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Abstract

Soil health is a great concern worldwide due to the huge variety of pollutants and
human activities that may cause damage. There are different ways to remediate and
make a better use of soil and a choice may be using zeolite in activities like garden-
ing, farming, environment amending, among others. In this work is proposed a
model to simulate how mixing zeolite with soil may be beneficial in different ways,
we are especially interested in interactions of mixed soil-zeolite with water. This
model is based in different flow regimes where water interacts with two layers
formed by nanostructured zeolite and soil in a vertical arrangement. The analysis is
approached as a bi-layer porous material model resolved by using the mathematical
model implemented in ANSYS-Fluent. Such model uses a multi-fluid granular
model to describe the flow behavior of a fluid–solid mixture where all the available
interphase exchange coefficient models are empirically based. Despite the great
capabilities of numerical simulation tools, it is known that at present time, the
literature lacks a generalized formulation specific to resolve this kind of phenomena
where a porous media is analyzed. This model is developed to obtain a systematic
methodology to test nanomaterials with porous features produced in our laboratory
which is the next step for near future work within our research group.

Keywords: porous, CFD, ANSYS-Fluent®, soil, nanostructured zeolite

1. Introduction

A porous material is a complex structure consisting of a compact phase (usually
solid) and some void space, which relates directly with the term porosity. The
literature describes a porous medium as a region in space comprising of at least two
homogeneous material constituents, presenting identifiable interfaces between
them in a resolution level, with at least one of its constituents remaining fixed or

1



slightly deformable [1]. Among porous materials, soil and zeolite are interesting
because they are perfectly aligned with the definition for porous materials.

The aim of this work is search for options to improve soil health since it is a great
concern worldwide due to the huge variety of pollutants and anthropogenic activi-
ties that may cause damage. Zeolite is an option to amend soil in activities like
gardening, farming, environment amending, among others, it is reported in the
literature as a suitable material for sustainable chemistry. Mixing zeolite in soil may
be beneficial in different ways, we are especially interested in interactions of mixed
soil-zeolite with water. In this work, a model is developed to obtain a systematic
methodology to test nanomaterials with porous features produced in our laboratory
which is the next step for near future work within our research group. This model is
based in different flow regimes where water interacts with two layers formed by
nanostructured zeolite and soil in a vertical arrangement. The analysis is
approached as a bi-layer porous material model resolved using the mathematical
model implemented in ANSYS-Fluent.

2. Fundamental concepts

In this section a brief set of fundamental concepts are displayed to put the reader
in context with the topics within this research work as described next.

2.1 Porous materials

The word porous describes a structure with a compact phase (usually solid) and
some void (empty) space. Any solid material containing cavities, channels or inter-
stices may be considered porous. Concepts like “pores”, “cavities’, among others,
are features for a porous material and according to them, such material may be
characterized. The reader is referred to the literature on porous materials for more
information on the correct use of related terms [1–5]. Our recommended definition
for the context of the present work is “A porous medium is a region in space compris-
ing of at least two homogeneous material constituents, presenting identifiable interfaces
between them in a resolution level, with at least one of the constituents remaining fixed or
slightly deformable” [2]. Measurements are important to characterize porous mate-
rials, one may be interested in pore size range, performance at different levels of
compression and/or temperature, performance when interacting with different
liquids, repeatability, structures, corrugated pores, etc. [1] Even though, porous
materials latest breakthrough was reported over a decade ago, there are still plenty
of interesting applications that use this type of materials [4] and new techniques to
prepare them. Also, over the last ten years or so, literature highlights include
synthesis, applications, hierarchically structured porous materials [1–6], among
others.

Porous materials are defined as elements/compounds that contain a porous
structure consisting of interconnected pores on different length scales from micro-
(<2 nm), meso- (2–50 nm) to macropores (>50 nm). Micro- and mesopores may
provide size and shape selectivity for guest molecules, enhancing the host–guest
interactions. Alternatively, macropores can considerably favor diffusion to and
accessibility of active sites by guest molecules, which is particularly important for
the diffusion of large molecules or in viscous systems. Emphasis in porous size is an
important work trend among scientists and technologists due to the wide range of
possibilities regarding applications of porous materials based in pore size. One of
the more interesting porous materials is zeolites which are included within this
study [5–7].
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2.2 Zeolites

Zeolites were found in 1756 and since then their use has spread out in chemical
industries for catalysis, adsorption, separation, and a great variety of other applica-
tions. 35,232 patents with the title including “zeolite*” are documented by Derwent
Innovations Index as of January 2, 2020 and around 30,271 publications with “zeo-
lite*” in their title are recorded by the Web of Science Core Collection in the same
date. Although there is a lot of work and advancement in the science and technology
related to zeolites, fundamental research on them and their applications have a
great deal of relevancy [5].

