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Numerical modeling of cucumber fruits with the use of reverse engineering
Andrzej Anders, Zdzistaw Kaliniewicz, Piotr Markowski
Department of Heavy Duty Machines and Research Methodology
University of Warmia and Mazury in Olsztyn
ul. Oczapowskiego 11, 10-736 Olsztyn, Poland
anders@uwm.edu.pl

Keywords: reverse engineering, 3D scanner, modeling, fruit, cucumber

The introduction of new products and technologies to the market, and an improvement in their quality, increasingly often require
modern measurement techniques and software allowing to perform advanced computer simulations of selected technological
processes. Modeling of agri-food raw materials should be linked with the designed technological process and should aim to
realistically reproduce their shapes [1]. The starting point for the design could be a 3D model of raw material with precisely
determined geometrical and physical properties. According to the conventional approach, modeling is based on homogeneity and
isotropy and assigning regular shapes (e.g. cylinder, sphere, cone, etc.) to the analyzed agri-food raw materials. Computer
simulations of complex processes that occur during the processing of agricultural and food products can be performed with the
use of Computer Aided Design (CAD) and Computational Fluid Dynamics (CFD) software [4], [5]. The key problem with the
design of food processing machinery and equipment is to develop a model that would reproduce all individual characteristics and
imperfections of a given raw material and could be used for computer simulations. The aim of this study was to create, with the
use of a 3D laser scanner, numerical models of the fruits of cucumber cv. Sremski and to use those models for analyzing selected
geometrical attributes.

The experimental materials comprised the fruits of cucumber cv. Sremski, which were stored indoors at a constant temperature
of 18+1°C and air humidity of 60%. The cucumbers used in the experiment were purchased at the Production and Agricultural
Experiment Station ‘“Pozorty” in Olsztyn. A total of 50 fruits of field-grown cucumbers, with no visible damage, were randomly
selected for the study. The cucumbers were mounted on a rotation table and were scanned with the NextEngine 3D laser scanner
with capture density of 15 points per mm?. To obtain numerical models of cucumbers, the scans were combined using NextEngine
ScanStudio HD PRO software [3]. The models were used to determine the surface area, volume, length, width and thickness of
cucumbers (Fig.1) in the MeshLab processing system [2]. The measurements were performed within an accuracy of d = 0.01 mm.

I L |
|

Fig. 1. A textured model of a field-grown cucumber from a 3D Fig. 2. A 3D model of a field-grown cucumber in the form of a
laser scanner: L — length, W — width, T — thickness. triangle mesh.

The mass of the smallest and the largest cucumber fruits was 43.05 g and 123.70 g, respectively. An analysis of 3D laser scanner
data indicated that the external surface area of the examined cucumber fruits ranged from 74.84 cm? to 145.38 cm? (111.25 ¢cm? on
average). The volume of cucumber fruits, determined with a 3D laser scanner, ranged from 46.65 cm® to 127.38 cm? (77.26 cm? on
average). Physical properties such as mass and density were assigned to the numerical models of cucumber fruits, so that the models
could be used in further research and engineering projects.
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Modelling liquid spreading in trickle-bed reactors
Dariusz Asendrych, Pawel Niegodajew
Institute of Thermal Machinery, Cz¢stochowa University of Technology
darek@imc.pcz.czest.pl
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Modelling two-phase flow in an unstructured packed beds, even for isothermal and non-reacting conditions, seems to be one of
the most challenging fluid mechanics problems. Complex geometry, locally unpredictable flow patterns, mutual interactions
between all (solid, gas and liquid) phases make the flow description extremely difficult. Various concepts have been proposed in
the source literature to provide reasonable solutions. In their review paper Wang et al. [1] discussed different approaches to the
subject including those with limited applications (e.g. packed beds composed of spheres) up to methods allowing to accurately
predict pressure drop, liquid holdup and even liquid spreading intensity for various packing element types. In principle the specific
characteristics of the packed bed are introduced into the flow governing equations by the source terms in momentum equation,
which may take different forms and depend on numerous parameters. In a recent paper of Solomenko et al. [2] the very good
agreement between experimental measurements (y-ray tomography) and the simulation results was obtained with the use of an
Euler-Euler 2-fluid model taking into account the capillary and mechanical mechanisms with adequately chosen model constants.
However, all the Eulerian-type models allow to predict the flow statistics only, losing its local nonuniformities resulting from
realistic geometry of packed bed manifested by spatial variations of bed porosity. That in turn may lead to significant variations
of flow velocities and liquid holdup and thus influence all the processes (heat and mass transfer) built on flow hydrodynamics.
This drawback of Euler-Euler approach can be overcome by Volume of Fluid (VOF), being a surface tracking technique. However,
its application requires the precise definition of flow boundaries (i.e. packed bed geometry) which makes it very expensive
computationally and restricts its applicability to small segments or periodic regions [1].

In the present paper a combined VOF-Eulerian two-fluid simulation
strategy was applied to the two-phase countercurrent flow in a random
packed bed composed of Raschig rings. The realistic packed bed
geometry was generated numerically using the in-house code [3], which
then could serve as geometrical constraints for the liquid flow simulation
with the use of VOF model. As an outcome the probability distribution
function (PDF) of velocity vector orientation angle was determined,
which then could be implemented into a 2-fluid Euler-Euler multiphase
model of packing column [4] developed in Ansys Fluent environment.
The velocity vectors were generated in random way, however, satisfying
both the PDF of vector orientation as well as the cross section averaged
liquid loads. Using this procedure the flow structure could be recovered
in a way reflecting the realistic geometrical constraints, i.e. local
nonuniformities of the flow velocity and volume fraction fields. In Fig.
1 the sample distribution of the liquid volume fraction is presented for
the case when water is injected from centred fine-diameter distributor.
One can easily notice the irregular flow structure manifested by varying
greyscale intensity reflecting liquid accumulations and zones with
significantly reduced water content. The variations of liquid volume
fraction around the expected (Eulerian) level influence a gas velocity
0 field which in turn may lead to increased pressure drop. Taking the
Fig.1. Instantaneous liquid volume fraction oy reacting flow conditions into account the solution of the flowfield in such

distribution in a packed bed. White colour a form allows for more precise calculations of local heat and mass
corresponds to liquid while black one to gas transfer being actually related (in nonlinear manner) to volume fractions
phase. and compositions of counterflowing phases.
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The presented VOF-Euler simulation strategy has been shown to provide the adequate description of the trickling flow and the
liquid spreading in an unstructured packed bed in reasonable time. The speeding up of the procedure was achieved by
implementation of velocity vector distribution instead of detailed flow modelling in a realistic packed bed geometry. The model
is intended to be applied for the simulation of reacting flows, in particular to simulate the carbon dioxide capture by chemical
absorption, i.e. one of the most common post-combustion carbon capture and storage (CCS) technologies.
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On the effective stress principle within a generalized porous media
Janusz Badur?, Pawel Ziétkowski', Tomasz Kowalczyk'?
1Energy Conversion Department, Institute of Fluid Flow Machinery PAS-ci, Gdanisk
2 Conjoint Doctoral School at the Faculty of Mechanical Engineering, Gdansk University of Technology
pziolkowski@imp.gda.pl

Keywords: effective stress, poro-mechanics, poro-thermo-chemo-mechanical interactions, Biot’s poro-thermo-elasticity,
continua with microstructure

From the Rational Thermodynamics point of view, the science of poro-mechanics, which has been developed by pioneers and
veterans for more than 70 years, formally needs to introduce additional law of thermodynamics. According to Truesdell’s
suggestion, the Therzaghi principle of effective stress should play a role of exceptional law among of whole laws of the classical
field theory. Therefore, having a line of reasoning directed towards this principle, numerous concepts of poro-thermo-elasticity
have been recently developed by Capritz [1], Sciarra et al [2], Wilmanski [3], Kubik, Cieszko and Kaczmarek [4]. Among them,
taking the effective stress principle as a starting point, there are few models that take into account more complex microstructure
of the porosity.

Simultaneously, from the rational mechanics point of view, modelling of complex phenomena within the poro-thermo-chemo-
mechanical interactions only by a simple media model is not sufficient and under some circumstances even wrong. Therefore,
having not yet explored Biot’s ideas [5] in mind, a novel concept of generalized poro-mechanical model has been recently
recognized and developed by the authors [6].

In the present work, we have developed the principle of effective stress onto a new situation where the exchange of momentum
and thermal energy in porous continua undergo a more complex state. Basing on the exergy destruction procedure [6]: we are able
to find more consistent definitions of: entropy, porotic and momentum effective fluxes. Next, with these correct definitions at
hands, more consistent constitutive equations could be defined.

Finally, three specific examples of effective stresses definitions have been worked out, e.i. for the coke production, the CO2
sequestration and the early age concrete.
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Laminar flow past the bottom with obstacles: suspension and porous medium

approximations
Wlodzimierz Bielski®, Ryszard Wojnar?
YInstitute of Geophysics, Polish Academy of Sciences
2Institute of Fundamental Technological Research PAS
whielski@igf.edu.pl; rwojnar@ippt.gov.pl

Keywords: rough bottom, plants, Stokes'-Brinkman's flow interface

We study flow of viscous fluid in a wide channel, when the influence of the channel banks can be neglected and the two-
dimensional problem can be considered only. We admit that the channel bottom is naturally uneven, covered by small obstacles
or sub-water plants. Such problem we solve on two ways: (i) we treat the obstacles as a suspension, cf. [1], and (ii) we regard its
as a porous medium.

The two-layer (A and B) flow of the same viscous fluid on the bottom plane slightly inclined to the horizontal plane under the
gravity force component is considered. The fluid A flows past the fluid B. The upper surface of the fluid A is free and suffers only
the air pressure, and the flow in both cases, (i) and (ii) is laminar, described by Stokes’ equation. In the case (i) the lower fluid B
bears a suspension, and in the case (ii) the lower fluid B flows through a porous medium. In both cases the continuity of the
velocities and the shear stresses on the A--B interface is postulated and achieved. Brinkman's suspension relation, cf. [2], (a
generalization of Einstein’s formula) is used in the case (i), and Brinkman's equation, cf. [3], gives satisfactory description of the
problem (ii).

References:

[1] R. Wojnar and W. Bielski, Laminar flow past the bottom with obstacles - a suspension approximation, Bulletin of the Polish
Academy of Sciences, techn. ser., 63(3) 685-695 (2015).
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Influence of granular bed parameters on emulsion flow and elution process of oil in water

emulsion
Mariola Blaszczyk, Lukasz Przybysz, Jerzy Sek
Lodz University of Technology, Faculty of Process and Environmental Engineering
mar.blaszczyk@o2.pl

Keywords: porous medium, emulsion, elution

Issues related to the flow and elution of emulsions from porous bed have the immense importance while conducting processes
such as soil remediation from various kinds of multi-phase organic substances, and secondary methods of extracting oil from
underground reservoirs. Expanding knowledge on emulsion systems migration in granular structures can also contribute to the
development of new techniques for obtaining oil from oil sands and oil shales [1]. Knowledge of processes of emulsion flow in
porous media is also useful in the treatment of waste water from various organic substances. Filtration of oily fluid, by passing
them through coalesces composed of porous fibrous media, is used here [2].

Emulsions flow in porous media differ from the independent movement of the individual phases, and therefore must be
considered separately. To describe the nature of such flows, permeability reduction mechanisms and changes in concentration of
internal phase must be taken into account. This will enable to understand and to predict the way in which emulsion systems behave
during transport in porous media. This knowledge is extremely useful to obtain a comprehensive picture of multiphase flow in
porous media.

Due to the existing retention mechanisms of fluid in porous structure, caused by capillary forces, oil droplets can be trapped
in it [1]. During the process of elution by washing liquid, these droplets can move as emulsion systems. Often to the washing
media surfactants are added, in order to reduce surface tension, and thereby increase the degree of elution. This is an additional
factor causing the formation of the emulsion during the elution process [3]. The emulsions may also be formed in the bed by itself.
Many petroleum substances in their composition contain an amount of naphthalene acid, which exhibit the properties of natural
surfactant to facilitate the formation of the emulsion structures. Moreover, the presence of variety of alkali in these liquids, causes
stabilization of formed systems. Evaluation of how the emulsion systems will move in the granular bed while conducting soil
treatment techniques from oil-derived substances may help to increase process efficiency and reduce the associated financial
expenditure [4].

When describing the process flow of O/W emulsion in a porous medium it is important whether it can be treated as a
homogeneous liquid. If the emulsion droplets are very small, compared to the size of the flow channels, it can be considered that
the fluid is an one phase continuous medium and totally ignore the microscopic droplets of the emulsion [5]. However, in most
practical cases, the sizes of the emulsion droplets are not much smaller than the pore size, or even from larger them, which means
that their presence in the bed cannot be ignored. In this case, it is necessary to examine how the various properties of the emulsion
affect the flow through a porous medium [6].

The flow of the emulsion through the porous medium is dependent on the properties of both the porous medium and the
emulsion itself. Taking into account the properties of the emulsion, such factors as: emulsion stability, concentration, droplets size
and interfacial interactions, play here particular role. As regards to the parameters characterizing granular bed, wettability, pore
average size and pore size distribution are the most relevant here. Wettability of the porous medium controls the flow, location
and distribution of the fluid in the porous bed. This parameter affects the capillary pressure, relative permeability, water and oil
saturation, and other properties [1]. Pore sizes and their distribution are directly related to the capture and retention of oil drops.
The pore diameter size distribution affects the reduction of permeability [7].

Study on the effect of particle size fractions on the processes of emulsion flow and elution from the porous bed have been
performed. For this purpose, experiments with the use of glass microspheres, with three different ranges of particle size diameters
were carried out. Due to the fact that the particle size directly affects the intergranular space, the flow of emulsion through the bed
depends on the size of its grain-size fraction. In the case of deposits with larger grain size, flow resistances of the emulsion were
small. Significant decrease in the concentration of the emulsion flowing from a deposit in the initial flow phase also was not
present here. In the case of deposits with smaller grains, the situation was reversed. Flow resistance and the occurrence of straining
phenomena were more noticeable. For deposits with a larger particle size fraction achievement of steady state also occurred faster,
both for the flow and elution of emulsion with water. This was due to the fact that in the case of deposits with large grain size,
there were fewer pores, which size was similar to the droplet size of the emulsion oil phase, that is, which may have become
blocked. As a consequence, the resulting permeability of the bed was higher than in the case of smaller grain-size fraction.
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Characteristics of porous beds based on fractal parameters
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This paper presents the results of fractal analysis of a set of virtual porous beds with a porosity ranging from 0.4 to 0.95 (Fig.
1). These beds were generated by the so-called growing particle method with the use of the Discrete Element Method, in a space
of dimensions 1 - 1 - 21, where 1 is the characteristic dimension of the computational space [m]. In this method, an initial cloud of
particles (without any contacts) is generated, and then all particles increase in size until the target porosity is reached. The number
of contacts between particles increases during calculations and is fixed at a constant level after some time. This process takes place
in an iteration loop and all interactions between particles related to the friction are taken into account. Other external forces, e.g.
gravity forces are excluded. It is very important that in the calculation process, the friction angle of sphere material decreases in
time (it is defined by appropriate function of the model). Thus, the porosity decreases with time, too. Results presented in the
paper are a part of research conducted within the framework of the so-called PathFinder project [1].
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Fig.1. Visualization of beds with the largest (left) and the lowest porosity (right).

