
Серия «Физика». № 1(97)/2020 115 

DOI 10.31489/2020Ph1/115-124 

UDC 614.84 

D. Kasymov1, 2, O. Galtseva3 

1Tomsk State University, Russia; 
2V.E. Zuev Institute of Atmospheric Optics SB RAS, Tomsk, Russia; 

3National Research Tomsk Polytechnic University, Russia 
(E-mail: denkasymov@gmail.com) 

On the design of some devices for localization  
and extinguishing wildfires of different intensities 

Topicality of the study of natural fires and techniques to control them is obvious. About 18 000 people in the 
Russian Federation lose annually their lives as a result of forest fires. Analysis is shown that forest fires are 
particularly frequent in Siberia and the Far East of Russia, where the number of deaths from forest fires up to 
10 000 people exceeds the same indicator in the European part of Russia by 4–5 times. General situation in 
the world shows shortcomings in the existing system of monitoring forests and the low efficiency of the 
methods used to localize and extinguish fires. Development of devices for localizing and extinguishing wild-
fires of various intensities is considered, based on knowledge of flame structure, including drying, heating, 
pyrolysis and mixing with atmospheric oxygen zones, which can be affected by relatively low energy disturb-
ances (shock waves) minimizing environment damage. Theoretical and experimental studies show that shock 
waves lead to increasing pressure in them at the time of interaction with unstable zones, which increases the 
suppression efficiency further. It is shown that the practical use of considered technological solutions will 
make it possible to increase the effectiveness and efficiency of measures to suppress wildfires. 

Keywords: physical and mathematical modeling, natural and technological disasters, combustion suppression, 
shock wave, ignition, experiment, localization and suppression. 

 

Introduction 

Wildfires occur around the world leading not only to enormous economic costs, but also threaten hu-
man health and life, destroy forest vegetation and biomass, which entails significant soil erosion under the 
influence of water and wind. Experience has proven that the number of disparate sources of fire or large-
scale fires does not decrease year by year, despite the improvement of forecast systems for forest fire hazard 
systems [1, 2]. Recently, fires have arisen in more remote and wetlands, which complicates the delivery of 
equipment for their localization. This is partly due to the expansion of human economic activity, which in-
creases the risk of fire, as well as deforestation of available forest resources. The relevance of studying the 
effects of seat of fire on peatlands and wood is explained by the need for an in-depth understanding of the 
thermophysical processes that occur during the ignition and burning of peat and wood, as well as the study of 
the mechanisms of transition of one type of fire to another in order to clarify existing measures to prevent, 
localize and extinguish wildfires. 

At present, the following main methods of dealing with wildfires of various intensities are known and 
widely used: «overwhelming» the front of the lower wildfire; digging the edge of a wildfire with soil in order 
to create a mineralized strip; water extinguishing using portable backpack forest sprayers, and using aviation; 
forest fuel materials annealing; explosive methods [3]. 

All the listed extinguishing methods from the point of view of the mechanism of influence on wildfire 
can be divided into three groups: a) physical and mechanical extinguishing; b) chemical suppression; 
c) localization and extinguishing of a fire using shock waves generated by detonation of explosive and pow-
der [2]. The first group (a) includes methods of «overwhelming» and mashing the edge of the fire with 
branches of deciduous trees or brooms. These methods are used in case of weak burning and on light weakly 
grassed soils in the absence of cluttering. At the same time, the width of barrier bands is at least 0.5 m [4]. 
Group (b) includes forest fuel materials annealing, that is widely used in practice before the fire front [3, 4]. 
More effective methods of localization and extinguishing using cord charges (v) type PZV-20 and ASH-1p 
[3]. A significant drawback of these charges is the low efficiency of using the explosive energy of the explo-
sive, since the main energy is dissipated in the environment during the explosion [3]. Therefore, it is neces-
sary to increase the number of charges for the formation of a supporting mineralized strip, which leads to an 
increase in material and technical costs and, accordingly, increases the cost of the performed work. 
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where T1 is the temperature of the flame, T* is the temperature of destruction of the charge container; T0 is 
the environmental temperature, H is the height of the flame, and T' is the temperature of the pyrolysis zone. 

