36 ISSN 1607-4556 (Print), ISSN 2309-6004 (Online) Geo-Technical Mechanics. 2024. Ne 169

UDC 622.281.1 DOI: https://doi.org/10.15407/geotm?2024.169.036
DESIGN OF THE NEW FIRE STOPPER FOR EXTINGUISHING FIRE IN THE MINE GAS
PIPELINES

"Minieiev S., "Antonchik V., 2?Yanzhula O., *Chorny A., *“Makarenko R.,
5Belousov 0., 6Livak O.
IM.S. Poliakov Institute of Geotechnical Mechanics of the National Academy of Sciences of Ukraine
’Limited Liability Company « METINVESTKHOLDING »
3Central Headquarters of the SPMRS of Ukraine
“Mine Admininistration Herojev of Space Mine Management
3 “Pershotravensky” mine management DTEK “Pavlogradvugillya”
SUkrainian State University of Science and Technologies

Abstract. The article deals with the issues of occurrence, spread and extinguishing of fires in the mine gas
pipelines for the methane removal during degassing of the coal massif and overlying rock layers. The composition of the
gas mixture in the gas pipeline, various causes of ignition of gases in the gas pipelines, and specifics of methods for
extinguishing fires in mine gas pipelines are considered. Devices which are mounted in various gas pipelines for
extinguishing explosions and fires are analyzed. The main drawbacks of these devices are described.
Recommendations are made for the ways to improve these devices.

The purpose of the research was to develop such a device for extinguishing fires in mine gas pipelines - a fire
stopper of the mine gas pipeline - which is guaranteed to extinguish the flame front moving in the gas pipeline regardless
of speed and direction of its movement.

The basis for improving the fire stopper for the mine gas pipeline was the task to create such obstacles which
guarantee the extinguishing of the flame front in the gas pipeline by not only dividing it into separate flows and passing
through narrow channels, but also by changing the direction of the gas flow by passing it through a labyrinth of narrow
channels with a two-stage trap without increasing the gas-dynamic resistance of the device during its operation in the
usual mode of pumping gas by vacuum pumps. The device should have small dimensions providing the possibility of its
easy installation in the mine or on the surface, and it should be equally effective for extinguishing the flame moving both
from the surface and in the mine gas pipelines.

The new technical solution in the design of the fire stopper is proposed. The sketch project of the new design of the
fire stopper is shown. A description of its design and operation is provided. The advantages of the new fire stopper
design are presented.

This fire stopper designed for the mine gas pipelines has small dimensions and weight, does not require additional
equipment for maintenance and can be installed in any part of the gas pipeline, both in the mine workings and on the
surface. This fire stopper can extinguish the flame front in both directions and provides little aerodynamic resistance to
the movement of the gas flow.

Keywords: coal mine, degassing pipeline, flame front extinguishing, explosions, fire stopper, air inflows, methane
concentration.

1. Introduction

Today, the live problem is fires occurred in mine workings during coal mining
operations. It is known that one of the causes of fires in mine workings is occurrence
of fires in mine gas pipelines for methane removal, which consists in the fact that
fires in gas pipelines can occur both in mine workings and on the surface in the
locations where mine gas is burned. The most dangerous fires are those that start on
the surface in gas-fired boilers, where gas withdrawn from the mine is burned, when
due to the low speed of gas movement in the gas pipeline, the combustion front
begins to move through the gas pipeline against the movement of the gas mixture.
This occurs when the speed of the combustion front exceeds the speed of gas mixture
supply through the pipeline to the gas burner. The complexity of this situation is that,
firstly, the amount of gas removed by vacuum pumps is small, and secondly, the
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composition of the gas, which can consist, to a greater extent, of methane, oxygen,
carbon dioxide, carbon monoxide, hydrogen, ethane, propane, butane and other
substances, and can vary depending on several factors, such as gas capacity of the
formations, location of the wells and geology of the formations (for example, there is
a great accumulation of gas in places where the formations are disturbed), and
composition of the gas mixture, which depends on both the coal formations and the
number of cracks in them through which a significant amount of air is drawn in [1-
3]. The speed of the combustion front depends on the composition of the gas mixture
in which it moves; therefore, it is difficult to prevent the spread of fire by increasing
the gas supply speed guaranteed for all compositions; besides, it requires
considerable costs. It should also be borne in mind that depending on the wear of the
mine gas pipeline, the concentration of indicator gases in it can change considerably
due to various types of leaks and suction [2, 4]. At the same time, each ratio of the
methane-air mixture (MAM) corresponds to its own speed of combustion and
movement of the flame front in the gas pipeline. Fires can also occur for other
reasons, for example, electric discharge or lightning striking the pipeline on the
surface. In this case, the speed of the combustion front will be measured in hundreds
of meters per second and will move against the flow of gas into the mine workings,
which will lead to a large-scale accident.

