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METHODOLOGY DEVELOPMENT AND INITIAL RESULTS OF CFD SIMULATIONS
OF METHANE DISTRIBUTION IN THE WORKING OF A LONGWALL VENTILATED
IN A SHORT “Y” MANNER

The mining in seams with a high methane content by means of a longwall system, under conditions of
high extraction concentration, results in exceeding methane concentrations allowed by the regulations at
workings of the longwall environment, with the effect of mining machines’ standstill periods. The paper is
a part of a study supporting the development of a system for shearing cutting speed control at the longwall,
which should substantially reduce the production standstills due to exceeded limits and switching off the
supply of electric equipment. Such a control system may be appropriate for longwalls ventilated using “Y”’
and “short Y” methods. Efficient Computer simulations of the 3D airflow and methane propagation may
assist the design and initial evaluation of the control system performance. First chapters present studies
that are necessary for a proper formulation of the properties of the longwall model. Synthetic analysis of
production during the period of longwall operation allowed one to choose the input assumptions to carry
out ventilation-methane computations in a CFD numerical model of longwall Z-11. This study is followed
by a description of the model that is used for a case study, considering three variants of the shearer position.
Finally, initial simulation results and directions of further studies are discussed.
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1. Introduction

Hard coal seams frequently contain methane. In underground mines, the release of this gas
from coal seams and other geological strata may result in the origination of explosive mixtures
in mine workings. So the underground coal mining must be carried out in a way reducing this
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hazard by moving away from dangerous accumulations of this gas in the goaf from the working
equipment and by the effective detection of potentially explosive methane and air mixtures via
monitoring of the mine atmosphere condition [1]. In particular, this applies to a widely used
method of underground mining by the means of longwalls. In this method, the source of methane
is not only the process of cutting itself but also the goaf left after mining and unstressed rock
layers in the longwall surroundings [2-4]. The release of methane from the goaf to the longwall
depends mainly on the adopted method of ventilation, which shapes the way of this gas inflow
to the workings [5].

In Polish hard coal mines approx. 70% of all mined longwalls are ventilated using the
so-called “U” method on the coal solid, where the supply and return air gateroads are adjacent
to the unmined coal panel. However, from the methane hazard point of view, this is the most
unfavourable method of ventilation. It creates conditions for migration of dangerous methane
concentration from the goaf to the longwall face or/and to the area of longwall crossing with
aroadway (Fig. 1). Despite that, in numerous cases, the forecasts of endogenous fire hazards in
the longwall goaf force the choice of such method of its ventilation. In the cases of high absolute
methane-bearing capacity, at the simultaneous hazard of an endogenous fire, an alternative way
of longwall ventilation utilising the “Y” or “short Y”” method.
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Fig. 1. Tendency of methane content distribution in the goaf of longwall ventilated
by means of the “U” method

The disadvantage of U-system ventilation, shown in Figure 2, is the increase in methane
hazard at the outlet of the longwall working, the necessity to use auxiliary ventilation equipment,
and the difficulty in obtaining high methane drainage efficiency. The advantage of this system
is the possibility to identify changes in the coal bed methane-bearing capacity, limited airflow
through the goafs and limited fire hazard in goafs [1,4].

The ,,short Y* ventilation method, presented in Fig. 2, requires driving two parallel air
roadways, one of which delivers a flow of intake air to the air outflow from the longwall, and
then the return air from the area of mining is taken by this roadway and a cross-cut connecting
with the air roadway. The use of the ,,short Y* ventilation method considerably improves the
work safety conditions in the longwall in terms of the methane hazard, as it moves the zone of
high methane concentrations away from the longwall working to the goaf [4,7-9].

Safe and productive mining requires the knowledge of a number of interrelated phenomena,
in particular the processes of methane migration and longwall face ventilation [10]. Computer
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Fig. 2. Method of longwall face ventilation by means of “short Y

simulations, using the tools of Computational Fluid Dynamics (CFD), in particular the finite
volume method, are increasingly widely used research tools [13]. Examples of applications may
be found in some papers [6] and the paper [14-16] contain a more complete literature review
of this topic.

