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REDUCTION OF RISK OF CHOOSING THE OPTIMAL VENTILATION MODE FOR THE

PERIOD OF ELIMINATION OF EXOGENOUS FIRE
Kokoulin l.Ye., Kliuiev E.S.
M.S. Poliakov Institute of Geotechnical Mechanics of the National Academy of Science of Ukraine

Abstract. The time from the occurrence of an exogenous fire in a mine to its complete elimination can be
conventionally divided into two periods: the operational time of the emergency elimination plan and the period of
intensive fire extinguishing or fire cell isolation. In the first period, there is a significant number of working people in the
mine, so the emergency ventilation mode must first of all ensure safe conditions for their evacuation. The issue of
choosing an emergency ventilation mode in the mine ventilation network for use during the operational time of the
emergency liquidation plan has been studied in sufficient detail. At the second stage of fire development, the ventilation
mode should ensure the removal of combustion products by the shortest paths to the exit jet or to the workings where
there are no people; to provide fresh air supply, normal temperature and minimal smoke in the areas where mining
rescue works are carried out; reduce the intensity of fire development; to prevent overturning of ventilation jets in inclined
workings. Among the listed requirements, there are both those that satisfy and those that contradict the criterion of the
first period. Therefore, in a number of cases, during the liquidation of developed fires, it is necessary to change the
ventilation mode to ensure the fulfillment of the considered conditions. A method of transition from the mode of the first
period to the mode of the second is proposed, which consists in determining the list of ventilation modes that are subject
to optimization. For each of them, workings are defined, in which it is possible to overturn the ventilation jet. Due to the
minimization of their number, it is possible to prevent the spread of a fire zone gassed with gaseous products (that is, its
minimization) and to complicate the conditions of conducting mine rescue operations. For this purpose, the theory of
interrelationship of aerodynamic parameters of mine workings is used, which simplifies multi-fan ventilation calculations.

The described algorithm only seems somewhat cumbersome, since it is known from practice that in the area of
action of intense thermal depression of the fire cell, several loosely connected workings cannot be located far from each
other, with a possible spreading of the ventilation jet. Thus, by achieving the condition of non- spreading of the
ventilation jet for one of the working, it is possible to indirectly solve the problem for a number of other workings,
incidental to it, which significantly reduces the complexity of the calculation process.

Keywords: exogenous fire, emergency ventilation mode, thermal depression, interrelationship of aerodynamic
parameters.

1. Introduction

The occurrence of an emergency with aerological consequences (exogenous or
endogenous fire, sudden release of coal, rock or gas, explosion of methane or coal
dust, etc.) requires the adoption of measures of ventilation influence on the mine
ventilation network (MVN) in order to limit the zones of its gassing with gaseous
products of the emergency, which, in its own right, in turn, simplifies the evacuation
of people from emergency and dangerous areas of the coal mine. The implementation
of these measures is connected with the emergence and necessity of minimizing risks
of two types: emergency, related to the optimization of emergency evacuation and
conducting mining rescue and restoration works, and aerological, which provides
them. The latter consists in the organization of reducing the volume and quantitative
characteristics of gassed zones.

Let's limit ourselves to considering one of the most common and complex types
of underground emergencies - exogenous fires. The proposed technique, under some
assumptions that simplify the formulation of the problem, can be applied when
considering other emergencies with aerological consequences.

The time from the occurrence of an exogenous fire in a mine to its complete
elimination can be conditionally divided into two periods: the operative time of the
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emergency liquidation plan (ELP; usually 1 hour is accepted from the moment the
fire was detected) and the period of intensive fire extinguishing or fire cell isolation.
In the future, during this period, additional mining rescue and restoration works are
carried out.

In the first period, there is a significant number of working people in the mine, so
first of all the emergency ventilation mode (EVM) must ensure safe conditions for
their evacuation. The issue of choosing the EVM in the MVN for use during the
operational time of the ELP has been studied in sufficient detail [1, etc.]; a
generalized criterion for the effectiveness of the EVM has been developed, the
analytical expression of which has the form [1]

2= A, j)| exp TL D Cli.J f,Lf”J V|- ~ min, (1)
s enin V0T

where A(i,j) 1s the capacity (mathematical expectation of the number of people [1]) in
working (i,j), the direction of air movement in which is taken from node i to node j;
T, - time of the self-rescuer; C(i’j") is the concentration of fire gases in the working
@@'j", L(i"j") - the length of the working; v(i’j") - the speed of movement of people
through the working; u(i,/) - the route of movement of people by works from node i
to node / located on the surface; M is a set of ventilation modes from which the
emergency mode is selected.

