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Dust is one of the main pollutants in coal mines, which seriously affects the physical and mental health of workers, as well as the
safe production in underground mines. Dual-radial swirl shielding ventilation is a new ventilation method for a fully mechanized
excavation face and can effectively reduce the dust concentration in the underground. The dust control effect of dual-radial swirl
shielding ventilation is mainly affected by the thickness and integrity of the shielding air curtain, as well as the disturbance of the
flow field near the air curtain. By changing the blowing and suction air volume ratio of the air duct, the strength of the radial air
curtain can be improved, and the dust control effect of the dual-radial swirl shielding ventilation system can be effectively
improved. In order to determine the optimal operating parameters of the dual-radial swirl shielding ventilation system, a
numerical simulation method was used to conduct an in-depth study on the blowing and suction air volume ratio of the
system. The results showed that when the blowing and suction air volume ratio of the air duct was 1.5, the radial air curtain
had the highest strength. Under this condition, the dust concentration at the driver’s position of the roadheader was the
lowest, and the dual-radial swirl shielding ventilation system can achieve an ideal dust control effect.

1. Introduction

Coal resources are an important energy mineral resource.
China’s total coal consumption accounts for about 60% of
the country’s total energy consumption [1, 2]. With the
increasing level of intelligence, mechanization, and automa-
tion of mines, potential hazards such as gas, coal dust, and
fires have increased, especially dust pollution of mines, which
seriously affects the safety of enterprises and the occupational
health of workers [3–5]. In 2019, China reported 19,428 new
cases of various occupational diseases, of which 15,898 were
occupational pneumoconiosis, accounting for 81.8% of the
new cases of various occupational diseases [6–8]. The direct
economic loss caused by pneumoconiosis in China is more
than 8 billion RMB per year, and the indirect loss is even

more difficult to calculate. There is still a lot of room for
improvement in the development of dust control theory
and technology [9, 10].

The fullymechanized excavation face has themost serious
dust hazard in underground coal mines [11–13]. At present,
the fully mechanized excavation face mainly uses coal seam
water injection, spraying, and ventilation to reduce the dust
concentration. Due to the characteristics of large dust produc-
tion and small dust particle size in the fully mechanized exca-
vation face, compared with other dust removal technologies,
ventilation and dust control are the most convenient and effi-
cient technology to reduce the concentration of dust in the
fully mechanized excavation face without affecting the work-
ing environment in the roadway [14–16]. The ventilation
and dust control technology of the fully mechanized
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excavation face are to control the dust within a certain area
around the fully mechanized excavation face by regulating
the airflow field and to prevent the spread of dust from the
excavation face [17, 18]. Currently, coal mines in China and
other countries mainly adopt long-pressure and short-
extraction ventilation to dilute the excavated dust and suck
the dust-containing airflow into the dust collector for purifi-
cation [19, 20]. However, since the use of circulating air is pro-
hibited, the traditional long-pressure and short-exhaust
ventilation requires the air supply volume to be greater than
the suction air volume, so the dust-containing gas at the
tunneling end cannot be exhausted by the suction tube. As a
result, the dust is widespread in the roadway under the action
of the air supply flow [21–24]. In order to prevent the large-
scale spread of dust in the roadway, former West Germany
first developed a wall-attached air duct. A wall-attached duct
is a duct with an air outlet on the side of the air supply duct
to improve the distribution of the airflow field in the fully
mechanized excavation face. The airflow from the side air
outlet forms a shielding air curtain on the roadway to pre-
vent the spread of dust and improve the dust-catching effect
of the air inlet. The wall-attached air duct can greatly
improve the working environment of the fully mechanized
excavation face, prevent gas accumulation on the top of the
roadway, and ensure the safe production of the mine [25,
26]. However, the radial air curtain produced by the wall-
attached air duct has a relatively weak rotation ability, and
it is very easy to form a hollow air curtain due to the serious
impact of the roadway environment. As a result, the dust-
blocking ability is insufficient [27, 28].

