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Key words: The paper describes the possible failures in the automation ventilation system with partial return use of upcast air from a shaft or
recirculation, main ventilation mine (during recirculation). Existing ventilation systems use recirculation in the main ventilation mining, through which air is
unit, air stream reverse, mining delivered from an underground mining enterprise. It is proposed to install automatic ventilation doors (AVD). They allow to change
safety, energy saving. the aerodynamic resistance of the mine, i.e. control flow rate of air discharged from a mine (shaft). If an AVD is damaged the

dangerous case could arise even in a normal ventilation mode due to the fact that mentioned negative control means can block the
main path of air movement. In this case air from the air-supplying barrels is directed to the ventilation barrel through the
recirculation loop bypassing the mining sites dedicated for ventilation. At the time of accident, when the main fan unit (MFU) is
reversed, such a failure makes the situation even more dangerous due to the unpredictable path of flue gases.

In the method described it is proposed to install the AVD in the mines of the main directions and close them only during the
period of the MFU reverse. When the closing AVD and forced draft fan of the main air heater work together and discharge
air in the reverse mode, the time dedicated for switching of the main heater to the reverse mode is reduced. After the
gradual opening of the AVD in the shaft (mine) a reversible mode of ventilation is installed.

The method proposed allows energy and resource savings for ventilation and air preparation both in normal and emergency
modes while meeting the safety requirements for mining operations.

Kuniouesvie crosa: TTpuBoIMTCS OMMCAHKME BO3MOXKHBIX OTKA30B B CHCTEME ABTOMATH3ALWMH TPOBETPHUBAHKS NPH YaCTHYHOM IOBTOPHOM HCIIONB30BAHUN
PELMPKYJISILHS, TJIaBHAS HCXOJBIICIO U3 LIAXTHI WM Py/HMKA BO3AyXa (IPU PELWMPKYISLIK). B CYIIECTBYIOIMX CHCTEMaX IPOBETPHBAHKSL, HMCIIONB3YHOLIHX
BEHTHJIITOPHAsI YCTAHOBKA, PELMPKYJISIIMIO B TVIABHBIX BEHTWJISLIMOHHBIX BBIPAOOTKAX, M0 KOTOPBIM OCYILECTBISICTCS BbIJaua BO3MyXa M3 IMOJ3EMHONO TOPHO-
peBepc CTpyH BO3IyXa, JIOOBIBAIOILICTO NPEANPUSTHS, HPEUIAracTcsl yCTAHAB/IMBATG ABTOMATHYECKHE BEHTIBIMOHHbIC jaBepd (ABJ)). C uMX mOMOMIBIO
0€30MacCHOCTh BEJCHHSI TOPHBIX o0ecredrBaeTCst N3MEHEHHE a9POIMHAMUYECKOTO CONPOTHURIICHHS PY/IHHKA, T.€. PErYJIHpPYETCsl PACXOJl BbIIABAEMOTO H3 Py/IHUKA (ILIAXTHI)
paboT, sHeprocoepeeHue. Bo3ayxa. [Ipu Bbixoze 3 c1post ABJ] iake B HOPMAIBHOM PEKUAME MPOBETPUBAHKS MOYKET BOHUKHYTh OITACHAsI CHTYALUs,, CBSI3AHHAs C

TeM, YTO YKa3aHHBIE CPEJICTBA OTPULIATEITHHOTO PEryJIMPOBaHKs MOTYT NPErpauTh OCHOBHOM MyTh JBIKEHHS Bo3yXa. B atom cinyuae
Yepe3 PELMPKYILMOHHBIA KOHTYp BO3IYX M3 BO3IYXOINOJAOIIIX CTBOJOB HAINPABUICS B BEHTWIALMOHHBIA CTBOJI, MUHYs TOpDHBIE
BBIPAOOTKH, TPEHA3HAYCHHbIC U1 IPOBSTPHBAHNS. B MOMEHT BO3HMKHOBEHHSI aBAPHH, TIPH PEBEPCE [IIABHOM BEHTIIIATOPHOH YCTAHOBKU
(I'BY), nonio0HbIi OTKa3 JENAeT CUTYALIMIO EI1IE O0lIee ONacHOM BBHJTY HENPE/ICKA3yeMOCTH ITyTH JIBHKEHHS JIbIMOBBIX Ta30B.