Once the reference stake is reached by the front′s leading edge, the charge is electrically detonated. The 
detonation of the charge 1 and the explosion of the pyrolysis zone 4 by the shock wave 6 lead to a stall of the 
flame and a destruction of the fire front. The remaining small combustion sources 7 are extinguished com-
pletely using disintegrators 8. 
 

 

a — is the a general view of an overhead cord charge; b — is the charge design;  
c — is the a diagram of action of the explosion products on the front of fire; 1 — is the external elastic shell;  

2 — is the groove; 3 — is the explosive cartridge; 4 — is the paper cup; 5 — is the power threads;  
6 — is the braid; 7 — is the charge at the time of the explosion; 8 — is the ground cover of natural combustible  

materials; 9 — is the flame torch; 10 — is the range of the jet; 11 — is the scope of the shock wave;  
12 — is the burned area on the underlying surface; 13 — is the mineralized groove 

Figure 2. Overhead cord charge  

At the site of the lower forest or steppe fires localization towards the approaching fire front, the pro-
posed cord charge unfolds on the ground cover 8. It is laid so that groove 2 (Fig. 2) is oriented towards the 
front of fire. When the front approaches the charge, the latter is detonated by the electric detonator remotely. 
The gases 7 generated during the explosion of charge create a pressure of hundreds atmospheres [15], as a 
result of which the structural elements of the charge are destroyed. The outer elastic shell 1 will collapse first 
in the region of groove 2 (Fig. 2), the remaining structural elements (Fig. 4) — the braid 6, the power strands 
5, the paper cup 4 is destroyed belatedly. The products of the charge explosion and the resulting shock wave 
initially rush through the groove 2. A jet is formed in this case, directed towards the burning center on the 
underlying surface 8. The directional action of a shock wave ensures the failure of a flame 9, and the burning 
wildland fuel, drying is discharged towards the heated section 12. The reflected shock wave further enhances 
the shear of burning natural combustible material. Thereby, the combustion front is destroyed and a mineral-
ized groove 13 is formed. 

Knowing the structure of the flame, we can use models of an energy-perturbation source in accordance 
with the new concept of fighting of forest fires to create devices making it possible to destroy, by energy per-
turbations, the most vulnerable part of the flame: the zone of pyrolysis and mixing of combustible pyrolysis 
products with the air oxygen. Focusing of shock waves is known to be used in various fields of science and 
technology. It is seen that the amplitude of the focused shock wave grows with the length of ellipse l (Fig. 3). 
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l1 — is 6.11·10–2 m; l2 — is 8.8·10–2 m; l3 — is 11.44·10–2 m 

Figure 3. Amplitude of the focused shock wave vs. distance to the focusing zone  
for three versions of a focusing ellipse of various lengths  

In accordance with the new concept of firefighting wildfires and knowing the structure of a flame, you 
can create devices that allow small energy disturbances to destroy the most vulnerable part of a flame — the 
pyrolysis and mixing zone. One can use the device considered in [16] for these purposes. Focusing of shock 
waves is known to be used in various fields of science and technology [17–20]. 

This effect was tested under natural conditions on a proving ground. The device is a modified version of 
small arms unsuitable to be used for its original function (Fig. 4). A shock wave is formed due to the nozzle. 
A gunpowder charge 1 is ignited; the formed high-temperature products traverse barrel 2 and enter nozzle 3. 
Due to the nozzle shape, an enhanced shock wave forms, which acts on the pyrolysis zone. It should be noted 
that the exit diameter of the nozzle ranges within 1.8·10–3 < d2< 40·10–3 m at the diameter of the critical cross 
section 3·10–3 < d3 < 6·10–3 m. These values have been selected from the results of the experiments on the 
proving ground under nearly-actual conditions. 
 

