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Suppressing and removing mine dust from the working face is an important task for undergroundmines worldwide. In this paper,
a numerical study was carried out to investigate the influence of ventilation arrangement on the mechanism of dust distribution.
/e Woxi Pithead of Hunan Chenzhou Mining Co., Ltd, China, was used as a case study, which adopted a widely used far-
pressing-near-absorption (FPNA) ventilation system. Based on the theory of gas-solid two-phase flow, the programANSYS Fluent
was utilized, and the three-dimensional airflow migration and dust diffusion numerical models were simulated. /e established
computational fluid dynamics (CFD) models were validated using the airflow velocity data and the dust concentration data
monitored at different positions from the operating coal mine. A comprehensive sensitivity study was conducted to investigate the
influence of four parameters on dust suppression, including the distance of pressure air duct outlet from working face (Lp-outlet),
the distance of exhaust air duct inlet from working face (Le-inlet), the ratio of pressing air volume to lab sorption air volume (K),
and the installation height of the air duct (H)./e optimum ventilation layout parameters were obtained through the simulation of
the wind field and dust behaviour. /e results show that there were four regions during the airflow field, namely, the jet zone, the
recirculation zone, the vortex zone, and the mixing zone of pressure and exhaust airflow. All four parameters were found to have
an important influence on the mass concentration of dust, and the optimum ventilation layout parameters were determined to be
Lp-outlet � 18m, Le-inlet � 3m, K� 1.2, and H� 1.6m.

1. Introduction

With the increasing of underground mining depth and the
development of fully mechanized excavation technology, the
dust pollution becomes increasingly serious [1]. It is esti-
mated that the mass concentration of dust during the
blasting operation can be up to 2×10−3 kg/m3, which is far
higher than the safety regulation values [2, 3]. In addition,
ore drilling, secondary crushing, loading and unloading, and
transportation will also generate a lot of dust. /ese harmful
fine dust particles are widely distributed and difficult to
discharge from the confined space, thus endangering the
health of underground practitioners and posing serious risks
to mining equipment [4, 5]. As a massive amount of dust can
lead to serious explosion accidents, high-concentrationmine
dust is the primary threat to production safety. Furthermore,

production efficiency is affected by these mine dust due to
the production delay caused by the above-mentioned worker
injuries, equipment malfunctions and disastrous accidents
[6].

A variety of methods have been proposed to suppress
mine dust, which includes water spray, foam dust control
system, and ventilation dusting system [7, 8]. Among the
above mine dust suppression methods, the ventilation
dusting system (VDS) is the most widely used method to
remove underground dust. In practice, the VDS is playing
a vital role in diluting and removing mine dust for many
underground mines, ensuring a safe, stable, and high-
efficient mine production [9, 10]. /ough great advances
in VDS have been achieved in the literature, the ventilation
condition and the airflow field were not well investigated,
which is fundamental for efficient VDS design [11]. Many
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researchers have focused on the interaction between the
airflow migration and dust removal effect. For instance,
Toraño et al. [12] investigated the mechanism of airflow
migration and dust behaviour through combing the ex-
perimental results and simulation results. Candra et al. [13]
investigated the dust dispersion and produced an effective
management system in the underground working face. Yu
et al. [14] established an airflow-dust coupled simulation
method to investigate the dust diffusion mechanism in fully
mechanized excavation mining face. However, a compre-
hensive sensitivity study about the influence of ventilation
parameters on the dust distribution is still lacking. Also, the
optimization of ventilation parameters for a more efficient
VDS design has not been investigated throughout. /ere is,
consequently, a pressing need to investigate the influence of
ventilation parameters on dust distribution and optimize
ventilation parameters during VDS design for a better dust
suppression.