B onucanHoM B paboTe criocobe npensaraercss ABJl ycranaBnuBaTh B BbIpaOOTKaX IJIaBHBIX HANPABICHUH U 3aKPbIBATH HX
TOJNBKO B IEPHOJ ocyliecTBieHus peepca I'BY. Ilpu coBmecTHOH pabote 3akpbiBarommxcs ABJ] m HarHeraTenbHBIX
BEHTHJIATOPOB IIAXTHOH KaJlOpU(EPHOH YCTaHOBKHM, OCYIIECTBIAIOMX B 3TOT MOMEHT BblJayy BO3JlyXa B PEBEPCHBHOM
pexume, CHMW)KAeTCs BpeMs Ha peanu3aiuio mpouecca nepesoga I'BY B peepcuBHblii pexxum. Ilocne mocreneHHOro
otkpbITust ABJ B mraxte (pyaHuKe) OyJeT yCTaHOBIICH PEBEPCHBHBIN PEKUM MPOBETPUBAHHMSL.

B npenaraemom crioco6e obecneunBaeTes BHEPro- 1 pecypcocOepesKeHne pH MPOBETPUBAHHH M BO3/TyXOIOAIOTOBKE KaK
B HOPMAJIbHOM, TaK U B aBAPUHHOM PEKMMAax IPU COOIOICHIH TpeOOBaHH O€30aCHOCTH BEACHHS TOPHBIX paboT.
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Introduction

The challegne of energy conservation becomes
more and more urgent over the years in the
Russian Federation and world. That is the
cause why equipment, production methods,
manufacturing techniques and other measures are
modifyied in all the industries.

For the mining industry, which is energy and
resource-intensive, that challenge is also urgent. In
order to solve it means that could increase the
energy efficiency of production are trying to be
found. Due to the fact that from 30 to 50 % of all
electricity consumed by mining enterprise is used
for ventilation [1], precisely that area is needed to
be improved in terms of energy efficiency.

It was suggested in the 30's of the last century
in  mining enterprises to partially reuse
(recirculate) the air when a certain part of it
coming from the shaft (mine) was again sent to a
fresh stream [2-11]. In this case, electric
consumption for the operation of the main fan
unit (MFU) is decreased significantly. It also
allows to reduce the cost of energy resources
during air preparation in the cold season and get
rid of the need to use air conditioning system in
the warm season in shallow mines and shaft,
which is energy-intensive [12-14].

Considering the fact that today all the
processes in production tend to be converted to
automatic or semi-automatic (automated) modes, it
was proposed in one of them [14-18] to control the
ventilation process with use of a recirculation loop.

In order to ensure energy savings in the
ventilation of shafts and mines in which the
recirculation system is used, it is necessary to
automate the process of controlling air
distribution and monitor the operation of
all elements of the system. However, before
development of the control algorithm itself, it is
necessary to consider all factors that, in addition
to energy saving, will affect mining safety which
is the most important.

Ventilation of the shaft (mine) using
a recirculation system at normal
and emergency conditions

At the normal ventilation mode, when using
a system for partial air reuse, it is necessary to
determine the recirculation ratio, which according
to [19, 20] looks like

0
K, =
~(0.+0..)

where Q.. — volume of recirculated air, m’/s; Os —
the total volume of air entering the shaft (mine), m*/s.

In order to maintain the required maximum
it is proposed

max
rec

permissible recirculation ratio K
in [15] to control the speed of rotation of the
impeller of the recirculating fan (o), depending
on the current value of the recirculation ratio
depending on the current value of the recirculation

ratio (Kiec):

d (Drec

= (K2 =K (0)+ B[ (KT = K, (),

where a and b are weight coefficients of equation.

