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Abstract: The use of fire extinguishing stem installations providing container 

delivery of different types of fire extinguishing substances to the combustion zone at 

a distance of more than 100 m is proposed. The use of powder fire extinguishing 

compositions as a container filler is considered. Analytically derived dependencies 

make it possible to calculate the required number of containers for firefighting classes 

A and B. Factors of increase of fire-extinguishing efficiency of powder fire-

extinguishing structures in containers in comparison with existing methods of 

delivery are shown. 
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Formulation of the problem. The vast majority of firefighting equipment currently 

used in the territorial divisions of the SES of Ukraine does not allow the delivery of 

fire extinguishers (BP) to a distance of more than 100 m. There are different types of 

fire trucks in Ukraine distance up to 70 m., the maximum distance of PFEply of 

solutions of fire-extinguishing foams of low and average multiplicity, with use of 

installations of combined fire extinguishing of the Purga type, makes 100 m. use of 

powder fire extinguishers, the maximum PFEply range of extinguishing powders is 

70 m. [1]. Among the samples of firefighting equipment available to the SES of 

Ukraine, the pulse multi-barrel installation "Impulse-3M" provides the longest range 

of fire extinguishing substances. This type of barrel was created at the Kiev Tank 
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Repair Plant by order of the Main Missile and Artillery Department of the USSR 

Ministry of Defense on the basis of the chassis of T-62 tanks. The Impulse-3M 

installation provides a range of pulse giving of 200 kg. fire-extinguishing powders at 

a distance of 120 m, or 150 liters. water at a distance of 75m. [2]. 

Today, various types of new extinguishing agents and their mixtures have been 

created, the extinguishing capacity of which in many respects exceeds aqueous 

solutions and foams, such as: aerosol-forming compositions, extinguishing powders 

(EP) of various formulations, environmentally friendly halons, solid carbon dioxide 

and organometallic compounds. There are currently no technical means in the 

armament of fire-fighting units and fire-fighting equipment is able to ensure their 

effective PFEply to the fire at a distance of more than 100 m. [1, 3, 4]. 

Therefore, currently there is an acute problem of creating fundamentally new 

technical means of firefighting and the development of new methods of long-range 

delivery of explosives when extinguishing complex fires. The most rational solution 

to this problem is the use of a pneumatic fire extinguishing stem (PFE) - a pneumatic 

gun that provides high-precision container delivery of various types of extinguishing 

agents directly to the combustion zone. 

The use of PFE will effectively solve the problem of remote delivery of various 

explosives and mixtures by throwing in containers when extinguishing complex fires 

at particularly dangerous objects (areas of chemical contamination, minefields, fires 

in arsenals, etc.), while ensuring personal safety composition of fire departments. 

Analysis of recent achievements and publications. The use of EP in containers is 

one of the promising areas in firefighting. The main problems hindering their use are: 

the lack of effective design of the container (capsule) filled with explosives, the 

uncertainty of the required mass of explosives and its fire-fighting efficiency in 

container delivery, as well as the lack of technical means for long-distance delivery 

of containers in the combustion zone. can be successfully solved with the help of 

PFE. 

The feasibility and effectiveness of the use of PFE depends on the effectiveness of 

the use of containers filled with explosives. The container is a hollow capsule, which 
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houses a fire-extinguishing one-component or multicomponent composition. When 

the container enters the combustion zone, the capsule collapses, releasing the fire-

extinguishing composition. The main methods of mechanical release of extinguishing 

agent from the capsule and treatment of combustion zones are: 

• spillage or spillage of extinguishing agent on the surface in the combustion zone; 

• emission of the mass of extinguishing agent as a result of the division of the 

container into separate components, the subsequent spread of the separated 

components of the container with the simultaneous processing of the combustion 

zone of explosives; 

• spraying as a result of rupture of the capsule from the internal excess pressure 

caused by the products of the chemical reaction; 

• explosive release of extinguishing agent, including with a stream of fire, which 

allows to extinguish the flame in the combustion zone; 

There are various ways to actuate the fire extinguishing mechanism of the container, 

such as: mechanical destruction from impact on the surface; activation by a 

thermosensitive mechanism or by the perception of radiant energy; activation by 

electric or electromagnetic pulse; rupture from excess internal pressure; inertial 

emission of explosives through the nozzle or diffuser part of the container and others. 

The analysis of various fire extinguishing substances and compositions for use in 

PFE containers showed that to achieve the greatest efficiency of fire extinguishing it 

is advisable to use (EP) of different formulations, available in a fairly wide range. EP 

have high quenching efficiency in almost the entire range of real operating 

temperatures and are used for quenching gases, liquids, solid combustible substances 

and materials, dust, powders of alkali and alkaline earth metals [5-7]. Liquid, 

gaseous, aerosol or combined extinguishing fillers for containers can also be used.. 