Zeolites in its natural mineral presentation are found in several parts of the
world but most zeolites used are produced by synthesis [8, 9]. Differences between
natural and synthetic zeolites include: 1) Synthetics are obtained from chemicals
and naturals are processed mines, 2) Synthetic zeolites silica to alumina ratio is 1 to
1 and natural clinoptilolite zeolites is 5 to 1 ratio, 3) clinoptilolite zeolite do not
break down in mildly acid environment, synthetic zeolites do break. Natural zeolite
structure has more acid resistant silica to keep its structure together [9].

Zeolite is a microporous (<2 nm) material comprising crystalline aluminosili-
cate with various structures [10, 11]. Over 200 types of zeolites have been reported
[12] with pore diameters between 0.25 and 1 nm [13] and possess good selectivity
properties [14–16]. In catalytic applications, zeolite framework structure is an
assembly made of AlO4 and SiO4 tetrahedra able to provide Brønsted and Lewis acid
sites inside the micropore [17–20]. For example, Brønsted acid sites in synthetic
zeolites, such as zeolite Y and ZSM-5, are responsible for the catalytic cracking
reaction in oil refinery [21].

Hierarchical porous zeolite addresses issues with porous size. Under its perspec-
tive, there are three types of porosity according to pore size, micropore (<2 nm),
mesopore (2–50 nm), and macropore (>50 nm) [22]. Zeolites may be considered a
family of crystalline aluminosilicates consisting of orderly distributed molecular
sized nanopores. Their structure benefits adsorption of guest molecules with spe-
cific sizes and shapes or separation processes for liquid or gas mixtures as molecular
sieves [23, 24]. In addition, zeolites with guest species, coupled with acid or metal
sites, enables shape-selective catalysis [25–27]. Zeolites are considered the most
important solid catalysts in petrochemical industries [28–31]. Zeolitic materials are
also promising in a wide variety of applications, including renewable energy and
environmental improvement [32].

Properties of zeolites are directly related with their nanoporous framework
structures, so TO4 tetrahedra (“T” denotes tetrahedrally coordinated Si, Al, P, etc.)
is fundamental [33]. According to the literature [22], 235 types of zeolite frame-
works have been discovered [12], however, there is still a high demand for
improved zeolitic materials with new structures and superior functions. In addition,
new technology trends are giving a new impulse to zeolite research, such is the case
of nanotechnology where nanostructured zeolite or interactions of zeolite with
nanostructured materials have captured the interest of researchers. Soil may be
counted among the more interesting interactions with zeolite.

2.3 Soil

The Soil Science Society of America has published two definitions for soil. One is
“The unconsolidated mineral or organic material on the immediate surface of the earth
that serves as a natural medium for the growth of land plants.” The second definition
may be more inclusive and says soil is “The unconsolidated mineral or organic matter
on the surface of the earth that has been subjected to and shows the effects of genetic and
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environmental factors of: climate (including water and temperature effects) and macro-
and microorganisms, conditioned by relief, acting on parent material over a period of
time” [34, 35].

A soil detailed definition depends upon physical, chemical, biological, and mor-
phological properties, and characteristics. Their effect on soil management deci-
sions is critical in any case the soil is to be used in either crop production, in an
urban setting, or for roads, dams, waste disposal, and other uses [35].

Soil is a porous media at the land surface formed by weathering processes
mediated by biological, geological, and hydrological phenomena. Soil is different
than weathered rock because it shows a vertical stratification (the soil horizons)
that has been produced by the influence of percolating water and living organisms.
From a chemistry perspective, soils are open, multicomponent, biogeochemical
systems containing solids, liquids, and gases. Open systems mean soils exchange
matter and energy with the surrounding atmosphere, biosphere, and hydrosphere.
Such exchange is highly variable, but it is the essential flux that cause the
development of soil profiles and the patterns of soil quality [36].