This paper presents the process of numerical model development and preliminary simula-
tion results for the issue of a shearer operation at a mining longwall ventilated by means of the
“short Y” method under methane hazard conditions. The research goal of the article is to develop
the 3D numerical method of air and methane flow modelling on the shape reflecting the geometry
of the longwall with caving with the use of the CFD method. The research gaps in the article are
to fill the methodology development of 3D simulations of methane distribution in the working of
a longwall taking into account detailed elements such as shearer, powered roof support and arch
yielding support. In the literature, it can be found that the algorithms or the numerical models
based on the 2D numerical method [2-4,12] that operate at the empirical constant usually defined
under a laboratory or an in-situ condition. The presentation of the model formulation process is
justified by the fact that the reliability of the modelling results to a large degree depends on the
adopted methodology and the quality of information, including that related to boundary conditions,
especially the methane inflow. In the considered case, it may be useful to apply verified methods
for forecasting methane hazards. The paper presents the way how, based on methods widely used
in the Upper-Silesian Coal Basin and the methane inflows, were determined for specific mining
and geological conditions of longwall Z-11, ventilated by means of the “short Y”” method.

2. Theoretical background

The release of methane from a mined seam may be characterised by a stream of methane
released from the extracted coal, from the longwall face, and as a result of the mined seam destress-
ing. The mined coal seam features a methane-bearing capacity lower than the original methane-
bearing capacity of the seam. The carried out research allowed the determination of the degree
of methane content reduction #, concerning its primary methane-bearing capacity M, (Fig. 3).
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The curves in Fig. 3 were determined based on the results shown in [11]. In Fig. 3, for example,
for the exploited seam with the value of primary methane-bearing capacity 6 m> CH,/Mg g,
the total value of the coal degassing degree of the seam (%), amounting to 48.34%, and the value
of the degassing degree of the seam during shearer mining (%), amounting to 27.75%, are mapped
on the ordinate axis [11].
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Fig. 3. The degree of methane drainage 7, of the mined seam after cutting with a shearer,
versus its methane-bearing capacity M,

The volumetric methane stream released from the mined seam during one cutting cycle is
directly proportional to the volume of mined coal, its original methane-bearing capacity M,, the
degree of its methane drainage 7, and inversely proportional to the time of mining cycle “¢”, and
is calculated by using the formula [11]:

; L.m,yzMyn
pu —s"e 0'fs 1
* 100z M
where:
ny, — degree of methane drainage during coal cutting, %;

s = 8.354 M7
L, — longwall length, m;

m, — height of the mined longwall, m;
y — coal density, Mg/m?;
z — shearer cut width, m;
M, — primary methane-bearing capacity of the mined seam, m* CH,/Mg_q,;
n — degree of mined seam methane drainage, %;
~t — time of one cutting cycle, min;
V. — stream of methane volume released to the longwall per one cutting cycle,

m>CH,/min.
The amount of methane released to the longwall face may be expressed by the relationship:

Vie=Ve+V2 [m’CH,/min] )
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Where Vfé is the stream of methane released from the mined coal seam during its cutting VY‘;,
while V¢ is the stream of methane released from the longwall face. The amount of methane

released from nearby situated seams to the longwall depends on the distance of their deposi-
tion A, expressed by the formula [11]:

hmin =1.73 (ls + lc) (3)
where:
I, — width of the longwall working space, m;
/. — distance of the abutment pressure existence ahead of the longwall front, m;
1.73 — wvalue of the desorption angle tangent

Fig. 4 presents a possibility of methane inflow to the longwall from nearby situated under-
worked and overworked seams. The release of methane to the longwall from nearby situated
underworked and overworked seams may only occur if they are deposited at a distance of /,,,;, > a
and/or h,;, > b (Fig. 4).

hmin

Fig. 4. Model of methane inflow to the longwall from nearby situated underworked and overworked seams

The value of ventilation methane content is calculated from formula (4):

AVéﬁ4 =0.01(c; —¢;) Oy (4)
where:
Q¢ — quantity of air flowing through the longwall QO = 0.8 0,5
Opow — quantity of air supplied to the longwall, m®/min;
c¢; — methane concentration at the longwall inlet, %;
¢, — methane concentration at the longwall outlet, %.