In the present study, the Woxi Pithead of Hunan
Chenzhou Mining Co., Ltd was taken as a case study, which
has a long mining history and a large mining depth (oblique
depth greater than 3000m and vertical depth greater than
1000m). /e problem of ventilation is especially prominent
for the Woxi Pithead due to the spatial complexity of the
roadway layers. To control mine dust, a variety of methods
have been adopted in Woxi Pithead, such as using hybrid
local ventilation, increasing the air supply in the un-
derground roadway, and extending the ventilation time.
Although these measures have achieved some improvements
in dust control, the ventilation cost is significantly increased
with the application of the above methods. Furthermore, the
dust removal efficiency is not satisfactory due to the lack of
theoretical research on the law of ventilation and dust
migration in the underground tunnel.

In this paper, the program ANSYS Fluent was used to
investigate the influence of various ventilation parameters
on airflow migration and dust control. Based on the theory

of gas-solid two-phase flow and the Euler–Lagrange method,
the discrete phase model was used to calculate the motion of
dust particles. /e dust behaviour of the hybrid ventilation
was investigated under different ventilation arrangement
parameters, which were then optimized for a better VDS
design. /is research can provide theoretical guidance for
deep mining ventilation in the Woxi Pithead and can be as
easily applied to underground mines with similar mining
conditions.

/is paper is arranged as follows. Section 2 introduces
the basic theory of computational fluid dynamics (CFD)
used for numerical simulation. Section 3 presents the nu-
merical models and simulation scenarios./e validation and
verification of the numerical modelling are shown in Section
4, followed by Section 5 that presents the results and dis-
cussion. Section 6 concludes the main findings of this paper.

2. Computational Theory

/e numerical model of the dust removal is based on the
typical gas-solid two-phase flow. With a dust volume
fraction of 10%, the discrete phase model was applied to
calculate the dust behaviour [15, 16]. /e airflow, as a pri-
mary phase, was simulated along with the standard k-epsilon
model. To predict and track the trajectory of dust, the
discrete model was used. /e coupling of k-epsilon mode
and the discrete model was carried out by solving the
continuous phase equations first until convergence and the
discrete model was then set to track the dust behaviour.

2.1. !e Model of Airflow Field. /e numerical model of
airflow in this study is based on three governing laws, in-
cluding the mass conservation equation, the momentum
equation, and the energy equation, which can be defined as
follows [17]:
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where ρ is the air density, t is time, v
→ is the air velocity

vector, p is the static pressure, μ is the molecular viscosity, I

is the dynamic tensor, ρ g
→ and F

→
are the gravitational and

external body force kT is the coefficient of heat transfer, Cp is
the specific heat capacity, and sT is the viscous dissipation
energy.

/e air in the roadway is a typical turbulent flow, and the
most widely used standard k-epsilon turbulence model was
adopted to simulate the flow behaviour [18, 19]. /e tur-
bulence kinetic energy, k and its rate of dissipation, ε, can be
obtained from the following equations [20]:
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where Gk and Gb denote the generation of turbulence kinetic
energy due to the mean velocity gradients and buoyancy,
respectively. Ym denotes the contribution of the fluctuating
dilatation./e values ofC1ε,C2ε,G3ε, Sk, and sε are 1.44, 1.92,
0.09, 1.0, and 0.85, respectively.

/e convergence criteria were set to 10–5 for all vari-
ables, mass, momentum, k, and ε to ensure an appropriate
and reliable convergence. /e energy equation was not
activated since the air in the roadway is assumed to be
viscous and incompressible, and there was no heat transfer.

2.2. !eModel of Dust Behaviour. /e discrete phase model
follows the Euler–Lagrange method, where the continuous
phase is solved by Navier–Stokes equations, and the second
phase is dispersed in the continuous phase [19]. For the
dispersed second phase, the particle-particle interactions can
be neglected and it is required a low volume fraction with no
more than 10%. /e trajectory of dust particles is computed
by integrating the force balance on the particle. /e particle
force balance equation is as follows [17]:

dvp

dt

�
18μ
ρpd2

p

CDρdp v
→

p − v
→





24v
v
→− v

→
p 

+
g
→ ρp − ρ 

ρp

+ F
→

,

(3)

where v
→

p and v
→ are the particle and fluid phase velocity,

respectively, μ is the molecular viscosity of the air, ρp and ρ
are the density of the particle and the fluid phase, dp is the
particle diameter, and F

→
is an additional acceleration term.

