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Abstract Potentially explosive atmosphere can occur not only in the production systems of the food, energy, chemical and
petrochemical industries but also in the production processes of the mining industry. Gases, vapours, mists and dusts arise
can escape in an uncontrolled way during production, processing, transportation and storage of flammable substances. In
combination with oxygen, they create explosive atmospheres that, if ignited, lead to an explosion causing catastrophic
damage to people’s lives and property. To protect against the results of hazardous dust—gas mixtures explosions in a
confined work space, where employees can stay, various control and protection mechanisms are used in the form of an
active explosion-proof system. The article presents the results of tests on an active system for limiting the effects of
ignition of gas and/or dust based on a highly efficient explosion suppression system—equipped with an ignition detection
system, high-pressure fire extinguisher and a power supply and trigger system. Smokeless powder was used as the
explosive charge and sodium bicarbonate as the suppressive material. Tests of the effectiveness of the active explosion
suppression system were carried out on two devices: a small-size dry dust collector and a zone extinguishing system
adapted for direct explosion suppression in closed working spaces. In both cases, the explosion suppression process took
place through the action of extinguishing powder blown out of the fire extinguisher after membrane perforation by
compressed combustion products.

Keywords Gas hazard - Explosive dust - Suppression of explosion - Safety of work area

1 Introduction

In many industries, such as the mining, food, chemical,
textile or pharmaceutical industries, there are flammable
dusts and gases that are either a raw material for further
processing, or occur as a final product or unwanted by-
product. In many installations, these substances occur in
the form of a dust-air mixture, but it often happens that due
to the imperfect operation of ventilation devices or for
other reasons, they remain in the layer and pose a very
serious explosion hazard. A safe and trouble-free
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production process is an important goal for ensuring peo-
ple’s safety and a clean work environment. In industrial
plants, explosions occur inside tanks, process systems or
corridors, from which they can spread outside the facility.
Explosion protection is often seen in combination with
gases, however dust or a mixture of these with gases can
also create an explosive atmosphere. The best way to avoid
serious damage to industrial facilities is to accurately locate
the hazard and then stop the explosion inside the hazardous
area.

The duration of a typical dust explosion inside a tank
with a volume of several cubic meters is several dozen to
several hundred milliseconds. The explosion should be
suppressed within a dozen or so milliseconds of its initia-
tion, otherwise the pressure inside the tank may increase
excessively. To meet this rather stringent requirement, the
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extinguishing agent must be sprayed at a high speed, on the
order of 100 m/s. This task is to be fulfilled by active
systems suppressing the explosion of dust and mixtures
with hazardous gases, in which extinguishing powders or
water are used. They were designed to ensure early
detection of a developing explosion and its immediate
suppression.

The experimental research conducted by Moore (1996)
allows determining the effective extinguishing concentra-
tion for extinguishing agents in the form of halons and
water as well as for selected powders.

Active HRD suppression system in a confined space was
the subject of research work (Lesiak et al. 2019). The test
stand was designed and manufactured to meet the
assumptions of the PN-EN 14034 series of standards. The
testing device consisted of a closed chamber similar to a
sphere with a volume of 1 m® and ignition systems, cre-
ation of a dust-air atmosphere, detection of pressure
changes. Inside the sphere, a dust-air mixture of a certain
concentration was obtained in a reproducible manner. The
stand was equipped with a dust explosion suppression sys-
tem containing: a 5 dm® fire extinguisher tank containing
extinguishing material under pressure, a dispersion nozzle
and an explosion detection system. The operation of the
extinguishing system was based on the early detection of a
change in the pressure of the explosion of a dust-air mixture,
the processing of the signal and the release of the extin-
guishing agent into the interior of the apparatus in order to
interrupt the explosion process at the earliest possible stage
of its development. Based on the conducted experiments, it
was found that the HRD system effectively stops the
explosive combustion for dust with K; < 100 bar m/s. For
tested potato starch dust, the system significantly reduces the
explosion pressure to an acceptable value. The system was
also characterized by a short response time, and the dis-
charge of extinguishing material occurs in an accept-
able time below 100 ms.

