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Abstract. A comparison of the efficiency of the open cell foam (OCF)
models is carried out. Geometrical models are constructed by the methods
of simple cubic, body-centered cubic, and face-centered cubic. The
parameter of the material efficiency is defined as the composition of the
material surface area and the gas residence time in the porous media. The
analytical evaluation shows different values of effective porosity for
different construction models of the material. In this case, for all
considered models, the effective porosity is in the range of 0.741-0.821.

1 Introduction

The open cell foam material is used in many industries. Low aerodynamic resistance,
large surface area, and disordered cells' arrangement make it possible to use them as aerosol
filters [1, 2]. As a rule, filters based on OCF are used in contrast to granular filters with
spherical elements [3], the porosity of which is limited by the limit of granule packing. In
turn, the use of granular filters can be expanded through porous granules [4].

The disordered geometrical structure and the possibility of mixing flows inside the
porous medium make it possible to use OCF as a heat exchanger [5-8]. Simultaneously, the
porous structure's continuity makes it possible to remove or supply heat in a gaseous
medium effectively. At the same time, the large surface area in combination with low
resistance makes it possible to use OCF as catalysts for processes with wall surface
reactions [9-13]. In [14-18], the use of wireless technologies in the field of automation of
technological processes is considered, which can also be used to study heat transfer in OCF
materials.

In this work, ordered OCF models are built using simple cubic (SC), body-centered
cubic (BCC), and face-centered cubic (FCC) methods. The models are built in a wide range
of porosity values. For the constructed models, the following were investigated: porosity,
the surface area of solid material, gas residence time in a porous medium.
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Since real porous materials are structurally a complex stochastic medium, various
studies resort to various methods for creating porous structures, which can be divided into
two categories - these are models with the ordered and disordered (random) arrangement of
pores in space. One of the first methods for modeling porous structures is the application of
the lattice Boltzmann method. The advantage of this method is that it is not demanding on
computing power and at the same time gives very accurate results [19, 20]. In cases where
the structure's high porosity is not required, the method of bulk granules can be used to
simulate porous structures [21, 22]. Studies of this method have shown that it gives the
most accurate results at low Reynolds numbers, at low and medium porosity [23]. The next
method involves the use of a Kelvin unit cell, which is a tetrakaidecahedron consisting of
14 faces, 8 regular hexagons, and 6 squares, this model gives good results in a laminar flow
regime; however, in real porous structures, the flow often corresponds to a turbulent
regime, which makes it difficult to use the method in the study of porous structures in close
to real conditions [24]. In [25], the unit cell model was used, which is based on the Veer —
Phelan structure, which is an alternative to the Kelvin cell. A distinctive feature of this unit
cell model is that it structurally consists of two types of cells, an irregular dodecahedron
and a tetrakaidecahedron with two hexagonal and twelve pentagonal faces. The authors of
[26] investigated 3 modeling methods under the assumption that the cell is a sphere, they
compared models of different arrangement of spheres in space, these are bcc (body-
centered cubic unit cell) and fcc (face-centered unit cell). These models are references to
the crystal lattices of metals and alkalis, there is also the sc method (primitive cubic unit
cell). The sc method assumes the location of cells at the vertices of the cube, the bcc
method assumes the location of another cell in the center of the cube, in the fcc method, the
cells are located at the vertices of the cube and in the centers of the faces. In [27], a
comparative study of the fcc and bcc methods was carried out, the authors came to the
conclusion that the pressure drop is higher in the case where the fcc method was used, and
the dependence of the pressure drop on the flow rate itself is linear for both cases. The most
accurate method for modeling porous structures at the moment is the method of scanning
real porous structures using computed tomography, after which a three-dimensional model
of the structure is created on the basis of the scanned drawings [28, 29]. The main
disadvantage of this method is the impossibility of adjusting the porous structure's
geometric parameters, such as the diameter of the cells, linear and volumetric porosity.
Attempts are also being made to create porous structures with a random arrangement of
cells in space, which would be the closest in structural features to real porous materials [30,
32].