Presented analysis concerns fractal results obtained using the multi-step algorithm described in [2] that involved: (1)
computation of a 2-dimensional autocorrelation function, (2) computation of an angle-averaged profile structure function (SF), (3)
numerical fit of a log-log plot of the SF with power-law dependence parametrized by fractal dimension D, topothesy A, and corner
frequency tc. As seen in Fig. 2 and in accordance with [3], porous beds can be characterized using fractal dimension D, which is
associated with the shape and size of elemental particles. On the other hand, fractal dimension is found almost independent of the
porosity, and in case the bed is composed of perfect spheres D = 2,52+0,01. Unlike that, however, the two remaining fractal
parameters, namely: topothesy and corner frequency, appear to be much more sensitive to the porosity.
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Fig.2. Plots of fractal parameters vs bed porosity: (A) — fractal dimension, (B) — topothesy, (C) — corner frequency.
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Proper procedure of geotechnical research, leading to measure mechanical parameters of the soil, should consist on: 1) “in situ”
field test in natural conditions, and then 2) laboratory test with sample taken from the field and isolated from the environment. All
the research methods lead to load the soil and check the arising value of strain. The soil deforms plastically since the beginning of
loading process. Elastic strains are only the very small part of total strains — elastic work of the grains of the soil and grain-bound
water. Plastic strains connected with structural changes of the soil are caused by the mutual displacement of the soil grains or the
destruction of weak ones. Cyclic loading and unloading results in different strain values. Typical feature of the soil is the variability
of the strain modulus. It seems quite unusual in comparison with linear-elastic materials — common in civil engineering. Complex
nature of the soil determines the necessity of executing more complex laws and techniques to understand and use mechanical
features of the soil in engineering.

Cyclic Torsional Shearing Apparatus allows to measure and analyse parameters in range between 0,01% and 0,1%, what makes
this method much more accurate than Triaxal Compression Apparatus. Moreover, there is widely published statistics which stands
that geotechnical structures load the soil causing shear strains at the level of 0,01% - small strain range. Furthermore, in comparison
with Bender tests, which theoretically lets to get the initial shear modulus, cyclic torsional shear test brings much more certain
results — smaller number of measurement uncertainties. There is plenty of reasons to take Cyclic Torsional Shearing test as the
authoritative method of the soil measurement. As many other methods based on propagation of the elastic waves, Cyclic Torsional
Shearing has been designed for seismological usage. Since 60’s it has started to be used by geotechnical engineers (see [1,2]) and
still it’s getting more appreciated and popular [3]. The main idea is based on the measurement of the elastic features of the material.
Measurement bases on the reaction on forced shearing. According to this method it is possible to measure damping coefficient as
well as shear strain modulus of the soil.

In Torsional Shearing (TS) mode the shear modulus is calculated directly basing on the relation of shear stress T and shear
strains y during cyclic shear of the free ending of the sample by shear moment T with frequency lower than 1Hz. It is possible to
make an interpretation of measured physical quantities using back analysis algorithm based on theoretical model describing visco-
elastic behaviour of sheared material (see [4]). A typical example of the results of such kind of analysis is presented in Fig.1.
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Fig.1 Example of the back analysed hysteresis 100p T(ymax).

The Author experienced that this new approach might develop basic method of interpretation of results as well as seems to
be helpful in getting more accurate outcomes what brings hope for more insightful engineering practice.
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The processes of heat transfer and mixing of ocean waters play a very important role in predicting the processes related to the
circulation of water in the oceans, weather, climate change on the earth and under the above mentioned causes biological
implications. The problem of climate change is becoming clearer. Among the last few months the turn of 2015 and 2016 year,
three months was a record in terms of recorded average monthly temperatures.

Considering climate change on earth cannot ignore the influence of the surface water of the ocean to the processes associated
with these changes - just to mention that the amount of heat required to heat the whole atmosphere of the earth by one degree is
the same that is needed to heat the only three-meter surface water in the oceans of one degree. Example of the close relationship
of climate to the temperature of the surface water of the oceans are the phenomenon of El Nifa or El Nifio - the flow of cold water
on the ocean's surface off the western shores of South America, or the lack of such a flow, it changes the average annual
temperature of the whole earth.

In winter, when the water at the ocean surface is colder and denser than the lower layers, then by convection it will begin to
move down while the warmer water move up. In this way, the heat accumulated by the water will be given to the atmosphere. In
the summer, when the warm water is at the very top heat conducting processes from the surface to deeper layers are more
complicated. In this case, heat conducting is primarily connected with the turbulent heat transfer coefficient. The effect of induced
turbulence may be the result of break of the surface waves or stream surface caused by the wind. Studies in nature suggests that
there must be additional mechanisms associated with a surface waving explaining what is happening there, but the way they
generate a turbulent motion is not fully understood. One reason may be a effect closely associated with the movement of the wave
which is the Stokes drift or Langmuir circulation.

It is assumed that the velocity field in the ocean is not a potential field. The impact on the appearance of vorticity are boundary
layers and processes that take place there: the brake of the wave and the friction between the water and wind or water and bottom.
Thus vorticity field generated affects the mixing of water vertically in the surface watr of the ocean. As noted Saffman, vorticity
field is important because it inevitably leads to turbulence. In order to take into account of the mixing process of the surface waters
of the ocean surface waves associated with the most commonly used turbulent diffusion coefficient K .

The work is devoted to study different mechanism causing the velocity field is not a potential field. If the density of the liquid
is variable and depends on the depth, the velocity field as there is the potential - is induced pressurized vorticity. Vorticity may
explain the observed effect in which the mixing of liquid in a limited area where the density gradient fluid is large, is larger.
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A new macroscopic description is proposed for the capillary transport of liquid and gas in porous materials of the homogeneous
and isotropic pore space structure, [1]. Theoretical considerations are conducted within the framework of the multiphase continuum
mechanics and are based on three key model assumptions. This concern:

- division of liquid in the pore space into two macroscopic constituents called mobile liquid and capillary liquid (Fig.1),

- description of menisci motion by an additional macroscopic velocity field,

- parametrization of saturation changes by a macroscopic pressure-like quantity that for quasi static and stationary
processes is equal to the capillary pressure.

The division of liquid into two continua is justified both kinematically and energetically. The capillary liquid forms a film on
its contact surface with the skeleton. This liquid is immobile and contains the whole interfacial (capillary) energy of liquid in the
pore space. The remaining part of the liquid surrounded by the layer of capillary liquid and menisci forms the mobile liquid. Both
liquids exchange mass, linear momentum and energy in the vicinity of menisci surfaces and this occurs only during menisci motion
in the pore space.

b)

mobile liquid

Fig.1. Schematic illustration of non-wetting liquid intrusion into a sample of porous
material (a) and of three typical compositions of constituents in the medium:
b) non-wetting liquid intrusion, c) wetting liquid inflow, d) wetting liquid extrusion.

The additional velocity field describing menisci motion reflects the complexity of kinematics in unsaturated porous materials
and enables the modeling of mechanisms of menisci motion in the pore space.

Parametrization of saturation extends the dimensionality of the description of processes taking place in an unsaturated porous
material enabling, among others, the description of liquid distribution in quasi-static processes and in the stationary flow.

For all constituents of the porous medium, balance equations of mass, linear momentum and energy are formulated and
constitutive relations for mechanical processes are derived. The approach is used based on the analysis of dissipation inequality
of mechanical energy formulated for the whole system. A new approach is proposed, similar to that used in the rational
thermodynamics, based on entropy inequality analysis and the Lagrange multipliers method. The velocity field of the menisci
motion in the pore space induced by changes of the capillary pressure is defined by an additional constitutive relation, similar to
Fick’s first law of diffusion.

It is shown that the equations obtained describe both quasi-static and quasi-stationary processes of capillary transport of
liquid and gas in unsaturated porous materials as special cases of the new mathematical model. This concern, among others, the
description of quasi-static intrusion of mercury into porous materials and description of liquid or gas flow through unsaturated
porous material. In the first case, the equations have a form of non-stationary diffusion in which, instead of time as the independent
variable, the mercury pressure is present. In the second case, for example, even the geometrically very simple problem of liquid
flow through a layer of unsaturated porous material is described by a system of three coupled, nonlinear equations for distributions
of saturation, the fluid pressure and its flow velocity in the layer. In this case the fluid flow through the layer of unsaturated porous
material is similar to flow through an elastic tube the cross-section of which is being changed depending on the local pressure in
fluid.
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The problem of macroscopic description of quasi static intrusion of non-wetting liquid (mercury) into a ball of porous material
is considered. Modelling of these processes is of great importance for interpretation of the mercury intrusion curves used for
determination of the pore size distribution and other pore structure parameters of porous materials. For interpretation of such
curves the simplified microscopic models of the pore space structure are applied that do not take into account the shape and size
of the investigated sample and therefore lead to significant faults. Application of the macroscopic description of mercury intrusion
is a new approach to this problem allowing avoiding these faults in interpretation of the experimental data.

A new macroscopic description is proposed for quasi static process of non-wetting liquid intrusion into a ball of porous
material. The analysed problem is an extension of the description presented in the paper [1]. Considerations are based on the
continuum model of the capillary transport of liquid and gas in unsaturated porous materials, proposed by one of authors of the
present paper [2]. The key assumptions of this model are: division of liquid in the pore space into two macroscopic constitue nts
called mobile liquid and capillary liquid; description of menisci motion by an additional macroscopic velocity field,;
parametrization of saturation changes by a macroscopic pressure-like quantity that for quasi static and stationary processes is equal
to the capillary pressure. The capillary liquid forms a film on its contact surface with the skeleton. This liquid is immobile and
contains the whole interfacial (capillary) energy of liquid in the pore space. The remaining part of the liquid surrounded by the
layer of capillary liquid and menisci forms the mobile liquid. Both liquids exchange mass, linear momentum and energy in the
vicinity of menisci surfaces and this occurs only during menisci motion in the pore space. The additional velocity field describing
menisci motion reflects the complexity of kinematics in unsaturated porous materials and enables the modeling of mechanisms of
menisci motion in the pore space. For all constituents of the porous medium, balance equations of mass, linear momentum and
energy are formulated and constitutive relations for mechanical processes are derived. Based on equations of this theory, equations
for the quasi static process of non-wetting (mercury) liquid intrusion into porous materials were derived.

We assume that at the beginning of the intrusion process pressure of mercury surrounding the ball is equal to zero and the ball
pore space is empty (vacuum) (Fig. 1). The increase of pressure in mercury causes penetration of mercury into pores of the ball
and its spatial distribution that evolve during the process of mercury intrusion. This process is stopped when all pores of the ball
are fulfilled with mercury.

a ball of porous material

nonwetting liquid

Fig.2. Scheme of quasi static intrusion of a non-wetting liquid
into a ball of porous material.

The quasi static processes of mobile liquid intrusion into a ball porous material is the special case of the model presented in the
paper [2]. This process is described by evolution equation for saturation distribution with the mobile liquid. In the spherical
coordinate system this equation takes the form

05 ds as
mq c |—C , m =C , ’ (1)
6p( + dsmj m(Sm p)( arj <(Sn: P)

where by s, s, saturation of the ball with the mobile and capillary liquid are denoted, respectively, and p stand for the
pressure in the mobile liquid that is homogeneous. Quantities C, (s, P), Cs(Sy, P) are coefficients characterizing the internal

pore space structure of the porous material.
During the process of mercury intrusion it penetrate only the pores the diameters of which are greater than the critical diameter

defined by Washburn formula D” =—4ocos(@)/ p . Therefore, the boundary condition on the ball surface (r =r,) depends on the

mercury pressure. Equation (1) is strongly nonlinear and is solved using the method of characteristics and the analysis of the
process is performed numerically.
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Strontium titanate (SrTiOs) with a perovskite-type structure is interesting material because of being thermally stable solid
electrolyte in wide temperature ranges in both —reducing and oxidizing atmosphere. Perovskite-type materials, with general
chemical formula ABOs, have usually cubic or tetragonal structure (also orthorhombic or trigonal structures occur). Idealized
cubic cell has type ‘A’ atoms at cube corner positions, type ‘B’ atoms at body centre positions and oxygen atoms at face centered
positions. The stability of SrTiOs structure allows partial substitution of A or B site cations by other metals with different oxidation
state, resulting in creation of point defects such as anionic or cationic vacancies that could enhance conductivity of SrTiOs. This
kind of substitution provides materials with high mobility of ions. Using an appropriate dopant can maximize the number of free
electrons, thus it is possible to create in this way a mix-conductor[1]. This is the a reason why perovskite materials may be used
in electrical appliances.

In this paper features of macroporous Nb-doped SrTiOswere investigated. Nb%*, as a donor dopant, has a higher cationic charge
than the host, Ti** which is replaced. Thus, to keep electroneutrality, free electron has to be released in conduction band. In [2], it
was reported that mixed ionic-electron conductivity of donor-doped SrTiOs can be obtained. Macroporous systems are being used
in solid oxide fuel cells (SOFC) in order to increase the number of triple phase boundary (TPB). TPB is a region where three
phases are in contact: electrolyte, electrode and gaseous fuel. Only there, owing to electronic conductivity of electrolyte, electrode
reactions (with the interchange of electron) can take place. Nb-dopped SrTiOz can simultaneously serve as the electrode and
electrolyte, so it is important to increase the surface area of perovskite powder.

Usually, similar materials are prepared by the reaction of solid state, but this method results in a material of low porosity. In
order to increase porosity, foam-forming agents, as amylum, cellulose, gelatine, carbon or ammonium carbonate can be used.
Unfortunately, this method causes the traces of the carbon, which locates in grain boundaries, thereby reducing conductivity. The
wet synthesis method with using of templates allows one to obtain structures with high, regular porosity and high phase purity.
Polimethyl metacrylate (PMMA), SiO2 colloidal spheres and monodispersed polystyrene (PS) are used as templates [3].

Synthesis is based on sol-gel method with application of colloidal crystal template method. An aqueous solution of strontium
nitrate, titanium isopropoxide and a solution of niobium ethoxide in ethanol were used as precursors of Nb-dopped SrTiOs. The
precursors were dissolved in methanol solution of citric acid and applied to spheres. The amount of incorporated Nb in prepared
powders were: 0,5mol%, 1mol%, 2mol% and 3mol%.

As a result a three-dimensionally ordered macroporous materials (3DOM) with high purity were obtained. Average pore
diameter was 120nm as shown in picture below. Figure 1 (a) shows SEM picture of 1mol% Nb-dopped SrTiOz 3DOM prepared
using described synthesis technique, when Figure 1 (b) shows the starting polymeric spheres of PMMA, whose diameters are
around 400nm. It seems that the pore diameters are smaller than the diameters of the spheres used.

Fig.1. SEM pictures of obtained SrTiOs material (a) and PMMA template (b).

In order to investigate features of received powders, XRD and SEM measurements have been performed. XRD patterns
correspond to a single-phase SrTiOs.
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The work concerns the experimental investigations of water flow through three porous beds, consisting of glass marbles with
average diameters of 3.932 [mml], 6.072 [mm], 7.916 [mm] and the porosity 0.407, 0.413, 0.411, respectively.
Fig. 1.a) shows the main idea of the measurement methodology used for determining the resistance of fluid flow through the

porous medium. The system consists of a column of A cross-section, filled with porous material in the L section, and a set of
measuring spigots (minimum of two).