The increase AVé‘ﬁ , calculated from formula (4), if there is no cutting, allows to determine
a total value of methane streams released to the longwall, including the component V2 from
the longwall face, formula (1), and the methane inflowing directly to the longwall from nearby
situated underworked and overworked seams.
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If we add methane supplied with intake air to the ventilation volume AV&CH , of methane

released to the longwall, calculated from formula (4), we obtain ventilation methane-bearing
capacity of the longwall acc. to formula (5):

AV = 0.01 ¢, Oy [m*CH,/min] (5)

Methane released to the goaf is referred to as the absolute methane-bearing capacity of the
longwall goaf AV &y ,- For the majority of longwalls the value of the volumetric stream of meth-

ane released to the goaf is the biggest component among all sources of methane release to the
longwall environment. If the methane drainage is not applied, the methane-bearing capacity of

the longwall goaf AV, , migrates entirely to the air flowing through the area of mining.

If methane drainage is used, the stream of methane released to the goaf AVé'H , separates
into the volumetric stream of methane Vél"_l’fd’" captured by methane drainage and Vé;’:”e”’ the
volumetric stream of methane VCZ;’WW released from the goaf to ventilation-active workings,

4
[m? CH,/min].
yzr  _yrzr, odm 7zr,went
Veu, =Veu,”™ +Ven, (6)

The amount of methane captured by the goaf methane drainage shapes the value of methane
stream discharged to the ventilation air of the mining area, calculated by formula (7), rearrang-
ing formula (6).

yzr,went _yrzr _ yrzr, odm
Ve, =Vewm, —Veu, (7

3. Numerical model

The construction of a spatial model is the basic condition to perform computations fore-
casting the methane concentration distribution at longwall Z-11. The longwall Z-11 was mined
in the “short Y system. This method of longwall ventilation consists in supplying intake air by
the Maingate, refreshing the air at the longwall outlet by so-called ventilation drift driven along
unmined part of the coal panel. The return air is directed behind the front of the Z-11 longwall,
along the goafto the ventilation cross-cut connecting the ventilation roadway with the tailgate. The
“short Y’ method moves away dangerous methane accumulations in the goaf from the longwall
face, redirecting the goaf methane migration to the adjacent to goaf part of the ventilation drift.

Fig. 5 presents visually the “short Y ventilation method used at longwall Z-11.
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Fig. 5. A view of the longwall galleries prior to the start of excavation, based on the map of seam 408/1
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A CFD numerical model of longwall Z-11 in seam 408/1 was developed in the following

order:

mining and geological conditions in the area of longwall Z-11 mining panel in seam 408/1
have been analysed,

ventilation method has been analysed in terms of determination of flow directions and
quantities in the workings and air and methane migration directions in the longwall goaf
(Fig. 5),

assumptions for the development of a CFD numerical model have been adopted,

inlet velocity and turbulence profiles for both the Maingate and the Ventilation Drift have
been obtained from auxiliary flow simulations,

a set of numerical simulations of the air and methane propagation in workings of longwall
Z-11 and adjacent goaf have been performed.

3.1. Geometry

A geometrical model of the longwall mining panel has been developed for longwall Z-11
in seam 408/1 (Fig. 6), taking into account the “short Y’ method and parameters of longwall
Z-11 ventilation, considering migration of air and methane through the goaf to the air roadway.
Longwall Z-11 was equipped with a shearer with two cutting heads, 1850 mm in diameter, which
enabled making a cut up to 0.8 m wide. Seam 408/1, including intrusions, was 2.41 m thick.
The area of the Maingate and Tailgate as well as the Ventilation drift is 17 m*. The area of the
working of a longwall panel Z-11 is 16.5 m*.

Powered support

T P10 support with
profile V29

LP10/V29/A —

Fig. 6. View of spatial model of longwall Z-11 developed for numerical simulations

For the case study, three shearer positions at longwall Z-11 in seam 408/1 have been selected:
at the beginning of longwall working Z-11 (shown in Fig. 7a), at the mid-length of the longwall
working (shown in Fig. 7b) and at the longwall working end (shown in Fig. 7¢), to consider the
effect of its advance on flow and migration of methane (see . Fig. 7).
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Fig. 7. Variants of shearer position: a — at the beginning of longwall Z-11 face,
b —in the middle of longwall Z-11 face length, ¢ — at the face end of longwall Z-11

3.2. Numerical grid

In order to ensure that the results obtained from numerical calculations are adequate, it is
crucial to use a correctly refined mesh. Fig. 8 illustrates the mesh refinement study on the volume
flow rate results in the numerical model. The measured volume flow rate of the fluid was taken

at the outlet of the longwall panel model.
The results of the four mesh densities were compared in Table 1
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Fig. 8. Convergence of results in the numerical grid refinement study of longwall panel Z-11
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TABLE 1