The transition from the mode used during the operational time of the ELP to the
mode used after it is of interest, since the existing recommendations [2] are not
sufficient for the development of an engineering methodology for calculating the
numerical characteristics of the EVM.

At the second stage of fire development, the ventilation mode should ensure the
removal of combustion products by the shortest paths to the exit jet or to the
workings, where there are no people; to provide fresh air supply, normal temperature
and minimal smoke in the areas where mining rescue works are carried out; reduce
the intensity of fire development; to prevent overturning of ventilation jets in inclined
workings.

Among the listed requirements there are both those that satisfy and those that
contradict criterion (1). The first requirement is fulfilled, since the optimality of the
criterion implies the minimum number of gassed workings in which people are
located. The second requirement may not be satisfied, since it is often necessary to
successfully extinguish a fire after the complete evacuation of people from the
emergency area, to reverse the ventilation jet in it and to carry out mining rescue and
restoration work from the side of a new fresh jet. The third requirement is in clear
contradiction with the criterion, since the intensity of fire development (or, which is
practically the same, the speed of movement of the fire center) is directly
proportional to the speed of the air jet in the workings (i,j) of zone 6, gassed with
combustion products. Its decrease leads to an increase in C(i,j) and, thereby, to a
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deterioration of the criterion values. The fourth requirement is ambiguously satisfied,
since the thermal depression in inclined workings depends on the temperature in the
fire center, which, in turn, depends on the duration of fire development. As a result,
the EVM, used during the operational time of the ELP, may later turn out to be
ineffective, contributing to, rather than preventing, the overturning of the jet in
inclined and vertical workings. Therefore, in a number of cases, during the
liquidation of developed fires, it is necessary to change the ventilation mode to ensure
the fulfillment of the considered conditions (the first condition after the end of the
operational time of the ELP is omitted).

The purpose of the article is to substantiate the methodology for choosing an
emergency ventilation mode for the period of liquidation of an exogenous fire (after
the end of the operative time of the plan for liquidation of emergencies), and the task
of the article is a brief description of the developed method and algorithm.

2. Methods, results and discussion

The method of selecting the EVM for use during the period of fire suppression is
based, as well as during the operational time of the ELP, on determining the list of
ventilation modes, the implementation of which is possible at the stage under
consideration, and comparing them according to the degree of satisfaction of the
listed conditions.

1. The set of workings 6, is determined, in which overturning of the ventilation
jet 0, :{(i, j),Hj <Hi}(Vi01ation of stability) can occur, where H; is the height
mark of node i. and the direction of air movement, as before - from i to ;.

2. For the selected ventilation mode, the natural air distribution is calculated and
the amount of air Q(i,j), (i,j) € 6, is determined.

3. Thermal depression is determined

o)) = ZHt(i/,J),
(i, j)ev(i,j)

where v(i,j) is the cycle of the ventilation network, in which the value of thermal

depression is calculated.
The value of H*(i',j') can be calculated by any known method, for example

t;+t;—40

HY(i,j )=-365(H,—H ,
.7 H J)(tl-+tj+546)-293

where ¢ 1s the air temperature at node i;
{H}{ }={{Hl-}{ 1,signQ(i, j) = signQ(i”,j”)L (i",j") is the base of v(i, j).

If Zf(l-, <R, j)Q2 (i, j)— no additional calculations are required, since the jet in
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(i,j) is stable under this regime, and the next (i, j)=0,, , is considered.

4. If lf(l-, 5> R, j)Qz(i, j) — is determined by amount of air

1]

0'(i,j)= (H i J) / R(i, j))l/2 , 1.e. air flow in working (i, j), at which the overturning of
the ventilation jet occurs in it. In order to satisfy the condition of no overturning, it is
necessary to ensure in (i, j) the air flow Q"(i, /)= 0'(i, )+ Q'(i, ), where Q'(, j) is
determined for practical reasons in order to exclude jet overturning in (i,j) due to
calculation H ), ; errors.

