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Abstract 

In this study, we developed a full-section fog screen dust capture system installed in the 
return airway of a comprehensive mining face, aiming to mitigate the pollution 
generated by dust overflowing from the return airway section during mining. Various 
spray nozzles were selected to control atomisation under different water pressures. A 
porous media model was employed to simulate the dust-catching network considering 
its viscous drag coefficient (D) and inertial drag coefficient (C_2). In addition, changes in 
pressure drop and the wind loss of the dust-catching network with the wind speed were 
investigated. Based on a full-size comprehensive mining face model, the atomisation and 
wind flow field of the full-section fog screen dust capture system were simulated, and the 
effects of the atomisation degree of droplets from dust capture nets with different 
apertures on the wind flow field were investigated. The results showed that the optimal 
spray nozzle was the fan-shaped atomizing spray nozzle, with a selected water pressure 
of 0.6 MPa. The droplet concentration in the porous media section increased from 0.026 
kg/m3 to 0.052 kg/m3, and the volume share increased from 51.5 % to 74.5 %. The 
concentration of the filtered droplet increased from 0.00067 kg/m3 to 0.0013 kg/m3, and 
the size of particles adsorbed by the porous media increased from 140 μm in the 
proportion of most particles to 0.0013 kg/m3. The proportion of most particles above 
140 μm was reduced to 0-80 μm, and the optimal pore size was selected to be 100 mu. 
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1. Introduction 

Currently, coal plays a crucial role in global energy applications, and China is recognized as a 
major coal producer. However, the extraction of coal from underground seams necessitates 
mining operations that inevitably result in elevated levels of coal dust and mixed dust, posing 
significant health risks to miners.[1,2,3] By the end of 2021, China had reported a total of 
1,025,000 cases of occupational diseases. Among them, approximately 915,000 cases 
(accounting for around 89.3%) were attributed to occupational pneumoconiosis, with over 50% 
originating from coal mine employees. There are over 100 million workers exposed to dust in 
China, with 3.473 million employed in the coal industry. Nevertheless, only 3.5% of the coal 
mine dust employees suffer from pneumoconiosis, despite its prevalence accounting for more 
than 50% of new cases annually. From 2008 to 2021, approximately 288,000 new reported 
cases of pneumoconiosis are projected to be reported in China, with coal workers' 
pneumoconiosis accounting for approximately 120,000 cases (41.7% of all new 
pneumoconiosis cases). Since 2008, there has been a consistent annual increase in the number 
of newly reported cases of coal workers' pneumoconiosis in China. Additionally, approximately 
1,900 occur each year in national coal mines due to pneumoconiosis, which is six times higher 
than the number of deaths from coal mine accidents. Coal mine dust has emerged as the primary 
factor jeopardizing production safety and occupational health, as depicted in Fig. 1.[4-10] 
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Due to the limited efficiency of simple ventilation dust removal, coal bed water injection, and 
spray dust removal, the impact of respiratory dust on production safety is significant.[11-13] 
Composite wet dust removal technology is widely used in fully mechanised mining faces, such 
as dust suppressants and wetting agents.[14,15] This technology effectively improves the effect 
of dust removal but presents challenges such as high cost and pollution of coal sources. In recent 
years, the wet filter dust collector (WFDC) has been progressively developed and implemented. 
Numerous scholars have studied the mechanism of dust removal. However, their studies mainly 
focus on the physical relationship between droplets and metal-based filter screens (MBFS) and 
the effect of sliding behaviour. Suetal.[16] investigated the flow behaviour of droplets impinging 
on metal screens with varying wettability. The results showed that when impinging on the more 
hydrophobic wire mesh, smaller and more uniformly distributed secondary droplets were 
produced. Soto et al.[17] analysed the impact of a droplet on a fine-opening wire mesh and its 
dispersion process. The results demonstrated that the passage of a droplet through the wire 
mesh results in the formation of a conical dispersion angle, primarily influenced by side-wall 
interactions. Ryu et al.[18] investigated the osmotic behaviour of droplets impinging on a fine 
filament network with two types of surface wettability: hydrophobic and superhydrophobic. 
Venkateshan et al.[19] analysed the effect of different hydrophobic metal meshes on the sliding 
of droplets on their surfaces and discovered that the sliding angle of the droplets increased with 
an increase in the diameter of the filaments. 

