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ABSTRACT

This study investigates pressure gradient dynamics within a porous medium in
the context of two-phase fluid flow, specifically water and sand particle
interactions. Using experimental data, we refine pressure correction coefficients
within a numerical solution framework, employing the Semi-Implicit Method
for the Pressure-linked Equations algorithm. Our findings highlight the relative
nature of pressure gradient phenomena, with particle size and volume fraction
emerging as crucial determinants. Graphical representations reveal a clear trend:
an increase in volume fraction, up to 40%, across varying Reynolds Numbers,
leads to a transition towards non-Newtonian behavior in the two-phase fluid
system. Unlike the linear pressure gradient seen in single-phase fluid flow, the
interplay between liquid and solid phases, along with drag forces, imparts a
distinctly nonlinear trajectory to the pressure gradient in two-phase fluid flow
scenarios. As the two-phase flow enters a porous medium, numerous factors
come into play, resulting in a pressure drop. These factors include changes in
cross-sectional geometry, alterations in boundary layer dynamics, and ensuing
momentum fluctuations. Interestingly, an increase in porosity percentage
inversely correlates with pressure gradient, resulting in reduced pressure
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gradient with higher porosity levels.

1. INTRODUCTION

The porous medium numerically define within the
framework of the Darcy model in our discussions. This
model is constructed based on pressure drop and
alterations within the porous medium. The pores may exist
on its surface or within its internal structure. The concept
of porosity relates to the density of the material and its
constituents. In numerical simulations, the empty spaces
within the medium can liken to a mobile phase, wherein
the porous medium is treated as a mobile region using
numerical methods. To explore pressure gradients in
porous media and their impact on parameters such as flow
rate and porous structure, it is advantageous to redefine the
porous medium as a composite of solid and fluid phases.

Multiphasic fluid flows entail the movement of solid
particles within liquids or gases, droplets in gases, bubbles
in liquids, or a combination thereof. In such flows, the
particles are typically called the second phase. The flow
within an encompassing medium is termed the first phase.
Understanding the dynamics of two-phase fluid flows is a
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profoundly intricate endeavor, given its challenges in
dealing with boundary conditions, interfaces, momentum,
heat transfer, mass, and intra-phase reactions.

Within a porous medium, the contact surface area
between the fluid and the solid body is exceptionally high.
This characteristic significantly contributes to reducing
the thermal inertia of heat exchangers. Consequently,
researchers have consistently favored using porous media
in heat exchangers (Bear, 1948; Chen 2009; & Arasteh et
al. 2019)

Arasteh et al. (2019) conducted a study using
sinusoidal waves to assess the impact of metal foam
porous media on heat transfer and fluid mechanics within
heat exchangers. This investigation involved various
geometries and distance ratios, ultimately revealing that
porous media significantly enhance heat transfer while
sinusoidal geometry has a substantial effect on pressure
drop.

Alomar et al. (2020) delved into numerous
parameters, including Reynolds numbers and pressure
drops, in a numerical examination of two-phase flows
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NOMENCLATURE

u standard uncertainty
a device precision

y input function

U uncertainty expanded
p pump power

|

pump Ampere
Vv pump Voltage
u(y) uncertainty of the measurand y
u(xi) number of measurements xi
multi  multimeter
Volt  voltage

hPa hectopascal

C centigrade

mmH20 millimeter of water

FVM Finite Volume Method

DPM Discreet Phase Method

CFD Computerized Fluid Dynamic
X; uncertainty

1) device accuracy

power power

current  current

within heat exchangers filled with porous media. The
findings indicated that the properties of the porous
medium have a negligible effect on heat transfer but can
be influential when the Reynolds number of the inlet flow
is low. The Incorporation of porous media in two-phase
flows can enhance heat transfer.

Also, in (2020), Naqvi and Wang (2020) explored the
effect of porous media on heat transfer and fluid
mechanics by deploying porous media to dampen baffle
vibrations within a loose heat exchanger and tube
assembly. The utilization of porous media not only
reduced baffle vibrations by absorbing the vortices
generated by baffles but also played a pivotal role in
enhancing heat transfer, consequently prolonging the
converter's lifespan.