Problem statement and its solution. Carrying out of research of EP as fillers of 

containers demands research of mechanics of action of EP in containers. 

There are two main mechanisms of fire extinguishing action, the first is based on 

extinguishing the flame by selecting the energy released during combustion, the 

second on inhibiting the combustion process by breaking the chain reactions 
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responsible for its development [7]. In turn, there are two possible mechanisms of 

flame inhibition in the use of EP: heterogeneous, which consists in the recombination 

of active centers on the surface of solid particles, and homogeneous, based on the 

interaction of active centers with gaseous products of evaporation or decomposition 

of powders [6-7]. 

Therefore, it is possible to formulate the basic methods of fire extinguishing with use 

of EP in containers: - dilution of the combustible medium with gaseous 

decomposition products of the powder; - cooling of the combustion zone as a result 

of heat consumption for heating the powder particles, their partial evaporation and 

decomposition in the flame; - ensuring the effect of fire barrier, which is achieved by 

the passage of flame through narrow channels between the particles of the powder 

cloud; - inhibition of chemical reactions responsible for the development of the 

combustion process by gaseous products of evaporation and decomposition of EP; 

- heterogeneous breakage of chains on the surface of particles or solid decomposition 

products; - homogeneous inhibition, which consists in the interaction with the active 

centers of combustion of gaseous particles, which are formed during the evaporation 

and decomposition of EP; - shielding of the burning surface from the heat flow 

coming from the combustion zone; - isolation of the burning surface from the 

combustion zone by a layer of EP particles that have not decomposed due to thermal 

exposure. 

The dominant method of extinguishing and fire-fighting efficiency of EP depends on 

the characteristics of the combustible substance, the combustion regime, the 

formulation of EP and the method of its PFEply to the combustion zone [7]. For 

example, when burning metals, the main principle of extinguishing is the isolation of 

the burning surface from the combustion zone with a layer of powdered fire 

extinguishing agent. When burning other substances and materials, the main principle 

of extinguishing is the mechanism of heterogeneous inhibition (inhibition) of the 

combustion process by breaking the chain reactions responsible for its development 

[6, 7]. This also takes into account the influence of other factors. 

Inhibition takes place on the surface of EP particles, where, in contrast to the fire-
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extinguishing characteristics of freons, not only hydrogen H2 atoms are killed, but 

also other active particles, in particular, oxygen atoms O2. It is this property of 

inhibition allows to obtain a higher efficiency of EP than other extinguishing agents. 

In this case, depending on the ratio of kinetic factors, the expression for determining 

the fire-extinguishing ability of EP of different formulations will be different . 

In the kinetic region (pre-cooked and mixed combustible mixture enters the 

combustion zone). 










SR

PS

SR

PSPS

PV
v

d
C

3

2
,      (1) 

where: SR

PSv  – the average velocity of the powder particle in the gas layer, м с-1;   

PS  – density of EP share, kg • м -3;   – the minimum value of the heterogeneous 

recombination constant at which flame quenching is observed, с-1; SR

PSd  – average 

particle diameter of the powder composition, м;   – coefficient that takes into 

account the temperature in the area of preparation for combustion;  

In the diffusion region [7] (combustible mixture is formed in the combustion zone). 










12

2

PS

SR

PS

PV

d
C ,       (2) 

where:    – the diffusion coefficient of the particles of the powder composition in the 

gaseous medium of the combustion preparation zone, м2 • с-1; PS  –  the density of 

the share of EP, кg • м-3;   – the minimum value of the heterogeneous recombination 

constant at which flame quenching is observed, с-1; SR

PSd  – the average particle 

diameter of the powder composition, м. 

Since diffusion combustion is mainly present in fires, the greatest interest for 

studying the fire-extinguishing efficiency of containers filled with powder 

compositions is formula (2), which describes the dependence of fire-extinguishing 

concentration of powder compositions on various factors in diffusion combustion. 

The most rational way to release the EP from the container, when it enters the 

combustion zone, is the destruction of the container due to excess pressure created by 

the products of detonation of explosives. As a result, the extinguishing powder 

composition is almost completely (except for 2 - 3% of the powder composition, 
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which settles on the inner surface of the capsule) is released and enters the 

combustion zone. When spraying EP in the combustion zone on the surface of the 

particles of the powder composition is a heterogeneous reaction of recombination of 

atomic oxygen. Since the main reaction of the chemical interaction of the EP particle 

with atomic oxygen takes place in the combustion zone, the calculation of the amount 

of powder required for extinguishing will be based on the average area of the flame, 

which can be determined from the average fire in the room. To determine the average 

values of the area of the flame and the area of the fire, the annual statistical reports of 

the International Association of Fire and Rescue Services (CTIF) were analyzed. 

According to the analysis, the average area of fire in the room depends on the 

compilation of various factors: the geographical location and level of development of 

the state, as well as the organization of work and the level of equipment of fire and 

rescue services.  

