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Abstract

The research aimed to test the effectiveness of gas and dust explosion suppression by means of a super
fast explosion suppression system with a volume of 5 dm?®. Smokeless powder as an explosive charge
and sodium bicarbonate as a suppressing material were used. The experiments were carried out using a
prototype device — a 5 liter steel container, closed by means of an aluminum membrane. Approximately
1.75 kg of extinguishing powder was placed in the container. The membrane was ruptured by exploding
a specially developed charge located inside a perforated steel combustion chamber and mounted over
the suppressing powder surface. The system was triggered by a signal from the protected volume,
sent by a pressure transducer or by a photodiode reacting to a developing flame. The investigations
into the efficiency of the active explosion suppression system were carried out in the 1.3 m?® explosion
chamber. The explosion was initiated in a corn starch-air mixture of 0.2 kg/m? concentration, or in a
methane-air mixture of 7.5% and 8.5% CH,4 concentration. The explosion suppression process occurred
through the action of the extinguishing powder blown out from the extinguisher after the compressed
combustion products perforated the membrane.
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1. Introduction

Dust-air and gaseous mixtures present an ex-
plosion hazard in various industrial environments
[1-8]. As part of the workplace safety regime,
active explosion suppression systems using extin-

guishing powders or water are becoming more
widespread [9-19].
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Explosions at industrial plants usually origi-
nate inside tanks, technical systems or corridors,
and only later spread through the entire sys-
tem before finally emerging outside. The best
way to prevent major damage to industrial fa-
cilities and avoid possible loss of life is to sup-
press the explosion inside the plant and thereby
minimize and ideally localize the resulting dam-
age. To this end automatic explosion suppression
systems have been developed [20]. They are de-
signed to deliver early detection of a developing
explosion and immediate suppression. The dura-
tion of a typical dust explosion inside a tank with
a volume of several cubic meters is several tens
to several hundred milliseconds. The explosion
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should be suppressed within several milliseconds
from initiation, otherwise it may lead to an ex-
cessive increase in pressure inside the tank. To
meet this extreme requirement, the extinguishing
agent must be sprayed at the high speed of about
100 m/s.

Typical devices used in automatic fire extin-
guishing or explosion suppressing systems are as
follows:

e a cartridge mounted inside the protected ob-
ject and filled with an extinguishing agent
which contains a detonator inside. The ex-
plosion causes the extinguishing material to
disperse throughout the entire volume of the
protected facility,

e a cylinder filled with extinguishing agent and
compressed gas, e.g. nitrogen, with a valve
opened by a signal sent by a detector,

e a container with extinguishing material dis-
persed in the protected area by the gases
produced inside the container by a powder
charge explosion.

In every case, the system is triggered by a pressure
or optical signal sent from the detector reacting
to the developing flame.

In the Combustion Laboratory of the Institute
of Heat Engineering, a super-fast, active explo-
sion suppressing system has been tested over a
period of several years, [15-17]. The proposed
technique is based on the active interaction of the
suppressing material on the developing explosion.
The active suppression system extinguishes the
explosion before it has time to develop to such an
extent that can cause damage. Explosions could
be detected in two ways:

e by photodiode,
e by pressure transducer.

Both methods have their advantages and dis-
advantages. The optical method detects an ex-
plosion by reacting to the flash of light accompa-
nying the combustion, whereas pressure methods

light,
are informuaiion
— Detector | ———» Control
system

Final control
unit

Actuating
signal

Figure 1: Principle of operation of the suppression system

are triggered by an excess pressure signal. Gen-
erally, the operating principles of both detecting
systems are the same, Fig. 1.

At the moment of explosion detection, the de-
tector sends a signal to the control system, which
initiates ignition of the explosive charge located
inside the extinguisher (which can be treated as
the final control unit). Explosion of the pow-
der charge causes a rapid increase in pressure
in the extinguisher, resulting in rupture of the
membrane, and then the suppressing material is
ejected from the container and sprayed into the
protected volume. The most important factors
determining the effectiveness of the suppressing
system are: the speed of detection and the speed
of triggering the explosion suppression system.
The studies that have been carried out show that
effective suppression is only possible in the initial
stage of the developing explosion.

