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Abstract: To address the challenge of dust control during dry drilling of underground coal seams, a
novel dust-collecting device for micron-size dust was designed and tested. To determine the optimal
structural parameters of the dust collector, numerical simulations were employed to investigate the
influence of the positions of the dust extraction pipe, slag discharge pipe angle, and cavity diameter
on the distributions of the airflow velocity field and the pressure field inside the device. The findings
revealed that the best performance was achieved when the dust extraction pipe was positioned in
the lower part of the cavity, the angle between the slag discharge pipe and the cavity was 45°, and
the cavity diameter was 300 mm. Under these conditions, the average airflow velocity in the dust
extraction pipe reached 8.32 m/s, the maximum negative pressure at the pipe’s mouth was recorded
at 1012.38 Pa, and the velocity of the dusty airflow in the cavity remained below 4.38 m/s. Dust
capture performance was evaluated through on-site testing in the Taoyuan Coal Mine. The results
demonstrated that using the novel device, the dust suppression rates at the slag discharge port, the
connection between the device and the drill pipe, and 6 m from the drill hole on the downwind side
increased by 92.5%, 88.5%, and 89.1%, respectively.

Keywords: coal mine dust; dry drilling; drill dust removal; orifice dust collection; numerical simulation

1. Introduction

In-seam drilling is often adopted for gas pre-drainage in coal and gas outburst mines [1-4].
Because hydraulic slag removal is used in wet drilling, soft coal absorbs water and expands,
causing drill holes to collapse [5-8] and reducing the penetration rate. Therefore, dry
drilling and slag removal by wind are the main operational methods for gas pre-drainage of
underground soft coal seams when drilling holes along the seam [9]. In the drilling process,
a large amount of dust is ejected from the drill hole under the action of the wind jet of the
drill head [10]. Then, the dust spreads to the tunnels and causes pollution, posing a severe
threat to the health and safety of the workers [11,12] and possibly even triggering coal dust
explosions that result in injuries and casualties [13-15]. To control the dust generated by
underground dry drilling, drill hole dust collection devices are now commonly used for
sealing in synergy with a secondary dust removal device [16,17]. Therefore, optimizing
the structure of the orifice dust collection device and improving the sealing performance is
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vital for preventing the drill dust from escaping and is important for the development and
applications of dust control methods.

Researchers have conducted numerous studies on orifice dust collection devices [18,19].
For example, to optimize the sealing performance, Wu et al. [20] developed an orifice
dust collection device using compressed air for non-contact sealing to achieve better dust
control. For the comprehensive management of dust and gas, Fan [21] proposed an orifice
dust collection device consisting of two sets of four-way connectors. The experimental
results revealed that the device showed improved performance characteristics in gas—slag
separation and gas extraction. Meanwhile, Li et al. [9] proposed an anti-blowout composite
orifice dust collection device and realized the separation of gas and coal slag during drilling.
To optimize the dust extraction power parameters, Lu et al. [22] designed an orifice dust
collection device that successfully separated coal slag and dust through waterjet negative
pressure suction. They also optimized the operational parameters of waterjet dust removal
to achieve a higher suction capacity. Cheng et al. [23] proposed a three-way orifice dust
collection device and enhanced its dust removal performance by optimizing the parameters
related to the suction volume of the gas—solid ejector. To optimize the dust removal methods,
Fu et al. [24] proposed an orifice dust collection device with built-in spray and set up bags
in the slag discharge pipe to collect the dust wetted by the spray. In summary, previous
studies have mainly focused on the design and testing of devices. However, the research
gap is that the optimization of these devices has not been conducted, and thus the dust
capture performance of these devices cannot be effectively improved.

To this end, this study proposed a novel dust collection device for dry drilling in
underground coal mines. Numerical simulations for structure optimization were performed
to obtain the best structural parameters of the device. The performance of the device for
dust control from dry drilling was determined through field testing. The research results
provide technical support for solving the problem of dust pollution during dry drilling
and safeguarding the occupational health and safety of the workers. The findings have
important implications for further research.