The measuring stand used in the experiment is shown in Fig. 1b). The piezometric heads ( dh,_; ) in 4 points were measured for
17 different filtration velocities (¥ ¢+ ). Every measurement was repeated 10 times and the results were then averaged. In the next
step, the piezometric heads were recalculated to the pressure drops ( dp,_; ). To eliminate the impact of the temperature variations
on the results [1], in all measurements the temperature was approximately constant and equal to 33+2 [°C].
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Fig. 1. Scheme of a typical measuring system (a) and the stand used in the experiment (b).

Based on the measurements data, the Forchheimer Plot Method was applied [2,3], in which a reverse problem is solved. An
own software was used on this stage [4]. As the result the %{ and g coefficients of Forchheimer equation [1,2,3] were obtained.

The final values of these coefficients were as follows: 0.9948280000E+08 and 0.864587E+04 for the smallest; 0.3914000000E+08
and 0.545758E+04 for the medium; 0.1835540000E+08 and 0.295523E+04 for the biggest granulate.

In Fig. 2 the pressure drops in relation to the filtration velocity are visible, those obtained in the experiment, as well as in the
analytical model. The relative errors were below 3% in most cases.
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Fig. 2. Comparison between the experiment and calculations based on the Forchheimer equation.

References:
[1] Sobieski W., Trykozko A.: Sensitivity aspects of Forchheimer's approximation. Transp Porous Media 2011, 89(2), 155-164.
[2] Sobieski W., Trykozko A.: Darcy’s and Forchheimer’s laws in practice - Part 1: The experiment. Tech Sci 2014, 17(4), 221-335.

[3] Sobieski W., Trykozko A.: Darcy’s and Forchheimer’s laws in practice - Part 2: The numerical model. Tech Sci 2014, 17(4), 337-
350.

[4] The PathFinder Project [on-line]. URL: http://www.uwm.edu.pl/pathfinder/ (Available at June 1, 2016).



17| 1st Workshop on Porous Media, Olsztyn, 1-3 July 2016

Computer simulation of slurry swelling process in aerated concrete production
Pawel Gadzala, Mieczystaw Cieszko
Institute of Mechanics and Applied Computer Science
Kazimierz Wielki University, Bydgoszcz
pgadzala@ukw.edu.pl

Keywords: autoclaved aerated concrete, slurry swelling, computer simulation, porous materials

Computer simulation of slurry swelling process is presented in the paper occurring in production of the autoclaved aerated
concretes (AAC). Simulation consists of two stages and is realized in the environment of the Blender software. First, the growth
process of one gas babble immersed in a dense liquid is modelled. Next, this model is multiplied to model the growth of thousands
of babbles of random diameters in the slurry.

Autoclaved aerated concrete is a building material, which found a reasonable compromise between lightness and strength with
good thermal insulation. In Poland, AAC began to be produced in the fifties under license of Swedish companies Ytong and
Siporex, [1]. AAC is made of easily accessible and abundant components of natural occurrence, such as: cement and lime, quartz
sand or fly ash, water and optional additives that improve the cement properties. One of the stages of AAC production is a growth
process of slurry caused by proliferation of hydrogen bubbles emitted in chemical reaction. Foaming agent is aluminum powder
or paste, which reacts with calcium hydroxide, resulting in the formation of hydrogen bubbles dispersed in the whole volume of
the slurry. From 1 kg of aluminum powder approximately 1.25 m? of hydrogen is obtained. Slurry grows like yeast cake. For
example, 1 m? of slurry in the process of growth gives 2.5 m? of the aerated concrete.

Blender is the free and open source software designed for three dimensional modelling and animation, used by many of visual
effects specialists, animators and groups of scientists, [3-6]. The software is available on many platforms (Linux, Windows, OSX)
and can be downloaded from official website, [2]. In addition to the rendering of images from three dimensional models, Blender
provides a game engine for interactive graphics along with support for animating two and three dimensional characters, Bullet
physics engine integration. Many other tools are present in Blender including methods for rendering complex surfaces and
volumes. Advanced users employ Blender’s API for Python scripting to customize the application and write specialized tools. In
addition, Blender includes simulation tools for modeling physical phenomena, including fluids using the Lattice Boltzmann
Method, smoke as particles and rigid body mechanics using Newtonian physics.

In the paper, the process of slurry swelling is modelled as growth of gas bubbles in a viscose liquid contained in a cylindrical
chamber. For the purposes of simulation we assume that liquid forms cloud of small interacting balls. At the beginning of the
simulated process all objects have the same size. Some part of the balls dispersed in the fluid increase their diameters interacting
with the balls representing the fluid surrounding the bubble. This results in swelling of the slurry. Changing of the ball dimensions
is determined by laws of the Kinetics of chemical reaction of the alumina particles and by conditions of mechanical equilibrium of
pressures in the gas of bubbles and fluid. We assume that external pressure is exerted on the liquid affecting the dynamics of
changes in the system under study.
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Laser diffraction method (LDM) is increasingly used to determine grain size distributions. Grain size measurements based on
LDM is assumed as high-repeatable and high-accurate [1]. However, there is no standardized test procedures, although the
methodology of research should be precisely adjusted to the type of particles [2], [3], [4].

Measurements of particle with high shape anisotropy based on LDM may produce different results than traditional
sedimentation techniques of grain size analysis [5], [6]. This causes the optical particle diameter measured by the laser is much
larger than that determined as equivalent spherical diameter in traditional techniques based on Stoke’s law. Therefore, the
interpretation of the results must take into consideration the type of measured particles [7], [8].

For this reason, clay minerals, which are significantly plate-shaped and elongated, are particularly difficult to granulometric
measurements [9], [10]. Moreover, the flocculation and the swelling of the clay particles can cause unexpected effects during the
ultrasound pretreatment in LDM [11].

The article presents the results of grain size analysis of natural montmorillonite clay soils. The research was conducted for the
Neogene clays from Bydgoszcz, characterized by significant lithological differentiation in regard to participation the clay fraction
particles. Methodological aspects, like obscuration level and dispersion process were discussed. A significant difference in clay
fraction particles determination were found in relation to applied methods of grain size analysis. A set of equations to transform
LDM results to hydrometric results was proposed for investigated soils.
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Usually the finite difference method (FDM), the finite element method (FEM) or the finite volume method (FVM) are used in
solving different engineering problems. The global radial basis function collocation method (GRBFCM) belongs to so called
meshless method which are a kind of alternative to commonly used methods (FDM, FEM or FVM). The GRBFCM was proposed
in 1990 by Edward Kansa [1].

In the GRBFCM method the approximate solution is assumed as a linear combination of radial basis functions (RBF) [2]:
M

u@® = ) o )
j=1

where ¢j (j = 1,2,...,M) are unknown coefficients, M is the number of nodes and ¢(r) is the form of the RBF. The unknown

coefficients are calculated by direct collocation of the governing equation and the boundary conditions.

Over the years different modifications of the method was proposed. One of the most import modification of the GRBFCM is
based on the Hermite interpolation approach [3]. It is sometimes called symmetric Hermite RBF collocation because the matrix
of linear equations is symmetrical in the method. That ensures in collocation method well-posedness and solvability of the problem.

The GRBFCM was successfully applied for solving many problems in applied mechanics, e.g. biphasic or triphasic mixture
models in tissue engineering problems [4,5], nonlinear Burger’s equation [6], heat transfer [7] and many others. Recent
developments of the GRBFCM was summarized in [8].

In the present paper the GRBFCM is applied for analysis of fluid flow through the porous medium which is modelled as a regular
bundle of cylindrical fibres (arranged in a triangular, square or hexagonal array). The microstructural flow between the fibres is
considered using the GRBFCM and then the filtration velocity can be calculated. Using this in the Darcy equation the permeability
is easily determined. The forms of the RBF used in the paper are presented in Tab. 1.

Table 1. Forms of the RBF.

Name of the RBF Abbreviation Form of the RBF
Gaussian Function GF exp (— pr 2 )
. . 1
Inverse Quadric Function 1Q ——
r-+c
Multiquadric Function MQ Vr2 +c?
1
Inverse Multiquadric Function IMQ ——
Vr? +c?
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The water ram is a type of water pump that its operation is based on the use of the kinetic energy of water flowing through this
device [1; 2; 3]. The water ram can have provided the water for various purposes, among others: the provision of drinking water
for people and animals in difficult areas where is not a water supply system, irrigation of green areas, provided water for
technological purposes, may serve as tourist/technical attraction, can fill a water tanks for example temporary lake.

The main aim of this presentation will be to determine the thrust of water flowing on the head of impulse valve using the fluent
program (Fig. 1 and 2).

Fig. 1. Interior of impulse valve of water ram.

The first part of the presentation will concern general information about the water ram among others start-up and operation of
water ram, description of the phenomena occurring at the work of water ram, place of its use and trivia. In second part of the
presentation will be describe modeling process impulse valve and results. In conclusion will be interpreted the results.

Fig. 2. Interior pressure in impulse valve of water ram.

The motivation to take the subject arose from the interest in machines and devices that work using renewable energy. Devices
that can be used in households to improve their energy balance.
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The water ram (Fig. 1) is a type of water ram that its operation is based on the use of the kinetic energy of water flowing through
this device. The supply water sources can be any flow for example: river, stream, lake, etc., it is important only the flow must
provide adequate water flow which will create an appropriate water hammer necessary to further correct its work [1; 2; 3].

The main aim of presentation was to determine the performance characteristics of water ram (qc) taking into account the
relationship between the volumes of air chamber (v), the level height of supply water source (hs) and the level height of the delivery
water (he) (Fig. 1).

Fig. 1. Diagram of the water ram.

The first part of the presentation applies to a test stand especially built to the study physics phenomena in water ram and the
mass measurement system of performance. The presentation presents also the measurements results and developed performance
equations of water ram for two variants in which the first include the volume of air chamber (V) (equation 1) and other not
(equation 2).

0c=-0.8467+4.8672-hs-0.6626-hc-0.9106- V-0.5098 - hs?+0.0171 hc?-0.0158 - V2-0.0881-hs hc+0.2094 hs- V+0.0346-hc- V(1)

0c=5.4211+0.5363-hs-0.5240-hc (2)

Fig. 2. The regression equation (2) graph.

In conclusion of the presentation made the interpretation of developed mathematical relations.

The motivation to deal these issues arose from the impact of setting appropriate parameters (v, he, hs) on the performance of the
water ram (qc). Knowing the parameters settings (v, he, hs) can obtain optimum its performance. The water ram can be used in
many areas among others: supplying the water to the buildings, for the animals, for technological purposes, for fields irrigation.
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Steels for use at elevated temperatures find wide application in conventional and nuclear energy generation. Oxide layers formed
on long-term operated steels fulfil as important role as the creep limit or the creep strength [1], [2]. In most cases the growth of
the oxides/deposits layer is accompanied by the formation of pores and fissures. These defects are the dominating factor causing
spalling and scaling of the protective oxides layer. From this point of view it is important to reduce the quantity and the size of
pores and fissures in oxides [3].

The paper contains results of studies on the formation of oxide layers on 13CrMo4-5 steel (Table 1) long-term operated at an
elevated temperature. The material studied comprised specimens of 13CrMo4-5 steel operated at the temperature of 455°C during
130,000 hours (steel 1) and 540°C during 120,000 hours (steel 2). The oxide layer was studied on a surface and a cross-section at
the outer surface of the tube wall (Fig. 1). The paper contains results of studies of quantitative analysis of porosity in the oxide
layer. The oxide layer formed on the studied steel 1 is ~146 pm thick, while on the steel 2 ~248 pm (Fig. 2). It has been found that
steel 2 has higher porosity.

Table 1 Chemical composition of examined steel, wt %

Acc _ Chemical composition, wt %
) C Si Mn P S Cr Mo
Analysis (steel 1) 0.16 0.30 0.57 0.019 0.009 0.90 0.54
Analysis (steel 2) 0.09 0.31 0.47 0.014 0.007 0.91 0.52
PN-EN 10028-2 [4] | 0.08-0.18 | max. 0.35 | 0.40-1.00 | max. 0.025 | max. 0.010 | 0.70-1.15 | 0.40-0.60

Place of samples
taking for tests

Fig. 1. Place of samples taking for tests.

b)

Fig. 2. The thickness of oxides layer formed on the steel examine 2-LM.
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Three-phase reactors in which the gas and liquid phases flow down a fixed catalytic bed are termed “trickle bed reactor” (TBR).
Depending on the flow rates of the two phases and their physicochemical properties various flow patterns can be observed of
which two are of considerable industrial importance: the gas continuous flow regime (GCF) and the pulsing flow regime (PF).

The aim of the present study is to simulate cocurrent gas and liquid flow through packed bed in GCF regime using computational
fluid dynamics (CFD). The mechanism of the cocurrent gas and liquid flow through fixed bed of small particles is more complex
than in counter-current and is determined as the result of changes in flow velocity of both phases, their physicochemical properties,
shape and dimension of packing etc.

The proper description of the bed structure in a column should contain the following elements: overall mean porosity, axially
averaged radial porosity distribution, and variance of the porosity distribution in axial direction (Jiang et al., 2002). In the present
work the overall mean porosity was determined experimentally (¢ = 0.38). The most commonly used in literature correlation,
suggested by Martin (1978), was applied to describe radial porosity distribution. Statistic properties of a packed bed was used to
describe porosity changes in axial direction. The generating random numbers algorithm of normal distribution, a given mean value
and standard deviation were used to determine this parameter.

The above dependences were introduced into the Fluent programme by means of user definition function (UDF). A structural
grid was generated to reconstruct the area occupied by the bed and the fluids flowing through it. The grid was created by means
of GAMBIT preprocessor. There are 6050 cells in the grid (22 elements in radial direction and 275 elements in axial direction)
4400 of which are 3 mm by 5 mm and 1650 elements forming the wall-layer are 1.5 mm by 5 mm. Fig.1 shows volume fraction
distribution of a solid taking into account the porosity change along the radius and axis of the column.

6 506-011

6 2501

5.60e-01

Fig.1. Volume fraction distribution of a solid taking into account the changes in porosity along the radius and axis of the column
(particle diameter —0.003m).

The following boundary conditions were used in the generated grid: symmetry in the axis, no slip of the fluid in the wall region,
flat velocity profile at the inlet, zero velocity gradient at the outlet.

The Euler model (Euler-Euler) including mass and momentum balance for each phase was used to simulate fluids flow in a
TBR. This model treats every phase as continuous fluids having various velocities, volume fractions and physicochemical
properties. The application of multiple gas-liquid-solid model requires the knowledge of relationships determining interactions
between phases. It is a very significant element of uncertainty in the modeling of the processes. These forces are considerable and
dominate the momentum balance equations. The exchange coefficients of these forces were defined by means of equations
suggested by Attou et.al (1999).

As a result of the computational simulation the following data were obtained: gas pressure drop in the bed, volume fraction
distribution of a given phase (liquid and gas holdups) along the packing and its mean value in the reactor. The comparison of the
values of liquid holdup and gas pressure drop in the bed, both calculated and experimentally obtained, indicates that the CFD
model used in this work can be applied to model the hydrodynamics of cocurrent gas and liquid flows through a packed bed
because a good compatibility of the compared hydrodynamic parameters was obtained.
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The reactivity of hydrogels causes that the effective specification of structural and physical properties demand the incorporation
of complex experimental studies and the application of an adequate mathematical model describing the realistic behaviour of the
material. The available results of experimental studies regarding selected material parameters show considerable spread and in
some cases discrepancy [1]. There is no standards for studies of hydrogels, including determination of deformation and the
conditions which must be fulfilled (e.g. temperature) throughout the test. This paper presents the identification procedures of
transport, mechanical, and coupled chemo-mechanical parameters of porous hydrogels based on poli(vinyl alcohol) PVA. Thermal
behaviour of hydrogels is also recognized in experimental studies.