This paper is devoted to research into the effec-
tiveness of suppression of gas and dust-air explo-
sions by using typical extinguishing powders as
the suppressing material.

2. Research

2.1. Experimental stand test procedure

The investigations into the efficiency of dust ex-
plosion suppression were carried out in a 1.3 m?
explosion chamber (Fig. 2). The explosion was
initiated in a corn starch-air mixture of 0.2 kg/m?
concentration. The corn starch dust was dis-
persed by a special pneumatic system containing
10 nozzles mounted symmetrically in two rows in-
side the chamber. The system contains one extin-
guisher located on the top wall of the explosion
chamber. Fig. 3 shows a schematic diagram of the

— 2
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Figure 2: Explosion chamber with 1.3 m? volume

research stand for studying the explosion suppres-
sion process including all the elements described
above.

Research into the effectiveness of gas-air ex-
plosion suppression was performed in the same
explosion chamber as for the dust-air mixtures.
For this purpose, the test stand underwent con-
siderable reconfiguration. Containers for organic
dust, dispersing heads and power supply systems
were disassembled, and then all unnecessary holes
were closed and leaks sealed. Additional connec-
tions were made to enable the chamber to be filled
with the gas mixture of appropriate pressure and
composition. A gaseous mixture was prepared in
bottles using the special stand shown in Fig. 4.
The stand enabled the mixture to be prepared us-
ing the partial pressure method. The stand was
equipped with steel bottles, a vacuum pump and
a set of precise manometers with high reading ac-
curacy of 0.001 bar.

As before, (e.g. for dust explosion), a conical con-

Figure 3: Schematic diagram of the research stand with
1.3 m? explosion chamber — for dust explosion investiga-
tions

nector was mounted at the top of the chamber
to which the explosion suppression device filled
with the extinguishing medium was connected.
The dispersing head was mounted to the screw
threaded end of the connector, inside the explo-
sion chamber. (Fig. 5). A general scheme of
the research stand for the investigation of gaseous
mixture explosion suppression is shown in Fig. 6.

The main element of the suppression system is a
5 liter steel container (extinguisher) capped by an
aluminum membrane (Fig. 7). Below the mem-
brane, there is an exhaust connector pipe ending
in a dispersing head. Approximately 1.75 kg of
extinguishing powder was placed inside the con-
tainer. The membrane was ruptured by the ex-
plosion of a specially developed smokeless powder
charge, located inside the perforated steel com-
bustion chamber (Fig. 8) and mounted over the
suppressing powder surface. The gases produced
during combustion of the explosive charge was
sufficient to perforate the membrane and disperse
the extinguishing powder into the protected vol-
ume. There was no initial overpressure inside the
container.

— 3 —
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Table 1: Sodium bicarbonate (NaHCO3)

[tems Requirements
NaHCOjcontent, % Claimed
volume=1.0

Apparent density, g/ml >0.85
Attractive moisture, % <3.0
Blocking resistance (needle penetration), mm >16.0
Particle distribution, %  0.250 mm 0.0
0.250-0.125 mm 5.0+£3.0

0.125-0.063 mm 14.0+6.0

0.063-0.040 mm 16.0+6.0

Bottom plate >50.0

Figure 4: General view of the stand for precise preparation
of the tested gaseous mixtures

2.2. Test procedure

After filling the 1.3 m? test chamber with a
dust-air or methane-air mix of a specified con-
centration, the explosion was initiated by using
a chemical igniter of 2 kJ energy, located in the
middle of the explosion chamber. The course of
explosion pressure in the chamber was measured
using a Kistler pressure transducer. The suppres-
sion system was activated by a signal from a pho-

