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A study on fluid flow characteristic depending on the
size distribution and volume fraction of particulate solid
materials using discrete element

modeling of packed beds

Sanghyun Park

Department of Mechanical Engineering

Graduate School of Korea Maritime and Ocean University

Abstract

Packed beds composed of large numbers of solid particles have been
widely used to improve chemical and thermo-mechanical interactions
between solid particles and fluid in the field of chemical and nuclear
engineering. The objective of this study is to investigate the characteristic of
fluid flow through a packed bed, one of important parameters for design
and analysis of packed bed systems. In particular, the effects of the size
distribution and volume fraction of solid particles on fluid flow are
investigated in terms of pressure drop.

Discrete element method (DEM) is first used to generate packing
configurations of solid particles, which is an effective method for expressing
the behaviors of many solid particles. Varying the sizes of solid particles in

packed beds, the packing process are simulated and then the packed bed

_Vi_



models are obtained. The volume fractions of solid particles in packed beds
are controlled within the range of 60 to 68%, corresponding to very high
values. A diameter of the individual solid particle in the packed beds varies

according to the normal and uniform distributions.

Subsequently, based on the packing configurations obtained from the
DEM simulations, appropriate meshes of fluid domains are constructed for
computational fluid dynamics (CFD) simulations. Through a series of CFD
simulations, the tendency of pressure drop for the packed beds are
investigated, which depends on the size distribution and volume fraction of
the solid particles. The high pressure drop is observed with high volume
fraction of solid particles and with small difference in the particle size. In
addition, the results from CFD simulations are compared to the Ergun's

equation and Kozeny-Carman equation.

KEY WORDS : Packed beds &%=, Discrete element method ©]4F2 4%, Pressure

drop &# 73l Size distribution Z7]&3, Volume fraction #3]&E&
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Fig. 1 Hertz-Mindlin contact model in the DEM
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Fig. 2 Histogram of normal distribution of particle diameter

in the case of v = 0.5

FYEE(uniform distribution)= 94 49 #HE VA= BEXE 9vlsie
o, & dFNANE dLEX & YAAE Z7] Zol7t A5 54
¢ S T 24E HIsAT A Z71Y Aol wE FAFE 5430l
Rl FEFE Fe AAE Fostr] YA B AFoAE dLEEEE FoHA

gt FH15S 5 H2S IYsh

Y2 & 1A YA Z7] Hojv YAAFY A7+ D =1 =2
3, JAF7] FF v = 0~05 HHWAA AFE P3| oy, FLEX 5
2 2, 4,8 16 1,000 2 77t X3kt off 2 (94 de dYEE
28 MYE oustH, Fig. 3& AYA D = 1 mm o Y37 &

vy = 05 °la #LdRE FEFL 82 FAEUS w, 1,000719] AAe] A&

_8_

Collection @ kmou



27 9 5o BEE e 1 Zo|tt Table 1 AW RW A= F&
= 05 ¢ w, #YEX FFo] 2 4, 8 dial AEH MFE HASAT

= ZAYA AFel 050 mm <+ 1.50 mm 7} Z+zt

50071 7= ExolH, =& 4= 1A d& AE 050, 0.83, 1.16, 1.50 mm
of thel A z+z: 25070 EEZo|th mIIA R £F 8 AR 1A JA AE
1.07, 1.21, 1.35, 1.50 mm ZtZt 125702 7}t dY &

X FF 16 dAE 22 165EsI Fds M 1A JAE Fo A

D—~< d< D+vy (13)

150 —

o
o

Number of particles
a1
o

0.5 1 1.5
Particles diameter (mm)

Fig. 3 Histogram of uniform distribution of particle diameter with eight level

in the case of v = 0.5
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Table 1 Particle size according to uniform distributions with two, four

and eight levels and v = 0.5

2 Level 4 Level 8 Level
125 particles of
250 particles of d = 0.50 mm
d = 0.50 mm 125 particles of
500 particles of d = 0.64 mm
= 0.5 mm 125 particles of
250 particles of d = 0.78 mm
= 0.83 mm 125 particles of
= 093 mm
125 particles of
250 particles of d = 1.07 mm
d =116 mm 125 particles of
500 particles of d = 121 mm
= 1.5 mm 125 particles of
250 particles of d = 135 mm
d = 1.50 mm 125 particles of
d = 1.50 mm
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Fig. 5 Modification of particle overlap in the CFD model
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Uniform Distribution Level 2 =0
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Uniform Distribution Level 16 =0
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(f) Uniform distribution level 1,000

Fig. 6 Error in controled volume fraction
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Fig. 7 Mesh configuration for CFD simulation
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(a) y-z periodic

-;E'N

(b) x-y periodic

Fig. 8. Periodic boundary condition of CFD model
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Table 2 Helium property

Material Property
Density 0.16352 kg /m®

Dynamic  viscosity 1.989110° Pa-s

z — periodic

>
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Inlet=50 mm/ s

i
x/::ﬂ_‘w

x— periodic

Fig. 9 Boundary condition of packed beds
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Fig. 11 Result of velocity and pressure using CFD simulation
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(d) Uniform distribution level 8
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Fig. 12 Result of pressure drop using CFD simulation
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(b) Modify model
Fig. 13 Evaluation of Domain length
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Fig. 14 Packed beds composed of 2,000 particles
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Fig. 15 Evaluation of periodic boundary condition in terms of pressure drop
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Fig. 19. Pressure drop from CFD simulation, compared to
Ergun’s equation and Kozeny-Carman equation
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