Siavashi and Joibary (2019) examined the influence
of nanofluid and porous media on heat transfer through a
numerical investigation of a two-tube cross-current heat
exchanger. Their results demonstrated a direct relationship
between Darcy and Reynolds numbers and nanofluid
properties. Moreover, they highlighted the significant role
of porous media in enhancing heat transfer.

Shirvan et al. (2016) numerically studied a two-tube
heat exchanger filled with porous media. Their research
shed light on the impact of variations in Reynolds and
Darcy numbers on heat transfer within the exchanger.
Sensitivity analysis and numerical investigations across
different Reynolds number ranges revealed that the
thermal behavior of the heat exchanger filled with porous
media is contingent upon the Reynolds number's
magnitude. The study also affirmed the positive influence
of porous media on the efficiency of the two-tube heat
exchanger. The utilization of porous media in heat
exchangers, owing to its ability to increase surface area
and favorable ductility, has captivated the interest of
researchers across diverse applications. This has led to the
development of a broad spectrum of knowledge about to
the use of porous media.

Mellouli et al. (2009) studied hydrogen storage within
a heat exchanger filled with porous metal media. Their
research revealed the positive impact of utilizing porous
media on hydrogen storage. By performing numerical
analyses on a heat exchanger with metal foam replacing
traditional media, they demonstrated that this substitution
significantly increased the hydrogen storage process.
Furthermore, the duration for which hydrogen could be
retained in the tank increased by an impressive 90%
compared to conditions without foam. Flow rate is a

critical parameter in determining the efficiency of heat
exchangers. Increasing the Reynolds Number of flow
within the heat exchanger simultaneously boosts the net
heat transfer rate and induces pressure drop.

Joibary and Siavashi (2019) investigated a two-tube
heat exchanger employing porous media to examine the
Reynolds Number's impact on efficiency. Their findings
indicated that using porous media can influence heat
transfer rates. Interestingly, they observed that the optimal
mode for this heat exchanger decreased compared to
conventional conditions, attributed to the presence of
porous media. This speed reduction, however, was
associated with an increase in heat transfer efficiency.

Zhang & Tahmasebi (2019) explored the effect of
particle size on the deformation of porous media. They
established a direct relationship between particle size and
pressure changes, as well as other flow parameters within
porous media. Their study also confirmed that
mathematical and computational models based on dry and
wet porous media behaved effectively and exhibited good
predictive capabilities.

Moving to 2023, several researchers made significant
contributions to the understanding of multiphase flows in
porous media. Roman (2023) proposed a dual model for
the location of two-phase flow within porous media while
examining disturbances throughout the enclosed area.
They illustrated the trends in pressure changes caused by
the pressure gradient. Man et al. (2023) developed a model
for intermittent convection drying using multiphase flow
within porous media, incorporating Darcy's law and
gradient changes in pressure. They examined capillary
effects. Tammisola (2023) focused on multiphase
viscoelastic and elastoviscoplastic fluid flows, presenting
dimensionless time-averaged pressure gradients as a
function illustrating non-uniform pressure drops. Jiang et
al. (2023) demonstrated that capillary-guided two-phase
flow within porous media induced movement and
separation of gas phases due to pressure gradients. Zheng
et al. (2023) highlighted the significance of porous
striations perpendicular to the flow direction in two-phase
flow and pressure gradients within porous media.

In this vein, Sharma et al. (2023) investigated
immiscible two-phase flows in porous media,
emphasizing that high-pressure gradients generated by
emulsions overcame capillary force trapping. Liang et al.
(2023) explored fluid replacement within porous media,
illustrating how forces and multiphase flow interfaces led
to relatively uniform pressure gradients. Chen et al.
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(2023a) revealed a proportional relationship between
material diffusion speed gradients within porous media
and pressure gradients, depending on the material type.
Tounsi et al. (2023) examined the flow of saltwater
through deformed porous media, highlighting that
convective fluid flow was induced solely by pressure
gradients. Finally, Chen et al. (2023b) developed a visual
and effective method to study multiphase flow within
porous media, showing that injecting a solution could
create a higher excess pressure gradient.

