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Abstract. The forcing type ventilation at the current fully mechanized heading face is inadequate to meet 
the requirement of underground coal mine, which could lead to serious disaster of dust and gas explosion 
and environmental pollution in the roadway. In this paper, the airflow field, dust field and gas field at 
different distances from the duct outlet to the heading face were numerically simulated, the formation 
mechanism of each field and the reasons of unreasonable distribution were analyzed, an airflow 
adaptation adjustment method was proposed for realizing the optimal distribution of airflow, dust and gas 
by comprehensively changing the position, caliber and direction angle of the duct outlet. The method was 
applied to Ningtiaota coal mine in Northern Shaanxi of China. The adjustment schemes obtained with 
airflow adaptability adjustment method provided better results when prepared to before optimization. The 
dust concentration at the driver position decreased by 35% and the gas concentration reduced by 54%, 
which provides a theoretical basis for the scientific management of ventilation in the fully mechanized 
heading face. 
Keywords: duct outlet, airflow field, dust field, gas field, optimal adjustment of airflow 

Introduction 
The fully mechanized heading face is vulnerable to the severe disaster of dust and 

gas explosion. Currently, the expansion of cross-section size and overlong distance 
excavation contribute to the dust and gas accumulation and severely pollute the 
underground working environment (Zhou et al., 2017; Wang and Ren, 2013). The 
caliber and the distance between the outlet and heading face of traditional forcing type 
ventilation cannot be changed. Under the premise of the specific total capacity of 
ventilation air, with the continuous extension section of drivage roadway, the airflow 
cannot efficiently dilute gas and dust within effective range due to the wind energy 
losses caused by the increasing air resistance along the roadway (Whang, 1999). If the 
air volume increases in the process of ventilation, the energy wasting, secondary dust 
(Geng et al., 2018) and discomfort feelings of workers will occur. Besides, the direction 
angle of the outlet cannot be changed, causing the limitation of airflow path. Thus, even 
increasing in air volume, the gas and dust still cannot be efficiently diluted because they 
are accumulated in the blind ventilation zone at the heading face. Therefore, the current 
forcing type ventilation cannot meet the requirements for underground coal mine. In 
order to satisfy the actual needs under various conditions, the dynamic adaptability 
adjustment of airflow in the fully mechanized heading face is essential. Domestic and 
foreign scholars have carried out a lot of researches on distribution laws and 
optimization analysis in the single field, including airflow field, dust field and gas field 
(Li, 2016; Wang et al., 2015; Zhou et al., 2014; Luo et al., 2015; Zhang et al., 2016). 
However, the study on the comprehensive consideration of airflow, dust and gas field 
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under the different parameters of duct outlet, including caliber, direction angle and 
back-forth distance, has not been proposed yet. In light of the current situation of 
underground coal heading face and based on analysis of the migration mechanism and 
distribution law of airflow, dust and gas field, the optimum migration of airflow, dust 
and gas field is realized by changing the parameters of outlet, which provides a 
theoretical basis for the safety, energy-saving and green ventilation environment in fully 
mechanized heading face. 

Materials and methods 
Material 

We propose a method of the optimal adjustment for distribution of dust and gas in 
fully mechanized heading face. This method is applied in the Ningtiaota coal mine, 
which is located in Ningtiaota industrial park in Northern Shaanxi province of China in 
Figure 1. It is one of the four mining fields in the state’s planning for the southern 
district of Shenfu mining, and the total output is 12.00 mt/a. The forcing type ventilation 
is uesd in Ningtiaota mine. The air duct outlet cannot be adjusted, the path of airflow is 
limited, the problems of gas accumulation, dust accumulation and ventilation of dead 
corner in heading face should be solved. 

 

 

 
Figure 1. Location of study area in China 

 
 

Theoretical analysis 
(1) Airflow 

Assuming no heat source in the roadway and neglecting the thermal radiation from 
the wall, the air flowing meets the continuity equation and the momentum conservation 
equation. For the flowing mode is a restricted-wall-attached jet, the airflow is turbulent, 
incompressible fluid, whose diffusion is a random orbit model, thus the SIMPLEC 
(Tang et al., 2015) algorithm and Realizable k-ε turbulence model are used to control 
and calculate the flow field. 

