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A set of dust collectors was designed with corrugated plate for an underground metal mine, which has low ventilation resistance,
simple maintenance, and strong environmental adaptability. A three-dimensional simulation model was built based on ANSYS-
Fluent software, and it was used to analyze the influence law of key parameters on the comprehensive dust removal efficiency; the
angle of corrugated plate to the horizontal plane, the surface characteristics of plate, pressure loss and dust removal efficiency were
discussed.*e optimal design scheme of the dust collector was determined according to the simulation results.*e dust collection
was carried out in the Fankou lead-zinc underground metal mine in China, and the total dust removal efficiency was more than
95%, and for respiratory dust, it was more than 85%. *is dust collector can be widely used in similar underground metal mines.

1. Introduction

*e mining scale, mining intensity, and mining depth have
increased rapidly during recent decades for metal mines in
China, especially for old mines with expansion construction
and reconstruction to improve its mining capacity. Con-
sequently, it makes the ventilation network complex and the
structure irrational, ventilation circuit long, ventilation re-
sistance big, and daily management much difficult, and it
brings serious contradiction between air supply and de-
mand. At present, the existing well and roadways are used as
the inlet shaft or airway, which is one of the important ways
to effectively solve the poor ventilation problem for un-
derground mines. Some metal mines allow fresh air inlet
from the main shaft to partially replenish the demand of air
under certain conditions. Due to the small ventilation re-
sistance and large cross section, the volume of airflow is
large, and the fresh air is polluted by dust in the skip shaft
during the real application. According to the provisions
from Safety Regulations of Metal and Nonmetal Mines
(GB16423-2006), “*e skip shaft should not double as
intake shaft. When mixture shaft is used as the intake
shaft, it should take effective purification measures to ensure
the quality of the air source.” So these metal mines face the

problem of purifying airflow which is from the main shaft or
skip shaft.

Dust collectors have been widely used because of tech-
nology ripening, safety working, and economy reasonable
nowadays. *ere are many kinds of dedusting technologies
and dust collectors [1], most of which focus on wet dedusting
and filter removal technologies, especially on spraying
dedusting [2–4] and filter-bag dedusting. Although current
dedusting and dust collectors are relatively mature technol-
ogy, it is not easy to apply them well into undergroundmines,
which needs to meet the conditions of confined space, easy
maintenance, efficiency, and the large volume of airflow
economically [5]. It is of great practical significance and
application value to investigate the purification technology
and dedusting device for underground metal mine.

2. Design of Dust Collector

In order to meet the requirements for the purification of air
in underground metal mine (e.g., low ventilation resistance,
high capacity to deal with airflow, and relatively low content
of respiration dust), the dedusting types of shutter, spray,
and water film need to be combined in the design of the dust
collector. *e corrugated plate was selected as the main
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material, and the idea of modular design was adopted to
build the dust collector. One or more sets of independent
dust removal module were used to constitute the dust
collector, and these modules can be used in series, parallel,
and series-parallel modes.

2.1. Preliminary Design. Each dedusting module consists of
a metal support and corrugated plate. �e corrugated plate is
�xed on the metal support and has an angle to the horizontal
plane and formed like a shutter-type dust collector [6]. When
the dusty air�ow passes through the corrugated plate, the
air�ow disturbance caused by the wave-shaped structure of the
corrugated plate would enhance the inertia e�ect and increase
the collision probability between the dust and the surface of
the corrugated plate [7]. �e dust removal mechanism of the
corrugated plate includes gravity sedimentation, inertia sep-
aration, surface adhesion [8, 9], and so on.

2.2. Simulation and Analysis. �e technology of numerical
simulation is widely used to assist experimental research and
provides more and faster simulation data [10, 11]. A nu-
merical model was built to optimize the parameters of the
dedusting module. �e dedusting e�ciency, installation
angle, ventilation resistance, pressure loss, and �ow-�eld
distribution were simulated and discussed. �e numerical
model used in this study is implemented by solving the
di�erential equations of conservation of mass, momentum,
and energy and is complemented by turbulent �ow models.
Calculations are performed with the commercial software
package ANSYS-Fluent. �e discrete phase model (DPM) is
used to simulate the results of dust [12]. �e trajectory of
a discrete phase particle is simulated by integrating the force
balance on the particle in a Lagrangian reference frame.�is
force balance equates the particle inertia with the forces

acting on the particle [13] and can be written (for the x
direction in Cartesian coordinates) as follows:
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where F
→

is an additional acceleration (force/unit particle
mass) term, FD( u

→− u→p) is the drag force per unit particle
mass, u→ is the �uid phase velocity, u→p is the particle ve-
locity, μ is the molecular viscosity of the �uid, ρ is the �uid
density, ρp is the density of the particle, dp is the particle
diameter, and Re is the relative Reynolds number.