Generally, soil is formed by fragmented and chemically weathered rock which
includes sand, silt, and clay separates, and contains humus (partially decomposed
organic matter). Soil diversity is huge, because of the different regional circum-
stances, it varies considerably. If properties of soil are known, it may be effectively
managed and succeed at a specific use or purpose.

The major elements in soils exceed a concentration of 100 mg-kg�1, all others
are known as trace elements. According to multiple reports, the major elements
include O, Si, Al, Fe, C, K, Ca, Na, Mg, Ti, N, S, Ba, Mn, P, and perhaps Sr and Zr, in
decreasing order of concentration. The major elements C, N, P, and S also are
macronutrients, so they are critical to life cycles and may be absorbed by organisms
in significant amounts [36].

2.4 Water and drought

Climate change is affecting the way we live without a doubt. For example, El
Nino and La Nina are climate patterns in the Pacific Ocean that affect weather
worldwide [10]. In Mexico, these and other climate related phenomena are respon-
sible for intensified drought in a great part of the country. In the northern part of
Mexico for this year (2021) the forecast indicates there will be 20–30% water
availability for the different activities if compared to last year [11]. Porous materials
may be a feasible option for gardens and crop soil to keep humidity for longer
periods of time. Then, porous materials and specially zeolite, are interesting mate-
rials for studying their interaction with soil and water.

3. Methodology

In this work is used the code ANSYS-Fluent® [37, 38] and all CFD methodolo-
gies presented are embedded in this program. Like most CFD codes, ANSYS con-
tains three main elements: (a) a preprocessor, (b) a solver, and (c) a postprocessor,
the role of each one will be described briefly in the next sections.

ANSYS Fluent solves conservation equations for mass and momentum. For
flows involving heat transfer or compressibility, an additional equation for energy
conservation is solved. Additional transport equations are solved when the flow has
other features such as transport species, chemical reactions, turbulence, etc. Since
conservation equations are widely known, we will present only the simplified ver-
sion and will focus in describing the porous media approach briefly.
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The equation for conservation of mass, or continuity equation, can be written as
follows:

∂ρ

∂t
þ ∇ ∙ ρv

!
� �

¼ Sm (1)

Eq. (1) is the general form of the mass conservation equation and is valid for
incompressible as well as compressible flows. The source Sm is the mass added to the
continuous phase from the dispersed second phase (for example, due to vaporiza-
tion of liquid droplets) and any user-defined sources.

Conservation of momentum in an inertial (non-accelerating) reference frame is
described by the next equation [39]:

∂

∂
ρv
!

� �

þ ∇ ∙ ρv
!
v
!

� �

¼ �∇pþ ∇ ∙ τ

¼
� �

þ ρ g
!
þ F

!
(2)

where p is the static pressure, τ
¼
is the stress tensor (described below), ρ g! is the

gravitational body force and F
!
represent external body forces (for example, those

arising from interaction with the dispersed phase). F
!
also contains other model-

dependent source terms such as porous-media and user-defined sources.

3.1 Geometry and meshing

Geometry and meshing are part of the preprocessing phase to resolve a computa-
tional fluid dynamics problem. The definition of the key features of our model starts
with the idea of simulating a water flow through a porous zone formed by a thin layer
of zeolite applied over a layer of soil. This model consists of a vertical arrangement of a
packed bed like porous zone formed by the two layers, both contained in a transparent
pipe with a water flow from top to bottom applied by gravity. PTC-CREO [40] was
used to develop the 3D CADmodel needed so CAE software may be enabled to carry
on with the CFD simulation. SpaceClaim is a module within ANSYS used to prepare
geometries for CFD calculations [37] and, it was used to extract the fluid domain for
the meshing procedures. The module ANSYS meshing was used to carry on with the
meshing procedure of the fluid domain.

3.2 Porous media model

The porous media model incorporated in ANSYS-Fluent can be used in a wide
variety of single phase and multiphase problems, for example, flow through packed
beds, filter papers, perforated plates, flow distributors, and others.

In this model, a cell zone is selected as the porous media where ANSYS
methodology is applied by means of user inputs and the Momentum Equations for
Porous Media, for further information the reader is referred to the ANSYS-Fluent
manual [38].

