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Abstract
In order to ensure safe production and occupational health at a large-mining-height fully mechanized mining face in a coal mine,
the present study firstly establishes an airflow-dust coupled model based on gas/solid two-phase flow equations and combines
numerical simulation and field measurement for analyzing the dispersion pattern of dust particles with various sizes for different
coal cutter locations. Results show that, due to the existence of drums, airflow deviates from the original direction and enters the
footway. Driven by the airflow, dust particles enter the footway at different locations depending on coal cutter locations. The coal-
cutting location (denoted as Prl) and the location where dust particles enter the footway (denoted as Pdt) are correlated as follows:
Pdt(Prl) = − 0.0007Prl

2 + 1.0343Prl − 3.3536. When Prl < 55 m, dust particles produced by the rear drum during coal cutting enter
the footway earlier than those produced by the front drum, leading to the first and second dust concentration peaks in respiratory
zones of footway. Dust suppression effects are assessed in these regions based on the first and second dust concentration peaks.
Due to the superposition of the concentration fields associated with dust particles 2.5, 7, and 20 μm in diameter, dust concen-
tration 25m down the leeward side of the coal cutter can reach 1440mg/m3. The concentration of dust particles with a diameter of
40 μm drops steadily and approaches 0 at the return corner. The dust particles 80 μm in diameter are fully settled within 22 m
down the leeward side of the coal cutter. A comparison with the field measurement indicates that the present simulation results are
highly accurate.
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Introduction

Coal mining plays a key role in China’s energy industry and
always contributes greatly to promoting the nation’s economic
development. As the mechanization level of coal mining in-
dustry improves, more and more dust is produced, and high-
concentration dust causes explosion when it comes in contact
with an open flame; moreover, dissociative SiO2 and

microorganisms in the dust also severely threaten the coal
miners’ physical and psychological health (Liu et al. 2017a,
b).

According to the Statistical Report of Occupational
Diseases released by National Health and Family Planning
Commission each year (see Fig. 1), the total number of occu-
pational disease cases increased from 680,071 cases in 2005 to
924,603 cases in 2016; in particular, the total number of pneu-
moconiosis cases increased from 607,570 cases to 831,246
cases, and the fraction of pneumoconiosis cases in all occupa-
tional diseases cases also increased from 89.34 to 89.90%
(Cheng et al. 2016; Yu et al. 2017). As stated in the related
safety regulations of coal mines, the time-weighted average
(TWA) allowable concentrations of total dust and respirable
dust cannot exceed 4 and 2.5 mg/m3, respectively. In under-
ground mines, a great amount of dust is produced in fully
mechanized mining faces; in particular, instantaneous dust
concentrations at some operating sites can be as high as
4000~6000 mg/m3, which seriously violates safety regulations
of coal mines (Klemens et al. 2001; Shi et al. 2008). Therefore,
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it is of particular importance to adopt some effective dust sup-
pression measures in fully mechanized mining faces.

At present, commonly used dust suppression measures in
China’s fully mechanized mining faces mainly include
spraying dedusting, coal seam water injection, wet dust col-
lection, and air curtain for dust suppression. However, due to
insufficient knowledge of dust dispersion patterns in the fully
mechanized mining faces, these methods fail to deliver satis-
factory effects; furthermore, the respirable dust cannot be ef-
fectively suppressed and thereby continues to jeopardize the
miners’ health and the safe production (Fan et al. 2018; Cheng
et al. 2017; Zhou et al. 2018). Fully mechanized coal mining
with a large mining height, as a novel mining technology,
exhibits an array of advantages, e.g., high productivity, re-
duced tunneling, and great yield per unit, making it widely
applied in thick-coal-seammines. Meanwhile, the coal mining
in large-mining-height fully mechanized faces relies heavily
on large-scale mechanization, leading to elevated dust concen-
tration in the operating zones. Moreover, dust dispersion pat-
terns in the large-mining-height mining faces also differ great-
ly from those in regular mining faces. It is thus quite necessary
to gainmore in-depth knowledge of dust dispersion patterns in
large-mining-height fully mechanized mining faces (Liang et
al. 2017; Zhang et al. 2018; Wang et al. 2016).

