RO e R R IC T T D iAiil

Powder Technology Contributingto a. Sustainable Society

The Micromeritics No.67 (2024) 13-21
https://doi.org/10.24611/micromeritics.2024006

R EI PO 72D DN FET VB LY
VIial—Ya vEORR

Development of Discrete Element Model and Simulation Method

to Predict Granular Flows

Hrf ]
KBRE R B TSR $00%

Toshitsugu TANAKA

Professor, Graduate School of Engineering, Osaka University, JAPAN

w8

1979 412382 S 172 Cundall & Strack 12 X % B3 (Discrete Element Method, PA#% DEM) &, L
X5 CIEEZ BT 1980 FERBELEHDL IR A ISHER LD GIFICHE K LIED 72, 1990 FFHRIT 7R > T
DEM DR T 225~ OIS D% Be S, W RZE 2 79 % 7290 O DEM DA R S b
L9 572, D%, 2000 41872 5 2010 FRIC BT 2 EHHBOEL VY 7 F OB EERICEY
FEESHICBOWTOMEROEIEY I 2L —3 3 YHIRIELfTbN D X ) I27% > THhizo FEHIZ 1980
A S R AR O MERRL B T >~ 7 & i BERE S AR O Bl f# T © 72 % @ DEM-CFD € 7V O
P37 Kb o> T& s AT, FHEIMMT-o R TET AV BLPYI 2L —Y 3 YOREIC
DWTHINT %o

ABSTRACT

The Discrete Element Method (DEM), introduced by Cundall and Strack in 1979, gradually spread to the field of
powder engineering in the late 1980s. In the 1990s, numerous applications of DEM to the field of powder
technology were made, and its usefulness for predicting powder behavior was recognized. Subsequently, in the
2000s and 2010s, with the development of computers and the popularization of general-purpose software,
numerical simulation of powder processes became widely adopted in the industrial sector as well. Since the 1980s,
the author has been actively involved in discrete particle modeling of solid-gas two-phase flows and the
development of DEM-CFD models for numerical analysis of dense gas-solid two-phase flows. This paper

describes the development of discrete particle models and simulations conducted by the authors.
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Fig. 1 Classification of numerical model for solid phase
and fluid phase.
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Fig. 2 Classification of discrete-particle model from the
viewpoint of particle—particle interaction.
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Fig. 3 Method for detecting inter-particle collisions
(deterministic method).
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Fig. 4 Particle concentration distribution predicted by

deterministic method (comparison with experiment).
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Fig. 5 Effect of Stokes number on the instantaneous
particle distribution in the gas-solid turbulent flow
in vertical channel.

(2) SREMTEMNIRES 0)3RTT 1 ILE—&

X6 3RTHFITAE—IEE
Fig. 6 Three-dimensional structures of clustering particles.

16

BT ZIOHT A 2 L 2RE LTz 5T OfffZE
ERIE, TO5TEETORESAEEID52 5
CLTE Do T2, INTOHTOEE Z RIS
LUBE R K, BENORE 2 ZBITE 5/ O
TN OEEIZTEEE L, BIEMOG O
TR ERAE LT > TV G F O MBS A B B
WTHZIERZ 52, ZOMRIZEI W THIED Y
A4 a1 %3k % Monte-Carlo 12 & O 22D 4 M & 1
22T DHEEAT) DA DSMC i TH %o

DSMC {2 & ), B4R LSEENOmRN
DB CT& 72 (Tanaka et al., 1991) I7A, PEERHLED
JED T A HF—NTH SN2 R EE O R A A
TOY 7 A —ROTFUIHHMTH S Z & %R
LTw5 (A5, 1993; Tanaka et al., 1996) o

4 BERERE

41 BBEREOEMDET I

RFEM 72 Tk 7€ 7V TdH % DEM OFE:fil )€
FNVERTIRT . SOEMBDET VT, B
Jila s & OB ) 0 R RO T B X OSRE PR D R
NaFRJL, BHRHINIIZEREDLERIL TV,
DEM THW LN B M ET VIR LT, #E
DIERBIVOY Yy Y 2Ry PRIV LHIE S
&, EHM AR OB MBI O BRI R VS
Hertz-Mindlin € 7 )V (Hertz, 1881), (Mindlin, 1949)
M bo Hertz DIEMFEGE (Hertz, 1881) Ti&, —
DD IRERLF ORI G R FE T fo, TR TE
AbNb,

3

an:’Cn5nE (1>
- @
! 3(1-0)

ZIT, a3RTRE o, 3ERTNOERR, E
BY 7R GIIRTYVRTHY, RUME K
B R B oOBME % 2 Tnb, X (1)
TREND X HIZ, WK TF ORI 1, &2
& 6, DBRIIBIE Tld e v,

FHH LD T DEM % w725, KFEN
TITROBMEY I 2L —v 3y (HPS, 1991;
Tsuji et al., 1992) Td %, Cundall & Struck IZ & %
DEM DX T, #hEsrnve LTHREET IV


https://www.jstage.jst.go.jp/browse/micromeritics/

F3# | The Micromeritics No.67 (2024) 13-21

Spring

Frictional slider

7 BEREREOEMDETIV

Fig. 7 Contact force model of Discrete Element Method.
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Fig. 8 Relation between parameter a and restitution
coefficient e.
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Fig. 9 DEM-Fluid coupling simulation of horizontal plug flow.
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Fig. 10 Bubbling fluidized pattern simulated by DEM-
CFD coupling model.
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Fig. 11 Effect of spring constant on the fluidized pattern

of cohesive particles.
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Fig. 12 Dependence of restitution coefficient on collision
velocity of adherent particles (without DAFM:
spring constant reduced to 1/100, with DAFM:
spring constant reduced to 1/100 and dynamic
adhesion model applied).
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Fig. 13 Fluidized pattern and distribution of coordination
number predicted by dynamic adhesion force
model).
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Fig. 14 Flow curve of shear flow of cohesive particles
predicted by dynamic adhesion force model.
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