Results of numerical grid refinement study

No Mesh quality Number of fluid computational cells Volume flow rate [m*/min]
1 coarse mesh 45.716 1285.34
2 normal mesh 355.428 1296.45
3 fine mesh 889.123 1299.65
4 very fine mesh 1,565,236 1299.85

It can be observed in Table 1 that the coarse and normal mesh forecast has less accurate
volume flow rates, but the fine and very fine mesh forecast similar results. In this case, it was
decided that the mesh in the numerical model would contain above the 889,123 computational
cells according to the convergence study results. The value of refinement in Fig. 9 is the result
of grid sensitivity analysis, where the solver improves and refines the mesh of the longwall panel
without active user intervention during the numerical calculations.

Fig. 9. Numerical grid of longwall panel Z-11

3.3. Assumptions

The flow at the longwall is highly turbulent. In particular a classical k-epsilon turbulence
model has been applied. Solving a flow problem with this model comes down to determining
the value of turbulent viscosity x4, using turbulence kinetic energy & and dissipation rate ¢ related
to the energy dissipation, by solving the k and ¢ transport equations. The detailed description of
this model is available in SolidWorks Flow Simulation references [17]. The goaf’s properties in
numerical model (porous media) were defined by the expression:
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_grad(P) Ap-S
pV m-L

K (13)

where AP is the pressure difference between the opposite sides of a parallelepiped porous media,
m is the mass flow rate through the porous media and S and L are the body cross-sectional area
and length. As the “short Y” reduces interactions of goaf and longwall, a relatively simple model
of constant, isotropic permeability has been selected. The equations have been numerically solved
with the finite volume method.

4. In-situ tests

In-situ tests were carried out at longwall Z-11 in the mined seam 408/1 and partly in seam
407/3. On the day of measurements, the longwall length was equal to 119 sections of powered
support. The record was recorded every 6 seconds. The accuracy of the measuring instruments
was £0.1% CHy in the subrange 0+2.5% CH, and 10% of indication above 2.5% CHy.

4.1. Measurements of methane concentration changes along the face
of longwall Z-11

Locations of methane sensors (yellow, numbers 117, 137, and 132) and also locations of
additional sensors with numbers 421, 115, 109, and 133 are marked on the spatial diagram of the
longwall Z-11 area (Fig. 10). The analysis comprised 2127 recorded readings of automated
methane monitoring and control system.
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Fig. 10. Arrangement of methane monitoring and control sensors in the area of longwall Z-11, seam 408/1

Figs. 11-14 present concentration values of methane released after the end of mining, where:
— methane concentration at longwall Z-11 face end after the end of mining is 0.7%, going
down to 0.2% within a dozen or so hours,



13

POLSKA AKADEMIA NAUK

www.czasopisma.pan.pl P@N www.journals.pan.pl

methane migration from nearby situated undermined and over mined seams and from

the air inlet and outlet from longwall Z-11, equal to 0.2%, can be used to evaluate the
the Z-11 longwall face.

of methane within the mentioned above interval,
— after this transient period, the recorded increase in the methane concentration between

— immediately after the end of mining the uncovered coal solid of the mined seam is drained
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Fig. 14. Readings recorded by a sensor of automated methane monitoring and control system on 23/02/2019
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The analysis of methane concentrations based on methane sensors 117 and 421 at the inlet
and outlet from the longwall allowed us to calculate that on average 4.1 m* CH,/min was released
from the longwall face.

TABLE 2

Analysis of methane concentrations at longwall Z-11

2&3 9&10 16 & 17 | 23 & 24 | Averaged
Feb. 2019 | Feb. 2019 | Feb. 2019 | Feb. 2019 | values

Time without mining min 2388 3228 2441 2470 2632
Average methane concentration % 0.38 0.34 0.35 0.29 0.34
Amount of released methane m? 7218 8780 6777 5799 7144