3.3 Limitations and assumptions of the porous media model

The porous media model incorporates an empirically determined flow resistance
in a region of your model defined as “porous”. In essence, the porous media model
adds a momentum sink in the governing momentum Equations [38]. The model
would represent a porous zone without a detailed exact model of the porosity within
the materials at microscale, in other words, the porous zone will be represented
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qualitatively and will be resolved with equations empirically defined to do so as
explained briefly in the next paragraphs.

3.4 Momentum equations for porous media

The porousmediamodels for single phase flows andmultiphase flows use the Super-
ficialVelocity Porous Formulation as the default. ANSYSFluent calculates the superficial
phase ormixture velocities based on the volumetric flow rate in a porous region.

Porous media are modeled by the addition of a momentum source term to the
standard fluid flow equations. The source term is composed of two parts: a viscous
loss term (Darcy’s equation first term on the right-hand side, and an inertial loss
term (Darcy’s equation second term on the right-hand side), as shown next:

Si ¼ �
X

3

j¼1

Dijμv j þ
X

3

j¼1

Cij
1
2
ρ vj jv j

 !

(3)

where Si is the source term for the i-th (x, y, or z) momentum equation, |v| is the
magnitude of the velocity and D and C are prescribed matrices. This momentum
sink contributes to the pressure gradient in the porous cell, creating a pressure drop
that is proportional to the fluid velocity (or velocity squared) in the cell which
enables a viable calculation route without the need of microscale porosity details.

To recover the case of simple homogeneous porous media

Si ¼ �
μ

α
vi þ C2

1
2
ρ vj jv j

� �

(4)

where α is the permeability and C2 is the inertial resistance factor, simply specify
D and C as diagonal matrices with 1/α and C2, respectively, on the diagonals (and
zero for the other elements).

ANSYS Fluent also allows the source term to be modeled as a power law of the
velocity magnitude [38]:

Si ¼ �C0 vj jC1 ¼ �C0 vj j C1�1ð Þvi (5)

where C0 and C1 are user-defined empirical coefficients.
Important
In the power-law model, the pressure drop is isotropic and the units for C0 are SI

but we will not enter any further in the mathematical model supporting this idea
and will refer the reader to ANSYS manuals and proper references contained in
there to develop this model in part or in whole at the reader convenience.

3.5 Darcy law and Darcy-Forchhimer

In laminar flows through porous media, the pressure drop is typically proportional
to velocity and the constant can be considered zero. Ignoring convective acceleration
and diffusion, the porous media model then reduces to Darcy’s Law [38]:

∇p ¼ �
μ

α
v
! (6)

Pressure drop is computed in ANSYS Fluent for each one of the three (x, y, z)
coordinate directions within the porous region according to:
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∆px ¼
X

3

j¼1

μ

α
v j∆nx

∆py ¼
X

3

j¼1

μ

α
v j∆ny (7)

∆pz ¼
X

3

j¼1

μ

α
v j∆nz

where 1=αij are the entries in the matrix D in Eq. (3), vi are the velocity
components in the x, y, and z directions, and ∆nx, ∆ny, and ∆nz are the thicknesses
of the medium in the x, y, and z directions.

Here, the thickness of the medium (∆nx, ∆ny, or ∆nz) is the actual thickness of the
porous region in our model. Therefore, if the thicknesses used in the model differ
from the actual thicknesses, adjustments may be needed in the inputs for 1=αij .

Calculations for laminar flow regime models were based in Darcy law. For
calculations under turbulent flow regime Darcy-Forchhimer is the mathematical
model used by ANSYS.

3.6 Processing

This work was processed using ANSYS Fluent®. The pressure–velocity coupling
scheme controls the way pressure and velocity are updated when the pressure-
based solver is used. The scheme can be either segregated (pressure and velocity are
updated sequentially) or coupled (pressure and velocity are updated simulta-
neously) [38]. The scheme used in this work for pressure–velocity coupling is
SIMPLE. For spatial discretization we use least squares cell based for gradient,
PRESTO! for pressure and second order upwind for momentum. This set up was
successful to treat single layer and double layer porous media models and conver-
gence was reached with few to moderate number of iterations.

3.7 Postprocessing

The results module provided by ANSYS® was used to visualize code/numerical
results, the data may be presented in different ways to facilitate the numerical
analysis. The figures and graphs were generated from the numerical sheet produced
within ANSYS-Fluent. These may include domain geometry and grid display, vec-
tor plots, line, and shaded contour plots, 2D and 3D surface plots, particle tracking,
and view in perspective (translation, rotation, scaling, etc.), and few hand-made
numerical computations.