2. Material and Methods
2.1. Determining the Performance of the Original Orifice Dust Collection Device
2.1.1. Overview of the Underground Drilling Site

The working face for the comprehensive excavation of the 118,25 mechanized tunnel
was located in the fourth stage of the 112 mining area. The average thickness of the coal
seam was 1.7 m, with an average inclination of 20°. The immediate roof and floor of the
coal seam were sandstone and mudstone, respectively. Forced ventilation was applied,
with a ventilation air volume of 242.4 m3-min~!. The working face was located in the
outburst-prone zone, and longwall in-seam drilling was applied for gas pre-drainage of
the coal seam. A ZDY6500LQK drilling rig with a drill pipe with a diameter of 73 mm was
used for slag removal by ventilation. The ventilation air pressure to the drill pipe was not
less than 0.4 MPa during the drilling process.

2.1.2. Results and Analysis of the Performance of the Original Orifice Dust Collection Device

The structure of the original orifice dust collection device is illustrated in Figure 1a. To
evaluate the sealing performance of the device, an IFC-2 explosion-proof dust sampler was
utilized to determine the concentration of the dust from the drill hole when the original
orifice dust collection device was applied. According to the main dust leakage areas found
during the use of the original orifice dust collection device, three monitoring points were
set up, as shown in Figure 1b. Monitoring point 1 was located at the slag discharge port of
the device; monitoring point 2 was located at the connection between the device and the
drill pipe; and monitoring point 3 was located at a distance of 6 m from the drill hole on
the downwind side. The dust concentration was determined by weighing the filter film
before and after operation. The results are shown in Table 1.
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1. coal 2.drill hole 3. drilling dust collection device 4. drilling machine
5. dust remover 6. belt 7. wind direction 8. lane centerline
9. monitoring point 1 10. monitoring point 2 11. monitoring point 3

Figure 1. Configuration of the test setup and monitoring points. (a) Original orifice dust collection
device; (b) layout of monitoring points.

Table 1. Dust concentration at each monitoring point when the original orifice dust collection device

was applied.
Monitoring Point 1 2 3
Dust Concentration/ mg~rrf3 173 253 238

As observed from the data presented in Table 1, the dust concentrations at all three
monitoring points greatly exceed the standard value (GBZ2.1-2019 [25], the maximum
total coal dust concentration of <4 mg/m?3). The main reasons identified through on-site
observation were as follows.

(D The cavity diameter of the device was small, and the sealing between the device
and the drill pipe was not tight enough. Therefore, a large amount of dust was ejected
along the axial direction of the drill pipe from the gap between the device and the drill pipe
without buffering [26].

@ The slag discharge pipe was perpendicular to the device, so it was difficult for the
fast-moving dust to quickly change the direction of motion simply with the help of gravity
and to be discharged from the slag discharge port [27].

@ Due to the hydrophobic nature of coal dust [28-31], it was difficult to reduce the
concentration of coal dust that entered the gallery after it was not captured at the borehole.

According to the above analysis, it was concluded that the dust extraction pipe position,
the slag discharge pipe angle, and the cavity diameter were the key structural parameters
affecting the dust collection performance of the device.

2.2. Design of the Novel Orifice Dust Collection Device

According to the actual conditions of the site, the original orifice dust collection device
was improved. The design of the new orifice dust collection device is presented in Figure 2.
The device consists of an orifice fixing tube, an elastic dust cover, a cavity, a thickened
sealing ring, a slag discharge pipe, a gravity baffle, and a dust extraction component. The
orifice fixing tube is inserted into the drill hole to seal the dust inside the drill hole and
fix the device onto the coal wall at the same time. In the cavity, the dust-laden airflow is
expanded and slowed. Thus, the cavity diameter has an important effect on the buffering
of the dust-laden air. Meanwhile, the dust extraction pipe is connected to the negative
pressure extraction device to provide dust extraction power to the device, so the dust
extraction pipe position strongly affects the dust extraction performance. Lastly, the slag
discharge pipe is used to discharge the large coal slag. During dry in-seam drilling, when
the dip angle of the coal seam changes, the drilling angle must be adjusted accordingly. To
avoid dust spillage at the drill hole opening during diagonal drilling, an elastic dust cover
was set outside the orifice fixing tube to improve the sealing between the orifice fixing tube
and the drill hole. Hence, the device is suitable for drilling operations at different angles.
Similarly, to prevent dust spillage at the connection between the dust collection device and
the drill pipe, a thickened sealing ring was installed at the end of the dust collection device
to seal the coal dust ejected along the drill pipe. An open slag discharge port allows the
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outside air to be drawn into the dust collection device, affecting the efficiency of negative
pressure extraction of dust. Therefore, a gravity baffle was added at the port of the slag
discharge pipe so that the spring-loaded baffle could automatically open for slag discharge
when the deposited coal dust and slag reached 1.5 kg.

