FOPEHHUE U IJIABMOXHUMHA 19 (2021) 131-138

https://doi.org/10.18321/cpc426
LOCALIZATION OF EXPLOSION PULSES IN A CLOSED
SPACE IN COAL MINES
F.Yu. Abdrakova'?, M.I. Tulepov'?, D.A. Baiseitov'?*, Zh.B. Beksultan'?, M. Chikhradze?
Institute Combustion Problems, 050012 Almaty, Kazakhstan,

Zal Farabi Kazakh National University, 050040, Almaty, Kazakhstan,
3Grigol Tsulukidze Mining Institute of Georgia, Thilisi 0186, Georgia

AHHOTALIUA

The data on the prospect of using an artificial high pressure water barrier as a method of localizing the
explosion impulse in the confined space of tunnels and mines are presented. The explosion impulse and
the process of its decay in interaction with water fog have been studied. In the course of field research, an
explosion was simulated in the shock installation, and a method for its localization was developed using four
water screens (barriers). The water screen was created using a system of ring-shaped water distribution
headers with high pressure nozzles installed in a circle. Hexogen was used as an explosive. Experiments on
localization of explosions were carried out on the base of the «Grigol Tsulukidze Mining Institute of Georgia»
in Thilisi, Georgia, together with the research group of the Faculty of Chemistry and Chemical Technology of
al Farabi Kazakh National University and the Institute of Combustion Problems. The influence of the water
barrier on the process of shock wave attenuation at 3 points of overvoltage of the section is established. The
test results showed that the average values of the overpressure in the three sections were reduced by 38.8%,
26.67% and 19.2%, respectively. The action of the shock wave occurs according to an exponential function,
and all other wave changes along any other trajectory on the plane of h - t change are described by a single

time dependence.
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1. Introduction

In Kazakhstan, more than 110 million tons
of coal are mined per year, one of the mining
methods is a closed mine method [1]. The main
problem of coal mining by the closed method is
the accumulation of a gas-dust mixture of methane
and coal dust in the space of the mine. Naturally,
during the production process, the likelihood
of gas accumulation increases, this gas-dust
mixture is highly flammable. Every year in the
global coal industry, a huge number of accidents
associated with the ignition of methane mixtures
are recorded [2].

Preventing gas accumulation in a mine is a
complex organizational and technological task
that requires the involvement of the scientific
community in this problem. Today, researchers
are looking for ways to localize the explosion in
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the mine space. There are various localization
methods, including the creation of powder and
water barriers in the path of the shock wave and
flame front [3-5].

In coal mines and other industrial facilities,
various automatic explosion containment systems
are used, having a similar design. These systems
consist of an explosion identification module
(optical sensor and an electrical device that
generates a trigger signal) and an explosion energy
absorber containing an explosion suppressor
dispenser and a device for ejecting material into
the protected environment [6-8]. They are widely
used in mines, for example, in Ukraine (AVP-1),
Germany (BVS), Great Britain (Graviner), Russia
(ASVP-LV), etc.

Research has been carried out to develop a
dust explosion protection system at industrial
facilities and factories producing chemicals,
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plastics, textiles, pulp and paper, pharmaceuticals
and milling operations [9-10].

In this regard, it is of interest to study the
prospects for using an artificial high pressure
water barrier as a method of localizing an
explosion in a confined space.

2. Experimental part

A number of studies on the localization of
explosions were carried out on the base of the
«Grigol Tsulukidze Mining Institute of Georgia» in
Tbilisi, Georgia, together with theresearch group of
the Faculty of Chemistry and Chemical Technology
of al-Farabi Kazakh National University and the
Institute of Combustion Problems.

During the study, an explosion of 10 g of
hexogen was carried out in a 5-section shock unit
(Fig. 1), a 4-step water barrier was created in the
path of the shock wave and the flame front. The
water barrier created by a special ring-shaped
system of high-pressure injectors, consisting of
four protective screens, allows you to localize the
explosion site in a fraction of a second, cutting off
the paths of the flame to spread. Each section was
also equipped with electronic sensors and devices
for data collection.

The experiments were carried out on a special
installation, which is a shock tube 10 m long,
500 mm in diameter, and 8 mm thick (Fig. 2). The
shock tube consists of a blast chamber/tube and
nine separate sections/tubes connected in series.
Also, the shock pipe has a dosed water supply
system, pumps, pipelines, manifolds and nozzles
for creating water mist. The nozzles are equipped

with spray nozzles of three different models from
260-400 microns, allowing you to change the size
of droplets in the fog at different stages of the
experiment.