 

1 — is the gunpowder charge; 2 — is the barrel; 3 — is the nozzles;  
d2 — is the nozzle inlet diameter; d3 — is the nozzle outlet diameter 

Figure 4. Device for localization and extinguishing of lower wildfires [12] 

Results and its discussion 

An experimental verification of the action of small energy source model disturbances with a focusing 
nozzle on the front of a lower wildfire is shown in [21]. The experimental results are presented in Table 1. 
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T a b l e  1  

Field test data [21] 

Type of lower wildfire 
disintegrator 

Cross-sectional 
diameter, [mm] 

Capture depth, [m] Capture width, [m] Effective range L, [m] 
α = 30° α = 45° α = 30° α = 45° α = 30° α = 30° 

Cone-type 5 0.75 0.55 0.4 0.4 1.2 1.2 
Parabolic 5 0.8 0.6 0.55 0.45 1.2 1.2 
Parabolic 3 0.5 0.35 0.3 0.3 1.2 1.0 
 

Three types of nozzles were tested. An analysis of the tests results conducted on the territory of the 
Timiryazevsky forestry in Tomsk of Tomsk region and in Krasnoyarsk showed that nozzles with a parabolic 
internal cavity and a diameter of critical section dk = 5·10–3 m have better characteristics than cone-shaped 
with the same critical diameter section or with a parabolic internal cavity, but with a diameter of the critical 
section dk = 3·10–3 m. It was determined during the experiment that one person armed with n a disintegrator 
extinguishes up to 10 m of the fire front in 1 minute using 30 rounds. A group of four with ammunition 
equipped in four magazines (120 rounds) can extinguish up to 160 meters of the front fire in 4÷5 minutes 
[22]. 

Table 2 shows the results of measuring the braking pressure of various designs [22]. 
Table 3 presents spent time estimation, people/min (machine/min), for some work to extinguish a 100-

meter edge of the lower wildfires [23]. 
The experiments confirmed the possibility of using this device for extinguishing low and medium inten-

sity lower wildfires. 
In addition, as a result of experimental studies of the probability of ignition of plant combustible mate-

rials from a lower wildfire [22, 23–24], a knapsack motorized fire extinguisher is proposed as a means of 
suppression a low-intensity lower wildfire, which structural diagram is shown in Figure 5 [25]. 

T a b l e  2  

The experiment results on measuring the braking pressure of various designs 

Type of nozzle Gain ratio 
Pressure measurement values, Pav, V·10–3 
L = 0 [m] L = 0.5 [m] L = 1 [m] 

Parabolic Dout = 36 [mm] 1.15 67 49 41 
Cone-type Dout = 36 [mm] 1.09 63 46 39 
Ellipsoidal Dout = 36 [mm] 1.1 64 47 40 
Parabolic Dout = 36 [mm] 1.26 73 54 45 
Cone-type Dout = 36 [mm] 1.25 72 53 45 
Without nozzle Dout = 36 [mm] – 58 42 36 

 

T a b l e  3  

Spent time on various extinguishing of the 100-meter edge of the lower wildfires 

Type of work 
Cost 

people/min machine/min
Laying of a barrier strip 0.5 m wide: 

– 5 tractor plow brigade 
80–100 
10–15 

2–3 

Using a removable fire truck 6 3 
Using explosive materials with wells through 1 m 100–200  
Chemical solutions 1 m wide 15–18  
While extinguishing the fire edge with two fire jets of water  
with processing a strip 10 m wide by a team of 6 people 

40 15 

Ignition of the cover from the finished support strip  
by two teams of 5 people each with a guard 

5–10  

Extinguishing using the device for localization  
and extinguishing of lower wildfires 1 person 

10  

Team (2 people with the device for localization and extinguishing 
of lower wildfires and 1 person with a knapsack forest sprayer) 

4–5  
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The fire extinguisher is used as follows: before carrying out the work, a firefighter fixes on the back 
with the help of straps a motorized backpack fire extinguisher and goes to the place of work. Upon arrival, 
presses the «start» button on the control panel 13 and starts the hydraulic pump 16. Fire extinguishing fluid 
through the adapter 6 enters the pump 16 and is fed into the pressure hose 8. The firefighter operator opens 
the crane 9, and the extinguishing fluid from the tank 1 through the pipe 12 and the pressure hose 8 is fed to 
the control panel 10 and rushes through it to the fire. Perforated protective cover eliminates accidental me-
chanical damage to the control panel. 
 