Ningtiaota mine 
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k equation (Eq. 1): 
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ε equation (Eq. 2): 
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where ρ (kg/m3) is the density of airflow, xi, xj coordinate element, k (J) is the turbulence 
kinetic energy, σk, σε are the prandtl number, it indicates the relationship between 
temperature boundary layer and flow boundary layer, ε is the dissipation rating of k, Sε 
(kg/m3 s) is the coupling for additional equations, Gk (J) is turbulent kinetic energy 
formed by average air speed, the Gb (J) is the turbulent kinetic energy formed by 
buoyancy, YM is the affect from the expansion of turbulent motion on ε, μ is the viscosity 
coefficient of molecular, μt is the viscosity coefficient of turbulent, C2 = 1.9, C1ε = 1.44, 
Sk, Sε (kg/m3 s) are the source item defined by customer. 
 
(2) Gas field 

The assumptions of gas field are as follows: the same wall roughness along the 
roadway and the gas migration in roadway meets the species mass conservation 
equation, which is shown as (Eq. 3): 
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where ρcs (kg/m3) are the species mass conservation equation, Ds is diffusion coefficient 
of components, u, v w (m/s) is the component of velocity vector in the three directions 
of x, y, z, Ss (kg/m3 s) is the quality source item of gas component. 

 
(3) Dust field 

The dust in the heading face is a sparse phase, dust particles are a discrete phase, and 
air flows continuously. And the discrete phase model (DPM) of Euler-Lagrange method 
is used to simulate the motion of dust. The force between dust particles is neglected 
because the quality of particles is light, dust particle should be loaded with gravity, 
buoyancy pressure gradient force, etc. (Liu, 2010). Two-phase gas-solid flow 
mathematical model is used to analyze the migration law of dust. The mechanical model 
is as follows (Eqs. 4 and 5): 

 

   
p

px
pD

p g
uuF

dt
du


 

  (Eq.4) 

 



Gong et al.: Adjustment for the optimum distribution of dust and gas in fully mechanized heading face 
- 4988 - 

APPLIED ECOLOGY AND ENVIRONMENTAL RESEARCH 16(4):4985-5003. 
http://www.aloki.hu ● ISSN 1589 1623 (Print) ● ISSN 1785 0037 (Online) 

DOI: http://dx.doi.org/10.15666/aeer/1604_49855003 
 2018, ALÖKI Kft., Budapest, Hungary 

pp

pD
D d

C
F



 
 75.0  (Eq.5) 

 
where FD(u-up) (N/kg) is the mass per unit mass drag force, CD is the drag coefficient, u 
(m/s) is the air velocity of fluid phase, up (m/s) is the particle velocity, μ (m2/s) is the 
fluid viscosity, ρ (kg/m3) is the fluid density, ρp (kg/m3) is the particle density, dp (m) is 
the particle diameter. 
 
Finite element analysis method and verification 

The air duct is installed at the upper of the side of roadway wall. For ensuring the 
precision of model calculation, the roadheader is simplified into two parts, one is a 
machine part, and another is a cutting part. The end of the outlet is set as an inlet, the 
tail section of the roadway is set as an outlet, the outlet pressure is 0, and there is no slip 
on the wall surface. In the gas field, the exposed coal wall at heading face is set as the 
gas emission source. In dust field, the dust source is set at the heading face. Tetrahedron 
method is used to mesh the geometric model, and the surface mesh unit is set as a 
triangle. The adjustment schematic diagram of duct outlet on the fully mechanized 
heading face is shown in Figure 2, and the formulas are as follows. 

Hydraulic caliber (Eq. 6): 
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where dH (m) is the hydraulic caliber, A (m2) is the fluid cross-sectional area, S (m) is 
the wetted perimeter. 

Reynolds number (Eq. 7): 
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where ρ (kg/m3) is the air density, v (m/s) is the speed of airflow, μ (Pa·S) is the 
coefficient of viscosity. 

Formula turbulence intensity can be derived from Equations 8 and 9: 
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where I is turbulence intensity, ReH is Reynolds number. 

Gas emission source term: 
 

V
CQsi 60
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where si (kg·m-1·s-1) is the gas emission source term, C (g/m3) is the concentration of 
emission gas, Q (m3/min) is the air volume in roadway, ρ (kg/m3) is the gas density, V 
(m3) is the volume of emission gas, φ is the proportion of each gas component. 
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1-Adjustment device of duct outlet; 2-air duct；3-Mian body of 

Roadheader; 4-Cutting part of roadheader; 5-Tunnelling heading face; 6-Roadway 

Figure 2. Schematic diagram of air outlet adjustment in the fully mechanized mining face 
 
 
Taking Ningtiaota coal mine as the research object, the numerical simulation scheme 

is established, and the feasibility of the numerical simulation scheme is verified. The 
cross-section of roadway is rectangular (6.25 m × 3.75 m), the airspeed at the duct 
outlet is 8.089 m/s, and the parameters of other boundary conditions of airflow field and 
gas field are set as shown in Tables 1, 2 and 3. The geometric model and finite element 
model of the fully mechanized heading face are shown in Figure 3. 

