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Key words: The paper presents results of the study of processes of coal dust detonation combustion obtained using a technique approved by the
explosion, explosion pressure authors. The essence of the technique is the use of a specific coal dust fraction to study the explosion pressure, explosion pressure
increase rate, coal dust, explosion increase rate and transformation coefficient. It allows applying the results of a laboratory experiment to the actual data of explosion and
pressure, combustion, aerosol, combustion of dust and gas mixtures of mines that have a much larger volume. In other words it allows predicting the explosion pressure
deflagration, detonation. increase rate in relation to specific excavation of coal mines.

The methodology for studying combustion and detonation processes, briefly described in the article, is based both on
requirements o% modern regulatory documents and the practical experience of research institutes engaged in similar
research. The practical component of the method is based on an installation which represents an explosive combustion
chamber in the form of a sphere with a volume of 20 liters.

The data of detonation combustion are processed using application software and presented graphically in three figures. It is shown that
dispersion composition of coal dust indluences on the expﬁ)sion pressure, explosion pressure increase rate and transformation coefficient.
Research work is carried out with a sample of coal of KS-type from a thick beam of Ele mine named after Dzerzhinskiy.

As aresult of the analysis of digital and graphic data obtained during processing, it is proved that dust with fractional composition of 63-
94 um is the most explosive. It is revealed that explosion pressure increase rate cﬁanges as a function of dust concentration in the
installation reaction Voﬁlme in the way that there was two maxima of the explosion pressure increase rate where one was at 100 g/m” and
the second at 400 g/m’. The results obtained during determination of the explosion pressure increase rate have shown the necessity of a
non-trivial, more thoroughtful approach to study explosion pressure increase and, consequently, determin the transformation coefficient.
In addition, analysis of the experimental data presented in the article confirmed that during the development of means of flame retardation
and explosion suppression used in automatic means for explosion localization it is necessary to carry out further investigations with the
coal dust fraction equal to 63-94 um. The results obtained in the work will allow starting the study of the processes of detonation
combustion in a dusty air containing methane.

Knrouegvie cnosa: TIpuBeieHB! Pe3yNIBTaThl HCCIIEIOBAHNS TIPOLIECCOB JCTOHAIMOHHOIO TOPEHHs KAMEHHOYTOJIBHOM TBUTH, HOTYYCeHHBIE C OMOIIBIO
B3pPBIB, CKOPOCTh HApaCTaHHs anmpoOMPOBAHHON aBTOPAMH METOJIMKH, CYIIHOCTh KOTOPOH 3aKITIOUaeTCs B ICTIONB30BAHUH KOHKPETHOH (DPaKIMK KaMEHHOYTOJILHOK
JIaBJICHUSI B3PbIBA, YTOIBHAS BUTH 11 HCCNEZIOBAHMS [aB/ICHHS B3pbIBA, CKOPOCTH HAapACTAHMS JABICHHS B3pbIBa M TpaHC(HOpMaIMOHHOTO Ko3dduimenta. O
IbLIb, JABICHHE B3PHIBA, T03BOJISIET [PUMEHUTH Pe3yIIBTAThI Ja00PATOPHOTO HKCIIEPUMEHTA K (PAKTHICCKIM JAHHBIM B3PbIBA H TOPECHIS TbUICra30BO3AYIIHBIX
rOpeHue, adpo30ib, cMecell TOPHBIX BBIPAOOTOK, HMEIONIMX 3HAYMTEIBHO OONBIIMIT 00BeM, T.. JJaeT BO3MOXKHOCTh CIPOTHO3HPOBATH CKOPOCTh
Jedrarpans, TeTOHAIHS. HapacTaHus1 JABJICHHS B3bIBA IIPUMEHHTEIIBHO K KOHKPETHBIM TOPHBIM BBIPA0OTKAM YTOJBHBIX IIIAXT.

