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Abstract. This work further develops previous studies devoted to numerical modeling of diffuse mass transfer in
narrow pore channels. The problem of diffusion in a two-layer liquid moving through narrow cylindrical channel, into
which a neutral component, which does not interact with heterogeneous inclusions, diffuses, is considered. The
dispersion carrier fluid moves close to the wal, while a reologically complicated two-phase medium occupies most of the
channel. During the flow of a fine-dispersed concentrated suspension in a quasi-balanced condition, the reological
properties of the medium were accepted as parameters of some homogenous liquid, which can be deemed an adequate
approximation. This model can be used for some situations of flow in the chanal of fluid bodies which are capillary-
porous and broken, such as those that contain muddy or clay inclusions. Similar mathematical models can be applied to
paste sliding flows because of poor capillary fluid fixation. In this paper, two cases are considered. In the first scenario,
a portion of the channel midsection is exceeded by the diffusing component. In the second, this component in the same
location exits the channel. The non-stable problem is numerically solved before the creation of the stationary state. The
installation procedure was monitored up to the fifth decimal digit. The resulting solution determines the concentration
fields of the diffuse component. It is demonstrated that distribution of the diffuse component concentration in the working
area is influenced by the rate of the medium speed; diffuse flow through the wall, and effective diffusion coefficient. In
this work, the case is considered when there is no interaction between the diffusing component and the dispersed
medium. However, the interaction of these components of the medium in soils, biological systems, and natural layers
containing organic inclusions is of great interest. Therefore, accounting of adsorption properties of the dispersed medium
in relation to the elements involved in mass exchange can be in the focus of future study. Taking into account large-
scale metabolic processes, such as those in blood in the veins, is crucial in many practically significant circumstances.
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1. Introduction

Mass transfer is the basis of many technological processes in multiphase and
capillary-porous systems, which can be both an independent process and an
accompanying or preparatory one for bringing the system to a particular state. In the
first case, an example can be a process such as extraction [1], when it is necessary to
obtain a specific component; in the second - hydrogenation of coal [2] to prepare
material for the following technological stages of its or entire coal seams [3] use to
change, for example, their strength properties or reduce explosiveness.

There are many different techniques to describe the heat and mass transfer
processes in such environments [4] depending on the size of the regions and the size
of the components that make up the capillary porous media. In most cases, it is
essential to consider the process in terms of a particular characteristic element of the
pore system in order to describe it in detail. A narrow channel or a capillary is a
typical example of such element, for which the mathematical statement is simplified
and becomes convenient for numerical analysis. On the one hand, this channel can
simulate lengthy fissures or cracks in natural rocks, which is a subject of great
attention for today [5]. On the other hand, the capillary system should also be
considered because it is the basis for nutrient medium moving in plants and blood
moving in the organisms of animals and humans.

Currently, considerable attention is paid to the dynamics of blood circulation,
which takes place in the complex branched system of vessels. For mathematical study
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of mass transfer at blood moving, a significant difficulty is to determine rheological
properties of the moving liquid. As it is known [6, 7], blood consists of plasma
(liquid) and hematocrit (blood corpuscles). The combination of these essential blood
components brings great diversity to the dynamics of the moving medium. In the
simplest case, the moving fluid is believed to be Newtonian with a particular value of
dynamic viscosity [8]. When detailing the movement through different areas of the
vessels (the diversity in sizes is large [9]), complications are introduced into the
rheological properties. In order to explain how liquid moves through cylinder-shaped
channels, non-Newtonian models of a step nature are used in [10-12]; viscoelastic
features are also taken into account in [13]. The sizes of the shaped elements are of
the order of 10 m, so their influence on the flow depends on the diameters of the
vessels. The smaller is the diameter, the naturally more significant is the impact of
the hematocrit on the movement. This explains why descriptions of rheological
behaviour of blood are presented in such a wide range [6, 13, 14]. For example,
erythrocyte flexibility, which enables them to move through channels even smaller in
diameter than they are, is one of the most crucial characteristics of the blood
corpuscle [6, 7]. Heterogeneous medium may be accepted as homogeneous in some
circumstances, and, as a result, basic rheological models may be used.