In recent years, numerical modelling has been extensively used in engineering projects. Wen et 
al.[20] found that by optimising the relative positions of the pressure tube and the extraction 
tube and adjusting the extraction pressure ratio, the diffusion and deposition of dust could be 
effectively reduced. Hua et al.[21,22] analysed the spatial and temporal evolution of dust pollution 
caused by two typical ventilation methods (blower ventilation and long compression short 
suction) using FLUENT numerical simulation. Ren et al. [23] designed a novel spraying system 
based on the dust diffusion behaviour, which was equipped with four nozzles on each side of 
the classifier. The installation scheme of different nozzles was optimised by numerical 
simulation. Zhai et al.[24] proposed a multi-nozzle spraying apparatus mounted on the rocker 
arm of a coal miner to investigate the atomisation mechanism of the nozzles. The instrument 
exhibited a larger spray coverage, and the optimised spray area improved the suppression 
efficiency of total and respirable dust by 8%. Qiu et al. [25] investigated the relevant factors of 
water film formation through numerical simulation and experimental tests. The dust removal 
mechanism of the full-section fog screen dust capture network was researched, and the dust 
pollution problem of the roadway was solved by reducing the dust in the return airway of the 
working face. Although the above studies have effectively addressed the issue of dust removal, 
the impact of dust removal equipment and the operation of the wind flow in the mine remained 
unclear. 

Hongliulin coal mine north has a plate area with the 25212 comprehensive mining face. The 
section is rectangular with dimensions of 6.1 m (width) × 4.2 m (height), resulting in a section 
area of 25.62 m2. In the wind tunnel, the airflow rate is measured at 2575 m3/min, with a wind 
speed of 1.68 m/s. Additionally, the average dust concentration back to the wind tunnel is 34.00 
mg/m3, and the average respiratory dust concentration is 10.37 mg/m3. The dust concentration 
in the return airway exceeds the mine safety regulations of 4.0 mg/m3 and 2.5 mg/m3, making 
it challenging to effectively address the issue of dust pollution using conventional methods. 
Through experiments and simulations, this study investigates the influence of the structure of 
the dust-catching net and other parameters on the dust reduction method in the return airway. 
Subsequently, we propose a full-section fog screen dust capture system that enhances dust-
removal efficiency while ensuring the normal operation of the tunnel wind flow field. 

 

https://www.sciencedirect.com/science/article/pii/S0009250920301251#b0145
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Fig.1. China's national coal production and consumption and occupational pneumoconiosis 

statistics in recent years 

2. Theoretical study of a full cross-section fog screen dust capture system 

2.1. Mechanism of water film dust removal 

The core part of the full cross-section fog screen dust capture system is the continuous 
formation of the water film between the fibre filaments, which are constantly disrupted. Under 
disturbed wind flow, the water film of the dust catcher is the dynamic water film that 
continuously falls after droplet collisions with the string fence.[26,27] In turn, the capture of dust 
is realised. The morphology and scale of the droplets after colliding with the grating are 
primarily affected by the contact angle, and the surface of the grating can be hydrophobic or 
hydrophilic.[28-34] Due to dynamic water film, the trajectory of dusty airflow passing through the 
string fence section undergoes constant changes. When the airflow bypasses the water film 
section of the string fence, it does not strictly adhere to the scientific properties of cylindrical 
bypassing. The breakage of the water film is affected by various factors, such as filtering wind 
speed, fibre spacing, and droplet size. The nozzle generates droplets under a certain water 
pressure, where some smaller droplets pass directly through the gaps between the fibre 
filaments of the string fence. Meanwhile, another part of the relatively large particle droplets 
will collide with the fibre filaments. The collision between the droplets and the fibre filaments 
induces capillary wetting, resulting in a water film of a certain thickness adhering to the surface 
of the fibre filaments. After the formation of the water film, the gap in the circulation is suddenly 
filled with water film. At this time, the rupture of the water film occurs through two distinct 
mechanisms: one is that the wind has active destructive energy on the windward side of the 
water film, leading to its rupture; the other mechanism is that after the water film is formed, a 
greater gravity than the surface tension of the water film leads to its rupture, as shown in Fig. 
2. 
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Fig.2. Schematic diagram of dust removal by full cross-section fog screen dust capture system 

