ISSN 1607-4556 (Print), ISSN 2309-6004 (Online) I'eotexHiuna mexanika. 2021. Ne 158 141

UDC 622.41.0122 DOI: https://doi.org/10.15407/geotm2021.158.141
TECHNIQUE FOR REDUCING METHANE CONCENTRATION IN THE STOPE OF THE
EXTRACTION SITE OF A COAL MINE
Cheberiachko Yu.l., 'Stolbchenko O.V., "Yurchenko A.A., 'Luts I.0.,
"Mukha O.A.

! National Technical University “Dnipro Polytecnic”

CNOCIB 3MEHLLEHHS KOHLEHTPALII METAHY B OYMCHIY BUPOBL|I BUIMKOBOI
OINbHULI BYTIbHOI LLAXTH
"Yeb6epsiuko F0.I., "Cmon6yerko O.B., 'IOpyeHko A.A., 'Jlymc I.0.,
"Myxa O.A.

'Hayionanvnuii mexniunuii ynisepcumem «/JHinpo6coka noiimexnika»

CNOCOB CHWXEHUS KOHLIEHTPALIMM METAHA B OYUCTHOM BIPABOTKE
BbIEMOYHOIO YYACTKA YrONbHOW LWAXTbI
Yeb6epsiuko KO.U., "Cmon6yeHko E.B., "lOpyeHko A.A., "Jlymc U.0.,
"Myxa O.A.

IHaI/,tZ/lOHaﬂbelL? MexHUuYecKuu YHUsepcumem «ﬂnenpoecicaﬂ noJuUmexHuKa»

Abstract. The article presents the results of research on means and techniques for increasing load on mining face
of a coal mine which is constrained by a considerable methane emission from gas-bearing coal seams being developed,
by the specified value of methane concentration in the outgoing longwall jet and air speed at mine working. Based on the
analysis of the distribution of air flow masses in the longwall, it is established that there is a reserve for using air masses
which move to the working face.

It has been substantiated that, apart from preliminary degassing of the developed seam and improvement of
ventilation schemes for mining areas, it is possible to increase the load on the longwall through using special pipelines.
One of the pipelines (pressure line) is attached to the elements of the powered support directly at the bottom and cleans
the atmospheric air in the longwall through the system of nozzles, whereas the other one (suction line), which is fixed on
the side of the mined-out space, removes the polluted air with the help of the nozzles. Both pipelines are equipped with
an individual air draft source.

The technique has been developed to reduce the methane concentration in the extraction space by changing the
turbulent characteristics of the ventilation flow by means of a pressure air pipe with dispersed fresh air supply and a
suction air pipe with dispersed suction of outlet air, which are mounted along the longwall. This allows one to optimally
distribute the air masses fed into the extraction space in cross section, and thereby increase the amount of air in the
longwall, which, in turn, will significantly increase the load on the working face

The efficiency of the proposed technique is confirmed by the results of studies on 3D models in CAD systems in the
CDF software package.

The developed technique for ventilation of the working face of the excavation area of a coal mine will allow
maintaining the methane concentration and air velocity in the longwall within sanitary norms using the most powerful
mechanized systems currently used in coal mining internationally.

Keywords: working face, load, ventilation scheme, methane concentration, air velocity, pipeline, modelling in CAD-
systems.

Introduction. Currently, a rapid increase is evidenced in the volume of gas in
coal mines as a result of their increasing depth and stimulation of coal production. At
the same time, the ventilation capabilities of the extraction sites often appear to be
exhausted, which is a deterrent to increase the load on the mining faces.

The maximum relative methane-bearing capacity of the site is the value of methane
content at which the productivity of the mining face does not result in exceeding the norms
of methane concentration at stoping of the extraction site. In the literature, this indicator is
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also called a “gas barrier”. The value of this indicator is determined by the throughput
capacity of the ventilation network of the site and the load on the working face.

The limit of load on the mining face by the ventilation factor is directly dependent
on the amount of air flow, i.e. the greater the air flow (its velocity) in the longwall face
is, the higher the limit of load on the working face becomes.

