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Summary. The article considers the use an analytical and numerical approaches for finding solutions of
mathematical model of diffusion mass transfer in the medium of particles of microporous structure. The special
software developed based on both approaches and these software were used for computer simulation of pressures
in particles and interparticle space for spatial and temporal parameters of the filtration process, and the results
were compared taking into account their accuracy and speed of production. Considered algorithms showed
approximately the same accuracy in finding the pressure profiles. Analytical solution-based software has
demonstrated the higher efficiency for calculating unit pressure values at given parameters, in turn, numerical
techniques have been found to be convenient for building high-resolution profiles.
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Problem statement. The use of mathematical modeling aids for physical processes
study has been an essential part of any technological process development for a long time. Mass
transfer in nanoporous media and materials is one of the areas where mathematical modeling
has been widely used. It enables us to design and develop the processes providing the high
quality of finished products and materials which are used in different fields and industries from
medicine to oil chemistry and aeronautics.

Analysis of the known results of the study. Computer approaches implementation for
the study of processes in porous media involves both the construction of proper mathematical
models and their parameters setting as well. The problems of mathematical models construction
for the study of moisture saturated media filtration pressing taking into account physical
parameters and special behavior of wet particles and their impact on general velocity and
general process characteristics have been discussed in the previous papers [1-2]. The
identification of mass transfer problems parameters in nanoporous media under specified
distributions of the substance mass in solid and gaseous phases conditions has been studied in
the papers [3-6]. Due to some difficulties in experimental distribution of the above-mentioned
characteristics it’s necessary to use the efficient computational algorithms to find the required
parameters using the high-speed analytical methods taking into account the complex of the most
important kinetics factors of transfer on macro- and micro levels. The implementation of
modern computer aids to study the processes in the above-mentioned media involves not only
some difficulties in proper mathematical models construction but their solutions efficient
searching as well [7-10].

Paper purpose. The problems of creation and comparison of highly efficient tools of
solutions constructions have been discussed in the paper. They must help to obtain on their
basis the gradients of residual functional explicit expressions to identify the parameters of
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transfer in nanoporous media under specified total mass distribution conditions in solid and
gaseous phases of the adsorbed substances.

Problem setting. The process of mass transfer in the porous medium layer of thickness
h consisting of moisture-saturated microporous particles of radius R has been taken into
consideration in the paper under discussion. The fluid outputs appearing in the internal particle
space are considered to be directed into the interparticle space. Porous particles are considered
as spheres of radius R separated from one another by micro pores. Thus, the whole layer of
particles is considered as two-level system of pores: the system of micro- and nanopores having
the high capacity degree of and low hydraulic penetration, and, vice versa, the system of
macropores with low capacity degree and high hydraulic penetration.

The mathematical model of the filtration pressing under discussion can be described as
the following system of differential equations [11]:
consolidation equation for a disperse medium layer:
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The following symbols have been accepted: R distributed pressure in solid phase for
interparticle space of the medium; E distributed pressure in solid phase for intraparticle space

of the medium (spherical particle); b,y _ consolidation coefficients micro pores of spherical
particles and macro pores of interparticle space of the medium; ¢ — medium porosity
coefficient; € — medium porosity; h — thickness of filtration medium layer; R — radius of the
particle.

Algorithm of the problem analytical solution. The technique of the described problem
solution finding has been described in [1, 9] and it involves the use of Laplace integral
transformations to the problem (1)—(4) and since the solutions being found in the transform
domain, returning to the functions- originals with the help of Heaviside expansion theorem. In

this case the coefficients P which are the roots of the transcendental equation have been used.
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As a result, the following solutions have been obtained
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Algorithm of the problem numerical solution building. The numerical solution of the
model has been found using the Crank-Nicolson scheme [2, 7]. For this purpose, in areas D, and