Figure 5: View of dispersing head mounted inside the test
chamber

todiode fixed on a specially adapted sight-glass
on the front wall of the chamber, which reacted
to the light generated by the developing explo-
sion. The pressure inside the extinguisher was
measured using the Kistler pressure transducer in
order to better identify the phenomena occurring
inside the extinguisher, especially the process of
voiding the container of the extinguishing powder.
The extinguishing agent used was a typical extin-
guishing powder consisting essentially of sodium
bicarbonate (BC type fire extinguishing agent),
with parameters shown in Table 1. An analysis of
experimental tests showed that sodium bicarbon-
ate powder appeared to be more effective as an
extinguishing medium for dust explosions [21, 22]
than ammonium phosphate (ABC type fire extin-
guishing agent). Sodium bicarbonate, therefore,

— 4 —
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Figure 6: Schematic diagram of the research stand with
1.3 m? explosion chamber — for investigation of gaseous
explosion suppression

was selected for use in experiments.

2.3. Experimental results

Preliminary studies were conducted prior to the
basic test. They focused on verifying the cor-
rectness of all the recorded signals. The explo-
sion suppression system was activated by a signal
from the photodiode. A signal equal to 0.5 V
was assumed as the extinguisher triggering sig-
nal. The dust explosion (for 0.2 kg/m? cornstarch
dust) was initiated by using a chemical igniter of
2 kJ energy. The courses of pressure inside the
chamber and voltage from the photodiode dur-
ing the explosion as well as the voltage triggering
signal causing extinguisher activation (e.g. caus-
ing ignition of the smokeless powder inside an ex-
tinguisher and in effect membrane rupture) are
shown in Fig. 9. All signals were recorded cor-
rectly and the extinguisher triggering voltage sig-
nal occurred at the right time after the photodi-
ode signal reached the value of 0.5 V. As can be
seen, the explosion pressure for this dust mixture
is approximately 5.7 bar, and the rate of pressure
rise is dp/dt ~ 82 bar/s, hence the standard rate
of pressure rise is Kgr ~ 89.5 bar-m/s.

The main parameters taken into consideration
during the tests:

1. sensitivity of the suppressing system, which
responds to the developing explosion (in the

Extinguisher 1
- Perforated
combustion
/ chamber
Membrane
155( Conical
il connector
Dispersing
head

Figure 7: Schematic diagram of the extinguisher

Nt
% I'.-""".l 5

Figure 8: View of the perforated steel combustion chamber

1.3 m? explosion chamber),

2. final explosion pressure in the 1.3 m® explo-
sion chamber,

3. pressure inside the extinguisher.

It should be noted that the explosion pressure re-
sulting from the developing explosion inside the
chamber was considered as the pressure increase
above the reference overpressure. The reference
overpressure AP,,r was the sum of the overpres-
sure growth from the pneumatic dispersion of
the combustible dust AP;~0.24 bar, (but for the
gaseous mixture AP;~0 bar) and the pressure
increase from the activation of the extinguisher

— 5 —
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Overpressure in explosion chamber
— = = Triggering signal

===== Voltage signal from photodicde

= = = Combustible dust dispersing pressure

EXPLOSION OVERPRESSURE [bar]
SIGNAL FROM PHOTODIODE [V]
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Figure 9: Courses of the overpressure inside test chamber
and photodiode voltage signal obtained during explosion of
the corn starch dust (C = 0.2 kg/m?), without suppression.
Explosion overpressure AP = 5.7 bar

AP,=0.2 bar. From the viewpoint of industrial
plant safety, the threshold overpressure APy is a
very important parameter, and it was counted as
overpressure above the level P, + APy (where P,
is atmospheric pressure) at which the suppression
system is activated.

