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Research on Coupling Study of Coal Mine Gas Emission
Patterns and Ventilation System Optimization

Min Li
Wenzhuang Coal Industry Co., Ltd., Shanxi Lu ‘an Chemical Group, Changzhi, Shanxi, 046200, China

Abstract

Coal mine gas disasters are critical issues affecting coal production safety, with emission patterns influenced by geological structures,
mining methods, and ventilation conditions. With the advancement of deep mining and intelligent construction, traditional empirical
ventilation and prevention models have become inadequate for high-gas mines’ dynamic environments. This study employs a multi-
field coupling model of “gas occurrence-desorption-migration-ventilation control” to investigate the dynamic relationships between
gas emissions and stress, permeability, and airflow distribution. A ventilation optimization strategy based on CFD simulation and
intelligent control algorithms is proposed to achieve spatiotemporal prediction and precise control of gas concentration. Results
demonstrate that this coupled optimization system reduces gas accumulation rates by over 30%, significantly enhancing ventilation
efficiency and safety levels.
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