CD denotes the drag coefficient, which is defined as [17]

CD � a1 +
a2

Re
+

a3

R2
e
, (4)

where Re is relative Reynolds number and a1, a2, and a3 are
constants that apply over several ranges of Re.

2.3. Two-Way Coupling Model. When calculating the tra-
jectory of the particle, ANSYS Fluent will track the mass and
momentum gained or lost by the particle stream, and these
quantities can be incorporated in the subsequent continuous
phase calculations. /us, the continuous phase not only
impacts the discrete phase but also incorporates the effect of
the particle trajectories on the continuum [17]. As shown in

Figure 1, this two-way coupling is accomplished by alter-
nately solving the discrete and continuous phase equations
until the solutions in both phases have stopped changing.

2.3.1. Mass Exchange. /e mass exchange from the discrete
phase to the continuum is calculated in ANSYS Fluent by
examining the change in the mass of a particle when it passes
through each control volume in the computational model.
/e mass change is computed as [17]

M �
Δmp

mp, 0
_mp, 0. (5)

2.3.2. Momentum Exchange. /e momentum exchange
from the continuous phase to the discrete phase is computed
in ANSYS Fluent by examining the change in momentum of
a particle as it passes through each control volume in the
computational model. /is momentum change is computed
as [17]

F � 
18μCDRe
ρpd2

p

vp − v  + Fother
⎛⎝ ⎞⎠ _mpΔt, (6)

where _mp is the mass flow rate of the particles, Δt is the time
step, and Fother is other interaction forces.

2.4. Dust Diffusion Mechanism. Dust diffusion in deep
mining results from various external factors. Under the
initial conditions, the dust generated by blasting and digging
obtains an initial velocity through mechanical force. After
moving to the roadway, the dust starts to move in the di-
rection of the wind flow by the ventilation airflow. During
this period, the dust is mainly affected by the force exerted by
the resistance from the fluid, buoyancy, and its own gravity
[20]. In order to facilitate the theoretical analysis, the dust
diffusion can be simplified to one-dimensional longitudinal
diffusion of equal strength sources. Starting from t� 0 s, the
dust diffusion is continuously added with dust diffuser
somewhere. /e diffusion equation is as follows [20]:
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Figure 1: Two-way coupling model.
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where K denotes a diffusion coefficient, ρ denotes the av-
erage dust concentration, V denotes the average flow ve-
locity, and t denotes diffusion time.

3. Numerical Modelling

3.1. Model Geometry and Meshing. Considering the actual
situation at Woxi Pithead mining face, a simplified physical
model was established (Figure 2). As shown, the three-
dimension computational model consisted of three parts,
including a mining roadway, a pressure air duct which
injected fresh air into the working face, and an exhaust air
duct which absorbed the contaminated air. /e roadway was
40m in length, 3.2m in width, and 3.15m high, resulting in
a cross section of 9m2. /e diameter of both the pressure air
duct and the exhaust air duct was 0.6m, and the distance
between the central axes of the ducts and the ground was
1.8m. /e numerical model was meshed by tetrahedral
unstructured grids with 647,994 elements using Ansys ICEM
software.

Mesh independence test was carried out by generating
three different grid sizes, a fine grid (1,238,024 elements),
a medium grid (647,994 elements), and a coarse grid
(235,675 elements). It was found that the fine grid had no
appreciable change on the result except the higher com-
putational cost compared to the medium grid, and as for the
coarse grid, the grid quality was limited and difficult to
improve, which cannot meet the model requirement.
/erefore, a medium grid with 647,994 elements was ac-
ceptable and reliable to assure the mesh independence.