Spith et al. (2011) presented the benefits of using the
ExploSpot active explosion suppression system in relation
to passive barriers, which is to be an important element for
state-of-the-art safety in hard coal mines. It is based on an
integrated modular structure allowing it to be used in
various configurations. Test device tests confirmed its
effectiveness in suppressing gas and coal dust explosions in
various required environments.

du Plessis (2015) tested the ExploSpot active barrier
system based on the sensors that activated the outflow of
high-pressure suppressing material, when an explosion was
detected. It can be concluded from the tests that the system
successfully stopped flame propagation in the case of
methane explosion as well as methane and coal dust when
ammonium phosphate powder was used as the extin-
guishing material. The active barrier effectively suppressed

spreading the methane flames approaching the barrier at
flame speeds ranging from 24.4 to 62.2 m/s. The maximum
flame distance measured was 11 m, compared to over 80 m
without barrier. As the flame did not move beyond the
barrier, it could be concluded that no coal dust was
involved in the explosion.

Active explosion suppression systems tested by Lesiak
et al. (2019) as well as Spith et al. (2011) and du Plessis
(2015) are based on the structure of the fire extinguisher
tank in which the extinguishing material was kept at a
certain high pressure (50-80 bar).

Oleszczak et al. (2007), Klemens et al. (2007) and
Gieras and Klemens (2012) studied the effectiveness of
suppression of an explosion initiated by a mixture of corn
starch with air pneumatically dispersed inside a 1.3 m”> test
chamber. The suppression system was composed of an
optical detection system and a steel container, in which
explosives were used as a gas generator to perforate the
membrane closing the container, as well as to disperse the
suppressive material from the container into a protected
volume. Water and sodium bicarbonate were used as
explosion suppressive material. Two types of gas genera-
tors were used in tests with water as the suppressive
material: smokeless powder or pyrotechnic charge. In the
sodium bicarbonate tests, a smokeless powder charge was
used as the gas generator. The results of the tests confirmed
that the suppression system is effective in suppressing dust
and gas explosions regarding such parameters as: explosion
pressure, explosion pressure increase rate and deflagration
index. For the assumed levels of the photodiode trigger
signal: 0.3 V, 0.6 V and 1.0 V in the case of suppression of
dust explosion, the obtained explosion pressures were as
follows: 0.035, 0.055 and 0.24 bar, respectively, while in
the case of gas explosion the explosion pressures were:
0.06, 0.075 and 0.21 bar, respectively. Based on the pres-
sure histories recorded in the fire extinguisher during an
explosion inside its explosive charge, it was found that the
estimated time to empty the fire extinguisher from the
extinguishing material was from 25 to 30 ms—which
allowed effective suppression of even a very strong
explosion. The range of pressures in the fire extinguisher
during the explosion of the explosive charge for the rapid
and accurate opening of the membrane, i.e. without
detached fragments, was from 130 to 190 bar.

Wang et al. (2017) used composite powders NaHCO3/
RM to suppress explosions of an air-methane mixture with
a concentration of 9.5% CH, in a 20 dm® spherical
chamber. The NaHCO5 inhibitor accounted for 35% of the
volume of the composite powder. With respect to pure RM
or NaHCO; powders, it showed a significant composite
inhibitory effect manifested in a 44.9% decrease in the
maximum explosion pressure, a decrease in the maximum
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pressure increase rate by 96.3%, and a decrease in the peak
delay time by 366.7%.