1. Orifice fixing pipe 2. Elastic dust cover 3. Cavity
4. Thickened sealing ring 5. Drill pipe 6. Slag discharge pipe
7. Dust extraction pipe 8. Gravity baffle

Figure 2. Schematic diagram of the new orifice dust collection device.

2.3. Simulation Methodology
2.3.1. Modeling and Meshing

To optimize the structural parameters of the orifice dust collection device, the de-
vice was simplified to establish physical models with different structure variations using
SolidWorks software (2022 version). Figure 3 shows a model in which the dust extraction
pipe is located in the lower part of the device. Because the object of this study was a fluid
region, the thickness of the device and the specific structures of the solid regions, such as
the internal drill pipe, were neglected, and the drill pipe region was set as a cavity with a
diameter of 73 mm.

450

150
1. Orifice fixing pipe 2. Cavity 3. Slag discharge pipe
4. Dust extraction pipe

Figure 3. A physical model of the orifice dust collection device.

The model was first imported into ICEM CFD. To enhance the computational efficiency
and the stability of the solution, unstructured mesh generation was adopted. The grids
of the orifice fixing pipe, slag discharge pipe, and dust extraction pipe were refined to
improve the computational accuracy, as shown in Figure 4. The total number of grids was
equal to 957,459 and the average mesh size was 7.48 mm. The average mesh quality was
0.81, with a minimum mesh quality of 0.3 and a maximum mesh quality of 1.0. These
values met the computational accuracy requirements.
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Figure 4. Meshing of the orifice dust collection device model. (a) Local mesh refinement; (b) mesh quality.

2.3.2. Simulation Parameter Setting and Model Solving

The model was solved by FLUENT, which is based on the finite element method,
and a pressure-based solver was used. The SIMPLEC algorithm was selected for coupling
the velocity and pressure in the governing equations. The second-order upwind finite
difference scheme was adopted for the energy and momentum equations. The specific
parameter settings are listed in Table 2. The field-measured wind speed at the orifice was
approximately 10 m-s~!, and therefore, the inlet velocity was set to 10 m-s~!. In the mine
site, a negative pressure dust remover was used, and the negative pressure at the dust
extraction port was approximately 1 kPa. Hence, the boundary type of the dust extraction
pipe port was set as a pressure outlet with a pressure of —1 kPa. A suspended square plate
was used to collect the diffused dust. The dust samples were analyzed in the laboratory
using a laser particle-size analyzer. The minimum and maximum particle sizes were 0.3 pm
and 39.0 um, respectively, with an average particle size of 5.9 um and a distribution index
of 1.93. As shown in Figure 5, the SEM of the coal dust (Figure 5) validated the results well.

Table 2. Boundary condition and parameters settings.

Assumed Conditions Options and Parameter Values

Viscous model RNG k-¢
Gravity 9.81 m-s 2
Time Steady
Inlet velocity of dusty airflow 10 m-s~1
Negative pressure value of dust extraction port 1000 Pa
Diameter distribution Rosin-Rammler
Diameter size range 0.3~39 pm
Material Coal-lv
Discrete phase On
Total flow rate 0.0018 kg-s~!
Turbulent dispersion Discrete random walk model
Boundary cond. type Reflect, trap
Residual monitors 104

10 m* EHT = 20.00 kv Signal A = SE1 Date :16 Nov 2022 10 pm* EHT =20.00 kv
WD = 9.0mm

WD = 9.0mm Mag= 700X  PhotoNo.=3 Time :8:36:57

Signal A = SE1 Date :16 Nov 2022
Photo No. = 6 Time :8:47:33

Figure 5. The SEM of coal dust.
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Therefore, a discrete-phase model was adopted. The ring-shaped cross-section be-
tween the orifice fixing pipe and the drill pipe was set as the surface jet source, and the
parameters were set according to the field-measured data. Finally, the solution limit was
set. After model initialization, the solution was solved.

