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Parametrical design and
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The reverse circulation down-the-hole air hammer drilling (RC-DTH) method is
renowned for its efficiency in hard rock formations and exceptional dust control
performance. It presents opportunities for cost-saving, efficiency improvement,
energy conservation, and environmental protection. Reverse circulation drill bits
are critical components of this method. This study focused on the air reverse
circulation regime, investigating various geometric parameters of the RC drill bits
through computational and experimental methods to enhance its dust control
performance. Results indicate that increasing the layers of suction nozzles,
enlarging the diameters of the suction and mixing nozzles, and optimizing the
input airflow rate can effectively channel airflow toward the central passage of the
drill tool. Consequently, this optimization significantly improves the dust control
performance of the RC drill bits. Conversely, increases in the flushing nozzle
diameter and alterations in the suction nozzle location have detrimental effects
on the dust control capability of the RC drill bits. Field tests were conducted at the
Yuan Jiacun iron mine, affiliated with Taiyuan Iron and Steel (Group) CO., LTD.
The field tests demonstrate that the optimized RC drill bit exhibits excellent dust
performance.

KEYWORDS

orthogonal design, reverse circulation, DTH air hammer, drill bit, dust control,
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1 Introduction

Down-the-hole (DTH) air hammer drilling stands out as a premier method for hard
rock drilling (Lyons et al., 2009). Its widespread adoption in various industries like mining,
oil and gas, geothermal exploitation, and other drilling applications attests to its efficacy
(Han et al., 2005; Deng et al., 2024). This technique offers several advantages, such as
producing straighter boreholes, penetration without any drilling fluid, and lower bottom-
hole pressure. Additionally, it finds utility in underbalanced drilling scenarios and proves
beneficial in water-sensitive formations (Zhang et al., 2017). However, the prevalent use of
DTH air hammer drilling tools presents a significant challenge in the form of respirable dust
emissions (Organiscak and Page, 1995). Of particular concern is silica dust, classified as a
carcinogen, with numerous studies underscoring the perils associated with prolonged
exposure to it (Tavakol et al., 2016). Researchers have established a link between inhaling
silica particles present in mining dust and the subsequent development of various
respiratory ailments, including chronic obstructive pulmonary disease (COPD),
emphysema, chronic bronchitis, and non-reversible asthma (Li et al, 2016).
Overexposure to respirable silica can lead to severe health complications like lung
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Schematic representation of the hollow-through DTH air hammer drilling system.

cancer, silicosis, or other silica-related diseases, characterized by the
formation of lesions on lung tissue, which impairs oxygen
absorption (Cooper et al., 2012). Recognizing the hazards posed
by silica dust, regulatory bodies like the Occupational Safety and
Health Administration (OSHA) have instituted guidelines to
safeguard workers, particularly in concrete-related industries,
from silica dust exposure (Mixon and Nain, 2013). These
regulations mandate mine owners to implement measures for
monitoring silica dust levels, controlling dust dispersion on job
sites, and shielding workers from airborne silica exposure. Given the
critical imperative to mitigate dust production during drilling
operations, proactive measures are paramount to ensure the
safety and wellbeing of workers in these environments.

Several studies have investigated methods to reduce dust
production during the drilling process using the DTH air
hammer drilling method. Cecala et al. (2003) developed an
enclosed cab with retrofitted filtration and pressurization systems
to protect the drill operators from the drilling dust. However, while
this system offers shelter to the workers inside the cab, personnel in
the vicinity of the drilling operations and machinery remain exposed
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to dusty environments. Studies by Li et al. (2016) indicate that
controlling drilling by adjusting the penetration and rotational rates
can reduce respirable dust. However, sacrificing the penetration rate
for dust reduction is not a practical solution. Wet drilling technology
is widely regarded as the most effective method for dust control,
boasting efficiencies of up to 96% (USBM, 1987). To effectively
control dust, the amount of water injected must be adjusted based on
the drill type, geology, and the original moisture level of the
2012).
maintaining appropriate water injection levels poses the following

formation being drilled (Cecala et al, However,
challenges: too little water reduces dust control efficiency, while
excessive water can lead to operational issues such as drill bit
plugging and rotation binding due to agglomeration of drill
cuttings (USBM, 1987). Additionally, wet drilling accelerates bit
wear and shortens its lifespan by over 50% (Hustrulid, 1982; Page,
1991; Sundae et al, 1995). In dry drilling operations, the dust
collection systems installed on the drill deck typically consist of
hydro-cyclones with exhaust fans and filters. However, these
systems often suffer from poor maintenance, resulting in
damaged, non-functional, or missing dust collector filters, leading
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FIGURE 2

Schematic representation of the RC drill bit.