The air velocity at the height of pedestrian breathing in the air return side at the 
distance of 6 m from outlet to heading face and the dust concentration at the distance of 
8 m from the duct outlet to heading face are selected as measured objects, the measured 
points 1 as shown in Figure 4. The results of comparing the measured data and 
simulation data are shown in Figure 5 that indicates the distribution of airflow and dust 
is consistent with the actual situation, which proves the numerical simulation scheme of 
dust field is feasible. 

 

  
a b 

Figure 3. The fully mechanized heading face model. a Geometric model. b Finite element model 
 
 
Table 1. Boundary condition setting of airflow field 

Condition Define 
Air Density (kg/m3) 1.199 
Air Viscosity (P•s) 1.7894e-0.5 

Operating Pressure (Pa) 101325 
Hydraulic caliber (m) 1 

Turbulence Intensity (%) 2.526 

1 

2 

3 
4 

5 

6 
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Table 2. Boundary condition setting of the gas field 

Name Material Define 

CH4 
Density (kg/m3) 0.6679 

Viscosity 1.087e-05 

Coal 

Density (kg/m3) 1530 
Cp (Specific Heat) (j/kg-k) 2700 

Thermal Conductivity (w/m-k) 0.17 
Porosity of porous media 0.2 

Quality source term (kg/(m3·s)) 0.001 
 
 
Table 3. Boundary condition setting of dust field 

Material Define 
Model Discrete Random Walk Model 

Minimum particle (m) 5e-07 
Maximum particle (m) 2e-04 

Medium particle size (m) 3.25e-05 
Mass flow rate (kg·s-1) 0.016 

Particle size distribution Rosin-Rammler 
Particle size distribution exponential 1.42 

 
 

 

 

Figure 4. Distribution of measured points 
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Figure 5. Comparing the measured data and simulation data of airflow-dust field. a Air velocity 
distribution at air return side. b Dust concentration distribution at air return side 

 
 
According to the contour of the gas concentration of different cross-section at the 

distance of 6 m from the duct outlet to heading face (see Figure 6), Z = 1.0 represents 

·
1 
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X-Y plans, which is 1.0 m away from heading face, and the direction of Z axis is the 
reverse direction of roadheader working. It is known that the gas concentration at the 
side of duct outlet is apparently lower than that at the air return side. According to the 
average values of simulation, the gas concentration at the cross section of Z = 0.2 m and 
Z = 1 m are 0.186% and 0.147%, which is consistent with the measured values of 
0.187% and 0.146%, respectively, verifying the numerical simulation scheme of gas 
field is feasible. 

 

 
Figure 6. Contour map of gas concentration at roadway cross section 

 
 

Migration mechanism and existing problems in airflow dust and gas field 
Migration mechanism and existing problems in airflow field 

According to the definition of hydrodynamic, it is known that the airflow at the duct 
outlet is restricted attachment jet-flow under the forcing type ventilation (Wang et al., 
2004), and the jet-flow zone is in front of duct outlet (see Figure 7).  

 

 
Figure 7. Schematic diagram of air flow structure in the fully mechanized heading face 

 
 

In the process, the airflow will continuously absorb air surrounding, resulting in energy 
loss. Then with the jet expanding continually, the airspeed at the axis of outlet is equal 
to the initial velocity at the outlet and keeps constant, which is the start section of jet-
flow. Then the speed begins to decrease to 0, which stage is the main section, the 
effective range of the jet-flow includes the start section and the main section. With the 
increasing distance from the outlet to the heading face, the effective range is reduced by 
the resistant force along the roadway. The air-flowing is attached to the wall and limited 
by roadway boundary, leading to the backflow formed at the bottom of roadway. The 
dust and gas will be brought out utilizing the backflow. However, the airspeed at return 
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side is low, which has a slight influence on the air disturbance at the upper and lower 
corners of the air-return side where the original air keeps relatively stable state. When 
the boundary layer of original air is loaded by tangential friction force or disturbed by 
air, the vortex is formed. Similarly, the jet-flow boundary layer disturbs air at the rear of 
roadheader where the vortex is formed, and the airflow of normal migration is affected 
and the vortex formed in front of the heading machine for the large volume of 
roadheader. 

According to the literature (Zan et al., 2010), the motion parameters of restricted 
attachment jet-flow are related to restriction degree n, the calculation formula of jet 
restriction degree is as follows (Eq. 10): 

 

A
An 0

 
(Eq.10)

 

 
where A0 (m2) is the section area of the outlet, A (m2) is the section area of roadway. 