Since the throughput capacity of the face by the air flow rate depends on its
distribution along the cross section of the working face, the value of the “gas barrier”
will vary depending on the air distribution along the face cross section.

To reduce the methane concentration in the outcoming jet of the extraction site to
sanitary standards, special measures are taken: choosing of rational ventilation
schemes; preliminary degassing of the coal seam; degassing of rocks containing a coal
seam; degassing of the mined-out space.

All ventilation schemes provide for the removal of methane from all stoppings of
the extraction site. As early as on the haulage gate, methane comes to the intake air
from the transported coal and the side walls of the mine. The most intensive flow of
methane into the ventilation jet occurs in the working space of the longwall face. Apart
from the release of methane from the seam and the broken-down coal, methane from
the mined-out space is carried here methane flows to here from the mined-out space,
sometimes in significant quantities. Further pollution of the ventilation jet coming out
of the longwall face occurs on the return airway, achieving the maximum permissible
concentrations.

To reduce the methane concentration in the return air of the extraction site,
ventilation schemes have been developed with separate dilution, with the with
directing of the outcoming jet from the site to the coal massif the outcoming jet of the
site on the coal massif, with independent ventilation of sections, with downward
movement of fresh air through the mining face, with direct flow movement of intake
air and outcoming jet. Currently, more than two hundred schemes of ventilation of
extraction sites have been developed; however, none of them solves the problem of
methane dilution in the longwall face through increasing the supply of fresh air while
stabilizing the cross section of the longwall face and the average speed of its movement
within sanitary standards.

Therefore, the development of techniques and means for enhancing the efficiency
of ventilation of extraction sites of mines still remains an urgent task.

Theoretical part. Let us calculate the maximum possible relative gas content of
the site at which the concentration of methane does not exceed the maximum
permissible standards. Upon that, we accept that methane from the made-out space in
the bottomhole region is not appropriate.

The required amount of air to dilute the gas to permissible standards is determined
according to the known formula [1] when calculating the ventilation of mine workings
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where I - is average expected gas emission in the stope, m*/min; it is determined
when forecasting methane emissions by the natural methane content of the seam; C -
1s permissible methane concentration, according to safety regulations, in the
ventilating jet coming out from the stope,%, with the equipment available for
automatic control of methane C=1.3%; Co - is the gas concentration in the jet
entering the extraction site , %; k. - is a coefficient of variation of methane emissions,
unit fraction.

The value of the coefficient of variation of methane emissions can be determined
according to the formula [1]

K, =1.94 [ 014 (1)

Taking Co = 0 and considering (1), we obtain
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Let us determine the absolute gas emission / through the relative gas content
I=— m’s (3)

where 4 - is output per face per day , t/day.
Substituting (3) into (2), and expressing the air flow (O through the cross-

sectional area of the workpiece S and the air flow rate v, we convert the obtained
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If degassing of the seam and seam satellites is not performed, the maximum possible
relative gas content for ventilation schemes with serial dilution and removal of harmful
impurities in the direct and reverse methods for working out the extraction column is
found according to the expression [2]

211.84-(S,v,C)'"
qsite.max = ( = ) kala m3/t (4)

max

where k. - is air leakage factor at a site; for Heroiv Kosmosu mine, we take ku = 1.5;
S; - 1s a cross-sectional area of the air flow with the thickness of the seam extracted,
m = 1.2 m, we can take S; = 3.4 m?, v - is permissible air velocity in the longwall,
m/s; according to safety regulations for coal mines vy =4 m/s;

Based on (4), the maximum load on the working face is determined according to
the expression
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211.84-(Sv,C)'"
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For calculation purposes, we assume the relative methane content of extraction
sites to be at the level of 15 m*/t, which is typical for most coal mines in the Western
Donbas.

Therefore, substituting the known values of the parameters in (5) we obtain

_211.84-(34-4-13)"

Arnax
15

-1.5=600¢

Currently, the average daily capacity of the longwall in the coal mines of the
Western Donbas is 2,000 tons, which is provided by measures on degassing, whose
efficiency is 0.7, whereas the relative gas capacity has decreased to 4.5 m3/t due to
degassing.

