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Fig. 1. VOF-DEM coupling calculation flowchart.
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Fig. 2. Diagram of mixed space structure.
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Fig. 3. Grids division: (a) Grids of stator region; (b) grids of
rotor region; (c) grids of impeller.
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Table 1.  Characteristics settings of fluid and

particle.
ZH =1
ZSRHHE pa/(kg-m™3) 1
R pa/(Pa-s) 1x10%
IR pw /(kg-m™2) 1000
IKFHEE pw /(Pa-s) 0.001
TR pp /(kg-m™3) 1100
WK EA% dp /mm 1
BRI nyp 10000
Wikits [ Yp / MPa 1
WURDARALL vp 0.25
BETH RS Y, / MPa 70000
BEMAMA L vy 0.3
RN R pur 0.01
TR RAL s 0.5
MWIZFEL er 0.5
PEHBET w /(v min—1) 400
CFDA[AIZE Atcpp /s 2 x 104
DEMIHAIAE Atpem /s 2x 1075
AL Atcoupling / s 2% 1074
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45° 1 2 HE R AT A TC PRSI, ARG 1
400 r/min B ARG W7, 6] T PUFR S RS,
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7 5% [ s B W BADL S SR SE e, X 5 s I AE
Z = 150 mm, Y = 0 mm, X M 100 #| 100 mm
B ) B St X B, 25 SR AN TR 4 R,

AT DL & BRI S AE A [R) A7 B 1) Bl v s 5 HL AT AH
PLEFaH, {8 M ECR A 219000 I B K BA 3K
FPR2E, T HA =R IR AR 227 5% LA, il
JE PRSI PR ER. ST FORZE R, S5 T AR A
JIT R FH B A B 24054 311000, 13X AR BRI D 1731
S, AT LIAS B F AR 0 4
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Fig. 8. Simulation results of three-phase stirred system at different time when v = 0 m/s.
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Modeling and solution method of gas-liquid-solid
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Abstract

The mixing process of gas-liquid-solid three-phase flow is a complex multi-fluid-structure coupling dynamic
problem. The relationship between the particle parameters and the physical spatial scale of the flow channel
directly affects the calculation convergence. Numerical modeling and mesh processing of fluid-structure
bidirectional interaction in the strong shear zone are difficult. Aiming at the above problems, a method of
modeling and solving the gas-liquid-solid three-phase flow mixing is proposed. Based on the volume-of-fluid
coupled with discrete-element-method model, a three-phase dynamic model considering particle motion is
established. By solving the momentum equation, the bidirectional coupling of two-phase fluid and particle is
realized. The wuser-defined function communication interface is developed independently to obtain the
interaction force between fluid and particles, and a porous-interphase coupling solution is proposed to describe
the trajectory of particles. Taking the mixing process of three-phase flow with strong shear for example, this
method is used to study the influence of different aeration conditions on the free surface, velocity distribution
and particle suspension characteristics in the physical space of the flow channel. The results show that strong
shear and wall action can convert the tangential velocity of the fluid into axial and radial velocity; choosing an
appropriate inflation velocity can eliminate the instability of the free surface and increasing the flow velocity of
the fluid has a limited effect on the suspension of particles in some areas. The research results can provide a
useful reference for studying the interaction mechanism of complex multiphase flow, and also provide technical

support for the mixing production control of gas-liquid-solid three-phase particles.

Keywords: three-phase flow, solid particles, volume of fluid-discrete element method coupling, strong shear
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