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2 Clarivate

Analytics

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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CREATION OF MATHEMATICAL AND COMPUTER MODELS
OF THE DYNAMICS OF FLAME PROPAGATION OF AIR-SUSPENDED
SOLIDS IN VARIOUS ROCKS USING MATLAB ENVIRONMENT

Abstract. The propagation of transient, air-suspended solids in a vented explosion chamber is numerically
investigated by a dynamic formulation for the Concentration Limit of Flame Propagation (CLFP) with the GUI
MATLAB environment. The geomechanics is modeled by a one-step overall reaction, which simulates the reaction
of a stoichiometric propane— air-suspended solids. The CLFP modeling in the reaction rate model is numerically
employed with mathematical models on basis Antoine's equation. This is based on an empirical correlation of the
velocity fluctuations and implemented as interface with input-output data with graphic realization. The computer
modeling show that the dynamic CLFP models provide superior results as general implementation of physical
process of flame propagation and could be used for different rocks (f.e. granite, limestone, sandstone etc).

Key words: GUI MatLab, flame propagation, dynamic CLFP, air-suspended solids, equation of Antoine, rocks.

Introduction. Flame propagation investigation is widely used in different fields of industry as
mining, tube construction, building construction and so on. In emergency gas explosions, the damage
caused by pressure resulting from gas or air-suspended solids propagation and interaction with them
depends on many conditions, such as the initial conditions, the operating environment, and the properties
and mechanical, physical and chemical characteristics of the obstacles [1,2].

Computational fluid dynamics (CFD) and computer modeling using different special software can
offer potentially cost-effective design solutions for such complex gas explosion scenarios. Such kind of
scenario could be dangerous, time-limited, and expensive for experimental research. Many researches
were bounded with classical approaches, e.g. such as research using the Reynolds-averaged Navier-Stokes
method (RAEN). Such kinds of research were implemented by many authors [3,4]. We use here known
approach based on equation of Antoine which describes flame propagation of different physical and
chemical substances. It could be solved taking into consideration mechanical, physical and chemical
properties of substances, in our case there are air-suspended solids in different rocks. It is supposed that
the composition is known, and the user can use known set of definite rocks characteristics for calculation.
Knowing them, and pressure and heat of combustion of definite air-suspended solids as well, created
interface reproduce the graphical implementation and several numerical results using GUI MatLab
interface. Thus, the graphical results of lower and upper concentration limits of flame propagation could
be calculated, and the graphical representation is animated also. These studies confirmed the high
accuracy of MatLab with a graphical interface in predicting the key characteristics of propagated flames.

Mathematicalmodel. In order to calculate certain processes of flame propagation for the construction
of various structures of underground structures in different rocks (f.e. granite, limestone, sandstone etc.),
the construction of pipelines or during the construction of gas storages, various storages of minerals and so
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on, especially for construction in the rocks. Main combination of mechanical characteristics of rocks were
taken from mining of Kazakhstan [5]. One of the most important characteristics of flame propagation is
the calculations of the lower and upper concentration limits of flame propagation. In order to calculate
them, the classical theories of the theory of heat transfer are used, in particular, one of the Antoine
equation, which describes the dependence of the pressure of saturated vapors of liquids on atmospheric
pressure and on the characteristics of the medium itself. Thus, the temperature can be calculated, that is,
the heat of combustion and the lower and upper concentration limit of flame propagation. This research
used several definite air-suspended of saturated vapors of liquids that propagate in different rocks (e.g.
along a certain pipes). Here, the interface developed by the authors in the MatLab environment, provides
the possibility of knowing certain input parameters, such as the characteristics and the A, B, C of the
Antoine equation constants, knowing the atmospheric pressure in kPa, allows you to calculate the flame
propagation temperature and thus calculate the lower and upper concentration limit of flame propagation.
Naturally these limits depend on the heat of combustion in each specific environment.

The calculation of the lower concentration limit of the flame propagation of air suspensions.