The results of the research [3] indicate that throughout the bottomhole region the
ventilation flow is distributed very unevenly. The air velocity on the first track along
the seam exceeds the permissible velocity by 1.2 ... 1.8 times, whereas on the second
track it is 2 ... 3 times as low. This allows one to increase the throughput ability of the
working face by up to 1.5 times when observing the air flow velocity on the second
track within the requirements of the safety regulations.

The ventilation flow in the longwall area of the combined machine partially flows
from the bottomhole space into the mined-out space, which is evidenced by the shift of
the flow isolines [4] (Fig. 1).

I S AT T

Figure 1 — Distribution of ventilation flows in the extraction space of the longwall near the
combined machine

After the section is mined with a combined machine, the air is again directed to
the bottomhole part and is distributed there along the technological tracks according
to their aerodynamic resistances (Fig. 2).

The volume flow on the first technological track reaches 84% of the total flow on
the bottomhole region. This distribution is positive, as it contributes to a more intense
dilution of impurities released from the main sources — face and broken-down coal.

With increasing aerodynamic resistance of the working face from its “wall face”
to the mined-out space, as well as with increasing uneven flow of air masses, their
distribution in this direction is of destructive non-optimal nature.
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Figure 2 — Distribution of ventilation flows in the extraction space of the longwall after the
combined machine

Uneven distribution of the air flow velocity is associated with the manifestation of
friction forces caused by air viscosity. The friction force acts both between the layers
of ventilation flows and at its boundaries during the friction of the flow on the surface
of the structural reinforcing elements. According to the literature, the friction force of
the ventilation flow on the surface of the mine workings is 50 ... 75% of the total
resistance of the mine ventilation network; front resistance is 10 ... 20%; and local
resistance 1s 15 ... 30% [5, 6].

To obtain the given efficient flow distribution, it is necessary to redistribute the
aerodynamic resistance of different zones of the working face accordingly. It is
obvious that the total resistance of the working face will increase significantly. That
is, any given distribution of air in the channel results in increased resistance and
requires additional energy consumption.

In the area of combined machine operation, the direction of the ventilation flow
in relation to the direction of movement of the cutting machine has a significant
effect on the gas situation. The experiments showed that simultaneous aeration is the
most rational for reducing the maximum value of the impurity concentration [4] and
allows increasing the load on the face by the gas factor by 1.3 ... 5 times compared to
adverse ventilation. This is a significant reserve for production under restrictions of
the gas barrier. In the case of the same maximum concentration during the shuttle
operation of the combined machine, the speed of the latter with simultaneous
ventilation can be 2 ... 5 times higher than during the adverse ventilation.

The thickness of the extracted seam affects the methane flow. The methane flow
rate increases in proportion to the capacity of the seam developed, and its removal
intensity remains almost unchanged. This explains the increase in the value of the
maximum concentration of the impurity. It is established that the thickening of the
seam does not affect the displacement of the maximum methane concentration, but
has a significant effect on its value, and, consequently, on the gas situation in the
bottomhole region [7]. The value of the maximum methane concentration largely
depends on the direction of ventilation flow in relation to the direction of movement
of the cutting machine. With simultaneous ventilation, the value of the maximum
methane concentration is lower than that with the adverse ventilation, which is due to
changes in the aerodynamics of the area where cutting machines operate.
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The studies [8], which were conducted applying combined machines of different
geometric shapes, showed the possibility of reducing the content of impurities in the
cleavage face due to the design change in the body of extracting machines. However,
the maximum methane concentration in the reverse direction of the ventilation flow,
even in a streamlined form increases along with the dilation of the combined machine
body; moreover, with increasing capacity of the seam, the value of the maximum
concentration of impurities intensifies. The latter necessitates the search for other
techniques for influencing the shadow area at the site of destruction of the coal seam.
These techniques should make it possible to change the aerodynamics of the zone of
location of the maximum concentration of impurities in the direction of
intensification of gas leaching. One such technique is the installation of reflective
surfaces.