3.2. Simulation Conditions. Considering trial tests and en-
gineering situations, the boundary conditions for airflow
migration were determined as follows: the velocity pa-
rameter was used to control both the pressure air duct outlet
and the exhaust air duct inlet. /e boundary type of the
roadway outlet was set as the outflow. No-slip wall boundary
was adopted for the other surfaces. As for the dust particles,
the “reflect” boundary condition was selected for the roof,
floor, and sides of the roadway while the “escaped” boundary
condition was set for the pressure air duct outlet, exhaust air
duct inlet, and the roadway outlet. Tables 1 and 2 show the
parameter settings of the continuous phase model and the
discrete phase model, respectively, and Table 3 shows the
parameter settings of dust.

3.3. Simulation Scenarios. /e dust removal effect can be
influenced by many factors. Considering the engineering
situation, four parameters were selected in this paper to
investigate their influence on the dust removal effect. /e
investigated parameters were the distance of pressure air
duct outlet from working face (Lp-outlet), the distance of
exhaust air duct inlet from working face (Le-inlet), the ratio of
pressing air volume to absorption air volume (K), and the
installation height of the air duct (H)./ese parameters were
introduced, and their simulation ranges were discussed. /e
simulation scenarios are shown in Table 4 based on trial tests
and engineering experiences. In order to perform parameter

optimization, the parameters were simulated in sequence. To
be more specific, the optimal value of the Lp-outlet can be
obtained through case 1 to case 3, and then the optimal
Lp-outlet was used as the simulation setting value of the next
parameter, Le-inlet which can be obtained through case 4 to
case 7. Finally, all parameters were selected, which were
considered as the optimal parameters in this paper.

3.3.1. !e Values of Lp-outlet and Le-inlet. /e values of Lp-outlet
and Le-inletwill affect the wind field thus the migration and
diffusion of the dust. If the value of Lp-outlet is larger, the
airflow cannot reach the heading face. To effectively dis-
charge the dust and gunpowder on the working face and
ensure that the air duct is not destroyed during the mining
blasting, the values of Lp-outletand Le-inlet were set as
(4− 8)

�
s

√
(2

�
s

√
gradient increments) and (0.5− 1.5)

�
s

√

(0.5
�
s

√
gradient increments), respectively. S denotes the area

of the cross section for the roadway, which was about 9m2 in
this paper.

3.3.2. !e Value of K. /e ratio of pressing air volume to
absorption air volume has a great influence on dust diffu-
sion. If the ratio is higher, it will cause the fallen dust to be
kicked up again and increase the dust content in the air.
However, with a small ratio, the fresh air is not enough to
dilute and discharge the dust in time. A field test was
conducted to find that the pressing air volume was
250m3/min. /e different values of K were obtained by
changing the absorption air volume./e value ofKwas set as
0.8∼1.2 (0.2 gradient increments).

3.3.3. !e Value of H. /e installation height of the venti-
lation duct not only depends on the effectiveness of dust
removal but also on the convenience of replacement and
maintenance. /e value of H was set as 1.4∼1.8 (0.2 gradient
increments).

4. Model Validation and Verification

To validate the simulation results of airflow field and dust
behaviour, a series of site tests were designed and carried out.
As shown in Figure 2, the air velocities at the three plane
points, including point A (0.8m, 1.0m), point B (2.4m,
1.0m), and point C (1.6m, 1.5m), with a variety of Z co-
ordinates away from the heading face, including 5m, 10m,
15m, 20m, 25m, 30m, and 35m, were measured and
compared with the simulation results. /e airflow velocities
were measured by AR866A anemometer. Figure 3 shows the
comparison of the simulation velocity and in situ measured
velocity. It can be found that the simulation results showed
a good agreement with the in situ measurement results.

5. Results and Discussion

5.1. Simulation Results of Airflow Field. /e airflow field in
the mining working face was simulated and analyzed. As
shown in Figures 4 and 5, the fresh air emitted from the
pressure air duct outlet migrated toward the excavation face
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with a higher speed, forming a typical adherent jet field. As
the airflow field moved forward, the jet cross section ex-
panded. When the jet fluid collided and rebounded at the
heading face, the airflow swung around the wall and formed
an impinging jet.