Thanks to the prefabricated structure, it is
possible to arrange a different number of sections
and thus create several protective screens.

An annular water distribution manifold with a
diameter of 500 mm, consists of 8 nozzles, with
a nozzle (atomizer) size of 260-400 microns,
connected in a single chain, directed towards the
center and connected to a single water source.
When activated, the system creates an almost
evenly distributed water mist in the shock tube.
As the water pressure increases, the nozzles
create droplets of different diameters.

The experiments were carried out on a special
installation, which is a shock tube 10 m long,
500 mm in diameter, and 8 mm thick (Fig. 2). The
shock tube consists of a blast chamber / tube and
nine separate sections/tubes connected in series.
Also, the shock pipe has a dosed water supply
system, pumps, pipelines, manifolds and nozzles
for creating water mist. The nozzles are equipped
with spray nozzles of three different models
from 260-400 microns, allowing you to change
the size of droplets in the fog at different stages
of the experiment. Thanks to the prefabricated
structure, it is possible to arrange a different
number of sections and thus create several
protective screens.

An annular water distribution manifold with a
diameter of 500 mm, consists of 8 nozzles, with
a nozzle (atomizer) size of 260-400 microns,
connected in a single chain, directed towards the

Fig. 1. Experimental sectional drum set.
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Fig. 2. Scheme of an experimental sectional drum kit.

center and connected to a single water source.
When activated, the system creates an almost
evenly distributed water mist in the shock tube.
As the water pressure increases, the nozzles
create droplets of different diameters.

To achieve the set goal of the study, a set of
methods was used, including the analysis and
generalization of data obtained from devices and
sensors installed on the experimental pipe, and
tracking the explosion process, and its attenuation,
when interacting with dispersed water screens
(barriers). During the experiment, the possibilities
of water screens created at a pressure of 7.5 bar
were investigated.

3. Results and discussion

In the process of research, a spherical hexogen
charge with a mass of 10 g was placed in the
explosion chamber of the shock tube, with a
detonation speed of 7500 m/s. Initiation was
carried out using an electric current. Each section
was supplied with water at different pressures,
creating a high-density water mist to create a
barrier in the path of the front of the flame and
incandescent particles.
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The initiation of the explosion in the shock
chamber is synchronized with the dispersed
water supply system. The process control module
has the following functions:

- provides information about the current state
of the experiment;

- transmits commands regarding the amount
of water to be supplied to the chamber and plugs
in accordance with the specific purpose of the
experiment;

- controls the time intervals of the water supply;

- sends a command regarding the moment
of water supply in the tube and initiation of an
explosion in the shock chamber;

- saves data obtained
experiments.

The control module controls it in two modes:
test and experimental. Test mode allows you to
check the system performance before starting the
experiment.

In a closed space without a water barrier (Fig.
3), during and after the explosion, phenomena of
the following kind occur: a shock wave, followed
by a flame front with a high temperature and
incandescent particles (explosion products)
moving at high speed.
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Fig. 3. Shock wave action without water barrier.
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On the way of movement, a shock wave,
colliding with an artificial water fog (water-air
screen), overvoltage is formed at the points of
collision, and the explosion energy is absorbed
by water, in connection with which the process
of transition of the water barrier to the gas-air
phase (evaporation) occurs. When exposed to
several screens, the initial energy of the explosion
is completely extinguished (Fig. 4).

Figure 4 shows thatas aresult of the interaction
of counterpropagating rarefaction waves, negative
pressures are generated in the wave. This is
possible only for condensed substances - solids
and liquids, in gases, of course, negative pressures
are impossible; as the pressure approaches zero,
the flow velocity also tends to zero.

Taking into account the mutual influence of
the diagrams (Figs. 2 and 3) distance-time and
pressure-mass velocity for the case of interaction
of two symmetrical counter waves of a shock wave
and a water absorption wave, a dust-air mixture
of explosive particles is rarefied. In this region,
the overpressure values and the mass velocity
along the pipe are not constant and change along
the flow. In this case, the further flow of the shock
wave is already simple waves until their secondary
interaction with the second absorption wave and
until complete extinction.

Thnke k

As shown in figs. 2 and 3, 4 hexogen charge
initiations were performed. For the first time, the
explosion in the shock chamber was carried out
without turning on the water supply to all three
sections, the data obtained are summarized in
Table 1.

As canbe seen from Table 1, the excess pressure
in the pipe decreases from 38.8 to 19.2%. The
attenuation of the shock wave and the flame front
requires an explanation of the physico-chemical
phenomena and thermodynamic processes that
occur during the interaction of the screen and
shock waves.

