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Keywords Extended Abstract

Ventilation Ventilation is a fundamental requirement in underground coal
Stope mining stopes. To ensure a safe working environment for both
Caving step personnel and equipment, the quantity and quality of airflow must

Reverse bench mining method

her regulator ndar rimaril ilute hazar
Ansys Fluent adhere to regulatory standards, primarily to dilute hazardous gases,

suppress dust, and regulate thermal conditions. In this research, a
3D computational model was developed using Ansys Fluent to investigate airflow behavior and velocity
distributions within a coal stope employing the Reverse Bench Mining method with an 8-meter caving step.
The results reveal the presence of significant dead zones along personnel access paths, where airflow velocity
is markedly lower than in other regions of the stope. These dead zones pose a critical risk as accumulation
points for hazardous gases, dust, and other airborne pollutants.

Quantitatively, with an inlet airflow velocity of 1.2 m/s, the region where velocity falls below 0.25 m/s
accounts for 87.14% of the total stope volume. Increasing the inlet velocity to 4 m/s, 6 m/s, and 8 m/s
reduces this dead zone ratio to 55.85%, 32.52%, and 8.99%, respectively. These findings underscore the
direct impact of inlet velocity on ventilation efficiency.

Summary

This study investigates airflow distribution and methane dispersion characteristics within a coal face operated
under the reverse bench mining method, utilizing Computational Fluid Dynamics (CFD) modeling. The
research evaluates the impact of varying inlet air velocities—ranging from 1.2 m/s to 8 m/s—with an 8-meter
caving step on methane concentration levels and the formation of stagnant aerodynamic zones. The
numerical simulations demonstrate that increasing the inlet air velocity significantly enhances ventilation
efficiency by mitigating methane accumulation and minimizing the volume of dead zones.

Introduction

Mine ventilation is critical for underground coal mine safety, primarily for diluting hazardous gases (such as
methane), suppressing dust, and controlling thermal conditions. While the reverse bench mining method is
utilized in specific seam inclinations and geological conditions, it has received limited attention in existing
numerical ventilation literature. This study addresses this gap by evaluating airflow patterns and methane
behavior within a stope under the reverse bench mining method, explicitly accounting for the caving step to
optimize ventilation safety parameters.
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Methodology and Approaches

Numerical simulations were conducted using Ansys Fluent, based on the governing Navier-Stokes equations
(conservation of mass, momentum, energy, and chemical species). Key methodological aspects include:

- Turbulence Model: The RNG k—ek-\epsilonk—e model was implemented to accurately capture turbulent

airflow phenomena.
- Flow Conditions: Assumptions of steady-state, incompressible, and turbulent airflow were applied.

- Geometry and Mesh: A 100-meter stope utilizing the reverse bench mining method with an 8-meter caving

step was modeled.
- Operational Scenarios: Ventilation performance was simulated across multiple inlet velocities: 1.2, 4, 6,

and 8 m/s.

Results and Conclusions

The results demonstrate a direct correlation between inlet airflow velocity and the dilution of hazardous gases
within the stope. As the inlet velocity increases from 1.2 m/s to 8 m/s across the caving step intervals, the
methane molar fraction at the stope outlet decreases substantially (from approximately 0.0100 to 0.0016).
Furthermore, the extent of aerodynamic dead zones decreases markedly. The study concludes that the precise
control of inlet airflow velocity in reverse bench mining stopes is essential for preventing gas accumulation,
eliminating stagnant zones, and ensuring full compliance with underground mine safety standards.