2.3.3. Validation of Simulation

In order to verify the correctness of the simulated results, the pressure at location
A of the model shown in Figure 6a was simulated and compared with the experimental
measurements. The simulation and testing parameters were set according to the entries in
Table 2. The obtained results are depicted in Figure 6b. It can be seen in Figure 6b that there
was a very high degree of conformity between the simulated results and the experimental
results, which indicates that the simulation used in this research possesses a high level
of accuracy.

-1009.5

(b)
-1010.0 -

-1010.5 -

-1011.0 -

Pressure (Pa)

-1011.5

-1012.0 —=— Simulation data
—e— measurement data

-1012.5 I I I L
0 5 10 15

Length of x-axial (cm)

Figure 6. The validation model (a) and results (b).

3. Results and Discussion
3.1. Influence of the Dust Extraction Pipe Position on the Dust Collection Performance

To investigate the influence of the dust extraction pipe position on the dust collection
performance of the orifice dust collection device, three physical models were created by
placing the dust extraction pipe in three different locations (in the upper part, on the side,
and in the lower part of the device), as shown in Figure 7.

oo

Figure 7. Physical models of orifice dust collection devices with different dust extraction pipe
positions. (a) Dust extraction pipe on the top; (b) dust extraction pipe on the side; (c) dust extraction
pipe at the bottom.

The meshing and model solving of the three dust collection devices with different
dust extraction pipe locations were performed according to the procedures described
above. Figure 8 shows the velocity field distribution results of the cross-sections of the dust
extraction pipes. According to Figure 8, the cross-sectional area of the cavity was larger than
that of the orifice fixing pipe. The flow rate of the dust-laden air was gradually reduced
as it entered the cavity. Next, due to the influence of the negative pressure suction of the
dust extraction pipe, the dust-laden air changed its direction of motion and accelerated into
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the dust extraction pipe. The velocity of the dust-laden air at the dust extraction pipe port
when the dust extraction pipe was located in the lower part of the cavity was greater than
that when the pipe was located in the upper part or on the side of the cavity.

Figure 8. Velocity field distributions in devices with dust extraction pipes installed at different
positions. (a) Dust extraction pipe on the top; (b) dust extraction pipe on the side; (c) dust extraction
pipe at the bottom.

To quantitatively analyze the airflow velocities when the dust extraction pipe was
placed at different positions, the velocity distribution curves along the cross-sectional
diameter of the pipe port (denoted by the red line in Figure 8) were plotted, as shown
in Figure 9.

9
g b —®— upper dust extraction pipe
—e— side dust extraction pipe

7 | —A—lower dust extraction pipe
~ 6 B
T{I}
g
24r
E
o3
>

2k

1k

ok

1 1 1 1 1 1 1
0 2 4 6 8 10 12 14

Length of x-axial (cm)

Figure 9. Velocity distribution curves of the cross-sections of the ports when the dust extraction pipes
were in different locations.

