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A Study on the Effect of Particle Transport on Permeability in Porous Media
by Using Hybrid LBM-DEM Simulation
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Particle transport with fluid flow in porous media is one of important problems in various engineering
fields. The migration and sedimentation of micro particles through porous media affect strongly the hydraulic
characteristics. The grout injection is performed to reduce the permeability of rock in civil engineering. In resource
engineering, the decline of oil production might be due to the blockage of pore space caused by the asphaltene
deposition in oil reservoir. Also, the transport of micro particles with water and gas flow could cause the production
decrease in methane hydrate development.

This paper presents the simulation study of particle transport in porous media to understand the migration
and sedimentation process of micro particles. In this study, we use a numerical simulation method based on the
micromechanical fluid-particle system that couples the lattice-Boltzmann method (LBM) and the distinct element
method (DEM) . LBM is known to be a suitable technique for simulating fluid flow in complex and time-varying
geometries with boundaries. On the other hand, DEM has attracted much attention among many researchers as
a useful simulation technique for large deformation problems. With the coupling of both methods, the complex
motion of micro particles with fluid flow in porous media can be simulated.

To estimate the effect of particle concentration in the hydraulic characteristics such as permeability, we
attempted to simulate the migration behavior of micro particles through porous media using this hybrid simulation
method. As a result, it confirmed numerically that the migration and sedimentation of micro particles through porous

media cause the decline of permeability. Also, it is cleared that particle concentration has a large impact on it.
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Fig.4 Model for the simulation of a moving circular particle.
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Table 1 Input parameters for the simulation of a moving circular particle.

DEM  Discrete time step 5.0x10° Ar,  [sec]

Solid density 2.0x10° 0, [kgm’]
Friction coefficient between particles 0.25 « -]
Friction coefficient between particle and wall 0.17 o -]
Spring stiffness (normal) 2.5x10° k,  [N/m]
Spring stiffness (tangential) 1.0x10° ke [N/m]
Damping coefficient (normal) 1.0 7n  [Nsec/m]
Damping coefficient (tangential) 0.63 75 [Nsec/m]
LBM  Discrete time step 1.0x10™ At [sec]
Fluid density 1.0x10° o [kg/m’]
Number of nodes 501x152 - [-]
Lattice spacing 1.0x10° h [m]
Relaxation time 1.0 [
Pressure gradient 6.7x107 [Pa/m]
Simulation duration 11.0 - [sec]
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Fig.5 The trajectories of a single circular particle in a channel with the
stenosis throat.
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Fig.6 The velocities of the particle with respect to the x-axis position.
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Fig.7 Model for the simulation of two moving circular particles.
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Fig.8 Moving particles trajectories in a channel with the stenosis throat; Case4.
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Fig.9 The velocities of the particle with respect to the x-axis position; Case4.
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Fig.10 Moving particles trajectories in a channel with the stenosis throat; CaseS5.
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Fig.12 Model for the simulation of fluid flow in porous media.
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Table 2  Input parameters for the simulation of fluid flow in porous media.

LBM  Discrete time step 1.0x10™ At [sec]

Fluid density 1.0x10° o [kg/m’]
Number of nodes 501x152 - [-]
Lattice spacing 1.0x10° h [m]
Pressure gradient 6.7x107 [Pa/m]
Simulation duration 1.0 - [sec]

Table 3 The relaxation times and kinematic viscosity coefficients.

Relaxation time T [-]  kinematic viscosity coefficient v [m*/sec]

1.00 1.67x10°
0.90 1.33x10°
0.80 1.00x10°
0.70 6.67x10™*
0.60 3.33x10*
0.59 3.00x10*
0.58 2.67x10*
0.57 2.33x10*
0.56 2.00x10*
0.55 1.67x10*
0.54 1.33x10*
0.53 1.00x10*
0.52 6.67x10°
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Table 4 Input parameters for the simulation of particle transport with
fluid flow in porous media.

DEM  Discrete time step 5.0x10° At,  [sec]

Solid density 202100 p, [kg/m’]
Friction coefficient between particles 0.25 « [
Friction coefficient between particle and wall ~ 0.17 uw o[-
Spring stiffness (normal) 2.5x10° k,  [N/m]
Spring stiffness (tangential) 1.0x10° ks [N/m]
Damping coefficient (normal) 1.0 7n  [Nsec/m]
Damping coefficient (tangential) 0.63 75 [Nsec/m]
LBM  Discrete time step 1.0x10* At [sec]
Fluid density 1.0x10° o [kg/m’]
Number of nodes 501x152 - [-]
Lattice spacing 1.0x10° h o [m]
Relaxation time 0.6 r []
Pressure gradient 6.7x10" [Pa/m]
Simulation duration 31.0 - [sec]
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