Scholars worldwide have performed extensive numerical
simulations to investigate dust production and migration pat-
terns in the mining faces. Hodkinson et al. investigated the
variation patterns of dust concentration in a fully mechanized
mining face, which revealed that the dust concentration peaks
10~20 m on the leeward side of the coal cutter (Hodkinson
1960). Courtney et al. examined the dust migration and settling
behaviors in the tunnels but failed to clarify the migration
patterns of dust particles with different sizes in the working
face (Courtney et al. 1986). Patankar et al. employed large
eddy simulation and Lagrange method to gain more in-depth
knowledge of airflow and dust migration and analyzed the
migration behaviors of dust particles with different Stokes
numbers driven by airflow (Patankar & Joseph 2001); Jia et
al. studied the migration patterns of respirable dust in the fully

mechanized mining face with two ultra-long coal cutters by
means of gas/solid coupled multi-phase flow simulation, based
on which the main impact zones of respirable dust were iden-
tified (Jia et al. 2016). Previous studies concerning the working
faces at ordinary mining depths laid emphasis on macroscale
dispersion patterns of dust at some specific coal cutting loca-
tions, yet neglected the dust dispersion patterns at different
positions at microscale. Moreover, most existing studies suf-
fered from poorly processed simulation data and deficiencies
in quantitative analyses, which compromised the understand-
ing of the dispersion behaviors associated with the microscale
multi-granularity dust particles. Therefore, the present study
firstly establishes an accurate airflow-dust coupled model and
performs extensive studies on micro-dispersion behaviors of
multi-granularity dust particles in a large-mining-height min-
ing face, which can thus provide solid foundation for develop-
ing effective dust suppression techniques in fully mechanized
mining faces with large mining heights.

Methodology

Mathematical model

Mathematical model of continuous phase

In a fully mechanized mining face, the dispersion of dust
with airflow in the tunnel can be regarded as solid-gas two-
phase flow, while the migration of airflow can be regarded
as disordered turbulent flow (Kurnia et al. 2014; Ren et al.
2014). Therefore, the dust dispersion and the turbulent air-
flow field in the tunnel can be described by the Euler-
Lagrange model and the realizable k-epsilon model,
respectively.

The continuity equation can be written as follows:

∂
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The momentum equation can be written as follows:

∂
∂xi

ρuiu j

� � ¼ −
∂p
∂xi

þ ρgi

þ ∂
∂x j

μþ μtð Þ ∂ui
∂x j

þ ∂u j

∂xi

� �� �
ð2Þ

Based on the k-equation of turbulence energy, the turbulent
energy dissipation rate, denoted as ε, is introduced, and the
related mathematical models are established below (Toraño et
al. 2011).

The k-equation can be written as:

∂
∂t

ρkð Þ þ ∂
∂xi

ρkuið Þ ¼ ∂
∂x j

μþ μt

σk

� �
∂k
∂x j

� �
þ Pk

þ Pb−ρε−YM þ Sk ð3Þ

The ε-equation can be written as:

∂
∂t

ρεð Þ þ ∂
∂xi

ρεuið Þ ¼ ∂
∂x j

μþ μt

σe

� �
∂ε
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� �

þ ρC1Sε−ρC2
ε2
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ε
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where ui and uj denote the velocities (m/s) along the x-axis and

y-axis, respectively; C1 ¼ max 0:43; η
ηþ5

h i
, η ¼ S k

ε; YM de-

notes the fluctuations in the compressible turbulent flow in-
duced by transition and diffusion; Sk and Sε denote the defined
turbulent kinetic energy; Pk denotes the generation of turbu-
lence kinetic energy due to the mean velocity gradients,
Pk = μtS

2, where S denotes the modulus of the mean rate-of-

strain tensor and is defined as: S≡
ffiffiffiffiffiffiffiffiffiffiffiffi
2SijSij

p
; Pb refers to the

generation of turbulence kinetic energy due to buoyancy,
Pb ¼ βgi

μt
Prt

∂T
∂xi , where Prt is the turbulence Prandtl number

for energy and gi is the component of the gravitational vector
in the ith direction. For the realizable k-epsilon model, the
default value of Prt is 0.85. The coefficient of thermal expan-

sion, β, is defined as:β ¼ − 1
ρ

∂ρ
∂T

� �
p
; μ denotes the laminar

flow viscosity coefficient (Pa s); μt denotes the viscosity co-

efficient of the turbulent flow, μt ¼ ρCμ
k2
ε , where Cμ is a

function of the average change rate of the turbulent flow filed,
Cμ ¼ 1

A0þASkU*=ε
, U∗denotes internal energy;
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ffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffi
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q
, ~Ωij ¼ Ωij‐2εijkωk, Ωij ¼ Ωij−εijkωk,

andΩij is the mean rate-of-rotation tensor viewed in a rotating

reference frame with angular velocity ωk. The constants A0

and AS are given by: A0 = 4.04, AS ¼
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6
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p
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2
∂u j
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∂x j

	 

:

In Eqs. (3) and (4), C1ε = 1.44, C2 = 1.9, σk = 1.0, and σε =
1.2.

