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NAS RK is pleased to announce that News of NAS RK. Series of geology and technical
sciences scientific journal has been accepted for indexing in the Emerging Sources Citation
Index, a new edition of Web of Science. Content in this index is under consideration by Clarivate
Analytics to be accepted in the Science Citation Index Expanded, the Social Sciences Citation
Index, and the Arts & Humanities Citation Index. The quality and depth of content Web of
Science offers to researchers, authors, publishers, and institutions sets it apart from other
research databases. The inclusion of News of NAS RK. Series of geology and technical
sciences in the Emerging Sources Citation Index demonstrates our dedication to providing the
most relevant and influential content of geology and engineering sciences to our community.

KaszakcmaH Pecniybnukacbl ¥nmmebiK fbliibiM akademusicbl "KP ¥FA Xabapnapbi. [eonoausi xoHe
MeXxHUKarbIK FbifibiIMOap Cepusicbl” fbinbIMU XypHanbiHbiH Web of Science-miH xaHanaHfaH HyckKachbl
Emerging Sources Citation Index-me uHOekcmernyze KabbindaHraHblH xabapnaldbl. byn uHdekcmeny
b6apbicbiHOa Clarivate Analytics kommnaHusicel XypHandel odaH opi the Science Citation Index Expanded,
the Social Sciences Citation Index xeHe the Arts & Humanities Citation Index-ke Kabbinday moceneciH
Kapacmebipyda. Webof Science sepmmeywinep, asmopnap, bacnawhbinap MEH MeKeMesiep2e KOHmMeHm
mepeHOiei meH canacblH ycbiHaObl. KP YFA Xabapnapbi. [eonoeusi xoHe mexHUKasblK fblibiMOap
cepusicel Emerging Sources Citation Index-ke eHyi 6i30iH KoramOacmabiK yWiH eH e3ekmi xoHe 6edesndi
2eo0rs102usl XoHe mexHuKarnbIK fblribiMdap 6olbiHWa KOHMeHmke adandblfbiMbi30b! 6ir1dipedi.

HAH PK coobwaem, ymo Hay4HbIl xypHan «3gecmusi HAH PK. Cepusi 2eonoauu u mexHU4eCKUxX
Hayk» bbln npuHsam 0Onsa uHdekcuposaHusi 8 Emerging Sources Citation Index, obHoeneHHoul sepcuu Web
of Science. CodepxaHue 8 amomMm uHOeKkcuposaHuU Haxodumcsi 8 cmaduu paccMompeHuUsi KomnaHueul
Clarivate Analytics Ons OanbHeliweao npuHsamus xypHana e the Science Citation Index Expanded, the
Social Sciences Citation Index u the Arts & Humanities Citation Index. Web of Science npednazaem
Kadecmeo u enybuHy KoHmeHma Ons uccriedosameriel, asmopos, u3damernel U y4dpexoeHud.
BknoyeHue Useecmusi HAH PK. Cepusi eeonoeuu u mexHudeckux Hayk e Emerging Sources Citation
Index demMoHCmMpupyem Halwy NpueepXeHHOCMb K Haubonee akmyasbHOMY U 8/1USIMESIbHOMY KOHMEHMY
10 2e0/102UU U MEXHUYECKUM Haykam Orisi Hawezao coobujecmea.
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NUMERICAL SIMULATION MODELLING OF TEMPERATURE
DISTRIBUTION IN THE PROCESS OF COAL SELF-HEATING
IN THE MINED-OUT SPACES

Abstract. Researches of thermodynamic processes of oxidation, self-heating and self-ignition of coal are
necessary for studying of dependence of terminal parameters on a set of the influencing factors. In practice of coal
mining by the underground method cases of coal self-ignition in the mined-out spaces of production units (lavas) are
frequent. In this case one of the tasks consists in determination of temperature in arbitrary point of the nubbly-porous
medium of the mined-out space. Need of the solution of this difficult task is caused by the probability of emergency
situations in places with the explosive concentration of methane. It is possible that for each seam and grade of coal it
is necessary to develop, substantiate and accept an individual indicator for assessing the state of fire hazard. It is
proposed to systematize and methodically process the results of field measurements and observations on the analyzed
and investigated cases of endogenous fires in problem areas of mines in order to create basin databases for subse-
quent operational decisions in emergency situations.