D, a uniform orthogonal grid has been introduced, and a layout chart has been shown
on fig. 1.
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Figure 1. Layout for difference scheme
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As a transition to the chosen difference scheme, the initial problem (1)—(4) is being
transformed into the system of the following difference equations:
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k
The symbols used: Pl _ for the pressure value in i joint of k layer of interparticle space;
k
Qj _ for the pressure value in in i joint of k layer of the particle space.
To find the pressure value in the intraparticle space for (k+1)-layer one should solve the

system of equations (7) at i=0,M , and to find the pressure value inside the particles — for each

value i from the interval [0.M ]one must solve the system (8) at 1 = oL,

To implement the algorithm of numerical solution building of two-level mass transfer
mathematical model for the process of filtration in moisture-saturated particles medium the
following formulae have been used to calculate the values of pressure in interparticle space
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and to calculate the values of pressure for the space inside the particle — the formulae

2 2 2
a?=_ b ,BZ _ fj +ﬁj
k+l _ 2 ~k+1 2 ij = 2 2 2 i~ .2 2 2
i =i Qi+ b a’ o, +d a’-aj_ +d
i) 1)

2 2 p2 2 pkil 2, .2 2

ket fii1—=3  Biwo—b Ry > b°+a 2 i
Qi = i =~ i1 >

2 2 2
a. 'a|M72+d

While finding the value of intraparticle pressure P2ii e have taken into consideration
that @ =P

Computer simulation and comparative analysis.

The proper software based on the above-described algorithms of the mathematical
model solutions of mass transfer for the moisture-saturated particles medium has been
developed and used for the space-time pressure distribution modeling for macropores of the

R(t,2)

medium interparticle space and micropores of particle space R(t.x,2) [7,8].
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Figure 2. Profile of pressure change in Figure 3. Profile of pressure change in particle micropores
macropores of interparticle space depending on depending on time t, [c]
time t, [c] 1) X=0.05; 2) X=0.2; 3) X =0.5;
1) 2=0.1; 2) Z=0.2; 3) Z=0.3; 4) Z=0.4; 4) X=0.8; 5) X=1

5) Z=0.6; 6) Z=0.9

Figures 2 and 3 show the pressure dependencies on the time t interparticle space of the

medium A(t.2) and pressure in micropores of spherical particles PZ(t’p’Z). Values Z=0
corresponds to the position of the particles on the level of inner surface of the press,
Z=0.5 — inside the medium and at Z=0 the particles are next to the filtration membrane.
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Figure 4. Profile of pressure change in Figure 5. Profile of pressure change in
particle micropores (Z=1) particle micropores (Z=0.5)
1) t=70c; 2) t=100c¢; 3) t=200c; 4) t=400c 1) t=70c¢; 2) t=100c; 3) t=200c; 4) t=400c

Figures 4 and 5 show the simulated values of pressure in micropores of spherical

particles R(t. X, 2) on the radius of particle X for the particles which are close to the filtration
press (Z=1) and inside the medium layer (Z=0.5) for different moments of time t during the
process of filtration pressing.

Having made the comparative analysis of the mathematical model solutions (1) (4) in
computer modeling of kinetic characteristics profiles, we must admit that the both algorithms
have shown practically the same accuracy of the obtained profiles values. As for the
efficiency, the algorithm with the use of analytical solution is quicker for the single pressure
values obtaining under specified parameters conditions Z, X and time, and requires
considerably less amount of computation to be involved. As for the numerical algorithm, it is
useful in case of profiles construction of pressure values with highly intensive values in the
profile as the calculations are made for the whole grid at once and after that none extra
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resources are not required. We should also mention that the numerical algorithm requires
more operation memory in comparing to the analytical one.

Conclusions. The use of two schemes of solutions construction for the model of
diffuse mass transfer in the medium of microporous particles represented by the system of
differential equations with marginal conditions has been considered in the paper under
discussion. This investigation is extremely important for both the development of highly
efficient aids of pressure profiles computer modeling and for the identification of transfer
parameters in nanoporous media on the basis of gradient methods under specified mass total
distribution in solid and gaseous phases of adsorbed substances as well.
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HOPIBHAHHA AJII'OPUTMIB ITOLIYKY PO3B’A3KIB JAJIAA
MATEMATUYHOI MOJEJI ®LJIbTPALIMHO-IU®Y3IMHOI'O
HEPEHOCY B CEPEJOBHUIII COEPUYHUX HACUYEHUX
BOJIOI'OIO MIKPOITIOPUCTUX YACTHUHOK

