granular flow in 2D and 3 hop-
pers dependence of discharge trate and wall stress on particle interactions Chem Engng Sci,
1995, 50: 967 987

[14] Langstong PA, TusunU & HeyesD M. D iscrete elanent smulationsof internal stress and flow
fields in funnel flow hoppers Powder Technology, 1995, 85 153 169

[15] , . . , 1996, 12(2): 186
189

[16] Kafui KD, Thornton C. Some observatonsof granular flow in hoppers and silos In: Behringer
& Jenkinsed Pow ders and Grains 97, Balkema, Rotterdam, 1997 511 514

Silo D ischarge SmulationsW ith D ifferent Par ticulate Properties

Using theD istinct ElenentM ethod

XU Yong KD Kafui C Thornton
(China A gricultural U niversity,B eijing 100083) (A ston U niversity, UK B4 7ET)

Abstract: Simulations of particulate discharge for a flat-bottomed silo with 60 % w idth of
orifice, filledw ith inadhesive 0ft and adhesive hard particles, w ere done using the D istinct
ElanentM ethod for particle systan. The resultsw ere compared w ith the case of inadhesive
hard particles It wasobserved that therew ere no significant differencesw ith the different
modulus but adhesion can affect discharge rate with a significant delay. It was observed
that, with aw ider orifice, kinematic arching effect vanishes and even free gravity-fall arises

Key words distinct elenent method; particle granular, materials adhesive; silo
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