In order to solve the problems of high dust concentra-
tion and turbulent air organization in the fully mechanized
excavation face, the wall-attached swirl ventilation system
was improved to form a new type of ventilation system for
the fully mechanized excavation face, i.e., the dual-radial
swirl shielding ventilation system. In this study, by taking
the fully mechanized excavation face of a coal mine in north-
ern China as the research object, a new dual-radial swirl
shielding ventilation system for the fully mechanized face
was designed. A simulated tunnel model was built to scale,
and the airflow field structure and dust movement rules in
the roadway under the dual-radial swirl shielding ventilation
system were studied using Fluent software, especially the
dust concentration in the working area of the roadheader
driver. The validity of the numerical simulation was verified
through a custom-built roadway model experiment plat-
form. Finally, numerical simulations were used to study the
dust control effect of the dual-radial swirl shielding ventila-
tion system under different air duct blowing and suction
volume ratios, and the working condition parameters for
the best dust control were obtained.

2. Principle of Dual-Radial Swirl Shielding
Ventilation and Dust Control

Dual-radial swirl shielding ventilation is a new ventilation
method for a fully mechanized excavation face. Its working
principle is somewhat similar to that of wall swirling ventila-
tion; that is, a radial air curtain is formed on the section of

the roadway to block the spread of dust. Compared with
the radial air curtain formed by the wall swirling ventilation,
the radial air curtain formed by the dual-radial swirl shield-
ing ventilation has a higher strength. It is because in the
dual-radial swirl shielding ventilation, the formed rotating
air curtain on the fully mechanized excavation face is pro-
duced by an arc-shaped wind deflector. Compared with the
rotating air curtain produced by the attachment of the road-
way, the shielding air curtain formed by the dual-radial swirl
shielding ventilation system has a larger radial wind speed,
evener distribution, and a larger thickness. Therefore, the
dual-radial swirl ventilation has a better effect in preventing
the spread of dust.

During the excavation, the dust concentration in the
roadway is extremely high. Turn on the dust removal fan
and the blower, adjust the air valve, and deliver all the air-
flow to the air pressure sleeve; then, the air is discharged
radially from the air curtain generator device at both ends
of the sleeve. Under the action of the air curtain generating
device, a rotating radial solid air curtain is formed between
the tunneling end and the driver’s cab of the roadheader,
and another radial air curtain is formed between the driver’s
cab and the transfer point. Under the negative pressure of
the suction port, the 1# air curtain near the tunneling end
forms an umbrella-shaped swirling air curtain that rushes
toward the tunneling end to control the dust produced by
the tunneling within a small area. The controlled dust is
drawn out by the suction tube to prevent the dust from
spreading to the driver’s cab, thus providing a good working
environment for the driver. The 2# air curtain located in
front of the transfer point isolates the dust at the transfer
point from the driver’s position, thus preventing dust from
spreading from the transfer point to the driver’s position.
The synergistic action of the two air curtains can effectively
isolate the two main dust sources of the fully mechanized
excavation face from the area of the driver of roadheader,
providing a good working environment for the driver.
Figure 1 shows a schematic diagram of dual-radial swirl
shielding ventilation on the fully mechanized excavation face
when the roadheader works normally.

3. Calculation Model and Validation

3.1. Calculation Model and Meshing. By taking the fully
mechanized excavation face of a coal mine in China as a pro-
totype, a numerical simulation geometric model with a ratio
of 1 : 1 was established by Solidworks software. The fully
mechanized excavation face is a semicircular arched road-
way with a cross-section of 4:6m × 4:5m and a cross-
sectional area of 15.81m2. The fully mechanized excavation
face is tunneled with an EBZ160 roadheader. Figure 2 shows
the diagram of the roadway model. From the figure, the air
supply tube I has a diameter of 0.8m and a tube length of
25m. It is attached to a sidewall of the roadway. Its axis is
2.7m away from the ground of the roadway, and the air out-
let at the end is 5m away from the excavation face. The
sleeve is composed of air supply tube II and the air suction
tube. The air supply tube II is outside, and the suction tube
is inside. The center axis of the sleeve is 2.7m from the
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ground of the roadway. There is an annular slit with a width
of 0.09m at each end of the air supply cylinder II, and an air
curtain-generating device is arranged outside the annular
slit. The diameter of the suction tube is 0.6m, and its suction
outlet at the end is 2.3m away from the excavation face. A
1.8m high roadheader, a first conveyor, and a second
conveyor are arranged under the sleeve. The driver is 5m
from the excavation face.