4. Results and discussion

This work was developed using computational fluid dynamics (CFD) as
implemented in ANSYS-Fluent. The calculation processes are explained in the next
paragraphs.

4.1 Geometry and meshing

The geometries and assemblies initially were developed using CAD programs,
but they can be designed either way in the geometry module within ANSYS, which
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is called SpaceClaim. A CAD program enables further development and a highly
detailed design, which is interesting for complex developments. For the scope of
this work, SpaceClaim was used to prepare the geometry for CFD. Figure 1 shows
the geometry preparation in different steps up to the meshing generation.

Meshing procedure was carried on ANSYS meshing module, since the geometry
is a simple cylinder, the discretization process was easily resolved. The meshing
model was carried on systematically with a different number of elements, from a

Figure 1.
Geometry used to simulate a single layer of zeolite exposed to water flow from top to bottom. (a) CAD geometry
for zeolite single layer interacting with water, (b) CAD geometry of fluid and porous zone without pipe and
covers. (c) Fluid domain prepared in ANSYS for CFD simulation, (d) meshed fluid domain.
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rough mesh to a finer mesh in search of the more efficient model. Overall, under
100 thousand elements was considered a rough mesh, up to 500 thousand elements
is medium and over that number of elements is considered a fine mesh. The models
used in 3D demonstrated a nice performance during the convergence trials
(Figure 2), however, if a further simplification is found, it should be considered.

Therefore, 2D models were developed to improve efficiency in our calculations.
The 2D model worked very well and improved efficiency so we decided to present
the results generated with these models.

Figure 2.
Geometry used to simulate a layer of zeolite over a layer of soil exposed to water flow from top to bottom. (a)
CAD geometry for zeolite-soil porous layers interacting with water, (b) CAD geometry of fluid and porous zone
without pipe and covers. (c) Fluid domain prepared in ANSYS for CFD simulation, (d) meshed fluid domain.
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Overall, the best results were obtained with simplified models using a 2D geom-
etry representative of the proposed systems with single and double porous media
layer, an example of 2D model geometry used is shown in Figure 3. The figure
illustrates a slice of the interacting materials stacked from top to bottom with a first
layer of water on top, followed by two layers composed with porous materials
ordered in zeolite placed over soil and at the bottom more water. Figure 3(a) was
obtained from ANSYS SpaceClaim where it may be optional to label each layer but
also labels may be added in the meshing module. The geometry was simplified to a
basic shape, as can be observed in Figure 3(b). Thus, the model was easily

Figure 3.
Simplification to a 2D model of the double layer with soil zeolite on top of soil as loaded in ANSYS for meshing
procedures and mesh obtained (see scale for length dimensions under the model image).
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discretized by using ANSYS meshing module with an average size element of
6.5x10�5 m (0.065 mm) which in total added up to 473,550 elements. The
discretization results may be observed in Figure 3(c) and (d).

4.2 Solution

Convergence trials were carried on with different geometries and resolution
models. The best choice was selected based in efficiency and 2D models were
selected over 3D. The geometries proposed were designed as simple models, the
idea is a simple pipe containing a packed bed formed with one or two porous
materials layers.

These geometries were used in calculations under laminar and turbulent flow
regime set up subject to boundary conditions. Calculations with double layer and
under both flow regimes are included in the following sections for a more detailed
discussion of results.

4.3 Laminar flow regime

Two different set of calculations are presented in the next paragraphs, the first
one is based in results obtained from laminar flow regime models. Results for
pressure calculations are presented in Figure 4. These calculations required an
input velocity with different values relatively low to obtain laminar flow through a
double layer porous zone built with zeolite and soil. Velocity values used in this
section are v1 = 0.005 m/s, v2 = 0.01 m/s, v3 = 0.02 m/s, v4 = 0.03 m/s, and
v5 = 0.04 m/s.

Pressure effects are displayed in Figure 4, to understand pressure-drop in a
layer-by-layer contour plot that illustrates water flow moving through zeolite and
soil layers modeled as porous media within ANSYS-Fluent.

The higher the input velocity, the higher pressure is required to make the flow
pass through the porous media, for specific pressure values a scale in pascals is
shown by the side of each simulation to help interpret the contours color in the
image.