2.2. Modelling of porous media 

In order to simplify the complex dust-catching network geometry, the porous region can be 
treated as a fluid region with increased drag in fluid calculations. Such treatment usually 
involves the introduction of a momentum sink in the porous medium related to the fluid 
velocity to represent the effect of the dust-catching network on the fluid resistance[35,36,37,38]. 
The momentum sink is usually expressed as follows: 

𝑆𝑖 = −(∑ 𝐷𝑖𝑗𝜇𝑣𝑗
3

𝑗=1
∑ 𝐶𝑖𝑗

1

2
𝜌|𝑣|𝑣𝑗

3

𝑗=1
) (1) 

where 𝑆𝑖 is the ith (x, y, z) term, which represents the velocity value; D and C are the specified 
matrices; the first term on the right side of Eq. (1) is the viscous loss term, and the second term 
is the inertial loss term. Since the screen is a porous medium with uniform distribution, Eq. (1) 
can be rewritten as: 

𝑆𝑖 = −(
𝜇

𝛼
𝑣𝑖 + 𝐶2

1

2
|𝑣|𝑣𝑖) (2) 

where α represents the permeability; 𝐶2 denotes the inertial resistance coefficient. At this point, 
the matrix D is 1/α, denoting the viscous drag coefficient. Momentum sinks exert their influence 
on the fluid to produce a pressure gradient, 𝛻𝑝 = 𝑆𝑖, which can be further expressed as: 

𝛻𝑝 = 𝑆𝑖∆𝑛 (3) 

where ∆𝑛 is the thickness of this porous media basin, i.e., the thickness of the dust-catching 
mesh. 

3. Spray and porous media resistance experiments and validation of 
effectiveness 

3.1. Experimental platform construction 

The dust removal efficiency in a fog screen system is closely related to the effect of water film 
formation on the dust catchers, and the selection of nozzles and dust catchers plays a pivotal 
role in this process. In this study, the optimal nozzles for the dust-catching net system are 
selected by setting up the experimental platform for fog screen dust catching, and the resistance 
of dust-catching nets with different apertures is tested. 

The experimental platform of the fog screen dust capture system mainly includes a dust-
catching net and spray integrated device, wind, water power system, flow meter, dust sampling 
device, and particle size analyser (Fig. 3). During the experiment, different mesh filter nets (40 
mesh, 80 mesh, 100 mesh, 120 mesh) were tested by adjusting the water pressure size to catch 
dust net filtration resistance and the distribution of the particle size of the spray. 
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Fig.3. Fog screen dust capture experimental platform 

 
Fig.4. Spray Options 

3.2. Nozzle optimisation 

In this study, six atomisation nozzles were selected for testing: a guide core containing a flat 
mouth, a cross-opening hybrid nozzle with an X-shaped guide core, a lateral guide hole 
centrifugal nozzle, a fine atomisation nozzle, a wide-angle hybrid atomisation nozzle, and a fan-
type atomisation nozzle, as shown in Fig. 4. The wind speed under the mine was determined to 
be 1.65 m/s, and the diameter of the nozzle was 1.1 mm. The atomisation angle in the spray 
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was tested under different spray pressures, effective ranges, and flow rates, as shown in Table 
1. 

Table 1 Macro-atomisation parameters for various types of nozzles 

Nozzle Type 
Spray pressure 

(MPa) 

Fogging angle 

(°) 

Effective range 

(m) 

Flow rate 

(L/min) 