Airflow-dust coupled simulation model

The dust produced during coal cutting process in a fully mech-
anized mining face is mainly driven by the unidirectional air-
flow and is thus subject to gravity, buoyancy, drag force, mass
force, and pressure gradient (Nie et al. 2016; Sa et al. 2012;
Zhou et al. 2017). By neglecting some second-order terms, the
dust particle force balance equation can be written as:

d u!p

dt
¼ F

!
D u!− u!p

	 

þ

g! ρp−ρ
	 


ρp
ð5Þ

where d u!p=dt denotes the inertial force of the dust particle

with unit mass, in which u!p denotes the particle speed vector;

F
!

D u!− u!p

� �
denotes the drag force on particles per unit

mass, wherein u! is the air velocity vector, and u!p is the
particle velocity vector, FD can be calculated as follows:

FD ¼ 18μ
ρpd

2
p

CDRe
24 ; g! ρp−ρ

	 

=ρp denotes the sum of the grav-

ity and buoyancy on particles per unit mass, in which ρ is the
air density, and ρp denotes the density of dust particle.

Re denotes the particle Reynolds number, which can be
calculated as:

Re ¼
ρdp u!p− u!

���
���

μ
ð6Þ

where dp denotes the diameter of the particle in m.
The drag coefficient, denoted as CD, can be calculated as:

CD ¼ a1 þ a2
Re

þ a3
Re2

ð7Þ

a1; a2; a3 ¼

0; 24; 0 0 < Re < 0:1
3:690; 22:73; 0:0903; 0:1 < Re < 1
1:222; 29:1667; −3:8889 1 < Re < 10
0:6167; 46:50; −116:67 10 < Re < 100
0:3644; 98:33; −2778 100 < Re < 1000
0:357; 148:62; −47:500 1000 < Re < 5000
0:46; −490:546; 578:700 5000 < Re < 10; 000
0:5191; −1662:5; 5; 416; 700 Re > 10; 000

8
>>>>>>>>>><

>>>>>>>>>>:

ð8Þ
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Establishment of physical model and the associated
physical conditions

Establishment of physical model

The present study focuses on the #3 upper coal seam in no.
5301 fully mechanized mining face of Tangkou Mine with an
inclination angle of 1~10°, where coal formation is simple in
structure and includes no dirt bands. The mining face is 5.6-m
tall, 10-mwide, and 90-m long. An array of full-scale physical
models of the large-mining-height fully mechanized mining
face are built with the coal cutter operated at different loca-
tions, which mainly incorporate an air inlet, a cable trough,
hydraulic supports, a coal cutter, a scraper conveyer, and a
return airway. Prl denotes the distance between the central axis

of the coal cutter and the inlet airway and is set to 25, 35, 45,
55, and 65 m in the present study. Figure 2 shows the
established physical model of the mining face for Prl = 35 m,
in which the origin denotes the point where inlet airway, min-
ing face and scraper conveyer intersect, the positive direction
of x-axis points from the footway to coal wall, the positive
direction of y-axis points from inlet airway to return airway,
and the positive direction of z-axis points from tunnel floor to
roof. Specifically, a dual-drum coal cutter (MG750/1800-
WD) 6.0 m × 1.5 m × 2.0 m in size is used, for which the
rocker length is 3.0 m and the drum diameter is 2.5 m. Also,
51 hydraulic supports (ZY10000/26/55) are arranged covering
the entire mining face, with the spacing between two neigh-
boring support centers set to 1.75 m. The height of the top
beam of the hydraulic support from the floor is 5.6 m; the
width of the cable trough is 0.4 m.

