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Abstract: Spontaneous combustion of residual coal in goaf is one of the main causes of coal mine fire, and most of
them occur in the oxidation zone of spontaneous combustion “three zones” in goaf. In order to accurately predict and
divide the spontaneous combustion “three zones” in the goaf to prevent mine fires, a particle flow code-
computational fluid dynamics(PFC-CFD) goaf flow field evolution model was proposed. First, the PFC particle flow
simulation software was used to obtain the caving and porosity distribution of the overlying rock in the goaf. Then,
the UDF function was used to compile the extracted porosity distribution data into CFD and the oxygen flow field in
the goaf was simulated and predicted by establishing the physical model of the goaf. The “three zones” range of
spontaneous combustion in the goaf was finally obtained. The results show that the prediction results of spontaneous
combustion “three zones” in goaf based on PFC-CFD are basically consistent with the field measurement results,
which are better than the prediction results of single CFD method. The study indicates that the method of using the
dynamic evolution of porosity to analyze the change of flow field in goaf so as to identify the dangerous area of
spontaneous combustion of residual coal is reliable and has certain theoretical guidance and practical application
significance for preventing spontaneous combustion in goaf.
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Table 1 Macro-meso physical and mechanical properties parameters of rock strata
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/GPa /MPa /() /GPa /GPa /GPa /GPa /GPa
I @wE o.21 24. 80 3.06 5.57 38.8 1.61 16. 93 33.86 21.08 21.16 13.18
I, kweE  o0.23 24.74 3.20 5.50 36.0 1.77 17. 34 34,67 19. 62 21.67 12.26
Jy HEbE 0.28 15. 40 2.58 4. 35 35.3 2,24 11. 56 23.11 10. 30 14. 45 6. 44
I, H®E o.27 27.36 1.62 7.60 38.8 2.14 20. 24 40. 49 18.92 25.31 11.83
Js by 0.35 36. 51 1.36 6.32 39.4 3. 14 30. 42 60. 83 19. 39 38.02 12.12
e i 0.21 24. 80 3.06 5.57 38.8 1.61 16.93 33. 86 21.08 21.16 13.18
I, MwE o.27 27.36 1.62 7.60 38.8 2.14 20. 24 40. 49 18. 92 25.31 11.83
I s o0.28 15. 40 2.58 4,35 35.3 2.24 11.56 23.11 10. 30 14. 45 6. 44
Jo ®WEles  0.15 10. 85 3. 60 2.50 35.4 1.21 4. 60 9.20 7.60 5.70 4.70
lo  WEPAE 0.23 24,74 3.20 5.50 36.0 1.77 17. 34 34.67 19. 62 21.67 12. 26
Iy @wwbs o.21 24. 80 3.06 5.57 38.8 1.61 16. 93 33.86 21.08 21.16 13.18
b, M®bE 0.27 27. 36 1.62 7.60 38.8 2. 14 20. 24 40. 49 18.92 25.31 11.83
Jis  WEbAE 0.28 15. 40 2.58 4.35 35.3 2.24 11.56 23.11 10. 30 14. 45 6. 44
iy BEIE 0.15 10. 85 3. 60 2.50 35.4 1.21 4. 60 9.20 7. 60 5.70 4,70
115 I 0. 30 5. 30 0.15 1.25 42. 6 1.96 5.10 9.20 4.70 6. 30 2. 90
lie  WEPE 0.23 24,74 3.20 5.50 36.0 1.77 17. 34 34,67 19. 62 21.67 12. 26
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Fig. 2 Overburden rock caving law of 113 . 05 working face in Gaozhuang Coal Industry
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Fig. 7 Results of oxygen concentration distribution in goaf based on CFD
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Fig. 9 Variation law of oxygen concentration in goafl
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Table 2 Spontaneous combustion “three zones” divided by oxygen volume fraction m
W 53 45 Bk At ki A B B
1 0~32.0 32.0~80.0 =>80.0 48.0

2 0~25.3 25.3~66.8 >>66.8 41.5
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Fig. 10 Spontaneous combustion “three zones” of 113, 05 working face goaf
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Table 3 Comparison of spontaneous combustion “three zones” distribution in goaf m
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