From the formula above, the smaller restriction degree n is, the stronger the 
characteristics of the free-wall-attached jet will be, whereas the restricted-wall-attached 
jet characteristics become weaker. 

The distribution regularity of airflow field, gas field and dust field are simulated at 
distances of 5, 6, 7, 8, 9 and 10 m, respectively, from the duct outlet to the heading face, 
then the existing problems of original field are obtained. 

Turbulence is the main factor for gas dust diffusion, and vortex should be 
emphasized (Gong et al., 2017a). To analyze clearly the airflow distribution law at 
workers’ activity district and ensure the position of turbulence, the airflow distribution 
under different distances from the outlet to heading face is shown in Figure 8, the 
specific results of air distribution shown in Table 4. 

 

 
Figure 8. Airflow distribution under different distance from outlet to heading face 

 
 
The simulation results show that when the duct outlet is close to the heading face 

(5 m), the driver will feel extremely uncomfortable because of overhigh velocity of 

5m 6m 7m 

8m 9m 10m 

5m 6m 7m 

(a) Velocity vector diagram of the horizontal section 

8m 9m 10m 
(b) Velocity vector diagram of the vertical section 

 



Gong et al.: Adjustment for the optimum distribution of dust and gas in fully mechanized heading face 
- 4993 - 

APPLIED ECOLOGY AND ENVIRONMENTAL RESEARCH 16(4):4985-5003. 
http://www.aloki.hu ● ISSN 1589 1623 (Print) ● ISSN 1785 0037 (Online) 

DOI: http://dx.doi.org/10.15666/aeer/1604_49855003 
 2018, ALÖKI Kft., Budapest, Hungary 

airflow. The vortex formed above the roadheader, when the airflow impacts the heading 
face and destroys air return zone, which causes dust accumulation and environment 
pollution. Expanding outlet can decrease airspeed and shorten the effective range of jet-
flow to make sure the back-flow district formed at the heading face, which is conducive 
to bringing gas and dust out effectively. Whereas, when the duct outlet is far away from 
the heading face (9-10 m), the irregularly circulated motion of gas and dust occurs for 
the vortex formed in the front of roadheader. At the same time, the jet zone becomes 
longer, but the effective range will be reduced by resistance along the roadway, leading 
to the low air velocity when it arrives in the heading face, and resulting in the dust and 
gas at the producing source are difficultly diluted. Consequently, the caliber and the 
distance from outlet to heading face should be in a reasonable range. 

 
Table 4. Airflow field distribution 

Distance 
from heading 

face (m) 

Air velocity at 
diver place 

(m/s) 

Air velocity at 
walking place 

(m/s) 
Turbulence formed position 

5 0.3~1.4 0.2~4.7 The end of the jet-flow 
6 0.28~3.0 0.27~2.9 In front of roadheader 
7 0.3~2.8 0.25~3.0 The right side of roadheader 
8 0.25~0.8 0.22~0.75 Above the jet flow zone and the right side of roadheader 
9 0.1~0.8 0.23~0.8 The right side and in front of roadheader 
10 0.1~0.9 0.2~1.7 In front of roadheader 

 
 

Migration mechanism and existing problems in gas field 

The wall is a porous medium in roadway, and gas flows out from heading face, gas 
molecules are irregularly moved from high to low concentration. The gas is mainly 
produced from heading face, its density is lighter than that of air and easily accumulated 
on the roof. The gas at the upper corner will be disturbed by airflow, then vortex 
formed. However, the wind intensity at the lower corner is weak, so that its disturbance 
to the gas is light, resulting in the gas concentration at lower corner is higher than that at 
upper corner. The gas in the air-return area is brought out, because vortex formed near 
the roadheader. 

The method of gas diluting is to blow fresh air to the heading face. We proposes the 
gas in the ventilation dead corner of roadway should be diluted by changing the caliber, 
direction angle and distances from the heading face, then the air volume be controlled at 
heading face. 

The explosion would most likely occur due to the high gas concentration. The gas 
concentration distribution at different distances from the duct outlet to the heading face 
are numerically simulated, and the reasons of gas accumulation are investigated. Aimed 
at revealing the gas field distribution, we obtained the gas concentration distribution at 
the closest distance (5 m), middle distance (7 m) and the farthest distance (10 m) as 
shown in Figure 9. 

