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In the work we analyzed the risk of wildfires and proved the efficient use of
the explosive method to combat wildfires. A mathematical model of the
double chargeexplosion from explosive gasesmixture is presented, as well as
the resulting initial and boundary conditions required for the numerical cal-
culation of the double charge explosion from explosive gases mixture to
create a fire barrier.
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Problem formulation. Every vyear there are about 400 thousand wildfire-
son the land surface, which destroy about 1% of the total area of the vegetation of
the globe and emit millions tons of combustion products. The problems asso-
ciated with wildfires are relevant to many countries in the world. Wildfires cause
enormous damage to the environment, life quality, efficiency and overall econo-
my of the country. One of the ways to increase the level of population protection
from natural fires, is to create firebreaks. For this the operative-rescue services
require very high costs. Implementation of mathematical modeling solves the
problem by reducing the number of human resources, material costs and provides
effective tool to assess the proposed method to combat wildfires.

Analysis of recent researches and publications. To improve the per-
formance of creating a fire barrier and laying it through in areas which are
hard to reach by heavy trucks the work [1] proposes the creation of barriers by
explosion of constricted discharge type EILL-1IT. In particular, the constricted
discharge provides creating a fire barrier with a width of 1.4 m, while to con-
finea wildfire it is necessary, as a rule, a fire barrier with a minimum width of
2.8 m [2, 3]. In [4, 5] as an alternative for the constricted discharge it is pro-
posed to use a single charge of explosive gases mixture that have a number of
advantages, namely a high level of security when working with charges, in-
creased pulse pressure and higher specific fuel combustion heat. To confine a
wildfire it is offered to use double charges with explosive gases mixture that
will increase the fire barrier width. It is assumed that when exploding the
double charge, the width of the fire barrier may make about 7-8 m, which
greatly exceeds the standard [2, 3].

Statement of the problem and its solution. The aim of this work is to
define and describe the conditions for carrying out a mathematical model of
the double charge explosion forexplosive gases mixture to create a fire barrier.

The mathematical model of the explosion of a double charge double
charge explosion forexplosive gases mixture is represented as a system of eq-
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uations describing the unsteady three-dimensional flow of two-component
mixture of gases in a Cartesian coordinate system

—+——+—-—+g—q:pn. (1)

where a, b, ¢,d, i — the vector-columns are in the form:

a=[p, pu.pv, pw, E|".
b=[pu, P+pu2, puv, puw, (E-+ P) u]‘r,
¢ =[pv. puv, P+pv’.pvw, (E+P) v]",
d=[pw, puw, pyw, P+ pw>, (E+P)w]',
ﬁ — [0, f: + f)., fz]T'

where £, =—sc,-puvu’ + w?: f, =-sc, -pwyu’ ~w? — projection of the re-
sistance force on the axis of coordinates (sc,; — a parameter that characterizes
the resistance force per unit volume of the phytocenosis); p, 7, P — the density,
temperature and pressure of the gas phase, respectively; e — is the internal
energy per unit mass of the gas phase; 1 — is time; », w — components of the ve-
locity vector of the gas flow; x, z - are the coordinates in a Cartesian coordi-
nate system along the earth's surface; s — specific surface phytomass of forest

canopy; ¢g — is an empirical coefficient of the forest canopy resistance; v —
component of the velocity vector of the gas flow ¢ on the X-axis; y — Carte-

sian coordinate along the axis perpendicular to the earth’s surface; £ — the total
. . . 1
energy per unit volume of the gasmixture: E = p(e + E(UI +v+w? ])

A low of transferring the components of the mixture given the speed of
diffusion has the form [4]

a(pQ) , ApuQ) | HpvQ)  A(pwQ) _ 5
ot x dy o -

(2)

where O - is the relative mass density of the admixture (the ratio of a gaseous
substance impurities density to the mixture density), p,, - the intensity
change of the impurity density due to diffusion (according to Fick's law —
Por =div(pd,gradQ); 9, — is the diffusion coefficient, which was deter-
mined by the methodof N. E. Berland [6].

It is based on the assumption that when using double charges ofexplosive
gasmixtuwre due to their simultaneous explosion in the field where shock waves
interact there is a rapid increase in pressure, which will increase the width of the
fire barrier at the expense of emission of vegetative combustible material at a
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considerable distance from the center of the explosion. Therefore, the location of
double charges in the field of simulation was set according to the scheme (fig. 1).
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Fig. 1. The placement of double charges of explosive gasmixture in the compu-
tational domain: 1 — detonation products, 2 — the layer of vegetation, 3 — air,
4 — the calculated area, 5 — the initial border to locate the detonation products, s — lhe
thickness of the coating layer, 4 — is the initial diameter of the charge

For this, the double charge of explosive gasmixture must be placed directly
on top of the ground of combustible material at the distance of 2 m between the
axis of the charges, which corresponds to the average distance between the ruts
of a fire truck. Laying down the double charges can be carried out in an auto-
mated manner by firefighting and rescue heavy trucks. If ground combustible
material is high, charges are laid along the way of vehicles that will bring them to
the ground and thereby increase the energy efficiency of explosion.

To determine the initial conditions for the explosion processes of a
double charge of explosive gasmixture we take the diameter of the shell
charge d = {0,95; 1,3}, and the thickness of the ground layer of combustible
material is equal to h = 0,1 m. Velocity of the wind is equal to q, = 3 m/s as
the average wind speed for Kharkiv city and Kharkiv region [4].

Thus, the initial conditions for the double charges of explosive gasmix-
ture are the following.