Two-layer models, in which the flow of blood is assumed to be the flow of a
Newtonian fluid but with varying values of dynamic viscosity in the layers [8, 10,
16—-18], have become common in the literature. It is thought that the viscosity is equal
to plasma viscosity at the near-surface zone, whose width is assumed to be lower than
the diameter of the erythrocyte, and 3—4 times higher in the remaining portion. The
region-based division and constant viscosity coefficients can make the study of mass
transfer processes easier. The created mathematical models of flows in the cited
literature can be used as an example for their application during technical or natural
water flow, as well as some pastes saturated with a fine-disperse media in a quasi-
equilibrium thermodynamic zone.

In this work, we consider diffusion of a passive component in a cylinder-shaped
channel through which a two-layer liquid flows. To facilitate the diffusion process,
we assume that the core zone of the flow is heterogeneous. Thus, mass transfer
processes that can take place in these contexts are included in the flow models that
are already being employed.

2. Methods
The equation of laminar motion in narrow cylindrical channel of constant
diameter is well-known [19]

2
O:—d—p+y1 Oluy | Ouy : (1)
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where z — longitudinal coordinate, m; » — radius, m; p — pressure, Pa; u — speed, m/s;
1 — coefficient of dynamic viscosity, Pa-s; the index 7 defines the current areas: 1 —
peripheral, 2 — central. It follows from this equation that
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Here n = r/Rc, n* = r*/Rc, Rc is the capillary radius, m; »* is the radius of the
two-phase zone, m. The average speed, in this case, will be equal to

USR =— dp {l—n*z —1(1—7/1*4)4' {(l—n*z)-klﬂn*z}nf}. (4)
4udz 2 2 1y

The mass transfer equation can be written in the following form

2 2
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ot 0z ot ror  pzl

where c; is the concentration of the inert component; € — porosity (in section 1 € = 1);
di=Di/D; d — relative diffusion coefficient in the liquid; d> — relative effective
diffusion coefficient in section 2; D - scale coefficient of diffusion in the liquid, m%/s;
D — diffusion coefficient in the carrier liquid, m?/s. The effective diffusion
coefficient D, according to [19], depends on the structure of the pore space (in this
case, the value of this coefficient was considered isotropic and was set).

Two tasks were considered. In the first one, it was assumed that the flow moves
with an average speed determined by equation (4), and some component diffuses into
the channel at some distance z* from the beginning, the concentration of which is
constant on the surface of the vessel, that is, for 0 <z<z*c¢; =0, forz>z*c;=c*.

In the second task, it was also assumed that the flow moves with the average Usr
speed and the concentration in the initial section is constant, and for z > z* the
component  diffuses into the channel wall according to the
dependence— D; (601 / Gr) = kcy. At the boundary of the layers, the condition ¢; =

c2 and the condition of conservation of the mass of the diffusing component are
fulfilled.

r=Rc

801 66’2
Dy —L =(eD, )=, 6
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3. Results and discussion

Equations (1)—(5) with boundary conditions (6), (7) were solved numerically by
analogy with [20, 21]. As a result, the steady-state concentration curves shown in
figures 1— 4 for the tube with radius of Rc = 0.00025 m and length of L = 0.1 m
((=z/L) were obtained. More exactly, figures 1 and 2 show the results of calculations
for the first problem, and figures 3 and 4 show the results of the second problem.