The simulation results show that: with the increase of distance from the heading face, 
the gas concentration increases, but the average gas concentration gets lower. It is 
mainly accumulated in the upper and lower corner of the air return side, and the gas is 
difficult to be brought out because the airflow is weak in the lower position. The gas 
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concentration tends to be stable as the distance further away from the heading face. 
When the duct outlet is 5 m away from the heading face, the airflow impacts the 
heading face, and the ventilation return path cannot be formed, resulting in the gas 
diffussion thus it is difficult for gas to be efficiently moved out. When duct outlet is 6 m 
from the heading face, compared with the gas concentration at the backflow side, it is 
lower in the jet flow zone. When the distance from duct outlet to heading face is 7-8 m, 
the jet flow disturbs the air, and gas is well diluted. When the duct outlet is 9-10 m from 
the heading face, the jet flow will be affected by resistance in the roadway, causing the 
effective range becomes shorter and severe gas accumulation takes place at the heading 
face. Based on the analysis above, we should focus on optimizing the gas field at 
specific distances of 5-10 m between duct outlet and heading face. 

 

 

   
Z=0.2 Z=0.5 Z=1 Z=5 

(a) From outlet to heading face is 5m 

   
Z=0.2 Z=0.5 Z=1 Z=5 

(b) From outlet to heading face is 7m 

  
Z=0.2 Z=0.5 Z=1 Z=5 

(c) From outlet to heading face is 10m 

Figure 9. Contour of gas concentration in different cross-section of roadway 
 
 

Migration mechanism and existing problems in dust field 

The jet flow zone is generated by the directly impact of airflow from the outlet, 
which can effectively disperse dust. The dust concentration is lower than that in the 
vortex zone. At the same time, the jet absorbs the dust in the surrounding air, the 
absorbed dust will be taken to the heading face, resulting in high dust concentration. 
The vortex formed at the front of roadheader, causing the dust diffusion in the roadway 
and difficultly settle down. Under the forced type ventilation, the air velocity is low at 
the back of roadheader. The respirable dust tends to move toward the backflow side, 
where the small particle dust accumulates mainly at the upper corner (Alam, 2006; 
Candra et al., 2014), thus the dust concentration in the backflow zone is higher than that 
in the jet zone (Gong et al., 2017b). 

To better describe the distribution of dust concentration in each zone, calculation 
models in each zone were established (Liu et al., 2002), and the equations are as follows 
(Eq. 11, 12 and 13): 
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QGCC a 



00

0  (Eq.11)
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0
0 Q

GCC b   (Eq.12)
 

 

0
0 Q

GCC c   (Eq.13)
 

Where 
—

,Ca (mg/m3) is dust concentration in jet-flow zone, 
—

,Cb (mg/m3) is dust 

concentration in vortex zone, 
—

,Cc (mg/m3) is dust concentration in backflow zone, C0 
(mg/m3) is dust concentration in air-flow, Q0 (mg/m3) is forced air volume, Q1 (mg/m3) 
is air volume discharged from heading face, Q’ (mg/m3) is suction volume in jet-flow, G 
(mg/m3) is dust intensity. 

According to the formula analysis, it is concluded that the dust concentration in the 
jet area, vortex area and backflow area are positively correlated with the dust intensity, 
and negatively correlated with forced air volume. And under the premise of the 
reasonable distribution of the airflow field, the larger the air volume is, the better effect 
of the dust dilution will be. 

Considering that dust concentration is the main cause of pneumoconiosis and 
environmental pollution, the numerical simulations of dust field at different distances 
from the outlet to heading face are carried out, and the dust concentration at the 
different cross-sections of roadway are shown in Figure 10. 

 
   

Z=5m Z=10m Z=15m Z=5m Z=10m Z=15m 
(a) From outlet to heading face is 5m (b) From outlet to heading face is 6m 

  
Z=5m Z=10m Z=15m Z=5m Z=10m Z=15m 
(c) From outlet to heading face is 7m (d) From outlet to heading face is 8m 

  
Z=5m Z=10m Z=15m Z=5m Z=10m Z=15m 
(e) From outlet to heading face is 9m (f) From outlet to heading face is 10m 

Figure 10. Dust concentration distribution at different distances from air outlet to heading face 
 
 
As can be seen from Figure 10, the dust concentration on the return side wall and the 

air duct side gradually decreases as the distance from the outlet to the heading face 
increasing. According to the actual working environment, the range of 5-10 m is 
working positions for drivers, and within this range, affected by the roadheader, vortex 
is formed and dust accumulated, which obstruct the driver’s vision. When the distance 
from the outlet to heading face is 5-6 m, the dust concentration is low in driver’s 
position and heading face. When the distance is 7-10 m, the dust concentration increases 
in backflow, which is not conducive to safe production. The specific location of dust 
accumulation is shown in Table 5. 
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Table 5. Distribution of dust-flowing field 