MeToaMKa HCCIIeI0BaHMs MPOLIECCOB TOPEHNUSI M JETOHALMH, KPATKO ONMMCAHHAs B CTaThe, OCHOBAaHA KaK Ha TPEOOBAHUSX
COBPEMEHHBIX HOPMAaTHBHO-NIPABOBBIX JOKYMEHTOB, TaK M Ha IPAKTHYECKOM OIbITE HAyYHO-HUCCIECIO0BATEIbCKHX
HMHCTUTYTOB, 3aHUMAIOIIMXCSl AHAJOTMYHBIMHM HCCIICJIOBAaHUSMH. B OCHOBY MNpakTH4eCKOH COCTABISIOIICH METOJIHKH
TI0JIOKEHA YCTAaHOBKA, PEICTaBIIAIONIas Co00 B3pBIBHYIO KaMepy cropaHus B Buje cdepsl oobemom 20 1.

JlaHHBIe TpOIIecca JETOHALMOHHOTO TOPEHHst 00pabOTaHbI C TIOMOLIBIO TIPUKIIAIHOTO IPOrPAMMHOTO O0ECIICICHIS U IPE/ICTABICHBI
B rpa)UyeckoM BHJE HA TPEX PHUCYHKaxX. HarIsaHO MOka3aHO BIMSHME JMCIIEPCHOHHOTO COCTaBa KaMCHHOYTOJIBHOW IBUIM Ha
JIaBJICHHE B3PbIBA, CKOPOCTh HAPACTaHMs! JABJICHUs TIPU B3pbIBe M TpaHcdopMmarmoHHsiii koddduument. HayuHo-mccnenoBarensekas
paboTa poBoArIIack ¢ 00pasnoM kameHHoro yriwst Mapku KC, mmact MoIHbIi, maxra uM. JI3epKHHCKOro.

B pesynbrare ananmza uudpoBbIX M rpaMUECKUX DaHHBIX, MOJYYCHHBIX B XOJ€ 00pabOTKH, MOKa3aHO, 4TO Hauboiee
B3PBIBOOIACHOIT KAMEHHOYTOJIBHO} MBUIBIO SBISIETCS MBI (DPAKIIMOHHOTO cocTaBa 63—94 MKM. BbIsIBIICH HEOAHO3HAUHBIH
9 deKT n3MeHeHus CKOPOCTH HApacTaHHs JABICHHS B3pbIBA B 3aBHCHMOCTH OT KOHIGHTpPALMU IBUIM B PCAKIIHOHHOM
o0beMe yCTaHOBKH, a IMEHHO HaOJII0Ia/IOCh JBa MaKCUMyMa CKOPOCTH HapacTaHMs JABJICHUS B3pbIBa, ouH npu 100 r/m
u Bropoit mpu 400 r/m’. ITomydueHHBIE pe3yJbTaThl OMpPEACICHUS] CKOPOCTH HAPACTAHMS AABICHUS B3phIBA IOKA3aJIH
HEO0OXOIMMOCTh HETPUBHAILHOTO, 60JIee TIIATEIbHOrO MOAXOAA K €€ HCCICAOBAHHUIO H, KAK CJIEACTBHE, K OINPEACICHUIO
TpancdopmaoHHoro koddpdunuenra. Kpome Toro, aHanus SKCrepuMEHTAIBHBIX JaHHBIX, NPUBEICHHBIX B HACTOSIICH
CTaThe, MOATBEPAWI, YTO MpPH pa3paboTKe dS(PQPEKTHBHBIX CPEICTB OTHENPErPAXICHUS ¥  B3PHIBONOIABICHHUS,
MPHMEHSIEMBIX B aBTOMAaTHYECKHMX CPEICTBAX JOKAIM3ALUH B3pPbIBa, HEOOXOAUMO IPOBOINUTDH JaTbHEHIINE HCCIICJOBAHUS
¢ (pakumeil KaMEHHOYTrOJbHOW MbUIH, paBHOH 63-94 mxM. IlosmyueHHble B PaOOTe pe3yibTaThl MO3BOJIAT NEPEHTH
K M3y4€HHUIO TIPOLECCOB JIETOHAIIMOHHOTO FOPEHHs B IBUICBO3/YIIHOM Cpeie cojiepaKalieii MeTaH.
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Introduction

Control of methane and coal dust explosions is
one of the most urgent problems of ensuring safe
working conditions in coal mines. It is known that
in the case of a poor state of dust explosion
protective devices even local explosions of
methane or suspended coal dust that happen in a
place of mine workings can spread over a
considerable distance [1-5].