To find Q"(i, j), the theory of interconnection can be used, which describes the
interaction between the flows in workings (i, j) and (i’, j) a linear equation of the
form [3]

06.)=0"p+ki J lod -0 7)), )

where the index "0" indicates the amount of air in the working at a certain basic state

of air distribution in the MVN; k((l.i j’)J ). the coefficient of interconnectedness,

characterizing the change in Q(i, j) when Q(i’, j') changes.
If we calculate all (i,j) € 6, (i',j') N,, where N, is the set of main fan units (MF),
according to the methodology given in [3], it can be noted that the calculation is

sufficient accuracy of 0.01, i.e., if k((l{]’)j ) < 0.01 should be taken as k((llj)] )= 0,

which indicates a weak interconnectedness between the sections of MVN and will
contribute to a significant simplification of calculations in the future.

The complex interconnectedness of air consumption in workings (i’, j) € N, and
air consumption in (i, j) is described by the equation

oip=0"aj+ x #iAod -0 )l o
@ jhen,

where Q(i,, j')— Qo(i,, j,): AQ(Z", j’) is the increase in air consumption at the main
fan. Value Q(i’, j') are determined from the system of equations

vgfz%AQ(iﬁj’)=Q(i”,J”)QO(i”,j”), (@)
(@ jren,)

where
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Substituting into the system of equations (3)-(4) instead of O(i,j) O(i"j"), we will
obtain the value Q(i’j’) from it, which provides air flow Q(i",j") in the working under
consideration. It is necessary to check whether the required Q(i'j’) falls within the
working area of the fan installed at (i’j’). If this condition is satisfied for all
(', j') € N, then the solution for (i,j) is obtained.

5. Equations similar to (3)-(4) are constructed taking into account that (i',j') is
taken from (ij). item p.4, and as (i,j) all remaining (i,j) € 6,,. If Q(i, j)Z Q(i”, j"),

which is determined from them for all (i,j) € 6, then the solution is obtained.
6. If there exists (i,j), O(i,j)<O(i", j"), then calculations for it are carried out

similarly to item 4. It is only necessary to choose ((i,j) at each step in such a way
that the situation Q(i, j)< Q(i", /") does not arise in any of the previously considered

(i.j)eN,.

7. If all the performed actions do not remove the main fans from the working
areas, then the mode under investigation satisfies the condition of no overturning and
can be considered optimal for use in emergency conditions. The following mode is
selected, which satisfies all conditions and at the same time is the one that 1s most
easily implemented in emergency conditions. For example, all other things being
equal, the normal ventilation mode that existed in the mine before the emergency is
optimal, since its implementation will not require ventilation maneuvers.

8. If none of the modes was found that would ensure the condition of non-
overturning of the ventilation jet, then the one that ensures the best fulfillment of the
other conditions is selected as the emergency mode.

The use of the described method will be more reliable if, as the initial temperature
in the center of the fire, you choose not the value #(i,j), which depends on the time of
fire development, but #,, — the temperature under the condition ¢ = oo, since it is
impossible to predict in advance the duration of liquidation works emergencies. The

value depression Hg(l-, jcalculated taking into account fu. will obviously be the

maximum possible, which guarantees the correct choice of Q(i",j") at any time of fire
elimination.

3. Conclusions

The described algorithm only seems somewhat cumbersome, since it is known
from practice that in the area of intense thermal depression of a fire centre, several
weakly connected and distant workings (i,j) € 6,,. Not overturning the ventilation jet
for one of them, it is possible to indirectly solve the problem for a number of others,
incidental to it, which significantly reduces the complexity of the calculation process.
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Thus, it can be concluded that the risk of implementing an incorrectly selected
emergency ventilation mode lies in the possibility of incorrectly determining the
reaction of some (i,j) € 6, to its ventilation effect. Due to this, the zone of gassing of
the MVN with gaseous fire products may change unexpectedly (in the direction of
increase), which will complicate the conduct of mining rescue and restoration work.
Therefore, the implementation of the proposed method of reducing the negative
impact of this factor can be considered useful.
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SHWXKEHHSA PU3UKY BUBOPY ONTUMAIILHOIO BEHTUNALUIMHOIO PEXXUMY HA NEPIOA,
NIKBIAALII EK3OTEHHOI MOXEXI
KokoyniH I.€., Knroes E.C.