Muxaiino Ilerpux; Imurpo Muxaauk; Okcana Ilerpuk

Teprnoninbcokuu HayionanrbHuu mexHivHuu yHigepcumem imeni leana Ilynios,
Tepnoninw, Yrpaina

Pe3tome. Posensanymo sUKOpUCmaHnus pisHUX nioxodig 00 no6yoosu po3e a3Kie mamemamuinoi mooeii
Ou@hy3ilino20 MACOnepeHocy 8 cepedo8ulli YACMUHOK MIKPONOPUCMOL CMPYKMYpU, Wo po32ia0aemvpcs 5K
080pisHesa cucmema nop: CUcmema MiKpo- i HAHONOP, KA B0L00IE BUCOKUM CIYNEHeM MICIMKOCMI Ma HU3bKOH
2I0pasniuHO NPOHUKHICMIO, MA CUCMeMAd MAKPONOp, HABNAKU 3 HU3bKUM DIi6HeM MICMKOCMI ma 6UCOKOH
2iopaesniunoio npoHukuicmio. Memoouka nooy0oeu anaiimuyHo2o po3s 3Ky noasi2aAc 8 3aCmMoCy8anHi 00 PiBHAHb
3a0aui inmezpanvbHo2o nepemsopenus Jlaniaca ma noseprents 00 GYHKYIU-0pULIHANIE 3 00NOMO2010 Meopemu
npo poszeunenns Iesicaiioa. Memoouka no6y0osu yucio8oeo po3s’sasKy 06a3yemvcs Ha 3aCMOCY8AHHI CXeMu
Kpanka-Hixoncon 00 pieHanb 3a0aui ma 3acmocy6ants Memooy Npo2oHKu O/ 8IOULYKY8aAHHs KoepiyicHmis
P038’3Ki6. I3 suKopucmanuam 0o6ud8ox po3a 'sa3Kie nNposedeHo KOMN iomephe MOOen08AHNA MUCKIG V YACMUHKAX
Mma MidcuacmuHKO8OMY NpOCMOpi O NPOCMOPOBUX Md HACOSUX naApamempis npoyecy @itbmpayilinozo
8I0MUCKY. 30iliCHeHO NOPIBHAHHA Pe3YIbMAMIE 3 YPAXy8auHAM ix mounocmi ma weuoxocmi ompumanns. Obudea
PO32ISAHYMI AN20PUMMU BIOULYKYBAHHS PO38 'S3KI8 NOKA3ANU NPAKMUYHO I0eHMUYHY MOYHICHb U000 OMPUMAHUX
3HayeHb npo@inie mucky. 3 MouKu 30py eexmusHOCmi, MO al2OPUMM I3 GUKOPUCMAHHAM AHALIMUYHO2O0
D038 3Ky OUIKYBAHO 8UABUBCS WEUOWUM 0TI BUNAOKIE 00UUCIEHHS OOUHAPHO20 3HAYEHHS MUCKIE NPU KOHKPEMHO
3a0anux napamempax ma nompedy8as MeHuly KilbKicmb 00YUCTIO8AIbHUX PeCypCié Ot BUKOPUCAHH:. B c6oto
yepey, 4UCENIbHUL al2opumm RPOOeMOHCMPYSA8 2apHi NOKA3HUKU NpU NoOYO0osi npo@inieé 3HaueHb MUCKI@ 3
BUCOKOI0 PO30LTbHOIO 30aMHICIIO NPOGiNio, Max K 00UUCTIeHHs RPOBOOSIMbCA 05 YCIET CImKU po3oumms 00pa3zy
i nicas Yybo2o HCOOHUX 000AMKOBUX pecypcie He umazaromp. QucenbHull an2opumm maxkoxc nompeody8as 3HAUHO
Oinviue onepamugnoi nam ’ami 0nst pobomu.

Knrwowuogi cnosa: sucoxoegpexmugui oOuuUCIeHHs, HAHONOPUCII CUCMEMU, MACOnepeHoc, cpepuuni
MIKpONnopucmi YacmuHKU, YuceabHi Memoou.
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