Pei et al. (2018, 2019) presented experimental studies
using N, and CO, and ultra-fine water mist to suppress
flame propagation characteristics in the initial explosion
phase of a mixture of air and methane with a concentration
of 9.5% in a constant volume chamber. In research, he
stated that when the CO, volume share is greater than 14%,
the flame disappears. This means that the right amount of
CO, better inhibits flame self-acceleration when a mixture
of air and methane explodes. Using a two-component water
mist with N,, the average flame speed decreased by
29.54% at a pressure of 2 bar and a spraying time of 1 s,
while using a two-component water mist with CO,, the
average flame speed decreased by 34.58% at a pressure of
3 bar and spraying time 1 s. The effect of N, and CO, on
reducing the overpressure of methane explosion is also
evident. Compared with two liquid water mists without
inert gas, the peak of explosion overpressure was reduced
by 31.71% using N», at 2 bar pressure and spraying time of
3's, and the pressure of the explosion using CO, was
reduced by 51.44% aqueous at 4 bar pressure and spraying
time 3 s.

In turn, Cao et al (2015) studied the effect of suppres-
sion of ultra-fine mists with a NaCl solution on the
explosions of an air-methane mixture at methane concen-
trations of 6.5%, 8%, 9.5%, 11% and 13.5%. He deter-
mined that when the amount of fog reached 74.08 g/m® and
37.04 g/m3, for methane concentrations of 6.5% and
13.5%, respectively, the flames of methane explosions
were completely suppressed. All results indicate that the
addition of NaCl to the ultra-fine mist of pure water can
improve the suppression effect of methane explosions.

Bochorishvili etal. (2015) tested a new methane explo-
sion suppression system in the 2.2 m x 2.2 m cross-sec-
tion pavement, in which a water mist with a drop size of
25-400 mm was used as the damping material. The acti-
vation time of the suppression system was 11 ms from the
moment of explosion, and the reduction of shock wave
pressure decreased by 1.80-2.98 times. The minimum
overpressure activating the damping system was 12 kPa.

This paper presents pilot tests on the efficiency of sup-
pression of explosions caused by an air-dust and air-
methane mixture. For this purpose, a small dry dust col-
lector and a zonal extinguishing system was used to sup-
press explosions in large closed working areas. High-
performance explosion suppression system based on a
high-pressure extinguisher was used in the tests. Sodium
bicarbonate was the explosion suppressant. The fire extin-
guisher has thanks of innovative design in which there is no
pressure inside, when there is no trigger signal. Only the
signal from the sensor detecting the explosion activates the
powder charge inside the fire extinguisher together with
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suppressing powder and pushes it into the protected area.
Extinguishing powder was used instead of water for the
rational reasons and for better suppression efficiency in the
case of air-methane mixture explosions.

To protect the internal space of the dry dust collector,
three fire extinguishers with a capacity of 2 dm® each were
used. This amount of damping powder was sufficient to
effectively protect the space filled with explosive dust. The
explosion pressure increase inside it did not exceed
0.14 bar and the fire extinguishing system was activated
within 4 ms. The increase in pressure did not damage the
dust collector structure.

The tested zone suppression system allows to stop the
explosion of an air-methane mixture for a methane con-
centration of up to 5%, provided that the concentration of
extinguishing powder is min. 0.7 kg/m® of the protected
volume.

2 Dust tests of high-pressure extinguisher

High pressure extinguishers (Fig. 1) with a capacity of 2
and 10 dm?> were used for dust tests, which were carried out
in chambers with a capacity of 1.3 m® and 5 m°, respec-
tively. The comparative criterion was to obtain the right
pressure inside the fire extinguisher—the optimum range
was 120 to 180 bar, which, when the diaphragm was
properly opened, allowed to obtain a sufficiently short
emptying time of the fire extinguisher below 30 ms and the
suppressive explosion pressure in the protected space of
less than 0.4 bar (Szkudlarek et al. 2014).