Mesh software was used to mesh the built roadway
model. Because the geometric model was relatively complex,
the model was meshed with an adaptable unstructured grid
and the global grid size was set to 0.4mm. For arc-shaped
wind deflectors and annular slits, 0.01m grids were used
for local densification. For other more complex structures,
0.05m grids were used for local densification. A total of
932,351 grids were generated.

3.2. Mathematical Model. Since the volume fraction of dust
in the fully mechanized excavation face was far below 10%,
when using Fluent software to analyze the characteristics of
the wind flow field and dust distribution, the k-ε double
equation model from the Euler model was used to establish
the mathematical model of the wind flow field in the fully
mechanized excavation face. In addition, according to the
characteristics of the gas-dust particle two-phase flow and
the theory of the gas-solid two-phase flow, the Euler-Euler
model and the Euler-Lagrangian model were combined
for calculation.

3.2.1. Hydrodynamic Equation. Based on the law of conser-
vation of energy, the law of conservation of momentum,
and the law of conservation of mass, the characteristics of

fluid motion are expressed in terms of continuity equation,
momentum equation, and energy equation [29, 30].

Continuity equation:
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where Sm is the mass added to the continuous phase from
the dispersed secondary phase; p is the static pressure; τij is
the stress tensor that will be described below; ρgi and Fi

are the gravitational volume force and external volume force
in i direction, respectively; keff is the effective heat transfer
coefficient; J j′ is the diffusion flow of component j’; and Sh
includes the heat of chemical reaction and the volume heat
source term.

3.2.2. Turbulence Equation. Turbulence occurs where the
velocity changes. Compared with the standard k-ε model,
the realizable k-ε model can accurately predict the diver-
gence ratio of the cylindrical jet and it has been used to
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FanBeltReprintSleeveEBZ160 roadheader

Figure 1: Schematic diagram of dual-radial swirl shielding ventilation.
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Figure 2: Schematic diagram of meshing.
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describe uniform shear flow with the rotating, free flow of
the mixed flow and boundary layer flow effectively. And
the realizable k-ε model in the turbulence model can achieve
a higher degree of simulation in terms of the vortex, strong
streamline bending, and rotation. In addition, among many
k-ε models, the realizable k-ε model has a good effect on the
complicated secondary flow and separation flow. The realiz-
able k-ε model consists of a k equation (turbulent energy
equation) and an ε equation (turbulent energy dissipation
rate equation) [31, 32]. Therefore, this study selected realiz-
able k-ε for describing airflow motion.

κ equation:
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In the formulas, μt is the eddy viscosity coefficient; σk
and σε are the Prandtl coefficients corresponding to k and
ε, respectively; Gk is the turbulent flow energy generation
term caused by the average velocity gradient; C1 and C2
are constants; u is the fluid velocity; and Ji is the material
diffusion flux produced by the concentration gradient.

3.2.3. Equations of Motion for Particles. ANSYS Fluent pre-
dicts the trajectory of a discrete phase particle (or droplet
or bubble) by integrating the force balance on the particle,
which is written in a Lagrangian reference frame. This force
balance equates the particle inertia with the forces acting on
the particle and can be written as
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where mp is the particle mass, u! is the fluid phase velocity,

up
! is the particle velocity, ρ is the fluid density, ρp is the den-

sity of the particle, F
!
is an additional force, mpððu! − u!pÞ/τrÞ

is the drag force, and τr is the droplet or particle relaxation
time calculated by
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where μ is the molecular viscosity of the fluid, dp is the par-
ticle diameter, and Re is the relative Reynolds number,
which is defined as
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3.3. Model Validation. In order to verify the validity of the
numerical simulation model of dual-radial swirl shielding
ventilation, similar experiments were carried out on the
dual-radial swirl shielding ventilation system of a fully
mechanized excavation face. A custom-developed dual-
radial swirl shielding ventilation experiment system for a
fully mechanized excavation face was used to record the
airflow field structure and dust concentration distribution
in the roadway under the dual-radial swirl shielding ventila-
tion, and the experimental results were compared with the
numerical simulation results.