In the area of detonation of a charge:

-

2 2 2 2 - 2
[y—h—g] +(Z—E+IJ <g—,(y—h~g) +(z—-li‘--l] d—
2 2 4 2 2. 4’

0<x<H,, (3)

we accepted: Pl = 1,4 MIla; 7)o = 3480 K 7|0 = 1,267, ttj=o = 0; V|0 =0,
W0 = 0; M= 1.
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In the area of airspace:

2 2 2
h<y<}i‘,,0<x<H‘,0<z<l-lz,[y—h-E] 4-[z—£+l] >§_
) 2 2 4
dY’ H, \'_d?
(y—h—:?-] +(z-——2—-~11| =, @)

accepted: P|= 0,1 MIla; T}= = 293 K; ylmo = 1,4; |0 = 0; vjp = 0; W] =3
M/C; N)p = 0.
In the area of phytocenosis:

0<y<h,0<x<H,,0<z<H,, (5)

accepted: Plo= 0,1 Mlla; T} =292 K; 0= 1,4: 1t =0; V|0 = 0; W|o=10
M/c; Mg = 0.

Thus, the boundary conditions take the following form. The earth's surface
in the calculations is presented in the form of a set of isolated sites, which togeth-
er model the estimated area of the surfaces [4]. On these surfaces the condition of
the non-flowwas performed: g7 = 0, where # — the vector normal to the surface.

When setting boundary conditions it is considered that the expenditure
component of the wind speed does not exceed the speed of sound. The incom-
ing flow of a gaseous substance at the entrance of a certain area is determined
by the quantitics [4]:

— full enthalpy 1,, = l—£+i(u2 +v? +w3), (6)
y—lp 2

~ of the entropy function S, = ET-, (7)
p

~ relative mass density of impurity Q (Q < 1, for admission of the ga-
seous impurity substances).

The impact of the explosion products expandingis described by a system
of noastationary equations of gas dynamics taking into account the resistance
of the medium, supplemented with the equation of state of an ideal gas in a
three-dimensional Cartesian coordinate system.

The developed mathematical model allows to investigatehow the explo-
sion energy from a charge of explosive gasmixture impactson the width of the
fire barrier depending on the diameter of charges and their spatial location.
Model of open ground combustible material in the double charges explosion
made in the statement of the problem the instant of the explosion.

Conclusions. The paper presents the mathematical model, initial and
boundary conditions, which allow to carry out numerical calculations and to
investigate the process of the explosion of a double charge foraexplosive ga-
semixture when creating a fire protection barrier with the help of mathematical
modeling. This will allow using proven programs with the use of mathemati-
cal models and initial conditions to determine the dependence of the width of
the fire barrier from the charge diameter and type of vegetation. Obtaining and
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justification of the magnitude of the fire barrier as a result of the mathematical
modeling will allow to carry out experimental research in real conditions to
evaluate the effectiveness of this method to confine wildfires.
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JLIL 1yBunun, A A. Nucusax

Mozeau B3peisa 1BOIHOIO 3apsAA ¢ CMOCH BIPLIBOONACHBIX TA30B I CO3/A-
HHA NPOTHBONOXRAPHOIo (apsLepa

B paGote nposencH anaiMi ONACHOCTH BOSHUKHOBEHMA IIPHPOIHBIX NnoKapos.
OGocHosana 3pHEKTHBHOCTL NPUMCHEHHA BIPHIBHOTO CrIocoba A GOPLOKE ¢ NPH PO bi-
MH noxapami. lpeanokeHHas martemMaTHyeckas Mofe/b BIPLIBA JBOIHbBIX 3apaloB U3
CMCCH B3PBIBOONACHBIX ra3os. [losyyenusie HAYANLHBIC M FPaHHYHBIE YCIOBHA HEOBX0aMH-
MBIE JUIR NPOBEACHHS YHCICHHOTO pacyeTa BIpLIBA ABOHNLIX 3apANOB M3 CMECH BIPhIBO-
ONacHbIX ra308 JUIA CO3AAHHA NPOTHBONOXApHOTO Gapbepa.

Kntouessie enosa: nporusonoskapusiii Gapsep, HazeMmbie rOpIOYHE MAaTepHanbl,
APHPOHLIA NOKAP, ABOHHOI 3apA/l, MOLIEHPOBAHHE BIPHIBA JapA/IA.

JLIL, AyBinin, A.A. Jlicuak

Moneni Bubyxy moasifinoroe sapany 3 cymiumi pubyxoneGesneunux rasis s
CTBOPEHHS NPOTHNOXKEKRHOTo Gap'cpy

Y poboti nposeneno anania Hebesnekn BUHUKHEHHS NPUPOIHHUX N10KEK. Obrpys-
ToBaHa edekTUBHICTL 3acTocyBanns BHGYX0BOrO cnocoly aia GopoTH 3 NPHPOAHUMK
NOKEHKAMH. 3anponoHOBaHa MaTeMaTHYHa Moaeis BHOYXY NoaBiliHHX 3apAdiB 3 cymiuii
subyxonebeaneannx rasis. Otpumani noyaTkosi Ta rpaHuuHi ymMoen neobxiani ana npo-
BCACHHA YMCENLHOro po3paxyhky eubyxy noasiiinmx 3apanis 3 cymiwi subyxonetesney-
HHX 1A3iB /U1A CTBOPEHHA NPOTHNONEKHOTO Bap’epy.

Kaouosi cnosa: nporunoxexunii 6ap'ep, naiemui roproui MaTepiaan, npupoIHa
NOXeka, NOABIHMIA 3apa, MoseIloBanHA BUGYXY 3apaay.
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