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Abstract. The objective of computational analysis is to virtually represent a real physical behavior on a computer screen.
Through computational simulation, it is possible to induce geometrical and numerical modifications reaching the most
efficient operational parameters of equipment before its fabrication. A coupling of computational fluid dynamics and
discrete element methods (CFD-DEM) could be performed in one-way and two-way analysis, with the objective to join
two distinct methods of calculation in a single solver evaluating the iterations between fluid and particles. Discrete
particle method (DPM) method uses one-way analysis calculating the influence of fluid in massless particles and dense
discrete phase method (DDPM) method considers fluid influence in particles and particles influence in fluid, a two-way
analysis. This paper uses both methods (DPM and DDPM) for a CFD-DEM coupled analysis studying a filtration
equipment that transports slurry (fluid + particles) to different exits. A rotational valve restrains the main exit, creating
a rising pressure location, which forces the slurry through a porosity region, with the objective to reduce the number of
particles in the exiting water. The obtained results indicates that the precision needed to reach must be pointed to decide
the most suitable simulation method, while physical results of fluid and particle flow and computational processing
consumption varies.
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1. INTRODUCTION

Filtration is a process that is often applied with the objective of drying or extract humidity of a product. The drying
process continues going through constant innovation and research, principally because of its enormous area of application.
One of the justifications for the constant research applied for this process is the amount of energy consumed, especially
when dealing with its application in large industrial companies. (HALL, 1988) explains in his text that the efficiency of
drying should be measured to satisfy the product application, that in some cases, the excessive drying is prejudicial for
transportation and storage.

Filtration is a multiphase process where solid particles move according to the fluid flow until a wall restricts the
particles movement and allow the fluid phase to pass through. Computational analysis could be adopted to interpret and
preview the behavior of multiphase fluids, however, as (ARI'YARATNE et al., 2018) describes, in the field of multiphase
flow modeling, system containing one or more particles are the most complex and challenging, while it is necessary to
choose a numerical method capable to predict particle-particle, particle-fluid and particle-wall interactions.

Computational fluid dynamics (CFD) is a method with equations that could calculate the fluid flow and Discrete
element (DEM) method uses equations for calculate particles movement. Recent papers adopt these methods coupling, as
(MA et al., 2015) that used CFD and DEM through DPM (Discrete particle method) to visualize the particles motion in
accordance with the fluid flow and (FATAHI; FARZANEGAN, 2018) uses the CFD and DEM through DDPM (Dense
discrete particle method) for a Knelson separator analysis, and the results were validated with experimental data. The
DPM method do not consider the particle-particle neither particle-wall iteration, is a one-way method, in other side,
DDPM is a four-way analysis, that consider the iteration of particle-particle, fluid-particle and particle-fluid, providing
more accurate results, because the particles motion also interferes in fluid motion.

Focusing the same objective of this article, other papers also compare results adopting different simulation methods
applied to fluid-particles interaction. (MANGADODDY et al., 2020) presents a review of different kinds of methods to
simulate fluid-particles interaction, as DPM (one way) with CFD-DEM coupling (two way) and to empirical results
applied to thumbling mills, also compares ASM methods with DPM method. Applying the comparison for fluidized beds,
(WU et al., 2021) compares the DDPM and TFM (tow fluid model), that applies Eulerian-Eulerian approach through the
kinetic theory of granular flow (KTGF) for particles behavior calculation, different from DDPM, that uses Eulerian-
Lagrangian approach through Newton’s laws of motion. (OSTERMEIER et al., 2019) also applies the model’s
comparison to fluidized bed, but they compares three methods, TFM, DDPM and CFD-DEM changing the time steps
values and number of elements to verify the impact in computational processing time.
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The present article considers a comparison of two methods (DPM and DDPM) in a simulation of a drying through
filtering equipment which, by the pressure of slurry column pulls the material against a porosity layer, responsible for
retaining a percentage of particles, resulting in separating the solid from liquid phase.