3.3.1. Experimental System and Equipment. This verification
experiment used a custom-designed experimental model
and a custom-built experimental platform. The roadway
model was built according to the actual roadway of a coal
mine in China at the ratio of 1 : 10. The main body of the
semicircular arched roadway was assembled by three pieces
of transparent plexiglass. The total length of the roadway
was 3.00m, the width was 0.46m, the height was 0.45m,
and the cross-sectional area was 0.16m2. There were 10 cm
round holes on the end surface of the roadway and one
sidewall, which can be connected with the dust generator
to simulate the dust production of tunneling and the dust
emission at the transfer point, respectively. The interior of
the tunnel was equipped with air supply ducts, suction ducts,
blowers, dust removal fans, simulated roadheaders, and
simulated conveyors. The layout of the experimental model
is shown in Figure 3.

In the flow field analysis experiment, the PIV particle
image velocity measurement system produced by LaVision,
Germany, was used to record the flow field of different
sections in the roadway model. The flow situation and the
spatial distribution of the flow field were obtained. In the
dust similarity verification experiment, the German AG420
aerosol generator was used to generate dusts, and com-
pressed air was used as the driving force to transport the
dust from the tunneling end and the round holes on the
sidewall of the tunnel to the tunnel model to simulate dust
production in the tunnel and dust emission at the transfer
point. An FCC-25 explosion-proof dust sampler was used
for dust sampling to measure the dust concentration at the
measurement points.

3.3.2. Experimental Program. The verification experiment
tested the flow field and the dust control effect. In the flow
field verification experiment, smoke particles with a suffi-
ciently small and uniform particle size were used as tracer
particles. The smoke was transported to the study area
through a blower. When the flow field was stable, the flow
field of the studied roadway section was recorded using a
PIV system. The velocity vector diagram of the tunnel
section obtained by the experiment was compared with the
numerical simulation for verification. In the dust control
effect verification experiment, the dust collected by the dust
sampler at different measurement points was weighed, and
the dust concentration at differentmeasurement points under
different working conditions was calculated according to the
sampling time and sampling flow rate set by the sampler.
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Based on the dust concentration at different points, the dust
control capability of the dual-radial swirl shielding ventilation
system was investigated. The dust concentration distribution
obtained from the experiment was compared with the numer-
ical simulation to verify the validity of the simulation.

We selected three representative flow field measurement
surfaces that were not disturbed by the model and used the
PIV system to record the flow field. The 1# measurement
surface was in parallel with the tunneling end face and
5 cm away from the tunneling end face, the 2# measurement
surface was perpendicular to the tunneling end face and the
ground and passed through the center of the sleeve, and the
3# measurement surface was in parallel with the ground and
passed through the center of the sleeve. The three dust sam-
pling points were arranged in the model roadway along the
length of the roadway (x-axis), i.e., at the tunneling end
(point A, x = 3 cm), at the roadheader’s cab (point B, x =
50 cm), and the transfer point (point C, x = 100 cm). The
flow field measurement surfaces and the arrangement of
dust sampling points are shown in Figure 4.

3.3.3. Experimental Results and Analysis. Figures 5(a)–5(c)
show the PIV experimental record results of the flow field
test in the surfaces of 1#, 2#, and 3#, respectively, and
Figures 5(d)–5(f) are the corresponding simulation results.
Comparing Figure 5(a) with Figure 5(d), Figure 5(b) with
Figure 5(e), Figure 5(c) with Figure 5(f), it can be found that
the numerically calculated wind flow field structure is con-
sistent with the PIV results. Due to limited experimental
conditions, the appearance of the roadheader in the experi-
ment was much simpler than that in the numerical simula-
tion modeling. Compared with the internal flow in the
roadway model in the simulation, the airflow field in the
experiments was more idealized. Thus, the wind velocity in
similar experiments was slightly larger than the numerical
simulation results.