It is observed in Figure 9 that when the dust extraction pipe was located in the upper
part of the cavity, the airflow velocity inside the pipe gradually increased toward the
center, and it reached 5.28 m-s~! at the center. By contrast, when the dust extraction pipe
was on the side of the cavity, the maximum airflow velocity inside the pipe was equal to
5.17 m-s~ L. Lastly, when the dust extraction pipe was located in the lower part of the cavity,
the airflow velocity increased near the bottom, and the maximum airflow velocity at the
bottom reached 8.32 m-s~!. This indicates that the dust-laden airflow was influenced by
gravity, and a downward velocity component was generated. Hence, the upward negative
pressure suction was partially offset when the dust extraction pipe was installed in the
upper part of the device. This reduces the final airflow velocity for dust extraction. By
contrast, when the dust extraction pipe was on the side of the device, the negative pressure
suction force and the dust-laden airflow velocity were at an angle of 90°, so the suction was
used to change the direction of motion of the dust-laden airflow. In turn, this weakened the
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subsequent acceleration effect on the airflow. Lastly, when the dust extraction pipe was
located in the lower part of the device, the angle between the negative pressure suction
and the velocity direction of the airflow was less than 90°. The direction of motion of
the dust-laden needed to change less, so the acceleration effect on the airflow was more
pronounced. Therefore, when the dust extraction pipe was installed in the lower part of
the cavity, the utilization rate of the negative pressure suction force was higher, and the
higher velocity of the dust-laden airflow was conducive to improving the dust extraction
performance of the device. This is particularly true for large dust particles that are more
strongly influenced by gravity, making it more advantageous to place the dust extraction
pipe in the lower part of the cavity.

3.2. Influence of the Angle between the Cavity and the Slag Discharge Port on Dust
Collection Performance

Given that the dust extraction pipe was located in the lower part of the cavity, to ana-
lyze the effects of the angle of the slag discharge pipe, four physical models with different
angles of the slag discharge pipe placement (30°, 45°, 60°, and 90°) were established, as
shown in Figure 10.

(a)

(c) (d)

Figure 10. Physical models of the orifice dust collection devices with different angles of slag discharge
pipe arrangement: (a) 30°, (b) 45°, (c) 60°, and (d) 90°.

The meshing and model solving of the four dust collection devices with different slag
discharge pipe arrangement angles were performed according to the procedures described
above. Figure 11 shows the pressure field distribution results of the cross-sections of the
devices. It is observed in Figure 11 that the entire device was affected by negative pressure
under the influence of the suction force at the dust extraction pipe. The negative pressure
of the fixing pipe was the smallest at the location where the dust-laden airflow entered the
device. Approaching the dust extraction pipe, the absolute value of the negative pressure
inside the device gradually increased, and the pressure reached the maximum magnitude
at the dust extraction pipe. As the angle of the slag discharge pipe changed, the negative
pressure in the dust extraction pipe first increased and then decreased with an increasing
angle between the slag discharge pipe and the cavity.

To quantitatively analyze the variations of the negative pressure in the dust extraction
pipe at different arrangement angles of the slag discharge pipe, the pressure distribution
curves along the cross-sectional diameter of the pipe port (represented by the red line in
Figure 11) were plotted, as shown in Figure 12. Figure 12 illustrates that with an increasing
angle of the slag discharge pipe, the negative pressure of the dust extraction port first
increased and then decreased. At an angle of 45°, the maximum negative pressure of the
pipe port of —1012.38 Pa was reached. When the angle between the cavity and the slag
discharge port was small, the connection area of the dust extraction pipe and the slag
discharge pipe differed greatly from the cross-sectional area of the dust extraction pipe,
and the diameter change increased the local resistance. As the angle between the cavity
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and the slag discharge port gradually increased, the connection area of the pipes became
more similar to the cross-sectional area of the dust extraction pipe, and the local resistance
caused by the diameter change slowly decreased. Nevertheless, a larger bending angle
of the pipe resulted in an increase in local resistance, leading to a negative pressure loss.
Therefore, by taking the effects of local resistance due to diameter difference and bending
into consideration, the kinetic energy loss of the dust-laden airflow could be minimized by
setting the angle between the cavity and the slag discharge port to 45°, and the utilization
rate of the negative pressure of the dust extraction pipe could be improved.

p/Pa
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Figure 11. Pressure field distributions of the devices with different slag discharge pipe angles:
(a) 30°, (b) 45°, (c) 60°, and (d) 90°.
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Figure 12. Pressure distribution curves of the cross-section of the port with different slag discharge
pipe angles.