Ventilation methane-bearing

3 .
capacity of the longwall m’/min 3.00 2.72 2.78 2.35 271

The value of released methane refers to the working days without considering the failures
and technological breaks, as well as breaks between shifts. On working days, the average ven-
tilation methane-bearing capacity at the longwall face was 4.6 m®> CH,/min. The analysis of
instantaneous values of absolute ventilation methane-bearing capacity at longwall Z-11, presented
in Fig. 15, shows the maximum instantaneous values of absolute ventilation methane-bearing
capacity that were 12 m> CH,/min, which is about four times higher than the average, showing
direct effects from mining.
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Fig. 15. Ventilation methane-bearing capacity - instantaneous at longwall Z-11

4.2. Measurements at the cross-section of longwall Z-11 face

The routine ventilation survey and mine monitoring data have been supplemented with
results of dedicated in-situ measurements. Unique SOM2032 probes providing simultaneous
velocity and methane concentration point measurements have been applied. Ten SOM2032
methane-anemometers recorded velocity and concentration distribution approx. 20 m from the
longwall face end.

Locations of methane-anemometers at the measuring cross-section are marked in Fig. 16.
Circles mark the actual position of the methane-anemometer. Labels contain the device number
—in capital letters and the position on the x and y-axis — in small letters. Axis x is the horizontal
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axis, y is the vertical one. The origin of the system of coordinates is situated on the sole plate of
the powered support section. Fig. 17 presents measurement results of changes of air velocity and
methane concentration in the air flowing through the studied cross-section of the longwall face.

From graphs in Fig. 17, the average air velocity value at the working cross-section was
1.8 m/s, whilst an average value of methane concentration in the air was 0.20%.
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Fig. 17. Registrations of velocity (a) and methane concentration
(b) at the measuring cross-section of the longwall face
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5. Model studies

Before starting the numerical simulations of methane propagation at longwall Z-11, auxiliary
simulations have been performed to evaluate inlet velocity and turbulence profiles at galleries
supplying the air to the longwall.

5.1. Analysis of air velocity profile development at inlet drifts

Data available for the inlet drifts specified flow quantities only due to their length the de-
veloped velocity profiles could be expected. Auxiliary models of both Maingate and Ventilation
Drift sections have been created. If around the inlet to the longwall face the inflowing air features
an unknown profile, it is required to carry out a simulation of the airflow on a sufficiently long
section to obtain a profile close to a fully developed one. The length of velocity profile forming
was determined based on models in both galleries, through which the air is supplied to the face
of longwall Z-11. The lengths and flow quantities are taken from the ventilation survey and are
as follows:

— 300 m*/min of intake air is supplied by the Ventilation Drift, 50 m long (Fig. 18),

— astream of intake air volume of 1000 m®/min is supplied to longwall Z-11 through the

Maingate, 100 m long (Fig. 19).

Refinement level []

Fig. 18 Spatial model and numerical grid of longwall Z-11 Ventilation Drift: 1 — steel crown runner,
2 —wooden prop, 3 — floor uplift, 0.4 m high

Fig. 20 presents results of air velocity profile changes along the studied sections of galleries
in the form of graphical maps.

It is possible to observe that the air profile has divided into three layers. The first layer of
viscous fluid is at the walls, roof, and floor of the roadway, where the velocity reaches a zero
value. The second boundary layer in which the air stream features a smaller velocity as against
the velocity in the axis of top and bottom roads (so-called third layer of fluid). The third area of
flow is a developed and a shaped layer of fluid, in which the air increases the maximum velocity
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Rifirgrment leval []

Fig. 19. Spatial model and numerical grid of longwall Z-11 Maingate: 1 — transformer,
2 — GROT chain conveyor, 3 — belt conveyor
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Fig. 20. Air velocity profile at the outlet from the Ventilation Drift (a) (Z-11 air roadway — Fig. 12)
and the Maingate (b) (Z-11 roadway — Fig. 12) of longwall Z-11

values to maintain a constant value of volumetric stream set at the inlet to the top and bottom
road. In the bottom road, the maximum value of air velocity was approx. 0.5 m/s (Fig. 19), while
in the top road approx. 1.4 m/s (Fig. 20b). Fig. 21 presents the results of the analysis of the air
velocity profile forming length in the studied top and bottom roads in YZ and XZ planes.

The obtained velocity profiles at the outlet both gateroads (Fig. 20) are a boundary condition
of the velocity of air supplied at the inlet to the model of longwall Z-11 face.

