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Abstract: Conflagration 1s a disaster caused by uncontrolled fire. The conflagration increases sharply as the
suppression slows down. Therefore, conflagration should suppression as fast as possible under all
circumstances. Sound fire extinguisher is being studied to maximize the efficiency of conflagration suppression.
The sound fire extinguisher has the principle that the sound component resonates with the flame to depress
the combustion reaction. In this study, we mvestigated the effect of the sound component of the sound fire
extinguisher on the combustion reaction depression by measuring the oxygen concentration change in the
candlelight experiment of the closed space. Combustion is a rapid oxidation phenomenon that occurs when a
substance comes into contact with oxygen and the amount of combustion 1s closely related to the amount of
oxygen. The influence of the sound component on the amount of combustion was confirmed by measuring the
amount of oxygen. As a result of the experiment in study, when the sound was supplied, the amount of
combustion decreased and the oxygen concentration in which the candlelight was turned off increased. This
confirms that the sound component of the sound fire extinguisher has an effect of depressing the combustion
reaction of the flame.
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INTRODUCTION

Conflagration is a disaster caused by uncontrolled
fire. According to the National Fire Agency’s
Conflagration Occurrence General Table for 2017, there
were 44,178 cases of conflagration in Korea n 2017,
resulting in 2,197 injuries including 345 deaths and about
500 billion won of property damage. To protect people
and property from conflagration, lifestyle habits that
prevent conflagration are the most important. Once a
conflagration occurs, it can be minimized by suppressing
the conflagration as soon as possible. In the case of
conflagration as the time passes, the confusion spread
rate and damage area of the conflagration are rapidly
increased. If it is not suppressed early, the rescue
persormel will be difficult to enter the rescue. Therefore,
conflagration can be said to be important in suppressing
as quickly as possible (Bae et al., 2013; Sang-Hwi ef al.,
2017, Tung, 2017; Kim et al., 2016, Kyoung-Suet al., 2016;
Eun-Young et af., 2017, Bae and Bae, 2017, Ik-Soo and
Myung-Jin, 2016; Jae-Chu et al., 2007). Conflagration is
mainly suppressed by using fire extinguisher and indoor

extmguishment facilities and by spraying water from
fire trucks. Although, existing fire extinguisher and
extinguishment facilities are effective in suppressing
conflagration, it 1s necessary to exert more effort to
extinguish the efficiency as much as possible to minimize
the damage of life and property. Fire extinguisher and
extinguishment facilities have limitations in enhancing
extinguish efficiency due to the difficulty of additional
expansion operation m limited indoor areas. Sound fire
extinguisher, a new method that is very different from the
existing extinguish method of spraying fire extinguishing
agents and water 1s being actively studied. Existing fire
extinguisher can no longer mamtain fire extinguisher
ability when exhausted but sound fire extinguisher can
maintain fire extinguisher ability as long as electricity is
supplied. While fire extinguishers can damage facilities,
the sound fire extinguisher’s sound components do not
damage the facility and can be used wherever it is needed.
In addition, since, the extinguish method of sound fire
extinguisher differs from the existing extinguish method,
it can maximize the extinguish efficiency when 1t 1s
operated in parallel with the existing fire extinguishing
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facility (Kim et al, 2016, Kyoung-Su et of, 2016;
Eun-Young et al, 2017, Bae and Bae, 2017, Anthony,
2012; Sang-Hyuk and Chang-Dong, 2011; Seal, 2012,
Han-Woo and Yeon-Ho, 1997).

The sound component of the sound fire extinguisher
is said to resonate the flame molecule, thereby, depressing
the combustion reaction of the flame. In this study, we
tried to confirm how much the sound fire extinguisher
sound component depression combustion reaction of
flame through oxygen concentration change measurement
experiumerit.