Figure 6 shows the dust concentration at different
measurement points under the same working condition by
experiment and numerical simulation. From the experimen-

tal data in the figure, among the three measurement points,
point A (the tunneling end area) has the highest dust concen-
tration and point B (the roadheader driver’s cab) has the
lowest dust concentration. Under the action of the dual-
radial swirl shielding ventilation and dust control system in
the fully mechanized excavation face, the tunneling dust
was controlled within the tunneling end area, and the dust
at the transfer point was also shielded in the area outside
the driver’s cab. Therefore, the radial air curtain can effec-
tively prevent the spread of dust from various dust sources.

Based on the comprehensive comparison of similar
experiments and numerical simulation results, we revealed
that the approximate numerical results had the same trend
as the experimental results. Therefore, the relevant mathe-
matical model established in this study can be used in the
numerical simulation research of the wind flow field in a fully
mechanized excavation face. Since the similar experimental
roadway model was built at a scale of 1/10 of the actual road-
way, the volume of the dust sampler in the roadway model
was relatively large, and the dust sampler had a large interfer-
ence to the airflow field inside the roadway model, destroying
the airflow field structure and reducing the dust control effect
of the ventilation system. Thus, the dust concentration at
each measurement point measured by similar experiments
was higher than the numerical simulation result. Comparing
the results of similar experiments and numerical simulations,
it can be found that although the dust concentrations
obtained by similar experiments and numerical simulations
were different in numerical values, the dust concentration
distribution patterns were the same.

4. Analysis of Dust Control Effect and
Parameter Optimization of Dual-Radial
Swirl Shielding Ventilation

The blowing and suction air volume ratio γ of the air duct
plays a decisive role in the overall movement direction of
the airflow in the tunnel. When the value of γ is less than

Smoke
generator 

CCD Camera
Laser transmitter

Laser generator

Camera stand

Figure 3: Experimental model of the fully mechanized excavation face.
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1, the airflow in the roadway moves towards the suction
outlet of the suction tube, and the dust at the transfer point
will spread to the driver’s cab of the roadheader with the 2#
air curtain. When the value of γ is large, the tunneling dust

spreads to the driver’s cab of the roadheader with part of
the wind flow of the 1# air curtain, and the insufficient
negative pressure at the suction outlet seriously reduces
the dust collection efficiency of the suction tube, resulting

1# 2# 3#

A B C

Figure 4: PIV measurement surfaces and dust sampling points.
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in an increase in the burden of the 1# air curtain and a
decrease in the shielding effect of the tunneling dust. There-
fore, a too small or too large γ value is not conducive to the
dust shielding of the air curtain on the fully mechanized
excavation face.

4.1. Parameter Settings. In order to investigate the influence
of the air duct blowing and suction volume ratio γ on the
effect of dual-radial swirl shielding ventilation and dust
control, this simulation sets a total of six air duct blowing
and suction volume ratios, i.e., 1.2, 1.3, 1.4, 1.5, 1.6, and
1.7. According to the relevant specifications of the air vol-
ume in the mine tunnel and on-site measured data, the
blowing volume of the air supply tube was set to 300
m3/min, and the air suction volume of the suction tube
was calculated by the air tube blowing and suction volume
ratio γ. The specific parameters are shown in Table 1.

4.2. Effect of the Blowing and Suction Air Volume Ratio on
the Flow Field. Figure 7 shows the speed vector diagram of
the section at Z = 2:3m perpendicular to the tunneling end
under different air duct blowing and suction air volume
ratios. It can be seen from the figure that a too small or
too large air duct blowing and suction ratio γ is not condu-
cive to shielding the dusts within the tunnel section by the
radial air curtain.

For the 1# air curtain, when the γ value was small, the
suction volume of the suction tube was relatively large, and
the 1# air curtain close to the air inlet was affected by the
large negative pressure at the suction outlet, and the airflow
from the 1# slit was caught by the suction tube before reach-
ing the roadway. As a result, the 1# air curtain was unable to
completely block the tunnel section, which was not condu-
cive to dust control. As the value of γ gradually increased,
the suction volume of the suction tube gradually decreased,
the negative pressure generated at the suction outlet also
gradually decreased, the airflow gradually reached the road-