Keywords: mined-out spaces, oxidation, self-heating, coal self-ignition, temperature distribution, heat conduc-
tivity, partial differential equations, numerical simulation, application program package.

Of course, the most reliable results can be received in the process of physical modeling in natural
conditions. In laboratory conditions these researches are almost impracticable for a number of reasons. In
particular, the known laboratory researches on oxidation and self-heating of coal are carried out with small
amounts of initial material and are directed, mainly, to determination of tendency to self-ignition or
quantitative analysis of the gases which are emitted in the process of oxidation. For example, in one of the
latest works on physical laboratory modeling [1-5] "the method of thermal effects assessment of oxidation
process of solid carbon substances in the conditions of the constant speed of heating is offered". Authors
set the purpose definition of quantitative power characteristics of theoretic-chemical justification of
oxidation process and self-ignition of coal.

The large-scale natural experiment which completely simulate conditions of the mined-out space and
directed to instrumental measurement of temperature in all volume is very difficult, demands the installa-
tion of thermal sensors network on the area and on height of the left coal congestion [2]. Besides danger
and the high cost of similar experiments they are quite labor-consuming in terms of the change at the
different levels even of the most significant operating external factors (heat efflux by air flows, heat
transfer in the adjacent strata, thermal characteristics of coal and refuse stones).

Having regard to the above said, nowadays mathematical methods of thermal processes modeling of
self-heating and self-ignition including the coal get larger value and application. Here, two directions are
mainly developed.
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The first is based on the basic equations of thermal balance of a heat transfer with the use of empi-
rical dependences in the process of heating in the result of oxidation and is focused on engineering
approach to a problem. For the first time in this direction the problem of distribution of the thermal field in
the result of self-heating in volume of nubbly-porous congestion of the goafed coal was solved in works
[5-9] within the research works of group of scientists of the Karaganda department of the All-Union
Research Institute of Mine-rescue Work (AURIMRW) under the direction of the Doctor of Engineering
Science Chekhovskikh A.M. More general approach to such modeling of thermodynamics of the endo-
genous fires is offered in the work of the famous scientist in this question of Pashkovskiy P.S [10].

Other direction, more strict, is developed with the use of classical partial differential equations of heat
conductivity, allowing to realize numerical models of a non-stationary heat transfer in solid bodies. One of
the first works describing mathematical model of coal self-ignition by the system of the isolated partial
differential equations in relation to endogenous fires in coal mines, it is possible to mention works of
Gluzberg E.L. [11-13]. In the subsequent, along with a number of works devoted to theoretical researches
of self-ignition processes of solid combustible materials (for example [10]), fundamental work of
Vengerov 1. R. [14-16] on thermophysics of mines and excavating plants was published.

However, difficult partial differential equations practically impossible to solve in a general view that
makes them inaccessible for wide use in practical applications. There are works which offer numerical
methods of modeling for the solution of various model problems of heat-mass-transfer by grid method
with justification of convergence and stability of various schemes [18-20].

Nowadays difficulties with numerical realization of mathematical models described by partial
differential equations are almost overcome that is connected, in our opinion, with two moments. The first
is development and improvement of numerical methods of the model equations solution of any com-
plexity. These methods are proved theoretically and focused on the numerical solution with the obtaining
of model output parameters. Nevertheless, their implementation is quite labor-consuming and demands
certain mathematical preparation from specialists in modeling.

The second moment is an emergence of powerful computers with large random access memory and
speed, development of universal application computer programs of the differential equations solution
including in partial differential equations. Such packages of application programs allow to model many
physical processes, without demanding profound knowledge of subtleties of a mathematical apparatus.
The most known of them MATLAB, MATCAD, COMSOL and others are widely applied for the solution
of difficult tasks of physical processes modeling in many fields of science.

