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CFD simulation for spatio-temporal distribution of solid
holdup in liquid-fluidized beds
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Abstract: Spatio-temporal evolution of solid holdup in the liquid-fluidized bed was predicted by Brandani
and Zhang model, which includes additional terms in both the liquid- and solid-phase momentum equations
based on the two-fluid theory by considering particle-fluid interactions under a quasi-equilibrium
state. Numerical simulations were conducted in the platform of commercial Computational Fluid Dynamics
(CFD) code, CFX4. 4, by adding user-defined Fortran subroutines. Based on the independences of mesh,
time step and convergence criterion obtained, the effects of the physical properties of liquid-solid system
and the operational conditions on the solid holdup profiles were investigated numerically in the 0.5 m
(long) X 0.1 m (wide) 2D fluidized bed. The computational results show that the solid holdup profile
within the stable bed transfers to a new equilibrium state once the physical property of the system or the
operational condition is changed. The bed surface decreases and the average solid holdups increase in all the

vertical planes, due to the downward acceleration of particles, when particle density or size is increased.
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The similar phenomenon is observed with a decrease of liquid density or viscosity. When the liquid inlet

velocity is abruptly increased, however, the motion of each particle accelerates upwardly and solid holdups

decrease in the bed. Both liquid density and viscosity reduce with an increase of temperature, which leads to

downward motion of particles and solid holdups increase. The above simulated data can be explained

reasonably by the forces acting on particles.
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Fig. 1 Structure of 2-D fluidized bed and initial

condition of numerical simulation
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Table 1 Simulation plans for determining mesh, time step and convergence criteria

3.1 3.3
Mesh Other conditions Time steps Other conditions Convergence criteria Other conditions
10X50 0.01 1077
15X75 time step:0. 001s 0.05 mesh:20 X100 1076 mesh:20 X100
20 X100 0. 001 10°°
30 X150 convergence 0. 005 convergence .
_ time step:0. 001s
40X 200 criteria; 106 0. 0001 criteria; 1076
Notes: Bold underlined values are base case settings.
0.575
v 0s ¥ 02s * 06s x 1.0s
0.570F o 145 & 195 o 50s @ 10.0s
o o 10x50 o 15x75
%0.565- 3 A 20x100 v 30%150
S . £ 03F
2 0.560 2
= 2 02}
’ |
0.555F 01k
0.550 ol k‘
0545 . ) . . 0 0.1 0.2 0.3 0.4 0.5
0 0.04 0.08 0.12 0.16 0.20 z/m

P2 DR [ 890 o I v B A ) 174 22 1k
Fig. 2 Variation in solid holdup with time

as function of bed height
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Table 2 Relevant properties of liquid in 288 K and 306 K

Temperature/K Density p//kg + m™*  Viscosity /Pa s
288 999. 1 11. 40X 101
306 994. 6 7.44 X104

0.555 - FH#] 0.573, IKJZHE MM EH 0.198 m |
F%k 0.192 m,

5 #

ER #f CFX4.4 & . % Brandani
SR AR AL S B P A E LT R T
2 YR I P R PN R )2 [T 5 3R A I S A A R .l e
XA B S B LU B 1 3d E RS RUBE L
[ 25 A SO 4

LR RUVES B AR R A Wi
PRBE N — A AR 18] 5 — A F AR S . A
Jot S A PR N UKL 32 TR ZS A2 AL BT 8. 7Pk
AN WE A R AT — URL BT 32 35 1 R ) 2 F
STHET ., H, #1352 BORDRAR F# L 5
Wi o P 3 U A R AR AR A G . T HL T
Wi PR 28 R O MORORLAR WK BE L 2R R [
R ) JE 2%

TR 4 3 RSB HL P s2 JE 3, HA R T
HURJZ R BE T I PR 2 [ 55 -3 K s BURDRLAR 3 R
o FC P 52 T 3 Ry T I3 R, EL B Ty s .
T ARG R, P RIZ B Rt
UG R a3 s WOV b 2 g R fe UKL iy 52 i) b L )
FER . PRI 5 RN 5 A T DR/ o AR P 52
TF RNy B R JZ [ AR R R R AR
R A ORL T 52 B 338 K. PR [ & 20800 s il B2 T
19 Ji RS 28 R A R A TR R i) SOBURE e
52 W RVE T/ s DRI PR [ 35 SRR

# =5 Wi M

(‘Diﬁ*j&jj/%ﬁ

d, [ R R AR . m
F fm7r, Nem™?

g EIJIMBE, mes?
ho—#r LR . m

B DA ST
N.——Courant %§

p— &), Nem?
po— RAJEM, Nem*?

i

Re Reynolds %
T— ?ﬂ%‘lg ’ K
—mFE, s

Ar—HEEK, s
WERE, mes !
WAAREE, mes !
=K FIr A FR . m
Ay— AR W T5 B R AE RS m
T MEHITAAE, m
BRI I RE kgem P« s !
AT
p—FiEE, Pass
o HE, kg m
TR
f— W A A
p—RURLAH

u

Vi

€

3



%5 9 W75 BUAF - I U A PR P [ SN A A R Y CEFD A4 * 2295 -
m S E solid fluidized bed. Journal of Chemical Engineering of

xR J7 1) AL AR
3 B J5 [ AL R

References

(1]

(2]

(3]

[4]

[5]

(6]

[7]

[8]

(9]

(10]

[11]

[12]

[13]

