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Abstract: The two-phase flow of porous particles widely

exists in industrial processes. However, the internal structure -

of most porous particles is heterogeneous, which has been — 5 PN A: Penetrate area
homogenized in previous studies and may affect the Uoo ','55:?\_'

) i ) ) —> ] \ B: Hard-to-penetrate area
interaction between the particle and the fluid. Therefore, the I \Y

volume-average macroscopic control equation based on the — 2 __1 N -

intrinsic phase average velocity was used to describe the : \\

fluid flow inside and outside the porous particles. Then, an = - |
improved lattice Boltzmann method (LBM) was used to 17 T N | &
solve the macroscopic control equation. Two-dimensional / 1 l T \/ | A
fluid flow around and through a heterogeneous porous ‘

particle was simulated numerically. By introducing difficult- ’_._. =

to-permeable regions to adjust the internal porosity of \\ & ‘Q; HH.
porous particle, the effect of heterogeneity on the force of N * o B

particle and evolution of flow field was simulated. The
results showed that the heterogeneous structure could induce the lift force of the particle and realize the longitudinal
mass transfer inside the particle compared to the homogeneous porous particle. Moreover, both the lift force and the
mass transfer strength increased with the increase of the hard-to-penetrate area and Da number due to the asymmetric
interaction between the particle and the fluid, but showed a peak value with Da number increasing to sufficiently large,
mainly because of the effect of the internal structure diminished as the great quantity of fluids through the particle. On
account of the lift force and mass transfer in the longitudinal, the presence of the hard-to-penetrate area also generated
the wake vortex behind the particle to no longer be symmetrically distributed at a lower Re number, and to fall off at
the Re number around 38, which enhanced the intensity of the disturbance of the flow field. In general, the existence
of heterogeneous structure inside particle has an important influence on the force of the particle-fluid system and the
evolution of the flow field, which is worth considering in future research.
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Table 1

Effect of mesh on wake length, separation angle and drag coefficient (Re=20)

» Solid (Da=1.4x10"'3, &=0.01) Porous (Da=2.5x1073, £=0.997)

Co L/D 6, Co L/D 6,
30 2.083 0.949 42.089° 1.992 0.692 20.228°
40 2.078 0.940 41.909° 1.990 0.690 20.303°
60 2.074 0.932 42.175° 1.989 0.688 20.293°

BT A TS IRIE, X Re=20, 2.0k

(e=0.01, Da=1.42x10"7) Ml £ L B kK (¢=0.997,
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Fig.2 Drag force ratio Cor at different Da numbers
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Fig.3 Wake length L\/D at different Da numbers
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Table 2  Verification of wake length, separation angle and drag
coefficient for a solid particle (Re=40)

This

Ref. [12] Ref. [29] Ref. [30] Ref. [31]
work
L,/D 2.259 2.236 2.13 2.24 2.345
6, 53.47° 53.71° 53.5° - 53.8°
Cp 1.543 1.523 - 1.498 1.522
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