Distance from 
heading face 

Dust concentration at 
the range of driver 

activity area (kg/m3) 

Dust concentration at 
backflow side (kg/m3) The position of dust accumulation 

5m -33- 105.0~100.1   -35- 101.4~102.3   Front, right and above of roadheader 

6m -34- 101.0~104.2   -45- 104.0~104.2   Wall at backflow along roadway 

7m -33- 105.0~100.1   -35- 101.6~105.2   Front of roadheader  
8m -34- 108.0~101.5   -35- 101.1~106.2   Above and right of roadheader  

9m -34- 107.8~100.9   -35- 101.5~106.6   Back of roadheader  
10m -34- 108.0~106.7   -35- 102.3~102.1   Driver position  

Results 

Influence of air outlet caliber change on airflow dust and gas distribution 
To improve the utilization rate of underground energy, under the premise of constant 

air volume, we propose that the outlet caliber should be adjustable for changing the 
airflow speed. According to the migration mechanism of the airflow dust and gas, 
reasonable airflow distributions will have a direct influence on the gas and dust 
distribution in heading face. The distribution of airflow field at calibers of 0.7, 0.8, 0.9, 
1.0, 1.1 and 1.2 m are numerically simulated, respectively. The velocity distribution of 
airflow field at the horizontal plane is shown in Figure 11. 

 

 

  
0.7m 0.8m 0.9m 

  
1m 1.1m 1.2m 

Figure 11. Airflow velocity distribution under different caliber 
 
 
As the caliber increases, the effective range of jet becomes short, and the airspeed at 

the heading face decreases. The vortex is formed at front of roadheader and is beneficial 
to diluting the dust and gas at the heading face; and the larger the caliber of the air 
outlet, the larger radius of curvature of backflow is. Under the premise of the certain 
total air volume, when the outlet is far away from the heading face, the axial velocity of 
jet can be increased by caliber necking; and when the outlet is close to the heading face, 
the air velocity is decreased by reducing the impact force on the heading face. In 
summary, the adjustment methods of outlet caliber are put forward to meet the Coal 
Mine Safety Regulations on the air velocity ranging of 0.25-4 m/s. When the distance 
from the outlet to the heading face is 5 m, the caliber should be extended to 1.1 and 1.2 
m; when the distance is 6-8 m, the caliber’s unchanged (at 1 m), and it is necked to 0.8 
and 0.9 m when the distance is 9-10 m. At distances of 5 m and 10 m, the distribution of 
the airflow dust and gas field under different caliber are shown in Figures 12 and 13. 
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The different value of Y in Figures 12a and 13a mean different X-Z plans, for example, 
Y = 1.0 m indicates the X-Z plan, which is 1.0 m away from ground. 

 
  

 

 

 

 

 
Y=1.0m Y=1.5m Y=2.0m 

Caliber is 1.1m 

   
Y=1.0m Y=1.5m Y=2.0m 

Caliber is 1.2m 
(a) Dust concentration distribution at different horizontal section 

Figure 12. Dust and gas concentration distribution under different caliber of outlet at the 
distance of 5 m from heading face 

 
 

  

 

 

 

 

 
Y=1.0m Y=1.5m Y=2.0m 

Caliber is 0.8m 

   
Y=1.0m Y=1.5m Y=2.0m 

Caliber is 0.9m 
(a) Dust concentration distribution at different horizontal section 

 

    
Z=0.2 Z=0.5 Z=1 Z=5 

Caliber is 0.8m 

    
Z=0.2 Z=0.5 Z=1 Z=5 

Caliber is 0.9m 
(b) Gas concentration distribution at different horizontal section 

Figure 13. Dust and gas concentration distribution under different caliber of outlet at the 
distance of 10 m from heading face 

 

    
Z=0.2 Z=0.5 Z=1.0 Z=5.0 

Caliber is 1.1m 

    
Z=0.2 Z=0.5 Z=1.0 Z=5.0 

Caliber is 1.2m 
(b) Gas concentration distribution at different cross-section 
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At the distance of 5 m, extending caliber can effectively decrease the dust and gas 
concentration (see Figure 12). When the caliber is 1.1 m, dust is accumulated above 
the heading face, which will seriously pollute the working environment of driver, and 
the gas concentration at the air return side is a tendency of decreasing-increasing-
decreasing. When the caliber is 1.2 m, the dust concentration is low with uniform 
distributions, the orange area gradually gets shrunk, indicating that gas concentration 
decreases. At the distance of 10 m, the necked caliber can effectively improve the 
distribution of the dust and gas field (see Figure 13). When the caliber is 0.8 m, the 
orange area representing the dust and gas accumulation at air return side is smaller than 
that of 0.9 m of caliber. According to the above analysis, the reasonable range of 
caliber is: at the distance of 5 m, select 1.2 m of caliber; at distances of 6-8 m, select 1 
m of caliber, when it is 9-10 m, select 0.8 m of caliber. 