TABLE 1 Levels for each parameter employed by the numerical simulation.

Factor Q,/ Dn/mm  Lyt/mm D/ 6c/degree Ls/  Dg/mm  Hg/mm  m/layer
(m3/ mm mm
min)
Level 11 4 0 8 0 5 2 4 10 1 0
2 5 5 10 10 15 10 3 5 85 2 15
309 6 20 12 30 15 4 6 160 3 30

TABLE 2 Levels for each parameter employed by the experiments.

Factor Ls/mm m/layer Dg/mm Dt/mm Lyt/mm Qy/m3*/min
Levels 1 2 1 4 4 8 0
2 4 2 5 5 10 10
3 3 6 6 12 20

to dusty exhaust air emissions (Maksimovic and Page, 1985; Zimmer
and Lueck, 1986; Zimmer et al., 1987). Other sources of emissions in
the collection system can be attributed to damaged or worn
enclosure components or operational conditions, hindering the
containment and capture of dust.

Since the 1980s, the RC-DTH air hammer drill method has been
developed to mitigate drill dust and enhance the penetration rates in
fractured formations (Liu and Yin, 2012). The RC-DTH air hammer
drill tool typically comprises a dual-passage faucet, dual-wall drill
pipes, an RC-DTH air hammer, and an RC drill bit, as illustrated in
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Figure 1. A notable distinction between traditional rotary drilling
and RC-DTH air hammer drilling methods lies in the circulation of
discharged drill cuttings. In RC-DTH air hammer drilling,
compressed air is injected into the annulus of dual-wall pipes,
propelling the RC-DTH air hammer to deliver high-frequency
blows to an RC drill bit, thereby forming reverse circulation. The
exhaust air carrying drill cuttings returns to the surface through the
central passage of dual-wall drill pipes instead of the annulus space
between the drill pipes and the borehole wall. This drilling system
effectively controls dust without water injection or additional
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TABLE 3 Orthogonal experimental design Ly, (3'%) and results for the numerical simulation.

10.3389/fbuil.2024.1395464

Qv Dn Lnt Dy Oc Lp Ls De He m Op Mannuts/k9/s

1 1 1 1 1 1 1 1 1 1 1 1 0.002493
2 1 1 1 1 2 2 2 2 2 2 2 0.006405
3 1 1 1 1 3 3 3 3 3 3 3 0.004503
4 1 2 2 2 1 1 1 2 2 2 3 0.0013
5 1 2 2 2 2 2 2 3 3 3 1 0.000419
6 1 2 2 2 3 3 3 1 1 1 2 ~0.004346
7 1 3 3 3 1 1 1 3 3 3 2 ~0.00116
8 1 3 3 3 2 2 2 1 1 1 3 ~0.005496
9 1 3 3 3 3 3 3 2 2 2 1 ~0.00282
10 2 1 2 3 1 2 3 1 2 3 1 0.027491
11 2 1 2 3 2 3 1 2 3 1 2 0.016585
12 2 1 2 3 3 1 2 3 1 2 3 0.033007
13 2 2 3 1 1 2 3 2 3 1 3 ~0.012926
14 2 2 3 1 2 3 1 3 1 2 1 0.0097
15 2 2 3 1 3 1 2 1 2 3 2 0.004653
16 2 3 1 2 1 2 3 3 1 2 2 —0.0092
17 2 3 1 2 2 3 1 1 2 3 3 ~0.01533
18 2 3 1 2 3 1 2 2 3 1 1 —0.027232
19 3 1 3 2 1 3 2 1 3 2 1 ~0.00378
20 3 1 3 2 2 1 3 2 1 3 2 0.029851
21 3 1 3 2 3 2 1 3 2 1 3 0.006602
22 3 2 1 3 1 3 2 2 1 3 3 0.006529
23 3 2 1 3 2 1 3 3 2 1 1 ~0.0253
24 3 2 1 3 3 2 1 1 3 2 2 ~0.027281
25 3 3 2 1 1 3 2 3 2 1 2 ~0.047896
26 3 3 2 1 2 1 3 1 3 2 3 ~0.059197
27 3 3 2 1 3 2 1 2 1 3 1 —0.0235