The analysis of the mass distribution of air flow in the longwall indicates that
there is a reserve for the use of air masses moving to the working face. The use of this
reserve is possible on the basis of measures and means that have a significant impact
on the magnitude of the transverse velocity fluctuation of the ventilation flow rate
and the density of the gas-emission source. This effect can be exerted by artificial
flow turbulizers which are installed in the flow itself and, thus, provide for the
transverse methane transfer, reducing its concentration in the bottomhole region.

As turbulizers, additional air jets directed perpendicular to the main ventilation
flow can be used.

Research results and discussion. The study on aecrodynamic parameters of mine
workings is one of the key tasks when designing mine ventilation. Rational
aerodynamic parameters of the face allow not only providing the face with a
sufficient amount of air, but also significantly improving the ventilation stability of
the face [9, 10, 11].

The development of transverse ventilation flows in the extraction space will
significantly increase the supply of air to the longwall, without exceeding the air
velocity, which is provided by safety regulations.

The speed of ventilation flow along the longwall depends on the amount of fresh
air supply and the cross section of the extraction space, which is set by the design of
the powered support.

When the ventilation flow moves from the outcropping coal seam (bottom) to the
mined-out space, the amount of fresh air will be limited by the longitudinal section of
the extraction space, which with a longwall length of 200 m exceeds the cross-
sectional area of the face by about 50 times. Moreover, the greater the length of the
longwall is, the greater the supply limit of fresh air into the extraction space is. That
is, changing the direction of fresh air supply to the extraction space virtually removes
its restrictions on the amount of its supply to the longwall, and, consequently, the
load on the working face when implementing this proposal is limited only by
technological and technical capabilities of gas-saturated coal seam.

The maximum load on the working face, which is found according to the
expression (5) with the predicted relative gas capacity of the extraction site of 15 m>/t
will be only 600 t/day, whereas the intended load in the new longwall is 2,000 t/day.
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When implementing the recommendations, the maximum load on the working face
with a longwall length of 200 m will be almost 85,000 tons/day, which is much
higher than the productivity of the most powerful mechanized complexes currently
used in coal mining internationally.

This proposal can be implemented by applying the known popular technical
means used nowadays.

To create transverse flows in the working face of the mined-out space along the
length of the longwall a suction pipeline is run with holes scattered along its length
for air suction (Fig. 3), and on the opposite side, in the upper part (under the roof), a
discharge line is run with distribution of air lengthwise. Fresh air is supplied through
the discharge line, which dilutes methane when coming out of the side holes. Some
part of the diluted methane is removed from the extraction space due to the general
shaft depression, whereas the other part enters the vacuum zone created by the
suction pipeline. Therefore, there is a process of efficient mixing and removal of
methane from the working space due to the interaction of various-directional
ventilation flows.

1 — corrugated flexible pipeline with fresh air dispersed along the length of the longwall; 2 —
corrugated flexible pipe with dispersed suction of outlet air

Figure 3 — Combined air exchange in the working space of the longwall section

Sufficiently high efficiency of methane dilution is achieved due to the turbulence
of the main ventilation flow (directed along the extraction space) by transverse air
flows created by an additionally mounted system of pipelines in the longwall (Fig. 4).

1 — pressure pipeline with dispersed fresh air supply; 2 — suction line with dispersed exhaust air
suction

Figure 4 — Scheme of the ventilation system of the extraction site
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Fans or injectors that are installed at the inlet and outlet ends of the pipeline and
work at injection or suction are used as traction agents in pipelines.

If the outcoming jet is diverted through the pipeline by a fan, it is placed in a
special chamber, which is ventilated by a fresh jet due to the general shaft depression
or by a fan for local ventilation. The location of the fan is chosen so as to eliminate
the need for reassembly throughout the life of the longwall.

The capacity of the fan unit is to ensure the dilution of methane in the pipeline to
the permissible concentration. If an injector is a draft source, it is placed directly in
the pipeline (Fig. 5).

1 — pipeline; 2 — nozzle chamber of the injector; 3 — nozzle; 4 — stabilization chamber;
5 — plug-type valve; 6 — filter

Figure 5 — Placement of the injector for refreshing or removing the outcoming jet of the extraction
site

The place for the mixing chamber is selected taking into account the unhindered
passage of people through the stope (in accordance with the requirements of safety
regulations) and the amount of air moving through this stope, which should be
sufficient to dilute methane to permissible levels.