In order to maintain the required recirculation
parameters it is also proposed in [15] to install
automatic mine ventilation doors (AVD) in the
main ventilation shafts.

From the point of view of ensuring energy
saving, the effectiveness of the method of
ventillation is obvious. However, in case of
abnormal situation, certain problems may arise in
the application of this method. For example,
according to [21] it is necessary to reverse (change
direction) the air stream in the shaft (mine) within
10 minutes in case of fire in underground mines. In
this case, during the time mentioned the air
continues to move in the direction previously
established. After that, the MVU is switched to the
reverse mode, and the air begins to flow through
the ventilation shaft to the pit (mine).

Case 1. When the stream was reversed in a pit
(mine) operated by a suction method with partial
air reuse, the AVD that are in the recirculation
loop of "horizon" have failed and remained in the
open position (Fig. la).

In the case, before turning on the MVU into
reversible mode, even with off recirculation fan,
some of the air coming from the mine will be
supplied to a fresh stream. Due to the fact that after
the outbreak of fire in the outgoing air flue gases
can be in dangerous concentrations, a similar
situation can become dangerous for life and health
of miners in the pit (mine).

As was mentioned, switching of the MVU to
reverse mode should be carried out in no more than
10 minutes, i.e. the case of interest should not
cause a significant danger. However, it was
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established in [22, 23] that after reversal of MVU,
the direction of air movement only changes in the
ventilation trunk and in the MVUs. That is caused
by the fact that goaf spaces at this time begin to
play the role of sources of traction and in the air-
supplying trunks and excavations of the main
directions, the air continues to move in the same
direction that was established earlier (see Fig. 10).

Fig. 1. Simplified scheme of mine ventilation using
the recirculation system wedging the AVD in open
(a, b) and closed (c, d) position: I — air supplying
trunk; 2 — goaf space and production sites; 3 — main
ventilation excavations; 4 — recirculation circuit;
5 — recirculation fan; 6 — ventilating barrel; 7 — MVU;
8 — AVD; 9 — required direction of air movement

at reverse mode; /0 — direction of flue gas movement

It is clear that if the AVD is wedged in the
recirculation loop in the open position, air from the
vent will flow into the exhausted space. Such a
situation will contribute to an increase in the time for
transferring the airing regime to the reversible
regime. At this time, the flue gases will not not leave
the underground part of the mining enterprise, and as
a result of the continuation of the combustion
process, they will accumulate in it [24-29].

A similar situation arises in the normal
operating mode of the AVD. When trying to close
them at a certain angle, the aerodynamic resistance
of the main ventilation excavations increases,
which will become an obstacle during the work of
MVU. Considering that proposed automation
system of the ventilation protection does not
protect miners from the occurrence of an abnormal
case (fire in underground mine workings) in case
of wedging of AED.

Case 2. AVD was damaged in closed position
when the stream was reversed in the pit (mine)

operating by a suction ventilation method with
partial air reuse.

As it was stated earlier that wedging of the
AVD in the open position, in fact, is a regular
mode of operation and does not interfere with the
regime of reversing the stream either. The more
dangerous situation arises when the AVD is
wedged in the closed position. In this case, the air
from the ventilation shaft through the recirculation
loop will directly flow into the excavations of the
main directions and air supplying shaft (see
Fig. 1¢). At the same time, before changing the
direction of air movement in the air supplying
trunks due to the backfilling of the goaf space, the
focus of the fire in the mine excavations will be
supplied with fresh air. When changing the
direction of the air stream in the air supply shafts,
the flue gases will go through them to the surface
(see Fig. lc¢), i.e. fill all the mining excavations
where people are at that moment.

An even more dangerous case arises when
a fire is formed in or near the barrel of the air-
supplying trunk. In such case there will be no
chance that mining excavations, protected from
inflow of flue gas and carrying no miners, remain.