The example results of the experimental dust
explosion suppression process are shown in
Figs. 10-12. The assumed levels of the photodi-
ode triggering signal were 0.3 V, 0.6 V and 1.0 V
respectively. The aim of subsequent experiments,
of which the results are presented in Figs. 10-12,
was to show how increasing the level of the trig-
gering signal from the photodiode affects the effi-
ciency of explosion suppression. The voltage gen-
erated by the photodiode increases along with the
increase in luminous intensity of the light source
incident on the photodiode (in this case it is as-
sociated with the increased intensity of the explo-
sion). Increasing, therefore, the level of the trig-
gering voltage signal from the photodiode causes
a delay in activation of the explosion suppression
system, (because to obtain a sufficiently high volt-
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Figure 10: Courses of the overpressure inside the

1.3 m? test chamber during explosion of corn starch dust
(C = 0.2 kg/m?) and inside the extinguisher. Activation
from photodiode signal at the level of 0.3 V. Explosion
overpressure AP = 0.035 bar

age generated from the photodiode, there must be
an appropriate development of the explosion). A
sufficiently high level of the triggering signal from
a photodiode can be very important in relation
to the safety, reliability and stability of the active
explosion suppression system.

The best results were obtained when the system
was triggered by a signal from the photodiode
with the level 0.3 V (Fig. 10). Fig. 10 shows that
the explosion suppression system works very ef-
fectively. Explosion overpressure in the chamber
is about 0.48 bar. After deducting the reference
pressure, it can be assumed that the suppressed
explosion pressure does not exceed 0.035 bar.
Fig. 10 also shows (for the same time scale as
that of the course of explosion pressure in the
explosion chamber) the course of pressure dur-
ing the explosion of an explosive charge inside
an extinguisher. The maximum value of pres-
sure in the extinguisher is about 145 bar. The

— 06 —
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EXTINGUISHING POWDER
[— 3 plosion overpressure
Overpressure inside extinguisher
Reference pressure
= = = Dust dispersing overpressure

EXPLOSION OVERPRESSURE [bar]

OVERPRESSURE INSIDE EXTINGUISHER [bar]
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Figure 11: Courses of the overpressure inside the
1.3 m? test chamber during explosion of corn starch dust
(C = 0.2 kg/m?) and inside the extinguisher. Activation
from photodiode signal at the level of 0.6 V. Explosion
overpressure AP = (0.055 bar

pressure in the test chamber, corresponding to
the moment of start of the pressure increase in
the extinguisher, can be approximately treated as
the actual threshold pressure (the value is about
0.025 bar). This also confirms the course of the
signal generated by the photodiode. It can be
seen that the moment of obtaining the value of
0.3 V (assumed level of the trigger signal), corre-
sponds to the moment of pressure increase inside
the extinguisher.

As can be noticed from the course of the pres-
sure in the test chamber presented in Fig. 12,
the suppression system triggered by a signal from
the photodiode with the level 1.0 V works only
slightly less efficiently than in the previous cases
(Figs. 10-11). The explosion overpressure in the
chamber is approximately 0.67 bar. After deduct-
ing the reference pressure, it can be found that
the suppressed explosion pressure does not ex-
ceed 0.24 bar. The maximum value of pressure
in the extinguisher is about 160 bar and the ac-
tual threshold pressure is about 0.11 bar.

EXTINGUISHING POWDER
[— Explosion overpressure

= Overpressure inside extinguisher
----- Reference pressure

= +« = Threshold overpressure r
= = = Dust dispersing overpressure

=
o
|

e
o
l

----------------------------

EXPLOSION OVERPRESSURE [bar]
Y =
| |

OVERPRESSURE INSIDE EXTINGUISHER [bar]

0 0.2 0.4 0.6

TIME [s]

0.8 1 1.2

Figure 12: Courses of the overpressure inside the
1.3 m? test chamber during explosion of corn starch dust
(C = 0.2 kg/m?) and inside the extinguisher. Activation
from photodiode signal at the level of 1.0 V. Explosion
overpressure AP = 0.24 bar

A similar study, in terms of the cornstarch mix-
ture with air, was also conducted for methane-
air mixture. Basic research was carried out for
the methane-air mixture at a methane concen-
tration of 7.5%. The course of the gaseous ex-
plosion of this mixture in a test chamber with a
volume of 1.3 m® is shown in Fig. 13. As can
be seen, the explosion pressure for this mixture
is approximately 5.9 bar, and the rate of pressure
rise dp/dt ~ 76 bar/s, hence the standard rate of
pressure rise is Kg ~ 85 bar-m/s.