In recent years, dust formation and volume of
gas in mine working increased sharply due to
intensification of coal mining and complicated
mining, geological and technical conditions. That
has led to a high danger of explosions [2, 6-10].

The scientific and technical information given
in [10, 11], as well as the factors mentioned
above, confirm the need to timely determine the
detonation properties dust,

in the current conditions of coal mining.

of coal formed
After, it is necessary to scientifically substantiate
devices of explosion
front/

shock wave etc.), including high effectiveness

the screening for
damaging factors suppression (flame
fire extinguishing/explosion
devices [9, 11].

The purpose of the paper is to study the
processes of combustion and detonation of coal

suppression

dust in mine workings to determine the maximum
explosion pressure, explosion pressure increase
rate and transformation coefficient, which allows
correlating the results of laboratory studies with
mine space.

Object of the study

The object of the study are KS-type coal
samples from the Moshchny seam of mine named
after Dzerzhinskiy, which is classified as super
dangerous in terms of dust and gas. The seam
Moshchny refers to a very prone to spontaneous
self-combustion. There is a minimum yield of
volatile substances in coals of all strata in the
mine field equal to 17.3 %. According to the

“General safety rules”, dust with the release of
volatile substances of more than 10 % is
explosive one [10, 12].

Samples of fractional composition of 63-94 um
were used when performing a study of combustion
processes and detonation properties of coal dust.
Screening for that fractional composition is not
accidental and is explained by the data given in
[10, 13—17], where it is shown coal dust of that
fractional composition is the most explosive and is
formed in a larger amount during the coal mining
(with its grinding).

Methods and procedures of the study

The study is performed usign an approved
method by the authors of the article decribed in [13,
18]. Results of the study are presented in this article.
In addition, requirements and recommendations on
how to apply methods for assessing the explosive
and fire hazard properties of coal dust aerosols
described in the works of other authors [14, 19-26]
are taken into account.
studies of the processes of
detonation combustion of coal dust air aerosol

Laboratory

were carried out on an installation made on the
basis of an Austrian license by the Institute of
Industrial Explosion Protection (China), built at the
Saint-Petersburg Mining University.

The installation is shown in Fig. 1.

The procedure (general algorithm) for
carrying out the laboratory study is as follows:
an aerosol of coal dust is injected at a single
moment by compressed air at pressure of 2 MPa
to the closed combustion chamber of the
installation shown in Fig. 1.

The main technological operations in the tests
are given below:

—sample preparation (grinding of coal to the
working fraction, i.e. grinding on a vibratory cone
mill-crusher; VKMD-10 was used)

— granulometric sieving (obtaining the required
fraction with the particle size of sand dust in the
range of 63-94 um);
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— air-dry drying;

— sampling by quarting for weighing and
obtaining the required sample mass;

— loadng of the sand dust sample into the boot
device of the installation;

— testing according the installation manual and
authors' data [24, 25].

Fig. 1. The installation: / — feeding device (dust

collector with a volume of 0.6 dm®); 2 — inspection

window; 3 — working chamber with an internal volume

of 20 liters; 4 — holders and locking mechanism of the

20-liter sphere (working chamber); 5 — manometer;

6 — current conductors (holders of a chemical
combustion); 7 — water outlet

According to the methods described in [19—
21], it is recommended to carry the ignition of the
dust-air mixture with a delay of 60 ms.

Considering the recommendations given in [22,
23], a composition of 2.4 g was chosen as chemical
igniter.

A zirconium powder, nitrate and barium oxide
were used as the main components of chemical
igniters. There were two igniters simultaneously
used in the installation. The igniters allowed
obtaining a total energy of 10 kJ.

The pressure created by two such ignitors was
0.19 = 0.01 MPa. Results of ignition of the formed

inside the working chamber of a coal dust aerosol
of a given concentration (in particular the
explosion pressure and rate of explosion pressure
increase) were automatically fixed by the data
processing system.