The case when AVD are wedged in a closed
position is also dangerous in the normal ventilation
mode, since the access to the main and sometimes
only one ventilation source (MVU) will be
blocked, which supplies air to the pit (mine). At
the same time, air from the air supply shafts
through the recirculation circuit will start to flow
directly into the ventilation shaft, bypassing
mining areas with miners.

When the MVU is reversesed through the
recirculation loop, air goes to the air-supplying
trunk, violating the air distribution in the
excavations (see Fig. 1d). After the release of air
out of the exhausted space, it will be impossible to
direct fresh air into the excavations since in any
case having it turned on, the MVU in normal (non-
reversible) mode will follow the shortest path from
the air supplying trunks to the ventilation path
through the recirculation loop or in the opposite
direction.

The cases considered indicate that when using
the AVD in the main ventilation excavation and air
recirculation system, it is possible to reduce the
energy costs of ventilation by reducing the MVU
productivity and total volume of air entering the
mine (air preparation). In the event of emergency,
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such as a fire, that ventilation system will in some
cases create dangerous conditions for the life and
health of miners.

Method proposed for automation
of ventilation using the recirculation system

As it was mentioned earlier two factors block
the safety in case of emergency (in case of fire) in
a system using recirculation such as goaf space in
the underground part of the mining enterprise,
which begins to play the role of a source of thrust
during MVU reverse, and presence of isolating
devices (AVD) in the main ventilation excavations
in case of their failure. The same factors, but with
less effect will affect the safety in the ventilation
system without the partial air reuse.

In addition, presence AVD in the main
ventilation excavations, which in case of failure
can block the way for air supply to the working
areas, makes their application dangerous also in
the normal ventilation mode.

That is possible to increase the degree of safety
while ensuring energy and resource saving of the
ventilation and air conditioning process due to the
recirculation system if the AVD are not located in
the main ventilation excavations but in the
excavations of the main directions (Fig. 2) [30].

In the normal mode the system will provide
partial supply of the air coming from the pit (mine)
back to a fresh sream. The volume flow of
recirculated air will depend on the degree of its
contamination (determined by the sensors of the air
composition 10 in Fig. 2). Unlike the previously
discussed ventilation system, the MVU performance
will be regulated taking into account the effect of the
mine general (shaft general) natural draft (thermal
depression) arising between the shafts. As it was
established in [31-34] using such a control method it
is possible to reduce the ventilation costs from 11 to
32 % (for potash mines). In this case, the AVD are in
the open position and air distribution is controlled by
the use of fans or insulating devices in the sections.

The mode of operation of the system and need
to reverse the MVU are determined in advance,
depending on the place of occurrence of fire during
the period of the accident management. The
information corresponding is stored in the memory
of the programmable controller (PC), which will
control the ventilation process.

The signal to close the AVD comes from the
PC at the time when it is necessary to provide

a reversible mode of ventilation in the mine (shaft).
In order to prevent air impact the AVD are closed
smoothly blocking the path of air movement into
the goaf space through the air supplying trunks.
A recirculation installation at that time continues to
work. At the same time (in the reverse mode) fans
of SAH switched off during the warm season are
switched on or in the reversible mode are switched
on in the cold season. Such the measures allow to
change the direction of air movement in the air
supply trunks and in the main directions (up to the
AVD) to the desired direction (see Fig. 2).

Fig. 2. Scheme of ventilation of the mine using the
recirculation system according to the proposed method:
1 — MVU; 2 — ventilating trunk; 3 — building of the
shaft air heater (SAH); 4 — fan SAH; 5 — heat exchanger
SAH; 6 — recirculation fan; 7 — main ventilation
excavations; 8 — automatic ventilation doors; 9 — air rate
gauge; 10 — air composition sensors; // — pressure and
temperature sensors (or densitometer); /2 — excavations
of the main directions; /3 — heater channel; /4 — air
supplying trunk; /5 — incoming air; /6 — discharged air;
17 — recirculation air; /8 — mining sites; /9 — required
direction of air movement when the MVU is reversed

There are zones after the closure of AVD forms
behind them, depression is occured which is acting
counter to the direction of movement of air
entering the goaf space and production sites. In this
case, goaf space will be filled with air coming
from the MVU side, i.e. air will move in the
required direction, after which the recirculation
unit is swithed off.