The value of the lower concentration limit of the flame propagation (CLFP) of air-suspended particles
(g/m3) for organic compounds (not applicable for calculating the combustion of metals):

100-M
CFLP = ai'Bb1(AH;=X Vi*AHi1000) )

M — is the molecular weight of the dust; £ — is the stoichiometric coefficient of oxygen in combustion
reactions; AH; — heat of combustion; V; — is the stoichiometric coefficient of combustion products;
AH;1 000 — heat content of combustion products (enthalpy) when heated from 298 to 1000 K; a, and b; are
empirical coefficients for a given class of combustible materials.

Formula for calculating the lower concentration limit for organic compounds:

b
CFLP =a— AH, 2)
where a and b are empirical coefficients.
105
CFLP = % 3)

Here HY,, is heat combustion. The relative root-mean-square error of calculation by formula (3) is
15%.

Dynamic concentration limit of the flame propagation (CLFP) model.

To create certain mathematical models, the proposed dynamic formulation for the lower and upper
concentration limits of flame propagation was used here. For this purpose, some experimental data
obtained from measurements of flame propagation in various mixed mixtures were used to develop a
conceptual model of the similarity of the lower concentration. The created application package has been
successful in predicting the operation of certain industrial structures, where the contribution of
mathematical and computer modeling is the simplest and most viable for numerical implementation.

Temperature limits of flame propagation of individual liquid substances.

If the dependence of the saturated vapor pressure of a liquid on temperature is known, then the value
of the lower or upper temperature limit of flame propagation t,, (°C) can be calculated using the
corresponding value

B
tn = A-1g (¢nPo/100) Cas

“4)

where 4, B, C4 — are the constants of the Antoine equation expressing the dependence of the pressure of
saturated vapors of liquids, ¢,, — the proportion of the gas phase.

Numerical procedure. In order to create mathematical models and construct corresponding models
of the present study, the following tasks were performed [6-8]:

1. to calculate the Antoine equation and the upper concentration limits of the propagation of the
flame of air-suspended of varying structures.
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2. based on mathematical models developed by authors, computer models were developed. They
were used for the corresponding parameters of the Antoine equation’ constants and current atmospheric
pressure, the known heat of combustion of air-suspensions.

3. a corresponding interface was created using the named input parameters, calculated the numerical
values of the lower and upper concentration limits of flame propagation and the temperature. Flame
concentration limits propagated by this definite temperature in certain directions. In this case, the
corresponding built-in MatLab library was naturally used for calculations, the value of analytical and
special functions of Bessel were displayed, the result was displayed both in numerical form and in
graphical form (2D graphs). This plot represents the dependence of the lower concentration limit on time
of flame propagation. Thus, a created interface was presented various structures of the flame beams of
isopropyl alcohol, whose limit varies from 1 to 12%, while the corresponding Antoine’s equation constants
are taken as A = 7,5106, B =1733,0, CA = 232,38. Concentration of atmospheric pressure is PO =20 kPa.

The model described in this study is created using GUI MatLab. It solves fully compressible
interdependent comparisons written in Cartesian coordinates and discretized and using the finite element
method. Discretization is based on the formulation of the control volume of a homogeneous Cartesian
grid. The first-order central difference approximation is used for the diffusion terms pulse pressure for the
gradient in the pressure correction equation. The equation advances in time is fractional steps. We take
several iterations of linking the equations to each other. Used boundary conditions for compressible flow
is used to prevent bolt pressure at this boundary. Model is implemented by setting a variable at the lower
center of the chamber to achieve an initial quasi-laminar phase match most experiments.

4 pr2 - >
1
1
PO 20
0.8
A 75106 0.6
B 1733 0.4
0.2
Ca 232.38
0
0 0.2 0.4 0.6 0.8 1 HKIP
Start Reset
] pr2 - ®
2]
1
40
PO 20
20 )
A 7.5106 0 e
B 1733 20 /
/
a0t /
Ca 232.38
60
0 5 10 1 HKIP
Start Reset

Modeling in the MatLab environment at start screen presents several forms with initial parameters
and empty fields for answers. After entering the initial data, pressing the start button, the program starts
calculating the unknown’s values. Here is a code snippet that allows you to calculate and see how the
lower boundary limits of certain substances were set.