Fires in gas pipelines can also occur in mine workings in compressor stations and
vacuum pumps due to friction and heating of some pump parts or a spark between
them. Such a fire can also quickly spread to all gas pipelines and lead to a great-scale
accident in the mines [1, 2]. To prevent fires in gas pipelines, both in the mine and on
the surface, fire stoppers are installed in the places of possible fire in the methane
supply pipeline, which will stop the movement of the combustion front in its own volume.

Fire stoppers used for extinguishing flames in gas pipelines are of various types,
in particular, plug-in, plate, spiral-tape, and others [3]. They have the following
characteristic features.

Thus, plug-in fire stopper consists of a housing, in which porcelain balls with a
diameter of 6 mm are located between two walls of a metal mesh (it is one of the
options). The plug-in fire stopper is hermetically inserted into the gas pipeline in the
proper place and the gas pumped from the coal seams moves through it. In the event
of a gas explosion in the mine working, the combustion front, which moves through
the gas pipeline, enters the plug-in fire stopper where it collapses on the obstacle in
the form of the balls.

The well-known plate fire stoppers consist of a housing in which metal plates are
fixed with gaps between them through which gas moves in normal mode of operation
of the gas pipeline.

The spiral-tape fire stoppers, the "Blowback Protector" [5] in particular, are also
well known; they consist of a housing in which a flame extinguishing device is fixed
in the form of a roll of two twisted tapes - corrugated tape and ordinary tape. In the
normal mode of the gas pipeline operation, gas from the pipe flows through the
channels formed by the corrugations of the corrugated tape and then returns to the gas
pipeline. In the event of an explosion, the combustion front of the shock wave
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moving in the gas pipeline enters the narrow channels created by the corrugations of
the corrugated tape, where it collapses and extinguishes due to heat loss and the
division of the flame front into separate flame seats.

However, all these fire stoppers have some disadvantages. Thus, the
disadvantages of plug-in fire stoppers are their large size and significant gas-dynamic
resistance to the movement of gas between the balls when it moves through the gas
pipeline in the usual mode of pumping gas by vacuum pumps. While disadvantages
of the plate fire stoppers are their considerable dimensions, a lot of non-ferrous metal
from which the plates are made, as well as the possibility of flame penetrating
through the gaps between the plates in some cases [3, 4]. The spiral-tape fire
stoppers, the "Blowback Protector" [5] in particular, have a significant gas-dynamic
resistance during the movement of gas in the long channels formed by corrugations in
the usual mode of pumping out gas by vacuum pumps, and, besides, there is a
probability of the flame escaping through the straight (although narrow) channels.

There are some other known fire stoppers [6—8], but they also feature essential
disadvantages in their designs, among which are significant gas-dynamic resistance to
the movement of gas in the normal mode of operation of the gas pipeline,
considerable dimensions, and short path for extinguishing the flame front of the
shock wave, which can lead to the flame passing into the outlet pipe and further into
the gas pipeline.

Thus, the existing designs of gas-pipeline fire stoppers are not efficient enough.
Therefore, it is quite obvious that it is necessary to conduct additional research and to
develop more effective designs of the fire stoppers. The fire stopper should have
small dimensions and weight, should not create additional aerodynamic resistance to
the flow of mine gas and should not require complex maintenance.

The purpose of the research was to design such a device for extinguishing fires
in mine pipelines - a fire stopper of the mine gas pipeline - which guarantees
extinguishing of the flame front moving in the gas pipeline regardless of speed
and direction of its movement.