Akram et al. (2022) investigated the effects of
concentration and nanoparticle sliding parameters on
solvent concentration and nanoparticle fraction. They
observed increased velocity at the center of the channel
with higher velocity slip coefficients, while the opposite
behavior occurred at the channel walls. Similarly, Saeed
et al. (2022) explored the impact of sliding boundaries on
velocity, heat, and concentration convection within a
magnetic tangent hyperbolic nanofluid subject to
peristaltic flow. They mathematically defined the
equations governing the tangential magnetic hyperbolic
nanofluid flow and solved them using numerical
techniques. Their study also emphasized the importance of
physical parameters such as Soret and Dufour diffusion
parameters, Hartmann number, thermophoresis parameter,
power law index, and Brownian motion. Janfada et al.
(2022) investigated a direct contact vapor distillation
model in soil. in this The porous medium was analyzed by
using the direct method in the current porous media model,
and the pressure gradient Similarly in 2022 Hasanzadeh et
al. (2022) experimentally investigated the pressure
gradient of the two-phase flow of water and oil with very
high viscosity in a horizontal pipe. The values of the
pressure gradient obtained with the predicted values were
compared and the results showed that the values are in
good agreement with each other.

To investigate particle in porous media and its effect
on pressure drop parameter, it is necessary to redefine the
porous medium as a mixture of solid and fluid phases. As
a result of a combined heuristic solid and fluid phase, a
two-phase area from the solid porous medium of open
cells and a fluid area within the solid medium, defined as
random and multiple internal channels in the medium, are
assumed. Simultaneous use of a solid porous medium and
a fluid flow within the porous medium improves accuracy
and helps determine the fluid's local behavior. It's worth
noting that this one-of-a-kind medium for resolving this
issue has been precisely defined. The solid particles are
trapped in the fluid area before being deposited in the solid
phase and change the pressure. Using the Fluent software
that is based the Navier-Stock equations and carrying out
the discretizing with the methods of CFD plus change
from CPU to GPU for solving.

In generally speaking CFD method is based on the
discretization of the continuity and momentum equations
in three directions. The CFD method is performed, firstly,
the geometry describing the flow domain is drawn by
considering interacting solid parts with fluids. Secondly,
the numerical network is created by separating the fluid
domain into the small cells (mesh). The other step is to
define the initial and boundary conditions. Finally, the

numerical model is run by means of a solver. Post-
processing is performed to visualize the findings. CFD
discretization methods use Finite Volume (FVM) to their
flexibility in creating structured and unstructured meshes
for a domain. Mesh structure and mesh quality are directly
related to error estimations. A fine mesh structure and the
quantity of mesh are so crucial to solving free surface and
turbulence effect for reaching a more accurate solution. In
this study Discrete Phase Model (DPM) is a multiphase
model used to investigation particle injection and tracking
and so on. CFD simulation coupled with a DPM has
enabled a study to be undertaken of a simplified and
repeatable process.

Multiphase system is one characterized by the
simultaneous presence of several phases, the two-phase
system being the simplest case. The term ‘two-component'
is sometimes used to describe flows in which the phases
consist of different chemical substances. In this study as
mentioned in the abstract, the sand and water interaction
is multiphase in the other word two- phase fluid flow
under investigation. The size of the sands are 5-150
micron and water in normal condition. One of the
noteworthy accomplishments of this research is the
numerical analysis of liquid-solid fluid flow, specifically
focusing on the study of pressure gradients resulting from
the intricate interactions between two-phase fluid flows
within porous media. To ensure the highest level of
numerical solution accuracy, we harnessed the capabilities
of ANSYS FLUENT+UDF software, aligning the
numerical simulations with the exact geometry of the
system.

A key innovation in this work lies in exploring micro-
scaled particle movement within the system. Tracking
these particles in a numerical context necessitates the
utilization of an adaptive network capable of accurately
monitoring their trajectories and discerning their influence
on fluid behavior. Moreover, integrating porous media and
two-phase fluid dynamics has enabled us to employ
multilayer networks, using an innovative approach
involving mesh birth and death techniques to tackle the
complexities of our research problem. In the other word
the fineness of the network exists only around the particles
in the base fluid, and with the movement of the particles
of this active network, it also provides the possibility of
generating and erasing the previous networks based on the
change of particle location. The criterion for using the
Reynolds number is to show the effect of the relationship
between velocity and pressure in the turbulence state and
the effect it has on the pressure gradient. By considering
the solid phase of particles added to the base fluid in
various concentrations, the two-phase approach for
defining and analyzing micro particles enables the
definition of novel concepts in the two-phase media of
microstructure.