After the test, a graph with dynamics of
pressure changes in the volume of a 20-liter sphere
(an explosive chamber) was analyzed. As for
example Fig. 2 shows the test schedule for the
explosive characteristics of one of the coal dust
samples with determined parameters.

Explosion pressure P,, is a maximum surplus
pressure that occurs during deflagration
combustion of a gas, vapor or dust-air mixture
in a closed vessel at an initial pressure
of the mixture equal to 101.3 kPa. The pressure
should be defined as the arithmetic mean
using the three tests.

Combustion time # 1is a time difference
between ignition activation and culmination point.

Induction time #, is the time difference between
ignition activation and intersection of a tangent

curve with the 0 MPa line.

0 MPa

~0.6 MPa L

Iy 2

Fig. 2. Graph of pressure changes (P, MPa) during the
time (¢, ms) of combustion of a dust/gas mixture in the
explosion chamber: P, — rarefaction pressure of the
combustion chamber; P,, — explosion pressure; ¢; — time
delay of the exhaust valve; #; — combustion time;
t, — induction time; f#, — ignition delay time; W, — the
inflection point in the increasing part of the pressure
curve; dP/dt — explosion pressure increase rate

Rarefaction pressure in the combustion

chamber P, 1is the difference between the
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“preliminary vacuum” and normal
(standard value is 0.55-0.7 MPa).
Temporary retention of the exhaust valve #, is

pressure

the time between electrical activation of the valve
and beginning of pressure in the
installation (should be in the range of 30-50 ms).

increase

Ignition delay time ¢, influences the degree of
turbulence (an important initial parameter).

W, — the inflection point in the increasing part
of the pressure curve.

Explosion pressure increase rate dP/dt is the
ratio of the increment of the pressure created
during the explosion in a closed vessel, to the time
interval during which this increment occurred. The
value of explosion pressure increase rate is used in
the development of measures to ensure fire and
explosion safety of technological processes. It is
defined as the maximum of the tangent slope at the
inflection point W, in the growing part of pressure
increase curve in time.

Results and discussion

The results obtained were processed using the
applied software. Based on the data obtained
there was a plot built representing the function of
change in coal dust explosion pressure on
concentration and detonation burning time of a
dust/gas mixture (Fig. 3a). The graphs of change
in explosion pressure and explosion pressure
increase rate versus time were built as well
(Fig. 3b) (pressure-time).

While determining the dependence of change
in explosion pressure on concentration and rate of
explosion from concentration of coal dust in the
volume of the blasting chamber, we applied the
recommended step for the mass amount of dust
necessary to create a concentration in the volume
of the 20-liter sphere. For example, we applied a
step not exceeding 50 % of the original value for
low concentrations, equal to 50 % for high
concentrations and more than 50 % of the initial
value for the last stage. In accordance with our
methodology used, based on the data of [13, 18,

0.8 |40
0.7+ / A" \ 33
| F30 .
064 = § L =
g -25 &
= 0.5 I =
Ay " r20%
0.4 L1s 5
0.3 F10
0.2-% >
—T——T T T 1 T 1 1 71 0
0 100 200 300 400 500 600 700 800 900
o, g/m’
a
Pressure — Time
1P, =0,8376 MPa i
| 0] K.= 11,28 MPa-m/s [ 100
. P. =0,7923 MPa :
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g (dP/di), = 41,555 K
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Fig. 3. Graph of explosion pressure change P and

explosion pressure increase rate dP/dt: a — on coal dust

concentration ¢ in 20-liter volume of the sphere
(explosion chamber); b — on time T’

19-21] and taking into account the information
contained in [27-29], the results obtained are
presented in the table.

According to the table, an ignition area
(detonation combustion) is wide enough (from 50
to 950 g/m’).

Results of laboratory experiments to determine
the coal dust concentration influence on the
explosion pressure and rate of explosion pressure
increase rate are shown in Fig. 3a.

The analysis of Fig. 3 shows that explosion
pressure increase rate hardly changes in a rather
wide concentration range in particular 175400 g/m’
(175, 200, 250, 400): from P, = 0.74 MPa at
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@ = 175 g/m’ to Pexp = 0.7 MPa at ¢ = 400 g/m’.
Further increase in coal dust concentration in the
reaction volume leads to a slow decrease in
explosion pressure. There were two failures at
concentration of 950 g/m® and no ignition of dust-
air mixture at concentration of 1000 g/m’.