When launched, the user sees several forms with initial parameters and an empty chart.
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After you have entered the values and clicked on the “Start” button, the program will calculate the
value of the unknowns and build a graph.

Yy pr2 — >
t
1
oo R
0.8
A 0.6
B 0.4
0.2
Ca
0
0 0.2 0.4 0.6 0.8 1 HKIP
Start Reset

After pressing Reset, the program deletes the values of the variables and the graph.

p=get (handles.editl,’string’); % value PO

p= str2double (p);

a=get (handles.edit2,’string”); % constant value A
a= str2double (a);

b=get (handles.edit3,’string’); % value B

b= str2double (b);

c=get (handles.edit4,’string”); % value Ca

c= str2double (c);

n=1:1:15;% CFLP

t=b./(a-log(n*p./100) ) | ¢
plot (t)

Code snippet is responsible for the operation of the 'start' button, calculations and for the construction
of the graph.

set (handles.editl, "string", ""}:
set (handles.edit2, "string', "'"}:
set (handles.edit3, "string', ""}):
set (handles.edit4d, "string", ""):

axes (handles.axesl)
cla;
legend("");

Thus, the interface in GUI MatLab was created and it helps to model several simple calculations and
demonstrate the numerical calculation of CLFP for different rocks.

Conclusion. Predictions of possible explosions or fires in the combustion chamber can be presented
for different models of the rate of mechanical and chemical reactions. Here, as we have already noticed, a
dynamic model of the lower and upper concentration limits of flame propagation on base of Antoine’s
equation was used. This task was carried out using an empirical model and a dynamic model, and the
finite element method was used in MatLab modeling [9-13]. A close comparison of the existing model by
the existing developed model by other models was not carried out due to the lack of data in the existing
one, if, however, the created dynamic model in the form of an interface can be used for general prediction
of turbulent and weakly turbulent air-suspensions showing a clear interaction between the air flow of
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suspensions and possible solid obstacles. The animation interface will show the time of the peak pressure
occurrence, which can probably improve the errors associated with the calculation and modeling of flame
propagation in various media, in pipes. Further studies are planned to evaluate the predictability of this
model over a wide range of flow configurations.

B. Anmnosa', B. Canapraianesa’

X anpIKapanblK aKIapaTTHIK, TEXHOJIOTHIAp YHHBEPCHTETI, Anmatsl, Kazakcran;
2AGaii aTeiHarsl Kasak YJITTBIK Me1aroruKasbiK yHuBepcuteTi, Anmatel, Kazakcran

MATLAB OPTACBIHJIA OPTYPJII KATTBI TAY KbIHBICTAPBIHAH
BOJITHETIH I'A3 KAJIKBIMAJIAPBIHBIH 7KAJIBIHBI TAPAJIY BIHBIH
MATEMATHKAJIBIK-KOMITBIOTEPJIIK MOJAEJIBAEPIH /KACAY

Annoranusi. MATLAB GUI rpadukainblk opTackiHAa »ajlbIHHBIH KOHIEHTpauusuiblK Tapaty erine (CLEFP)
JMHAMHKAJIBIK TYKBIPBIMIbI KOJIJaHy apKbUIbl JKEJIAETUICTIH JKapblIbIC KaMepachlHa aya/la TOKTaThUIFaH OTIIeNi
OeJIIeKTepAIH Tapalybl CaHIBIK TYPFbIIA 3€pTTeNal. ['eoMeXxaHUKaJIbIK JKOHE CTEXMMMSUIBIK YIEpICTep CTEeXHO-
METPHSUIBIK ITIPOIaH-aya apKbUIbl TOKTATBUIFAH KATThl JEHENCp PEaKUMsSCHIH MMHUTALMSIAWTBIH O1paThbUIbl >KaJIIbI
peakuusiMeH MopenbaeHeni. Peakums sxpiimamiasirbl mozeninaeri CLFP moneni AHTyaH TeHzaeyiHe HeriszmesreH
MaTEeMaTHUKAJIBIK MOAENBAEPMEH CaHIABIK TYPAE KOJAAHBUIAABL. ByJl >KbIIIaMIBIK ayBITKYBIHBIH SMITMPHKAIBIK
KOppEeIIUACHIHA HETi3AeTeH KoHe TpaHKaIbIK iCKe aCBIpyMEH SHT13y-IIbIFapy IepeKTepiMeH HHTepdeiic peTinae
Ky3ere acelpbutazsl. Kommbrorepitik Mozpensaey CLFP nuHaMuKablKk MOAENbAEp] JKAJIBIH TapalybIHbIH (DU3MKAIIBIK
YZEPICIHIH JKaNIbl J)KY3€re achlpy apKbLIbl )KaKChl HOTHMKE OCPETIHIIrIH XKOHE TYPJIi Tay KbIHBICTAPbIHA KOJIaHyFa
0ONIaTBIHBIFBIH KOPCETTI.