Part of the rotary wind flowed along the side wall of the
exhaust air duct and was sucked into the exhaust inlet then
discharged from the roadway. In contrast, the remaining
airflows were entrained by the jet field and formed a vortex
field at the outlet of pressure air duct. However, the flow field
tended to be relatively stable due to the decrease of wind
velocity in the tunnel space gradually away from the air
ducts.

In order to further investigate the airflow field migration
along the Z direction, the velocity distribution was analyzed
at six roadway cross sections away from the head-on face,
including 5m, 10m, 15m, 25m, 30m, and 35m. As shown
in Figure 6, the high-speed airflow was mainly formed in the
region near the location of the pressure air duct and the
region below the ventilation ducts at the section Z� 5m.
Under the influence of the negative pressure, the airflow

velocity was about 2.013–4.027m/s in the region below the
exhaust air duct. At the section of Z� 10m, the airflow
formed a velocity gradient between 2.829m/s and 9.902m/s
near the region of the pressure air duct. /e airflow dis-
tribution was similar to the airflow field at the section of
Z� 5m. At the section of Z� 15m, the air jet field produced
by the pressure air duct led to a relatively higher velocity

Table 1: Parameter settling of the continuous phase model.

Setting options Setting states Setting options Setting states
Solver Pressure based Air density 1.225 kg/m3

Time Steady Air viscosity 1.79e− 05
Velocity formulation Absolute Velocity inlet of the exhaust air duct −12.5m/s
Viscous model Standard k-epsilon Velocity inlet of the pressure air duct 15m/s
Hydraulic diameter 0.6m Scheme SIMPLEC

Table 2: Parameter settling of the discrete phase model.

Setting options Setting states Setting options Setting states

Solver Pressure based Number of continuous phase iterations per DPM
iteration 20

Time Transient Unsteady particle tracking On
Velocity formulation Absolute Max number of steps 200000
Discrete phase model On Scheme PISO

Table 3: Parameter settling of the dust.

Setting options Setting
states Setting options Setting states

Type SiO2 Velocity 5m/s

Density 2560 kg/m3 Diameter
distribution

Rosin-
rammler

Injection type Surface Max diameter 1× 10−4m
Spread
parameter 1.95 Min diameter 1× 10−6m

Total flow rate 0.016 kg/s Mean diameter 4.8×10−5m

3.20m

1.56m

Exhaust
air duct

Pressure
air dust

1.80mA

C

B

Ø0.60m

R1.60m

(a)

Heading
face

40.00m
Z = 35.00m

Z = 30.00m

Z = 25.00m

Z = 20.00m

Z = 15.00m

Z = 10.00m

Z = 5.00m
Y

XZ

(b)

Figure 2:/e diagram of the excavation working face. (a)/e cross section of the physical model and (b) three-dimensional computational
model.
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near the pressure air duct, and the maximum velocity could
be up to 13.95m/s. At the section of Z� 25m, Z� 30m, and
Z� 35m, the airflow field distribution was similar. In such
cases, the velocity distribution was uniformly distributed at
the cross section and the maximum velocity was observed at
the bottom of the exhaust air duct. At Z� 35m, the airflow
was fully developed in the roadway without the influence of
the airflow disturbance.

