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Dynamic evolution laws of three-dimensional small “three zones” of spontaneous
combustion of fully mechanized top-coal caving faces during withdrawal stage
ZHAO Wenbin', WANG Jinming', LI Zhenwu’, GUO Chuanging’, GE Junling”, ZHANG Houging"
(1. College of Safety and Environmental Engineering, Shandong University of Science and Technology,
Qingdao 266590, China; 2. Jining Mining Group Co., Ltd., Jining 272000, Chinaj;
3. Dongtan Coal Mine, Yankuang Energy Group Company Limited, Jining 273512, China;
4. Tianchen Coal Mine, Zaozhuang Mining Group Co., Ltd., Zaozhuang 277523, China)

Abstract: To address the limitation that the conventional “three zones” theory of spontaneous combustion is
inadequate to characterize the hazardous zones of fully mechanized mining faces during the withdrawal stage, this
study takes a working face of Tianchen Coal Mine in Shandong Province as the engineering background and
employs a coupled simulation approach of PFC software and FLUENT software to investigate the dynamic
evolution laws of spontaneous combustion zones in the goaf during the three stages of normal advancement,
stoping preparation, and support withdrawal. The results show that during the withdrawal stage, due to strata
behaviors, the overall compaction of the rear goaf reduces the porosity to a range of 0. 01~0. 33, and the residual
coal exhibits a distribution pattern of “high at both ends and low in the middle”, accumulating near the fully
mechanized supports. The air leakage flow field transforms into an asymmetric vortex, and the spontaneous

combustion zone evolves from an initial “W” and “U” shapes into the “sickle shape”, while the spontaneous
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combustion zone demarcated by oxygen concentration contracts and advances forward, presenting a “chopper
shape”. Affected by the variation in ventilation modes and the development of mining-induced fractures, the
three-dimensional small “three zones” surrounding the supports are ultimately formed, whose range evolves
synergistically with the positive-pressure ventilation gradient and top coal fractures. The findings of this study
provide a valuable reference for the identification of spontaneous combustion hazardous zones and prevention of
coal seam fires during the withdrawal stage of mining faces.

Key words: fully mechanized top-coal caving technique; working face withdrawal stage; porosity; numerical

simulation; three-dimensional small “three zones”
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Table 1 Mechanical parameters of rock and coal seam in PFC model
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Fig. 2 Distribution of porosity in working face goaf
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Fig. 4 Three-dimensional streamline diagrams of the goaf during different advancement stages
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Fig. 5 Distribution results of spontaneous combustion zones based on air leakage

rate during different advancement stages(x =1.5 m)
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Fig. 7 Oxygen concentration and distribution of spontaneous combustion
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Fig. 8 Composite hazardous zones in the goaf during different advancement stages
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Fig. 9 Composite hazardous area in the goaf near the fully-mechanized support during the withdrawal stage
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Fig. 10 Layout of field measurement points
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Fig. 11 Field-measured oxygen concentration distribution results
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