De Felice R. Hydrodynamics of liquid fluidization.
Chem. Eng. Sci. » 1995, 50 (8). 1213-1245

Jin Yong (4:7%). Zhu Jingxu (#L 5 fH), Wang Zhanwen
(VERE L), et al. Fluidization Engineering Principles (i 7%
TR, Beijing: Tsinghua University Press, 2001
Li Hongzhong (2= @t &), Guo Musun (Z % ) ).
Particulatization of Gas-Solid Fluidization (/< [# i 25 1k 1)
KA.
Kwauk M, Li J. Fluidization regimes. Powder Tech. , 1996,
87 (3): 193-202

Slis P L., Willemse Th W, Kramers H. The response of the

Beijing: Chemical Industry Press, 2002

level of a liquid fluidized bed to a sudden change in the
fluidizing velocity. Appl. Sci. Res. » 1959, A8: 209-218

Fan L. T, Schmitz J] A, Miller E N. Dynamics of liquid-solid
fluidized bed expansion. AICRE J., 1963, 9 (2). 149-153
Didwania A K, Homsy G M. Rayleigh-Taylor instabilities in
fluidized beds. Ind. Eng. Chem. Fundam. , 1981, 20 (4).
318-323

Gibilaro L G, Di

Felice R, Hossain I, et al.The

experimental determination of one-dimensional wave
velocities in liquid fluidized beds. Chem. Eng. Sci. , 1989, 44
(1). 101-107

Poncelet D, Naveau H, Nyns E J, et al. Transient response
of a solid-liquid model biological fluidized bed to a step
change in fluid superficial velocity. J. Chem. Tech. Biotech. ,
1990, 48 (4): 439-452

Gao Xiaogen (7 BEMR), Liu Wendong (X| 3¢ %), Wei
Yaodong (BMEA ), Zhang Kai (3K4%).
the kinematic characteristics of liquid-solid flow in fluidized
beds. Journal of Fuel Chemistry and Technology (#A¥H1k
224, 2006, 34 (4) ¢ 492-498

Zhang Kai (5K %), Pei Pei (3 %), Brandani Stefano. A

CFD simulation for

theory for predicting

hydrodynamics behavior in 3D fluidized beds (I ): Fluid

model based on  two-fluid

dynamics of liquid-solid system. Journal of Chemical
Industry and Engineering (China) (fb T.2¢4%), 2008, 59
(5): 1100-1106

Limtrakul S, Chen J, Ramachandran P, ez al. Solids motion
and holdup profiles in liquid fluidized beds. Chem. Eng. Sci. ,
2005, 60 (7). 1889-1900

Li D, Mizuta K, Ishihata K, et al. Solid holdup dynamics of

a step change in liquid fluidization velocity within a liquid-

[14]

[15]

[16]

[17]

(18]

(191

[20]

[21]

[22]

[23]

[24]

[25]

[26]

Japan, 2006, 39 (8): 798-806
Joshij B, Ranadev V. Computational fluid dynamics for
designing process equipment: expectation, current status,
and path forward. Ind. Eng. Chem. Res. , 2003, 42 (6).
1115-1128

Chiesa M, Mathiesen V, Melheim ] A, es al. Numerical
simulation of particulate flow by the Eulerian-Lagrangian
and the Eulerian-Eulerian approach with application to a
fluidized bed. Compt. & Chem. Eng. , 2005, 29 (2);
291-304

Li Jinghai (Z=# %), Ouyang Jie (BKBH %), Gao Shiqgiu
(@ k), et al. Multi-scale Simulation of Particle-Fluid
Complex Systems CHURL L 1A &2 2% & 48 19 2 RO & D
Beijing: Science Press, 2005

van Wachem B G M, Almstedt A E. Methods for multiphase
computational fluid dynamics. Chem. Eng. J. , 2003, 96 (1/
2/3): 81-98

Zhang K, Brandani S, Bi J. Computational fluid dynamics
for dense gas-solid fluidized beds. Prog. in Natural Science ,
2005, 15 (Special Issue): 42-51

Brandani S, Zhang K. A new model for prediction of the
behavior of fluidized bed. Powder Tech. , 2006, 163 (1/2) .
80-87

Gidaspow D. Multiphase
Academic Press, 1994
Zhang Kai (7K 4% ), Brandani Stefano. A model based on

Flow and Fluidization. Boston:

two-fluid theory for predicting hydrodynamics behavior in
3D fluidized beds ( I ): Homogeneous or bubbling
fluidization of gas-solid of Chemical
Industry and Engineering (China) (fb T.2#4]), 2008, 59
(5): 1091-1099

system. Journal

Gibilaro L. G. Fluidization Dynamics. London: Butterworth
Heinemann, 2001

Cornelissen J T, Taghipour F, Escudi¢ R, et al. CFD
modelling of a liquid-solid fluidized bed. Chem. Eng. Sci. ,
2007, 62 (22): 6334-6348

Cheng Y, Zhu J.CFD modelling and simulation of
hydrodynamics in liquid-solid circulating fluidized beds.
Can. J. Chem. Eng. , 2005, 83 (2). 177-185

Doroodchi E, Galvin K P, Fletcher D F. The influence of
inclined plates on expansion behaviour of solid suspensions
in a liquid fluidized bed—a computational fluid dynamics
study. Powder Tech. , 2005, 156 (1). 1-7

Tao Wenquan (F 3 4). Numerical Heat Transfer (%{{H
& ¥, Xi7 an:
2004 . 50

Xi’ an Jiaotong University Press,