AHoTauif. Yac Big MOMEHTY BUHUKHEHHS Y LUAXTi EK3OTEHHOI MoXexi JO il NOBHOI NikBigaLii Moxe 6yTh yMOBHO
NOZINEHN Ha JBa nepioau: onepaTuBHUIA Yac nnaHy NikBigawii aBapii i nepiog iHTEHCUBHOTO BEAEHHS POBIT 3 raciHHs
noxexi abo i3onAuii NOXexXHOro ocepeaky. Y nepluuit nNepiog y LWaxTi 3HAXOAUTbCA 3HAYHA KIMbKICTb MpaLjoroymnx
NOAEN, TOMy aBapinHUA BEHTUMALINHWIA PEXUM NOBMHEH Y mepLuy vepry 3abe3neuntn 6e3neyHi ymoBw ix eBakyalli.
MuTaHHs BUOOPY aBapiNHOTO BEHTUMALINHOIO PEXUMY Y LAXTHIN BEHTUNALIHIA MEpEeXi AN BUKOPUCTAHHS MPOTSroM
OnepaTMBHOrO Yacy nnaHy niksigauii aBapiil BUBYEHHI JOCTATHLO [OKNaAHO. Ha apyromy eTani po3BUTKY MOXEX
BEHTUNALIAHUIA PeXUM NoBUHEH 3abe3neyyBaTi BiBeAeHHS NPOLYKTIB FOPIHHA HAMKOPOTLLMMM LWNSXaMK A0 BUXIGHOrO
CTpyMeHIo abo [0 BUPOBOK, Y AKX BiACYTHI Ntoaw; 3abesnevyBaTi nogady CBiKOrO MOBITPS, HOPMaNbHY TeMNepaTypy i
MiHIMarbHy 3afuMIeHICTb Ha AinsHkax, e NPOBOAATHCA FPHUYOPSATYBANbHI POOOTH; 3HWXKYBATU IHTEHCUBHICTb
PO3BUTKY MOXeXi; nonepempKyBaTu NEPEKMAaHHS BEHTUNSALIMHMX CTPyMeHiB Yy noxunux Bupobkax. Cepen
nepepaxoBaHu1X BUMOT € AK Taki, L0 3af0BOMbHAKTL, Tak i Taki, WO cynepeyaTb KPUTEPID nepLioro nepiogy. Tomy y
psdi BUNaAKiB Npu NikBigaLii pO3BMHEHNX NOXeX [OBOAWNTLCA 3MIHKOBATU BEHTWMALINHUIA pexum Ans 3abesneyeHHs
BMKOHaHHS PO3rMsHYTUX YMOB. 3anponoHOBaHO METOA MEepexody Bif PexuMy NEPLUIOro nepiogy 40 pPexumy Apyroro,
SKWA NONsArae y BWU3HAYEHHI Mepeniky BEHTUNAUIMHUX pexuMiB, AKi MignaraoTb onTumisalii, [ns KOXHOro 3 HuX
LOCAracTbCA HEAOMYLLEHHS MOLUMPEHHS 3ara3oBaHOl ra3onodibH1MK NpoayKTammu noxexi 3oHM (To6To i MiHIMI3aLs) i
YCKINagHEHHS! YMOB BE[IEHHS MPHUYOPSATYBamnbHINX PobiT. 3 L€l METOK BUKOPUCTOBYETLCA TEOpis B3aEMOMOB'A3aHOCTI
aepoaMHaMiYHMX NapameTpiB ripHNYMX BUPODOK, Lo cnpoLlye BaraTOBEHTUNATOPHI PO3paxyHKI BEHTUMSALT.

Knto4oBi cnoBa: ek3oreHHa noxexa, aBapilHAN BEHTUAALINHUIA PEXUM, TEeNroBa AENnpecisi, B3aEMOMOB'A3aHICTb
aepoaMHaMivHWX napaMeTpiB.
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