5.2. Boundary conditions

The input assumptions for ventilation parameters in the CFD model are as follows:

— air at the amount of 1000 m>/min is supplied to longwall Z-11 through the Maingate,

— air at the amount of 200 m*/min migrates along longwall Z-11 to the goaf,

— 300 m*/min of intake air are supplied by the Ventilation Drift to the outlet of longwall Z-11,

— yield of return air is 1300 m>/min,

— methane concentration in the stream of air supplied through the bottom road to longwall
Z-11 is 0.0% of methane,
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Fig. 21. Air velocity profile along the length of Ventilation Drift (a) and Maingate (b) of longwall Z-11
in XZ and YZ planes

— during cutting, the degassing coal causes an increase in the methane concentration in the
intake air to a value of 0.1%,

— methane from nearby situated seams and underworked and overworked coal layers inflows
to the longwall face and goaf.

The calculated volumetric streams of methane inflowing from nearby situated seams
amount to:
— 4.67 m® CH,/min inflows to the goaf in the section from the longwall to the ventilation
Ccross-cut,
— 1.03 m*® CH,/min inflows to the longwall face.

TABLE 3
Forecast methane release to the longwall in a cutting cycle at longwall Z-11
Methane content of | Degree of methane Forecast amount of methane released during
seam 408/1 coal drainage 7, — a cutting cycle — acc. to formula (1)
M, ace. to (2) 80 100 120 [ 140
m® CH,/ Mg, % m® CH,/min
3.5 19.34 3.71 2.86 2.47 2.12
4.0 21.15 4.63 3.70 3.09 2.65
4.5 22.88 5.64 4.51 3.76 3.22
5.0 24.56 6.72 5.38 4.48 3.84
5.5 26.18 7.88 6.31 5.25 4.52
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For parameters of longwall Z-11, i.e. its length of 180 m, face height of 2.41 m, 0.66 m shearer
cut width, calculations were carried out for four variants of a single cutting cycle performance
(80, 100, 120, and 140 minutes). Table 3 specifies calculation results for methane release during
cutting by the shearer. The line referring to mining by the shearer of a seam with 5 m®> CH, /Mg,
i.e. an averaged value for the panel in seam 408/1, has been highlighted in yellow in Table 3.

5.3. Results of simulations for longwall Z-11 face

Figures 22, 23, and 24 present results of CFD simulations, related to variants of the shearer
position, namely:

— variant I describes the shearer position at the beginning of the longwall Z-11 face,

— variant II describes the shearer position mid-length of the longwall face,

— variant III describes the shearer position at the face end.

Figs 22a, 23a, and 24a present a diagram of the sensor arrangement in the numerical model.
Figs. 22b, 23b, and 24b show the distribution of methane concentration depending on the posi-
tion of the measuring sensors. Figs. 22c¢, 23c, and 24c¢ present maps of methane concentration
distribution at the face.

Results presented in Fig. 22b shows that for the case of shearer position at the beginning of
the longwall face (Variant I — Fig. 8a), the obtained calculations forecast a possibility of methane
concentration increase from 0.09% for the beginning of the face (sensor/measuring point 1 —
Fig. 22a) to 0.61% measured at the face end (sensor/measuring point 6 — Fig. 22a). For the case
of mid-face shearer position (Variant II — Fig. 8b), the simulation results (Fig. 23b) forecast an
increase in the methane concentration from 0.09% for the beginning of the face (sensor/measur-
ing point 1 — Fig. 23a) to 1.05% measured at the face end (sensor/measuring point 6 — Fig. 22a).

Results presented in Fig. 24b shows that, for the case of shearer position at longwall Z-11
face end (Variant III — Fig. 8c), the obtained numerical calculations forecast a possibility of
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Fig. 22. The forecast distribution of methane concentration changes for variant I of the shearer position:
a — diagram of sensors arrangement, b — graph of methane concentration changes distribution,
¢ — map of methane mass share
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Fig. 23. The forecast distribution of methane concentration changes for variant II of the shearer position:
a — diagram of sensors arrangement, b — graph of methane concentration changes distribution,
¢ — map of methane mass share
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Fig. 24. The forecast distribution of methane concentration changes for variant III of the shearer position:
a — diagram of sensors arrangement, b — graph of methane concentration changes distribution,
¢ — map of methane mass share

methane concentration increase from 0.09% for the beginning of the face (sensor/measuring
point 1 — Fig. 24a) to 1.18% measured at the face end (sensor/measuring point 6 — Fig. 24a).