 

1 — is the capacity for extinguishing fluid; 2 — is the frame support; 3 — is the fixing collars; 4 — is the platform;  
5 — is the instrument compartment in a perforated protective casing; 6 — is the capacity adapter;  

7 — is the fire extinguishing liquid; 8 — is the pressure head sleeve; 9 — is the crane; 10 — is the a hydraulic console;  
11 — is the electric control cable; 12 — is the output pipe; 13 — is the control panel; 14 — is the a protective wall;  

15 — is the cover; 16 — is the hydraulic pump; 17 — is the current source (battery); 18 — is the console;  
19 — is the neck 

Figure 5. Knapsack motorized fire extinguisher,  

The application of proposed technical solution in practice will increase the trouble-free life, improve 
serviceability, which will more quickly localize and extinguish wildfires. 

A device dropped from an aircraft and having a drop-shaped skeleton with the center displaced down-
ward, which is manufactured from an easily destructible material, e.g., paper, is used at almost inaccessible 
sites of suppression. The ends of the skeleton are hermetically sealed with plugs whose material can be a 
polymer incombustible material. The skeleton shape and the presence of a stabilizer and of the rounded-off 
end of the lower plug improves the accuracy of arrival of the device at the combustion zone, whereas the 
presence of cells ensures a uniform spraying of the seat of fire (Fig. 6). 

The operation of the device is as follows: before departure for the site of fi re-fighting work, one installs 
plug 4 into skeleton 1 and fixes it with binding 3. Pyrocartridge 8 in a water-resistant container 9 and thermal 
fuse 10 are installed through the channel 11 of the plug 4. Then one installs plug 6 and fastens it to the skele-
ton 1 with the binding 3. Water is poured through entrance 7 into the cavity of the skeleton. In filling the cav-
ity of the skeleton 1 with water, the entrance 7 is shut by a stopper with stabilizer 5. Stiffening ribs 2 prevent 
the destruction of the material of the skeleton 1 in filling with water and transporting further. Once the device 
is delivered to the site of work, it is dropped over the combustion source. Since the skeleton 1 is drop-
shaped, the displacement of the center of gravity ensures orientation of the device along the gravity vector. 
As the combustion source is approached, a heat flux from it begins to act on the thermal fuse 10. The thermal 
fuse comes into action and initiates the pyrocartridge 8. It is detonated, the container 9 is destroyed, and the 
gases begin to act on the water in the cavity of the skeleton 1. The skeleton 1 is destroyed due to the increase 
in the cavity pressure; the shock wave beats the flame off and the water, via the cells formed by the stiffening 
ribs, rushes to the smoldering source. 
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1 — is the skeleton; 2 — is the stiffening ribs; 3 — is the fixing bandages; 4 and 6 — are the plugs;  
5 — is the stabilizer; 7 — is the entrance; 8 — is the pyrocartridge charge; 9 — is the water-resistant container;  

10 — is the thermal fuse; 11 — is the channel 

Figure 6. Scheme of the device 

Shock-wave generation and water spraying above the source make it possible to considerably increase 
the suppression area compared to the prototype, which raises the efficiency of action on the combustion 
source. Furthermore, using the device proposed, one can actively suppress crown forest fires, too. 

Conclusion 

The development of localization and extinguishing of upper, lower wildfires and steppe fires is consid-
ered in current work. Application and accounting of the presented methods and techniques will improve the 
efficiency and effectiveness of measures to combat natural and technological disasters. 