To discuss experiments with shock waves,
it suffices to consider the one-dimensional
motion of explosive particles, since it is in this
setting, which is the simplest for analysis, that
most measurements are carried out. Since the
registration of the kinematic parameters of the
shock-wave process in a condensed medium is
carried out, as a rule, for the selected material
sections of the sample, it is convenient to analyze
the wave processes in the substantial Lagrange
coordinates [11] associated with matter. We will
use the spatial coordinate x as the Lagrangian
coordinate h.
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Fig. 4. Shock wave action at 7.5 bar water pressure in three sections.

Table.1. Average values of overpressure

Ne 7.5 BAR I sensor (kPa) I sensor (kPa) I1I sensor (kPa)
1 I, 11, III (section) without water 527,6 575,625 524,8

I, IL, 111 (section) 349,43 422 422,744
3 Percentage difference, % 38,8% 26,67% 19,2%
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Particles of explosive at the initial moment of
time are determined by the following expression

[6]:

T dh p
h=pacip ) -2 0
!px Pl

0

where p,, p - pressure values at time t, and at time
t, respectively. Partial derivatives with respect
to time t and coordinate h will be denoted as
d/0t=(0/0t)_h and d/0dh=(0/0dh)_t; the derivatives
of the function f along certain trajectories in the
h-t plane are expressed by the relations:

df _df  dfdn df _df
i T dndn

df  dh
f - ()

where dh/dt - slope of the selected path.
Calculations of the partial derivatives of the change
in the excess pressure coefficient from the distance
h =2-10 m and time and time t = 7.5-8 ms without
the presence of water are determined by the
following expressions:

4
K=131,9=-%2 dp Sy
di_,  dh,_, dt’3di

K =153,5= dp + dp @ (3.1)
dt,_,s dh,_, dt '

dp N dp dh
. dh_, dt (32)

Further, three explosions were carried out at a
water pressure of 7.5 bar, and when all 3 sections
of the percussion unit were turned on.

Calculations of the partial derivatives of the
change inthe excess pressure coefficient for all three
sections depending on the distance of damping
of the shock wave h, m and time t, ms with water
barriers are given in the following parameters:

I, I, III section:

dp . dp
K =8837=—2_ @
a’t,:10 dt dth , -2[ dr'*

K :79,39:d—p+d—p-ﬂ (4.1)
dt_, dt dr,_,

K:75,95:d—p+d—p- dh (4.2)
d[t:11,2 dt dth:IO

In order to obtain reproducible results, three
additional experiments were carried out and the
averaged results of changes in the parameters
of the shock wave pressure are summarized in
Table 2.

The explosion impulse was calculated by the
formula:

I="—
5 (5)

where P - overpressure of explosion products,
kPa; t - final action time corresponding to the
moment of reaching the water barrier, ms.

As can be seen from Table 2, on the basis of the
results obtained, the following can be stated: the
movement of the dust-air mixture, at which there
is an excess pressure drop, is a simple or traveling
wave. In a simple wave, before being blocked by
a water barrier, the pressure passes through a
maximum of 153.5 kPa at sensor II, and all other
wave changes along any other trajectory on the
plane of h-t change are described by a single
dependence (1).

It was also experimentally established that
under conditions when the distance of the air space
between the explosion chamber and the fogis 1 m,
the coefficient of reduction of the overpressure is
1.5-1.6 times higher than under conditions when
the water fog is created in direct contact with
the explosion chamber. This can be explained by
various mechanisms of energy extinguishing near
the charge zone, where overvoltages develop
under the action of gaseous explosion products,
and in the zone where shock waves are generated.

During the field studies, an explosion was
simulated in the shock installation, and a method
for its localization was developed using four water
screens (barriers). The water screen was created
using a system of ring-shaped water distribution
headers with high pressure nozzles installed in
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Table 2. Change in the coefficient of overpressure of the shock wave

Experience Section Pressure (kPa) Time (ms)

Ne [ sensor [Isensor Ill sensor Isensor II sensor IIl sensor
1 Without water 131,9 153.5 131.2 8 7.5 8

2 I, IL, I1I (section) 88.37 79.39 75.95 10 12 11.2

3 I, IL, I1I (section) 65.95 75.49 74.57 6.4 10.4 10.4

4 I, IL, I1I (section) 80.46 76.79 75.95 10.4 10.4 12

I, I1, III (section)
5 Average of three 78.26 77.22 75.49 8.93 10.93 11.2

experiments

a circle. Hexogen was used as an explosive. The
influence of the water barrier on the process of
shock wave attenuation at 3 points of overvoltage
of the section is established. The test results
showed that the average values of excess pressure
in the three sections were reduced by 38.8%,
26.67% and 19.2%, respectively. The action of the
shock wave occurs according to an exponential
function, and all other wave changes along any
other trajectory on the plane of h - t change are
described by a single time dependence.