Flat nozzle with 
deflector core 

0.2 56.8 1.8 3.58 

0.4 53.3 2.7 4.63 

0.6 50.6 3.4 5.96 

0.8 48.8 4.2 6.92 

Cross-opening 
mixing nozzles 
with X-shaped 

guide core 

0.2 87.6 1.9 3.58 

0.4 83.4 2.5 4.86 

0.6 81.2 3.5 5.88 

0.8 78.7 4.4 7.03 

Centrifugal 
nozzles with 

deflector holes 

0.2 72.2 1.3 5.77 

0.4 68.6 1.8 8.12 

0.6 66.0 2.6 9.74 

0.8 64.1 3.4 11.74 

Fine Atomisation 
Nozzles 

0.2 46.6 1.2 2.65 

0.4 41.9 1.6 3.80 

0.6 39.8 2.2 4.65 

0.8 36.3 2.8 5.63 

Wide angle hybrid 
atomising nozzles 

0.2 51.7 1.5 5.05 

0.4 42.5 1.8 6.50 

0.6 37.3 2.4 7.70 

0.8 34.7 2.7 8.82 

Fan Atomising 
Nozzles 

0.2 90.3 3.0 2.33 

0.4 87.6 3.3 2.98 

0.6 85.1 4.1 3.35 

0.8 83.3 4.4 4.45 

As can be seen from Table 1, the atomisation angle and effective range of the fine atomisation 
nozzle and wide-angle hybrid atomisation nozzle are relatively poor compared to the other four 
nozzles. Therefore, the contact area between the dust and spray field is small, leading to 
relatively poor film formation and dust removal efficiency. The flat nozzle with a deflector core 
has a good effective range but poor atomisation angle, while the lateral deflector hole 
centrifugal nozzle has a wide atomisation angle but a poor effective range, negatively affecting 
the formation of water film and dust removal effect. The cross-opening hybrid nozzle with an 
X-shaped deflector core and fan-type atomising nozzle have better atomization angles and 
effective ranges. Therefore, a particle size analyser was used for further analysis of the 
atomisation effect of the two types of nozzles (refer to Table 2 for Type I and Type II, which 
represent the fan-type atomising nozzle and cross-opening hybrid nozzle with X-shaped 
deflector core, respectively; 𝑑10, 𝑑50, and 𝑑90 denote the characteristics of the sizes, including 
the volume of particles smaller than this size; specifically, they denote the content of 10%, 50%, 
and 90% of the total particle volume, respectively). It can be concluded that the fan-shaped 
atomisation nozzle has a small droplet size. For example, when the pressure reaches 0.6 MPa, 
the atomisation angle of the fan-shaped atomisation nozzle can reach 831, the effective range 
is up to 4.1 m, d10 is 43.5 𝜇m, 𝑑50 is 108.5 𝜇m, and 𝑑90 is 190.6 𝜇m. Due to the large space of the 
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tunnel where the fog screen dust capture system is located, a dust removal net with smaller 
pores was selected. In order to improve the dust removal effect, sector spray nozzles were 
selected, which have a wide spray angle, a wide effective range, and small spray particles. As 
can be seen from Tables 1 and 2, the atomisation angle changes slightly. When the spray 
pressures are 0.6 MPa and 0.8 MPa, the spray range increases by only 0.3 m, while the flow rate 
increases to 1 L/min, ultimately increasing the cost of use. As the difference between the two 
spray particle sizes is small, the spray pressure of 0.6 MPa is selected for the dust removal 
system. 

Table 2 Atomized particle size of nozzle 

Types 
Water supply 

pressure(MPa) 

Grain size (𝜇m) 

𝑑10 𝑑50 𝑑90 

Ⅰ 

0.2 59.6 129.6 245.4 

0.4 46.8 115.7 219.6 

0.6 43.5 108.5 190.6 

0.8 40.7 101.4 185.8 

Ⅱ 

0.2 86.6 166.3 545.8 

0.4 80.3 134.5 435.8 

0.6 66.8 120.4 377.4 

0.8 61.5 106.7 262.3 

3.3. Porous media resistance experiment 

Four types of 304 stainless steel dust capture meshes are used in this simulation experiment, 
which are 40 mesh (0.5 mm aperture, 0.13 mm filament diameter), 80 mesh (0.25 mm aperture, 
0.09 mm filament diameter), 100 mesh (0.18 mm aperture, 0.08 mm filament diameter), and 
120 mesh (0.15 mm aperture, 0.07 mm filament diameter), shown in Fig. 5. Their velocity and 
pressure drop are tested after the gas passes through the porous media region at velocities (v) 
of 3 m/s, 5 m/s, 7 m/s, and 9 m/s. 