2. Methods

The basis for improving the fire stopper of the mine gas pipeline was the task
to create such obstacles which guarantee the extinguishing of the flame front in
the pipeline by not only dividing it into separate flows and passing through narrow
channels, but also by changing the direction of the gas flow by passing it through
a labyrinth of narrow channels with a two-stage trap without increasing the gas-
dynamic resistance of the device during its operation in usual mode of pumping
out gas by vacuum pumps. The device should be small in size with the possibility
of being easy installed in the mine or on the surface, and should be equally
effective for extinguish the flame which moves from the surface or in the mine
pipelines.
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3. Results and discussion

As a result of the conducted research and analysis of the parameters of the
above-described designs of fire stoppers, the authors developed a new design
which, to a considerable extent, took into account the mentioned disadvantages

and structural drawbacks. The design is protected by a patent. This new design of
the fire stopper is shown in Figures 1-4.
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1 — housing; 2 — insert; 3 — mine gas pipeline; 4 — channels of the first block; 5 — channels of the
second block; 6 — radial openings of the insert; 7 — radial openings of the housing; 8 — end openings
of the housing; 9 — insert cavity; 10 — inlet cavity; 11 — housing cavity

Figure 1 — General view of the fire stopper of the mine gas pipeline in longitudinal section

1 — housing; 2 — insert; 4 — channels of the first block; 6 — radial openings

Figure 2 — Cross-section A — A of the mine gas pipeline fire stopper
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1 — housing; 2 — insert; 4 — channels of the first block; 7 — radial openings of the housing;
8 — end openings of the housing

Figure 3 — The illustrated cross-section B — B of the mine gas pipeline fire stopper

1 — housing; 2 — insert; 5 — channels of the second unit

Figure 4 — The illustrated cross-section C — C of the mine gas pipeline fire stopper

The fire stopper of the mine gas pipeline shown in fig. 1-4 consists of a housing
1, an insert 2 in the form of a hollow cylinder with an insert cavity 9, channels of the
first block 4, channels of the second block 5, and radial openings of the insert 6,



ISSN 1607-4556 (Print), ISSN 2309-6004 (Online) Geo-Technical Mechanics. 2024. Ne 169 41

which is inserted into the housing 1 and fixed in it by a thread on the mine gas
pipeline 3. Housing 1 has radial openings of the housing 7, end openings of the
housing 8, inlet cavity 10 and housing cavity 11.

The insert 2 is designed with the block with a great number of long straight
channels of small diameter (channels of the second block 5), which are separated
from the channels of the first block 4 by the insert cavity 9. The channels of the
blocks are arranged so that their projections on the plane of the cavity walls do not
overlap, which ensures the extinguishing of the flame front of the explosive wave in
the gas pipeline in the following way. It is known that when a flame front of the
explosive wave simultaneously passes through a great number of long straight
channels of small diameter, it leads to its destruction and extinguishing due to heat
loss on the walls of the channels and dividing of the flame front into its separate
flame seats. But very long channels, which can fully guarantee the extinguishing of
the flame front of the explosive wave, essentially increase dimensions and weight of
the fire stopper of the mine gas pipeline, hence, creating difficulties for its use in
mine conditions. In the case of the second block installed in the insert with a great
number of long straight channels of small diameter, which are separated from the first
block of channels by a cavity, and the channels of the blocks are located in such a
way that their projections on the plane of the cavity walls do not overlap, the separate
seats of the flame front of the explosive wave, which come out from the channels of
the first block, collide in the cavity with the walls of the second block and, bouncing
off them, mix in this cavity. The movement of the explosive wave and the flame front
in the direction of the central axis of symmetry of the gas pipeline completely stops at
the wall of the second block, after which the gas flow turns twice by 90° and enter the
channels of the second block 5. It is important to note that with this method of
extinguishing the flame front of the explosive wave, the length of the channels of the
first and the second blocks can be much shorter than in other known devices.
Therefore, the presence in the insert of the second block with a great number of long
straight channels of small diameter, which are separated from the first block of
channels by a cavity, and the channels of the blocks being located so that their
projections on the plane of the cavity walls do not overlap, ensures the extinguishing
of the flame front of the explosive wave in the gas pipeline by the fire stopper
significantly smaller in size and weight. In the normal mode of operation of the gas
pipeline, this design of the insert makes it possible to reduce the gas-dynamic
resistance to the movement of gas in the gas pipeline in comparison with other known
devices of the same purpose.