4. Conclusion

The data on the prospect of using an artificial
high-pressure water barrier as a method of
localization of the explosion pulse in the confined
space of tunnels and mines are presented. The
explosion pulse and the process of its attenuation
during interaction with water mist are studied.
The influence of the water barrier on the process of
shock wave attenuation at 3 points of overvoltage
of the section is established.
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Jlokasusauus HUMIIYJIbCOB B3pPbIBd B 3AMKHYTOM
MNPOCTPAHCTBE B LIAXTAX IO AOGBI‘le yrida

®.10. A6apakosal?, M.U. Tynenos'?, JI.A.BaticeiiToB'?,
X.B. Bekcyntau'?, M. Yuxpanze?

'MHcTUTyT Npo6seM ropeHusi, Anmarsl, Kazaxcran
?KazaxCKUM HaLHMOHAJIbHBIH YHUBEPCUTET WM. alb-
®apabu, Anmartel, Kazaxcran

STopubii uHcTUTYyT [pysum wum. I. Lynaykuzse,
Tounucy, 'py3us

AHHOTALIUA
l_[pe,ZLCTaBJIEHbI AaHHbIE€ 10 MEepCIIeKTUBe HC-

IMOJIb30BAHUA UCKYCCTBEHHOI'O BOAHOTIO 6apbepa
BbICOKOI'O JaBJIeHHA, KaK croco6a JIOKAJIN3alluHn

HMMIIyJIbCa B3pbIBA B 3aMKHYTOM IPOCTPAHCTBE
TOHHeJIed U wWaxT. M3ydyeH HUMIy/JbC B3pbIBa U
npoLecc ero 3aTyXaHWs NpPU B3aUMOJENCTBUU
C BOJHBIM TyMaHOM. B Xo/le MOJIUTOHBIX HcCCIe-
JOBaHUU B yJapHOW yCTAaHOBKe HMUTHUPOBAJICS
B3pbIB, U OblJ pa3paboTaH MeTOJ ero Jiokajausa-
MU C IPUMEHEHHEM YeThIpeX BOJSHbIX IKPAHOB
(6apbepoB). BogHbIM 3KpaH co3aaBasics C IIOMO-
IIbI0 CUCTEMBI KOJIbIle0Opa3HbIX BoAoOpacnpese-
JIUTEJIbHBIX KOJIJIEKTOPOB C YCTAaHOBJIEHHBIMHU T10
Kpyry popcyHKaMU BbICOKOTO JlaByieHus. B kaue-
CTBe B3pbIBYATOTO BeleCTBa UCI0JIb30BaJICS FeK-
CoreH. JKCIIepUMEHTHI 110 JIOKAJIU3alu1 B3PbIBOB
O6bLIM pOBeJieHbl HAa 6a3e «[OpHOro MHCTUTYTA
um. [ Uynykupaze» r. Touavcu, ['py3ust coBMecT-
HO C UCCJAeA0BaTeJbCKOW rpynmnoil dakyjabTeTa
XMMUHU U XUMHYECKOW TexHosioruu Kasaxckoro
HallMOHAJbHOI'0 YHUBEPCUTETA UM. ajib-Papabu
u WHcTuTyTa npo6seM ropeHUsi. YCTaHOBJIEHO
BJIMsSIHUE BOJHOTO Gapbepa Ha MpoLecc 3aTyxa-
HUS ylapHOM BOJIHBI B 3 TOYKaxX NepeHanpsixe-
HUS ceKUUU. Pe3y/bTaThl UCNIBITAHUN MOKa3aJIH,
YTO CpeJiHUEe 3HAYeHUsI U30BITOYHOTO JlaBJIeHUs
B Tpex CeKLUsIX CHUKeHbl Ha 38,8%, 26,67% u Ha
19,2% cooTBeTCTBEHHO. /leiCTBUE yAapHOU BOJI-
Hbl MPOUCXOAUT MO 3KCIOHEHLHAJbHOU (YHK-
1Y, a BCe JIpyrue BOJIHOBble U3MEHEHUS B/ 0Jb
JII0601 Apyrod TPaeKTOPUU Ha MJIOCKOCTU U3Me-
HeHUs h-t onMchIBalOTCS eJUHON 3aBUCHMOCTBIO
OT BPEMEHHU.

