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Using CFD-DEM Coupled Approach ’
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Abstract: For the particle breakage during the pneumatic conveying, the
process of cylindrical particles conveying in the curved ducts was simulated
using CFD-DEM coupled approach and the particles movement, features of Bl

collision, causes of breakage and relevant mechanics features of cylindrical

particles in 90°  curved duct were studied whose the ratio of curvature and ’ ’
diameter £ was separately as 1, 2, 3, 4, 6. The results showed that the [4]0
spherical particles had the similar law as the cylinder particles during the
pneumatic conveying, and the suspended velocity of spherical particles was

higher on the same conditions. When £ was 3, it could cause the least
breakage in the pneumatic conveying. The collision of particles and tube

wall contributed the most to the cause of the particle breakage.

Key words: pneumatic conveying; cylindrical particles; curved duct; 1

numerical simulation

1.1

:2011-03-15, :2011-04-11, o
(1986-), , ,

N o E-mail: Izbbc@sina.com 141

(1965, ’ myd’u, | cdu
. o E-mail: 1xd99@126.com, di2 + di +K.u=F,o (1)

(C)1994-2023 China Academic Journal Electronic Publishing House. All rights reserved. http://www.cnki.net



. 66 - 17
6=0 °, 1 o
modu, edu g, g, (2)
dt dt P
I d20 d - /:’-”# - B _1_.—
e, @
/-/, 3 / D=140 mm
/ _,":,{\ R
Iy ."r( \‘\.\\
’ f F
L @) ‘i
_ do
F=uK usenK,(ut+—-)], (4)
2 =1 040 mm
] (= ¥ ||
sgn , sgn(x)= 1(x<0). J
o - i HEE
> o Bl EF/LARYTEE
5 Fig.1 Schematic drawing of curved duct geometric model
s i 3 mm,
miii= 2, F, 7 mm,EDEM : Particle
> (5)
Iﬂ = MO ’ ’
Particle s 4
(5) 3
mm s
2 o
. . F
(i )pd=C i) pt 4 z JIAVS °
6 (=3 74992 | 50064, | S001 3)
‘ ‘ " (6)
(O )ni=(0)rxtH 12 Az,
(6) ,
(i) va=(u) p+ (i) kAt
. (7)
(8 va=(0) p+( 0i)N+%Ato
(7) ’ A7 21 5006~ 1)
- ’ ’ B2 SRNMRTER
o Fig.2 Schematic drawing of particle model
1.2
, k( ’
K ! ' 4.6
k=R/Ad, 1 ) o
) B ) :
1 o
FLUENT EDEM -
(CFD) FLUENT : FLUENT . h-s
EDEM  90° B ;  EDEM Eulerian
o FLU-
5 , k=1,2.3.4.6, ENT ’ k-
. DEM; EDEM  DEM
Gambit s
FLUENT s EDEM ’
s ; EDEM

(C)1994-2023 China Academic Journal Electronic Publishing House. All rights reserved. http://www.cnki.net



5 CFD-DEM - 67 -
1
Tab.1 Related parameters of simulation
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Fig.3 Relation curve of average velocity of particles and

curved duct angle

(C)1994-2023 China Academic Journal Electronic Publishing House. All rights reserved. http://www.cnki.net

B4 2sHEMNERASEEIEORERS
Fig.4 States of curved duct conveying of particles under different ratio curvature and diameter at 2 s
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Fig.5 State of conveying of particles with different shape at 2 s
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Fig..6 Dynamic pressure of fluid of particles with different shape
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Fig.7 Relation curve of average velocity of particles
and curved duct angle
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Fig.8 Collision number of particle-particle relative velocity
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Fig.9 Collision number of particle—tube wall relative velocity

=

munmn
b b =

il 2

k=6 sk=1. 2,
3.4 s k=1 o k=
’ 2 m/S,
0.1~0.2 m/s,
2.4
10 o
k ,
’ o k=1~3
ik ,
k o s
k=6

(C)1994-2023 China Academic Journal Electronic Publishing House. All rights reserved. http://www.cnki.net



5 s CFD-DEM - 69 -
0.33 ] 2 F— ;
0.30 F l— 5
027§ = ! ;
Z o024} . K= ’
—_— » Ks_ ;
0.21
M— :
0.18 | . S M— ’
0.15 " 2 ‘ —'4— ) < Rmin_ ;
itk Ch— 5
B0 FEFERHSTELEMXRME c— ;
Fig.10 Relation curve of force of tube wall and ratio of mi— i ;
curvature and diameter
myy 5
, , s— ;
. k=3 Ar— ,N t;
s o Up, U 5
3 ui— i °
CFD DEM (References) :
’ (1 ; : [M]. , 2006
1 ) , 30° [2] . [D].
, 2005
’ ’ [3] , EDEM [M].
; , 2010
2) [4] . M].
s s , 2010
; [5] , s , . FLUENT  90°
3) [J]. , 2008, 3(1): 37-41
[6] , .90°
’ [J1. , 2004, 21(3): 314-321
s 5 [7] , s .90°
4) []. ,1999, 33(9): 53-57
, L .
,2004(7): 32-35
’ : [9]1 AKILLI H, LEVY E K, SAHIN B. Gas-solid flow behavior in a hori-
zontal pipe after a 90° vertical-to-horizontal elbow [J]. Powder
Technology, 2001, 11 (6): 43-52
M H [10] EL-BEHERY S M, HAMED M H, EL-KADI M A, et al. CFD
é — ; , prediction of air—solid flow in 180° curved duct[J]. Powder Techno-
logy, 2009, 19(1): 130-142
0— 3 [11] MOHANARANGAM K, TIAN Z F, TU J Y. Numerical simulation
F— 5 of turbulent gas — particle flow in a 90° bend: Eulerian-Eulerian
F— ; approach[J]. Computers and Chemical Engineering, 2008, 32(3):

(C)1994-2023 China Academic Journal Electronic Publishing House. All rights reserved.

561-571

http://www.cnki.net