The macroscopis models of chemo-mechanical deformation and reactive transport corresponding to the proposed experimental
test are considered. The system of equations useful for solving problems of identification for chemo-mechanical model is as
follows:

2 2 2
(1+aa2M)Zt—p—(;/JraadM)%—%gx—EJr%%:O

A 2 A2
R§C*Kz%p“}o' %C—DS?HDI‘;—XE):O )
where ¢ is concentration of solution and p is pore pressure. The description of the model, parameter and solution of 1-D initial —
boundary value problems using Matlab and Comsol environments are given in [2].The theory used to identify mechanical
properties from the creep test is based on Biot’s poroelasticity.

The studies of mechanical, chemo-mechanical and transport processes were carried out with specially designed
experimental set-up. The chemo-mechanical experiment (Fig.1) is based on modified classical reservoir test.

a b

Multimeter CX-701

Fig.1: The experimental system for studies transport properties and chemical deformation (a) and diffusion chamber (b).

The method based on unconfined one dimensional compression shown in Fig. 2 is applied to determine mechanical and
rheological and thermal parameters.

Fig. 2: The experimental system for studies of mechanical properties.

The chemical, mechanical and thermal deformation of sample were continuously recorded by time of flight method using Optel
ultrasonic testing system and pulse signal. The tested material are poly (vinyl alcohol) (PVA) hydrogels.

The procedure of identification was carried out with help of the optimization methods, implemented in the Matlab
environment. The identification of set of parameters is based on the previously developed solutions of inverse problem using the
obtained experimental data and the solution of the macroscopic models. The results of identification (given in Table 1), where
transport parameter are: diffusion coefficient (D) and retardation factor (R); mechanical parameters: drained Young modulus (Es)
and Poisson’s Ratio (vs); hydraulic permeability (K); chemo-mechanical couplings parameters (d, y) and also chemo-osmotic
parameters (kc) and (D1). The obtain results have a crucial role for the recognition of the associated phenomena: mechanical,
chemo-mechanical, chemo-osmotic and transport behaviour of organic hydrogels and may form the basis for the broadening of
the works towards other chemically sensitive materials like gels and soils.
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In the paper the capillary and random chain models of pore architecture, [1], are applied for determining the limit pore size
distributions in sintered glass bead samples based on mercury intrusion curves, [2]. They estimate the range of pore sizes in the
investigated material. It is proved that capillary model, commonly used in mercury porosimetry, and the chain model are two limit
cases of net models of pore architecture for a given pore size distribution. For both limit pore architectures in the layer of porous
material subjected to two-side intrusion of mercury, the expressions describing capillary potential curves were derived. The
capillary and chain model with constant length has been used as a basis for the procedure of determining the limit pore size
distributions in sintered glass bead samples. The limit distributions are compared with distributions determined from microscopic
image analysis of samples obtained by the micro computed tomography (#CT) method. These distributions are considered as
actual distributions of the pore space and are determined by prescription to each point (voxel) of the pore space of porous material,
the diameter of the maximal sphere that contains this point and is completely inside the pore space, [3]. They

We consider the models of the pore space of porous materials in which the individual pores are cylindrical links of random
length and diameter distributions. Two independent factors determinate the pore space structure of such media: the link size
distributions and the way of their connections. The second factor is called the pore space architecture. The pore architecture causes
that even for the same pore diameter distribution in the model material its pore space structure can be different. Regarding the
pore architecture, in the paper we will distinguish three hinds of models of the pore space structures: capillary, chain and network.
In the capillary model the links of equal diameter are joined in series and form the long capillaries of constant diameters crossing
the whole material. In the chain model the links are joined at random in series and form the capillaries of step-wise changing cross-
section. In the network model a random connected links from the space network.

Three special cases of the capillary potential curves of porous layer are presented in Figure 1. They concern the chain pore
architecture of the layer with the same link diameter distribution and different distributions of link length: capillary model (CM),
chain model with constant (PCM) and random (SCM) link length.
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Figure 1: Capillary potential curves of porous layer for capillary model (CM),
periodic (PCM) and stochastic (SCM) chain model of the pore space.

From Figure 1 results that link length distribution in the chain model does not influence significantly the capillary potential
curves. Therefore description of the capillary potential curve for porous material of chain pore architecture can be effectively
represented by model with constant link length.

It can be shown that capillary potential curves limit such curves determined for network models of the same pore size
distribution. This means that both models can be used for estimation of the range of pore diameter distribution based on the
mercury intrusion data.

The puCT is a very modern, non-destructive method used in the identification of the spatial structure of heterogeneous materials
and small physical objects. In this method, as in the computed tomography applied in the medical diagnostics, X-rays are used
reaching the image resolution of one micrometer. Microtomographic scans of samples of porous materials are the basis for spatial
reconstruction of the microscopic pore space geometry or the skeleton architecture. The pCT method has been used to tests and
verification of the proposed method of determining the limit pore size distributions of the mercury intrusion curve.
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Evolution of stress distribution inside the storage silo is an inherent effect in dynamic operations of handling of granular
materials. Sudden increase in lateral pressure with ramp down of vertical pressure, which takes place at the opening of discharge
gate, may create severe pulsations of bin structures and can lead to its damage. Due to discontinuity and heterogeneity of granular
systems, mechanism of generation and propagation of stress waves is very complex and not completely understood, yet. With an
increase in availability of affordable computing power, numerical methods became promising solution for examination of such
and similar problems.

In the reported study, numerical simulations of the discharge initiation of the grain silo was performed. Discrete Element Method
(DEM) modeling was carried on in a flat-bottomed cylindrical bin, having diameter of 0.12 m and height of 0.5 m. 118 000
spherical particles, with diameter of 3.79+0.05mm and material parameters of wheat, were used. Based on DEM modeling, the
propagation of the stress wave and its influence on the loads on construction members of the silo were evaluated. DEM was proven
to be promising tool allowing insight into mechanisms of stress transmission inside the granular solids and on the silo wall.
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Introduction

The COMSOL Multiphysics® simulation software is a numerical tool based on the finite element method where all underlying
equations can be coupled with each other and solved simultaneously in mutual dependence on each other within one model.. With
COMSOL the realistic interaction between electromagnetic, mechanical, thermal, chemical and fluid flow aspects can be combined
in a user-friendly and intuitive software environment without the need for in-depth programming.

COMSOL’s core package includes all finite element functionality for creating geometries, defining materials and basic physical
properties, meshing, setting up studies and optimizing solver settings, solving the models and post-processing. Add-on modules
allow using predefined physics definitions and multiphysics couplings.

Recently introduced the new Application Builder, which is available in the COMSOL Multiphysics® software, allows creating
specialized applications from COMSOL models for use by others, from colleagues to customers, using the new COMSOL
Server™ as platform for sharing apps. [1]

Simulation of the porous media flow

Knowledge of the physical properties of a media flowing through a porous material is necessary as they can be used to evaluate
the behaviour, usefulness or application of a subsurface formation. Our world is a multiphysical world in which different physical
and chemical aspects have an impact on each other and have to be considered simultaneously to describe particular phenomena
accurately. COMSOL Multiphysics® offers a possibility to model additional important phenomena connected with porous media
flow, like: thermal expansion or chemical reactions.

Determining material properties at the pore-level can significantly improve the predictions of the flow behaviour at the
macroscopic level. In the pictures below (Fig.1.) the physical properties (porosity and permeability) of a the natural porous media
are analysed for determining the pore size distribution [2]. The important features here are that in a short period of time any porous
media pattern can be modelled obtaining an accurate numerical simulation of the properties like velocity or pressure distribution.
In the same way the heat transfer phenomenon can be modelled obtaining a temperature distribution or heat losses in a different
kinds of porous structures.

Fig.1. Produced by scanning electron microscope images, the geometry of microscopic pores can be imported to COMSOL
where the velocity and pressure distributions are calculated.

Subsurface Flow Module

Being the most special for porous media flow simulations the Subsurface Flow Module can model subsurface flow in channels,
saturated and variably saturated porous media, or fractures, and couple these to simulations of solute and heat transport,
geochemical reactions, electromagnetic fields and poroelasticity. It can be used for modeling groundwater flow, the spread of
waste and pollution through soil, the flow of oil and gas to wells, and land subsidence due to groundwater extraction.

When heat transfer occurs, it may be modelled through conduction, convection, and dispersion, and different conductivities that
occur between the solid and fluid phases are also taken into account. In many cases, the solid phase can be made up of differing
materials with different conductivities, and there can also be a number of differing fluids.[1]

Material transport can be coupled to subsurface flow and can occur through convection and diffusion. Properties, like diffusion,
can be described by equations dependent on the variables, such as concentration, or be made anisotropic.[1]

The Fracture Flow interface also solves for pressure on internal (2D) boundaries within a 3D matrix, and is automatically
coupled to the physics describing the porous media flow in the surrounding matrix. [1]

Moreover the functionality of COMSOL Multiphysics®, together with the Subsurface Flow Module allows building
applications on the basis of the previously created model, which then can be opened via COMSOL Server™.[1]
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In their vast majority, high valued energy sources, e.g. electricity and fossil fuel driven appliances are used for the heating and
cooling purposes. However, there are a wide range of low grade sources of thermal energy, e.g. sewage water, underground
resources, solar heat, low grade waste heat which also can be used to deliver useful heating or cooling [1]. Adsorption cycles have
a distinct advantage over other systems in the ability to use low grade heat, especially heat of low near ambient temperature.
Besides zeolite/water the porous solid silica gel-water is also considered as one of the most promising pairs of adsorbent-adsorbate,
best suited for the solutions using low grade sources of thermal energy [2-5]. It is due to relatively easy regeneration process of
the adsorbent. These two pairs adsorbent-adsorbate mostly have found their implementation in commercialised chillers offered by
suppliers on market. There are a few applications with adsorption chillers in industrial scale in Europe. Adsorption chillers can
use solar energy, district heating system and other waste heat sources. Complex review of existing installation can be found inter
alia in [6].

The main feature of adsorption chillers is its lower sensitivity to hot water inlet temperature fluctuations. It makes that
adsorption chillers are more suitable for low grade sources of thermal energy exploitation in comparison to their main competitors,
i.e. absorption chillers. The improvement of total efficiency of adsorption process is however still challenging task.

The work presents a model of a single-stage adsorption chiller with silica gel acting as a solid porous sorbent and water
working as refrigerant. The validation of the model was successfully performed against the experimental results from the existing
adsorption chiller installed at National University of Singapore. Such approach was undertaken since the comparison between
desired and calculated data is regarded as the most difficult type of model's validation procedure [7].

The performed model allows to predict the behaviour of the adsorption chiller.
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Fig.1. Schematic diagram of an adsorption chiller.
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One of the most important issues of research on granular beds is the problem of analysing the distribution of size of particles
forming a granular bed — regardless of whether it is a bed of a natural origin or an artificially created one. This issue is very
complex and highly dependent on the purpose of research, as well as on the bed type - its complexity in particular. Another
important aspect is how to generate a virtual diameter distribution with specified parameters.

Both of these issues are to be described in the first part of the lecture.

In the context of the first topic, presentation describes the process of recognizing the type of distribution of the particle diameters.
Distributions most commonly used in practice (i.e. normal, log-normal, Weibull, log-hyperbolic and skew log-Laplace), including
indication of their specific applications, are also to be presented.

In the context of the second topic, presentation describes the method of generation of a virtual diameter distribution of a given
type and with given statistics, divided into a certain number of fractions. Two exemplary distributions of a normal character, with
the same statistics, but different number of fractions, are shown in in Fig. 1.

Both of the above-described aspects are complementary to each other, what allows realizing, for example, studies on the
influence of the particle diameter distribution of the bed on its parameters such as permeability, porosity, tortuosity and others.
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Fig.1. Virtual diameter distributions of normal character: the distribution of average 8 [mm] diameter and 2 [mm] variance
divided into 13 (a) and 25 (b) fractions.

The second part of the lecture focuses on the method of obtaining information on the internal structure of granular beds based
on multislice computed tomography (CT) research. The subject of analysis are tomograms of a Plexiglas cylinder filled with glass
marbles — shown in Fig 2a).

In order to obtain numerical information on the spatial location of the centre of each of the marbles forming the granular bed,
methods of morphological image processing are applied. This approach was chosen because of ease of implementation and
computational efficiency.

The output information is numeric data on the spatial location (X, y and z coordinates) of marbles forming the granular bed.
This data can be used to create a virtual bed having exact equivalent in reality, like the one shown in Fig. 2b) — it is based on the
data obtained from tomograms of cylinder shown in Fig. 2a).

b)

Fig.2. Research material - glass marbles with 8 [mm] diameter placed in Plexiglas cylinders having a diameter of 150 [mm] (a)
and virtual bed consisting of spheres having a diameter of 8 mm (b), created based on information obtained from the analysis of
multislice CT research of granular bed shown in Fig 2a).
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Among many known equipment applied to coating particles and tablets spouted bed apparatus seems to be the optimal
construction [1]. In the fifties of the XX century coating was realized in spouted bed apparatuses, in which spraying nozzle was
placed in the upper part of the chamber with the bed. Although both the yield of such a process as the quality of produced coat
were low. Since that apparatuses with a spraying device placed in the bottom part of the bed were introduced. In this system
probability of collisions of particles with drops of coating solution and the yield of the process are higher, drying time is shorter,
although high risk of agglomeration takes place, because of high concentration of wetted particles close the nozzle [2].

Some type of modification of the design described above is the Wurster apparatus [2], [3]. Wurster apparatus is a spouting
device with a draft tube and an additional fluidizing air stream (spout-fluid bed). At the bottom of the chamber there is a mesh
used to distribute hot air stream. A spraying nozzle is positioned in the center of the distributor, placed at the bottom of the bed.
Coating solution is sprayed through the nozzle or several nozzles and deposited upon particles at the time, when they flow through
the entrainment zone. Every particle obtains a small part of the coat during its flow through the spraying zone. Particles are dried
inside draft tube, flow into fountain zone, and next in the annulus they settle down again to the entrainment zone. Repeated
movement (regular circulation) of particles leads to creation of solid layer on their surface. Wurster apparatus is considered as the
best device for periodical coating of grain materials [1], [4].

Wurster apparatus of unique construction was designed and built during former research. This apparatus is characterized by
very long draft tube, equipped with nozzles in the central part of the device and deflector placed in the fountain zone [5]. It enables
obtaining very high particles velocity and because of that high coating yield. Unfortunately, proposed design solution causes
several negative phenomena connected with cores electrification. It occurs during particles friction with the walls of draft tube and
apparatus as well as during rapid impact on deflector. It leads to agglomeration of the particles and accumulation of the bed on the
wall surface of the equipment, which interfere with circulation and reduce effectiveness of coating process. The authors have
carried out investigations on counteracting those negative phenomena. One of the preparatory stages is the work presented here.