Results of the detonation combustion (explosion)
experiment in the volume of the 20-liter
sphere during its burning by a chemical

igniter with the energy of 10 kJ

No. of .
expe- Dust concegltratlon, Explosion
. g/m

riment
1 25 No
2 50 Yes
3 75 Yes
4 100 Yes
5 125 Yes
6 150 Yes
7 175 Yes
8 200 Yes
9 250 Yes
10 400 Yes
11 500 Once no, twice yes
12 600 Once no, twice yes
13 950 Twice no, once yes
14 1000 No
While carrying out the scientific and

experimental work aimed to study the dependence
of change in explosion pressure increase rate on
coal dust concentration, we obtained results that
could not explain immediately. For example, the
maximum rate of increase in pressure (dP/dt) is
observed at a concentration of 100 g/m’ and then
with a further increase in coal dust concentration it
falls sharply. However, a second explosion pressure
increase rate was observed starting from 200 g/m’,
that reached its maximum at ¢ = 400 g/m’ and then
slow fall slowly dP/dt.

As a result of the study of dust concentration
influence on explosion pressure, the concentration of
coal dust equal to 100 g/m® was selected for further
studies (see Fig. 4) and work was continued to
determine the most effective flame-extinguishing and
explosive-suppressing powder compositions.

The result of processing in OriginPro software
of automatically detected detonation combustion
data of a dust-air aerosol of dispersion (fraction)
63-94 um in a 20-liter explosion chamber (sphere)
is given in Fig. 3b.

In accordance with the methodology, three
experiments with the same sample of coal dust (by
mass, dispersion etc.) were performed and final
graph was built presented in Fig. 3a.

According to the experimental data obtained by
us during the KS-type coal dust detonation
combustion of the Dzerzhinskiy  mine,
the maximum explosion pressure was uqeal
to 0.7923 MPa (7.9 atm or 792.3 kPa), i.e.
Py, = 0.7923 ('Pmin = 0.7684, *P, = 0.7719
and *Ppa= 0.8376 MPa).

Pressure increase rate was 41.558 MPa/s.

The transformation coefficient K, calculated
by the
installation was equal to 11.28 MPa-m/s.

According to the data presented in [17], if the
transformation coefficient is known then it is

applied software of the laboratory

possible to calculate the explosion pressure
increase rate in any volumes, including mine
workings.

The results obtained conform well with
previously determined data given in [19, 24, 25,
29, 30].

Considering the fact that during the process of
determination (investigation) of explosion pressure
increase rate a number of difficulties was obtained
(see the description of Fig. 3 above), the more
attention will be paid for further scientific and

research work.

Conclusions

1. Explosive and dangerous characteristics of
KS-type dust of Moshchny
Dzerzhinskiy are studied. The maximum recorded

coal seam
explosion pressure was 0.8376 MPa (Py,). It was
confirmed that dust fractions with a dispersion of
63-94 pm at a concentration equal to 100 g/m’
have a large maximum explosion pressure.
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2. The second growth (increase) in explosion
pressure rate could be observed in the region of
high concentrations. The maximum explosion
pressure increase rate was dP/dt = 41.558 MPa/s at
@ = 100 g/m’. The second rate increase is observed
from ¢ = 200 g/m’ to ¢ = 400 g/m’. Herewith
dP/dt = 40.5 MPa/s, which is lower the peak at
¢ = 100 g/m’. We consider that it is reasonable to
continue studying the behavior of explosion
pressure increase rate depending on concentration
of coal dust in the reaction volume of the
installation.

3. It is determined that because of the large
spread of dP/dt values (which is more than 15 %),
there is a need to determine the arithmetic mean
for the data of more than three measurements or to
determine the reason for the variance of values and
develop measures to eliminate it.

4. In our opinion it necessary to continue
work in this direction and in order to identify an
effective  fire-extinguishing and  explosive-
suppression composition for ¢ = 100 g/m’ to carry
out the investigations both in the air environment

and in medium containing methane.
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