The example results of the investigation into
the explosion suppression process in methane-air
mixture are shown in Figs. 13-15. The assumed
levels of the photodiode triggering signal were
0.3V, 0.6 Vand 1.0 V respectively. It was stated
that for all tested levels of the photodiode trig-
gering signal, an effective suppression of the ex-
plosion of the tested methane-air mixture was ob-
tained. The values of overpressure of the sup-
pressed explosions were 0.06 bar, 0.075 bar and
0.21 bar respectively.

— 7 —
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Figure 13: Courses of the overpressure inside the 1.3 m3
test chamber during explosion of a methane-air mixture

(7.5% CH,)

The research shows that the tested explosion
suppression system is able to effectively suppress
explosions initiated in the dust or methane-air
mixtures in a test chamber of 1.3 m® volume
in conditions shown in Figs. 10-13, even for a
relatively high threshold triggering voltage sig-
nal from a photodiode. It was decided to check
whether the explosion suppression system was
able to suppress even more intense explosions.

Finally, for this purpose, a mixture of methane-air
at a methane concentration of 8.5% was selected.
The course of the explosion of this mixture in the
1.3 m’test chamber is shown in Figure 17. As
can be seen, the explosion pressure for this mix-
ture is almost 7 bar, and the rate of pressure rise
of dp/dt ~ 90 bar/s, hence the standard rate of
the pressure rise is Kg ~ 100 bar-m/s. The level
of the triggering signal from the photodiode was
assumed to be 0.3 V.

As can be observed from the course of the pres-
sure in the test chamber (Fig. 18), the system
worked very effectively in suppressing an explo-
sion. Explosion overpressure in the chamber was

:
|

|
Z

OVERPRESSURE INSIDE EXTINGUISHER [bar]

— 120

Explosion overpressure
= Qverpressure inside extinguisher
----- Reference pressure

0.4 —

EXPLOSION OVERPRESSURE [bar]

TIME [s]

Figure 14: Courses of the overpressure inside the 1.3 m3
test chamber during explosion of a methane-air mixture
(7.5% CHs). Activation from photodiode signal at the
level of 0.3 V. Explosion overpressure AP = 0.06 bar

about 0.57 bar. After deducting the pressure in-
crease in the explosion chamber, caused by gases
exiting the fire extinguisher (reference pressure),
it can be assumed that the suppressed explosion
pressure does not exceed 0.37 bar. The suppres-
sion of such an intense explosion (P = 7 bar,
Kg ~ 100 bar-m/s) in a relatively small volume
(1.3 m?) to the value P = 0.37 bar illustrates the
high efficiency of the gas explosion suppression
system.

3. Discussion of results

The study shows that the tested suppression
system is almost equally effective at suppressing
dust and gas explosions with regard to parame-
ters such as: explosion pressure, rate of explosion
pressure rise and the standard rate of explosion
pressure rise [17, 23, 24]. For the assumed levels
of the photodiode triggering signal: 0.3 V, 0.6 V
and 1.0 V in the case of dust explosion suppres-
sion, the obtained explosion pressure values were:
0.035 bar, 0.055 bar and 0.24 bar respectively,
whereas in the case of gas explosion the explo-
sion pressure values were: 0.06 bar, 0.075 bar and

— 8 —
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Figure 15: Courses of the overpressure inside the 1.3 m3
test chamber during explosion of a methane-air mixture
(7.5% CHy). Activation from photodiode signal at the
level of 0.6 V. Explosion overpressure AP = 0.075 bar

0.21 bar respectively. This indicates that the ex-
tinguishing powder mechanism is probably similar
for the two tested types of dust and gaseous mix-
tures. The mechanism of its action on the flame is
well known and the following effects of the mech-
anism can be selected [9-13]:

1. physical effect concerning heat absorption by
the suppressing powder as a result of heat
exchange with surrounding gas,

2. chemical inhibition that can be divided into:

e homogeneous, taking place in the

gaseous phase,

e heterogeneous, taking place on particle
surfaces.