2 Problem formulation and solution method

2.1 Open cell foam model

To build an OCF material geometry is often used inverse to the packing of intersecting
spheres. In turn, the packing of spheres can be constructed in different ways, for example,
by randomly filling the spheres into a domain and setting the possibility of their
intersection. In such case, it is not easy to pre-determine the porosity of the final geometry.
Along with the random packing of spheres, there are models of ordered structures such as
sc, bee, and fcc. Examples of such structures are shown in Figure 1 (a) - (¢).
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Fig. 1. Models of an OCF periodic element: (a) — sc, (b) — bee, (¢) — fec, (d) — layout of two
interpenetrating spheres

For sc, bee, and fcc models, geometric parameters such as pore volume, surface area,
and porosity are predefined. To calculate the corresponding parameters, we can use
formulas [19] obtained for a cubic element.

Cubic element face length

asc=2(R-h), 1)
avee=413 (R-h)/3, )
are=2~2 (R-h). 3)

Cubic element pore volume
V=4/3nR3-2nh*(3R-), 4)
Viee=8/3nR*-16/31h*(3R-h), %)
Vie=16/3nR3-16nh*(3R-h), (6)

Porosity

ese=Vsclase, 7
Ebee =V bec/Avee?, ()
Etoe =Viee/Aee?, 9)

Cubic element surface area
Sec=4nR*-121hR, (10)
Sbee =8TR2-327hR, (11)
S =16nR*-96ThR, (12)
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2.2 Evaluation of gas dynamics in porous media

When evaluating gas dynamics, we are interested in the residence time through a porous
medium (contact time). This parameter is important if an OCF material is used as a catalyst
or heat exchanger. If an OCF material is used as a filter, then this parameter will also be
relevant when the diffusion mechanism of particle deposition prevails.

Let us consider the gas motion with a velocity Ui, in a channel where an OCF material
with a porosity ¢ calculated in section 2.1 is located. We assume that the porosity is uniform
throughout the volume of the material. Then the gas velocity movement through the porous
material can be estimated as

U=Uple. (13)

Since the porosity ¢<I, the lowest value of the velocity will be at the highest value of ¢.
A decrease in the velocity of gas movement in a porous media leads to an increase in the
contact time of the gas with the surface of the porous material, which we can estimate as

=L/U, (14)

where L is the length of the porous region. For a unit volume of a porous region with unit
length, we have =1/U=¢/Usy.

In addition to the contact time of the gas with the surface, the area of this surface also
plays an important role. The surface area S for a unit volume is defined in section 2.1. Thus,
to assess the efficiency of the porous material, we will consider the value

E=S =S &/Ui, (15)

3 Results

First, let us estimate the change in the surface area of an OCF element, depending on the
porosity, calculated by formulas (7) - (12), taking into account the recalculation for a cubic
element of unit volume. The results are shown in Figure 2.
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Fig. 2. Surface area of OCF element depending on the porosity.
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We see that the surface area of a porous material element decreases with increasing
porosity values for all models considered (sc, bce, and fcc). Thus, we get the largest surface
area for the smallest allowable porosity value. On the other hand, a decrease in the porosity
value leads to an increase in the rate of gas residence through the porous media and,
accordingly, to a decrease in the time of gas contact with the material surface.

Then we will construct graphs of dependence according to the formula (15) depending
on the material porosity. For simplicity, let's choose Ui,=1. The results are shown in Figure
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Fig. 3. Material efficiency of OCF element depending on the porosity.

Here we see that the curves have a maximum that is not on the boundary of the porosity
value. In this case, the choice of a model for constructing an OCF material is essential.
Thus, for the SC model, the maximum is observed at a porosity of ¢ =0.787, for the BCC
model £ ~0.821, and for the FCC model ¢ ~0.741. For the FCC model, the maximum of the
introduced efficiency parameter E is at the border of the permissible porosity value.

Note that, despite the differences in the calculated efficiency parameter E for different
geometric models of an OCF material, the effective porosity is within a small range of
0.741-0.821.
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