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The effect of particle size ratios on flows of binary granular mixtures
g xl
**H. J. Kim(hjkim@krri.re.kr)*
'SR Ed Y AErzd T

Key words : Size ratio/diameter ratio, Discrete element method(DEM), Solid fraction(SF)

1. ME

HAHs mEE B AEE ol srste] V] Eel sl
B Aee 2 9 A7) A ek dAF el
t)3}e] DEM(discrete element method) 71 S -8-3}o] 423 5] of
ot H 5ol A7 v dRbEel EAE A= dA
FEA|ZHY % EA X fist A4 5 A3y
ATk o3k PYAHs 54 EAE 918 "F‘-’LE]L s Ak
Rel2 iARgke] B4 A3 (multiple contact)S L]k 4= QlaL
UAEe] o Qe sk dAbe] by HEE 583
= Soft particle *LH 3} 1S ko] =3H4 HEFS A= sk
YAHE gke] Aol & 1:12 24 (binary contact) ¥t il 7}?4
S}= Hard particle o] =t & A28 A4 tin]
A=k} A4 (Solid fraction, SF)o] 7 74-5-+= AAE 7+ 7‘450
U& vids] st r s AA W9l e] Skl A= Soft particle 22
ol ¥ &8A4ol = Ao A glu1].

Karion[l] 5= DEM 7|H& o]&, npaelo] 9l HAs 47
A Abolol| A fr&ate 23+ ’%%’Dﬂ 3 el (gravity-free) ] A
O‘ZP o AR glon o] dvE Tl Wl T1Ee] A

’\V\E“j} T 7HA 1E AR S e Al E el A
7‘ T dxke] A7)\ BAE vz A e AR AA
ol PAE FEFS AES Y. o] ATl A Karion 5&
TARE sFef st et S 7bA] AT]e] JATE EAE ] (e

=

A9, Ae dasel Axah Aol $7 L2 947}
0] SR AR ok $elol )

e 2
X
ols
ok
rlr _1

W el 2 ATt AT e A

o I =
oft

2

o
o,

rhu

o

o,

>4

A7 &2 e 2] 9

AR 5 Alz=Hloll A&
Eﬂ ;z.]]x—] EHH] 01]]_/] =
9] Ao met f ‘lTo g
40}03‘4 =, SF7F dAEol
] o] x| 9t 3717} o O‘X}EO]
AZ EAE] A& A o] Z7] v B3 A FrEel
Fa8g JFS 1A <= dSFssinh o] ATE FaA
lddir 52 543 SFo] 49-, & AASZT FAE @ dxla
$&(mono sized particles) F-5A1 2B A 71 & &2 o] TAE=
Ao dZstgon 2709 4AF gl EAF Y At
UA} Al =" A BAsh= §82 22 YA ] 2 Yxke]
Q1 #}=17] H](size ratio or diameter ratio)7} F7}etrE= 7 AdHE
Ao o533t

fir
o
IO

>~

o

11

=

i)

ki
o I %o

po)
fo |o

A ](SF)7} 5
Aol A7 JFe

Fod JEe mA:

> l‘-{ﬂ‘,—r’

}

rir
3+
>,
o
zi

2 e YR RE 7YY ¥ REXY

E Ao M= 3] 738 dxKsmooth & non-cohesive spher-
ical particles) %92 /‘}30}"3 o e AT S4S
s DA R %f.% A g Al 28] E%% AF&-3FSI T
fre Qe 2717F 28 @ 5 9% A7 HE T S
Ax7F =A@ A 2elo]n Walton[3]¢] soft particle model-S A}
SHATE. JAF & A" A7) TFExA Rxzol 7t ZHzt
1z} &7 9] aulfQl ASHA o)t A AEe] Abshlek vlth
AN = e 1A PR FaEe] dAHELEEE VA1
AR gk o 2 A1), o] F 3l et AAHORE 5
BAAZ YF JAE 1] As FEo] BASHA H=d o=

5 QAo FHo] AEHE w7t Fo Y Al2~ge 39

rlﬂl

O

O

”
o
2
re
re

B
o
B
e

periodic boundaries) 7% ] A& T}

ThE §E5914F 180] EAE A2 Ao
B A A1 AT e D )% A
3 SN A 7] He) Wkt

o A 9, AR A
=AW YAel 201 wskaA AAve ANE 24e
o QUAHFEA Y S7)E el gon e g
= % A9 S Skl we 24