2. EXPERIMENTAL SECTION
In the realm of experimental testing, it is customary to

categorize results into dependent and independent
variables. Independent variables are those parameters that
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can be quantitatively and accurately measured. In this
context, we consider temperature, pressure, velocity, and
viscosity as distinct independent parameters. The task of
measuring devices is to capture these independent
parameters precisely.

Dependent parameters, on the other hand, are
functions or outcomes that depend on the variations in
independent parameters. These include the Nusselt
number, Prandtl number, Reynolds number, heat transfer
coefficient, and fluid friction coefficient, to name a few.

(©
Fig. 1 a) Device Arrangement Sketch b) Device Inlet
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Orientation c¢) Device Front View

In the scope of our research, we meticulously designed
and fabricated laboratory equipment following
engineering drawings numbered 1 through 3. The
experimental tests conduct in two distinct stages,
primarily focusing on determining the coefficients of
pressure correction. These coefficients were subsequently
integrated into the numerical analysis phase of our study.

Figure 2 is actually the set-up made for the
experimental test, the important parts of which are shown
in Table 1, and the vital part of the device is shown in
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Fig. 2 Equipment layout
Table 1 Equipment Specifications
Dimensions Range Material Equipment
[I/min] 5-36 SQB60 Pump
12pieces D=5[MM] 0-500 Plastic glass Barometric
15 Liter 100% Steel Storage Tank
10 Liter 0-100% Plastic Balance tank
25[MM] 100% Polyethylene PE-Pipe
12 Pieces 0-100% Gas Valve % globe valve
D=125, 1=900 [MM] 0-100% Seamless steel steel pipe
D=125, L=200[MM] 0-100% Seamless steel prose housing
D=25, L=150[MM] -- Polyethylene Nipple
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Fig. 3 Examined device section

Fig. 3. And also Fig. 3 shows the location of the study. In
the middle part of the figure is the prose media and on the
sides of the barometric hoses to measure the pressure data
in the experimental mode for use in the numerical analysis.
As depicted in Fig. 4, the engineered porous medium was
constructed with uniformly sized spherical connections.
Engineered porous blade by casting, turning methods and
a sample has been designed and made with a 3D printer,
and the percentage of porosity is 35.35, although the
purpose of this research is to find the effects of porosity in
single-phase fluid and two-phase fluid, and the obtained

results indicate significant changes in the pressure
gradient, which is shown in the graphs.

3. TESTING PROCEDURE

The testing procedure was conducted with precision
and adherence to rigorous standards. Here's an overview
of the critical steps:

1. Multimeter Calibration: The multimeter used in
the experiments was calibrated and certified to ensure
accurate measurements.

2. Flow Rate Calculation: The power of the water
pump was measured using the multimeter. From this
power measurement, the flow rate was calculated. The
tube geometry was employed to calculate the velocity of
the fluid.

3. Pressure Calculation: Utilizing the obtained
velocity in the Bernoulli equation, the pressure within the
system was calculated. This analytical pressure data was
recorded and rigorously validated.

4. Comparison with Initial Pressure: The calculated
pressure was compared with the initial pressure
measurements. This comparison served as a critical input
for the subsequent numerical analysis.
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Fig. 4 Cross-Section of the Blade and Porous Media Retaining Piece

5. Flow Rate Adjustment: To explore different flow
velocities, flow rates were adjusted using a control valve.
Each adjustment led to the calculation of corresponding
velocities.

6. Pressure Testing: Pressure measurements were
taken under two distinct conditions: first, without
installing the Porous Media piece, and second, after
installing the Porous Media. These measurements were
essential for understanding the impact of the Porous
Media on pressure dynamics.