 
       40mu                80mu             100mu             120mu 

Fig.5. Filter physical picture 

The above figure illustrates a positive correlation between the velocity of the gas after passing 
through the porous media region and the pressure drop[39], which is fitted according to the 
above equation. Consequently, an equation representing the relationship between pressure 
drop and velocity can be derived, as shown in Fig. 6. 

∆𝑝 = 𝑎𝑣2 + 𝑏𝑣 (4) 

As shown in Fig. 6, a higher initial mesh count results in a greater and more uniform pressure 
drop. As the wind speed v increases, the difference between the pressure drops of different 
mesh gradually increases. When the speed v reaches 5 m/s, the difference is more obvious. The 
pressure drop of dust capture mesh is 80 mesh, 40 mesh, 120 mesh, and 100 mesh in 
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descending order. According to the above formula, the inertial resistance coefficient 𝐶2 and the 
viscous resistance coefficient D can be obtained, as shown in Table 3. 

𝑎 = 𝐶2
1

2
𝜌∆𝑛 (5) 

𝑏 =
𝜇

𝛼
∆𝑛 (6) 

 
Fig.6. Porous media data fitting diagram 

 
Table 3 Parameters of porous media 

Catalogue a b 
Viscous drag coefficient 

(D) 
Inertial drag coefficient 

(𝐶2) 

40mu 3.7623 4.0654 47.265 1.7788e+6 

80mu 3.4707 8.1849 62.9551 5.1737e+6 

100mu 2.9162 8.6678 59.5142 6.1631e+6 

120mu 2.8704 10.148 66.9481 1.7788e+6 

It can be concluded that the pressure drop and wind loss of the dust catchers increase with 
increasing wind speed, with a smaller aperture mesh of the dust catchers leading to a more 
significant pressure drop and wind loss. 

3.4. Numerical simulation validation 

After measuring the relevant parameters of the spray field, the authenticity and feasibility of 
the numerical simulation were verified by comparing the experimental platform with the 
simulation software. The fan speed was set to 1.65 m/s, the 1.1 mm nozzle with a fan-shaped 
atomising nozzle was selected, and the spray pressure was set to 0.6 MPa. The position of the 
nozzle was (0, 0.48, -0.5), and the horizontal and vertical directions of the airflow were set to 
the X-axis and the Y-axis, respectively, as shown in Fig. 7. 
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Fig.7. Simulated measurement diagrams in the spraying field 

A model that matched the scale of the experimental platform was constructed using SolidWorks 
software, and the mesh was generated using FLUENT meshing. Subsequently, a numerical 
simulation of the spray was carried out using FLUENT. The boundary conditions are shown in 
Table 4 below. Figures 8 and 9 show the simulated spray droplet sizes to determine the 
simulation feasibility by comparing them with the particle size ratios obtained from the particle 
size analyser. 

Table 4 Parameterisation 

Setup Parameter setting 

Gravitational acceleration 9.81m/s2 

Model k-epsilon(2 eqn) 

Inlet 1.65 m/s 

Outlet Pressure outlet 

k-epsilon Model Realizable 

Injection Type Cone 

Material Water - liquid 

Min. Diameter (mm) 0.001 

Max. Diameter (mm) 0.22 

Mean Diameter (mm) 0.1 

Solver Transient 

 

As shown in Figs. 8 and 9, the effect of the airflow on the spray field is consistent in both the 
spray detail experiments and numerical simulations. Transverse airflow induces a shift of the 
spray field towards the outlet. The comparison between the experimental and numerical 
simulation results reveals that the particle size error at each measurement point within the 
spray field is limited to 3.46%. This result indicates the consistency between the numerical 
simulation and the results of the fine view experiment, demonstrating the accuracy of the 
numerical simulation. 
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Fig.8. Droplet size in the spray field 

 
(𝑃10, 𝑃50, 𝑃90 represent the specific gravity at 0.6 Mpa corresponding to the range of𝑑10, 𝑑50, 𝑑90 

particle sizes) 
Fig.9. Simulated particle size distribution 

4. Spray and porous media resistance experiments and validation of 
effectiveness 

4.1. Modelling 

The SolidWorks software was used to establish a local model of the 25212 comprehensive 
mining face in the Hongliulin North 1 plate area, including the inlet and return alleys 
(W×H=6.1×4.2 m), a coal miner, and a hydraulic support, as shown in Fig. 10. 
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Fig.10. Model of 25212 working face in Hongliulin North 1 plate area  