In Figure 5 are presented contour plots of velocity to illustrate how water is
applied gradually into the model. Water is applied using an input velocity with low
values to keep the flow under laminar regime in y-axis negative direction (down-
wards). Velocity decreases as the flow advances through the pipe and porous zone
represented by the two layers simulating zeolite and soil. Each velocity contour plot
includes a scale with velocity values in meters per second to facilitate the interpre-
tation of each color included in the contour plot. For a better understanding of
pressure drop, a graph showing pressure drop profile was generated based in results
for laminar flow regime computations as displayed in Figure 6. This profile is built
as a scatter plot using y-axis or height in the model as the x-coordinate or abscissa
and, pressure drop was represented in the y-ordinate. The scatter plot displays an
overall view of the pressure drop as y-axis values change through the pipe and
porous zone. To analyze further the effects on pressure drop for laminar flow
regime simulations, pressure values at different locations were calculated, specifi-
cally, at the inlet and outlet for each layer of porous media zone (boundaries). Also,
pressure drop for each layer was calculated by finding the difference between
pressure values at layers inlet and outlet (this difference will be referred to as delta
pressure values). Table 1 contains pressure and delta pressure calculations numer-
ical results.
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4.4 Turbulent flow regime

Results for pressure calculations obtained from turbulent flow model simula-
tions are presented in Figure 7. These calculations required an input velocity with
different values to obtain turbulent flow through our model with a double layer
porous zone built with zeolite and soil.

Figure 4.
Contour plots corresponding to results for pressure from laminar flow regime calculations using a double layer model
porous zone. (a) v1 = 0.005 m/s, (b) v2 = 0.01 m/s. (c) v3 = 0.02 m/s, (d) v4 = 0.03 m/s, (e) v5 = 0.04 m/s.
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Velocity values used in this section are v1 = 0.04 m/s, v2 = 0.05 m/s, v3 = 0.1 m/s,
v4 = 0.2 m/s, v5 = 0.3 m/s, v6 = 0.4 m/s, v7 = 0.5 m/s. Pressure effects as displayed in
Figure 7 represent pressure drop for our models under turbulent flow regime in a

Figure 5.
Contour plots corresponding to results for velocity in y-direction from laminar flow regime calculations using a
double layer model porous zone. (a) v1 = 0.005 m/s, (b) v2 = 0.01 m/s. (c) v3 = 0.02 m/s, (d) v4 = 0.03 m/s,
(e) v5 = 0.04 m/s.
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layer-by-layer contour plot to illustrate water flow through zeolite and soil layers
modeled as porous media within ANSYS-Fluent.

The higher the input velocity, the higher pressure is required to make the flow
through the porous media, for specific pressure values a scale in pascals is shown by

Figure 6.
Graph showing pressure drop results for laminar flow regime calculations using a double layer model porous
zone. (a) v1 = 0.005 m/s, (b) v2 = 0.01 m/s. (c) v3 = 0.02 m/s, (d) v4 = 0.03 m/s, (e) v5 = 0.04 m/s.
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the side of each simulation to help interpret the contours color in the image. In
comparison with laminar flow, water flow velocity and pressure present higher
values.

In Figure 8 are presented contour plots of velocity to illustrate how water flows
through the porous zone. Water is applied using an input velocity with low values
just enough to keep the flow as turbulent with a direction in y-axis with or without
negative sign (downwards).

Velocity decreases as the flow advances through the porous zone represented by
the two layers simulating zeolite and soil. Each velocity contour plot includes a scale
with velocity values in meters per second to facilitate the interpretation of each
color included in the contour plot.

For a better understanding of pressure drop, a graph showing pressure drop
profile was generated for turbulent flow calculations as displayed in Figure 9.
Similarly, as it was done with laminar flow, the profile is built with a scatter plot
using y-axis or height in our model as the x-coordinate and pressure drop is
represented in the y-ordinate. Also, to analyze further the effects on pressure drop
for laminar flow regime simulations, pressure values at the boundaries for each
layer of the porous media zone. Pressure drop for each layer in the turbulent model
was calculated by finding the difference between pressure values at layers consid-
ering an inlet and an outlet. Table 2 contains pressure and delta pressure numerical
results.