7. Numerical Analysis: In the numerical phase,
particles were injected into the fluid flow. These particles
had diameters ranging from 5 to 150 micrometers, with a
total of 5 million particles. The analysis focused on
pressure drops, sedimentation patterns, and deposition
rates. The results obtained from this numerical analysis
were meticulously documented.

8. Laboratory-Based Testing: The entire testing
process was carried out exclusively within the laboratory
environment.

9. Repeated Testing: It's important to note that all
tests were conducted with a high degree of rigor, and the
entire testing sequence was repeated twice to ensure
consistency and reliability.

In summery the height of the water column in the
barometric pressure section gave the pressure number, on
the other hand, the flow rate was obtained by measuring
the pump power. By having the diameter of the outlet pipe,
we obtained the velocity, and through Bernoulli's
equation, we obtained the pressure, and in this way, the
analytical method of the read pressure was validated and
this pressure became the basis of the numerical analysis.

For detailed information about the test conditions,
including operational parameters, please refer to Table 2.
4. UNCERTAINTY TEST

The evaluation of uncertainty about to the results of our
tests, or calibration procedures, is a crucial aspect of
ensuring the reliability and accuracy of our findings. This

Table 2: General Test Conditions

Variable Value Unit
measured
Ambient temperature 20 °C
Ambient pressure 899 hPa
The Input voltage to the 218 Volt
pump
Pressure 315 mmH20

evaluation involves quantifying the uncertainties
associated with various factors, as detailed in Table 3.

The standard of uncertainty is closely tied to the
standard deviation of our measurements. This legal
uncertainty is typically estimated as a range around a
particular value. In our specific case, the legal uncertainty
is defined as followed by Liu (2008):

a
V3 1)

In the context of uncertainty assessment, it's essential
to consider the standard character uncertainty and the
precision of the measurement devices involved.

u =

If we have a measurement device with a known
accuracy, denoted as 'x,)’ and we are measuring a
dimension 'y,' the actual value of 'y' can be considered to
be within the range of 'y + x'. In other words, the actual
value of 'y' is expected to fall somewhere in this interval.

Now, when'y' is a function of multiple inputs, say 'x_i,'
the uncertainty in'y' can be calculated as follows in Kirkup
(2006).

- [(Z) v20) (L) v -1 @

To calculate the uncertainty while considering the
pump power, use the following equation:

P

power = voit+ I current (3)

The uncertainty values for the variables, as listed in
Table 3, can be incorporated into equation number 2 to
ascertain the resulting uncertainty value in the following
manner:
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Table3 Measuring Instrument Uncertainties

Number Equipment Accuracy Uncertainty
1. Thermometers 0.01°C 0.005
) Multimeter  |-(1:1%+2) For 4001A/400mA= 0.006
' (0.9%+3) For100V/220V+ 0.005
3. Pressure column 0.2 mm 0.11
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The values outlined in Table 3 represent independent
parameters, while the outcomes of our analyses and
calculations are reliant on these independent parameters.
Equation No. 2 serves the purpose of computing the
associated uncertainty and is commonly referred to as the
compound uncertainty equation.

Re=2930

The experimental testing process was executed
through various methodologies, acknowledging that the
test approach can influence the results significantly.
Therefore, it is imperative to validate the experimental test
process. This validation was achieved through laboratory
test validation using analytical solutions. Subsequently,
the practical tests were cross-verified against numerical
solutions for pressure gradients.

Figure 5, shows the numerical solution's validation of
the pressure gradient and the experimental test. However,
the graph shows a decrease in pressure. This phenomenon
arises because the measured pressure is barometric, which
essentially measures the total pressure. Consequently, the
ambient pressure remains constant, and pressure drop
along the tube’s length is attributed to the fluid's internal
conditions. In the other word while the fluid enters the
tube, it experience more significant pressure losses.
Conversely when the liquid reaches the end of the tube
these losses diminish. Therefore, the graph exhibits a
coherent correlation among numerical and experimental
studies, the minor errors are relating the measurement and
mesh analysis.