Methodical approach to a problem of numerical modeling of temperature field distribution in the
process of coal self-heating in the mined-out lava space with the use of the integrated MATLAB software
package focused on the solution of scientific tasks is presented in this article.

Process of non-stationary temperature field distribution in the solid or porous medium is described by
the classical differential equation of heat conductivity [21-22]

p-C-T—V-(kVT)=Q+h-(T,e—=T),

where T is the current temperature in the investigated medium point, °K; p — density of the medium
material, kg/m®; C — specific heat of the medium material, J/kg -°K; k — coefficient of heat conductivity of
the medium material, W/m -°K; & — coefficient of convective heat exchange, J / - °K; T, — temperature of
the external environment, - °K; Q — external source of heat, J; V — differential operator.

For modeling of processes of temperature field distribution from coal self-heating the package of
application programs MATLAB intended especially for scientific research is used [15]. The solution of
the equation of temperature distribution from self-heating in a coal congestion is made with the use of the
«Heat Transfer and Diffuzion» module (Heat conductivity and diffusion) of a MATLAB package [16].

The problem of temperature distribution in the above-noted module is solved on the basis of use of a
finite element method which theoretical and methodical provisions are stated in [22-23]. In this article
temperature change from self-heating of a coal congestion in the isolated mined-out space of the mine
working area in the process of development of flammable coal layer is modelled. The design diagram of
temperature distribution modeling of self-heating of coal congestion by a finite element method is
provided on figure 1.
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Figure 1 — The design diagram of temperature distribution modeling of self-heating of coal congestion
by a finite element method

On the given scheme the mined-out space of a mining lava is conditionally shown in the plan. Length
of a wide place is 120 m, the extension of the robbed-out part is 200 m. The situation of self-heating of the
goafed coal in the mined-out space as a result of penetration of ventilation loss is modelled. Basic data:
density of the nubbly-porous medium is p = 0.011Mn/m’ (1100 kg/m®); the specific heat of the medium is
C=1.4-10" mJ/kg -°K; heat conductivity is k = 0,1-10* W/m -°K; coefficient of convective heat exchange
is h = 0.5 J/°K. The insignificant external source 20 mJ, which models the transfer of heat flux by means
of leaks through the isolating constructions is accepted. Temperature of the external environment
(surrounding massif) on the border of the mined-out space is constant and is 20°C. On figure 2 the dialog
box of the MATLAB programming environment with basic data for the solution of a task is shown.

4| PDE Specification - O X
Equation: rho*C*T-div(k*grad(T))=Q+h"(Text-T), T=temperature
Type of PDE: Coefficient Value Description
O Eiptic rho 1.1E-2 Density
(® Parabolic ¢ 1.463 Heat capacity
Hyperbolic k 1E3 Coeff. of heat conduction
Eigenmodes a 20 Heat source
h 05 Convective heat transfer coeff.
Text 20.0 External temperature
oK cancel

Figure 2 — The dialog box of task of environment initial parameters for the solution of heat conductivity equation
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The field of design temperature distribution received in the result of numerical modeling of self-
heating of coal congestion on the border 2-3 and its distribution from border into the depth by means of
heat conductivity is presented on figure 3.
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Figure 3 — Graphical representation of the field of design temperature distribution
in the process of self-heating of coal congestion.

On a color temperature scale it can be seen that its size decreases with distance from the border of
area of coal self-heating. In the interactive mode in the process of modeling it is possible to receive the
numerical size of temperature in any point of the explored area of the mined-out space.

Numerical values of design temperature in the process of modeling and research of temperature
change of coal congestion in course of time are given in table.