The purpose of this paper was determination of the value of cores electrification during their flow in the modified Wurster
apparatus, applied for dry encapsulation of pharmaceutical materials. Previous works of the authors dealt with vulnerability of the
particles of different diameter, produced by Syntapharm (Cellets 1000, 700 and 100) on electrification in laboratory conditions.
The values of resistivity, times of charge relaxation and electrification degrees, determined in line with polish standards PN-92/E-
05201, PN-92/E-05203 confirmed supposition, that examined materials could cause fire or explosion, but they are suitable for dry
electrostatic coating [6]. The presented work gives the results of examination on particles electrification in real conditions of their
stable circulation in a column. The measurement system, that was applied allowed determination of electrification potential and
discharge current. Those quantities, which are the measures of charge accumulation on cores were determined for several particles
(Cellets 1000, 700 and 500) with the different humidity, for different mass of the bed and spouting gas velocities.

During experimental work it was stated, that electrical potential stabilizes very quickly in the apparatus (a few minutes)
achieving high values in the range of 14-33 kV, which could lead to electric discharge between the walls of the equipment and the
supporting structure, which imposes application of grounding of the metal parts of the column. Electrification potential grows with
augmentation of the bed mass and its humidity, and it decreases with the drop of circulating particles diameter. Minor influence
of the fountain gas on examined quantity was observed.

Discharge current changes with time, oscillates about the average value and it achieves the values in the range of 0.1-3.7 pA.
Its average value grows with the growth of humidity, bed mass and fountain gas velocity. Quantity, that was examined achieved
the bigger values for the case of particles with lower diameter.

Final conclusions on electrification of cores, that have been examined could be drawn only on the base of the value of electric
charge collected on the bed. The authors predict modification of the lower part of the apparatus, to enable the measurement of
electric charge with the use of Faraday cage method.
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A new macroscopic description is proposed for the imbibition process of fluid occurring in concrete considered as a porous
material of homogeneous and isotropic pore space structure. Theoretical considerations are based on the continuum model of the
capillary transport of liquid and gas in unsaturated porous materials, proposed by one of authors of the present paper [1]. The key
assumptions of this model are: division of liquid in the pore space into two macroscopic constituents called mobile liquid and
capillary liquid; description of menisci motion by an additional macroscopic velocity field; parametrization of saturation changes
by a macroscopic pressure-like quantity that for quasi static and stationary processes is equal to the capillary pressure. The capillary
liquid forms a film on its contact surface with the skeleton. This liquid is immobile and contains the whole interfacial (capillary)
energy of liquid in the pore space. The remaining part of the liquid surrounded by the layer of capillary liquid and menisci forms
the mobile liquid. Both liquids exchange mass, linear momentum and energy in the vicinity of menisci surfaces and this occurs
only during menisci motion in the pore space. The additional velocity field describing menisci motion reflects the complexity of
kinematics in unsaturated porous materials and enables the modeling of mechanisms of menisci motion in the pore space. For all
constituents of the porous medium, balance equations of mass, linear momentum and energy are formulated and constitutive
relations for mechanical processes are derived. Based on equations of this theory, evolution equations for the imbibition processes
in porous materials were derived.

undeformable porous medium
filled with gas

viscous liquid

Fig.1. Scheme of the analyzed system.

A one dimensional system is considered, composed of two half spaces (Fig.1). The half space z > 0 is occupied by
undeformable porous material filled with gas (air), whereas the half space z < 0 is occupied by incompressible wetting fluid. We
analyze a nonstationary process of liquid imbibition by the porous material caused by the capillary forces and impeded by the
gravity and viscous interaction of liquid with the skeleton. It is assumed that: gas is inert and its pressure is constant; the inertial
forces in the mobile liquid are omitted and at the beginning of the process liquid is present at the contact surface z > 0.

The system of equations describing nonstationary imbibition process is composed of: balance equations for mass and forces
in the mobile liquid, evolution equation for saturation, and constitutive equations for the stress tensor and viscous interaction force
in the mobile liquid, for velocity of diffusive transport of menisci, and for relation of saturations with the mobile and capillary
liquids. For the limit case of static distribution of mobile liquid attained at the end of the imbibition process this system of equations
reduces to the form
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where by s, S., on, 9, P saturation with the mobile and capillary liquid, mass density, gravity acceleration and pressure are
denoted, respectively. Quantities C, (s, p), C,(sy, p) are coefficients characterizing the internal pore space structure of the
porous material. Equation (1) is strongly nonlinear and is solved using numerical methods.

References:
[1] Cieszko M.: Macroscopic Description of Capillary Transport of Liquid and Gas in Unsaturated Porous Materials, Meccanica
22:1-22, 2016.



32| 1st Workshop on Porous Media, Olsztyn, 1-3 July 2016

Immersed boundary method
Maciej Marek
Institute of Thermal Machinery, Faculty of Mechanical Engineering and Computer Science, Cz¢stochowa
University of Technology, al. Armii Krajowej 21, 42-200 Czg¢stochowa
marekm@imc.pcz.czest.pl

Keywords: immersed boundary method, direct forcing, finite volume method, projection method, random packed bed

The objective of the lecture is to provide a short introduction to main ideas of the immersed boundary method (IBM) [1] and its
application to direct numerical modelling of flows through random packed beds.

First, finite volume methods on structured computational grids (and simple domain geometries) will be shortly discussed
together with basics of the projection method employed for the solution of Navier-Stokes equations for incompressible flow. Then,
the immersed boundary method will be presented as a way of studying flow around complex solids on structured grids [2].
Different variants of IBM will be reviewed but the lecture will focus on direct forcing method in which only a simple modification
of projection scheme is required to impose the correct flow velocity on solid boundaries. Advantages and disadvantages of various
approaches will be discussed.

IBM is a very convenient method for flow analysis at the micro-scale of random packed beds as it is not required to generate
complex body-fitted computational grids. Construction of such a body-fitted grid is a highly non-trivial task even for simple
packings, like spheres, as the porous channels between contacting particles can become extremely narrow at some points. Many
authors, in order to obtain a grid of sufficient quality, modify the structure of a bed by increasing the distance between the particles
or introduce artificial bridges at the contact points (see [3] for a review of such techniques).

Application of IBM to simulation of flow in packed beds will be shown for two kinds of packing: Raschig rings (hollow
cylinders) and spheres. This type of micro-scale simulation gives an opportunity to study the details of the flow: velocity
distribution in the pore space (Fig.1a), pressure drop and the dependence of flow characteristics on the microscopic structure of
the bed (ordering of particles, their shape, dimensions etc.). Of course, such detailed analysis is limited to only a small fragment
of the packed bed. Additionally, full information about flow velocity allow for examining of the geometrical structure of the bed
itself (e.g. tortuosity [4]).

Fig.1. Simulation of flow through a random packed bed of spheres: velocity magnitude in the mid-plane (a) and sample
trajectories of massless particles advected passively with the flow.

Using the results of flow simulation tortuosity T of a bed can be calculated in two ways: either by explicit calculation of length
of paths travelled by particles passively advected in the flow velocity field (Fig. 1b), or with the help of formula proposed by Duda
etal. [4]:

[u(ryav

T=v €y
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where numerator corresponds to the mean value of velocity magnitude in the pore space and the denominator to the mean value
of the streamwise component. The advantage of the second approach is that the tortuosity can be estimated directly from the
velocity field. The results obtained with theses two methods will be compared.
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Simulation of the fluid flow in complex geometries is tedious task that consume relatively large computational resources, i.e.
for grid generation. Possible solution to grid generation problem is to use mesoscopic methods, e.g. the Lattice Boltzmann Model
based on kinetic theory of gases. It proved its capabilities to perform fast and reliable simulation in porous media. In the talk I will
introduce the Lattice Boltzmann method (LBM). I will describe how does it differ from standard computational fluid dynamics
tools. A review on its recent development will be given. | will present computational code of basic LBM solver implemented in
C/C++ with remarks on its further development for more complex flows. Some results of the basic version of the code will be
presented (see e.g. Fig. 1). We will discuss projects in which it was used in our group in the context of porous media and computer
graphics & animation. Its excellent properties to run on Graphics Processing Units (GPU) will be addressed.

Fig.1. Fluid flow through 4-generation Sierpifiski fractal. Simulation done with the Lattice Boltzmann Method. Visualization
done by smearing path lines of massless particles advected in the flow.
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Permeability is one of basic parameters of the porous medium which characterizes ability of fluid to penetrate the porous region.
Thus determination of the permeability is very important issue which allows analyse flow through the porous media. The Darcy
equation is commonly used for description of flow through porous medium. It has the following form

K

=—Vp, 1
q up (1)

where q is the filtration velocity, K is the permeability tensor of the porous medium, w is the dynamic viscosity of the fluid and p
is the pressure.

In 1926 Erich Trefftz proposed the new method for solving problems described by partial differential equations [1]. The
approximate solution in the method is a linear combination of trial functions which fulfil exactly the governing equation of the
considered problem. However real development of this method came only with development of computer techniques. One of the
version of the Trefftz method is boundary collocation technique. In the method the governing equation is fulfilled exactly by the
trial functions (which are often called Trefftz functions) while the boundary conditions are satisfied in an approximate way.
Different applications of the method can be found in [2].

Sometimes it is also possible to fulfil some of the boundary conditions by the Trefftz functions. Such version of the Trefftz
method is called the Trefftz method with special purpose Trefftz functions in the literature [3]. The method was successfully
applied in many problems in applied mechanics, e.g. conductive heat flow [4], fluid flow in conduits with polygonal cross-section
[5] or elastic torsion of bars [6].

Another version of the Trefftz method is the method of fundamental solutions (MFS). The MFS was proposed in 1964 by
Kupradze and Aleksidze [7]. The numerical implementation of the MFS was given by Mathon and Johnston [8].In the MFS the
approximate solution is a linear combination of fundamental solutions which are functions of distance between the points and the
source point. The fundamental solutions fulfil exactly the governing equation and the unknown coefficients of the approximate
solution are calculated using the boundary collocation technique [2]. The source points are located outside the considered region
which has similar shape to the boundary of the considered region. Some interesting review of applications of the MFS can be
found in [9-11].

In order to determine the permeability of flow in the present paper firstly a microstructural flow in a regular array of cylindrical
fibres is considered. Based on the velocity field the filtration velocity is calculated and then using the Darcy equation the
permeability of porous medium can be determined. The obtained results are compared for different versions of the Trefftz method.
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The perovskite (ABO3) stable structure enables substitution of aliovalent cations in A as well as in B position. Due to its potential
mixed ionic-electronic conductivity (MIEC) these materials can be applied in solid-state ionic devices as solid oxide fuel cells
(SOFC), chemical sensors or batteries. One of the most interesting potential application of such materials is using them as an
anode backbone (as an alternative to nickel-cermet material) in SOFC fuel cells. The basic requirements for anode materials are
high porosity (above 40vol.%) and high conductivity.

Strontium titanate (STO) is one of the perovskite type structure ceramic material. Pure SrTiOz is a dielectric material but its
conductivity can be easily modified by incorporation of donor and acceptor type dopants into perovskite structure. Doping SrTiO3
with donors results in converting the original material into n-type semiconductor and significant increase of electron conductivity
of materials. Presented results concern the STO materials doping with yttrium in strontium position. Dopant cation have a higher
charge than the host -strontium. Therefore, structure needs to release free electron in conductive band to maintain the
electroneutrality.

A required porosity level can be obtained by proper synthesis method. As 3DOM (three-dimensionally ordered mesoporous)
surface precursors may be used e.g. monodispersed polystyrene granules, silica, poly(methyl acrylate). In the presented research,
the microstructure of regular pores and high specific surface area were achieved with using of polystyrene template. The synthesis
was performed using citrate wet method. Solution containing titanium, strontium and yttrium ions was applied onto polystyrene
monodispersed granules, dried and calcined in air atmosphere. The samples of Sr1.xYxTiOs where x is in the range 0.0 - 8.0 mol.%
were prepared.

As a result of applied synthesis method the homogenous three-dimensionally ordered macroporous Y-doped strontium titanate
materials was obtained (Fig. 1).

Fig.1. SEM picture of obtained Y-doped SrTiOs material.

The microstructure properties were studied using Scanning Electron Microscopy (SEM). The structure was studied using X-
Ray Diffraction.
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This paper contains research results conducted on the model reproducing the true object of membrane-less heat exchanger,
which is placed in the ground (under the ground surface) [1]. Such exchangers can be used as elements of passive cooling and
heating of the ventilation air. [2] The research stand was built as the cuboidal case with internal dimensions of active chamber
440x440x1000mm. The chamber was filled with the gravel of 16-32 mm granulation. 36 temperature sensors were arranged inside
the chamber in the manner facilitating information obtaining on the spatial temperature distribution in the porous bed. The air with
monitored temperature was forced using electric ventilator (pump) with the efficiency regulation possibility. Air feeding and
outflow was realized by settling chambers.

Sensors arrangement inside the simulator is presented in figure 1a. To present temperature and heat distribution over time, the
plane of central vertical section was chosen.
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Fig.1. Temperature sensors position (a) and temperature distribution (b) in the selected section during simulator heating.

Temperature changes in the particular section points of the ground exchanger model illustrate heat transfer by filling elements
of simulator chamber. The fastest temperature increase was noticed in the points closest to the warm air inlet. The slowest
temperature increase is observed in the closing zone of simulator, which results from heat transmission in the first zone of
simulator.

The ground heat exchanger simulator was built to acquire data for computational simulation model enabling an explanation of
the phenomena occurring in the porous membrane-less heat exchangers absorbing and giving up heat to the ground. Preliminary
tests results shows device usability for reproduction the ground heat exchangers work and underground heat storages in the
laboratory conditions.
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At present, application of numerical method in generation of random packing geometries has appeared to be the alternative
approach for complex and expensive experimental methods. Digital reconstruction of packed bed allows for detailed insight into
the packing globally and locally. This work is devoted to the numerical generation of random packings of Raschig rings applied
mostly in separation processes (see Fig. 1a). The detailed description of the algorithm used can be found in [1]. The present study
is focused on the analysis of particles orientation with respect to the container axis (see Fig. 1b). The results of Caulkin et al. 2009
[2] were used in the present work to verify the correctness of the numerically generated structure (see Fig. 1c). The investigation
was performed globally and locally in various regions of the container: near wall, core and the bottom zone. The analysis concerns
both varying particle height to particle diameter and column diameter to particle diameter ratios. The influence of the varying
particle height to particle diameter ratio on global bed void fraction was also examined.
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Fig.1. Numerically generated packed bed (a), definition of particle orientation angle (b) and model verification with the use of
experimental data adopted from [2].
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The first step before starting of any research work is making sure about the chosen method. In analytical calculations it seems
to be simple. First of all, the derivation of formulas and correctness of the sources, which are used to draw data, should be checked.
In the case of numerical simulations, the control of the used methods and tools is definitely more difficult. Typically, soft wares
do not provide possibilities of access to the data entry method. Ansys Fluent gives users information about applied methods and
tools, but it is impossible to check, that the proposed solution way is a properly application of the presented theories. Fortunately,
Ansys Fluent gives users a possibility to interfere in the process of solution setups and methods in form of user defined functions
(UDF). In cavitation modelling, through UDFs can be described the mass transfer rate between liquid and vapor phases. It allows
to compare solutions achieved in two ways: using cavitation models direct from the interface or implemented through an UDF.
The aim of the work is to compare the results of simulation of cavitating flow based on the tutorial example [1], made using models
from the interface and their implemented equivalents. The motivation is luck of a such work in the literature.

In ANSYS Fluent is possible to apply from the interface three the most popular cavitation models: Schnerr and Sauer model
[2], Singhal et al. model [3] and Zwart et al. model [4]. The source terms of the above mentioned models (for condensation —

increase of liquid mass (n& ), when the local fluid pressure increases above the saturated liquid pressure and evaporation —

decrease of liquid mass (n% ), when the local fluid pressure drops below the saturated liquid pressure) are collected in the Table
1.