First, a2 dm? fire extinguisher was tested, which was an
equipment for protection of small spaces, e.g. the space of
a dry dust collector. Due to the possibility of operating
such a dust collector in areas threatened by dust explosion
hazard, it becomes expedient to protect the dust collector

combustion

extinguisher chamber

membrane

conical
connector

spray

Fig. 1 High-pressure fire extinguisher of capacity 2 dm’
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40 ms 60 ms

Fig. 2 a View of a 1.3 m? test chamber adapted for testing of the spreading system in a dry bag dust collector and b an example of the process of

spreading the combustible dust in a 1.3 m® chamber

Table 1 Tested parameters of spreading the explosive dust

Test No. 1 2 3 4 5 6 7 8
Spreading 250 150 150 250 150 100 150 200
time (ms)
Spreading 6 6 8 8 10 10 8 8
pressure
(bar)
Dust weight 150 130 130 130 130 130 160 160
(€9
Observation  Powder fully Small amount of Powder fully Powder Powder fully Powder not Powder not Small amount of
results evenly powder not evenly fully evenly fully fully powder not
spread spread spread spread spread spread spread spread

space due to the possibility of transferring the explosion
from its interior to the environment.

The test procedure, carried out in a chamber with a
capacity of 1.3 m® (Fig. 2a), consisted of spreading a cer-
tain amount of combustible dust for various spreading air
pressures and various spreading times. Each process was
filmed through a special plexiglas plate (acting as an outer
cover for the explosive chamber) and then analysed for the
quality of the dust-air mixture obtained. Table 1 below
presents examples of tested parameters for several selected
samples and comments related to a given sample. The
procedure of the selected spreading process corresponding
to test 5 is shown in Fig. 2b.

After analysing the results of the spreading process, the
following spreading parameters were selected to guarantee
proper quality of the air-dust mixture: a spreading pressure
of 10 bar and a spreading time of about 150 ms (for such
parameters, the spreading is even and all the supplied dust
is used). Ignition tests were carried out in the test chamber

for the selected spreading parameters using a 2 kJ energy
primer for several selected ignition points and ignition
delay times relative to the end of the atomization process.
Based on the tests it was found that the initial should be
placed approx. 0.30-0.35 m above the cup, and the ignition
delay in relation to the end of the spreading process should
be approx. 30-40 ms.

Before checking the correct operation of the explosion
suppression system with a 2 dm’® fire extinguisher, the
initial tests were carried out on the suppression system in
the 1.3 m® explosion chamber. They consisted in checking
the correctness of all recorded signals.

A signal from a pressure sensor was used to activate the
system. 250 g of corn starch was used throughout the
chamber to generate an explosion inside the test chamber.
The starch spreading time was 570 ms, while ignition was
initiated after the end of spraying, i.e. within 570 ms. A
2 kJ chemical primer was used as the initiator of the test
explosion. It was found that all the signals were correctly
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Fig. 3 Pressures in the explosion chamber: a without suppression of
explosion and b during suppression of explosion test

recorded and the voltage activating the fire extinguisher
appeared at the right time (Fig. 3a).

After testing the activation system and recording the
signals, tests were carried out to check the correct opera-
tion of the explosion suppression system with a 2 dm” fire
extinguisher. The settings of all parameters were the same
as for the test sample. The recorded parameters are shown
in Fig. 3b. As you can see from the pressure in the test
chamber, the system operated very effectively to suppress
the developing explosion. Maximum overpressure in the
explosion chamber was 0.48 bar. It should be noted that the
actual threshold for opening the fire extinguisher was very
small and was around 0.03 bar. It can be stated that the
explosion suppression process was very quick—the actual
increase in explosion pressure inside the test chamber
amounted to approx. 0.14 bar.

@ Springer

A high pressure fire extinguisher with a capacity of
10 dm3, similar in design to a 2 dm? fire extinguisher, was
tested in a 5 m® test chamber.

The test chamber had a cylindrical shape and was
equipped with a flammable dust spreading system, ignition
system and pressure sensors allowing for continuous
pressure recording and enabling the system to activate with
a corresponding increase in overpressure. The source of
ignition were two chemical primers with an energy of
10 kJ each. The combustible dust was corn starch for
which the maximum explosion pressure is ppy.x = 9.6 bar
and the explosion index K = 175 bar m/s. It is highly
explosive dust because the volatile matter content is
95.90% and the ash content only 0.03%. The dust was
relatively fine, with a grain diameter < 75 pum. The dust
concentration was Cn = 480 kg/m’.