Y (x107) 1.3 1232 -84 -115.8 -37.2 -41.6 -30.6 -81 39.1 -97.6 -426

Y (X107) 26.8 -47 -56 217 42 -375 334 -6 —44.9 -51.8 -324

¥ (X107) ~144 -192 24.6 215 -36.4 -36.8 -52 -29 -110 33.4 -41

Vi (X107) 0.4 41.1 -28 -386 -123 -13.9 -10.2 -27 13 -325 -142

Vi (X107) 8.9 -16 -19 -7.2 ~14.1 -125 -11.1 -2 -15 -17.3 -10.8

Vi (X107) -48 —64 8 72 -12.1 -12.3 -17.3 -10 -36.7 112 -137

R; (X107%) 57 105 36 457 1.999 1.59 7.14 25 49.71 437 3.39
Order Dy, Qv, Hg, Dy, m, Ly, Dy, Ls, 0p, 0c, Lp

borehole entrance attachments, presenting an environmentally
friendly and cost-effective drilling technique. Although extensive
studies on the dust control performance of RC drill bits have been
documented in the literature, with reported dust control efficiencies
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of up to 99%, dust emissions may still occur during the initial drilling
phase due to lower annular back pressure and inadequate reverse
circulation capacity without proper design. Furthermore, air loss in
fractured formations can exacerbate the dust control performance of
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TABLE 4 Orthogonal experimental design L;g (2x37) and results for the experiments.

Ls m 3 Dy Dy Lnt ely Error Qo nnulus

1 1 1 1 1 1 1 1 1 2
2 1 1 2 2 2 2 2 2 2.8
3 1 1 3 3 3 3 3 3 -45
4 1 2 1 1 2 2 3 3 22
5 1 2 2 2 3 3 1 1 0.5
6 1 2 3 3 1 1 2 2 -32
7 1 3 1 2 1 3 2 3 -1
8 1 3 2 3 2 1 3 1 -53
9 1 3 3 1 3 2 1 2 8.6
10 2 1 1 3 3 2 2 1 -5.5
11 2 1 2 1 1 3 3 2 4.6
12 2 1 3 2 2 1 1 3 2
13 2 2 1 2 3 1 3 2 22
14 2 2 2 3 1 2 1 3 -2.8
15 2 2 3 1 2 3 2 1 10
16 2 3 1 3 2 3 1 2 -2
17 2 3 2 1 3 1 2 3 7.8
18 2 3 3 2 1 2 3 1 32

Vi -35 -42 -6.5 352 2.8 1.1 8.3 4.9

Vi 15.1 45 2 03 4.1 2.9 53 3

Vi 113 16.1 233 4.7 7.6 -2 37

i —0.3889 -0.7 -1.0833 5.8667 0.4667 0.1833 1.3833 0.8167

7 1.6778 0.75 0.3333 —0.05 0.6833 0.4833 0.8833 05

i 1.8833 2.6833 -3.883 0.7833 1.2667 -0.333 0.6167

R; 2.0667 2.5833 3.7667 9.75 0.3167 1.0833 1.7167 0.3167

Order Dy, Dg, m, Ls, Qv, Lnt, Dr

this drilling system. To further enhance the dust control
performance of RC drill bits and meet engineering requirements,
the effects of the geometric parameters on the performance of a
newly developed RC drill bit were investigated, and a field trial was
conducted to validate its feasibility.