Table 1. Source terms of the models.

Schnerr and Sauer model Singhal et al. model Zwart et al. model
PP 3 /2 (p — psat) ‘/7 (p psat) 3Olvpv 2 (p - psat)
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pup 3 2(p p) Jk 2(p p) 3p, (1, )oy 2(p p)
s _l\;_mlav(l_av)ﬁ § sat — _Cd 7pp E sat — (1 fv _ fg) _Cd v = v /%nuc 3 sat —
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Indentation test is an objective diagnostic method used to assess the tissues stiffness, constituting an alternative to a standard
"palpation test". Frequently the test has a form of the shallow examination, that is: after setting constant force (possibly small one
to limit strains), penetration depth is measured [1]. This work refers to results of simulations taking advantage of the so-called
deep tonometry. The flat-ended indenter penetrates tissue to the depth of 10 mm, with approximately constant velocity 1 mm/s.
The measured quantity is the accompanied force, which along with the applied deformation are used to assess stiffness of the
tissue. Figure 1 shows schematic representation of the proposed idea of the test, where h indicates the position of surface of tissue
with respect to the head of indenter, and Ugisp is the indenter’s displacement. The contact surface of the indenter is 1 cm? The
friction between indenter and tissue is neglected.

Uisp

Fig.1. Schematic representation of the indentation test.

The lymphedematous tissue is modelled as homogeneous and isotropic porous medium filled with interstitial liquid. The solid
skeleton is described with help of the effective stress law and neo-hookean material. The interaction force between phases is
proportional to the relative velocity of liquid and permeability is assumed to be constant. Viscous stress in liquid phase is neglected.
The Lagrangian formulation of the model proposed by Borja [2] is adopted. Then, the mechanical equilibrium equation takes the
form

v, .P=0 (2)
where P denotes the total stress tensor, which is decomposed into effective stress and pore pressure P=P- B, The
Kirchhoff pressure in liquid @ is related to Cauchy pore pressure p by @ = J ! P P is the first Piola-Kirchhoff effective stress

tensor. J = det(F )Where F is the deformation gradient, B represents a material coefficient. For the neo-hookean hyperelastic

material the effective stress tensor P is related to elastic energy function W
W :g[tr(C)—3]—y|n(J)+%(an)2 (2)

where C is the right Cauchy-Green deformation tensor. The equation expressing mass balance of lymph fluid and solid skeleton

takes the form
B_ﬁ di_,_l%:_ivx.Q (3)
K, jdt K, dt P

where ¢ denotes porosity and Q is macroscopic liquid flux with respect to matrix in Lagrangian form, which is related to spatial
discharge velocity q

Q=JF"q (4)
Numerical simulations are performed using Comsol Multiphysics environment. The displacement of the indenter is applied
incrementally. The fully coupled solver is based on Newton-Raphson method for solving non-linear finite elements equations at
each time step. For such formulated model the sensitivity analysis is performed taking into account the influence of stiffness and
permeability on mechanical response of lymphedematous tissue examined in the deep tonometry test. The results obtained show
significant role of stiffness and permeability. Results for the maximum force in the test allow for evaluation of tissue’s stiffness
and characteristics of relaxation of the tissue correspond to permeability. The knowledge on indentation test of lymphedema tissue
can be useful to optimise therapeutic method.
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The standard advection diffusion equation
¢ 1
Fri alAc — v - gradc
results from the balance equation for mass and the constitutive equation
j =agradc +vc 2)
and has several physical interpretations in terms of Brownian motion, diffusion or heat conduction with additional velocity field,
transport processes in porous media, groundwater hydrology, diffusion of charge in the electric field on comb structures, etc. [1],
[2], [3]. In the last few decades, equations with derivatives of fractional order have attracted considerable interest of researchers
due to many applications in physics, geophysics, geology, rheology, engineering and bioengineering. Time-derivative of fractional
order describes memory effects, operators of fractional differentiation with respect to space variables describe the long-range
interaction.
The time-nonlocal generalizations of the constitutive equation for the matter flux (2) were studied in [4], [5]. In the case of
“long-tail” power kernel
j = Di;%[a gradc + vc] 3)
where Dg; c(t) is the Riemann-Liouville fractional derivative of the order . In combination with the balance equation for mass,
Eq. (3) leads to the time-fractional advection diffusion equation
9ec @
Freie alc — v - gradc
with the Caputo fractional derivative. In the literature there are only several papers in which the analytical solutions of Eq. (4)
were obtained. A comprehensive survey of different approaches to solving the fractional advection diffusion equation as well as
of the numerical methods used for its solving can be found in [6]. In the present paper, we study Eq. (4) inalayer 0 < x < L,

—oo < y < oo, The Cauchy problem with zero boundary conditions is considered:

0% d%c 9% dc dc ®)
W=a<ﬁ+ﬁ>—va—va—y
t=0: c=f(xy) (6)
x=0: ¢c=0 )
x=L ¢=0 (8)
The new sought-for function u(x, y, t)
9

c(x,y,t) =exp [W] u(x,y, t)

allows us to eliminate the gradient term from (5). The fundamental solution to the Cauchy problem is obtained using the Laplace
transform with respect to time t, the exponential Fourier transform with respect to the spatial coordinate y and the finite sin-
Fourier transform with respect to the spatial coordinate x.

The logarithmic singularity term is separated from the solution. Expressions amenable for numerical treatment are derived. The
numerical results are illustrated graphically. To evaluate the Mittag-Leffler function appearing in the solution, the algorithm
suggested in [7] has been used.
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The aim of this article is to present the 3D numerical calculations results of the seepage resistance of steel sheet pile (SSP) wall
with sealed and unsealed (filled by soil) joints. Unlike to the approach presented in [1] and [2] (concept of joint resistance) and
unlike to [3] in present work the leakage through SSP wall was determined for one joint of full length (Fig. 1). In the analyzed
example the SSP wall passed through one kind of soil but some conditions (permeability of joint and of surrounding soil) changed
depending on the adopted assumptions.

To find the distribution of the total head in the calculation area Laplace equation was used. To determine the velocity field
Darcy's law was adopted. The validity of Darcy's law in the task of this kind can be questionable and this issue was discussed in
the paper.

In the first step the discharge flowing through the single joint of SSP wall based on 3D numerical simulations was determined.
In the next step the joint resistance was estimated and the discharge was found analytically.
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Figure 1: a) profile example of SSP wall, b) Finite elements mesh for one joint and surrounding soils.

The results obtained using these two methods were compared. And the conclusions are as follows: it seems possible
to estimate the ,,joint permeability” coefficient using numerical methods, in some conditions the analytical results are
far away from numerical ones due to the nonlinear pressure distribution along the joint, it is necessary to collect in-
situ data to confirm the usefulness and reliability of obtained solutions and proposed methods of determination of
SSP wall seepage resistance.
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The transport of fluid through porous media is regarded as a complicated process. This phenomenon can occur under the
influence of the capillary suction-pressure and is known as a spontaneous imbibition or wicking [1], [2]. The capillary pressure
appears as a consequence of the surface energies interchanging during the porous medium wetting with a permeant. The opposite
forces to the driving one are viscous dragging and gravity [1], [2], [3]. It remains to be of practical importance as a fundamental
phenomenon due to its wide application in numerous industries processes and its frequent occurrence in the nature [3], [4].

Over the last decades, there has been a continuous interest in single phase liquids wicking, mostly organic substances, through
ordered and disordered porous structures. In literature there are also discussions concerning the mechanisms of the imbibition and
the influence of the contact angle, surface tension, viscosity, mean pore radius and channels tortuosity on it [1], [2], [3], [5].
However, the process of two-phase liquids penetration in porous structures driven by capillary pressure has not yet been fully
investigated and understood. There is an obvious lack of experimental data and modelling approaches.

The present work focuses on the investigation of the kinetics of granular porous material imbibition with two-phase liquids such
as emulsions. There is an assumption that the imbibition of porous structures with a permeant consisting of two phases, differs
significantly from the process with a single-phase liquid. It relates firstly to different viscosity and level of pores surface wettability
with each component of an emulsion.

The research was conducted to evaluate the changes of an imbibed emulsion mass and the height of its front with time of
imbibition process. The discussed aspect was also the dependence of such variations of the permeant properties and its composition
as well as structures of used porous media. The kinetics of the process and the role of the previously mentioned factors were
investigated by means of the classical imbibition test described elsewhere [6].

The object of the current investigation was a granular medium represented by spherical grains with hydrophilic/oleophilic
properties. There were three different porous media which differed from each other by the average diameter of particles that was
equal to 100, 200 and 500 pm. The bulk density was found in a range of 1400-1600 kg/m3. The mean porosity of media also
varied and laid in a range of 0.3-0.4. The height of the granular bed was the same in all investigated cases and equalled 0.15 m.

The wicking liquids were represented by stabilized oil-in-water emulsions with different dispersed phase concentrations — 10%,
30% and 50%. The emulsions were prepared by stirring of the refined vegetable oil (EOL Polska Sp.z.0.0., Poland) or kerosene
Shellsol D-60 (Chmenia—£.6dz S.A., Poland) with water and a non-ionic surfactant. Oil with a viscosity of 52.31+0.42 mPa-s was
used as a model liquid of high-viscous substances, while the kerosene (u=1.23+0.20 mPa-s) represented oils with low viscosity.
The investigated emulsions differed from each other by viscosity, which was found to be in a range of 2-70 mPa-s. Ethoxylated
fatty acid (PCC Exol SA, Poland) as a non-ionic surfactant was used in a fraction of 2 vol% to stabilize the prepared emulsions.

The obtained experimental results allowed to describe the kinetics of the spontaneous imbibition process occurring in a granular
porous media in a form of the variation of an imbibed emulsion mass mim and changes of the height of its front him as a function
of time tim. The maximal imbibed mass mmax and the maximal achieved height hmax and their dependence on the media and bed
properties were other important investigated aspects. It was found that the kinetics of a two-phase liquid imbibition in a granular
porous medium mostly depended on pores size between grains, droplets size of the dispersed phase and also on the viscosity of
emulsions as well as their initial concentration.

The mathematical equation describing the imbibed emulsion mass changes and the height of its penetration versus time was
proposed using the obtained experimental data. The high correlation values and the low normalized root mean square error
confirmed appropriation of the used equation and the obtained results.
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The aim of this work was the synthesis of hierarchical material containing diatomite and SBA-15. Diatomite is a loose, porous,
lightweight rock. It was created as a result of accumulation and compaction of diatoms- unicellular eukaryotic algae [1].
Diatomaceous earth is made in 60-95% of amorphous silica. Diatomite is formed with hydrated SiO2 and classified as opal-A.
Minerals products were divided into three groups, opal-A, -C, -CT, depending on the degree of crystallinity and crystalline
structure. Opal-A is predominantly amorphous. Opal-CT is a semi-crystalline. It consists of crystalline regions, cristobalite and
tridymite and the opal-C creates a well-organized form silicate mainly in the form of cristobalite. Silica present in the diatomite
comprises from 3-8% of structural water. Depending on the place of exploration of diatomite may differ slightly morphology,
appearance, chemical composition [2]. Fdatures that make that it is s0 widely used is low density, low thermal conductivity, high
melting point (from 1400 to 1750 °C depending on the presence of impurities), soluble only in highly alkaline solutions, chemical
inertness. It is used as a food additive or an anti-caking agent. Diatomite is used not only in food but also in pharmaceutical
industry, plastics, agriculture, or in the dry cleaners. The most significant application of diatomite was the production of dynamite
by Alfred Nobel. This mineral is readily available and inexpensive, so is widely used [3]. SBA-15 is a mesoporous silica. It is
characterized by parallel ordered structure. It consists of a plurality of interconnected channels, cylindrical pores and thick walls.
The pores form a hexagonal structure [4]. A characteristic structure present in SBA-15 is the crown, formed by the micropores
which connecting with mesopores [5]. It is obtained by applying the triblock copolymer PEO20-PPO70-PEO20 called P123. For
the synthesis of SBA-15 used is a sol-gel method. SBA-15 is one of the most popular mesoporous silica materials. This is due to
its unique properties, large mesoporous, thick walls, the presence of micropores, high thermal stability and catalytic activity. That
the material had even better adsorption capabilities like. It may be modified in several ways [6].

Hydrolysis and

(LZCZTJ__ZZBA Condensation of
P123 + 4.65 TEOS . .
ml TEOS) Stirred by 24 hours at 40°C
) | ~ed by 48 hours at 100°C
inati 0
DIATOMITE Calcination 5 hours at 550 °C
(0.5g, 1.0g, 1.59)

Fig. 1. The synthesis of hybrid materials with diatomite.

The use of diatomite addition to the classic synthesis of SBA-15 allows for materials with new properties.
These materials are mesoporous, with different specific surface area and pore volume of micropores depending on the amount of
diatomite to be added. Synthesized materials have an ordered structure but it is a different structure than the classical structure of
SBA-15.
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Correct air distribution in room is necessary for thermal comfort. Room air distribution characterizes how the air is introduced
to, flows through, and in which way air is removed from spaces. In spite of correct estimation of air quantity, temperature and
humidity, fan and ducts, when the room air distribution is incorrect there won’t be thermal comfort in space. Location and
interaction between the air outlets and inputs have fundamental meaning for air distribution in space. Many other factors have also
impact on thermal comfort in room, for example physical activity, temperature of the air and walls, humidity and velocity of the
air, cleanness of air, the noise and many others. For keeping thermal comfort in the room we must know and control at least
temperature, humidity, velocity of the air and temperature of the walls [1].

Each room or ventilated space requires an individual calculation of factors, which have impact on thermal comfort and analysis
for the way of air distribution on it. By using Computational Fluid Dynamics (CFD) we are able to compare an optional ways of
air distribution on the stage of conception. Thanks to that we can decide about the best method of air distribution, without risk that
accomplished conception will fail.

The example of objects, where the CFD simulation were done are a didactic rooms. In the one case, for the lecture hall, the floor
space of the hall is 239.9 m2 and it capable of holding 224 people. For the air heating system used in the space, the distributions
of velocity, temperature, as well as the PMV and PDD indices have been subjected to an analysis by using Software FIoOVENT
from Mentor graphics. In the second case the class room is much smaller (60 m?) and its prepared for 46 students, also by using
FIOVENT, the validation of ventilation system was made as well as checking of the optimal variant for modernization of the
ventilation system.

Spe=d (m/s)
D761

0.609

0.304

0.152

Fig. 1: Speed of distributed air in class room with mechanical ventilation.

Figure 1 representing example results for speed of the air in a class room. In analysed case, the biggest value of the speed were
notice near the nozzle. Also the impact of the convection effect is shown as a higher air speed above the human had.

Thanks to CFD models, we are able to choose the best way of room air distribution. Nowadays, when ventilation is much
common, the engineers need an objective tool for estimation of its consequences. We cannot forget that CFD models have
limitations, even though, results of simulations give the objective information about parameters in space. What is more, the way
in which results are illustrated gives chance for using them during discussion with investor or other people, who are not engineers.
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The PathFinder Project it is an informal research project launched in the year 2013 by the author [1]. The main aim was to create
a research group dealing with investigations of porous media, with a special focus on granular beds. It was assumed that by linking
different research approaches, applied or developed by individual members of the group, a new quality of investigations may be
obtained. It is important that the members of this project represent different research centres so that the know-how and technical
base may be shared, which would significantly expand the research possibilities in this field.