 
Influence of air outlet angle direction change on air-flow dust and gas distribution 

Due to the limitation of the geometric size of the roadway section and the premise 
of normal operation of roadheader, according to the existing problems in the airflow 
field, dust field and gas field, the velocity in backflow should be improved to break the 
vortex around the roadheader and dilute the dust and gas at the heading face and dead 
corner area. The angle of outlet should be adjusted at the horizontal right deviation of 
5°-25° and vertical upward deflection of 2°-8°. Selecting the angle of horizontal right 
deviation at 5°, 10°, 15°, 20° and 25° and vertical upward deflection of 2°, 4°, 6° and 
8°; respectively, the numerical simulation experiments were carried out on the 
distribution of the air, dust and gas in fully mechanized heading face. Figure 14 only 
shows the numerical simulation results of airflow velocity distribution, gas 
concentration distribution and dust concentration distribution under different outlet 
angles when the outlet is 5 m away from the heading face owing to the space 
constraints. 

The numerical simulation results show that the problems of low velocity, dead 
corner of ventilation and vortex area in the local area of original field can be improved 
by changing the angle of outlet. Under the premise of constant caliber, the angle 
adjustment can improve the airflow distribution near the roadheader, but it still impacts 
the heading face, indicating that the velocity of outlet is too high. Therefore, the 
velocity of outlet should be decreased by changing the caliber. Considering the 
reasonable distribution of the airflow gas and dust, the reasonable range of outlet angle 
should be in the horizontal right-skew of 5°-15° and vertical up-skew of 2°-6°. To 
realize comprehensive optimization for the airflow field, dust field and gas field at the 
fully mechanize heading face, it is necessary to determine the specific angle parameter 
value of outlet. 

 

 

 
Vertical section 

 
Vertical section 

 
Horizontal section 

 
Horizontal section 

Right 5°, up 4° Right 15°, up 4° 
(a) Airflow velocity distribution 
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Right 5°, up 2° 

    
Right 10°, up 4° 

(b) Gas concentration distribution at different cross-section of heading face 

 

 
Right 15°, up 4° 

    
Right 20°, up 4° 

(c) Dust concentration distribution at the position of the driver 

Figure 14. Airflow dust and gas distribution under different angle direction of the outlet at the 
distance of 5 m from heading face 

 
 

Airflow adaptability adjustment for dust and gas 
Design of comprehensive optimization scheme 

In light of the existing problems of the airflow field, dust field and gas field, 
combined with the reasonable value range of outlet parameters, we put forward a 
comprehensive optimization adjustment scheme for the airflow field, dust field and gas 
field under different distances (5, 6, 7, 8, 9, and 10 m) from outlet to heading face (see 
Table 6). 

 
Table 6. Design of optimization adjustment scheme 

Scheme 5m 6m 7m 8m 9m 10m 

Scheme 1 Caliber 1.2m, 
right 5, up 4 

Caliber 1m, 
right 5°, up 2° 

Caliber 1m, 
right 5°, up 2° 

Caliber 1m, 
right 5°, up 2° 

Caliber 0.8m, 
right 5°, up 4° 

Caliber 0.8m, 
right 5°, up 4° 

Scheme 2 Caliber 1.2m, 
right 15, up 4° 

Caliber 1m, 
right 10°, up 2° 

Caliber 1m, 
right 10°, up 2° 

Caliber 1m, 
right 10°, up 2° 

Caliber 0.8m, 
right 10°, up 6° 

Caliber 0.8m, 
right 10°, up 4° 

Scheme 3 Caliber 1.2m, 
right 15°, up 6° 

Caliber 1m, 
right 15°, up 2° 

Caliber 1m, 
right 15°, up 2° 

Caliber 1m, 
right 15°, up 2° 

Caliber 0.8m, 
right 15°, up 2° 

Caliber 0.8m, 
right 15°, up 2° 

Discussion 
The comprehensive optimization results of the airflow, dust and gas under different 

adjustment schemes are compared and analyzed. The air velocity and the concentration 
distribution of dust and gas in backflow side at the distance of 5 m are shown in 
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Figure 15. The optimization result of dust particle size distribution was shown in 
Figure 16. 
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Figure 15. Air-flow, dust and gas distribution under different adjustment scheme (d-caliber, a-
right-skewed angle value, b-up-skewed angle value) 

 
 
As shown in Figure 15, when the caliber of outlet is 1.2 m and the angle is at right-

skewed 15° and up-skewed 6°, the impact force of air-flow on heading face is reduced, 
and the problem of ventilation at dead corner is solved thanks to the larger caliber of 
outlet. Compared with other scheme, the gas concentration can be decreased from 0.1% 
to 0.023% and the air velocity is at 0.3-2 m/s in the return side. The dust concentration 
at the air return side is substantially reduced (the lowest concentration is 0.01%), 
indicating that environment for drivers has signifcantly been improved. 

