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HAYKU O 3EMJIE
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Abstract: Respirable dust generated during underground coal roadway development is one
of the primary occupational hazards, directly affecting workers' health and mine
operational safety. The major sources of dust generation include drilling, blasting, mucking,
roof support installation, and haulage activities at the development face. This study
employed Computational Fluid Dynamics (CFD) in combination with field investigation
data collected from Khe Tam mining area of Duong Huy Coal Mine to analyze the spatial
and temporal characteristics of dust dispersion under different ventilation airflow rates. The
simulation results demonstrate that the ventilation airflow rate has a significant influence
on dust dispersion and concentration distribution within the development heading. Dust
concentration decreases markedly as the airflow rate increases. Specifically, increasing the
airflow rate from 150 to 500 m*min resulted in a substantial reduction in dust
concentration, whereas a fiurther increase from 500 to 700 m*min produced a relatively
smaller reduction, indicating a tendency toward stabilization. The findings provide a better
understanding of the relationship between ventilation conditions and dust dispersion in
underground coal mine roadways, offering a scientific basis for optimizing ventilation
airflow rates to improve dust control efficiency, enhance the underground working
environment, and protect the occupational health of mine workers.

Keywords: Mine dust; Computational Fluid Dynamics (CFD); Ventilation airflow rate;
Coal mine heading.

1. Introduction

According to Decision No. 625/QD-TTg issued by the Prime Minister of Vietnam,
approving the Development Strategy of the Vietnam National Coal and Mineral Industries
Holding Corporation Limited (VINACOMIN) to 2030 with a vision to 2045, the projected
annual commercial coal production is expected to reach 35-40 million tonnes by 2030
[Prime Minister of Vietnam, 2025]. To achieve this target, underground coal mines must
expand their production capacity by increasing mining depth and driving a greater number
of development roadways. During roadway excavation, particularly in drilling, blasting,
mucking, and haulage operations, large quantities of respirable dust are generated. These
dust emissions significantly deteriorate underground air quality, reduce working efficiency,
and pose serious occupational health risks to mine workers.

At the Khe Tam mining area of Duong Huy Coal Mine (VINACOMIN), the production
development plan includes the construction of numerous new roadways with different cross-
sectional dimensions to support future mining activities. Consequently, dust pollution in the
heading face is expected to increase substantially unless effective ventilation and dust
control measures are implemented. Therefore, investigating the mechanisms of dust
dispersion and quantifying the influence of ventilation parameters on dust concentration are
of considerable importance for the design and optimization of underground mine ventilation
systems.

In recent years, numerous studies have investigated dust control technologies for
underground coal mining. Studies conducted in Vietnam and worldwide have primarily
focused on dust suppression using water spray systems combined with auxiliary ventilation
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boundary conditions and physical parameters were maintained constant to ensure that
differences in dust distribution resulted solely from variations in airflow rate.

The simulation focused on several key performance indicators, including the temporal
evolution of dust concentration, dust dispersion distance, three-dimensional spatial
distribution of the dust concentration field, and the attenuation rate of dust concentration
along the roadway. By comparing the simulation results under different airflow conditions,
the study quantitatively evaluates the transport and dilution efficiency of ventilation airflow
and identifies an appropriate airflow range for minimizing dust accumulation within the
working area.

The developed physical model provides valuable insights into the interaction between
ventilation airflow and dust particle transport, establishing a scientific basis for optimizing
mine ventilation system design, selecting appropriate airflow rates, and improving dust
control strategies in underground coal development headings. The findings also contribute
to enhancing workplace air quality, reducing workers' exposure to respirable dust,
mitigating the risk of occupational respiratory discases, and improving the overall safety and
sustainability of underground mining operations.

3. Mathematical Model for Airflow and Dust Transport

The continuity equation can be expressed as follows [N.A. Patankar at al, 2001; T. Ren
at al, 2014]:

(1) The continuity equation for the gas phase in the gas—solid two-phase flow is given as
follows:

0 0
a—l:pg + a—xi(pguj) = 0#(1)

where t is the time; pg is the gas density; uuu is the time-averaged velocity; and i and j
denote the coordinate directions in the Cartesian coordinate system.

(2) The momentum conservation equation is given as follows:
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(3) The turbulent kinetic energy (k) transport equatlon 1s given by:
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Where, x; and x; are the Cartesian coordmates inthe X, Y and Z; v; and u; are the velocity
components in the X Y and Z (m/s); p is the air density (kg/m’); p is the effective turbulent
pressure (p.); 1 is the dynamic viscosity of the fluid; Gy is the production rate of turbulent
kinetic energy due to the mean velocity gradients (%); 1. is the turbulent (eddy) viscosity; k
is the turbulent kinetic energy (mz/sz); ¢ is the turbulent dissipation rate (m2/s3); Ci., Cop, Co,
ok, and o, are empirical model constants

4, Results and Discussion

4.1. Effect of Airflow Rate on Dust Dispersion Throughout the Roadway and at the
Breathing Zone (1.5 m Above the Roadway Floor)

Immediately after blasting, a large quantity of dust particles with different particle sizes
was generated from the tunnel face and rapidly dispersed throughout the roadway under the
influence of the ventilation airflow. The transport of dust particles was governed by several
concurrent mechanisms, including airflow-induced convection, turbulent diffusion,
gravitational settling, and the deposition of coarse particles. Among these factors, the
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At the 2 m location, the maximum dust concentration decreased from 70 mg/m® at 150
m3/min to 18.2, 70.4, 12.5, 8.63, and 2.63 mg/m* corresponding to airflow rates of 300, 400,
500, 600, and 700 m’/min, respectively. The relatively high value observed at 400 m*/min
further reflects the influence of turbulent mixing and dust transport processes in the near-
source region.