The origins of the activities that led to the creation of the project date back to 2009 [2]. At that time the PathFinder numerical
code, destined for granular beds and serving to analysing of their spatial structure [3], was developed by the author. Since this
time several new directions of investigations have begun and currently the project covers the following points (Fig. 1):

e measurements and analysis of physical properties of particles as well as of granular beds;
measurements and analysis of the particle size distributions;
measurements and analysis of the particle shapes;
measurements and analysis of the fluid flow through porous beds;
determination of the spatial structure of granular beds with the use of CT-1A methods;
determination of the spatial structure of granular beds with the use of the Discrete Element Method;
calculating different parameters characterising the spatial structure of granular beds based on virtual beds or numerical
representation of real beds;
¢ modelling the fluid flow through porous beds with the use of Finite Volume Method, Finite Element Method, Lattice
Boltzmann Method or Immersed Boundary Method;
o development of different additional software useful in performed investigations.
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Fig.1. Connection diagram between main tasks of the PathFinder Project.

In the PathFinder Project, the connection between investigations in the micro- and macro-scales is important. Currently the
main direction selected by the author is related to macro-scale modelling, but with the use of the knowledge acquired in micro-
scale. The key role is played here by a set of parameters characterising the spatial structure of a granular bed (calculated by the
PathFinder code if the data on the locations and sizes of all particles is available). This set is defined as follows:

® = {d(,0%),¢(V,, V), e(Ve, V), 79(Lyy, Lo ), So (S, Ve, V), . 3 @
where: d — representative particle diameter [m], u —average value [m], o — variance [m?], ¢ — porosity [m3/m?], V, — volume
of the pore part of the porous medium [m?], VV — total volume of the bed [m?], & — packing coefficient [m3/m?], V, — volume of the
solid part of the porous medium (volume of all particles) [m?], 79 — geometric tortuosity [m/m], L,, — length of the flow path [m],
Lo — depth of the porous bed [m], S, — specific surface of the porous body [m?], S, — inner surface of the porous body [m?].

If the set (1) is known (obtained from the micro-scale), than different macro-scale laws may be applied, e.g. the very popular

dp

Forchheimer law
S =A@ (7)) +B@) (o T} @

where: p — pressure [Pa], x — coordinate along which the pressure drop occurs [m], A(®) [1/m?] and B(®) [1/m] — two
generalized parameters, dependent on the set @ characterizing the spatial structure of the porous medium, u — dynamic viscosity
of the fluid [kg/m-s)], p — density of the fluid [kg/m?)], v, —filtration velocity [m/s].
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Particle size and shape are two essential parameters affecting structure of granular material and determining its properties and
technological behaviour [1]. Thus geometrical description of solid particle becomes one of the most important problems in powder
technology [2].

In the paper solid particle denotes some material object represented by its geometrical model C, which is assumed to be a subset
of three dimensional real space satisfying the following conditions: C is compact (closed and bounded) and connected set [3],
being the closure of its connected interior Int(C) [3]. Thus it is required that the following condition is satisfied

c=(Int(C)). @)

It is assumed that geometrical description of real particle can be based on an information provided by its two dimensional
projective image visualized on certain projection plane E, as shown in the Fig.1.

z

Fig.1.0rthogonal projection of solid particle on a screen plane in three dimensional coordinates system.

Thus numerical value of any particle size or shape parameter @ [1], found for the considered image, depends on the position

of particle C towards the projection plane during the measurement procedure and for irregularly shaped particles can vary in a
wide range. Since the position of particle investigated is randomly changed, stochastic changes of particle image are observed.

Consequently it was assumed that @ is the random variable assigning positive real number to each particle projective image
corresponding to the current particle position in relation to the projection plane E. Thus @, is the random variable defined on a

probability space 2, being the collection of all possible particle positions towards the plane E. It was shown that each particle
position mentioned can be uniquely determined by the pair of observation angles — rotation angle o and tilt angle p which

undergo the following constraints: o € [O, 2n] and Be [0, n/ 2]. Thus the probability space Q can be represented by the
Cartesian product of both said closed intervals. Namely

Q=[0,2x]x[0,7/2]={(e,B): 0< < 2m, 0<B<m/2} @)
Thus each elementary event “©” in € is represented by the pair of angles (a, B) mentioned, (o= (oc,B) ). By o-algebra of

events F we understand collection of all Borel subsets [4] of two dimensional real space R?, contained in the set Q, given by
Eq.(2). Probability measure P(A) of any measurable subset (event) A of the space Q is defined by the formula

P(A) =1A)/MQY) 3
where A(e) denotes Lebesgue measure [4] in two dimensional real space R?. Thus complete probability system (Q,F, P) is
constructed. Consequently, any size or shape parameter @ [1], corresponding to a given particle projective image, can be
considered as the random variable defined on the space € and obviously takes the form of two variable function @ (oc,B),
measurable with respect to s-algebra F. Distribution function of the random variable @ . (cx, [3) is then given by the formula

F, (0 =P(®c (0, B) <t) =((cw. B): @ (e, p) <t)/M(Q) - )
In case F,(t)is a differentiable function, the density f (t) of the random variable @ (a, B)can be found as
f,(t)=dF,(t)/dt. (®)

Particular form of distribution and density functions mentioned can be found under condition, analytical form of random variable
D, (oc,B) is known. It was suggested to derive exact formulas defining functions F,(t) and f,(t) in case random variable

(O (oc,B) denotes random projective Heywood diameter [1] of selected, geometrically regular, particle models.
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The bulk properties of particulate solid materials are, to a large extent, dependent on their constituent particles size [1]. Several
definitions of particle size are based on two dimensional characteristics of particle orthogonal projections [2].

As an example of particle projective dimension, consider Heywood diameter H_ defined to be the diameter of a circle whose
area is the same as that of particle projective image S; [3]. Thus H._ is given by the formula: H. = Zm . Obviously, for real
particle C the value of the diameter H strictly depends on its position towards the screen plane. Every projection direction is
uniquely determined by a pair of angles — rotation angle o and tilt angle B, undergoing the following constraints: o e [0, Zn]
and Be [0, i/ 2] [4]. Thus the space of all possible projection directions Q takes the form:
Q=[0,2x]x[0,7/2]={(a,B): 0<x<2m, 0<B<m/2}. Since the position of observed particle is changed randomly, its Heywood
diameter should be considered as two variable random function H,(a.,B), expressed by the formula

He(a.B)=2,S:(B)/x @)
where S, (a, B) denotes the area of particle image projected in the direction defined by the pair of angles (oc, [3) . For real particles,
the form of the function Hc(a,B) can be found experimentally. In case of geometrical particle model, it is possible to derive
analytical form of above dependence. Consider cuboidal object with dimensions: a, b, h, as shown in the Fig.1

z
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a

Fig.1. Cuboidal particle in a three dimensional coordinates system.

Random projective Heywood diameter Hc(oc,ﬁ) of above object is given by the formula (2). Its graph is presented in the Fig.2.
Hc (o, B) = 2\/ (ah|c05acosﬁ| +bh|sinocosp| + ab|sir13|) /. @

M
Fig.2. Random Heywood diameter of cuboidal particle.

In the paper analytical form of the distribution function F.(t)=P(H.(c,B)<t) of above random Heywood diameter
Hc(oc,B) was found. Similar constructions were derived for cylindrical, conical and ellipsoidal solid particle models.
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Two complementary methods: the micro-computed tomography («CT) [1] and the mercury intrusion porosimetry (MIP) [2]
are used in the paper to determine the internal pore space structure of autoclaved aerated concretes (AAC). It concerns the
parameters of super-micron pore and sub-micron pore porosities and their pore size distributions.

Identification of microscopic pore geometry and macroscopic parameters of the pore space structure of AAC is a very
important issue in the study of their physical properties. The internal pore structure defines mechanical properties of AAC and
plays important role in many physical and chemical processes occurring in such materials, e.g. in moisture and heat transport,
wave propagation and chemical reactions.

The AAC belong to the group of porous materials with double porosities. It means that their pore space is formed by pores of
two classes of sizes: super-micron pores and sub-micron pores. The characteristic sizes of super-micron pores ranges from several
microns to millimeter and sizes of sub-micron pores are from several nanometers to micron. The volumes of both types of pores
occupied in AAC are comparable. This makes investigations of such materials very difficult. The volume fraction of a given pore
type in the pore space of AAC samples has a strong influence on their properties. A large fraction of sub-micron pores decreases
the mechanical strength of the material, whereas large fraction of super-micron pores has a positive influence on the insulating
properties of the material. Study includes investigation of the super-micron pore space structure and investigation of the sub-
micron pore space structure.

Due to limited resolution of the xCT scans they have been applied to investigate the super-micron pore space structure and
due to bottle ink effect the MIP data was used to investigate the sub-micron pore space structure. A new method is used in the
paper for determination of AAC sample super-micron pore porosity based on model of the histogram of 3D xCT scans and
optimization procedure, [3]. This allowed precise definition of the threshold value of relative density preserving porosity during
reconstruction of the binary image of the super-micron pore space. Next, the method of inscription of the largest spheres into the
super-micron pore space is used to calculate the pore size distribution in this space. To determine the pore size distribution in the
sub-micron space contained in porous skeleton of AAC samples the MIP data has been applied. It is possible because two parts of
the mercury intrusion curve related to intrusion into super-micron pore and sub-micron pore spaces are distinctly separated. The
analysis of this curve was performed basing on the capillary and chain models of the pore space and optimization method, [4].
This allows determining the limit pore size distributions in the skeleton pore space.

Both complementary methods have been applied to investigation of the pore space structure of four classes of AAC samples
produced by SOLBET Capital Group. Part of the obtained results are presented in Fig.1.
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Fig.1. Dependence of total, super-micron pore and sub-micron pore porosities on density of AAC samples
determined by the MIP method and by 3D pCT image analyses.
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Block copolymers have the ability to self-assemble into different structures in the nanoscale.[1] Different morphologies of the
material can be obtained by modifying the volume fraction of one block to the other and operating below the order-disorder
temperature (Toot). Lamellar (LAM), hexagonal (HEX) gyroid (GYR) or body centered cubic (BCC) morphology can be observed
in case of diblock copolymers. There is much wider range of complicated structures for three block copolymers (not considered
here). [2]

In order to obtain a nano-porous material the minority block needs to be removed by etching. Crosslinking is necessary for
block-copolymers with elastomeric majority block (matrix). Pores will collapse if samples are not sufficiently crosslinked (high
Laplace pressure). [3]

Some of the morphologies can be aligned in one direction by applying mechanical shear force, solvent evaporation, electric
or magnetic field before the crosslinking and etching operation. Obtaining this kind of materials gives a variety of different
applications in lithography, membrane technology or catalysis.

Many different techniques are being used to identify and analyse structure, pore size or internal surface area of nano-porous
materials. Scanning and transmission electron microscopy are commonly used for direct identification of the morphology, however
very often a complicated sample preparation is needed. Therefore diffraction techniques are being used at the first stage of material
identification. By using Small Angle X-ray Scattering (SAXS) we can identify the hexagonal morphology as well as confirm the
orientation of hexagonally packed cylinders (Fig. 1).

Fig.1. Two dimensional (2D) SAXS profiles for HEX unoriented (a) and oriented (b) sample by shear stress.

Interesting experiments can be provided with Small Angle Neutron Scattering and deuterated solvents. For example opening
of the collapsed pores in case of not sufficiently crosslinked samples can be observed. [4]

Some of the experiments presented within this work were provided during author's PhD studies at the Technical University of
Denmark.
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Growing ice crystals attach to its structure molecules of pure water and most of impurities in the form of solid or dissolved
compounds are rejected by the growing "face" of ice crystals.

The paper presents the concept of agglomeration of small size particles by freezing. Experimental studies have demonstrated
that the freezing of suspension contributing to the agglomeration and separation of colloidal particles. Results have shown that the
agglomeration of colloidal particles changes the characteristic of sludge and improves its filterability. After freezing and thawing
solids can be easy separated by filtration or sedimentation.

The purified liquid has a high clarity, because most of the colloidal particles are agglomerated in a natural way, without the
use of flocculants.

The results of filtration tests for single and multiple freezing were presented. It was found that higher degree of agglomeration
of colloidal particles in wastewater frozen several times were present. Furthermore, the results shown that the freeze/thaw process
gives better results than use of flocculants. The structure of sludge after the freeze/thaw process and dewatering was photographed
and analyzed.

It was concluded that the freeze/thaw process gives great opportunities to improve efficiency of filtration and dewatering.
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Asphalt mixtures are made from mineral aggregate and binder. Compacted mixtures contains air voids. The amount of voids
depends on the type of asphalt mix and varies from 1 to 25 % by means of volume. If the void content exceeds the range of 3% to
5% the asphalt mix can be classified as a porous medium. Asphalt pavements of highways are prone to deterioration under traffic
load and environmental conditions. Cracking, fatigue cracking and low-temperature cracking are the major failure modes.
Presently, the Polish and foreign regulations do not specify a direct criterion to classify a designed asphalt mix due to its cracking
resistance. Fracture properties of asphalt pavement can be defined on the basis of fracture mechanics and strictly related to the
laboratory test results. One of the most suitable and frequently used method is the bending test of semi-circular specimens (SCB).

Determination of fracture mechanics parameters of mineral-asphalt mix on the basis of bending test of the pre-cut semi-
cylindrical specimens is a relatively simple task. The major concern is to unify parameters of the experiments: temperature, loading
velocity and strain measurement mode. Figure 1 presents specimens and selected results of mineral -asphalt mix tests, conducted
by the Road Construction Division at the Faculty of Civil and Environmental Engineering, Gdansk University of Technology
[1].The nine tested asphalt mixes were selected with respect to aggregate type and void content. Consequently, the fracture
toughness Kic was estimated, using the following equation

K, = opYVma (1)
where a is the cut depth, oo test extreme stress, Y normalized stress intensity factor due to type | fracture.

Extreme bending stress in the specimen are computed using Eq. (2), where F is the maximum test force, r - specimen radius,

B - specimen thickness:

oy =F/2rB 2
The normalized stress intensity factor is given by the following equation
Y; = 4.782 — 1.219(a/r) + 0.063exp(7.( 3)

Next the J-integral is specified by Eq. (4), where U is the strain energy to failure of the specimen, B is the thickness of specimen,
dU/da is the variation of strain energy with the variation of notch depth:

1\ dU 4
=~ (5)

The authors' investigations [1] made it possible to conclude that the fracture resistance assessment of asphalt mixes based on
Kic alone is insufficient. It is therefore recommended to direct the tests on the fracture energy Jc, using specimens of variable pre-
cutting notch depth and applying a crack-mouth-opening displacement (CMOD) detector. Such a research has been already
scheduled.
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Fig.1. A) The SCB specimen for the fracture resistance experiment B) bending load vs. deflection graph, different values
of cutting depth considered [1].

The in-depth understanding of the specimen failure mechanism requires the constitutive relations defined. It is a considerable
task, mostly due to material inhomogeneity. Attempts are made to this problem, using both available software and the author-
made models. Material model calibration may be conducted on the basis of well performed experiments only.

The works presents an attempt to model the fracture of specimens, in more general terms, asphalt pavements by means of
available engineering software. Computational analysis of a two-dimensional plane strain model was made, assuming
homogeneous material of appropriately averaged material parameters based on reference values. The second stage of computations
is made for a three-dimensional model. The next stage is to find out a precise description of a nonhomogeneous material, regarding
bitumen, aggregate and voids. Calibration of the latter model is bound to bring about a high amount of work. A nonlinear fracture
description should be applied.