The scheme of caliber 1.2 m at the right-skew of 15° and up-skew of 6° can 
effectively improve the airflow field. Compared with the original air duct, when the 
caliber is extended, the impact force of airflow on heading face is reduced, especially 
adjusting the angle of outlet at the right-skew of 15° and up-skew of 6° is conducive to 
breaking vortex and solving the ventilation problem in the dead area. And at velocities 
ranging of 0.3-2 m/s, the gas concentration is declined from 0.1% to 0.023% and the 
dust concentration is greatly reduced. 

As shown in Figure 16, the dust particle size distribution is uniform at distances of 0-
10 m from the heading face. At distances of 15-20 m, the large-sized particles begin to 
settle down, and the quantity of small-sized particles accounts for majority, especially 
presenting the larger percentage of respirable dust (particle size < 7μm). From 
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Figure 16, we can see that dust concentration is much lower, which reduces the harm 
for workers. 

 

Before After 

Figure 16. Comparison of particle size distribution in roadway 
 
 
Using the same method above, the distribution of dust and gas at different distances 

(6, 7, 8, 9 and 10 m) between the outlet and heading face is comprehensively optimized, 
and the corresponding adaptability optimization adjustment method for air-flow is 
obtained, as shown in Table 7. 

 
Table 7. Optimization adjustment scheme 

Distance from 
heading face Adjustment scheme Velocity of air duct 

side 
Dust concentration 
at driver position 

Gas concentration 
at upper corner 

5m d=1.2m, a=15°, b=6° Reduced by 60% at 
end of the jet-flow Reduced by 35% Reduced by 26% 

6m d=1m, a=15°, b=2° Increased by 30% at 
front of roadheader Reduced by 30% Reduced by 28% 

7m d=1m, a=10°, b=2° Increased by 27% at 
right of air duct Reduced by 29% Reduced by 30% 

8m d=1m, a=5°, b=2° Increased by 31% in 
front of air duct Reduced by 31% Reduced by 32% 

9m d=0.8m, a=10°, b=6° Increased by 56% at 
front of roadheader Reduced by 29% Reduced by 54% 

10m d=0.8m, a=5°, b=4° Increased by 65% at 
front of roadheader Reduced by 28% Reduced by 48% 

Conclusion 
The caliber, angle and the distance from the outlet to heading face of the duct outlet 

have a certain influence on the air, dust and gas field distribution in the fully 
mechanized heading face. The caliber adjusting of outlet can change the effective range 
of airflow as well as wind the velocity of duct outlet; the angle adjusting can change the 
direction of wind flow, which effectively solves the problems of dust and gas 
accumulation and ventilation in dead corner area; different distances from outlet to 
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heading face have different requirements for parameters adjustment of outlet. According 
to the dust and gas migration law under different distances from duct outlet to heading 
face, the outlet parameters are adjusted using the method of airflow adaptability. The 
results show that the airflow adaptability adjustment not only improves the ventilation 
efficiency but also reduces the dust and gas accumulation to improve the environmental 
conditions for miners. 

Through the numerical simulation analysis of the existing problems in the air, dust 
and gas field, the airspeed, gas concentration and dust concentration at the side of air 
duct are higher than that at the backflow side. The gas is easily accumulated at the upper 
and lower corners of the backflow side of heading face and near the heading machine, 
which causes dust accumulation and more attention should be paid. 

Taking Ningtiaota coal mine in Northern Shaanxi of China as an object for practical 
application, the airflow, dust and gas field in the fully mechanized heading face was 
optimized comprehensively. The optimized simulation results were compared with those 
of the original field. Then the various optimization adjustment schemes were obtained at 
the different distances from the duct outlet to heading face. The dust concentration at the 
at driver position was decreased by 35% and the gas concentration reduced by 54% 
after the optimization. When the duct outlet is at the distance of 5 m from the heading 
face, the caliber of outlet should be expanded to 1.2 m, which can rationally decrease 
airspeed at duct outlet. When the air outlet is at the distance of 9-10 m from the heading 
face, the outlet should be necked to 0.8 m to increase the effective range of airflow. 
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