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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 cre-
ate a fire barrier.
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Problem formulation. Every year there are about 400 thousand
wildfireson the land surface, which destroy about 1% of the total area of the veg-
etation of the globe and emit millions tons of combustion products. The problems
associated with wildfires are relevant to many countries in the world. Wildfires
cause enormous damage to the environment, life quality, efficiency and overall
economy of the country. One of the ways to increase the level of population pro-
tection 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 EILI-11I1. In particular, the constricted
discharge provides creating a fire barrier with a width of 1.4 m, while to
confinea 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
proposed 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 dou-
ble 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
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equations describing the unsteady three-dimensional flow of two-component
mixture of gases in a Cartesian coordinate system
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where a, b, ¢, d, n — the vector-columns are in the form:

a=[p, pu, pv, pw, E]',
b= [pu, P+pu?, puv, puw, (E+P)u]",
= [pv, puv, P+ sz,pvw, (E+P) V]T ,
d= [pw, puw, pvw, P+ pw>, (E+P)w]",
a=[0,f, +f,f,],
where f, =-sc, puvui+w; f, = —SCy .pwAu? +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 en-
ergy per unit mass of the gas phase; ¢ — is time; u, 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; cq — 1s 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(u2 +vi+w? )j

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

ApQ) , ApuQ) , ApvQ) | ApwQ) _
ot ox oy bz

th ’ (2)

where O — is the relative mass density of the admixture (the ratio of a gaseous
substance impurities density to the mixture density), po — the intensity

change of the impurity density due to diffusion (according to Fick’s law —
Por =div(p3pgradQ); 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
gasmixture 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, /# — the
thickness of the coating layer, d — 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 automat-
ed manner by firefighting and rescue heavy trucks. If ground combustible materi-
al 1s 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 dou-
ble 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
gasmixture are the following.

In the area of detonation of a charge:

2 2 2 2 2 2
(y—h—é) + z—HZ+1 <d—,(y—h—gj + z—HZ—l <d—,
2 2 4 2 2 4

0<x<H,, 3)

we accepted: Pl = 1,4 MIla; T|—, = 3480 K; y|=0 = 1,267, u|=o = 0; V|0 = 0;
W= = 0; N|= = 1.
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In the area of airspace:

2 2 2
h<y<H,,0<x<H,,0<z<H, (y h—%) +(Z—H22+1j ZdT,

d)’ H > g2
~h==| 4z 1] 25 4
(y 2) ( 2 j 4 @
accepted: P|ro—0 1 MITa; T~ = 293 K; 9|0 = 1.4; tt|=0 = 0; V|20 = 0; W|,=o = 3

M/c; Nl =
In the area of phytocenosis:

O0<y<h,0<x<H,,0<z<H,, (%)

accepted P|ﬁ0 0 1 MHa Tlﬁo =293 K y|ﬁ0 1 4 l/l|ﬁ() 0 V|ﬁ0 0 W|ﬁ0 =0
M/C; N =

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 7 — 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 quantities [4]:

~ full enthalpy Ty =2+ L(u? +v2 + w?), 6)
y=lp 2
: P
— of the entropy function S, = — (7)
p

— relative mass density of impurity O (Q < 1, for admission of the gas-
eous impurity substances).

The impact of the explosion products expandingis described by a system
of nonstationary 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
gasemixture when creating a fire protection barrier with the help of mathemat-
ical modeling. This will allow using proven programs with the use of mathe-
matical models and initial conditions to determine the dependence of the width
of the fire barrier from the charge diameter and type of vegetation. Obtaining
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and justification of the magnitude of the fire barrier as a result of the mathe-
matical modeling will allow to carry out experimental research in real condi-
tions to evaluate the effectiveness of this method to confine wildfires.
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J.I1. AyOunun, A.A. JIucHsak

Mopaenu B3pbIBa ABOITHOIO 3apsiia ¢ CMeCH B3PHIBOONACHBIX ra3oB /IS CO3/1a-
HHS MPOTHBOMOKAPHOTO dapbepa

B pabote mpoBeneH aHaIM3 OMACHOCTH BO3HUKHOBEHHUS TMPUPOIHBIX MOKAPOB.
O6ocHoBaHa 3(PPEKTUBHOCTh MPUMEHEHHSI B3PBIBHOTO CTIOC00a Jij1si O0OPHOBI ¢ IPUPOIHBI-
MU Tokapamu. [IpemmoxkeHHass mMareMaTudeckas MOJIENb B3PhIBA JBOWHBIX 3apsifoB U3
CMECH B3pPBIBOOMACHBIX Ta30B. [loydueHHbIe HAYalbHbIC U TPAHUYHBIC YCIOBUS HEOOXOIH-
MbI€ JJIsi IPOBEICHUS YMCIICHHOTO pacueTa B3pbIBa JBOMHBIX 3apsJ0B M3 CMECH B3PHIBO-
OTIACHBIX Ta30B IS CO3/IaHUS IPOTUBOMOKAPHOTO Oaphepa.

KiroueBble cjioBa: MPOTUBOMOXKApHBIN Oaphep, Ha3eMHBbIE TOPIOYME MaTepHabl,
MPUPOAHBIN TOKap, TBOMHOM 3apsil, MOJAEITUPOBAHNE B3pPbIBA 3apsa.

JI1. dyGinin, A.A. JlicHsx

Mopeni BuOyxy moaBiiiHOro 3apsiny 3 cymimi BHOyXoHeOe3le4HHX rasiB AJs
CTBOPEHHS NMPOTHUIIOKEKHOTO O6ap'epy

VY poOoTi mpoBeneHo aHai3 HeOe3MeKH BUHUKHEHHS MPUPOJHUX TOXexK. OOrpyH-
TOBaHa €(EKTHBHICTh 3aCTOCYBaHHS BHOYXOBOTO crocoOy uis 60pOoThOM 3 MPHPOTHHUMHU
MOXKeKaMH. 3arporoHOBaHa MaTeMaTHYHA MOJETb BUOYXY HOJBIMHMX 3apsiB 3 CyMilli
BHOYyxOoHeOe3neyHux rasiB. OTprMaHi MOYAaTKOBI Ta TPAHUYHI YMOBHM HEOOXiJHI AJS Hpo-
BEJICHHS YHMCEIHHOT0 PO3PaXyHKY BHOYXY MOJBIMHUX 3apsiiiB 3 cyMilli BUOyXxoHeOe3mney-
HUX Ta3iB JIsl CTBOPEHHS MPOTUIIOKEKHOTO Oap’epy.

KurouoBi ciioBa: nmpoTunoxxexHuii 0ap'ep, Ha3eMHI TOPrOYl MaTepiaiu, MPUPOTHA
MOXKErKa, MOABIMHMM 3apsiji, MOACITIOBAHHS BUOYXY 3apsiy.
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