5.2. Sensitivity Analysis

5.2.1. Influence of Lp-outlet on Dust Concentration.
Figure 7 shows the influence of Lp-outlet (12m, 18m, and
24m) on the dust concentration with Le-inlet � 3m, K� 1.2,
andH� 1.6m. As shown, the maximummass concentration
was 2.755×10−3 kg/m3 when the Lp-outlet was 12m, which

was extremely higher than the safety regulation values.
Moreover, the dust diffusion range was the farthest with
a 12m Lp-outlet. /at is caused by the short distance between
the pressure air duct and the working face, resulting in a too
quick dust flow under the combined action of the high jet
field and the negative pressure of the exhaust duct. In such
case, the dust cannot form an effective backflow, and the dirt
from the ground can be pulled up again. When Lp-outlet was
increased to 18m and 24m, the dust mass concentration was
reduced more than an order of magnitude. However, the
dust diffusion range with a Lp-outlet of 24m was relatively
high, which is caused by the long distance between the
pressure air duct and the working face. Under this condition,
the fresh air ejected from the pressure air duct cannot reach
the excavation face, which leads to the formation of the vortex
behind the jet inflexion point. /e dust cannot be removed
effectively due to the vortex. /e dust concentration and

3

2.5

2

1.5

1

0.5

0

Ve
lo

ci
ty

 (m
/s

)

0 5 10 15 20 25 30 35 40
Distance from working face (m)

A-field test result
A-simulation result
B-field test result

B-simulation result
C-field test result
C-simulation result

Figure 3: Comparison of the simulation velocity and the in situ measured velocity.

Table 4: Simulation scenarios.

Parameter Case
Parameter values

L∗p-outlet Le-inlet K H (m)

Lp-outlet
1 4

�
s

√ �
s

√
1.2 1.6

2 6
�
s

√ �
s

√
1.2 1.6

3 8
�
s

√ �
s

√
1.2 1.6

Le-inlet
4 L∗p-outlet 0.5

�
s

√
1.2 1.6

5 L∗p-outlet
�
s

√
1.2 1.6

6 L∗p-outlet 1.5
�
s

√
1.2 1.6

K
7 L∗p-outlet L∗e-inlet 0.8 1.6
8 L∗p-outlet L∗e-inlet 1 1.6
9 L∗p-outlet L∗e-inlet 1.2 1.6

H
10 L∗p-outlet L∗e-inlet K∗ 1.4
11 L∗p-outlet L∗e-inlet K∗ 1.6
12 L∗p-outlet L∗e-inlet K∗ 1.8

Note. L∗p-outlet, L∗e-inlet, and K∗ denote the optimal value of Lp-outlet, Le-inlet, and K, respectively.
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diffusion range with a Lp-outlet of 18m were the lowest. /at is
because the value of Lp-outlet is exactly within the effective
range of the jet flow. /e high-concentration dust can be
diluted and removed effectively by the fully developed airflow
field. /erefore, the optimal parameter of Le-inlet was de-
termined to be 18m.

5.2.2. Influence of Le-inlet on Dust Concentration.
Figure 8 shows the influence of Le-inlet (1.5m, 3.0m, and
4.5m) on the dust concentration with Lp-outlet � 18m,
K� 1.2, and H� 1.6m. It can be found that the maximum
dust concentration was 1.61× 10−3 kg/m3 when Le-inlet was
1.5m. /at is because the exhaust air duct is so close to the

mining face that the turbulent flow is formed around the
working face. /e dust moves with the turbulent flow and
spreads out in the roadway. However, when Le-inlet was 3m,
the dust concentration reduced to 7.862×10−4 kg/m3, and
the region of particle pollution was confined to the former
area of the exhaust air duct. /erefore, the optimal pa-
rameter of Le-inlet was 3m.

5.2.3. Influence of K on Dust Concentration. /e influence of
K (0.8, 1.0, 1.2) on the concentration of dust is shown in
Figure 9 when Lp-outlet was 18m, Le-inlet was 3m, and H was
1.6m. As shown, the dust in the front part of the roadway
was sucked into the exhaust air duct but most of the dust was
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1.208e + 000

0.000e + 000

Velocity contour
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Figure 5: Contour of velocity at Y� 1.5m.
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Y

Figure 4: 3D diagram of airflow streamlines.
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not diluted and removed when K was 0.8. When the pressing
air volume equalled to the absorption air volume, the dust
concentration was high, and a large amount of dust

remained in the roadway. /is is because the fresh air
emitted from the pressure air duct migrates toward the
working face. During the migration, only part of the airflow
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(e)

Velocity contour
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(f)

Figure 6: Contour of velocity at different regions. (a) 5m, (b) 10m, (c) 15m, (d) 25m, (e) 30m, and (f) 35m.
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is sucked away by the exhaust air duct, while the other part
continues to move towards the roadway outlet and reduces
the dust removal effect./e dust concentration and diffusion
range with K� 1.2 were the lowest. /erefore, the optimal
parameter of K was 1.2.