Rear drum

Front drum

Cable trough

Hydraulic supports

Support-movement-induced 
dust producing face 

Air inlet

Air outlet

Fig. 2 Established model of the
large-mining-height fully mecha-
nized mining face for Prl = 35 m

Fig. 3 Simulation results of
airflow velocity using different
meshes with different densities
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Mesh generation refers to discretizing a complex physical
model into finite elements based on finite element analysis, and
then solving the governing equation in each element (Cheng et
al. 2012; Wang et al. 2017b; Liu et al. 2018). The quality of the
generated mesh directly affects the computational accuracy and
cost. Therefore, in order to ensure a decent mesh quality, the
mesh size should be adjusted iteratively based on local refine-
ment. In general, an increased cell number leads to enhanced
accuracy. However, an excessively large number of grid blocks
makes the computational overhead unacceptable (Wang et al.
2017a; Wang et al. 2011). Hence, it is fairly necessary to con-
duct mesh-independence check on the numerical results while
modeling the large-mining-height fully mining faces. In the
present study, three meshes with different qualities, namely,
high-quality mesh, intermediate-quality mesh, and low-quality
mesh, are generated using the Integrated Computer
Engineering and Manufacturing code (ICEM), with the quali-
ties of three meshes all exceeding 0.3. Since airflow velocities
differ from location to location in the fully mechanized mining

face, the present study selects different locations (z = 2.6 m) at
two tunnel cross-sections (y = 20 m and y = 60 m) for compar-
ison, and accordingly, the effect of mesh size on the simulation
results can also be examined. Figure 3 shows the comparison of
airflow velocity at different locations using different meshes. It
can be observed that the high-quality mesh and intermediate-
quality mesh yield almost identical results, while the low-
quality mesh exhibits similar variation trend yet different abso-
lute values. This comparison indicates that the intermediate-
quality mesh is most suitable for the present study, with the
topology of the resulting mesh shown in Fig. 4.

Boundary conditions

In accordance with the actual ventilation condition in the no.
5301 fully mechanized mining face of Tangkou Coal Mine,
boundary conditions of the airflow field are set in the model as
follows: the airway inlet is set as Bvelocity inlet^; the airway
outlet is set as Bpressure outlet^ with a pressure of 1 atm such

Cable trough

Hydraulic supports

Rocker arm Drum

Return airway

Fig. 4 The established physical
model based on mesh generation

Table 1 Parameters in airflow-
dust simulations Variable Type Property Value

Air-flowing General Solver type Pressure-based

Time Steady

Model Viscous k-epsilon realizable

Air Density 1.225 kg/m3

Viscosity 1.7894e−05 kg/m s

Inlet Velocity inlet 1.3 m/s

Solution methods Scheme SIMPLEC

Dust Materials Fluent inert particle materials Coal-hv

Density 1400 kg/m3

Tracking parameters Max. number of steps 500,000

Step length factor 5

Injection properties Injection type Surface

Particle type Inert

Point properties Diameter 2.5 μm, 7 μm, 20 μm, 40 μm, 80 μm

Total flow rate 0.025 kg/s

Physical models Drag law Spherical
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that the airflow at the end of the mining face can be fully
developed; the surfaces of the static equipment, e.g., hydraulic
supports, the cable trough, and the coal cutter, are all set as
Bno-slip wall.^ Additionally, the following three assumptions
are made in the present study: (1) hydraulic supports, cable
trough, and coal cutter are all fixed; (2) temperature field re-
mains unchanged; and (3) air in the fluid domain is
incompressible.

Due to the large mining height, dust particles produced in
support movement primarily accumulates at the top of the min-
ing face, posing limited threat to workers, and only a small
number of dust particles are carried to the air inlet (Nie et al.
2018; Petrov et al. 2014; Cong et al. 2014). Therefore, the pres-
ent study only focuses on the dust production during the coal
cutting process, which generates significant amount of dust.
According to the air quality index PM 2.5 and the critical
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1.55m A B
Measurement  section      

25

Fig. 5 Arrangement of airflow measurement sections and points for Prl = 35 m
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Fig. 6 Comparison between
measured and simulated airflow
velocity, where a Prl = 25 m, b
Prl = 35 m, c Prl = 45 m, d Prl =
55 m, e Prl = 65 m
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diameter of the respirable dust particles, the present study lays
emphasis on the distribution of dust particles with the sizes being
2.5, 7, 20, 40, and 80 μm, respectively, so as to quantitatively
characterize the behavior of dust particles with different sizes.
Table 1 lists the detailed settings of dust parameters, mainly
including total flow rate, drag law, and particle type (Zhang et
al. 2018; Ding et al. 2017; Zhou et al. 2017; Sasmito et al. 2013).