Numerical values of design temperature in the process of modeling by a finite element method

Distance from the border Temperature (°C) within time t
of self-heating, m =1 hour = lday 1=5 days

1 119 117 111

10 110 103 101

25 101 93 87

50 82 72 63

100 66 51 40

125 65 47 30

150 63 44 26

175 61 42 24

200 59 41 22
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Results of numerical modeling show that in the absence of inflow of thermal energy by means of
oxidation process continuation (atmospheric oxygen access termination) temperature quickly enough
decreases to safe, close to temperature of the surrounding massif. This process of temperature distribution
by means of heat conductivity from a self-heating zone into the depth of the mined-out space substantially
depends on heat physical parameters of the environment and quality of isolation. As the coefficients of
heat conductivity and thermal diffusivity of the nubbly-porous medium modeling the goafed coal
congestion is substantially less, than of monolithic coal, transfer of thermal energy and temperature in the
environment occurs very slowly.

The given example shows that processes modeling of heat transfer in the environment of special
package of application programs allows to receive fuller problem solution of temperature distribution on
the basis of the classical equations of heat conductivity.

Conclusions:

1. The main objective of mathematical modeling of thermal processes and calculations by numerical
methods in the theory and practice of prevention of the endogenous fires consists in the possibility of
finding the places of spontaneous combustion for their localization and elimination.

2. In practice of the research of coal self-heating and self-ignition engineering and empirical
techniques for calculations and forecasting of distribution of fire-explosive zones are often used.

3. For process modeling of temperature distribution from coal self-heating in the mined-out space of
lava it is more expedient to apply the approved software packages specially focused on the solution of
difficult physical tasks and allowing to receive more exact and full decisions.

H. M. Cyneiimenos!, L1I. K. Illananos?, I'. C. CaTrraposa’,
B. O. Canapranuesa, C. B. Uman6aesa’, B. H. Bocak®
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OHJIEJITEH KEHICTIKTE KOMIP/AIH O3IT'THEH KbI3YbI KE3IH/E
TEMIEPATYPAHBIH TAPAJTYBIH UMUTALUSIIIBIK CAHJIBIK MOJEJIBAEY

AHHoTauus. AHHOTanusA. TepMOAMHAMHKAIBIK TOTBIFY, ©31H-631 KBI3ABIPY JKOHE KOMIpAiH TYTaHy MpoIiec-
TEpiH 3epTTey TCPMHUHAT MapaMeTpIIEPiHiH KONTETeH ocep eTyIli (paKTopiapFa TOYENIUITiH 3epTTey YIIiH KaXer.
Kewmipai xepacThl TocimiMeH eHAIPY MPaKTHKACHIHIA OHIIPICTIK arperarrapislH (JIaBaTapAblH) Ka3bUIFaH KEHICTi-
TiHJe KeMIpJIiH ©3IiriHeH TyTaHy >Karaainapsl skui kesneceni. by sxarnaiina minaerrepin Oipi-eHIIpiIreH KeHic-
TIKTIH TYTIKIIENi-KEYEKTI OpTacChIHBIH €pKiH HYKTECIHJEeri TeMIepaTypaHbl aHbIKTay. byn Kkypueni MiHAETTI mienry
KQKCTTLIIrT METaHHBIH JKapbUIbIC Kaymi Oap MIOFBIpJIaHybl 0ap >KepiepAe aBapUsUIbIK JKarmaiiapJbplH TYBIHIAY
BIKTUMaJI/IBIFbIHA Heri3aenared. KeMipain opOip KabaTel MEH COPTHI YILIIH OPT KayINTUTICHIH Kal-KyiiH OaranayabiH
JKeKe KOPCETKIIIH 93ipiey, HeTi3Iey KoHe KaObuiaay KaxkeT O0ITybl MyMKiH.

ABapuAIBIK JKaFgainapaa KeHiHri jxemen memiMaep YIIiH O6accelHIik mepekrep 0azachlH Kypy MaKcaThIHIA
HIAXTaJap/blH NPOOIEMAaNbIK ydacKenepiHae SHAOTCHIIK OpTTEpAiH TYbIHAAYBIHBIH TaNIaHATHIH )KOHE 3epPTTECTIH
JKaraaiaapel OOMbBIHINA 3aTTal eJIeyjiep MeH OaKbUIayIap bl HOTHKEICPIH KYHEICHIPY )KOHE 9IICTEMEITIK OHIeYy
¥ChbIHBIIIAdbI.