Tyiiin ce3nep: MATLAB, rpaduxanbik unTepdeiic, sxalblHHbIH Tapanybl, auHaMukaislk CLFP, aya-enmien-
T'eH 3aT, AHTYaH TEeHJIeYi, &KapTac.

B. Asmnosa', B. Canaprainesa’

'MexIyHapoHBIi YHUBEpCUTET HH(POPMAIIMOHHBIX TEXHOIOTHHA, AnMarhl, Kazaxcran;
ZKa3axcKuii HAIIMOHAIBHBIH TeIarormueCKi yHuBepcuteT uM. Abasi, Anmatsl, Kazaxcran

CO3JAHUE MATEMATHYECKO-KOMIIBIOTEPHBIX MOJEJENA JTUHAMUKH
PACIIPOCTPAHEHMUSI INTAMEHHU A3POB3BECEH TBEP/IbIX BEIIIECTB
B PA3JIMYHBIX I'OPHBIX IOPOJIAX B CPEJE MATLAB

AHHoTanusa. PacnpocTpaHeHHe MEepexoIHBIX, B3BEUICHHBIX B BO3yXE TBEPIBIX BELIECTB B BEHTUIHPYEMOMH
B3pBIBHOI Kamepe YHCIEHHO HCCIIEIyeTCsl C MOMOIIBbI0 JMHAMUYECKOW (OPMYJIMPOBKU Ul KOHLEHTPAIIMOHHOTO
npexena pacnpoctpanenus wiamenu (CLFP) B cpene GUI MATLAB. I'eomexannka MoaenupyeTcs: OAHOCTaIMHHON
o01eil peakiyel, KOTopasi UMUTHPYET PEAKIHMI0 CTEXHOMETPHUYECKOTO NPOIIaH — BO3IyX— B3BELICHHBIC TBEPIbIC
BemectBa. MogenupoBanue CLFP B Mozenu ckopocTH peakiMM YHCIEHHO HCIOJIB3YyeTCd C MaTeMaTHUYEeCKUMHU
MOJIETSIMI Ha OCHOBE YpaBHEHMS AHTyaHa. DTO OCHOBAHO Ha SMIMPUYECKON KOppeaun (GayKTyaruii CKOPOCTH U
peamu3oBaHO B BHUAE WHTepdeiica ¢ TaHHBIMH BBOJIA-BBIBOA C Trpaduueckoil peanmsanumeii. KommbroTepHOe
MOJIEIMPOBAHIE MOKa3ajo, yTo auHammudeckue moaenu CLFP maror mpeBocxomHble pe3ynbTaThl B KadecTBe 00mieit
peanuzany (pU3NYECKOro Mpolecca pacHpoOCTPaHEHUs IUIAMEHH M MOTYT OBITh MCIOJB30BAaHBI JUIS Pa3IUYHBIX
TOPHBIX OPOJ (HapHMep, TPaHUTA, U3BECTHSKA, TIECYaHUKA U JP.).

Kaouessie cioBa: MATLAB, rpadguyeckuii unrepdeiic, pacnpocrpanenue miamenu, nuaamudeckuii CLEP,
BO3/yX-B3BEILIICHHbIE BEIIECTBA, ypaBHEHUE AHTyaHa, CKaJIbl.
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