MATERIALS AND METHODS

Principle of extinguish and principles of sound fire
extinguisher: Combustion 13 a powerful oxidation
reaction in which a substance generates heat and light
due to oxygen and abrupt chemical reaction which
requires combustible fuel and high temperature and
oxygen supply. Most of the buming materials are
Hydrocarbons (C.H,) which when burned through the
combustion process generates water (H,O) and Carbon
Dioxide (CO,), generating strong heat. The combustion
chemistry of the hydrocarbon compound 1s given by
Eq 1:

C,H,+0, = CO,+H,0 (Complete combustion)
C H_+0,= CO,+H,0O (Incomplete combustiomn)

(1)

Extinguish is the principle of extinguishing to
stop or eliminate at least one element of puel, high
temperature, oxygen which 1s necessary for combustion.
Tt can be divided into ‘extinguishment by destroying’,
‘extinguishment by cooling” and ‘extinguishment by
smothering” depending on what elements are removed in
extinguish. A fire extingusher commonly found around us
15 mamnly extinguished by extinguishment method by
smothering  with ‘foam  extinguisher’, ‘powder
extinguisher’, ‘carbon dioxide extinguisher’ and “halotron
extinguisher’. In the case of water spraying of fire trucks
or sprinklers, fire 1s extinguished by extinguishment
method by cooling to lower the heat by sprinkling water
(Bae et al, 2013; Sang-Hwi et al, 2017, Anonymous,
2016, Iung, 2017; Kyoung-Su ef af., 2016; Sang-Hyuk and
Chang-Dong, 2011; Anthony, 2012; Myung-Jin, 2017,
Eung-Young et al., 2017).

Defense Advanced Research Projects Agency
(DARPA) has released the principles of sound fire
extinguisher which hampers the flame’s combustion
reaction. Students at George Mason University also
unveiled a sound fire extinguisher on YouTube that uses
a commercially available spealer to turn the lights off. The
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Fig. 1: Sound fire extinguisher

extmguish principle of sound fire extnguisher is
“suppressing the combination of flame and oxygen”
“reducing the temperature by dispersing thermal energy
by enlarging flame area”™ In addition, sound fire
extinguisher which 15 being studied at Sori Sound
Engineering Research Tnstitute of Soongsil University,
added the principle of “concentrating sound power on
flame by applying special acoustic lens”. The shape of the
sound fire extnguisher under study at the Sori Sound
Engmeering Research Institute 18 shown mn Fig. 1 (Bae and
Bae, 2017, Tk-Soo and Myung-Jin, 2016, Kang, 2008,
Camm et al, 1996, Lee, 1999, Myung-Tin, 2017;
Ji-Seon and Myung-Jin, 2013; Ik-Soo and Myung-Jn,
2016.

Sound fire extinguisher, first released by students at
George Mason University and Defense Advanced
Research Projects Agency (DARPA) showed that
resonance of sound affects flame and extinguishing 1s
possible. However, at the Sori Sound Engmeering
Research Institute, sound fire extinguisher 1s replacing
existing fire extinguishers and conducting various studies
to actually use them i fire fighting sites.

The material has a natural frequency depending on its
characteristics and conditions. When an external force
having the same frequency as its natural frequency is
received, the intensity of the wvibration is markedly
increased. This phenomenon is called resonance. The
flame consists of outer flame, mner flame and flame center
and has a small arrowhead shape. When a sound similar
to the natural frequency of a flame 1s supplied, the flame
molecule resonates to broaden the structure of the flame
and the shape of the arrowhead widens to the side. At
this time, the temperatiwe 1s lowered by dispersing the
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Fig. 2a-c): Flame resonance phenomenon

thermal energy of the flame. Tn addition, as the vibration
intensity of the clear,
phenomenon in which the combustible 1s bonded with
oxygen 1s suppressed. In other words, the sound
component of the sound fire extinguisher resonates the
flame molecule to depress the combustion reaction of
the flame. Flame resonance phenomenon is shown in
Fig. 2.

flame becomes oxidation

RESULTS AND DISCUSSION

The experiment measured the decrease time of oxygen
concentration in order to know how quickly the
candlelight would remove oxygen when supplying and
not supplymg sound m a confined space. In  this
candlelight experiment, we can see how much the sound
component depresses the combustion reaction of the
candlelight through the difference in the decrease time in
the oxygen concentration. Combustion of candlelight is
likely to cause errors depending on the experimental
conditions including the state of the candle. Therefore, in
order to maintain the same experimental environment as
possible, 50% of the candles were mmitially tested without
sound and then provided with sound. And the remaiung
50% of the candles were initially tested provided with
sound and then tested without sound. In addition, the
reduction time of the oxygen concentration can be large
at the beginmng of the combustion and when the fire 1s
turned off. Therefore, we measured the time at which the
oxygen concentration decreased from 20-17% for the
measurement of uniform conditions. In the experiment, a
low-frequency speaker (Britz AMP BR-5100T) was used to
smoothly supply a 60 Hz sound component to the
candlelight. The 20 event-type paraffin candles were
alternately covered with a 2600 ml. glass container to
measure the change until the candlelight was turmed off.
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Fig. 3a, b): Measurement of oxygen concentration change