way wall, and the 1# air curtain moved toward the tunneling
end face in an umbrella shape to completely block the road-
way. When the γ value was 1.5, the airflow from the 1# slit
was blown to the roadway wall at a certain angle under the
action of negative pressure, moved along the tunneling end
face of the roadway wall, and finally flowed to the air suction
outlet under the action of the negative pressure at the air
suction outlet. Under this condition, the 1# air curtain
achieved a complete wrapping effect in the tunneling end
area, and the best flow field in the tunneling end area was
achieved. When the γ value was too large, the suction
volume of the suction tube was small, and it was difficult
for the negative pressure generated by the suction outlet to
affect the high-speed airflow from the 1# slit. The high-
speed airflow blew vertically to the roadway wall, causing
strong wind flow disturbance in the area near the roadway
wall. As a result, local vortex wind flow was produced, which
led to wind flow turbulence in the tunneling end area and
reduced the strength of the 1# air curtain.

For the 2# air curtain, when the γ value was small, the
suction volume of the suction tube was much larger than
the air volume of the 1# slit, and a large part of the airflow
from the 2# slit moved toward the tunneling end face, reduc-
ing the strength of the 2# air curtain to block the roadway
and weakening the movement of the 2# air curtain in the
direction away from the tunneling end. As the γ value
increased, the air suction volume gradually decreased, the
air volume of the 2# air curtain flowing toward the tunneling
end area decreased, the shielding ability of the 2# air curtain
gradually increased, and the ability of the air curtain to move
away from the tunneling end gradually increased.

Figure 8 shows the velocity vector diagram at the 1# and 2#
slits in the roadway section in parallel with the tunneling end
face under different air duct blowing and suction ratios γ. It
can be seen from the figure that under the action of the exter-
nal arc-shaped wind deflector, a radial air curtain with a good
rotating effect was formed in the entire roadway section. Due
to the complex environment in the tunnel, the integrity of the
1# and 2# air curtains was greatly affected. The 2# air curtain
was approximately in parallel with the tunneling end face,
which can be seen more completely in the figure. Since the
1# air curtain rushed toward the tunneling end in an umbrella
shape, the wind flow of the 1# air curtain at the 1# slit was
higher at the center of the roadway but lower near the wall
of the roadway. When the value of γ was smaller, the inclina-
tion of the 1# air curtainwas larger, the central areawith larger
wind speed on the cross section was smaller, and the lowwind
speed area was larger. With the increase in the γ value, the
inclination amplitude of the 1# air curtain was reduced, and
a more obvious wind velocity flow field appeared in the entire
roadway section. As the γ value increased, the 2# air curtain
had no obvious change.When the value of γwas larger, a large
wind speed appeared on the wall of the roadway, and the wind
flow with a large wind speed blowing vertically to the wall can
easily generate turbulence and reduce the anti-interference
ability of the air curtain.

4.3. Effect of the Blowing and Suction Air Volume Ratio on
Dust Distribution. Figure 9 is a cloud diagram of the
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distribution of dust concentration in the cross section of Y
= 1:7m, which is the height of the breathing zone, under
different air duct blowing and suction volume ratios. It can
be seen from the figure that as the γ value gradually
increased, the dust concentration at the driver’s position first
decreased and then increased and the dust shielding ability
of the dual-radial swirl shielding ventilation system first
strengthened and then weakened. When the γ value was

smaller, the negative pressure generated by the large suction
volume caused a relatively small wind speed of the 1# air
curtain at the wall of the roadway, which destroyed the
integrity of the 1# air curtain. As a result, the dust in the
tunneling end area broke through the shielding of the 1#
air curtain along the roadway wall and spread to the driver’s
cab of the roadheader. Since most of the air volume flowed
out to the tunneling end area, the strength of the 2# air
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Table 1: Parameter setting of boundary conditions.