The fact that the fire stopper of the mine gas pipeline is equipped with two ring
stages of cylindrical cavities, the inlet cavity 10 and the housing cavity 11, in the
walls of which there are radial openings of the housing 7 and end openings of the
housing 8, the projections of which on the walls of the cavities 10 and 11 do not
overlap in the radial direction, and the openings on the wall of the first stage are
located opposite the walls in the gaps between the openings on the wall of the second
stage and the openings on the end wall of the housing are located in the same way,
and the openings in the cylindrical walls are shifted in the axial direction so that their
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projections on the walls create two separate groups of openings with some distance
between them, makes it possible to reduce the gas-dynamic resistance to the
movement of gas in the gas pipeline and to prevent spread of the flame front of the
explosive wave in the following way. It is known that openings, in comparison with
the channels of the same diameter, have a much lower gas dynamic resistance,
therefore, in the normal mode of operation of the gas pipeline, the main volume of
gas flows through the openings in the two ring stages of the cylindrical cavities 10,
11 of the fire stopper of the mine gas pipeline and a much smaller part of the volume
of gas flows through the channels 4, 5 of the inserts. In the event of an accident, the
flame front of the explosive wave moving at a speed of about 700 m/s passes through
the straight section (in the form of a pipe) of the insert and gets into a trap of blocks
4, 5 with a great number of long straight channels of small diameter with a cavity 9
between them where it goes out completely. But when passing by the openings of the
ring stages of the cylindrical cavities, the flame can passed into these openings. To
prevent the flame from spreading through the openings of the ring stages of the
cylindrical cavities, the openings are offset relative to each other in both radial and
axial directions. This prevents the straight movement of the flame, leads to its
stopping on the walls of the cavities, mixing with a significant amount of gas in these
cavities, reducing the temperature of the flame, hence, leading to its extinguishing. In
this way, the fire stopper of the mine gas pipeline makes it possible, on the one hand,
to pass gas with negligible gas-dynamic resistance through the openings of the ring
stages of cylindrical cavities, and, on the other hand, in the event of an accident, to
extinguish the flame front of the explosive wave moving through the gas pipeline in
the trap made of blocks with a great number of long straight channels of small
diameter with a cavity between them through which the gas also flows and into which
the flame front of the explosive wave enters.

The fire stopper of the mine gas pipeline will work in the following way. The
housing 1 of the fire stopper is rigidly and hermetically mounted in the mine gas
pipeline 3; the insert 2 is installed in the housing along its central axis of symmetry
(see Fig. 1). During the operation of the fire stopper in normal mode, the main
volume of gas, which is pumped out of the coal seams by vacuum pumps, flows
through the radial openings of the insert 6, the radial openings of the housing 7
and the end openings of the housing 8 and, further, through the internal volume of
the housing 1 into the gas pipeline 3; while a much smaller part of the gas volume
flows through the channels of the first block 4, the cavity of the insert 9 and the
channels of the second block 5 (Fig. 1-4). This design of the fire stopper does not
create significant gas-dynamic resistance and ensures effective pumping out of gas
by vacuum pumps. In the event of an accident, if a flame front of an explosive
wave appears in the gas pipeline, it passes through the straight (pipe-like) section
of the insert 2 and gets into the trap with a great number of long, straight, narrow
channels of the first block 4 and channels of the second block 5 with the cavity of
the insert 9 between them where it completely extinguishes (see Fig. 1).

This fire stopper for the mine gas pipelines, developed by the authors, has
small dimensions and weight, does not require additional equipment for
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maintenance, and can be installed in any part of the gas pipeline, both in mine
workings and on the surface. This fire stopper can extinguish the flame front in
both directions and provides little aerodynamic resistance to the movement of the
gas flow.

4. Conclusions

Therefore, the proposed design of the fire stopper of the mine gas pipeline will
guarantee, on the one hand, extinguishing of the flame front in both directions,
and, on the other hand, provide negligible aerodynamic resistance to the movement
of the gas flow. This fire stopper of the mine gas pipeline has relatively small
dimensions and weight, does not require additional equipment and can be installed
in any part of the gas pipeline, both in mine workings and on the surface.
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PO3POBEKA HOBOI KOHCTPYKLIIi BOrHENEPEKPUBAYA ANA FACIHHA MOXEXI B LLAXTHUX
FA30MPOBOOAX
Mirees C., AHmonyuk B., SHxyna O., YopHuli A., MakapeHrko P., binoycoe 0., lisak O.