2. METHODOLOGY
2.1 Computational fluid dynamics (CFD)

According to (VERSTEEG; MALALASEKERA, 2007) the laws of mass and momentum conservation are described
by equations (2) and (3).
X rpVu=0 (1)
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where t is the time, u the flow velocity, p the pressure, pte4 the dynamic equivalent viscosity and S the source term.

As (JANUARIO; MAIA, 2019) describes, to represent the turbulence behavior, many models could be used, but for
this work was selected the k-g, represented by the equations (4), (5) and (6).
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where p, is the turbulent viscosity, C,, Cy, Cy¢, 0y and o, the model constants and Ej;the rate of deformation
components.

2.2 Discrete particle method (DPM) and dense discrete particle method (DDPM)
According to (POURARIA et al., 2020) the governing equation for particles motion is written with:

@ - g(ps — Pp) Pr_, (6)
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where u and v are the velocities vectors, m is the mass, Cq4 the drag coefficient, p the density, d the diameter, g the
gravitational acceleration. The f subscription defines the fluid phase and s the solid phase.

The first three terms on the right side of the equation represents the drag force, buoyancy force and pressure gradient
force respectively. What differs the DPM and DDPM equations is the last term, that is used for the DDPM method, and
represents the particle-particle collision and translations through the Kinect theory of granular flows (KTGF).
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where p, indicates solid pressure, T is the unit stress tensor, ug and A shear and bulk viscosities arising from particle
momentum exchange due to translation and collision.
The solid shear viscosity is the sum of Kinect, collision and frictional viscosities.
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where ey, is the coefficient of restitution for particle collisions, g, is the radial distribution function and 6 is the granular
temperature.
Bulk viscosity is represented by:

4
As = gaszpsdsgo(l + ess)aszgoes (12)
And solids pressure by:
Ps = aspsgs + Zps(l + ess)aszgoes (13)
3. MATERIALS AND METHOD
Simulations were created with the objective of predict the particles behavior inside a fluid while going through
equipment composed by a porous media region. In the physical model (Figure 1), the porous media is responsible to retain
a percentage of particles, while the other percentage goes through it. With the complexity of create a geometry of porous

media, because of the porous scale relative to the equipment, a pressure loss is considered in porous media region,
representing the physical behavior of fluid.

o,

Figure 1. Physical model

The mesh (Figure 2) was created in a surface with only 2D elements. The total number of elements was 91993 while
98,5% were quadratic and the others triangular. Mesh was divided in 4 different zones, slurry zone, purified water zone
and porosity zone, according to figure 3. All the mentioned zones were water domain, while the porosity is a water domain
with a specified porosity value, aiming to retain or deviate particles. The boundary conditions described in Figure 3 were
associated with the related elements in mesh and the numerical parameters were considered according to Table 1.
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Figure 2. Mesh elements Figure 3. Domain zones
Table 1. Boundary conditions
Parameter Region Value
Velocity inlet Slurry entry 0.1 m/s
Pressure inlet Purified water entry 1 atm
Pressure outlet Purified water outlet 1 atm
Pressure outlet Slurry outlet 1 atm
Rotational velocity Valve domain 1 rad/s
Wall rough External wall 0.5
Fluid porosity Porous region 1
Porosity — Viscous resistance Porous region 21111000

A computer with and Intel Core i7 10750H CPU @ 2.60GHz with 8 cores, 16Gb of Ram memory a Geforce RTX
2060 GPU and a SSD M.2 was used to performe both simulations, DPM and DDPM, where the conditions for each of
them were described in the following topics.

3.1 Discrete particle method (DPM)

The k-¢ turbulence method was used in the analysis.

CFD-DEM coupling was performed using the standard formulation of the Lagrangian multiphase discrete phase mode
(DPM), that according to (FATAHI; FARZANEGAN, 2018) do not calculate the particle-particle interaction as for
example particle’s collision. This formulation is most used for a low fraction of particles, what in consequence consumes
a lower processing time. Particles were considered massless with a virtual mass physical model, what also do not consider
them diameter. A one-way coupling was performed, because as (STONE et al, 2019) describes, a two-way coupling do
not affect the deposition of the particles, so it has no effect in an analysis of a one direction flow, as performed in this
article.