Field validation

For validating the accuracy of the present numerical simula-
tion results, the present study measures airflow velocities at
the height of the respiratory zone along the footway in the no.
5301 mining face of Tangkou Mine with coal cutter operated

at different locations. In the present study, the height of the
respiratory zone is set to 1.55 m, where most workers breathe.
In accordance with the size of this face and the practical con-
ditions, multiple airflow measurement sections are set up on
the leeward side of the rear drum at an interval of 10m. Figure 5
shows the arrangement of airflow measurement points for
Prl = 35 m. Airflow velocities at points A and B are mea-
sured by an anemometer (TSI8455) for several times to ob-
tain average values. Figure 6 compares the measured air-
flow velocities (L) with the simulation results at 1.55 m
along the footway with the coal cutter operated at different
locations. The relative error, denoted as δ, can be calculated
as δ ¼ Δ

L � 100%, where Δ denotes the difference between
the simulated value and the measured value.

(a) Prl = 25 m

(b) Prl = 35 m

(c) Prl = 45 m

Velocity magnitude
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Fig. 7 Migration behaviors of airflow field for different coal cutter locations, where a Prl = 25 m, b Prl = 35 m, c Prl = 45 m, d Prl = 55 m, e Prl = 65 m
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Through comparison, it can be observed that both measure-
ment and simulation results exhibit almost identical variation
tendencies at the height of respirable zone on the footway along
the positive direction of y-axis, suggesting that the overall accu-
racy of the simulated airflowmigration patterns at the fullymech-
anized mining face is decent. A deviation of 0.63~13.49% be-
tween the measured and the simulated airflow velocities can be
observed; however, considering the complexity of the operating
environment and many uncontrollable factors in airflow mea-
surement process, this error range is acceptable. Accordingly, it
can be concluded that the present numerical simulation of airflow
field is satisfactorily representative of the reality.

Analysis of numerical simulation results

Analysis of numerical simulation results of airflow
field

Significant dust dispersion and pollution can be observed in a
large-mining-height fully mechanized mining face. Since the
dust produced by coal cutting is dispersed to the operating re-
gion by airflow, one should first analyze the migration patterns
of airflow before investigating the dynamic dispersion behaviors
of dust particles in the fully mechanized mining face. The mi-
gration behaviors of airflow field at different coal-cutting loca-
tions of the mining face are then simulated using ANSYS.

As shown in Fig. 7, airflow velocity first decreases and
then increases along the positive direction of y-axis.
Airflow enters the fully mechanized mining face via the
inlet airway and then moves towards the footway due to
the existence of coal cutter. Airflow velocity drops to below
1.15 m/s around the coal cutter, and then increases steadily
at the front drum and is eventually stabilized between 1.78
and 2.42 m/s. At the end of the mining face, the airflow
direction exhibits a rapid change, and the velocity also in-
creases from 2.10 to 4 m/s.

Additionally, due to the disturbing influence of coal cutter,
airflow deviates towards the negative direction of x-axis, and a
small amount of airflow is squeezed into the footway region.
For Prl = 25, 35, 45, 55, and 65 m, the locations where airflow
enters the footway on the leeward side of the support move-
ment (denoted as Paf) are 17, 27, 38, 48, and 57 m, respec-
tively. Through polynomial curve fitting, the correlation be-
tween Prl and Paf can be written as: Paf(Prl) = − 0.0021Prl

2 +
1.2029Prl − 11.961 (R2 = 0.9996).

Analysis of airflow-dust coupled migration results

Dust dispersion patterns with coal cut at different locations

In a large-mining-height fully mechanized mining face, a
great amount of dust is produced during coal cutting pro-
cess, which is in turn dispersed to the entire mining face

(d) Prl = 55 m

(e) Prl = 65 m
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Fig. 7 (continued)
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within a short period of time. To facilitate the observation of
the dust dynamic dispersion patterns with the coal cutter
operated at different locations, the airflow-dust coupled mi-
gration processes under these different conditions are

simulated and analyzed, with the results shown in Fig. 8.
In order to distinguish the dispersion patterns associated
with the dust with different sizes in the fully mechanized
mining face, dust particles are magnified by the same

(a) Prl = 25 m

(b) Prl = 35 m

(c) Prl = 45 m

(d) Prl = 55 m

(e) Prl = 65 m
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The dust particles produced from coal cutting process at the rear drum The dust particles produced from coal cutting process at the front drum

Fig. 8 Distribution of dust
particles in the fully mechanized
mining face for different coal
cutter locations, where a Prl =
25m, b Prl = 35 m, c Prl = 45 m, d
Prl = 55 m, e Prl = 65 m
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scaling factor; moreover, dust particles are marked with two
colors to better differentiate the dust particles produced
from the front and rear drums.

