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Boundary effects on the dynamic behavior of multi-sized granular materials in a granular flow
“2 gl
**H. J. Kim(hjkim@Kkrri.re.kr)"

"ARAEEATY AETEATA

Key words : Dry granular flow, Solid fraction(SF), Discrete element method(DEM)

1. M2

YA 8 Bk 97 Bl $EEok L 8 Bl 72T
ol A Pl eiehA AT gon oly Fee] AFo R
ALgE s gtk e AR fElel T3 s Alvle 9%
A 54 A9 Fatel AaabA AZSIt W o197
ol 95 W] ANe] A4 25 oAUE B e Hiol
2 77}

ME,

Ly

_‘Q’
™
X
X
rka
5
ol of
:u
g,
in)
By
g 2
ko
%0,
o e
11
o
e
v
5
i)
Id

A A5 (dry granular flow) 53] W&
¢l & (rapid granular flow)ell ™3k Q4+,
sEo] Al 2 A9 FEEALE XYL V]

e, B AFAEANA F FAAY 7 Hogkth. Bagnold
O QAo & 9T Ul A YAEY de FEZ Qg
2}-8-2 (inter-action forces)= A7317] 93l A& 23 A&
71 2t (concentric cylinders) S 3] A A A AF S 4
oﬂou:] 01;(} % oﬂ o]gﬁ tﬂ—xg ]_l: 9_2_:]'3 o];(]_% 9]
5 & (flow shear rate)&] |57 W53k ddo] dS &
oItk Jenkins” 5o A4 ek HAS (coefficient of restitution)
5 72t 98 da3E 7k Hlerd FE (inelastic collisions)
2 o] 28 A3}, Hanes” 58 A= sl $EEE
(bumpy) 3t ZAlA Atole] F3kd 1 A4 t=aE9 freo=
AAR] YAfFFol vAE FEFS AF-SHATE. Augenstein
V5o A3 ATE JAFFolA AAHe] & JFS A=
Ao 2 UERSE

gl °‘X1~?r5 5 AE A7) ke A A A2y
of gk AFE EdetA M= =dl AAl A (macroscopic)
Md el AA-H5 ELEi__I—% TH3sl7] $13] DEM(discrete element
method) 7ol % 5 A &&= Utk olH g AAA e
NAE wEld) AAEste] Cundall Ve 22k ] YAHE AFE-E}o]
AAA QA Az g VREAHS 1Ak, Walton®
T2 YAE o] HFo] AT A&E o] Bgo HFo
Vs =L xKSoft particle) RS AFgst] YAES
A8t Kim® 5& AAWe] AR AU 7=
243t YA ES AlEdolA skeler F2& AAW =Y
b 2ol an) =)0 A B AAWE A9 g Al
1} )2 \](SF, Solid fraction, & AALEI A28 W A
freazre] A4 Al F2 oA i FrEdxrt AA=
Abolell 7]l == §4 (trapping) o] LAYSHAA ZHAH LA &
o] 7}A}7] Wox]= &k (stress drop)S Al A8+t Karion®
T2 2zkde] g A7) 2 7 A Ar)e] vaart £
A Qx5 (granular shear flow) A]2~&1S- DEM(Discrete ele-
ment method) & ©]&3lo] AA WA HAs= 58 S5
o|&atel o SFol F7HErE AW SEE Ukl 3oR
YEbT. Campbell®S % “Eﬁoﬂ/‘i %71 ¥ (cohesionless)©]
S JAHE 2E-S DEM 7 /‘}5“6}04 AR frEe] TS
HAel oM YAt frEsom O‘EH HAehE Seo] Ad &
(flow shear rate)2] #l3ol vl &S | A&kS o)

$AYol gt 2% YA
]_

1<>>*
<.

oo}'ﬁﬂl

3

Oy )
Qe ok

tlo

I

01]/\1L JAE e A5 FER TASE HF0l
2] o 2 1Al (instantaneous contact) 3} Flo] o}l el A A
2 A& 954 4 (continuous contact) ! 542¢] 17
FAl AE3k= 53 AE(multiple contact)S 2121 3H7] $13514
Walton™ 2] "soft particle model(spring latching model)"-S- A}-8&3}
Aok 2 At Fo #AHAE £48 AAE(Dry Granular
Materials)¥He] 4=Hfrsol Al darel 2719k A=t Fstar A=
BAE ] A7} Er JAF o] AT A9 JAbe] 5
540 v F3Fs n&st= Aoltk. ol& fa 19#<l
Al (Computational Cell)S 733kl em Al U] 91212
T+ Byt 7hssta AL oiv] 9152l A A HI(SF, solid
fraction)2] 74 §-o] 2 7|& <AFke] vluE $J3 S (gravity)
S wiA e Y. AR L] Agatek 73 Al (upper/lower walls)-S-
HE- S (semi- sphere)A Z A ¢ 2H(boundary particles)”} F-2+gl
sand paperd o] AX TWS At AA YAFH-Eo] HAYs}
= Al2=g3 v o 74]*&%]8 AxLo] 7|9} N4 ST ol A
3] g2 Alago)|m g ALkl x-9-nkak 7 7 (lateral direc-

tions)S F-3Hdol o] A =B o g A7 Yete] A& AAH

(periodic boundaries) 71 S AH&3l =4l o= ARV} 3& S

BARE sk TS S5 54 —% Yar ‘ﬂ}ﬂl—. =¥ A7
&

Wo g A AYshs Alz=wlelt}, Ashga FAWM-E B A
T2 A A 4Rk A7 7-4 I 2AR Eﬂi k=

z7gstm At AU el A Zf o] o]F P 7% (sphere) 9]
- tetel F2

5.:

T2 WA &S at7] flsl =

@
Ag

AE A4}
EEIDEERE

Yo o, v ardAs A
AR T2 79 §% Qa2 AlL3e] A4

QAFEe M JFe BAe

4, 43}

Table 1 Parameters

Parameters variation ranges

Shear Gap Height(H) 12R(particle radius), 12 y-layers

Wall condition Bumpy(semi-sphere boundary particles)

Flow particle radius(R) 1.2R, R, 0.5R

Restitution coefficient(e) 0.8

Shear rate(SR=2U/H) 1, 4, 8 (U:wall velocity)

Solid fractions(SF) From 0.06 to 0.52

Number ratio From 1 to 10 (no. of small particles/no. of big
particles)
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Fig. 1 Normal stresses for various solid fractions, shear rates, no. ratios
and particle sizes. (Shear gap: 12R, restitution coeff.: 0.8)
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Fig. 2 Particle distributions of R/0.5R particle systems for various num-
ber ratios(Shear gap: 12R, e: 0.8)
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Fig. 3 Time averaged mean number of particles distributed in each y-lay-
er for various PF, SR and NR.(Shear gap: 12R, Layer gap: 1R, e: 0.8)
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