In Fig. 6, we visualize fluid velocity at two Reynolds
numbers: 2930 and 8750. The Reynolds number serves as
an indicator of the ratio between inertial forces and
viscous forces, characterizing the fluid's movement. The

Re=8780

Fig. 6 Contour of velocity changes
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turbulence or laminarity of the flow hinges on these forces,
and these simulations offer an insightful representation of
fluid behavior. We can observe the entry and exit of
single-phase fluid in the sample pipe, which does not
incorporate a porous medium. The Reynolds Number also
provides a precise depiction of viscosity. As the diameter
of the tube increases, it results in fluid retention within the
line, ultimately affecting the point at which fluid exits due
to elevated fluid rate. In incompressible fluid flow
regimes, velocity and pressure are intricately linked, an
issue that becomes apparent at the pipe's exit where the
diameter decreases.

Figure 7 presents fluid velocity at Reynolds numbers
2930 and 8780 over 10 seconds. Eddy viscosity plays a
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crucial role as it serves as the proportional factor
delineating turbulent energy transfer caused by the motion
of eddies, giving rise to tangential stresses. This figure
vividly illustrates the effects of velocity changes on fluid
flow vortex formation.

Figure 8 depicts fluid flow vortices at Reynolds
numbers 2930 and 8780. Changes in fluid velocity as the
Reynolds number increases are evident in this diagram,
illustrating the dynamic behavior of the fluid. The
disparities in fluid behavior at the inlet and outlet lead to
the formation of vortex flow patterns. The properties of
the largest eddies are proportionate to those of the mean
flow field, while the smallest eddies operate on a much
larger timescale.
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Figure 9 displays streamlines illustrating the behavior
of single-phase fluid flow at Reynolds numbers 2930 and
8750. These lines trace the fluid velocity vectors tangent
to the points. Flow lines do not intersect, as no flow
crosses these lines. The shape of flow lines changes over
time due to variations in velocity vectors. In steady flow,
flow lines remain constant curves, except at singular
points where speed is zero or infinite, leading to particle
bifurcation.

Figure 10 illustrates changes in pressure gradient in
single-phase and multiphase (two-phase) fluid flows. In
multiphase fluid flow, momentum and energy equations
interact, including fluid-particle, particle-particle, and
fluid-fluid interfaces, leading to more excellent pressure
resistance. Drag force significantly affects energy,
resulting in a nonlinear graph for multiphase flow. In
single-phase flow, the boundary layer thickness reaches
99% of the free stream value. In contrast, the boundary
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layer and particle interaction differ in multiphase flow,
causing the graph to be nonlinear.

Figure 11 illustrates the pressure gradient in single-
phase and multiphase fluid flow within porous media. In
the porous medium, cross-section and boundary layer
changes significantly increase vortices, altering the
Reynolds number and causing a gap 5pa in the single
phase and 8 pa in the multiphase pressure drop diagram.
In multiphase fluid flow, interaction between liquid and
particle, causing changes pressure gradient. The particle
diameter ranges from 200 to 500 microns, the porosity
diameter is one millimeter, however pressure drops.
Velocity and pressure interactions play a pivotal role in
fluid behavior. As shown in the figure the pressure
gradient of multiphase fluid flow in Comparison of single
phase remains constant after passing through porous
media due to energy and exergy loss.
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Figure 12 demonstrates the effect of volume fraction
percentage on pressure gradient at different Reynolds
numbers. As the volume fraction increases, indicating
higher particle density and concentration, pressure drop
escalates, necessitating more robust pumps. At a volume
fraction of 40%, the curves nearly overlap. It's noteworthy
that the precise point at which fluid behavior transitions to
non-Newtonian is not clearly defined. It appears that
beyond a 40% volume fraction, fluid flow tends toward
non-Newtonian behavior. Pressure drop is a relative
phenomenon influenced by numerous parameters,
including loss rates, changes in cross-sectional area,
density fluctuations, shocks, and alterations in momentum
equations, all contributing to pressure drop. Figures 13
and 14 illustrate the impact of changes in particle diameter
on pressure drop, with larger particle diameters
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demanding more energy due to increased energy losses
and drag forces, resulting in higher pressure gradients.