Figure 1 shows concentration curves for the following velocities: Usr = 0.001 m/s
(A); Usr =0.002 m/s (B); Usr=0.005 m/s (C) for the case € =0.6, di =v1, d>=0.5,
D =10"° m?s.
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Figure 1 — Concentration of the component in the cross sections of the tube

Figure 1 demonstrates how the flow rate greatly influences the component filling
the cross section in the tube. Of course, the diffusion coefficient is one of the crucial
factors here. It is well known that the effective diffusion coefficient for capillary-
porous bodies can be considerably less than the value in the medium that fills the
body pores [4]. Although the dispersed phase is presumed to be flexible in this
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medium, small-scale pulsations are possible intensifying the diffusion process and
making the effective coefficient to be significantly higher.
Figure 2 shows the same concentration curves, but for d> = 1.
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Figure 2 — Concentration of the component in the cross sections of the tube

Comparing the curves in figures 1 and 2, it is clear that an increase in the effective
diffusion coefficient naturally leads to a faster filling of the cross section of the tube.
Thus, when studying mass transfer in a medium with some inclusions, the important
1ssue 1s to determine the effective diffusion coefficient. Further, the solution of the
problem was also carried out for a porosity of 0.4 (assuming that the effective
diffusion coefficient is constant). The findings demonstrated (though not in the
figures) that the steady diffusion process is practically unaffected by the magnitude of
the porosity. This is because, in equation (5), the porosity is reduced and only
remains in the equality of diffusion flows (6), which results in a decrease in the flow
rate of the diffusing component. However, for this issue, this decrease in flow rate is
not crucial because the free volume in which this component diffuses also shrank.
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The next two figures 3 and 4 show the results of calculations of the second
problem, i.e. the process of the exit of the component from the cylindrical channel.
Here, the diffusion flow on the channel wall (r=Rc) 1s taken as

q=—-D— =kc, where £k is the coefficient, m/s. Figure 3 shows the results of
" ly=Re

calculations for the value of the coefficient £ = 0.0001 m/s, figure 4 - for
k=0.001 m/s. Figure 3 shows the curves of changes in the concentration of the
diffusing component in cross sections at different flow rates. At the end of the curves
in the right part, small shelves are clearly visible, which indicate that the
concentrations are practically uniform in the clean wall zone.
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Figure 3 - Concentration of the component in the cross sections of the tube (k= 0.0001 m/s)

As it can be seen from figure 3, the magnitude of the velocity naturally has a
significant effect on the concentration distribution. It can be seen from curves 5 that
at a speed of 0.001 m/s the substance almost completely leaves the channel, while at a
speed of 0.005 m/s a lot of it still remains in the porous area. The value of the
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coefficient k£ in this version of the calculations for Usr = 0.001 m/s turned out to be
practically marginal, in the sense that the component practically in full volume leaves
the calculated working area. Figure 4A shows similar curves for the case k =
0.001 m/s. It can be seen that the concentration curves are located somewhat lower
than in figure 3 A, that is, it is practically close to the variant with catalytic wall, when
the concentration on the surface would be zero. The results of the calculations, shown
in figures 3 and 4, indicate that the velocity of the medium plays an important role,
the value of the diffusion flux through the wall naturally also determines the diffusion
process in the regions. Finally, calculations of this problem with different porosity
showed (not shown in the figures) a weak dependence on its value. The concentration
values, for example, for € = 0.4, turned out to be somewhat lower than in the given
figures 3, and 4 for € = 0.6.
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Figure 4 - Concentration of the component in the cross-sections of the tube (k= 0.001 m/s)

4. Conclusions
The diffusion process in two-layer medium flowing through the narrow
cylindrical channel was considered. The results of the numerical calculations showed



ISSN 1607-4556 (Print), ISSN 2309-6004 (Online) Geo-Technical Mechanics. 2023. Ne 165 43

that the flow rate and diffusion coefficients had an impact on how the diffusing
component was dispersed over the working area.

It should be noted that when considering mass exchange processes in many
practically significant situations, such as blood flow through vessels, it is also
necessary to know and to take into account adsorption properties of the dispersed
medium in relation to the components involved in the mass exchange. This might be
a future research topic.

REFERENCES

1. Yagodin, G.A., Kagan, S.Z., Tarasov, V.V. and etc. (1981), Osnovy zhidkostnoy ekstraktsii [Fundamentals of liquid
extraction], Khimiya, Moscow, Russia.