Sample results of tests on the explosion suppression
process using extinguishing powder and water as sup-
pressing material are shown in Fig. 4a, b. In both cases,
130 g of powder were used. As it can be seen, both the
extinguishing powder and water effectively suppressed the
explosion. This is even more important because only
3300 g of suppressive material was used to suppress the
explosion, which gives 660 g/m> of protected space.

3 Gas tests of high-pressure extinguisher

For tests using the mixture of air and methane, a high
pressure extinguisher with a capacity of 5 dm® and a test
chamber with a capacity of 1.3 m® were used.

During the tests, a P-200 powder charge of 90 g con-
taining 3 initiating primers with an energy of 5 kJ each was
used to disperse the extinguishing material from the fire
extinguisher. The charge was placed inside the fire extin-
guisher in a perforated combustion chamber.

After filling the 1.3 m> explosion chamber with a given
gas mixture, an explosion was initiated using a 2 kJ
chemical ignition primer located in the middle of the
explosion chamber. The explosion pressure in the chamber
was measured using a pressure sensor. The signal from this
sensor was also used to start the suppression system when
the pressure in the explosion chamber exceeded the set
value.

The suppression system could also be activated by a
signal from a photodiode reacting to the developing
explosion. The pressure inside the fire extinguisher cylin-
der was also measured by a pressure sensor to better rec-
ognize the phenomena occurring in the fire extinguisher
itself and to estimate the time of emptying the fire extin-
guisher powder. The extinguishing agent used was a typical
powder consisting mainly of sodium bicarbonate
(NaHCO3).
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Fig. 4 Explosion pressure inside the chamber in the case of using
extinguishing powder (a) and water (b)

The first tests of explosion suppression efficiency were
carried out for a methane-air mixture with a methane
concentration of 7.5% and 8.5%. The process of the non-
suppressed explosion for a 7.5% mixture in a 1.3 m> test
chamber is shown in Fig. 5a. As you can see, the explosion
overpressure for this mixture is about 5.9 bar, and the
explosion pressure increase rate dp/dt ~ 76 bat/s, hence
the deflagration index Kg ~ 85 bar m/s. The explosion
overpressure for the 8.5% mixture, shown in Fig. 5b, is
almost 7 bar, and the explosion pressure increase rate dp/
dr ~ 90 bar/s, hence the deflagration index Kg ~ 100
bar m/s.

Then the test consisting in initiating and suppressing the
explosion of a selected mixture with a concentration of
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Fig. 5 Time process of explosion pressure in air-methane mixture of
the following concentration: a 7.5% CH,4 and b 8.5% CH,4

CH, equal to 7.5% was carried out. 1.7 kg of extinguishing
powder was used for this purpose. The activation signal
level from the photodiode was assumed to be 0.3 V. Time
process of the recorded parameters is shown in Fig. 6a.
As it can be seen from the pressure in the test chamber,
the system operated very effectively to suppress the
developing explosion. The explosion overpressure in the
chamber was approx. 0.26 bar. After deducting the pres-
sure increase in the chamber caused by the gases from the
fire extinguisher (in this case about (.2 bar), it can be
assumed that the overpressure of the suppressed explosion
did not exceed 0.06 bar. Figure 6a also shows (for the same
time coordinate as the explosion pressure curve in the test
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Fig. 6 Pressure waveforms recorded during the explosion suppres-
sion test (7.5% CHy, signal level from the 0.3 V photodiode): a in the
explosion chamber and in the fire extinguisher, b in the fire
extinguisher

chamber) the pressure curve during the powder charge
explosion inside the fire extinguisher.