5.2.4. Influence of H on Dust Concentration. Figure 10 shows
the influence of H (1.4m, 1.6m, 1.8m) on the dust con-
centration with Lp-outlet � 18m, Le-inlet � 3m, and K� 1.2. It
can be seen that when H was 1.4m and 1.8m, the dust
concentration and diffusion range was high, and most of the
dust remained in the roadway. However, the maximum dust
concentration was reduced to 7.862×10−4 kg/m3 when H
was 1.6m, indicating most of the dust was diluted and re-
moved effectively. /erefore, the optimal parameter of H
was 1.6m.

To fully investigate the effect of different parameter
arrangement on dust removal efficiency, the dust concen-
tration in the middle line of the roadway at the breathing
zone (y� 1.55m) is presented in Figure 11. As is shown in
Figure 11, with the increase of distance from the working
face, the overall dust concentration maintained a declining
trend. Figure 11(a) shows when Lp-outlet was 12m, the dust
concentration was the highest and can be up to
2.755×10−3 kg/m3, and the dust mass concentration de-
creased sharply when the distance from the working face was
between 5m and 13m. When Lp-outlet was 18 m and 24 m,

the dust concentration kept a steady downward trend, and it
can be seen that when Lp-outlet was 18 m, the dust
concentration was the lowest. Figure 11(b) shows when
Le-inlet was 4.5m, the dust concentration was the highest, and
when Le-inlet was 3m, the dust concentration was
8.25×10−4 kg/m3, which is the lowest. As is shown in Fig-
ure 11(c) and Figure 11(d), it can be seen that the lowest dust
concentration was achieved when K was 1.2 and H was
1.6m.

6. Conclusions

Based on the theory of gas-solid two-phase flow, an airflow-
dust coupled model was constructed to assess the airflow
migration and dust behaviour in the hybrid ventilation
system. /e far-pressing-near-absorption (FPNA) hybrid
ventilation system was established to simulate the distri-
bution of airflow field. /e results show that there were four
regions for the airflow field, namely, the jet zone, the
recirculation zone, the vortex zone, and the mixing zone of
pressure and exhaust airflow. Among them, the reasonable
mixing zone of pressure and exhaust airflow could form the
air barrier to prevent dust escape, which played an important
role in improving the efficiency of dust removal effect.

/rough the comprehensive sensitivity study, all four
parameters, including Lp-outlet, Le-inlet, K, and H, were found
to have an important influence on the mass concentration of
dust./e optimal ventilation layout parameter was obtained.
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(c)

Figure 7: Influence of Lp-outlet on the mass concentration of dust. (a) 12m, (b) 18m, and (c) 24m.
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Figure 8: Influence of Le-inlet on the mass concentration of dust. (a) 1.5m, (b) 3.0m, and (c) 4.5m.
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Figure 9: Influence of K on the mass concentration of dust. (a) 0.8m, (b) 1.0m, and (c) 1.2m.
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Figure 10: Continued.
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Figure 11: Dust concentration along the roadway at the breathing zone under the influence of different parameters. (a) Lp-outlet, (b) Le-inlet,
(c) K, and (d) H.
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Figure 10: Influence of H on the mass concentration of dust. (a) 1.4m, (b) 1.6m, and (c) 1.8m.
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It is concluded that when Lp-outlet was 18m, Le-inlet was 3m,
K was 1.2, and H was 1.6m, the dust concentration was
reduced to the safety standard, and the dust removal effect
was the best.
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