2. Gyulmaliev, A.M., Golovin, G.S. and Gladun, T.G. (2003), Teoreticheskiye osnovy khimii uglya [Theoretical foundations of
coal chemistry], MGGU, Moscow, Russia.

3. Krukovska, V.V. (2022), “Numerical analysis of ifluence of coal seams water saturation after water injection on the outburst
hazard”, Geo-Technical Mechanics, no. 161, pp. 3-16. https://doi.org/10.15407/geotm2022.161.014

4. Kheifets, L.I. and Neimark, A.V. (1982), Mnogofaznyye protsessy v poristykh sredakh [Multiphase processes in porous
media], Khimiya, Moscow, Russia.

5. Stefanovich, L.I., Molchanov, A.N., Kamchatnyy, A.A., Sobolev, V.V. and Bilan, N.V. (2018), “Impedance spectroscopy of a
gas-saturated coal seam under conditions of its slow unloading”, Geo-Technical Mechanics, no. 142, pp. 3-12.
https://doi.org/10.15407/ge0tm2018.142.013

6. Lipunova, Ye.A. and Skorkina, M.Yu. (2007), Fiziologiya krovi [Physiology of blood], BelGU Publishing House, Belgorod,
Russia.

7. Zarifyan, A.G., Kononets, 1.Ye., Dzhaylobayeva, E.A. and Naumova, T.N. (2011), Fiziologiya gemodinamiki. Uchebnoye
posobiye [Physiology of hemodynamics. Tutorial], Publishing house of KRSU, Bishkek, Kyrgyzstan.

8. Van de Vosse, F.N. and van Dongen, M.E.H. (1998), Cardiovascular Fluid Mechenics : lecture notes, Eindhoven University
of Technology, Eindhoven, Netherlands.

9. Smirnov, V.P. and Kopylova, S.V. (2016), Krovoobrashcheniye. Uchebnoye posobiye [Blood circulation. Tutorial],
Nizhegorodskiy universitet, Nizhniy Novgorod, Russia.

10. Ku, D.N. (1997), “Blood flow in arteries”, Annual Review of Fluid Mechanics, vol.29, pp.399-434,
https://doi.org/10.1146/annurev.fluid.29.1.399

11. Mwapinga, A., Murethi, E., Makungu, J. and Masanja, V. (2020), “Non - Newtonian heat and Mass transfer on MHD blood
flow through a stenosed artery in the presence of body exercise and chemical reaction”, Commun Math. Biol. Neurosci., vol. 64, pp.
1-27, https://doi.org/10.28919/cmbn/4906

12. Shabrykina, N.S. (2005), “Mathematical modeling of microcirculatory processes”, Rossiyskiy zhurnal biomekhanik, vol. 9,
no. 3, pp. 70-88.

13. Waheed, S., Noreen, S. and Hussanan, A. (2019), “Study of Heat and Mass Transfer in Electroosmotic Flow of Third Order
Fluid through Peristaltic Microchannels”, Appl. Sci., 9(10), 2164, https://doi.org/10.3390/app9102164

14. Olson, J. C. (2009), Design and Modeling of a Portable Hemodialysis System, Georgia Institute of Technology, Georgia.

15. Pallone, Th.L., Hyver, S. and Petersen, Jef. (1989), “The simulation of continuous arteriovenous hemodialysis with a
mathematical model”, Kidney International, vol. 35, Issue 1, pp. 125-133, https://doi.org/10.1038/ki.1989.17

16. Manisha, Nasha, Vin. and Kumar, Sur. (2021), “MHD Two-Layered Blood Flow Under Effect of Heat and Mass Transfer in
Stenosed Artery with Porous Medium®, International Journal of Advanced Research in Engeneering and Technology (IJARET), vol.
12, Issue 6, pp. 63-76.

17. Chakravarty, S. and Sen, S. (2005), “Dynamic response of heat and mass transfer in blood flow through stenosed bifurcat-
ed arteries”, Korea-Australia Rheology Journal, vol. 17, no. 2, pp. 47-62.