The sound was continuously supplied to 60 Hz pure tone
sound source manufactured by Audition CC until the
candlelight was turned off. The oxygen concentration was
measured by placing a portable oxygen concentration
meter (SKU-E1247) m a glass container in which the
candlelight was combusted. Figure 3 shows the
experimental measurement of the oxygen concentration
change of the combustion of candlelight.

The sealing method used in the experiments was to
use a 2600 ml, glass vessel to ensure sufficient oxygen
supply for the candlelight to combust for at least one
minute without rapid oxygen restriction. Also, the volume
of the sound was adjusted to allow the candlelight to
combustion until the oxygen concentration became <17%
and supplied to the candlelight.

Figure 4 shows the distribution of the time taken for
the oxygen concentration in the glass vessel to decrease
from 20-17% by combustion of candlelight when no
sound and when supplying sound. Figure 4 shows that
the time required to reduce oxygen concentration was
63-96 sec (average 77 sec) when no sound. Also, it took
75 ~ 130 sec (average 96 sec) when supplying sound.
When supplying sound, the average of 19 sec was longer
than when no sound was supplied indicating that the rate
of oxygen reduction was about 25% slower.



J. Eng. Applied Sci., 14 (2): 326-330, 2019

35
B Sound X

Sound O
30 |

25

20

Number

15

10

05 |

0+

60 60 646870727476 78808284 868890929496 98100102104 106108110112114 116 118120122 124126 128 130

Time (sec)

Fig. 4: Time distribution of oxygen concentration reduction (20%—17%)
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Fig. 5: Distribution of oxygen concentration by turning

off the candlelight

Figure 5 shows the disttibution of oxygen
concentration when the candlelight 1s turned off in a
closed laboratory environment. In Fig. 5, the candlelight
1s turned oftf at 16.3-16.8% oxygen concentration when no
sound 1s supplied and the cendlelight 1s turned off at
16.4-17% when the sound 1s supplied. When there was no
sound, candlelight was turned off at an average of 16.6%.
When the sound was provided, the candlelight was
turned off at an average of 16.8% and the concentration
difference was 0.2%.

CONCLUSION

Conflagration causes a lot of human and material
damage every year. Conflagration can be mimmized by
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suppressing conflagration as quickly as possible. This 1s
why existing fire extinguishers and extinguishment
facilities are effective in suppressing conflagration but
still need to improve extinguish efficiency. However,
existing methods alone have lunitations in mereasing
extinguish efficiency. Sound fire extinguisher can maximize
extinguish efficiency because it is extinguished by using
different principle than existing fire extinguisher. Sound
fire extinguisher has the principle that flame resonates
with the sound component to suppress combustiorn.

In this study, we investigated how the sound
component depresses combustion of flame by measuring
the oxygen concentration in a candlelight experiment in a
closed space. In an experiment measuring the time it takes
for the oxygen concentration to decrease from 20-17%, the
average time taken for sound supply 1s 77 sec while the
average time for supplying sound 1s 96 sec which 1s about
25%. Teking more tine to change the oxygen
concentration means that the amount of combustion has
decreased. Tn addition, the measurement of the oxygen
concentration at which the flame was turned off showed
that the candlelight was off at an average of 16.6% when
the sound was not supplied while the candlelight was
turned off at 16.8% when the sound was supplied. These
results show that the sound component of the sound fire
extinguisher depresses the flame combustion reaction.
The experiment was somewhat distant from the actual
conflagration site and there may be an error depending on
the use of the portable instrument and the state of the
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candle. However, despite the low sound power that the
combustion sustains, the amount of combustion 1s
reduced when the sound is supplied and the candlelight
is turned off at a slightly higher oxygen concentration
which 15 a sigmficant result indicating that the sound
component has a depression effect on the flame
combustion reaction.

Sound fire extinguisher requires a lot of research on
how to use it because it has a new extinguish principle.
Through active research, sound fire extinguisher is
expected to contribute to the safety of fire protection in
various fields.
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