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Second-order moments of particles for dense gas-solid flow
and numerical flow behavior simulation in bubbling fluidized bed
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(School of Energy Science and Engineering , Harbin Institute of Technology, Harbin 150001, Heilongjiang, China)

Abstract: A second-order moment model of particles in dense gas-solid flow is proposed based on the
kinetic theory of granular flow. The solid phase constitutive model is closed with the approximated third-
order moment enclosure equation of particle velocity from the elementary transport theory. The boundary
conditions of particles are proposed in considering the energy transfer and dissipations by collisions
between the wall and particles. Flow behavior of particles is numerically simulated in a bubble fluidized
bed, which indicates the distinct anisotropy behavior of the turbulent particles. Simulated particle velocities
are in agreement with the measurements by Muller et a/ (2008) and Yuu et al (2001) . Predicted second-
order moment of velocity has the same trend as that of measurements. The calculated Reynolds stresses per
unit bulk density agree with the measured data by Muller et a/ (2008) and with the fluctuating velocity of

particles measured by Yuu et al (2001).
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Table 1 Parameters used in Muller et al experiments

and simulation and present simulations

Ref. [12]

Present

Significance imulati
Experiment Simulation Stmulation

bed width, D/mm 44 44 44
bed height, H/mm 1000 120 120
bed thickness, W/mm 10 — —
particle density,p./kg « m™* 1000 1000 1000
particle diameter,d,/mm 1.2 1.2 1.2
restitution coefficient,e — 0.97 0.97
gas viscosity,g/kg e m™! ¢« 57! 1.8X107° 1.8X107° 1.8X107°
gas density,p/kg + m™* 1. 225 1. 225 1. 225
superficial velocity.u,/m+ s™! 0.9 0.9 0.6, 0.9
minimum fluidized
velocity/m + s~ ! B B 0- 333
initial static bed height, Hy/mm 30 30 30
initial solid volume fraction,eq — — 0.6
cells, N, X N. — 12X 24 12X24
time step,At/s — — 1X10°°
091 #;=0.9m * 5!, x/D=0.5, z=20mm
0.7
0.5
0.1
“osl u;=0.9m * 5!, x/D=0.1, z=20mm
0.6
0.4
0.2
0 2 4 6 8 10

time/s
B 1 I e SR Ve B I BT (] 11 22 Ak

Fig. 1 Instantaneous concentrations as function of time

particle
concentration:
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Fig. 2 Time-averaged particle concentrations

and velocity vector

PR Hp L DXCSEUORE Dy b TR B BE T DX O T R A
gl RN B A O BRI BURL R Sh 254 . Bl
FW A RGN . PRJZ MK m BE S . R F-
YRR BE R B



55 10 4]

INFHEE - R % I P AH W 3l v UKL I R s T SR DA A A R 1 P 5 4 < 2463 -

Pl 3 7 I 24 9N [ UKL 2 97 PR A ) ) 22 AL
PR F L DX 1 R 3 J3E Oy I {EL 3R I 0K | T
By AR BE 1T DX IR N 1) UL o R Ay 70 R SO A
TR S . REBIHE S Muller 457 25 1y 2
eEaHEMER . HER A —EMER, XATHE
el =B AR R AL . BT SR L SR =
2 A R A B HE T 450 5 5 B 3o 11 45 R 1) 2 5 2 I
N G0

o
)

o

(e
T

Ref [12]: .
/ ® Z=10 mm ol Bl
01ffew® o Z=20mm oo
0©° present simulations: oo
—z=10 mm
e 2=20 mm
0.2 . . . -
-20 -10 0 10 20

lateral distance/mm

time-averaged vertical velocity of particles/m « s '

&1 3 k25 G ) SR T 1) A5 4D S 5 4
Fig. 3 Simulated and experimental result of time-averaged

vertical velocity of particles (#,=0.9 m=+s ')
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Fig. 4 Ratio of vertical and lateral second-order
moments of fluctuating velocity of particles
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Fig. 5 Simulated and experimental result of vertical

second-order moments of fluctuating velocity of

particles (#,=0.9 m=+s ')
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Table 2 Parameters used for Ref. [ 14] experiments

and present simulations

Significance Ref. [14] Plfesent
exp. simu.

bed width, D/mm 806 800
bed height, H/mm 8060 8000
bed thickness, W/mm 2
particle density, p./kg+ m™? 2500 2500
particle diameter.d,/mm 0. 31 0. 31
restitution coefficient,e — 0.9
gas viscosityspg/kg e m™! e 57! — 1.789X10°
gas density,p,/kg + m™? — 1. 225
superficial velocity,ug,/m * s™! 0. 40 0. 40
minimum fluidized velocity/m ! 0.15 0.15
initial static bed height, Hy/mm — 105
initial solid volume fraction,ey — 0.6
cells, N, X N. — 12X 24
time step,At/s — 1X10°°
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