According to the results of the statistical analysis, it was found that the average area 

of fire (F) in the room for developed countries is almost 38 m2, and for developing 

countries 36 m2. Quite a small difference in the average area of fire in the room due 

to the fact that in developed countries, with a much larger area of industrial and 

residential premises, provides a high level of equipment and operational readiness of 

fire and rescue services, so fires do not spread over large areas.  

With a known average area of fire of classes A and B, you can determine the 

characteristic size of the flame 2

1

FI   , as well as the volume of the combustion zone: 

2

3

ZGZG FV  ,       (3), 

where: ZGF  – average value of fire area (combustion zone), м2. 

Given that PVC – fire-extinguishing concentration of powder in the volume of the 

combustion zone 
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where:   – the diffusion coefficient of the particles of the powder composition in the 

gaseous medium of the combustion preparation zone, м2•с-1; PS  – the density of the 
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share of EP, кг•м-3;   – the minimum value of the heterogeneous recombination 

constant at which flame quenching is observed, с-1; SR

PSd  – average particle diameter of 

the powder composition, м;   – coefficient that takes into account the temperature in 

the area of preparation for combustion;  

After the transformation we get: 
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where:   – the diffusion coefficient of the particles of the powder composition in the 

gaseous medium of the combustion preparation zone, м2•с-1; PS  – the density of the 

share of EP, кг•м-3;   – the minimum value of the heterogeneous recombination 

constant at which flame quenching is observed, с-1; SR

PSd  – average particle diameter of 

the powder composition, м; 

With the known physicochemical properties of EP, formula (5) allows to determine 

the minimum mass of the powder composition, which is able to stop burning in a 

flame of a certain volume. Substituting (3) into (4), we obtain the minimum mass of 

the powder composition capable of stopping combustion in the calculated area 

(provided that the powder composition is sprayed in the combustion zone). 
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where:   – the minimum value of the heterogeneous recombination constant at 

which flame quenching is observed, с-1; SR

PSd  – the average particle diameter of the 

powder composition, м; F – fire area, м2;   – the diffusion coefficient of the particles 

of the powder composition in the gaseous medium of the combustion preparation 

zone, м2 ∙ с-1; PS  – the density of the share of EP, кg ∙ м-3. 

Analysis of expression (6) shows that when extinguishing the same chemical 

composition of powder mixtures, in which the coefficients of the heterogeneous 

reaction of recombination of atomic oxygen   and average particle diameters of the 

powder SR

PSd  are almost equal, the main role in reducing the mass of fire required for 

fire extinguishing plays a diffusion coefficient powder particles in the combustion 

zone. 
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Assuming that the fraction of powder during motion in the combustion zone obeys 

the generally accepted theory of particle motion in gases, the dependence of the 

diffusion coefficient on the velocity of particles of the powder composition and free 

path length can be estimated based on the kinetic theory of gases. Then, according to. 

3
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where: SR

PSv  – the average velocity of the powder particles in the gas layer, м ∙ с-1; λ – 

the free path length of the powder particle, м. 

Substituting (7) into (5), we obtain the dependence of the change in the calculated 

mass of the powder composition on the velocity of the particles with known 

characteristics of the EP, the free path of the powder particles and the area of the fire. 
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where:   – the minimum value of the heterogeneous recombination constant at 

which flame quenching is observed, с-1; PS  – the density of the share of EP, kgг∙м-3. 

From formula (8) it follows that to increase the efficiency of EP, it is possible by 

increasing the speed of movement of EP particles in the combustion zone emitted 

from the capsule cavity. 

Thus, the mass of the individual powder composition, which is required to extinguish 

the calculated area of the fire (when considering the main mechanism of fire 

extinguishing heterogeneous recombination of atomic oxygen) is inversely 

proportional to the velocity of the powder composition in the combustion zone. 

Conclusions 

1. The results of analytical studies allow us to assert the possibility of effective use of 

containers filled with EP of different recipes in the elimination of class A and B fires; 

2. Analytically derived dependencies make it possible to calculate the required 

number of containers with EP required to extinguish fires of classes A, B indoors; 

3. The reasons of increase in fire-fighting efficiency of EP of various compoundings 

in containers in comparison with existing ways of their delivery are established: 

explosive emission of fire-extinguishing powder directly in the center of the 
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combustion zone provides almost 100% use of the mass of fire-extinguishing powder 

for firefighting purposes; a significant increase in the flight speed of EP particles due 

to the excess pressure created by the products of detonation of explosives; separation 

of the flame front from the combustible load; grinding of the flame front into separate 

sections that are not able to PFEport independent combustion; dilution of the 

combustion zone with inert products of the explosion. 

4. It is determined that there is a correlation between the velocity of EP particles and 

its fire-fighting efficiency. 
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