As a source of draft when supplying a refreshing jet through the pipeline, all
types of mine fans for local ventilation which provide the required capacity can be
used. When diverting the outcoming jet only centrifugal fans VMP- (fan for local
ventilation) (VCO-06, VC 0-1,0) (turbine fan), VCPD-8, (dust fan) can be used. EDD
injectors can be used in both cases.

Evaluation of the proposed scheme of ventilation of the working face is
performed through modelling in CAD-systems. For this purpose, a 3D model of the
extraction site of a coal mine in CDF-packages was created [11]. As a result of
modelling, distribution of the fields of air flow velocity and atmospheric pressure
differences is obtained.

Fig. 6 presents the results of simulation of ventilation of the longwall according to
the traditional scheme without flow and suction pipelines.

Air flow Q =8 m?%/s, cross-sectional area of the longwall S =3 m?, average air
velocity V =2.7 m/s.

Diagram of estimating the vortex formation in an air stream on the longwall
width to Fig. 6.
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Figure 6 — Distribution of air velocity by the longwall cross section with mechanized complex MKD90

The analysis of the obtained modelling results showed that with the given
parameters of the longwall cross section, longwall ventilation does not exceed the
sanitary norms.

Fig. 7 shows the results of simulation of longwall ventilation according to the
proposed scheme with flow and suction pipelines.
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At the same time, 8 m®/s was fed into the longwall via the flow pipeline and the
same amount was discharged through the suction pipeline.

The figures presented show that in the extraction sites, the air velocity does not
exceed the maximum permissible values and only behind the mounting racks and
near the suction duct, vortices form.

Therefore, to dilute the methane released during the coal-face operation, in
addition to the air supplied by the general shaft depression, the proposed ventilation
scheme can supply the required amount of air to implement the specified load on the
longwall.

Conclusions.

1. Based on the analysis of the distribution of air flow masses in the longwall, it is
established that there is a reserve for using air masses which move to the working
face. The use of this reserve is possible on the basis of measures and means that have
a significant effect on the value of the transverse pulsation of the ventilation flow rate
and the density of the gas-emission source.

2. The technique has been developed to reduce the methane concentration in the
extraction space by changing the turbulent characteristics of the ventilation flow by
means of a pressure air pipe with dispersed fresh air supply and a suction air pipe
with dispersed suction of outlet air, which are mounted along the longwall. This
allows one to optimally distribute the air masses fed into the extraction space in cross
section, and thereby increase the amount of air in the longwall, which, in turn, will
significantly increase the load on the working face.

3. The developed technique for ventilation of the working face of the excavation
area of a coal mine will allow maintaining the methane concentration and air velocity
in the longwall within sanitary norms using the most powerful mechanized systems
currently used in coal mining internationally.

4. Analysis of modelling in CAD-systems showed the efficiency of the proposed
scheme of ventilation of the longwall, which provides the required amount of fresh
air to ensure the implementation of the specified load on the longwall.
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AHoraujis. Y cTaTTi HaBeAeHO pesynbTati AOCimKeHb 3acobiB Ta cnocobiB NigBULLEHHS HABAHTAKEHHS HA OYMCHUN
BMOIN BYrMbHOI LAXTW, ke CTPUMYETHCA 3HAYHUM BUIMEHHAM MeTaHy 3 Ta30HOCHMX BYMiMbHWX MNnacTiB npu ix
BiANpaLtoBaHHi, HOPMOBAHUM 3HAYEHHSM KOHLIEHTPaLlii METaHy Y BUXIGHOMY CTpyMeHi NaBu i LUBWAKICTIO pyXy MOBITPS Ha
poboumx Micusix. Ha nigcTaei aHanisy po3noginy Mac NoBiTPSIHOMO NOTOKY B J1aBi BCTAHOBIEHO, IO € PE3EPB BUKOPWCTaHHS
MOBITPSHUX Mac, LLO PyXatoTbCs A0 BUBOIO.