The following conclusions can be drawn from Fig. 8.

(1) The dust particles produced from coal cutting at the rear
drum exhibit two different dispersion behaviors after a 5-
m migration. A small fraction of dust is disturbed by
airflow and then enters the footway, while a large fraction
of dust continues to move towards the end of the tunnel.
The dust produced from coal cutting at the front drum is
slightly affected by the airflow and is thereby mostly
carried by airflow from the mining face. The dust parti-
cles produced from coal cutting by two drums are all
dispersed slowly to the footway on the leeward side.

(2) As the dust is settled during the migration process in the
fully mechanized mining face, the number of large dust
particles is gradually reduced while small dust particles
are stably suspended in the air. Accordingly, dust parti-
cles with different sizes differ greatly in terms of the
dispersion range in the fully mechanized mining face,
and the dust particles posing threat to workers exhibit
different distribution patterns in different regions.

(3) The dust particles produced from coal cutting at different
locations enter the footway at different locations. For
Prl = 25, 35, 45, 55, and 65 m, the locations where dust
particles enter the footway (denoted as Pdt) are 22, 32,
42, 51, and 61 m, respectively. The correlation between
Prl and Pdt can be fitted as: Pdt(Prl) = − 0.0007Prl

2 +
1.0343Prl − 3.3536 (R2 = 0.9998). Through comparison,
the correlation between Pdt and Paf can be written as: Pdt

(Prl) = Paf (Prl) + δdfc (3 ≤ δdfc ≤ 5).

Distribution patterns of dust particles with different sizes
at the respiratory height on the footway

Workers generally stay for an extended period of time
on the footway in the fully mechanized mining face, and
the dust particles dispersed to the respiratory zone are
main sources causing pneumoconiosis (Hu et al. 2017;
Liu et al. 2007; Niu et al. 2010; Zhang et al. 2014). The
present study examines the statistical dust concentration
pattern in the respiratory zone on the footway (i.e., x =
− 6.0~− 5.2 m and y = 1.45~1.55 + 0.5 m). Using
MATLAB code, the percentages the dust particles with
five different sizes in the respiratory zone on the foot-
way account for in the total dust particles produced in

the mining face are calculated, with the statistical results
shown in Fig. 9.

It can be observed from Fig. 9 that:

(1) The dust particles produced from coal cutting process at
the rear drum enter the footway before those produced at
the front drum, which can account for the first and sec-
ond peaks of the dust concentrations in the respiratory
zone on the footway. For Prl = 25, 35, 45, 55, and 65 m,
first concentration peaks associated with different dust
sizes appear at y = 30~40 m, 44~54 m, 50~60 m,
66~76 m, and 84~94 m, respectively, followed by the
second peaks at y = 55~65 m, 66~76 m, 75~85 m, and
79~89 m, respectively (it should be noted that when
Prl = 65 m, no second concentration peaks can be ob-
served due to the exceptional short dispersion process).
Dust suppression measures are mainly implemented in
the regions around the aforementioned first and second
peaks.

(2) With an increase of Prl, the percentages of dust particles
2.5, 7, and 20 μm in diameter in the respiratory zone on
the footway drop from 0.14, 0.15, and 0.16% to 0.09,
0.09, and 0.09%, respectively. The dust particles 40 μm
in diameter are mainly settled due to strong gravity, and
only a large number of dust particles accumulated in a
few regions near the coal cutting location, whose maxi-
mum percentage in the dust produced in the mining face
is only 0.03%. The dust particles with a diameter of
80 μm do not enter the respiratory zone on the footway
during the entire coal cutting process.

Concentration distribution and settling patterns of the dust
particles with different sizes at a large-mining-height fully
mechanized mining face

During coal cutting process in a large-mining-height fully
mechanized mining face, the dust particles with different sizes
are affected by airflow and gravity to different degrees. The
present study divides the x–y plane of the fully mechanized
mining face into a mesh of 0.5 m × 0.5 m grid blocks for
analyzing the statistical dispersion patterns of the dust parti-
cles with different sizes in this large-mining-height fully
mechanized mining face. For Prl = 25 m, dust particles are
dispersed further away, and we will focus on this condition
for further analysis, with the corresponding simulation results
shown in Fig. 10.