This approach directed to the destruction of unstable zones allows the new technical methods and de-
vices to be created for providing the safety of fireman-operators, the environmental safety through conserva-
tion of natural resources, and the high efficiency. Similar requirements are met by blasting methods: com-
bined method of localization and suppression of ground forest and steppe fires; line charge for localization 
and suppression of fires, as well as a disintegrator of a ground forest fire front. 

This work was carried out with financial support of the Program of Increasing the International Com-
petitiveness of the Tomsk State University for 2013–2020. 
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Əр түрлі қарқындылықтағы орман өрттерін оқшаулауға  
жəне сөндіруге арналған кейбір құрылғыларды жобалау 

Табиғи өрттерді жəне оларды қалай жою керектігін зерттеудің өзектілігі маңызды. Ресей Федерация-
сында орман өрттерінен жыл сайын 18000-ға дейін адам қайтыс болады. Талдау көрсеткендей, 
Ресейде орман өрттері əсіресе, Сібір мен Қиыр Шығыста жиі кездеседі, мұнда орман өрттерінен қаза 
тапқандар саны 10000, Ресейдің еуропалық бөлігіндегі көрсеткіштен 4–5 есе асады. Əлемдегі жалпы 
жағдай орман мониторингінің қолданыстағы жүйесінің кемшіліктерін жəне табиғи өртті өршітпеу, 
сөндіру үшін қолданылатын əдістердің тиімділігінің төмендігін көрсетеді. Жалынның құрылымын, 
оның ішінде кептіру, жылыту, ыдырату, атмосфералық оттегімен араластыру, салыстырмалы түрде аз 
энергия бұзылыстарына (соққы толқыны) əсер етуі мүмкін, өршітпеу жəне сөндіруге арналған 
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құрылғыларды əзірлеу, келтірілген залалды барынша азайтуға мүмкіндік береді. Теориялық жəне 
тəжірибелік зерттеулер көрсеткендей, соққы толқындары тұрақсыз аймақтармен əрекеттескен кезде 
қысымның жоғарылауына əкеледі, бұл өртті басудың тиімділігін одан əрі арттырады. Қарастырылған 
технологиялық шешімдерді іс жүзінде қолдану табиғи өрттермен күресудің тиімділігін арттыруға 
мүмкіндік беретіні көрсетілген. 

Кілт сөздер: физикалық-математикалық модельдеу, табиғи жəне технологиялық апаттар, соққы 
толқыны, тұтану, эксперимент, өршітпеу жəне жануды басу. 

 
Д. Касымов, О. Гальцева 

О конструкции некоторых устройств для локализации и тушения  
лесных пожаров различной интенсивности 

Актуальность изучения природных пожаров и способов борьбы с ними очевидна. В Российской Феде-
рации в результате лесных пожаров ежегодно погибает до 18 000 человек. Как показывает анализ, в 
России особенно часто лесные пожары возникают в Сибири и на Дальнем Востоке, где число погиб-
ших от лесных пожаров на 10 000 человек превышает этот же показатель в европейской части России 
в 4–5 раз. Общая ситуация в мире показывает недостатки существующей системы мониторинга лесов 
и низкую эффективность используемых методик локализации и тушения природных пожаров. Рас-
смотрена методика по устройствам локализации и тушения природных пожаров различной интенсив-
ности, основанных на знании структуры пламени, включая зоны сушки, нагрева, пиролиза, смешения 
с кислородом воздуха, воздействие на которые возможно относительно малыми энергетическими 
возмущениями (ударными волнами), что позволяет минимизировать вред, наносимый окружающей 
среде. Теоретические и экспериментальные исследования показывают, что ударные волны приводят к 
увеличению давления в них во время взаимодействия с нестабильными зонами, что дополнительно 
увеличивает эффективность подавления. Показано, что использование на практике рассматриваемых 
технологических решений даст возможность повысить эффективность и оперативность мероприятий 
по борьбе с природными пожарами. 

Ключевые слова: физико-математическое моделирование, природные и техногенные катастрофы, 
ударная волна, зажигание, эксперимент, локализация и подавление горения. 
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