18. Tripathi, Bhavya, Sharma, Bhupendra Kumar and Sharma, Madhu (2018), “MHD pulsatile two-phase blood flow through a

stenosed artery with heat and mass transfer””, pp. 1-24, https://doi.org/10.48550/arXiv.1705.09794.

19. Loytsyanskiy, L.G. (2003), Mekhanika zhidkosti i gaza [Mechanics of liquid and gas], Drofa, Moscow, Russia.

20. Yelisieiev, V.1, Lutsenko, V.I. and Sovit, Yu.P (2022), “Diffusion mass transfer at low-frequency liquid oscillations in
capillaries”, Geo-Technical Mechanics, no. 161, pp. 43-50. https://doi.org/10.15407/geotm2022.161.054

21. Lutsenko, V., Yelisieiev, V. and Sovit, Yu. (2022), “Influence of low-frequency vibrations on mass transfer in pores”, /il In-
ternational Conference “Essays of Mining Science and Practice", Dnipro, Ukraine, 2021, https://doi.org/10.1088/1755-
1315/970/1/012020

About the authors
Yelisieiev Volodymyr Ivanovych, Candidate of Physical and Mathematical Sciences (Ph.D.), Senior Researcher, Senior
Researcher in Department of Mine Energy Complexes, M.S. Poliakov Institute of Geotechnical Mechanics of the National Academy
of Sciences of Ukraine (IGTM of the NAS of Ukraine), Dnipro, Ukraine, VIYelisieiev@nas.gov.ua.



https://doi.org/10.15407/geotm2022.161.014
https://doi.org/10.15407/geotm2018.142.013
https://doi.org/10.1146/annurev.fluid.29.1.399
https://doi.org/10.28919/cmbn/4906
https://doi.org/10.3390/app9102164
https://doi.org/10.1038/ki.1989.17
https://doi.org/10.48550/arXiv.1705.09794
https://doi.org/10.15407/geotm2022.161.054
https://doi.org/10.1088/1755-1315/970/1/012020
https://doi.org/10.1088/1755-1315/970/1/012020
mailto:VIYelisieiev@nas.gov.ua

44  ISSN 1607-4556 (Print), ISSN 2309-6004 (Online) Geo-Technical Mechanics. 2023. Ne 165

Lutsenko Vasyl Ivanovych, Candidate of Technical Sciences PhD (Tech.), Senior Researcher, Senior Researcher in
Department of Mine Energy Complexes, M.S. Poliakov Institute of Geotechnical Mechanics of the National Academy of Sciences of
Ukraine (IGTM of the NAS of Ukraine), Dnipro, Ukraine, VILutsenko@nas.gov.ua.

Sovit Yurii Petrovych, Candidate of Physical and Mathematical Sciences (Ph.D.), Associate Professor of the Differential
Equations Department, Faculty of Mechanics and Mathematics, Oles Honchar Dnipro National University, ypsovit@gmail.com.

Heti Krystyna Vitaliivna, Associate Professor in Department of Aerohydromechanics and Energy-Mass Transfer, Oles
Honchar Dnipro National University, Candidate of Technical Sciences Ph.D. (Tech.), hetikris@gmail.com.

MACOOBMIH Y IBOLUAPOBOMY CEPEOOBMLLI, WO PYXAETLCA Y BY3bKOMY LUUNIHOAPUYHOMY
KAHAnNI
€nicees B.1., llyueHko B.1l., Cosim KO.I1., l'emi K.B.