Any attempt to evaluate the particular effects for
defined conditions is very difficult and requires
good knowledge of the dynamics of suppression
powder decomposition in the flame. The above
process is connected with suppressing powder pa-
rameters such as particle size and its ability to
transform into the gaseous phase.

It was found, on the basis of pressure courses
recorded inside the fire extinguisher during the
explosion of an explosive charge (Fig. 19), that

1
h
=
=

OVERPRESSLURE INSIDE EXTINGUISHER [bar]

0.6 o

e Explosion overpressure ~

4 Overpressure inside extinguisher
----- Reference pressure

S
=
|

EXPLOSION OVERPRESSURE [bar]
=
[
| 1

0 0.4 0.8 1.2
TIME [s]

Figure 16: Courses of the overpressure inside the 1.3 m?3
test chamber during explosion of a methane-air mixture
(7.5% CHi). Activation from photodiode signal at the
level of 1.0 V. Explosion overpressure AP = 0.21 bar

the estimated time of emptying a fire extinguisher
of extinguishing powder ranged from 25 to 30 ms
— which enabled the effective suppression of even
a very strong explosion (Fig. 17).

The range of pressures in the extinguisher dur-
ing the explosion of an explosive charge, which
were obtained for the fast and accurate opening
of the membrane, i.e. without detached fragments
(Fig. 20) was approximately from 130 to 190 bar.

4. Summary and conclusions

From the conducted experiments the following
conclusions can be drawn:

1. the rapid, active explosion suppression sys-
tem enjoys high efficiency and reliability,

2. the significant influence of the level of the
photodiode triggering signal on the course of
the suppression process was confirmed,

3. the tested suppression system is almost
equally effective in suppressing dust and gas
explosions.

— 9 —
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Figure 17: Courses of the overpressure inside the 1.3 m?
test chamber during explosion of a methane-air mixture
(8.5% CHy)

References

[1] D. Bradley, A. Mitheson, The venting of gaseous ex-
plosions in spherical vessels. I —theory, Combustion
and Flame 32 (1978) 221-236.

[2] D. Nolan, Handbook of fire & explosion protection
engineering principles for oil, gas, chemical, & related
facilities, Tech. rep., Westwood, New Jersey (1996).

[3] R. J. Harris, E. F. N. Spon, Gas explosions in build-
ings and heating plants, London (1983).

[4] M. Sapko, E. Weiss, R. Watson, Size scaling of gas
explosions: Bruceton experimental mine versus the
lake lynn mine u.s. dept. of the interior, Tech. rep.,
Bureau of Mines (1987).

[5] W. Bartknecht, Explosions,
Berlin/Heidelberg/New York (1981).

[6] R. Eckhoff, Dust explosions in process industries,
Tech. rep., Oxford, Linacre House (1991).

[7] K. Lebecki, K. Cybulski, J. Sliz, Z. Dyduch, P. Wolaf-
ski, Large scale grain dust explosions — research in
poland, Shock Waves 5 (1995) 109-114.

[8] M. Zdanowski, Zapobieganie pozarom i wybuchom
gazowych paliw energetycznych, Tech. rep., issued
in cooperation with the Komenda Gléwna Strazy
Pozarnych (1983).

[9] H. K. Chelliah, Characterization of physical, thermal
and chemical contributions of sodium bicarbonate
particles in extinguishing counter-flow non-premixed
flames, in: 5th ASME/ISME Joint Thermal Engi-
neering Conference, 1999, pp. 1-7.