�e simulation geometry is shown in Figure 1(a). �e
computational domain was 1.1m × 0.5m × 0.13m and
included �ve corrugated plates. �ree planes (inlet, outlet,
and middle) were selected to calculate the simulation results.
�e three angles (0°, 5°, and 10°) between the horizontal
plane to the corrugated plate and the surface of the cor-
rugated plate were set as three types, i.e., “two sides” means
that the boundary condition is “trap” for both surfaces of the
corrugated plate, “one side” represents that upper surface of
the corrugated plate was set as “trap,” and “no side” refers to
that no surface was set as “trap.” Typical simulation results
and graphs are shown in Figures 1(b)–1(d).

�ree planes were selected to evaluate the dust removal
e�ciency, as shown in Figure 1(a). �e data were averaged
value of three planes (inlet, outlet, and middle) according to
the simulation results, which are shown in Figures 2 and 3.
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Figure 1: Simulating graphs from ANSYS-Fluent. (a) Geometry. (b) Pressure. (c) Velocity. (d) Particle mass concentration.
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Figure 2: Variation of (a) pressure and (b) velocity for dust collector.
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Figure 3: Simulation results of dedusting e�ect for the corrugated plate. (a) Angle is 0°. (b) Angle is 5°. (c) Angle is 10°. (d) No side trap for
dust. (e) One side trap for dust. (f ) Two sides trap for dust.
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Figure 2(a) shows the pressure loss from inlet plane to
outlet plane is about 45 Pa, and the installation angle has
little e�ect on the pressure loss. �e simulation velocity was
set as 2-3m/s in order to meet the processing ability of the
volume of air�ow in Figure 2(b).

Figures 3(a)–3(c) show that the dust removal e�ciency is
dependent on the plate area and the characteristics of the
plate surface, and the dedusting e�ciencies were as follows:
two sides > one side > no side. �e collection e�ciency is
76.38% for two sides, 26.97% for one side, and 11.83% for no
side at angle 0°; 75.55% for two sides, 34.05% for one side,
and 12.79% for no side at angle 5°; 80.75% for two sides,
37.39% for one side, and 4.6% for no side at angle 10°.

Figures 3(d)–3(f ) present that the dust removal e�-
ciency is a�ected by the angle, but its e�ect is not so sig-
ni�cant, and it depends on the surface area of plate, which is
associated with the “trap” type boundary condition [14].

In order to improve the dust capture capability for the
surface of the corrugated plate and to increase the com-
prehensive e�ciency of dust removal, the water supply pipe
was installed on one or both sides of each dedusting module,
with water sprinkled into its inside through injection hole.

Some leakage holes were arranged on each corrugated plate,
and water curtain was formed between the plates through
these leakage holes. Water curtain became the water mist
when it was �apped and impacted by air�ow, and water �lm
was formed on the surface of the corrugated plate. �e
inertial e�ect, wet dedusting, and water �lm collecting
constituted the dust collector. Because of the spoiler e�ect of
the corrugated plate and spray dust removal system, the dust
removal rate is high for respiratory dust. �e dust was taken
away by sprinkle water, which prevented dust aggregation
on the surface and washed the dust.

3. Field Application and E�ect Evaluation. �e dust collector
has been applied in a large nonferrous metal mine to purify
air�ow from the main shaft, and the device was installed in
a roadway with a size of 25.0m × 4.5m × 4.0m. �e dust
collector consists of three independent dedusting modules,
and the basic structure is shown in Figure 4.

Field application results: the dust concentration is 5–
10mg/m3 for the inlet air�ow from the main shaft and
0.5–1.5mg/m3 for the outlet air�ow from this dust collector;
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Figure 4: Design diagram of the dust collector for underground mine.

Figure 5: Photos of dust collector in underground metal mine.
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the concentration of respiratory dust is 0.15–0.4mg/m3

falling below the standard (the concentration of respiratory
dust ≤0.5mg/m3) for inlet fresh air; the throughput volume
of this dust collector is 15–20m3/s; the ventilation resistance
is 200–300 Pa; the volume of sprinkle water is 200–300m3/d;
and the photos of this dust collector are shown in Figure 5.
*e adoption of the modular design in this dust collector
provides the capability to change the parameter according to
field requirements. Field application proved that the dust
collector meets the design requirements and can be used into
the underground metal mine for the purification of the inlet
air from the main shaft or skip shaft.

Based on the ventilation cost of this applied mine, the
main economic indicator is that the operation cost of
ventilation is about RMB30,000 per year for 1m3 fresh air
from auxiliary shaft. According to these data, the throughput
volume of this dust collector is 20m3; therefore, the annual
economic benefit of RMB450,000 can be achieved.

4. Conclusions

*is study was conducted to design a new dust collector to
purify airflow for the main shaft in an underground metal
mine.*e corrugated plate was selected as themainmaterial;
ANSYS-Fluent software was used to optimize the parameter
of the dust collector. *e modular design was used in the
dust collector, which provides the capability to change
module composition according to field requirements. *e
dust collector integrates wet dedusting, condensation, col-
lision, inertia, gravity, and other dedusting methods.

*is device was applied in an underground metal mine,
which has low ventilation resistance, simple maintenance,
and strong environmental adaptability. Field application
proved that the dust collector meets the design requirements
and can be used into the underground metal mine for the
purification of the inlet air from the main shaft or skip shaft.
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