As shown in Fig. 10, the dust particles with different
sizes exhibit significantly different concentration distribu-
tions and settling regions in the large-mining-height fully
mechanized mining face. The dust particles with the diam-
eters of 2.5, 7, and 20 μm show similar dispersion ranges in
the mining face. Due to the superposition of the dust

�Fig. 9 Variations of the produced dust particles with different sizes in the
respiratory zone on the footway for different coal cutter locations, where a
Prl = 25 m, b Prl = 35 m, c Prl = 45 m, d Prl = 55 m, e Prl = 65 m
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particles produced in coal cutting by front and rear drums,
dust concentration 25 m on the leeward side of the coal
cutter reaches a maximum of 1440 mg/m3, and dust con-
centration in return airway is up to 960 mg/m3; due to the
disturbing effect of the rear drum, dust enters the footway
along the negative direction of x-axis, where the concentra-
tion can reach up to 800 mg/m3. Under the gravity, the dust
particles with a size of 40 μm are significantly settled, and
dust concentration keeps dropping in the dispersion process
with airflow until it reaches zero. The dust particles with a
diameter of 80 μm are significantly affected by gravity and

are only retained in front of the supports, while most of dust
particles are dispersed to the drums within a range of 22 m
on the leeward side of the coal cutter.

Conclusions

Based on gas/solid two-phase flow method, the present study
establishes an airflow-dust coupled model in a large-mining-
height fully mechanized mining face and analyzes migration
characteristics of airflow and microscale dispersion patterns of
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Fig. 10 Distributions of dust
particle concentration with
different sizes, where a
distribution of the concentration
of dust particles with a diameter
of 2.5 μm, b distribution of the
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with a diameter of 7 μm, c
distribution of the concentration
of dust particles with a diameter
of 20 μm, d distribution of the
concentration of dust particles
with a diameter of 40 μm, e
distribution of the concentration
of dust particles with a diameter
of 80 μm
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the dust particles with different sizes with the coal cutter op-
erated at different locations through simulation. By compari-
son, the mean relative error between measured airflow veloc-
ities and the simulation results is smaller than 14%, which can
validate the accuracy of the present simulation results of air-
flow field.

(1) In the large-mining-height fully mechanized mining
face, airflow velocity along the positive direction of y-
axis first decreases and then increases. Airflow deviates
towards the negative direction of x-axis and enters the
footway. Driven by airflow, the dust particles produced
during coal cutting at different locations enter the foot-
way at different locations. By means of polynomial
curve fitting, the correlation between Pdt and Prl can be
written as: Pdt(Prl) = − 0.0007Prl

2 + 1.0343Prl − 3.3536
(R2 = 0.9998), while the correlation between Pdt and
Paf can be written as: Pdt (Prl) = Paf (Prl) + δdfc
(3 ≤ δdfc ≤ 5).

(2) The dust particles produced during coal cutting by the
rear drum enters the footway earlier than those produced
by the front drum. Accordingly, first and second-peaks of
dust concentration at the respiratory zone on the footway
appear. With the increase of Prl, the fractions of the dust
particles with the diameters of 2.5, 7, and 20 μm at the
respiratory zone on the footway in the total dust drop
from 0.14, 0.15, and 0.16% to 0.09, 0.09, and 0.09%,
respectively. More dust particles with a diameter of
40 μm accumulate in a few regions near the coal cutting
location, which maximum percentage only 0.03% of to-
tal dust produced in the mining face. The dust particles
with a diameter of 80 μm do not enter the respiratory
zone on the footway during the entire coal cutting
process.

(3) The dust particles with different sizes differ greatly in
concentration distribution and settling region. Due to
the superposition of concentration fields of dust particles
with the sizes of 2.5, 7, and 20 μm, dust concentration
25 m on the leeward side of the coal cutter can reach up
to 1440 mg/m3. Driven by airflow, the concentration of
dust particles with a diameter of 40 μm drops steadily
and approaches 0 at the return corner. The dust particles
with a diameter of 80 μm are mostly distributed around
the drums within the range of 22m on the leeward side of
the coal cutter.
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