4.2. Meshing 

Unstructured meshes are widely applied in meshing for numerical simulation, particularly 
tetrahedron, which is extremely suitable for delineating irregular and complex geometric 
models. Along with the continuous development of computer and mesh technology, more and 
more scholars will use unstructured meshes to divide complex physical models when applying 
numerical simulation methods.[40,41] This simulation adopts tetrahedral mesh division through 
FLUENT meshing software, as shown in Fig. 11. The mesh size is 0.03-0.3 m, with a smooth 
transition in the boundary layer. A total of 184 meshes are employed, the minimum cell mesh 
quality is 0.32 greater than 0.15, and the maximum distortion degree is 0.65 less than 0.9, which 
can be used in simulation calculation. 

 
Fig.11. Grid Schematic 

4.3. Simulation of water mist effect and particle adsorption in full-section fog 
screen dust capture system 

The meshed model was imported into FLUENT software, the airflow velocity was set to 1.65 
m/s, and the spray simulation of the fog screen dust capture system was simulated using fan-
shaped atomised nozzles. The water pressure was set to 0.6 MPa, with a total of 11 nozzles 
spaced at intervals of 0.5 m and an aperture diameter of 1.1 mm for each nozzle. The spraying 
system was positioned approximately 40 cm away from the fog screen dust capture net, and 
the water spray effect of the fog screen dust capture system was simulated by the porous media 
model with different aperture mesh. The other parameters considered in the numerical 
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simulation of the water mist effect of the fog screen dust capture system are listed in Table 1. 
On this basis, the distribution patterns of front-end, back-end, and porous media spray fields, 
as well as cloud diagrams in the section where the collaborative dust-catching network is 
located, are obtained and presented in Fig. 12 and Table 5. Considering that the porous media 
region represents a thin fluid domain, we set up the profiles to observe the adsorption of the 
particles and to calculate the different distributions of particle sizes, as shown in Fig. 13. 

FrontBack Porous

Diameter    
(a) 40mu 

PorousBack Front

Diameter  
(b) 80mu 

PorousBack Front

Diameter  
(c) 100mu 
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PorousBack Front

Diameter  
(d) 120mu 

Fig.12. Spray field distribution patterns and cloud maps 

 
Table 5 Concentration and proportion of spray field 

Name Front (kg/m3) Back (kg/m3) Porous (kg/m3) Volume ratio(%) 

40mu 0.00289 0.00213 0.026 51.5 

80mu 0.00292 0.00195 0.039 63.2 

100mu 0.00286 0.00156 0.052 74.5 

120mu 0.00287 0.00147 0.057 78.9 

 

         
  (a) 40 mu                                           (b) 80 mu  

          
(c) 100 mu                                         (d)  120 mu 

Fig.13. Adsorption ratio of different pore sizes 

According to the simulation results (Figs. 12 and 13 and Table 5), the water pressure is 0.6 MPa 
upon activation of the fog screen dust capture system, increasing the mesh size of the dust 
capture net from 40 mu to 120 mu. When the aperture is 40 mu, the concentration difference 
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between the front and back of the net is 0.00067 kg/m3, the concentration of the porous media 
part is 0.026 kg/m3, and the droplet volume share is 51.5%, with the majority of captured 
droplet sizes being 140 μm or larger. When the pore size is 80 mu, the concentration difference 
is 0.00097 kg/m3, the concentration of the porous media part is 0.039 kg/m3, and the droplet 
volume accounts for 63.2%, with the majority of captured droplet sizes in the range of 60-140 
μm. When the pore size is 100 mu, the concentration difference is 0.0013 kg/m3, the 
concentration of the porous media part is 0.052 kg/m3, and the concentration of the porous 
media part is 0.0013 kg/m3. When the mesh size is 100 mu, the concentration difference is 
0.0013 kg/m3, the concentration of porous media is 0.052 kg/m3, and the droplet volume 
accounts for 74.5%, with most of the droplet sizes in the range of 0-80 μm. When the mesh size 
is 120 mu, the concentration difference is 0.0014 kg/m3, the concentration of porous media is 
0.057 kg/m3, and the droplet volume accounts for 78.9%, encompassing small particles in the 
range of 0-80 μm. The droplet size distribution in the dust capture system is similar to that of 
100 mu, with a slight increase in the proportion of small particles. The droplet concentration 
and volume of the porous media part increase significantly as the aperture increases from 40 
mu to 100 mu. Following the filtration of the dust catcher, the droplet concentration exhibits a 
significant decrease, accompanied by a rapid increase in the proportion of small particles 
captured by the porous media section. Eventually, this proportion reaches a stable level at 120 
μm. 