3.3. Influence of the Angle between the Cavity and the Slag Discharge Port on Dust
Collection Performance

To examine the effects of the cavity diameter, three physical models with three different
cavity diameters (200, 300, and 400 mm) and a slag discharge pipe angle of 45° were used,
as shown in Figure 13.
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(b)

Figure 13. Physical models of the orifice dust collection devices with different cavity diameters.
(a) 200 mm, (b) 300 mm, and (c) 400 mm.

The meshing and model solving of the orifice dust collection devices with different
cavity diameters were performed according to the procedures described above. Figure 12
presents the velocity field distribution results of the cross-sections of the devices. As shown
in Figure 14, the dust-laden airflow entered the cavity from the orifice fixing tube and
diffused rapidly across the entire cavity. For stable dust-laden airflow, as the cavity diameter
increased, the flow rate of the dust-laden airflow in the cavity was gradually reduced, which
had an enhanced buffering effect on the dust-laden airflow. To quantitatively study the
buffering effects of the orifice dust collection devices with different cavity diameters on
the dust-laden airflow, the velocity distribution curves of the dust-laden airflow along the
radial direction of the cavity (denoted by the red line in Figure 14) were plotted, as shown
in Figure 15. It was observed that due to the gradual diffusion of the dust-laden airflow in
the cavity, the airflow velocity first increased and then decreased. The maximum velocities
of the dust-laden airflow were 6.46, 4.38, and 2.34 m/s for cavity diameters of 200, 300, and
400 mm, respectively. Hence, the strongest buffering effect of the dust-laden airflow was
obtained when the cavity diameter was set to 400 mm. However, as the cavity diameter
increased, the negative pressure distribution inside the device was also strongly affected.
Therefore, to more comprehensively analyze the influence of the cavity diameter on the
internal pressure of the device, the internal pressure field distributions of the devices were
obtained, as illustrated in Figure 16.

v/(m-s1)
24 .8 7.2 9. 10.7 1.9
(a) X axial (b) X axlal (c) X-axnal

5* ?’ g

Figure 14. Velocity field distributions of devices with different cavity diameters: (a) 200 mm, (b) 300 mm,
and (c) 400 mm.

According to Figure 16, as the cavity diameter increased, the negative pressure inside
the dust extraction pipe gradually decreased, which is not favorable for dust extraction.
The increase in the cavity diameter led to an increase in local resistance at the connection
between the orifice fixing pipe and the cavity, which in turn led to an increase in the negative
pressure loss. To quantitatively evaluate the negative pressure distribution at the dust
extraction pipe port, the pressure distribution curves along the cross-sectional diameter of
the pipe port (represented by the red line in Figure 16) were plotted, as shown in Figure 17.
According to the figure, the maximum negative pressure values at the dust extraction pipe
port were equal to —1014.09, —1012.38, and —996.25 Pa for cavity diameters of 200, 300, and
400 mm, respectively. When the cavity diameter was 400 mm, the negative pressure was the
lowest, which is not favorable for dust extraction. Therefore, considering the influence of
the negative pressure loss on dust extraction and the influence of the overall volume and
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weight of the device on the convenience of use, the cavity diameter was set to 300 mm. With
this diameter, the dust-laden airflow velocity in the cavity was lower than 4.38 m-s~!, and
the maximum negative pressure of the dust extraction pipe was —1012.38 kPa.
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Figure 15. Velocity field distributions of the device with different cavity diameters along the radial
direction of the cavity.
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Figure 16. Pressure field distributions of the devices with different cavity diameters: (a) 200 mm,
(b) 300 mm, and (c) 400 mm.
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Figure 17. Pressure distribution curves of the cross-section of the port with different cavity diameters.
3.4. Field Testing of the Performance of the Proposed Orifice Dust Collection Device

3.4.1. Field Testing Method

To test the sealing performance of the new orifice dust collection device against drill
dust, an orifice dust collection device was developed according to the optimal structural
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parameters determined in the above analysis. Field tests were carried out at the drilling
site of the working face of the 118,25 mechanized tunnel of Taoyuan Coal Mine. The new
orifice dust collection device was used instead of the original device. The slag discharge
pipe was connected to the air duct so that the large slag particles were discharged to the
transportation belt for subsequent treatment. The air duct of the negative-pressure dust
removal device was connected to the dust extraction pipe of the device to provide the
power for dust extraction. The field test setup is shown in Figure 18.
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Figure 18. Field test setup. (a) Site layout; (b) new orifice dust collection device.