O6rpyHTOBAHO, WO KpiM NonepeaHbOi Aerasavii po3pobntoBaHoro nnacta i yAOCKOHaNEHHs CXeM BEHTUNALYi BUIMKOBIX
AiNbHNLB, NIABULUMTM HABAHTAXEHHS HA NlaBy MOXHA LUMSAXOM 3aCTOCYBaHHA cneuianbHux Tpybonposogis. OguH 3
TpyGonpoBogiB (HarHiTanbHUA) NPUKPINMEHWA 0O €NeMEHTIB MexaHi3oBaHOrO KpinneHHst BesnocepenHbo y Buboi i yepes
CCTEMY HacapoK MiACBiKye MOBITPS B NaBi, @ iHLWMIA (BCMOKTYIOYWI), SIKA 3akpinneHuin 3 Boky BUpobneHoro npoctopy,
BMOanse 3a JONOMOrO Hacadok 3abpyaHeHe nositps. O6ugsa Tpybonposoan obnagHaHi iHaMBIAyanbHUM SKepenom Tsru.
Po3pobnieHo MeTOAKY 3HWKEHHS KOHLEHTPaLil MeTaHy Yy BUTSXKHOMY MPOCTOPi 3@ PaxyHOK 3MiHW TypByneHTHuX
XapaKTEPUCTUK BEHTUNALIMHOMO NOTOKY 3a AOMOMOrOK HaripHOro NOBITPOBOAY 3 PO30CEPEMKEHO0 NOAAYE0 CBIXOrO MOBITPS
Ta BiCMOKTYIO4OrO MOBITPOBOAY 3 PO30CEPEIKEHNM BiACMOKTYBAHHAM BiAnpaLbOBaHOO MOBITPS, LU0 MOHTYHOTLCS B3OOBX
nasu. Lie fo3Bonsie onTumansHoO po3noginuTin NOBITPSHI MacK, Lo NoJatoTbCA B BUIMKOBUIA NPOCTIP, MO Nepepisy i TUM camnm
3BiNbLUMT KiNbKICTb NOBITPSA B NaBi, LLO, Y CBOK Yepry, 3Ha4YHO 3BiNbLUMTb HABAHTaXEHHS Ha 3abill.

Mpaue3gaTHiCTb  3anpoMoOHOBaHOrO Crocoby niaTBepmkeHa pesynbTatamu gocnimkeHs Ha 3[ mogensx B CA[
cuctemax B nporpamHomy naketi SolidWorks.

PoapobnieHnin crocib npoBiTpioBaHHS BMOOKD BWIMKOBOTO MPOCTOPY BYFiMbHOI LIAXTV [AO3BOMMTL NiATPUMYBATH
KOHLIeHTpaLlilo MeTaHy Ta LUBWAKICTb pyXy MOBITPS B NaBi B MeXax CaHiTapHUX HOPM 3 3aCTOCOBYBAHHSIM HaMMOTYKHILLMX
MeXaHi30BaHMX KOMMIEKCIB, L0 BUKOPMCTOBYHOTLCA B AAHWI Yac Y ByrnesmaobyTKy y CBiTi.

KntoyoBi cnoBa: ounCHMA BUGII, HaBAHTaKEHHS, CXeMa MPOBITPIOBAHHS, KOHLEHTPALi METaHy, LUBMAKICTb PyXy
NnoBiTpsI, TPydonpoBia, MogentoBaHHa B CAL - cuctemax.