2 Structure of the drill bit

Figure 2 depicts the schematic representation of the RC drill bit.
Following the operation of the DTH air hammer, compressed air exits
through two passages: the suction nozzles positioned on the drill bit
body and the flushing nozzles oriented perpendicular to the borehole
bottom face. As compressed air flows through the suction nozzles, it
forms jets at their outlets, creating a negative pressure zone nearby. The
pressure differential between the borehole bottom and this negative
pressure zone within the center passage generates a lifting force on the
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air, carrying drill cuttings. Furthermore, air entering the flushing
nozzles serves to cool the bit inserts and direct the drill cuttings into
the center passage. This synergistic process facilitates the formation of
air reverse circulation without the need for any sealing elements. The
dust control capability of the RC drill bit hinges on the mass flow rate of
air drawn from the annulus between the drill pipes and the borehole.
Greater air suction from the annular space into the center passage
correlates with enhanced dust control performance and augmented
reverse circulation capacity.

3 Orthogonal design

Orthogonal design was employed to optimize the dust control
performance of the RC drill bit. The study investigated the effects of
the geometric parameters, including the suction nozzle layer m),
diameter (Dg), and its location (Hg); the flushing nozzle diameter
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FIGURE 3
Typical meshed computational domain (the other half was masked).
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FIGURE 4
Apparatus for laboratory experiments.

(Dy); the mixing nozzle diameter (Dy); the size of the annulus  mixing nozzle (6,); and the elevation angle (6p) and depth (Lp) of
between the drill bit and borehole wall (Lg); the distance between the  the expansion pressure groove on the dust control capacity of the RC
flushing nozzle and mixing nozzle (Lyy); the throat angle of the  drill bit. Additionally, the effect of the operational parameter, the
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FIGURE 5

Typical velocity flow field in the drill bit. (A) Enlarged flow field view of annulus space, flushing nozzle section and mixing nozzle section. (B) Enlarged
flow field view of annulus space, mixing nozzle section and expansion pressure section.

input air volume flow rate (Q,), on the dust control capacity of the
RC drill bit was investigated. The mass flow rate of the annulus
between the drill bit and the borehole wall (M,,,,,..1..s) served as the
assessment index for simulation, while its volume flow rate
(Qy-annuis) was used as the assessment index for experiments.
The drill bit, with an outer diameter of 92 mm and designed for
the GQ-89 series RC-DTH air hammers, was intended for drilling
boreholes with a minimum diameter of 96 mm. The central
passage diameter of the drill bit measured was 33 mm, with a
distance of 4 mm between the drill bit front face and the borehole
bottom. For simulation and experiments, the orthogonal tables
L,; (3") and L;g (2x37) were employed, respectively, with three
levels designated for each parameter. Further details are
presented in Tables 1-4.

4 CFD and experimental approaches

Computational domains were constructed using SolidWorks
software and meshed with HyperMesh software. Figure 3
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illustrates a typical computational domain with 2,571,513 grids,
which are divided into eight parts. The regular parts were meshed
with a structured grid, while the irregular parts utilized a tetrahedral
grid. Pyramid grids were employed to ensure connectivity across
all parts. The inlet face, situated in the annulus space of dual-wall
drill tools, was designated as a mass-flow-inlet boundary, with the
input mass flow rate adjusted based on the air compressor
parameters. Outlet faces, located in the center passage and the
annulus between the drill tool and borehole wall, were defined as
pressure-outlet boundaries set to atmospheric pressure. No-slip
stationary wall boundary conditions were applied to the
remaining boundaries. The 3D continuity, momentum, and
energy conservation equations governing compressible flow
within the drill bit were solved using Ansys Fluent software. The
k-¢ turbulence model was employed to simulate turbulent flow, with
second-order upwind discretization utilized for convective terms,
turbulent kinetic energy function, and turbulent dissipation rate
function. The coupling between velocity and pressure was managed
using the SIMPLE (semi-implicit method for pressure-linked
equations) algorithm.
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FIGURE 7
Influence of Dg on the dust control capacity.