The last stage of the work is to consider random variation of governing parameters and location of aggregate particles in
specimens. Statistical dispersion of experimental data should be linked with the uncertainty of aggregate location and the values
of material parameters.
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1. One of the characteristic attributes of porous media is their multiscale nature and, as its consequence, a range of
mathematical models referring to specific scales of resolution. The finest scale, also referred to as the pore-, or microscale,

corresponds to the resolution where it is possible to distinguish a solid skeleton Q¢ and a pore space Q available for fluid in a
sample of a volume € of a porous medium, Q=Qg¢ UQ, Fig. 1a. When considered at microscale, flow is observed only in

the pore space Q2 , with pressure p and velocity v related to each other by Navier-Stokes equations.

Pore-scale representation of porous medium is not appropriate to describe the flow and transport in domains of sizes relevant
for aquifer-related applications. In order to set-up models for larger areas, a macroscale approach becomes appropriate [1], where

a system composed of a solid phase Q¢ and voids €2 is replaced by a conceptual continuum covering the whole Q , Fig. 1b.

An effective macroscale representation of geometric features of a microscale structure is expressed in terms of a permeability
k [m?], characterizing the porous medium at each point of € . The momentum equation in a flow model at the macroscopic scale
is most often expressed by a linear Darcy’s law, linking velocity (a flow rate) with a pressure drop. The range of applicability of
Darcy’s law is limited to a certain range of low flow velocities. As flow velocities increase, a growing contribution of inertia forces
results in an inadequacy of Darcy’s law and, thus, in a need to introduce extended nonlinear models.

In my talk a brief overview of the above mentioned models will be given along with some qualifications of computational
methods applicable at different scales and for different models.

Fig. 1. a) Microscale. Domain available for flow Q- - grey, solid skeleton ¢ - white. b) Macroscale. Depending on a

resolution, a medium is considered, heterogeneities appearing at different space scales may be distinguished. In both cases, the
medium is treated as a continuum.

2. A range of diverse models will be used to address problems related to scaling. Scales and scaling issues are inherently
linked to the problems of modelling flows through porous media. An appropriate definition of parameters and the models in a
space scale adequate to processes under consideration, as well as specifying the interscale relationships, is critical for a success in
modelling. Relationships between different space scales of a process description are determined by scaling. In the context of
porous media, the scaling links two scales: the one of higher resolution, referred to as a fine scale, and a coarse scale of lower
resolution. A transfer from the fine to coarse scale is performed by upscaling. A need for upscaling results from limitations of the
model sizes, perception capabilities as well as the availability of physical measurements and experimental validation [2]. In the
case of numerical computations, model’s size is related to the number of computational cells and its limitations are imposed by
available computing resources as well as realistic simulations times. Another reason for upscaling reflects a discrepancy between
sizes of the modelled domains and a resolution of available data.

A general framework of the upscaling procedure consists of the following elements:

* Data defining a fine scale problem: (i) macroscale flow equation or Navier Stokes equations, (ii) geometry of a flow domain
Qor Qf, (iii) fluid parameters, (iv) boundary conditions.

» Numerical model, consisting of (i) computational mesh and (ii) numerical code.

» Simulation results which are solutions of the flow equation at a fine scale.

* Derivation of parameters of the coarse scale, and, accordingly, other relationships based on averaged variables of the fine
scale model.

3. A computational example of the upscaling procedure applied to linking micro- and macro scales following the methodology
of [3] will be presented as concluding the talk.
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Discrete Element Method (DEM) is one of the numerical methods, based on a microstructural approach, in which the dynamics
of each particle are computed with particle interactions modelled at various levels of complexity. Cundall and Strack [1] have
proposed the method in 1979 to simulate interactions occurring between rigid rock blocks. The DEM has largely been employed
as an academic research tool since its introduction over twenty years ago but ongoing increases in computing power and improved
methodology have increased its application also to industrial problems. The method initiated the development of computational
techniques based on the micromechanical approach. DEM is a numerical technique for computing the motion of a large number
of particles interacting with each other through collisions. The technique allows for establishment of positions and velocities of
particles in system through time integration of the ordinary differential equations (ODE) formed for each individual particle on
the basis of Newton’s second law of motion. The application of a time integration scheme allows for solution of the ODE system
providing information about velocities and positions of particles. There are many time integration schemes for DEM simulations,
some of which are borrowed from molecular dynamics. The numerical scheme is stable only for very small elementary time step
At, which results in a significant limitation of discrete element method. The resultant force and moment are assumed to act on a
particle during the elementary time step. It is also assumed that accelerations are constant during the interval Az. The iteration
cycle, presented in Fig. 1, is repeated for each particle in granular packing during DEM simulation.

The deformations of rigid particles in DEM are usually treated as virtual deformations, which means that particles are allowed to overlap
locally at contact points rather than deform due to contact force. The deformations of particles are very small in comparison to the
deformation of a particulate assembly and forces resulting from a contact between two particles are related to their overlap by contact
force model. Static balance is achieved by a system through dispersion of energy which is a consequence of friction and damping. The
tangential contact force is related to normal force by the Coulomb’s friction law.
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Fig.1. Scheme of calculation cycle in DEM.

The application of the Discrete Element Method to model particulate assemblies allows us to look inside the material and
understand fundamental particle interactions which determine the complex, macro-scale response. The DEM provides detailed
information on structural and micromechanical properties of granular materials which leads to more accurate interpretation or
design of effects encountered in industry.
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The transport of heat inside different porous media has attracted the attention of scientist and engineers due to its many technical
and practical applications. Areas and applications where the study of heat transfer becomes mandatory are: extraction of
geothermal energy, soar pounds, food preservation, building environment, microstructure electronics, global warming, power
pants, gas-cooled nuclear reactors, catalytic reactors and high performance cryogenic insulations [1]-[4]. However in industrial
practice exist another one area where take place heat transfer processes in porous media, which is not mentioned in the literature.
It relates to the heat treatment of metal porous charge [5]. These types of charge are two-phase structures consisting of a metal
(steel, aluminium, copper) skeleton of the solid phase and the voids which are filled with gas. The gas phase of the porous charge
is the atmosphere of the furnace in which the heat treatment is performed. It is mostly air or flue gas. When the process relates to
the steel it may be carried out in protective atmosphere. In such case this medium may be nitrogen, hydrogen, carbon dioxide or
some other gas not entering into chemical reaction with the treated material.

There are three groups of porous charge: coils, bundles and beds. In the coils are heated the sheets and wires, and in the bundles
are heated all types of long elements, i.e. bars, tubes, sections and shapes. While in beds are heated small elements which are
introduced to the furnace in a large amount in special containers or baskets. The examples of mentioned porous charge types are
shown in Fig. 1.

o

Fig.1. Examples of steel porous charge: a) coil of wire, b) bar bundle, c) bed of nuts.

Besides the porosity another special feature of this type of charge is lack of continuity of solid phase. This makes that porous
charge has quite different physical properties than steel monolithic elements. In addition during porous charge heating in its area
occur complex heat transfer. Thermal energy in this system is transferred through the following mechanisms [6]:

. conduction in the solid phase;
. conduction in the gas;
. free convection of gas;
. thermal radiation between surfaces of the individual elements of the charge sections;
. contact conduction at the locations of contact between adjacent elements.
The proposed article will contain:
. detailed characterization of porous charge;
. its basic physical properties;
. analysis of the heat transfer mechanisms that take place during the heating process;
. discuss of the problems related to the control of the heating process parameters.
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Steel remains the primary construction material which is evidenced by the increasing level of world steel production. The
primary challenge for manufacturers is to produce steel products of the best quality at the lowest cost. Operations which basically
determine the quality of final products is heat treatment. For these reason, manufacturers of steel need to optimize heat treatment
processes. This is done mostly by calculations using appropriate numerical models [1], [2]. One of the input data for such models
are the thermophysical properties of the heated elements. When the heated charge has a porous structure (like bundles of long
elements which examples are shown on Fig. 1), the basic thermal property is the effective thermal conductivity ker [3]. This
parameter is commonly used in the theory of porous media [4], [5]. But in contrast to the thermal conductivity of solid materials
ks, the value of coefficient ket is not a material quantity. It only quantitatively defines the ability of the porous medium to heat
transfer. The ker coefficient is a function of complex heat transfer mechanisms related to conduction, convection and radiation,
which occur within the porous medium. Thus the knowledge about this heat transport modes is necessary to establishing the value
of ker coefficient.

The knowledge about the phenomenon of heat transfer in porous charge can be obtained based on two experimental visualization
techniques which are: thermography and a Schlieren method. Thermography gives the possibility to obtain a complete picture of
the temperature field in the area under consideration [6]. The data collected in this can be used to determination of the effective
thermal conductivity of the examined medium by the resistor approach. This approach assumes that each of the heat transfer
mechanisms in the tested sample of porous charge is characterized by a heat resistance. A suitable combination of these resistances
gives, in turn, the total thermal resistance Ruwt oOf the tested medium. Having this parameter, it is an easy task to calculate the
effective conductivity of the sample. Resistances for different mechanisms of heat exchange can be determined using the analysis
of the temperature field in the recorded infrared images.

The Schlieren method is a technique relying on the angular deflection of light rays passing through a transparent fluid region
that is characterized by the inhomogeneity of the index of refraction, n [7]. The gradients of the n index are caused by the
inhomogeneity of the temperature, density or concentrations of various components. Devices using the above-mentioned
phenomenon for the visualization of the inhomogeneity of a medium are referred to as Schlieren apparatuses. The study of natural
convection makes use of the effect of fluid density inhomogeneity caused by a varying temperature field on the propagation of
light. This technique allows to analyse the convection that occurs in the inner areas of the bundles of tubes or rectangular profiles
(charge of mixed porosity) [8].

The article presents results of experimental tests performed with these two techniques with respect to the different types of steel
porous charge. Obtained results gives valuable information about qualitative and quantitative nature of the analysed phenomenon.
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In order to properly describe ground water movement, it is necessary to precisely recognize the determinants of water flow. One
of them is the soil microstructure. However, it is usually omitted in engineering practice.

The aim of this paper is to prove the relationship between the particle shape characteristics of fine grained soils and their water
permeability.

In order to analyse this phenomenon, laboratory tests of the permeability coefficient kio of four soils were conducted.
The analysed soils were characterised by the same grain size distribution and extremely different particle structure, which varied
from ideally spherical, smooth grains to particles of a highly irregular shape and high surface roughness (Fig.1).

Fig.1. Scanning electron microscope (SEM) images of selected soils: a) glass microbeads GM;
b) sandy silt from Krakowiany SSK; c) sandy silt from Graniczna SSG; d) fly ash FA.

The soil shape characteristics were described by the total shape index {oc. This parameter defines the variability of three particle
shape properties, such as sphericity, angularity and roughness of grains [1]. According to literature, this is the only available
method that expresses several shape characteristics with use of a single parameter.

The obtained {oc values were the highest for perfectly round and smooth glass microbeads particles and decreased with the
increase in the complexity of the geometry and configuration of grain surface (Table 1).

The permeability coefficient tests showed that the flow capability decreased with the increase in the irregularity of soil particles.
This is a reverse relation than the general porosity n values showed, which were the highest for soils of the most complex grain
structure (Table 1).

In order to link the obtained permeability coefficient with the soil microstructure, the empirical analysis of effective porosity
was conducted based on two analytical models [2], [3]. The selected models were modified by introducing the total shape index
oc. This enabled the creation of a new definition of effective porosity ne, as the product of general porosity nand the oc index.
It was proven that the shape and the degree of particles surface complexity determine the capability to retain bound waters, which
significantly narrows the cross-section of unobstructed pores [4].

Based on obtained correlation, the method of determining the permeability coefficient ksem by analysing SEM images [5] was
modified. The application of the {oc index to determine the effective pores allowed to define the permeability coefficient Kmsem
based on SEM photographs with reference to soil microstructure influence.

Moreover, it was proven that empirical formulas, which are recommended by Eurocode 7 as one of the methods to calculate the
permeability coefficient are not a reliable way to determine this parameter due to omitting the soil microstructure [6].

Al analyses were verified by the results of laboratory tests. The partial results are presented in table 1.

Table 1. Results of the analyses for density index Ip = 0.6.

Type | Porosity Tot_al shape Efecti_ve Permeability co_efficient
of soil n index porosity Ksem Konsen Kriger Slichter USBR Laboratory
Coc ne formula formula formula tests
[] [] [] [] [m-s] [m-s] [m-s™] [m-s™] [m-s™] [m-s™]
GM 0.32 1.00 0.32 1.33-10®° | 1.33-10° | 5.97-107 | 7.93-107 | 3.24-10* 1.18-10°
SSK 0.40 0.67 0.27 1.56-10° | 6.99-10% | 3.46-107 | 1.69-10° | 3.24-10* 6.45-10°
SSG 0.44 0.58 0.26 1.25-10° | 4.24:10% | 2.97-107 | 2.34-10° | 3.24-10* 4.53-10°
FA 0.45 0.48 0.22 1.28-10° | 2.95-10% | 3.38-10® | 2.03-10° | 3.24-10* 2.53-10°
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The effective stress is the first and probably most important factor that influences the effectiveness of CO2 sequestration. The
effective stresses not only govern the mechanical state of coal matrix by limiting its strength and fracture but influences on CO-
slippage and sorption/desorption capacity. Therefore, a correct definition of effective stress tensor plays a basic role in
mathematical modeling of CO2 sequestration. The increase of gas sequestration pressure up to 10 MPa results an decrease of
effective stresses, which, in turn, increases the coal matrix sorption capacity as well as the permeability and non-Darcian slippage
rate [1].

First, the most important effect is positive influences of the effective stress on the capacity of a coal seam to CO: sorption.
Sorption is the physical process related with the release the amount of sorption heat and the coal volumetric swelling due to CO2
change of molecular configuration. It is known as the Czaplinski-Hotda effect [2], when CO absorbed at a coal surface changes
dynamically as the pore pressure changes. A Langmuir type isothermal equation is usually used to describe gas sorption in coal
matrix [3]. However, since the volumetric swelling strain, induced by COz2 sorption, is more than 1.7 times higher than from CH4
, due to different sorption capacity, it is observed an evolution of new fractured porosity in comparison to a natural, CHs-saturated
coal bed [4].

In the paper we concentrate on two elements. Firstly, standing on a ground of thermodynamical derivation of the Terzaghi
effective stress principle [5] we define an effective stress tensor with complete effects of thermo-chemo-porosity interactions.
Secondly, since the pore size for coal matrix ranges in 1 nm and 100 nm [2,3], that causes non-Darcy flows in CO2 sequestration
processes as well as in laboratory permeability tests [4], we have decide, for description of gas flowing through a porous medium
with nano-scale pore size, to take into account the Duhem, Navier and du Buat contributions of velocity slip at the gas-solid
interface.

Performed by authors numerical simulations have shown a pressure range where slip effects becomes significant which result
in the Klinkenberg effect for a marco-scale porous medium flow [1]. The Klinkenberg relation treats the effective permeability as
a function of local gas pressure, as follows: k = ko (1 + by /p) where k, is the absolute permeability and by is the Klinkenberg
slip constant. Additionally, in the paper some mathematical relation between Duhem, Navier and du Buat viscosity coefficients
and the Klinkenberg slip constant has been indicated and evaluated.
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