Figure 15 demonstrates how alterations in volume
fraction within the porous medium result in changes in the
pressure gradient. Darcy's equation applies to single-phase
fluid flows, whereas multiphase fluid flow in porous
media demands distinct solutions. Solving the slope of
momentum equations in the porous medium involves two
steps: initially, Darcy's equation is employed, followed by
a more general approach. Within the porous medium,
particle and fluid equations solve simultaneously,
considering momentum equations, energy equations,
equations of state, interaction between fluid and solid,
interaction between solid-solid, and correction equations
for particles and liquid. This complex interplay leads to an
increase in pressure gradient.
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Fig. 16 Impact of Volume Fraction Percentage for 50-

Micron Particle Size on Pressure Gradient in Porous

Media
20000 Particle size=150 micron, poroisty state
® @ Re=1000 .-
A A Re=5000 - - u
'l B W Re=10000 ..LI'h-.I = r
| i e pom .t A a
I.!l L) Il_-. ;.F- e - Wa,
18000 = = Ema =8
' vy - °
AL s [
24 )
B AA A ° L]
= AA A &
£ ~ A °.
2 Y
B Fy s
= 16000 ®e
2 Ay AA eS® o
& ®
s é‘A AL .g ®
= A, a®0 ® g
- .. oo @
& g0 ©®
14000 ..)‘.-
ol
[
12000
0 10 20 30 40 50

Volume fraction (%)
Fig. 17 Impact of Volume Fraction Percentage for 150-Micron Particle Size on Pressure Gradient in Porous
Media

Figures 16 and 17 follow a similar theme to Figure 15
but emphasize the significance of particle diameter
variations in influencing pressure drop. In Figure 17, the
150-micron diameter diagram reveals that, at Reynolds
number 10,000, the pressure gradient remains constant
due to porosity blockage.

Figure 18 explores how the porosity percentage
influences the pressure gradient. It reveals that as porosity
increases, fluid flow accelerates, leading to a decrease in
pressure drop. Notably, the slopes in the graph vary
significantly. There is a substantial difference in pitch
between the Reynolds numbers of 1000 and 50,000. This
discrepancy can be attributed to tabulated flows and the
impact of the under-relaxation factor, acting as a
correction factor that regulates the equations. The under-

relaxation factor is crucial in mitigating fluctuations and
distortions within the graph.

6. CONCLUSION

The pressure gradient is a complex phenomenon
influenced by many factors including, energy loss rates,
and changes in cross-sectional areas, density fluctuations,
shocks, and variations in momentum equations. In the
context of two-phase fluid flow within a porous medium,
additional factors come into play. Interactions between
solid particles with fluids, solid-solid interactions, and
fluid interactions with the porous medium contribute to
the pressure gradient. The size and nature of particles
within the discrete phase, whether they are droplets or
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Fig. 18 Impact of Porosity Percentage Changes on Pressure Gradient

bubbles, significantly impact the range of the pressure
gradient.

In this research, several key findings emerged:

1- Two-phase fluid flow in a porous medium exhibits
a higher tolerance for pressure drop due to its interactions
with the porous medium and the interplay between
velocity and pressure. Additionally, it proves to be a
suitable option for sediment formation.

2- The diameter of particles within porous media has a
direct influence on the pressure drop. Larger particles
possess greater mass, surface area, and momentum,
leading to increased energy losses in fluid flow and,
consequently, higher pressure gradients.

3- Porosity percentage plays a crucial role in
determining the pressure gradient. As porosity increases,
fluid flow becomes more efficient, reducing pressure
drops.

4- Increasing the number of particles and their
concentration within the fluid intensifies the pressure
gradient. Pressure drop is inherently relative, and the
graphs illustrate that higher volume fractions tend to lead
to non-Newtonian behavior in the liquid.

5- . One of the calculating problems of the pressure
drop is using the old methods for two-phase flow
containing particles that follow the inability of the
SIMPLE calculation algorithm to determine and detect the
very low pressure gradient caused by the deposition of
micro particles. In this research, by redefining the pressure
calculation method based on the particles calculation and
momentum changes Particles passing through the
calculation unit cell, which is based on the changes in the
particles velocity, it is possible to check the pressure drops
on a small scale without considering the forces acting on
the fluid and the solid on a micro scale.

These findings collectively shed light on the intricate
dynamics of pressure gradients in two-phase fluid flow
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within porous media, offering valuable insights for
applications across various industries and scientific fields.
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