AHoTauifa. B cTatTi po3rnsHyTi NWUTaHHS BMHUKHEHHS!, PO3MOBCIOMKEHHA Ta raciHHA MOXEX B LUAXTHUX
rasonpoeodax Ans BigBOAY MeTaHy Npu ferasalii ByrinbHOMO MacyBy Ta BMiLLytoumMX niacT nopig. PosrnsHyTo cknag
ra3oBoi CyMillii B ra3onpoBOoi, Pi3Hi MPUYMHM 3aiiMaHHS rasiB B ra3onpoBoAi Ta 0CoBNMBOCTI CnOCcOOIB raciHHA NOXex B
LWaXTHUX rasonpoBogax. Po3rnsHyTi NPUCTPOI SiKi MOHTYIOTBCS B Pi3HWX ra3onpoBOAaX ANS raciHHS BUOYXIB i NOXKEX.
BkasaHi 0CHOBHI Hegoniku LuX NpUCTPOiB. PeKOMeHA0BaHI LLNSAXM BAOCKOHANEHHS LIMX MPUCTPOIB.
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MeTot JocnimkeHHs € po3pobka Takoro MPUCTPOID raciHHS NOXEX B LUAXTHUX ra3onpoBOAaX - BOrHenepekpueaya
LIAXTHOrO ra3onpoBOAY KM rapaHTOBaHO racuTb (OPOHT NONYM'Sl LLO PYXaETbCS NO ra3onpoBoay He3anexHo Big Moro
LIBMAKOCTi Ta HANPAIMKY PyXy.

B OCHOBY B[OCKOHarneHHs BOTHEMepekpuBaya LIAXTHOrO ra3onpoBOAY MOCTaBneHa 3ajava CTBOPEHHS TakuxX
nepeLuKos, WO rapaHTylTb 3racaHHst (OpOHTY NOAYM’'S B ra3onpoBOfi LUMAXOM He TifbKW PO3iNeHHs NOro Ha OKpeMi
MOTOKM Ta MPOMYCKaHHS Yepes3 By3bKi kaHanu, a i 3MIHEHHSI HanpsIMKy pyxy rasoBoro NOTOKY MPOMycKkakoum MOro Yepes
nabipuHT 3 BOXCTYNEHEBOK NACTKOK BY3bKUX KaHaniB He 36inbLUyloum Npu LibOMY ra3oAnHaMiYHOro onopy MpucTpoio
nig 4Yac voro poboT B 3BMYANHOMY PeXWMi BigkayyBaHHA rasy BakyyMHUMW Hacocamu. [puUCTpi NOBWHEH MaTu
HEBENWKi PO3MIpK 3 MOXIMBICTIO NErko NOro BCTaHOBMIOBATM B LaxTi abo Ha NOBEPXHi @ TakoX OAHAKOBO €(PEKTUBHO
racuTi NONyMm’st SIke PyXaeTbCs AK 3 NOBEPXHI TaK i B LLIAXTHUX ra3onpoBoaax.

3anponoHoBaHe HOBE TEXHIYHE PilEHHS! B KOHCTPYKLii BOrHenepekpusaya. lMokasaHW eCKisHii MPOEeKT HOBOI
KOHCTPYKLii BOrHenepekpueaya. HagaHuii onuc Moro KOHCTpYKUii i po6oTtu. [okasaHi nepeBar HOBOI KOHCTPYKLT
BOrHenepekprnaaya.

[annin po3pobneHnin BorHenepekpuBay 415 WaxTHOro ra3onpoBoAy Mae HEBENWKi po3Mipu Ta Bary, He notpebye
[oaaTkoBoro obnagHaHHs npu o6cnyroBaHi i Moxe OyTW BCTAHOBMEHWI Ha [OBIMbHIA AiNAHUI ra3onpoBogy, sk B
axTHUX BupobKkax Tak i Ha noeepxHi. Llei BorHenepekpusay MOXe BUKOHYBATW raciHHS (PpOHTY nonym’s B 060X
HanpsMKax Ta 3abesneyye He3HaYHUIN aepOANHAMIYHMIA CNPOTUB ANS PyXy ra30BOro NOTOKY.

KntoyoBi cnoBa: ByrinbHa WaxTa, ferasaLiiHuid ra3onposig, raciHHa poHTy nonym's, Bubyxi, BorHenepekpuaay,
MNPUNIMBY NOBITPS, KOHLEHTPALS METaHy.