Tyiiin ce3aep: eHenreH KeHICTIKTEp, KIIKbUIIAHY, KOMIPIIH ©3IITHEH KbI3ybl, KOMIPIH ©3MiriHEeH XKaHYBbI,
TeMIepaTypaHblH Tapalybl, KbUTy OTKI3TIIITIK, CAHABIK MOJEIbICY,)KapThlIail TyBIHIBUIapIaFsl AU(depeHIHanIbIK
TEHICYJIep, YUCICHHOE MOJETUPOBaHHe, KOJIaHOAbI OaFnapiaMaap makeTTepi.
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YUCJIEHHOE HMUTAIIMOHHOE MOJEJINPOBAHUE PACITIPOCTPAHEHUSA TEMIIEPATYPBI
P CAMOHATPEBAHHUMU YI'JISI B BBIPABOTAHHOM ITPOCTPAHCTBE

AHHoTauus. VccrenoBaHus TEPMOIMHAMHUYECKHUX IIPOLIECCOB OKHCIEHHUS, CaMOpa3orpeBa M CaMOBOCILIA-
MEHEHHUS YT HEOOXOTUMBI ISl M3YYEHHUS 3aBHCHMOCTH TEPMHHAIBHBIX ITAPaMETPOB OT MHO)KECTBA BIIHSIOMINX
¢akxTopoB. B mpakTuke m00BMH YIS MOA3EMHBIM CIIOCOOOM HEPEIKH CIydal CaMOBO3TOpaHUs yIisl B BeIpaboTaH-
HBIX TIPOCTPAHCTBAaX MPOM3BOJICTBEHHBIX arperatoB (JiaB). B sTom cimywae omHa M3 3agad COCTOWT B ONpENEIeHUHN
TEMIIEPaTypbl B MPOU3BOJILHOIN TOUYKE OYrpHCTO-TIOPUCTON Cpesibl BEIpabOTaHHOTO TpocTpancTBa. HeobxonumocTh
pemeHust 3TON CIIOKHOW 3amadl oOyCIIOBIICHa BEPOSTHOCTHIO BO3HHKHOBEHHS aBAPUITHBIX CHUTyallnid B MecTaxX C
B3pPBIBOOIIACHON KOHIIEHTpalue MmeraHa. He mckimroueHo, 4To A KaXIOro IDlacTa M COpPTa yIisl HEOOXOOMMO
pa3paboraTh, 000CHOBATH U MPUHATH MHIUBHYAIbHbII [MOKa3aTeb OLIEHKH COCTOSHHUS MT0KAPHOH OIIACHOCTH.

[Ipenmaraercss cucTeMaTU3UPOBAaTh U METOAWYECKH 00pabaThIBaTh Pe3yJIbTAaThl HATYPHBIX M3MEPEHHH U Ha-
OIroIeHAN TI0 aHATM3UPYEMBIM M paccielyeMbIM CITydasM BO3HHKHOBEHHS SHIOTCHHBIX MOKapOB Ha MPOOIEMHBIX
y4acTKax IaxT C LEeNbI0 CO3JaHWs O0acCeWHOBBIX 0a3 MaHHBIX Ui TOCIEAYIOIINX OIEPAaTHUBHBIX PEIICHUH B
aBapUUHBIX CUTYaIHIX.

KiloueBble cjoBa: BeIpaOOTaHHBIE TNPOCTPAHCTBA, OKUCIEHHE, CAMOHATPEBAHHME CaMOBO3TOpAaHHE YIIIA,
pacrpeziesieHie TeMIIepaTypbl, TEIUIONPOBOAHOCTh, AU QEepeHIaIbHbIE YPAaBHEHUS B YaCTHBIX IPOHM3BOJIHBIX,
YHICIICHHOE MOJICIIMPOBAHIE, TTAKETHI IPUKIIAJTHBIX IIPOTPaMM.
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