AHHoTauus. B cTatbe npuBeaeHbl pesynbTathbl MCCNIEA0BaHN CPEACTB M CNOCOOO0B NOBbLILLEHUS HArpy3Ki Ha O4UCTHOM
3ab0¥1 YronbHOM LWaxTbl, KOTOPas CAEPKUBAETCS 3HAYNTENbHBIM BblLENEHMEM MEeTaHa U3 ra30HOCHbIX YrofbHbIX MacToB
npy ux 0TpaboTke, HOPMUPOBAHHBIM 3HAYEHNEM KOHLIEHTPALMKN METaHa B UCXOAALLEN CTPyE NaBbl 1 CKOPOCTLIO ABUKEHWS
BO34yxa B ropHbIX BblpaboTkax. Ha 0CHOBaHWUM aHanuaa pacnpefeneHns Mace BO3MyLHOMO NOTOKa B flaBe YCTAHOBIEHO, YTO
UMEeTCS Pe3epB 1CMOoNb30BaHNS BO3AYLLHbIX MACcC, ABWKYLLMXCS K 3200k

O60CcHOBaHO, YTO KpoMe MpenBapuTenbHON Aerasauuu paspabaTbiBaemoro nnacta M yYCOBEPLUEHCTBOBAHWUS CXEM
BEHTUMALMM BbIEMOYHbIX Y4aCTKOB, MOBbLICUTL HArpy3Ky Ha naBy MOXHO MyTEM MPUMEHEHUS CrielmanbHbIX Tpy6onpoBoaoB.
OpavH n3 TpybonpoBoaoB (HarHeTaTeNbHbIM) NPUKPENNEH K 3NeMeHTaM MEXaHW3MPOBaHHOW KPEMW HENOCPEACTBEHHO Y 3a604
1 Yepe3 CMCTEMY HacafoK MOACBEXAEeT aTMOCHEpHbIV BO3AyX B NaBe, a ApYroii (BCACHIBAOWAN), KOTOPbINA 3aKPENEH €O
CTOPOHbI  BbIpabOTaHHOTO MPOCTPaHCTBA, YAAnseT ¢ MOMOLbI0 Hacadok 3arpsisHEHHbI Bo3gyx. Oba Tpybonposoga
060pynoBaHb! MHAMBUAYaNbHBIM UCTOMHUKOM Tsr. PaspabotaHa METOANKA CHYKEHUS! KOHLIEHTPALMW METaHa B BbITSHKHOM
MPOCTPaHCTBE 3@ CYET M3MEHEHUs| TYpOyNeHTHbIX XapakTepUCTUK BEHTWMALMOHHOMO MOTOKA C MOMOLLbHO HAMopHOro
BO3OyXOBOAA C paccpefoOTOMEHHON nopadeit CBEXEro BO3Ayxa M OTCAChlBaLLEro BO3OYXOBOAA C PacCPenOTOYEHHBIM
0TCOCOM OTpabOoTaHHOTO BO3AyXa, KOTOPbIA MOHTUPYIOTCA BAONMb NlaBbl. OTO MO3BOASET OMTUMANbHO pacrpepeniTb
rnofaBaemble B BbIEMOYHOE MPOCTPAHCTBO BO3AYLLUHbIE MACChl MO CEYEHMIO 1 TEM CaMbIM YBENUYMTL KONMYECTBO BO3AyXa B
naBe, 4TO, B CBOIO 04epesb, 3HAUMTENbHO YBENUYMT Harpy3Kky Ha 3aboil.

PaboTtocnocobHocTb npeanoxeHHoro crnocoba nogTBepxaeHa pesynbratami uccregoeanmii Ha 3D mogensix B CAD-
cuctemax B CDF-naketax.

PaspaboTaHHblii ciocob npoBeTprBaHmMs 386051 BbIEMOYHONO NPOCTPAHCTBA YrOMbHON LAaXThl NO3BONWT NOALEPXVBATL
KOHLIEHTpaLMIO MeTaHa M CKOPOCTb OBWKEHWS BO3AyXa B NaBe B MpeAenax CaHUTapHbIX HOPM C MCMOMb30BaHWEM CaMblX
MOLLHbIX MEXaHI3MPOBaHHbIX KOMMIIEKCOB, MPUMEHSIEMbIX B HAcTOsILLEe Bpems B yrnenobblye B Mype

KntoueBble cnoBa: o4nCTHOM 3aboi, Harpyska, CxeMa MpOBETPUBaHIS, KOHLEHTPaLWS MeTaHa, CKOPOCTb [BVKEHMS
BO3ayxa, Tpybonposoga, MoaenuposaHue B CAD-cuctemax.

The manuscript was submitted 30.06.2021
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