4.5 Effects on zeolite and soil layers

Porous zone flow is simulated as a region that presents resistance to the fluid
flow. When water is introduced in the system each layer representing a porous
material presents a difficulty to allow flow through which can be measured with the
pressure drop calculated on those areas. Due to its properties, zeolite layer presents
the higher pressure drop values. Zeolite and soil material parameters to represent
materials properties used within this work are based in textbook values [1, 8, 35]
and can be modified as required depending on the specific properties of the
materials that need to be simulated. The input velocity is also important regarding
how pressure drop displays its profile and relative values, in general, the higher
the input velocity value, the higher the pressure drop in the porous zone areas.
Such effect occurs in laminar flow and turbulent flow. However, pressure drop
may be higher in turbulent flow due to velocity input values are higher too. This
model may be useful for future developments where the porous materials proper-
ties are modified or when one needs further studies related to water distribution in
the system.

v

(m/s)

Pinlet-zeol

(Pa)

Poutlet-zeol

(Pa)

Pinlet-soil

(Pa)

Poutlet-soil

(Pa)

∆Pzeol

(Pa)

∆Psoil

(Pa)

∆PTotal

(Pa)

0.005 862 603.4 258.6 86.2 258.6 172.4 775.8

0.01 1754 701.6 526.2 175.4 1052.4 350.8 1578.6

0.02 3628 1451 1088 362.9 2177 725.1 3265.1

0.03 7735 3094 2320 773.4 4641 1546.6 6961.6

0.04 5621 2249 1686 562.1 3372 1123.9 5058.9

Table 1.
Laminar flow regime pressure-drop numerical results at the boundaries between different layers (zeolite over
soil) to analyze flow through porous zone.
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Figure 7.
Contour plots for pressure obtained from turbulent flow regime numerical results corresponding to calculation
with different velocity inputs using a double layer porous zone, the velocity values used were: (a) v1 = 0.04 m/s,
(b) v2 = 0.05 m/s. (c) v3 = 0.1 m/s, (d) v4 = 0.2 m/s, (e) v5 = 0.3 m/s, (f) v6 = 0.4 m/s, (g) v7 = 0.5 m/s.
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Figure 8.
Contour plots for velocity in y-axis obtained from turbulent flow regime numerical results corresponding to
calculations with different velocity inputs using a double layer porous zone, the velocity values used were:
(a) v1 = 0.04 m/s, (b) v2 = 0.05 m/s. (c) v3 = 0.1 m/s, (d) v4 = 0.2 m/s, (e) v5 = 0.3 m/s, (f) v6 = 0.4 m/s,
(g) v7 = 0.5 m/s.
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5. Conclusions

Computational fluid dynamics (CFD) is used as a powerful tool to analyze multi-
physics problems in a wide variety of applications. To analyze porous materials
ANSYS-Fluent offers an interesting scheme that enables the study of a fluid through
a porous material. A bi-layer model was built to represent a layer of zeolite placed

Figure 9.
Graph showing pressure drop results for turbulent flow regime calculations using a double layer model porous
zone. (a) v1 = 0.04 m/s, (b) v2 = 0.05 m/s. (c) v3 = 0.1 m/s, (d) v4 = 0.2 m/s, (e) v5 = 0.3 m/s,
(f) v6 = 0.4 m/s, (g) v7 = 0.5 m/s.
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over a layer of soil and both interacting with a water flow. Laminar and turbulent
flow regimes were analyzed successfully with the approach proposed which
represents an attempt to systematically analyze different nanostructured zeolites
interacting with different soil types.
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v

(m/s)

Pinlet-zeol

(Pa)

Poutlet-zeol

(Pa)

Pinlet-soil

(Pa)

Poutlet-soil

(Pa)

∆Pzeol

(Pa)

∆PSoil

(Pa)

∆PTotal

(Pa)

0.04 7733 3093 2320 773.2 4640 1546.8 6959.8

0.05 9966 3986 2990 996.4 5980 1993.6 8969.6

0.1 22930 9171 6878 2292 13759 4586 20638

0.2 57700 28850 23080 5768 28850 17312 51932

0.3 104400 52180 31310 10430 52220 20880 93970

0.4 163000 81510 65210 16300 81490 48910 146700

0.5 233600 116800 93440 23350 116800 70090 210250

Table 2.
Turbulent flow regime pressure-drop calculations at the boundaries between different layers (zeolite over soil)
to analyze flow through porous zone.
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