Springer,

0.8

1
=&
L=2]
(=]

OVERPRESSURE INSIDE EXTINGUISHER [bar]

= Explosion overpressure
—— Overpressure inside extinguisher
- = - Reference pressure

— 120

— 80

EXPLOSION OVERPRESSURE [bar]

TIME [s]

Figure 18: Courses of the overpressure inside the 1.3 m?
test chamber during explosion of a methane-air mixture
(8.5% CHi). Activation from photodiode signal at the
level of 0.3 V. Explosion overpressure AP = 0.37 bar

[10] H. K. Chelliah, Effect of sodium bicarbonate particle
size on the extinction of non-premixed counter-flow
flames, Combustion and Flame 134 (2003) 261-272.

[11] W. Hu, J. Smith, T. Dogu, G. Dogu, Kinetics of
sodium bicarbonate decomposition, American Insti-
tute of Chemical Engineers Journal 32 (1986) 1483—
1490.

[12] B. Kucnerowicz-Polak, Inhibition of flames by means
of extinguishing powders, Ph.D. thesis, Cracow Uni-
versity of Technology (1987).

[13] V. Babushok, W. Tsang, G. Linteris, D. Reinelt,
Chemical limits to flame inhibition, Combustion and
Flame 115 (4) (1998) 551 — 560.

[14] A. Jones, G. O. Thomas, The action of water sprays
on fires and explosions: a review of experimental
work, Process Safety and Environmental Protection
71 (1993) 41-49.

[15] R. Klemens, Dynamics of dust explosions suppres-
sion by means of extinguishing powder in various in-
dustrial conditions, Journal of Loss Prevention in the
Process Industries 20 (2007) 664-674.

[16] P. Oleszczak., R. Klemens, Suppression of dust air
mixture explosions by means of water spray, proc.
of the six international symposium on special top-
ics in chemical propulsion, pp. 157 — 158, (2005)
and advancement in energetic materials and chemical
propulsion, Tech. rep., Behell House Inc. New York,
pp. 581-599 (2007).

[17] M. Gieras, R. Klemens, Studies of dust explosion sup-
pression by water sprays and extinguishing powders,



Journal of Power Technologies 92 (1) (2012) 1-11

2
|

3

&
|

OVERPRESSURE INSIDE EXTINGUISHER [bar]
]
I

=

e p— | r ——— r |
0.02 0.04 0.06 0.08 0.1
TIME [s]

=

Figure 19: Example course in fire extinguisher pressure
recorded during the test explosion suppression

Fire & Safety Magazine Spring (2008) 4-8.

[18] G. O. Thomas, Influence of water sprays on explosion
development in fuel-air mixtures, Combustion Science
and Technology 80 (1991) 47-61.

[19] R. R. Skaggs, Assessment of the fire suppression
mechanism for hfc-227 ea combined with nahco3,
Tech. rep., US Army Research Laboratory, pp.1-11,
Aberdeen Proving Ground (2002).

[20] P. E. Moore, Automatic explosion protection systems,
in: Proc. of Shenyang International Symposium on
Dust Explosions, Shenyang, China, 1987, pp. 316—
348. Figure 20: The appearance of the correctly opened mem-

[21] A. J. Hynes, The chemical kinetics and thermody-  brane after the test
namics of sodium species in oxygen — rich hydrogen
flames, Journal of Chemical Physics 80 (6) (1984)

2585—-2596.

[22] M. Gieras, Studies on process of dust explosion sup-
pression by water spray, Archivum Combustionis
31 (1-2) (2011) 63-78.

[23] M. Gieras, Determination of explosion parameters of
methane-air mixtures in the chamber of 40 dm?® at
normal and elevated temperature, Journal of Loss
Prevention in the Process Industries 19 (2-3) (2006)

263-270.

[24] M. Gieras, R. Klemens, Experimental studies of ex-
plosions of methane-air mixtures in a constant vol-
ume chamber, Combustion Science and Technology
181 (1-13) (2009) 641-653.