As soon as air supplying trunks and excavations
of the main directions are provided with a reverse of
the stream and AVD are opend. As a result there is
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a draft acting in the required direction, i.e. in the
direction of air supplying trunks. The angle of
opening is calculated in advance and determined by
the signal level from the PC.

In this case, influence of the goaf spaces on the
ventilation process during the reverse of the MVU
will be minimized. As a result the air will start
moving in the required direction in the mine (shaft)
in the shortest possible time.

Safe working conditions for miners in case of
using the method proposed, with the normal
operation of the AVD and automation of
recirculation will be provided both in normal and
emergency operation modes of the mine ventilation
system (pit). Energy saving during ventilation will be
provided not only through the use of recirculation,
but also in the process of regulating the operating
mode of the MVU, taking into account the effect of a
shaft general (mine shaft) natural draft.

Operation of the ventilation system proposed
in the event of equipment failures

Due to the fact that AVD in the automation
system of ventilation proposed in the normal mode
are in the open position, they can not have any
effect on the process of air distribution between the
excavations. If that is assumed that, due to the
failure of the AVD, they will close, this case will
not threaten the miners when determining the next
algorithm of system operation.

When the AVD is wedged in the closed
position, air will continue to move in the required
direction until the voids of the goaf space are
completely filled. In order to increase the duration
of the ventilation period in this mode, the MVU
can be converted to a reduced productivity
(considering the safety conditions for providing the
mine with fresh air) and the recirculation unit must
be shut down. As long as the air flow sensor in the
recirculation loop does not show a change in the
direction of air movement toward the air supply
shafts, the MVU can operate in the established
mode. The change (decrease in the speed of air
movement to 0) of the direction of air movement in
the recirculation circuit will indicate that all the air
reserves contained in the goaf space have been
delivered to the surface, i.e. indicate the situation

when air in the ventilation trunk starts to flow from
the air supply shafts bypassing the mining areas.
In this case, the MVU and recirculation system
have to be switched to the reverse mode, as
a result of which fresh air will be directed to mine
excavations.

The most likely situation represents the
greatest danger will arise if the AVD are wedged
in the closed position during the switching of the
ventilation system to the reversible mode. In this
case, the movement of fresh air towards the miner
will be carried out until the goaf space is filled in
from 40 min to 2 h [22, 23]. For that time interval
the emergency situation (with AVD and / or fire)
can be completely eliminated.

However, due to the fact the AVD in the
proposed method is used only to create an
aerodynamic resistance in the area of air intake
from the air supplying trunks into the exhausted
space, their design can be created in the way that
closing parts of the door do not cover the entire
mine excavations. In this case, the influence of the
goaf space on the ventilation process will also be
reduced, but conditions for safe mining will be
fully provided in case of failure of the AVD.

Conclusion

The method of automation proposed will allow
ventilating in energy and resource-saving modes at
the expense of partial reuse of air (recycling) and
positive effects of mine general (shaft general)
natural draft considering the safety of mining.

The location of AVD in the excavations of the
main directions will avoid the influence of goaf
spaces on ventilation at the time of stream
reversion. Wedging of AVD in the open position
both in regular and emergency modes of
ventilation will have practically no effect on the
safety of work in the mine (shaft).

The only threat is the wedging of AVD in the
closed position when reversing. In order to ensure
the safety of working conditions with such a
failure, it is sufficient to provide conditions for
incomplete overlapping of AVD of the production
section or create conditions under which such an
accident will be eliminated during the filling of the
goaf space with fresh air (40 min — 2 h).
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