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CFD simulation for the kinematic characteristics of
liquid-solid flow in fluidized beds
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Abstract The contracting and expanding processes of liquid-solid flow have been analyzed theoretically and
simulated numerically in a two-dimensional fluidized bed using the commercial Computational Fluid Dynamics
CFD code CFX4.4 with water and glass beads as the liquid and solid phases. A liquid-solid bed in equilibri-
um would transfer to a new equilibrium state after the liquid flux changes greatly. When the liquid flux is sudden-
ly decreased the bed is divided distinctly into two zones an upper zone and a lower zone. The liquid volume
fraction keeps the original value at the upper zone whilst the liquid volume fraction becomes a new value corre-
sponding to the new liquid flux. In fact there exists a narrow region between the above two zones which can be
regarded as theé' internal interface” . Bed surface and internal interface change linearly with the simulated time al-
though the bed surface and internal interface moved downwards and upwards respectively. When the liquid flux
is suddenly increased both the bed surface and internal interface rising with time are in nonlinear form which is
attributed to an influence of the gravitational instability. However the effect of the simulated period of the ex-
pansion process on the response time of the contracting process can be neglected. The idealized expansion re-
sponse time is close to the contraction response time which is far shorter than the simulated value. All simulated
data are in fair agreement with the theoretic and experimental data reported by other researchers.
Key words liquid-solid fluidized bed expansion contraction theoretical analysis numerical simulation

3~6
1
CFD
? Euler/Lagrangian Euler/Euler 70
Euler/Lagrangian
2005-09-09 2006-04-26
973 2005CB221205 20490200
20476057

Tel 010-89733939 E-mail kaizhang@ cup. edu. cn
1982-



4 CFD 493

- £
Euler/
Euler
Navier-Stokes
i 1hi
i 4 \"“'"’Im.&
10 - !
7 i -~
van Wachem o i
TR BT TR R
1. 00 i
I, iy
0.99 T
Euler/Euler
1
Needham " Figure 1 Idealized description of bed contraction
- 12 2
Christie
Foscolo  Gibilaro ¥
CFX 4.4
1
& Didwanla " Rayleigh-
u Taylor
U
Iryq LR
&
&, 1 a
b
e e
€ Uy 2
U Uy Figure 2 Stability test on top and bottom interfaces



494

34

& U,

&

&€

ik

Figure 3 Idealized description of bed expansion
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Fortran
c, Dal- 3
lavalle 31 0.7
C, = 0.63+4.8//Re * 16 m 0.2m
1000 kg/m®  1.00 x10™* Pa s
Re = pe;l uru, 1d, /p, 17 3990 kg/m’ | mm
1" 0.59 mm 2*
140
40 5 600
Dirichlet
10™* s
1 No. 2 1"
SIMPLE 0.38 0.3m
SIMPLEC - ' 0.0166 m/s 0
" 1.0 0 0s
0.65 CFX 4.4 u, 0.016 6 m/s s
uy; =0.049 8 m/s
" Com- 18 s uy =0.0166
mand file ” m/s 27§
1
Table 1 The parameters of the simulation
Initial conditions Start point of the Start point of the Total time of
No. Particles bed expansion bed contraction simulation
g lym w,/ms u,/ms 1, uy /m s~y v/s
No. 1 1* 0.63 0.5 0.0498 - - 0.0166 1 10
No.2 1* 0.383 0.3 0.0166 0.0498 1 0.0166 18 27
No. 3 2* 0.37 0.3 0. 0066 0.0198 1 0. 0066 41 54
No. 4 2* 0.37 0.3 0. 0066 0.0198 1 0. 0066 30 46
3.2 49.4 s U,
Gibilaro °
No. 3 4 Is 3.3
u; =0.0066 m/s 5
0 1" 3
t =1s
uy; =0.0198 m/s 4.8s
3
Didwania " 22's
t =41s 5.0s

uy =0.0066 m/s
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Figure 4 Snapshots of the solid volume fraction distribution
0.5 (a) 0.5
bed surface bed surface
04 0.4
03 v 03
£ £
= 02 = 02
0.1 0.1
0.0 ' internal interface | 0.0 3
01 A . b ‘ 01 ; ‘ P s
2 4 6 8 10 18 20 22 24 26
Time ¢/s Time t/s
0.5
bed surface bed surface @
04
03l |~
£
=02
0.1
internal interface
3 0.0
: . . . . [ i \ \ \ L \ \ .
0. l40 42 44 46 48 ) 52 30 32 34 36 38 40 42 44 46
Time t/s Time ¢/s
5
Figure 5 The curves of the bed contraction simulated
a b ¢ and d standing for No.1 No.2 No.3 and No.4 in Table 1 respectively
points for simulation data and solid lines for trend line
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2
Table 2 The results of simulation and calculation for the bed contraction
No. Particles  u, /m s~ u, /m s~ l; /m l, /m Simulated time ¢, /s Calculated time ¢, /s
No. 1 1# 0.049 8 0.016 6 0.50 0.337 4.8 4.9
No.2 1# 0.049 8 0.016 6 0.50 0.339 5.0 4.9
No.3 2# 0.0198 0.006 6 0.44 0.328 8.4 7.7
No. 4 2# 0.0198 0.006 6 0.44 0.329 8.5 7.7
2
3.4 6
I1s 20s Gibilaro
Gibilaro Gibilaro °
) 1* 2t 13
4.7s 8.7s
0.45
o ® lllllllll......-
040 "t
: bed surface
i E |
< = ;
035} i
=9.7
0.30 pu' ; /
0 é 21 é é 1‘0 lé 14 0 4 8 12 16 20
Time /s Time ¢/s
6
Figure 6 The curves of the bed expansion simulated
a b standing for No.2 and No.3 or No.4 in Table 1 respectively
points for simulation data and solid lines for idealized trend line
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