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ABSTRACT

Modeling and simulation of fluid flow are considered essential for engineers and scientists to
better understand, develop, optimize, and control a process. In the fields of the microfluidics and
porous media, researchers are constantly trying to develop innovative geometry microchannel to
achieve optimum effectiveness. The difficulty in fabricating microchannel also leads to increases
in manufacturing costs. Therefore, it becomes difficult or even impossible to use such structures
in tests. However, programs for numerical simulation show their advantages in terms of func-
tionality, pricing, and usability. This investigation was focused on a numerical analysis of fluid
flows using cider vinegar residues as the porous medium and employing COMSOL Multiphysics
Software. The porous medium was modeled from scanning electron microscopy images of the
residues, which showed that the surface was irregular and porous. These images were converted
to a binary file using Image] software and then saved as DXF file utilizing Inkscape software to
make them geometry readable in COMSOL. The fluid flow was simulated for different cases.
The inflow of a Newtonian fluid into a porous medium was mathematically described by the
Navier-Stokes equation and the continuity equation. The results demonstrated the application of
boundary conditions, thus making it possible to trace the streamlines, velocity, and pressure.
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1. Introduction

Computational fluid dynamics (CFD) has emerged as
an advanced tool for studying detailed behavior of fluid
flow characteristics in many chemical engineering applica-
tions such as groundwater remediation [1]. The simulations
are very important for creating empirical correlations that
help continuum-based models perform better because the
macroscopic properties are a strong function of pore-scale
liquid-liquid and solid-liquid interactions [2]. In this con-
text, numerous studies on imaging techniques have shown
that the permeability of the porous medium is determined
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using the pore network models (PNM) [3,4]. Recently, dif-
ferent properties such as velocity, pressure, relative perme-
ability-saturation could be predicted by different software
such as COMSOL Multiphysics [5]. The CFD module is an
optional package that adds specialized physics interfaces
and capability to the COMSOL Multiphysics modeling sys-
tem, which is designed to analyze various varieties of fluid
flow [6].

This investigation was focused on a numerical analysis
of fluid flows using cider vinegar residues as the porous
medium and employing COMSOL Multiphysics Software.

Presented at the First International Congress of Energy and Industrial Process Engineering (ICEIPE’22) 23-25 May 2022, Algiers, Algeria
1944-3994/1944-3986 © 2022 Desalination Publications. All rights reserved.



M. Turkman et al. / Desalination and Water Treatment 279 (2022) 68-71 69

The porous medium was modeled from scanning electron
microscopy (SEM) images of the residues. These images
were converted to a binary file using Image] Software and
then saved as DXF file utilizing Inkscape software to make
them geometry readable in COMSOL. The fluid flow was
simulated for different cases.

2. Materials and methods
2.1. Preparation of cider vinegar residue

The cider vinegar residue (CVR) was obtained after the
vinegar extraction, which was performed by apple fermen-
tation at room temperature (from 25°C to 30°C) in closed
systems for three months. The residues were dried in open
air for 6 d until a constant weight was obtained and then
stored in darkness in tinted glass bottles prior to their use.

2.2. SEM characterization

The morphology of cider vinegar residue was examined
by SEM using MicronsPerPixY operating at 20 and 5 kV.

2.3. Computational model

In this present work, COMSOL Multiphysics 5.5 was
used to simulate the fluid flow on the apple cider vinegar res-
idue as a porous medium based on an SEM image. As shown
in Fig. 1, this image was converted to a binary file using the
Image]J Software and then saved as a DXF file using Inkscape
software to make it readable geometry in COMSOL.

We added the value of porosity in the model before the
simulation as a principal characteristic of the solid phase
“porous medium: cider vinegar residue” which is deter-
mined experimentally in previous study. It is in the order
of 0.36 [7].

2.4. Governing equations

In this model, the continuity [Eq. (1)] and momentum
equations [Eq. (2)] for an incompressible, Newtonian fluid
(water) and laminar flow in a steady case, were computed
for both cases inside a microchannel and in a beaker filled
with water and contained the biomass CVR, as given
below [2].

Fig. 1. (a) Scanning electron microscope (SEM) image of cider vinegar residue and (b) image converted to a binary chap by using

Image] Software.
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Fig. 2. Finite element mesh (A) inside a pore (microchannel) and (B) in a beaker filled with water contained the biomass CVR).
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The surface tension force as well as the force of gravity

“P87 are assumed to be equal to zero. Indeed, the smaller
of the diameter of microchannel, the gravitational force (pg)
tend to zero.

Moreover, the surface tension force is roughly regarded
as a body force surrounding the interface line between
phases [8].

For both cases, the value of the inlet velocity is in the
order of 0.05 m-s.

2.5. Meshing

For both cases (inside a pore (microchannel) and in a bea-
ker filled with water contained the biomass CVR), the mesh
consists of small triangles; furthermore the normal mesh
was used as described in Fig. 2.
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3. Results and discussion

Fig. 3 shows the evolution of fluid flow velocity and
pressure fields inside a pore (microchannel). It appears that
the highest velocities tend to occur in narrow pores with
high-pressure drops.

As indicated Fig. 4, the velocity is zero wherever there is
a packing (line is passing through the packing). Furthermore,
there is a proportional relationship between velocity and
shear rate inside a pore of CVR [9].

For the second-case, the same observation as the first
case was achieved. The velocity was zero wherever there
was a packing. In addition, the maximum value of the veloc-
ity was in the order of 0.085 m-s™. This was in contrast to
the pressure, which was maximum at the stagnation point
(velocity = 0), in accordance with the momentum equation
(Fig. 5) [10].

4. Conclusions

In this research, fluid flow in a porous medium (CVR)
was numerically examined to evaluate both the appli-
cability of COMSOL Multiphysics and the impact of the
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Fig. 3. Evolution of fluid flow velocity and pressure fields inside a pore (microchannel).
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Fig. 4. Velocity and shear rate plot (line) inside a pore (microchannel).
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Fig. 5. Velocity and pressure plot (line) in a beaker filled with water contained the biomass CVR

pressure as well as the velocity and shear rate provided by
this program.

An increase in the magnitude of the angular velocity is
implied by the mass’s conservation of angular momentum in
the microchannel. Further, wherever there is compaction, the
velocity is always zero since the fluid cannot cross the hard
limits.

Physically, the microscopic interactions between fluid
particles and the microchannel’s wall are at least as strong
as the interactions between the individual fluid particles.
So that the microchannel’s wall should have a constant
velocity vector field. The computational fluid dynamics
software COMSOL allowed determining both velocity and
pressure in a complex morphological porous medium.

Symbols

1?5 — Surface tension force per unit volume, N-m=

Ii — DPressure, Pa

3 — Velocity, m's™

p — Phase volume fraction weighted density, kg-m™
u  — Viscosity, Pa's

e — Porosity
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