AHotauis. Lls pobota € noganbwUM PO3BUTKOM NOMEPEAHIX [AOCHIMKEHb, MPUCBSYEHUX YUCENBHOMY
MOZENMOBAHHIO ANChY3iMHOTO MacooOMiHY Y BY3bKMX MOPOBWX KaHanax. Po3rnsHyTo audysiiHe 3aBaaHHs y ABOLIAPOBIN
PIOVHI, LLO PYXaeTbCs Y BY3bKOMY LMMIHAPUYHOMY KaHani, B Ky AMyHAYE HEeNTpanbHa KOMMNOHEHTa, WO He B3aemogi€ 3
reTEPOreHHUMI BKMIOYEHHAMM. bBinbluy YacTWHY KaHarny 3ailMae PeosioriyHO CknagHe [ABodasHe CepefoBulle, a
BesnocepeaHbo 6ins CTiHKM pyXaeTbCsa AMcnepciiHa Hecyya pigyHa. Mpu LboMy peonorivHi BNacTMBOCTI CepeaoBuLLa
Oynn NpuiHATI Sk NapameTpy esKoi TOMOTEHHOI PIAMHM, WO MOXHA BBAXATU MPUAHATHUM HAOMKEHHAM nig yac Tedi
OPIGHOAMCTIEPCHNX KOHLEHTPOBAHMX CYCMEH3ii B KBA3ipiBHOBaXHOMY CTaHi. LIlo Mogenb MOxHa nowvput Ha Aeski
BMNAOKM TEYIN Y KaHanax, KaninsipHO-NOPUCTMX i TPILMHYBATKX Tinax pigvH, Hanpuknag, 3 MynucTUMKU abo rMUHUCTUMM
BKMOYeHHaAMKU. [ogibHi maTematuuHi Mogeni MOXyTb OyTW BMKOPUCTaHI Mig 4yac Tedii nact 3 MpOCNM3aHHSM,
06ymoBneHUM crabkumM 3akpinneHHsM KaninspHoi piauHK. Y Wit poboTi posrnaHyTo ABa BUNaAKK. Y nepLiomy Bunagky
AndoyHayoda KOMMOHEHTA Ha fesKii OinsHUi HagXoaWTb y cepeduHy KaHasny. Y Apyromy - LSt KOMMOHEHTa Ha Takin
camin fainsHui e 3 kaHany. HecrauioHapHe 3aBOaHHS BUPILLEHO YMCENbHO [0 BCTAHOBIIEHHS CTaLiOHApHOMO CTaHy.
lMpouec BCTAHOBMEHHS MPOCTEXYBABCA [0 M'ATOr0 3Haka Micns KOMW. B pesynbTaTi pilleHHS BM3HaYeHO nons
KOHLLeHTpaLin Andy3HOro KOMNOHEHTa. okasaHo BNAMB BENWYMH LWBWMAKOCTI CepenoBuLLa, ANdy3inHOro NoTOKY Yepes
CTiHKY Ta ehekTUBHOrO KoedilieHTa Andysii Ha po3noain KOHLEeHTpaLii AMdy3HOro KOMMOHeHTa B pobo4oMy NpocTopi.
TyT po3rnsiHyTO BUNALOK, KOMK MiX AUDYHAYHOUMM KOMMOHEHTOM i AUCTIEPCHUM CepeaoBMLLEM HeMae B3aemogii. OgHak
y TpyHTaX, BionoriYHMX cucTemax Ta y NPUPOAHMX MacTax 3 OpraHivyHMMK BKIKOYEHHSMM, 3HAYHUI iHTEpeC NpeacTaBnse
B3aEMOJIS LIMX KOMMOHEHTIB cepeaoBua. Tomy nopanbwmm HanpsMoM AochimkeHb Moxe By obnik apcopbuinHmnx
BMAaCTUBOCTEN OMCMEPCHOr0 CepefoBMILa MO BiQHOLWEHHIO 4O KOMMOHEHTIB, WO OepyTb yyacTb y macoobmiHi. Lle
BaXNMBO TaKOX Y GaraTb0x MPaKTUYHO 3HAYYLLMX BUMaZkax nig vac po3rnsgy MacooBMiHHWX MpoLeciB, Hanpuknag, y
KpOBi B CyAWHaX.