A series of experiments were undertaken to validate the numerical
simulation outcomes utilizing a specially designed experimental setup,
as depicted in Figure 4. This apparatus was modularly designed to

Frontiers in Built Environment

D L /mm

facilitate parameter adjustments according to the orthogonal design.
The drill bit was segmented into four parts: the suction nozzle section,
the flushing nozzle section, the mixing nozzle section, and the
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Influence of Dy on the dust control capacity.

expansion pressure groove section. To monitor the system parameters,

experiments employed a piston air compressor with a nominal
two flowmeters and three pressure gauges were incorporated to

volume flow of 6 m*/min and a nominal pressure of 0.8 MPa. In
measure the volume flow rate and pressure, respectively. The  total, 18 experiments were conducted.
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5 Results and discussion

A total of 27 computational models and 18 experiments were
conducted based on an orthogonal design. The range analysis results
yielded the order of each parameter. Among these parameters, the
flushing nozzle diameter (Dy) exhibited the most significant effect on
the dust control capacity of the drill bit, followed by the input air volume
rate (Q,), suction nozzle location (Hg), mixing nozzle diameter (D),
distance between the flushing nozzle and mixing nozzle (Lyy), suction
nozzle layers (m), suction nozzle diameter (Dg), the size of the annulus
between the drill bit and borehole wall (Lg), and the elevation angle of
the expansion pressure groove. Differences were observed between the
simulation and experimental results for both drill bit structures. These
disparities could be attributed to machine errors and leaks in the
experimental apparatus, which are unavoidable in laboratory
settings. Additionally, despite the use of a surge tank to mitigate
fluctuations, the input volume flow rate remained variable during
experimentation. Conversely, these factors were disregarded in the
simulation process. Figure 5 illustrates the typical flow field in an
RC drill bit. Following discharge from the flushing nozzles, compressed
air entrains the nearby fluid into the mixing nozzles, effectively directing
the drill cuttings toward the central passage with the aid of the lifting
force generated by the pressure differential caused by the air jets from
the suction nozzles.

5.1 Influence of m on the dust
control capacity

Figure 6 illustrates the impact of the suction nozzle layers on the
dust control capacity of the drill bit. It demonstrates that augmenting
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the suction nozzle layers can enhance the dust control performance of
the RC drill bit. The cross-sectional area of the flow experiences a
significant rise with each added suction nozzle layer, consequently
amplifying the airflow from the suction nozzles while maintaining a
constant input air volume. This augmentation proves advantageous in
enlarging the pressure difference within the central passage, thereby
bolstering its suction capacity. However, the increased airflow
unavoidably leads to a reduction in airflow from the flushing
nozzles, thereby diminishing the energy consumption resulting from
the airflow collision at the borehole bottom. Within the range of input
air volume flow rates from 1 to 9 m*/min, there exists a critical input air
volume flow rate. Initially, the sucked air flow rate increases with the rise
in the input air volume flow rate. However, after the input air volume
flow rate surpasses 3.8 m’/min, there is a notable decline in the sucked
air volume flow rate despite further increases in the input air
volume flow rate.

5.2 Influence of Dg and Hg on the dust
control capacity

A quadratic relationship is exhibited between the suction nozzle
diameter and the suction of air flow rate, as shown in Figure 7. The
suction of air flow rate reaches its maximum value when the suction
nozzle diameter ranges from 5 to 5.5 mm. As for the effects of the
suction nozzle layers, changing the suction nozzle diameter can
change the allocation proportion of air flow rate from the suction
and flushing nozzles. Enlarging the suction nozzle diameter before
its critical value can maintain the air flow jet velocity while
increasing the air flow rate, thus causing the improvement in the
suction airflow. However, the airflow jet velocity would decrease
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remarkably when the suction nozzle diameter was greater than the
critical value. Therefore, there is an optimal total flow sectional
area for the suction nozzles. Both changing the suction nozzle

Frontiers in Built Environment

layers and the diameter under the condition of keeping its

optimal total flow sectional area can ensure the optimum dust
control capacity.
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FIGURE 13

Schematic representation of the scanning process. 1: guide rod;

2: cable; 3: fork; 4: drill deck; 5: RC-DTH air hammer; 6: drill bit; 7:
scanning unit.