5.4. Validation of results

Fig. 25 presents the methane concentration changes obtained from the simulation and from
the in-situ measurements at the longwall face in the actual and simulated shearer position at the
beginning of the longwall face (variant I).
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Fig. 25. Distribution of methane concentration changes at the cross-section of the longwall face obtained
from numerical calculations (a) and from measurements (b)

The analysis of graphs in Fig. 25 shows that for the shearer position at the beginning of the
longwall face (variant I), an average value of methane concentration from numerical calcula-
tions was 0.23%, whilst the value from in-situ measurements, done for a similar position of the
shearer was 0.20% (the sensor SOM20 in Fig. 25b), which gives a difference in calculations
error of approx. 13%.

The analysis of graphs in Fig. 26 shows that for the shearer position at the beginning of
the longwall face (variant I), an average value of air velocity from numerical calculations was
2.0 m/s, while from in-situ measurements of 1.75 m/s (the sensor SOM20 in Fig. 26b), which
gives a difference in calculations error of approx. 12%.

Table 4 compares the CH, measurements obtained during the in situ test and CFD simula-
tions. Relative error was used as an approximation error between the values.

TABLE 4
Results of the velocity and CH, measurements comparison obtained during in-situ tests
and CFD calculations (for average values)
In-situ CFD Relative error
Velocity CH, concentration | Velocity | CH, concentration | Velocity CH, concentration
[m/s] [%] [m/s] [%] [%] [%]
1.8 0.175 2.0 0.196 11 12
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Fig. 26. Distribution of air velocity changes at the cross-section of the longwall face obtained from numerical
calculations (a) and from measurements (b) (section No 99/119)

It can be observed that the relative error between the velocity value obtained from the in-situ
tests and the numerical model is 11%. However, the relative error between methane concentration
values obtained from the in-situ tests and the numerical model is 12%. The difference between
the in-situ and the numerical simulation results were caused by setting the permeability and
porosity variations of the goaf, which cannot be monitored in-situ, which were described by
a semi-empirical relationship.

6. Summary and conclusions

The adopted method of longwall Z-11 ventilation by means of “short Y” results in the methane
migration from the goaf (in the section longwall Z-11 — ventilation cross-cut) to the air roadway.
The estimated methane stream value allowed the modelling of its inflow from the goaf to the air
roadway behind the longwall Z-11 front. Calculation results of methane streams inflowing to the
longwall and goaf are the input data to carry out simulation calculations by the numerical CFD
of longwall Z-11. The information on the amount of methane stream inflowing as a result of
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methane drainage of nearby situated underworked and overworked seams was indispensable to
perform calculations. The carried out computations allowed the calculated values of volumetric
streams of released methane, i.e.:

(1]

(2]

methane released from the mined seam 408/1 during cutting, in accordance with Table 1,
to the goaf of longwall Z-11 in a section 20.5 m long (i.e. an average distance between
cross-cuts), which is 4.67 m* CH,/min.,

to the face of longwall Z-11, 4.5 m wide, from nearby underworked and overworked
seams, which is 1.03 m* CH,/min.

The obtained results of model and experimental studies allow to draw the following con-
clusions:

the development of a CFD numerical model for the longwall ventilated by means of the
“short Y” method enabled to analyse of the variant calculations of methane concentration
distribution in the workings of the mined area,

results of numerical calculations of the methane concentration distribution and the air
velocity values are comparable with results of in-situ measurements, which confirms the
correctness of assumptions made for the CFD numerical model,

the adopted numerical method provides information about 3D velocity fields of the air
flow and methane concentrations in the longwall workings and the adjacent goaf,

the carried out simulations confirm a significant impact of the shearer’s position on the
distribution of methane concentration at the longwall face, and hence on the development
of gas conditions at the longwall face,

the developed numerical model provides possibilities to forecast the methane concen-
tration distribution depending on the shearer’s position for the given geometry of the
longwall face,

the developed methodology and model may be useful for analyses comprising not only
different shearer’s positions but also various phases of the longwall mining, in particular
a variable length of “short Y” section,

the results of the developed numerical model may emerge useful at the stage of under-
ground mining designing. They can also resolve several issues which can occur during
the mining.
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