In the process of dry drilling, an IFC-2 explosion-proof dust sampler was used to
measure the dust concentration at the three monitoring points after the new orifice dust
collection device was introduced. The sealing improvement rate of the new orifice dust
collection device compared with the original device was calculated using Equation (1):

17 =((Q1— Q2)/Q1) x 100%, (1)

where 7 is the sealing improvement rate of the new orifice dust collection device compared
with the original device (%); Q; is the dust concentration at the monitoring point when the
original device is applied (mg~m’3) ; and Qo is the dust concentration at the monitoring
point after the application of the new device (mg-m~3).

3.4.2. Test Result Analysis

Figure 19 presents the dust concentrations at the monitoring points and the sealing
enhancement rates after the new orifice dust collection device was used. It was evident that
the dust concentrations of all monitoring points were greatly reduced after the application
of the new device. At monitoring point 1, the dust sealing performance improved by 92.5%,
suggesting that the dust extraction pipe of the new orifice dust collection device was more
effective after optimization. The dust extraction performance was greatly improved, and
the problem of dust spillage at the slag discharge was solved effectively. At monitoring
point 2, the device showed improved sealing performance by 88.5%, revealing that the
cavity enabled effective expansion and buffering of the airflow and that the thickened
sealing rings provided significant sealing. The angle of the slag discharge port was more
favorable for slag discharge. The problem of dust leakage at the connection between the
dust collection device and the drill pipe was addressed. At monitoring point 3, the device
increased the sealing performance by 89.1%, indicating that the tunnel environment was
improved after the sealing at the slag discharge port and the connection between the
device and the drill pipe was strengthened. Overall, the new orifice dust collection device
demonstrated remarkable sealing performance on dust from drill holes and provides a new
solution for dust management in dry drilling.
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Figure 19. Field test results of the new orifice dust collection device: coal dust concentration (a) and
increase rate of dust capture (b).

4. Conclusions

According to the characteristics of dry drilling of coal seam and the actual field
requirements, this study designed a highly efficient orifice dust collection device for dry
drilling. The optimal structural parameters of the device were determined by numerical
simulations, and field tests were carried out at the drilling site of the working face of the
118,25 mechanized tunnel in the Taoyuan Coal Mine. The main conclusions are as follows:

(1) A new orifice dust collection device is presented. It is composed of four parts: an
orifice fixing tube, a cavity, a slag discharge pipe, and a dust extraction pipe.

(2) When the dust extraction pipe was located in the lower part of the device, the average
wind speed in the dust extraction pipe reached 8.32 m-s~!. At the same time, the dust-
laden airflow velocity was the largest under the same negative pressure condition of
the dust extraction.

(3) The maximum negative pressure at the dust extraction pipe port first increased but
then decreased with an increasing angle between the slag discharge pipe and the
cavity. When the angle was equal to 45°, the maximum negative pressure at the dust
extraction pipe port of —1012.38 Pa was reached. Additionally, the local resistance
and negative pressure loss were minimal, whereas the utilization rate of the negative
pressure for dust extraction was the highest.

(4) The velocity of the dust-laden airflow in the cavity decreased with an increasing cavity
diameter. By contrast, the maximum negative pressure at the dust extraction pipe
port increased with the cavity diameter. When the cavity diameter was 300 mm, the
velocity of the dust-laden airflow in the cavity was lower than 4.38 m's~!, and the
maximum negative pressure at the dust extraction pipe port reached —1012.38 kPa.

(5) Field tests showed that after applying the new orifice dust collection device, the dust
suppression efficiency reached 92.5%, 88.5%, and 89.1% at the slag discharge port, the
connection between the device and the drill pipe, and 6 m from the drill hole on the
downwind side, respectively. These results indicate that the device has a significant
suppression effect on drill dust.
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