Figure 8 depicts a negative correlation between the suction
The
positioning of the negative pressure zone generated by the

nozzle location and the accommodated airflow rate.

suction nozzle is determined by its placement. As illustrated, a
distant suction nozzle location detrimentally affects the dust control
capacity of the drill bit because the negative pressure area fails to
cover the borehole bottom adequately. Hence, it is preferable to
the the
borehole bottom.

position suction nozzle in close proximity to

5.3 Influence of Dy on the dust
control capacity

The diameter of the flushing nozzle significantly impacts the
dust control capacity of the RC drill bit. As depicted in Figure 9,
the accommodated airflow rate noticeably decreases with the
all while
maintaining a constant input air volume flow rate. As

enlargement of the flushing nozzle diameter,
mentioned earlier, the input airflow can exit the drill tool
through two passages: the suction nozzles and the flushing
nozzles. When other parameters remain constant, increasing
the flushing nozzle diameter indirectly reduces the suction
nozzle size. As illustrated in Figure 5, airflow from the
flushing nozzles can either enter the annulus between the drill
tools and the borehole wall or flow into the center passage. The
heightened airflow from the flushing nozzles due to diameter
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enlargement increases the airflow escaping into the annulus
between the drill tools and the borehole wall, consequently
resulting in poorer dust control performance.

The input air volume flow rate also significantly influences the
dust control capacity of the drill bit when the flushing nozzle
diameter is fixed. Initially, the accommodated airflow increases
with the rise in the input airflow volume, but it subsequently
decreases as the input airflow volume continues to increase. This
suggests the presence of a critical input air volume flow rate for the
given drill bit parameters.

5.4 Influence of Lyt on the dust
control capacity

The distance between the flushing and mixing nozzles must
not be too small; a distance of 20 mm appears to be optimal for
Ly7, as indicated in Figure 10. A smaller distance would
constrain its air-suction capability. Maintaining the flushing
nozzles with a robust air-suction capacity allows them to
capture a portion of the escaping airflow. As previously
discussed, when the RC drill bit lacks flushing nozzles, all
input airflow can only exit the drill tools via the suction
nozzles, indirectly improving the airflow rate from the suction
nozzles. However, efficiently carrying out drill cuttings becomes
challenging without the assistance of flushing nozzles to clear
them away. Additionally, the drill bit’s teeth require cooling
during the drilling process, making the flushing nozzles an
essential component of the drill bit.

5.5 Influence of Dy and Ls on the dust
control capacity

Figure 11 illustrates the impact of the mixing nozzle diameter on
the dust control performance of the drill bit. It indicates that enlarging
the mixing nozzle diameter is advantageous for enhancing its dust
control capacity. As the airflow exits the flushing nozzle, it draws air
from the annulus region into the mixing nozzle. Mixing nozzles with a
larger diameter guarantee adequate energy and mass exchange between
the air jet and the drawn airflow. Furthermore, a larger diameter
decreases the flow velocity of the mixing flows, consequently
reducing the escaped airflow.

Flow resistance plays a pivotal role in determining the airflow
direction, and increasing the flow resistance proves to be an
effective method for preventing airflow escape into the annulus
between the drill tools and the borehole wall. Consequently,
restricting the Lg with a drill bit featuring smaller blades can
enhance the dust control performance of the RC drill bit, as
depicted in Figure 11.

5.6 Influence of Lp and 6p on the dust
control capacity

According to the results of the range analysis, Lp has little
influence on the dust control performance of the RC drill bit, with
Lp

15mm being optimal for the current drill bit structure.
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FIGURE 14
Field test of the RC-DTH air hammer. (A) Dusty drilling site with the conventional DTH air hammer drilling method. (B) Clean drilling site with the RC-

DTH air hammer drilling method. (C) Discharged drill cuttings. (D) Preparation to place the scanning unit into the cavity through the center passage of the
drill tools. (E) Cavity auto-scanning laser unit. (F) Conducting the cavity scanning process.