Kawuesbvle csa0e6a: nokaausalus B3pblBa, yAapHasd
BOJIHA, BOJIHAs 3aBeca (mperpajia, 3aBeca), BOASHOMN
TYyMaH.

Kemip eHAipy XeHiHAeri 1axrajapaarbl
TYMBIK KeHiCTiKTeri »KapbL/IbIC UMIY/IbCTAPbIH
oK1aysiay

@.10. A6apakosa'?, M.U. Tynenos'?, /I.A.baliceliToB!?,
2K.B. Bekcyntau'?, M. Yuxpanaze?

KaHy npo6sieMmasnapbl HHCTUTYThI, beren6ail 6aThip
K., 172, AnmarThl K., KazakcTaH

2an-®apabu aTbiHgarbl Kazak YJTThIK YHUBEPCUTETI,
Anmarsl K., KazakcTaH

3T. Llysiyku3e aTbIHAAFbI [py3us Tay-KeH HHCTUTYTHI,
Téunucy, 'pysus

AnjaaTna

ToHHe/bJlep MeH UIaxXTaJapAblH, TYUBIK,
KeHICTIriHAe KapblIbICTBIH, UMIIYJbLCIH OKLIay-
Jlay Taciai peTiHAe »KOFapbl KbICBIM/bI »acCaH-
bl CY TOCKAyblJbIH NalifasaHy nepcrneKTUBaChI
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60#bIHIIA epeKTep YChIHbLIFaH. Cy TYMaHbIMeH
©3apa 9peKeTTecy Ke3iHJe »KapblJIbIC UMIIYJIbCI
MeH OHBIH blJblpay npoueci 3eptrenni. [loau-
TOH/BIK 3€epTTeysep OapbIChiH/A COKKbl KOH-
JABIPFBICBIH/A KAPbLJIbIC UMUTALUANIAH/bI KOHE
TOPT Cy 3KpaHJapblH (TOCKayblaAapbl) KoOJ-
JlaHa OTBIPBIIN, OHBI OKUIayJay aAici asipyeHAi.
Cy aKpaHbI LIeHOepTre OpHAThIJIFAH KOFapPhl Kbl-
ChIM/Jbl calTaMaJiapbl 6ap caKWHaJjbl Cy TapaTy
KOJIJIEKTOpJIapbl »KyHeciHiH KemerimMeH jacaJ-
Abl. XKappuiFbllll 3aT peTiHAe TeKCcOoreH KoJija-
Hbl1/bL. KapblablcTapAbl JOKaau3auusaay 60u-
bIHIIA 3KcrnepuMeHTTep [py3usHbiH ToO6uaMCH
KasnacblHAaFbl «llynykuzase aTblHAAFbl Tay-KeH
WHCTUTYThI» 6a3ackiHAa Kasak yATTHIK YHUBED-
CUTETIHIH XMMUS KOHE XHUMUSJIBIK TEeXHOJIOTUS

dakysnbreti Men XKaHy npob6semanapbl UHCTH-
TYyThbl 3epTTey TOObIMeH OipJsiecin Kyprisinzi.
Cy TOCKaybLIbIHBIH CEKLMAHBIH lIaMaJaH ThbIC
KepHeyiHiH 3 HYKTeCiHJle COKKbl TOJIKbIHbIHBIH
COHy npoueciHe acepi aHbIKTa1Abl. CbIHAK HOTU-
»KeJiepi ylI ceKUUsAAarbl apThIK KbICBIMHBIH Op-
Tama MaHJepi Tuicinme 38,8% - Fa, 26,67%
- ra xkoHe 19,2% - ra TeMeH/JereHiH KepCeTTi.
COKKbl TOJIKbIHBIHBIH 9peKeTi 3KCIOHeHLUaJ-
bl QYHKIMSA apKblabl XKypezi, aa h-t e3repy *xka-
3bIKTBIFbIH/IAFbl Ke3-KeJreH 6acKa TpaeKTopus
GOMBIHAAFBI GapJIbIK 6AacKa TOJIKbIH/BIK 63repi-
CTep YaKbITKA OANJIaHBICTHI CUMATTAIA/IbI.

Kinm ce3dep: »apblIbICThIH JIOKAJU3aLUACH], COKKBI
TOJIKBIHBI, CyJIbIH 3KpaHbl (TOCKayblJ1, 3KpaH), Cy TyMa-
HBI.