The maximum pressure in the fire extinguisher was
approx. 150 bar. It can be seen that the pressure inside the
fire extinguisher reaches its maximum when the pressure in
the test chamber is about 0.02 bar, which can be taken as
the actual pressure threshold for the fire extinguisher
opening. Time process of the explosion pressure in the
extinguisher during the explosion of the powder charge is
shown in Fig. 6b. Based on this figure, it can be estimated
that the total time to empty the fire extinguisher from the
powder does not exceed 28 ms.
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Table 2 Results of gas tests of high pressure fire extinguisher

Item Level of the photodiode signal
V)

0.3 0.6 1.0 0.3

Explosion overpressure (bar) 026 027 040 057

Suppression of suppressive 0.06 0.07 0.20 0.37
explosion (bar)

Maximum pressure in the fire 150 132 225 140

extinguisher (bar)

Fire extinguisher opening threshold 0.020 0.028 0.030 0.020

(bar)

Fire extinguisher emptying time 28 24 26 30
(ms)

Methane concentration in air (%) 7.5 8.5

Deflagration index (bar m/s) ~ 85 ~ 100

Further tests verified the impact of explosion intensity
on the efficiency of the explosion suppression system.
Table 2 presents the test results.

The tests showed that the high-pressure fire extinguisher
of the proposed design can be used in building active
systems for suppressing industrial explosions not only in
the suppression of explosions of dust-air mixtures but also
in the case of methane-air mixtures.

4 Testing the active system for suppressing
the explosion

Based on high pressure extinguishers with a capacity of
2 dm?, the active dust suppression system was built on a
dry bag dust collector (Fig. 7a), while 10 dm? extinguish-
ers were installed in the experimental adit (Fig. 7b), in
which the methane-air mixture was present (Bataga 2015,
Szkudlarek 2014).

The tests had to demonstrate the correctness and effec-
tiveness of the active explosion suppression system in
conditions similar to real ones. It was necessary to check
whether the suggested solutions and the suggested number
of extinguishers with extinguishing powder and the place
of their installation as well as the suggested number of
photo-optical sensors and the place of their installation as
well as the suggested control system supervising the
explosion safety in a satisfactory way enable fast and
reliable suppression of a real explosion initiated in a
specified work space.

The process of the active explosion suppression system
operation in the dry dust collector was recorded using three
cameras A, B and C (Fig. 8). The first visible traces of the
extinguishing system activation can be seen a photo in
Fig. 8a within 8 ms, while in the photo with a time of
16 ms, the particles of extinguishing dust getting through
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Fig. 8 Photos from explosion suppression process recorded through: a, b side wall; ¢ upper wall of dust collector

the filters are clearly visible. Figure 8b shows that when the
extinguishing system operates, a cloud of spread extin-
guishing powder appears almost immediately at the
entrance to the dry dust collector. Estimation of the time of
appearance of a spray cloud of extinguishing powder can
be approximated by comparing Fig. 8a—c. It can be seen
that the moment of extinguishing powder spraying shown
in Fig. 8a in the photo with a time of 32 ms, approximately
corresponds to the duration of the extinguishing powder
spreading process shown in Fig. 8b in the photo with a time
of 33.3 ms. As the extinguishing powder appears at the

dust collector inlet after approx. 16.7 ms (Fig. 8b) and
based on the stages of the process development shown in
Fig. 8a, c, it can be assumed that the extinguishing system
started operating for a time of approx. 4 ms—i.e. extin-
guishing powder appears at the inlet to the dust collector
approximately 12.7 ms from the moment the extinguishing
system is activated. It proves that the extinguishing powder
fills the dust collector interior very quickly and quickly
escapes to the outside, creating a thick cover preventing
any possible escaping the flame from the inside of the dust
collector to the outside.
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As a result of the initiated explosion, an active damping
system was activated, activated by a signal generated by
photodiodes placed inside the dust collector. Full devel-
opment of the explosion was limited in the a result of
immediate operation of the system. The explosion sup-
pression was so quick that no damage to the dust collector
structure was observed. The fact that the explosion was
initiated was testified, among others traces of combustion
visible on the surface of the filter bags. It was found that all
fire extinguishers were fully opened and the powder was
completely discharged from the fire extinguishers. The
control system also worked correctly.