Table 1 4AH+5 =1

W 9 73 AEd FX
5 92 9, Ry 0.5R, 0.6R, 0.7R, 0.8R, 0.9R, 1R
ZAAE YA REE, Ry 0.5R, 0.75R, 1R
A8 AAW 7ke] A, H H=12R
21 2} 2] Restitution coefficient, e 0.8
33t A A2 l% &5, u,-U
A+ A F5&, SR SR(=2U/H)=4
3. MEtIRRE SN 24
AFdAF F-E5AAA JAH-Eol w2 TR P ZA
of o3k bﬂo](ﬂuctuatlon) 53 #HH streaming

part(#] Al gk w39k Al2~El ol A
frEshe dAE Y SE/453% B9 collisional part(al
Aol SFllA AujA s vF)E Uroldtia & A
ATHAL lddir[2]2 @ =719 YRR FAHE AT e

79 ©F 015 ©]4Fe] SFellA] collisional part7} T 2 8-S 1] %] 7]
Nzehe Aoz it Ao

B oA A fEAl el MEhs S8 thk
Z243}ell A streaming(or kinetic) 2 collisional(or potential) part=
o] AlEEelds Fdsglen S HL 7= A2
o xeh ol YADEXYAA R XA T {E5E" o7 v 4}

A3l s TH(Fig. 1).

o
o

N

IS

< total

w
w

Dimensionless normal stress
Dimensionless normal stress

O kinetic part —e—total
2 —{ 4 potential part 2 - kinetic part
R —a— potential part
1 2 1
8 § oo o =8 = 8 8 &

o
o

)

01 02 03 04 05 06 1 2 3 4 5 6
Solid packing fraction

(@ (b)

Fig. 1 (a) Dimensionless normal stresses with various SF for mono size
particle mixture(Ry, Ry = 1R), (b) Dimensionless normal stresses with
fixed SF of 0.52 for the cases of several binary particle mixtures(R, =
1R, case 1 for R=1R(180 mono sized particles), case 2 for Ri;, R =1R,
0.9R(160 and 27 particles, respectively), case 3 for R, R, =1R,
0.8R(160 and 38 particles, respectively), case 4 for R, R, =1R,
0.7R(160 and 58 particles, respectively), case 5 for R, R, =1R,
0.6R(160 and 93 particles, respectively) and case 6 for R, Rr, =1R,
0.5R(160 and 160 particles, respectively)
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Fig. 2 Local SF and number of particles for each layer between bumpy
boundaries with fixed SF of 0.52 for the cases of several binary particle
mixtures(Rp = 1R, case 1 for R=1R(180 mono sized particles), case
2 for Rs, R =1R, 0.9R(160 and 27 particles, respectively), case 3 for
R, R =1R, 0.8R(160 and 38 particles, respectively), case 4 for R, Ry,
=1R, 0.7R(160 and 58 particles, respectively), case 5 for Ry, R, =1R,
0.6R(160 and 93 particles, respectively) and case 6 for R, Rr. =1R,
0.5R(160 and 160 particles, respectively)

Fig. 3()= T5UA] 27 E A A|2~F9] SFE IR % 0.52=
AA 7] A AE 4Ae] A 7]2 1R, 0.75R, 0.5R = ZH2Z} W 31 A]
] Z} layerol A 2] =r 524 SFS YERA o2 A H o= AR
AL 1R 9, AAH YA} TR WA= FE5dAEY
22 w2 (clustering) 4] &2 F=2]¢ 2 AH(0.5R)9
-2} A A 59 layeroll A 9] =32 SF7F G| el TE B
Sk, Fig. 3a), (D)ol A & = gh%o] =& <] SFQl 0.52¢0 A
BAAWE YApe] A717F Zold 45 AAH 79 layeroll A Y=
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Fig. 3 (a) Local SF for each layer with fixed SF of 0.52 for various
boundary conditions (Rp, Rf =1R for case 1, Ry, Rf=0.75R, 1R for case
2 and Ry, Rf=0.5R, 1R for case 3), (b) Local SF for each layer for various
SFs(Ry, Rf=1R, case 1: SF=0.13, case 2: SF=0.26, case 3: SF=0.39, case
4: SF=0.52)
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