Although 0p has minimal effect on its dust control performance,
there is a discernible trend for 6p, demonstrating a parabolic
relationship, as shown in Figure 12. A very small 0y results in a
right-angle turn at the inlet of the mixing nozzle, leading to
significant local loss. Conversely, a very large 6p induces a
sudden turn, creating a whirlpool effect and increasing energy
consumption.

6 Field test

The RC drill bit (150 mm in diameter) with optimized
parameters and its matched DTH air hammer GQ-142 were
manufactured. They were employed to detect multilayer
cavities with the assistance of a cavity auto-scanning laser
system in Yuan Jiacun iron ore, which is affiliated with the
Taiyuan Iron and Steel (Group) CO., LTD., and is located in
Lanxian county of Shanxi province in the northwest of China.
Figure 13 illustrates the schematic representation of this
technique. During the drilling process, the system operates
normally until the drill bit penetrates the roof of the cavity.
At this point, the air hammer and the drill bit descend a segment
due to gravity, limited by semi-circle clips, and the RC-DTH air
hammer ceases operation immediately due to a valve mechanism
failure. In the detection process, the lower drill pipes are secured
on the drill deck to prevent the drill tools from falling into the
cavity. Initially, the upper drill pipe above the ground is removed;
then, the detection system is inserted into the cavity through the
center passage of the drilling tool to obtain dimension
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information of the cavity. Finally, after completing the
detection, the detection system is removed, and additional
joints are added to continue the drilling process to detect the
cavity below the upper one. The through-hole of the drill bit
measures 55 mm, allowing the scanning unit with a diameter of
50 mm to cross it. Figure 14 depicts the field test drilling site
employing the RC-DTH air hammer drilling method for
detecting the goaf cavity. Compared with the conventional
DTH air hammer employed nearby the test drilling site, the
drill dust emission has been completely controlled. The field test
verified that the modified drill bit
dust emission.

effectively reduces

7 Conclusion

The structure parameters of the RC-DTH air hammer drilling
method were optimized using an orthogonal design via fluid
computational and experimental methods to enhance its dust
control performance. Although some disparities exist between
the simulation and experimental results, the effective trends for
all the parameters align consistently. The findings indicate that
increasing the suction nozzle layers, enlarging both the suction
and mixing nozzle diameters, and optimizing the input airflow
within a certain range are conducive to improving the dust
control performance of the RC drill bit. Conversely, enlarging
the flushing nozzle diameter and adjusting the suction nozzle
location negatively impact the dust control capacity. Based on the
optimized parameters, a 150-mm outer diameter RC drill bit was

frontiersin.org


https://www.frontiersin.org/journals/built-environment
https://www.frontiersin.org
https://doi.org/10.3389/fbuil.2024.1395464

Fan et al.

manufactured along with matching drill tools, including the DTH
air hammer GQ-142. The field test results demonstrate the
excellent dust control performance of the optimized RC drill
bit. The DTH air hammer plays a critical role in reverse
circulation drilling, and the parameters discussed in this paper
can be applied to boreholes of any size. Enhanced dust control
capability reduces well leakage.

As wells delve deeper and the initial spud-in drilling diameters
increase, conventional drilling methods face challenges in
circulating cuttings out of the wellbore, particularly in cases of
circulation loss. Although conventional gas drilling can address
circulation loss, it often requires substantial quantities of
compressed air, numerous air supply units, occupies significant
drilling site space, and incurs high costs, especially in large-
diameter well drilling. These drawbacks limit the effectiveness of
conventional gas drilling. However, dual-wall reverse circulation
(RC) gas drilling technology has proven effective in addressing these
challenges. This technology has shown no wellbore erosion due to
high-speed returned air, minimal damage to low-pressure and
reservoirs, for formation water

permeability
applications, lower air consumption, and reduced drilling costs. It

suitability

is widely utilized in geological prospecting, foundation engineering,
hydrological well drilling, and other fields. Although RC gas drilling
technology is relatively new in oil and gas exploration, it offers long-
term benefits in cost-saving, efficiency improvement, energy
conservation, and environmental protection. It holds promise for
successful application in shallow gas, shale gas, coalbed methane
(CBM), and other unconventional oil and gas reservoir exploration
in the future.
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