The simulation was performed in a transient regime with total time of 20 seconds, defined in function of the 200 time
steps with a 0,1 time step. As considered in (FATAHI; FARZANEGAN, 2018), a first-order upwind scheme was
performed in the volume finite method (VFM), which considers (ANSY'S, no date) the cells center values for element’s
faces. A SIMPLE algorithm was set to this simulation to, according to (ANSY'S, no date) maintain a more conservative
under-relaxion value, while a turbulence model is being performed.

3.2 Dense discrete particle method (DDPM)

DDPM simulation was performed using k-¢ turbulence method, the Eulerian multiphase method with 1 discrete phase,
the injection was performed with 1m/s normal to the entrance surface, and with particles of 1e-6 meter of diameter with
a flow rate of 1e-10 kg/s and particles with density of 8030 kg/m3.

Following the DPM simulation, DDPM was performed with 20 seconds, defined in function of the 200 time steps with a
0,1 time step. A first-order upwind scheme was performed in the VFM, SIMPLE algorithm.
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4, RESULTS
4.1 Discrete particle method (DPM)

Simulation time and results were extracted and compared with DDPM simulation.
DPM simulation took a total of 1 hour and 3 minutes of processing time in a computer with the configurations described
in previews topics.

Results could be seemed in Figures 4 and 5, where fluid streamlines velocities are represented in function of the time
and in Figures 6 ant 7, where particles velocities are represented in function of the time.
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Figure 4. Fluid’s velocity in DPM simulation
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Figure 5. Fluid velocity in exit area in DPM simulation
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Figure 6. Particle’s velocity in DPM simulation
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Figure 7. Particle’s velocity in the exit area in DPM simulation
It is possible to notice the similarity of fluid’s and particle’s flow behavior, also the linear flow during all the domain.
4.2 Dense discrete particle method (DDPM)
The simulation was performed in a total of 9 hours and 22 minutes in same number of time steps with same processing

configurations of DPM simulation.
Results of fluid’s flow could be seemed in Figures 8 and 9 and results from particles flow in Figures 10 and 11.
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Figure 8. Fluid’s velocity in DDPM simulation
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Figure 10. Particle’s velocity in DDPM simulation
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Figure 11. Particle’s velocity in the exit area in DDPM simulation

As DPM simulation, it’s possible to notice the similarity of fluids and particle’s flow, however the flow had some points
of direction changes, different from DPM simulation. Also, comparing same simulation time, in DDPM simulation the
particles got in the same position after particles of DPM simulation.

5. CONCLUSION

In both simulations, DPM and DDPM, the restriction caused by the rotative valve forces the fluid and particles to go
through the porosity regions, making possible to create a particle filtering and expel a lower percentage particle in clean
water. The regions of preference particles retention could be identified, indicating a cleaning improvement in that region
while making the physical experiment.

By DPM simulation, comparing the fluid and particles behavior, was clear to notice the influence that the fluid phase
causes in the particles in a one-way simulation. Also, it is possible to notice that was a low time processing simulation.

By the DDPM simulation could be seem some points of change of direction because of the influence of particles in
fluid’s phase and fluid in particle’s phase. This conclusion was reached because this behavior was not observed in DPM.
Another point to be registered is the difference of position of particles when compared to DPM, behavior caused because
of the change of direction and, also, the drag force and particles rotation, parameters not presented in DPM simulation.
Processing time was approximately 9 times greater than DPM simulation.

With the results of these two methods of perform a multiphase simulation with particles, it’s possible to conclude that
the level of results precision must be pointed before the choice of which method to perform. The DDPM method gives
more precise results, but for this filter application, for example, a DPM simulation already gives reasonable results with
less processing requirements.

An experimental test must be performed to validate the obtained results.
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