KnroyoBi cnoBa: kaninsp, pignHa, gucnepcHe cepenosuLLe, audy3is, MacoobmiH.


mailto:VILutsenko@nas.gov.ua
mailto:ypsovit@gmail.com
mailto:hetikris@gmail.com

	Sb ^N165 кінцева редакція.pdf
	2. Methods
	The work uses critical analysis and generalization of both own research results and the results of domestic and foreign authors.
	REFERENCES
	About the authors
	Skipochka Serhii Ivanovych, Doctor of Technical Sciences, Professor, Leading Researcher in Rock Mechanics Department, M.S. Poliakov Institute of Geotechnical Mechanics of the National Academy of Sciences of Ukraine (IGTM of the  NAS of Ukraine), Dnipr...
	Palamarchuk Tetiana Andriivna, Doctor of Technical Sciences, Leading Researcher in Rock Mechanics Department, M.S. Poliakov Institute of Geotechnical Mechanics of the National Academy of Sciences of Ukraine (IGTM of the NAS of Ukraine), Dnipro, Ukrain...
	UDC [622.2/.8.002.5:539.3]:005.2                           DOI: https://doi.org/10.15407/geotm2023.165.064
	Zhyhula T.I., Mishchenko T.F.
	M.S. Poliakov Institute of Geotechnical Mechanics of the National Academy of Sciences of Ukraine
	Жигула Т.І., Міщенко Т.Ф.

	13. Hong, E., Yeneneh, A.M., Sen, T.K., Ang, H.M. and Kayaalp, А. (2018), “A comprehensive review on rheological studies of sludge from various sections of municipal wastewater treatment plants for enhancement of process performance”, Advances in Coll...
	14. Vachoud, L., Ruiz, E., Delalonde, M. and Wisniewski, C. (2019), “How the nature of the compounds present in solid and liquid compartments of activated sludge impact its rheological characteristics”, Environmental Technology (United Kingdom), no. 4...
	15. Nishiguchi, K. and Winkler, M. K. H. (2020), “Correlating sludge constituents with digester foaming risk using sludge foam potential and rheology”, Water Science and Technology, no. 81(5), рр. 949–960. https://doi.org/10.2166/wst.2020.180
	16. Numkam, G.L. and Akbari, B. (2019), “Effect of surfactant chemistry on drilling mud performance”, Journal of Petroleum Science and Engineering, no. 174, рр. 1309–1320. https://doi.org/10.1016/j.petrol.2018.11.075
	1. Introduction
	Open pit extraction of steep-grade fields is supported by complex transport communications in the mined-out area. The transport communications are constructed to enable operation of each transportation facility; for the purpose, pillars are left along...
	Much attention is paid to this problem by the prominent experts from different institutions whether research or design ones. Authors of paper [3] identify economic efficiency of an enterprise as well as its activity time depending upon complete mining...
	2. Methods
	3. Results and discussion
	ADSORBED METANE DISPLACEMENT BY WATER VAPOUR INTO CLOSED CAVITY OF COAL-ROCK SEAMS
	1Stefanovych L.I., 1Feldman E.P., 2Mazur O.Yu.
	1Branch for Physics of Mining Processes of the M.S. Poliakov Institute of Geotechnical Mechanics of the NAS of Ukraine, 2Technical University of Liberec
	ВИТІСНЕННЯ АДСОРБОВАНОГО МЕТАНУ ВОДЯНОЮ ПАРОЮ В ЗАМКНУТІЙ ПОРОЖНИНІ ВУГІЛЬНО-ПОРОДНИХ ПЛАСТІВ
	Стефанович Л.І., Фельдман Е.П., Мазур О.Ю.
	7.   Zhyhula T.I., Mishchenko T.F. Theoretical research of the influencing of the basic parameters of tubular belt conveyors on the magnitude of risk of tubular belt torsion 64

	13. Stefanovych L.I., Feldman E.P., Mazur O.Yu. Adsorbed metane displacement by water vapour into closed cavityof coal-rock seams 139
	13. Стефанович Л.І., Фельдман Е.П., Мазур О.Ю. Витіснення адсорбованого метану водяною парою в замкнутій порожнині вугільно-породних пластів 140