Pilot tests of the explosion suppression system for larger
volumes were carried out in the experimental adit. The
purpose of this research was to observe the phenomenon of
explosion and the process of its extinguishing. This process
could be observed thanks to the cameras installed. In
addition, the adit had side glazed openings through which
one could observe the extent of the flame formed during the
explosion. An example of recording a picture from the
inside of an adit is shown in Fig. 9, which shows effective
suppression of an explosion. At the same time, observation
of the lateral holes did not reveal the flame being trans-
ferred outside the separated explosion chamber.

Tests in the experimental adit of length 40 m were
carried out to determine amount of extinguishing powder
required for a given volume of the protected area. In the
tests, position of initiator to ignite air-methane mixture and
its distance from the extinguishing system, in relation to
the experimental working, were recreated. Volume of the
protected area changed at the same amount of extinguish-
ing powder.

During visual inspection of the extinguishing system
just after the test, no damages to the structure, detection
circuits and the power supply system were found. The
detection system cooperated properly with the release
system of extinguishers — spraying the extinguishing
powder started within less than 4 ms what means that
detection time of explosion was below 1 ms.

The suppressing system enables to stop explosion of
methane-air mixture for methane concentration below 5%
under condition that concentration of extinguishing powder
is over 0.7 kg/m® of the protected space. For highly
dynamic explosions, where methane concentration is over
7%, higher concentration of extinguishing powder, over
1.2 kg/m’, is required.

The tests enabled to determine the minimum values of
technical parameters of the explosion suppressing system:

(1) amount of extinguishing powder per m*> of protected
space should be min. 1.1 kg,

(2) distance from the suppressing system to the potential
source of ignition should not be greater than 4.5 m,

(3) distance of the detection system from the expected
place of ignition should be less than 6 m (without
impact on the detector sensitivity to neglectable ra-
diation spectrum e.g. light of lamp, sparks, etc.).

Besides, subassemblies of the explosion suppressing
system should have the following properties due to the
specific work environment (dangerous atmosphere spatial
confinement in result of machines and equipment
installation):

(1) should be shock resistant and dirt resistant (espe-
cially flame and explosion detectors),

(2) possibility of installation on the machine or in the
operational area (especially extinguishers which are
of bigger size),

(3) should have special nozzles to spread the powder
evenly in the roadway cross-section,

(4) range of sensors detection should be determined in
such a way that the sensors react only on those
phenomena that have to be controlled. Only explo-
sions close to the roadheader, caused by operation of
cutter head, should be detected and not fires out of
the cutting area.

Example of a possible application of the suppressing
system on a working machine used in the mining industry

80 92

100 108

Fig. 9 Photos of the explosion suppression process
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Fig. 10 Layout of installation of the suppressing system on
roadheader: (1—roadheader; 2—set of extinguishers; 3—detection
system)

is presented (Fig. 10). It is a roadheader used to develop
underground workings of a specific cross-sectional shape.
Defining the shape is programmable, what means that this
machine can work automatically.

Flow rate and time of emptying the extinguishing agent
out of the extinguisher depend on the geometrical features
of the roadheader. Due to this, especially the following
parameters should be taken into account:

(1) distance from cutter head,

(2) radial dimensions of roadway cross-section,

(3) direction of flow of extinguishing agent in relation to
roadheader arm axis.

5 Conclusions

Explosion suppression system is a response for the
requirements of Machinery Directive and ATEX Directive
and other harmonized regulations for the integrated
explosion-proof protection system. Designed and tested
explosion suppression system meets requirements of the
protective systems minimizing negative impact of explo-
sion. Detailed specification of conditions, in which the
system will operate i.e. the volume of protected area and

spatial arrangements of machine and equipment is required
to run the system properly.

The positive results of stand tests (recreating the real
conditions) of the system encouraged to disseminate the
developed solution among users to enable them to increase
available protective measures improving the work safety in
areas of increased exposure to gas and dust hazard.

The system can be efficient for a specified scenario of
working machine operation.
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