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Abstract: A CFD-PBM coupling model was developed to simulate turbulent gas-solid flow in FCC riser reactors

with consideration of kinetics of granular flow as well as agglomeration and core breakage of particles. Three

representative methods of numerical moments, namely, the quadrature method of moments (QMOM), the direct
quadrature method of moments (DQMOM), and the fixed pivot quadrature method of moments (FPQMOM), were
used to solve PBEs in the model and the simulation results were evaluated to compare the effect of each numerical

method. All three MOMs could predict reasonably both radial and axial distributions of time-averaged volume
fraction and velocity of particles in FCC riser reactors. Compared to DQMOM and FPQMOM, QMOM yielded
calculations most agreeable to the experimental data with regards to time-averaged solid density distribution, solid

mass flux distribution, and axial pressure drop. The study suggested that QMOM could be applied to solve PBEs

in CFD-PBM coupling model for such simple structured reactors.
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Fig.1 CFD-PBM coupled model

2 BEXZ A%

2.1 RHMMR R

B 2 7R (A SRR R BT A S 7 2,
B ETRIVE R SRR, AT EoRH 2
Ay, B2 FEAREEI . mEpTR, 1T
B 142m, AR 02m, JEMLL52m s [ EY
SJEAR, FEESIRED 0.3 m AL ILEET & —A
BN 0.1 mEEE, LL0.476 m « s~ A5H R [ A
BEARFIE R, AR E AR R B TR 0.3 m Ak i)
FEARFRITFEA B4R 0.1 m (7 F1 B HF S R 2%

gas+solid
02m outlet

at time=0
V=V,=0

142 m

gas+solid inlet

EI U=Ug=0.476 mes™!
[2g]
o £~0.4

T T T T O=1X107 m?.s72

uniform gas inlet
distribution /,=5.2 m-s~!

K2 JRSassi

Fig.2 Reactor configuration



- 3228 woT % oW 67 %
22 EMEHRSE 00

ACHTA 2D CFD-PBM #&HUH 1 K34 5 7 30000r
R | R 2. WLV PSD W 3, WIAT S 2sooof
PR 7.6075%10°° m. £ QMOM il DQMOM H1, £ 200001
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Table1 Main physical parameters

Parameter Values

solid

density, ps/kg * m™ 1712

diameter, dy/m Sauter
gas

density, py/kg * m> 1.2

viscosity, ug/Pa * s 2.0x107°

xR2 FERESY
Table 2 Main model parameters
Descriptions Values

turbulence model k-¢ (RNG, dispersed)

granular viscosity Gidaspow!™®!
granular bulk viscosity Lun et al.*"
frictional viscosity Schaeffer®!
angle of internal friction 30°
granular temperature algebraic

inlet boundary condition velocity inlet

outlet boundary condition pressure outlet

wall boundary condition no slip for air, part slip for solid

inlet gas velocity/m-s™' 52
inlet particle velocity/m-s ' 0.476
inlet volume fraction of particle 0.6
particle-particle restitution coefficient 0.95
particle-wall restitution coefficient 0.90
turbulent kinetic energy/m?-s ™ 0.06876
turbulent dissipation rate/m?-s > 0.01481
maximum iterations 50
convergence criteria 1x107°
time step/s 1x107

AL 2D CFD-PBM 5482 7 7 k. CFD #A4:
FLUENT 6.3.26 (Ansys Inc., US) HIBURS R R
BT B O 2R A — B X PSR A3 BE D) i
B . ARES SIMPLE Sy FH ok sk fif B iy

Fig.3 Initial PSD profile
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Fig.4 Evolution of Sauter diameter versus time predicted by
QMOM, DQMOM and FPQMOM
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Fig.5 Time-averaged solid density distribution in riser at

3.9 m compared with experimental data
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Fig.6 Time-averaged solid mass flux distribution in riser at

3.9 m compared with experimental data
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Fig.7 Time-averaged axial pressure drop in riser compared

with experimental data
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Fig.8 Time-averaged particle volume fraction and particle velocity radial distribution at different height profile
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