4.4. Simulation of the flow field of a full cross-section fog screen dust capture 
system 

The full cross-section fog screen dust capture system was arranged in the return airway. When 
selecting the screen mesh, both the degree of atomisation and the pressure drop (ΔP) and wind 
loss (ΔV) during the operation were considered, thus minimising the impact on the wind flow 
under the mine. On this basis, the flow field during its operation was observed, and its wind 
speed vector diagram and pressure cloud diagram are illustrated in Fig. 14. 

 
(a)Flow field simulation for an orifice of 40 mu 

 
(b)Flow field simulation for an orifice of 80 mu 
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(c)Flow field simulation for an orifice of 100 mu 

 
(d)Flow field simulation for an orifice of 120 mu 

Fig.14. Simulation and analysis of flow fields at different orifice 

According to the flow field simulation results (Fig. 14), the aperture is 40 and 80 mu, the 
pressure difference is 28.5 and 44.5 Pa, and the wind loss is 0.66 and 0.86 m/s, respectively. 
The magnitudes of flow field losses were found to be relatively small. When the aperture 
reaches 100 mu, the pressure is 78.7 Pa, and the wind is 1.16 m/s, with an accelerated 
increasing rate of the flow field loss. When the aperture reaches 100 mu, the pressure is 102.7 
pa, the wind is 1.5 m/s, and the flow field loss value maintains a rapid upward trend. Combined 
with the above atomisation analysis, for a spray flow rate of 0.6 MPa, the atomisation effect of 
the 40 mu to 100 mu system becomes more significant, with an increase in the proportion of 
small particles. Considering the atomisation of the dust removal and the stability of the flow 
field, the pressure drop and wind loss in the return airway continue to exhibit an increasing 
trend with a 120 mu aperture. Therefore, a dust catcher of 100 mu mesh can be selected for the 
full cross-section of the fog screen dust capture system 

5. Conclusion 

(1)Through multi-characteristic experiments with a full-section fog screen dust capture system, 
this study analyses the spray field on a macro-scale to optimise the effectiveness of the nozzles 
in the dust capture system. The fan-shaped nozzle exhibits superior atomization efficiency and 
provides the widest coverage among the tested nozzles. By maintaining an atomisation 
pressure of 0.6 MPa, a balance is achieved between cost savings and sustaining optimal 
atomisation performance. The viscous drag coefficient (D) and inertial drag coefficient (𝐶2) of 
different mesh screens in the porous media model are obtained by tilting a micromanometer to 
calculate differential pressure of mesh at varying wind speeds. When comparing the particle 
size data of the spray field obtained from the spray experiments with the numerical simulation 
results, the maximum error of 3.43% is observed, indicating that the results of the spray 
numerical simulation are basically accurate. 

(2)A full-size model of the 25212 comprehensive mining face in the Hongliulin North 1 plate 
area is established, and the full-section fog screen dust capture system is subjected to a 
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numerical simulation. The numerical simulation results showed that as the aperture increases 
from 40 mu to 100 mu, the droplet concentration of the porous media part increases from 0.026 
kg/m3 to 0.052 kg/m3, and the volume share of the porous media part increases from 51.5% to 
74.5%. The droplet concentration of the dust-catching mesh filtered decreases sharply, and the 
droplet concentration of the filtered droplet increases from 0.00067 kg/m3 to 0.0013 kg/m3. 
The particle size of the adsorbed particles in the porous medium decreases from 140 μm to 0-
80 μm and stabilises at 120 mu, indicating that a 100 mu dust catcher is suitable for the full 
cross-section fog screen dust capture system. 
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