Blowing and suction
air volume ratio γ

The air volume of the suction
tube (m3/min)

Suction outlet wind
speed (m/s)

Air volume out of
annular

slit (m3/min)

Outlet wind
speed of annular

slit (m/s)
1# 2# 3# 4#

1.2 250.00 14.74

175.00 125.00 12.90 9.22

1.3 230.77 13.61

1.4 214.29 12.64

1.5 200.00 11.80

1.6 187.50 11.06

1.7 176.47 10.41

8 Geofluids



curtain moving away from the tunneling end face was insuf-
ficient, so a large amount of dust accumulated at the transfer
point, which increased the burden of the 2# air curtain. As a
result, the dust control capacity of the 2# air curtain was
seriously inadequate, and the dust at the transfer point
spread to the driver’s position of the roadheader. As the
value of γ increased, the dust blocking ability of 1# and 2#
air curtains gradually increased, the dust diffusion ability of
each dust source to the driver’s position of the roadheader
was weakened, and the dust concentration at the driver’s
position of the roadheader gradually decreased. When the
γ value was 1.5, the air curtain showed the best dust shield-
ing effect. When γ continued to increase, the dust control
ability of the 1# air curtain weakened and the dust control
ability of the 2# air curtain increased. When the γ value
was too large, large turbulence can be formed near the 1#
air curtain, resulting in the turbulence of the flow field in
the tunneling end area. Under this condition, it was difficult
for the dust to accumulate. At the same time, due to the
reduction of the air suction volume, the dust catching capac-
ity of the suction tube was also reduced, so the dust removal
capacity in the tunneling end area was reduced, and the dust

concentration increased, which increased the burden of the
1# air curtain. As a result, the dust control ability of the 1#
air curtain was weakened, and the dust produced by the
tunneling was diffused to the driver’s position of the road-
header. Increasing the γ value can improve the strength of
the 2# air curtain. Since the total air supply volume was
much larger than the suction volume, under the action of
the blowing and suction airflow, the 2# air curtain had a
strong ability to move away from the tunneling end, so the
dust shielding ability of the 2# air curtain at the transfer
point continued to increase.

Figure 10 shows the variation curve of the dust concentra-
tion at the driver’s position with the blowing and suction air
volume ratio. From Figure 10, as the blowing and suction vol-
ume ratio of the air duct increased, the dust concentration at
the driver first decreased and then increased. The dust concen-
tration at the driver’s position reached the lowest value when
the blowing and suction volume ratio γ is 1.5. From the above
analysis, it can be concluded that using the dual-radial swirl
shielding ventilation in the fully mechanized excavation face,
when the blowing and suction air volume ratio was set to
1.5, the best dust control effect can be obtained.
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5. Conclusions

In this study, based on the actual geometric dimensions of
the fully mechanized excavation face, the dual-radial swirl
shielding ventilation system was modeled using Solidworks
software, and the model was numerically simulated by the
Fluent software. The validity of the model was verified by a
custom-designed experimental model which is geometrically
proportional to the real roadway. In the experimental model,
the PIV particle image velocimetry system and the FCC-25
explosion-proof dust sampler were used to record the flow
field and the dust concentration in the experimental model,
respectively. Under the same working conditions with the
numerical simulation, the experimental results and numeri-
cal simulation results were compared to verify that the
numerical model of the dual-radial swirl shielding ventila-
tion system was effective and can be used for more in-
depth researches on system dust control optimization. From
this research, it can be seen that the blowing and suction air
volume ratio of the air dust has a significant impact on the
dust control effect of the dual-radial swirl shielding ventila-
tion system in the fully mechanized excavation face. A
proper setting of the ratio can greatly improve the air
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organization of the dual-radial swirl shielding ventilation
system, thereby improving the dust control effect of the sys-
tem. A too small blowing and suction air volume ratio
destroyed the integrity of the 1# air curtain that was used
to block the roadway section. A too large blowing and suc-
tion air volume ratio led to gradual turbulence of airflow
and local circulating air. Therefore, a too large or too small
blowing and suction volume ratio can decrease the dust con-
trol capability of the ventilation system. As the blowing and
suction volume ratio of the air duct increased, the dust con-
trol effect of the dual-radial swirl shielding ventilation sys-
tem showed a trend of first strengthening and then
weakening. When the blowing and suction air volume ratio
of the air duct was 1.5, the dust shielding effect was the best.

Due to the limitation of research time and experimental
conditions, as well as the complex equipment layout and
operation process of the actual fully mechanized mining
face, the research results need to be further tested on-site.
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