At a distance of 4 m from the excavation face, the differences among ventilation
conditions became more pronounced. The maximum dust concentration reached 280 mg/m?
at q = 150 m*/min, then decreased to 24.6 mg/m? at 300 m*/min, 16.9 mg/m? at 400 m*/min,
and further decreased to only 4.88, 4.16, and 4.17 mg/m® at airflow rates of 500, 600, and
700 m’/min, respectively. This demonstrates that when the airflow rate reaches 500 m*/min
or higher, dust is transported more rapidly away from the working area, while the dilution
process becomes more effective.

At the 6 m location, a continuous reduction in dust concentration was also observed. The
maximum concentration decreased from 407 mg/m® at 150 m*/min to 46.5, 24.2, 8.23, 6.45,
and 8.76 mg/m® corresponding to airflow rates of 300, 400, 500, 600, and 700 m*/min,
respectively. Although the maximum concentration at 700 m*/min was slightly higher than
that at 600 m*min, the difference was insignificant. This phenomenon can be explained by
the formation of turbulent vortices at the downstream end of the investigated region under
excessively high airflow conditions, causing local redistribution of dust particles before they
are continuously transported out of the roadway.

Overall, the results demonstrate that ventilation airflow rate is a key factor governing
dust control performance in underground roadways after blasting operations. Within the
airflow range of 150-400 m*/min, dust concentrations at the investigated locations remained
relatively high throughout the period of 100-900 s, indicating limited dilution and
transportation efficiency, which caused the workers” breathing zone to remain significantly
affected by generated dust. In contrast, increasing the airflow rate to 500—700 m’/min
resulted in a substantial reduction in dust concentration at all locations, with reductions
exceeding 90% in many cases compared with the 150 m?/min condition. This confirms that
increasing ventilation airflow not only enhances dust removal from the excavation face but
also shortens the dust residence time in the working area, thereby significantly improving air
quality and reducing workers’ exposure risk to airborne dust.

The findings indicate that an airflow range of 500-700 m?/min represents a highly
effective operating condition for the investigated roadway model. However, further
increasing the airflow rate beyond this range may not provide a proportional improvement in
dust reduction efficiency due to the effects of turbulent flow and dust re-entrainment
phenomena. Therefore, the selection of an optimal ventilation airflow rate should consider
both the airflow field characteristics and the actual geometric conditions of the roadway to
achieve effective dust control while minimizing energy consumption.

5. Conclusions

This study employed a physical model combined with numerical simulation to
investigate the effect of ventilation airflow rate on the dust dispersion characteristics after
blasting operations in underground coal mine roadways. Based on the obtained results, the
following main conclusions can be drawn:

- Dust dispersion in underground roadways is strongly influenced by the ventilation
airflow rate. The spatial and temporal propagation of dust follows a nonlinear trend and can
be well described by a second-order polynomial function of the form y = ax? + bx + c.
Increasing the airflow rate enhances dust transportation and dilution processes, thereby
significantly reducing the dust residence time in the working area.

- Dust control efficiency varies significantly with ventilation airflow rate. At airflow
rates of 150-400 m*/min, dust concentrations in the miners’ breathing zone remained
relatively high throughout the investigated period (100-900 s), indicating limited dilution
and dust removal capacity. When the airflow rate increased to 500-700 m*/min, dust
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concentrations decreased significantly at all monitoring locations, satisfying the
requirements for occupational environmental conditions according to current regulations.

- Increasing the airflow rate from 150 to 500 m?/min provided the most significant dust
reduction effect, as demonstrated by the substantial decrease in the maximum dust
concentration at locations 1 m, 2 m, 4 m, and 6 m from the excavation face. However, when
the airflow rate was further increased from 500 to 700 m?*/min, dust reduction efficiency
continued to improve, but the rate of improvement became less pronounced, indicating that
the ventilation system was approaching its optimal operating range.

- Among the investigated ventilation conditions, an airflow rate of 700 m*/min provided
the highest dust control efficiency. The dust concentration in the working area in front of the
excavation face was maintained below 10 mg/m?, while the dust residence time in the
roadway was significantly shortened. This demonstrates that an appropriate ventilation
regime can effectively improve air quality and reduce workers’ exposure to airborne dust.

- The results confirm that adjusting the ventilation airflow rate is a highly effective
technical solution for controlling post-blasting dust, even without the application of
additional dust suppression measures such as water mist spraying, dust-binding agents, or
dust filtration systems. These findings provide a scientific basis for selecting optimal
ventilation conditions in the design and operation of underground coal mine roadways,
contributing to improved working conditions, reduced risks of dust-related occupational
diseases, and enhanced safety in underground mining operations.

- Future research should simultancously consider the effects of airflow rate and other
influencing factors, such as dust particle size distribution, ventilation duct location and
diameter, local ventilation modes, and the integration of dust control technologies (high-
pressure water mist systems, dust-binding additives, or dust extraction systems). This
approach will contribute to the development of more comprehensive and highly efficient
dust mitigation solutions under actual mining conditions.
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