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Study on the air permeability characteristics of coal gangue

dump slope gangue particles
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Abstract: The phenomenon of particle segregation in the gangue aggregate on the slope surface of the coal gangue mountain significantly
influences its permeability characteristics. To investigate the air infiltration characteristics of the slope surface, a self-designed indoor per-
meability measurement device was utilized. By integrating the theories of granular soil mechanics, ventilation, and FLUENT numerical
simulation, the overall distribution patterns of porosity and permeability of the gangue aggregate at different heights and depths on the coal
gangue slope surface were studied, as well as the characteristics of air infiltration and temperature distribution. These findings were valid-
ated through on-site measurements. The results demonstrate that the distribution characteristics of porosity and permeability in the shallow
part of the gangue slope surface are significantly affected by the particle segregation phenomenon, exhibiting a nonlinear negative expo-

nential decay pattern as the height and depth increase. As the particle size of the slope surface gangue aggregate increases, its porosity also
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shows an increasing trend, but the rate of increase gradually slows down. The presence of a loess layer covering the top of the gangue slope
hinders fluid flow and results in lower oxygen content, which is unfavorable for exothermic oxidation reactions. Moreover, at the bottom,
where the porosity is larger, the wind speed is excessively high, creating unfavorable heat accumulation conditions. Therefore, the high-
temperature region is located in the upper part of the gangue slope, 2 ~ 3 meters away from the slope surface, reaching temperatures as
high as 780 K. Under the combined influence of thermal wind pressure and external wind pressure, the highest wind speed is found in the
upper-middle part near the slope surface, reaching up to 0.06 m/s. Furthermore, as we delve deeper into the gangue slope in the X and Z
directions, the flow velocity and the rate of decrease in oxygen concentration gradually decrease. Overall, the distribution of porosity on
the gangue slope surface is a crucial factor affecting the air infiltration characteristics within the coal gangue mountain. Through the study
of wind speed, oxygen concentration, and temperature fields in the gangue slope, this paper roughly categorizes the gangue slope into a
surface cooling zone, a heat-gathering flammable zone, and an internal low-temperature zone. The findings from this research can serve as

a fundamental reference for accurately predicting and identifying self-ignition fire zones in the arid and windy mining regions of central

and western China.
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Table 1 Similar grading of coal gangue samples

FifE/mm AHAL LB/ %
>50 24
30~ 50 18
10 ~30 15
5~10 11
<5 32

W iR AR LA, St A 2R 47 Bk Ak B
(28.3 kg), HyEAFA R RS T A148(0.011 32 m?)
SR Ja Pl kAT 52, B oS4 B AR 8 300 mm,
{71 300 mm, iRE0 57 3 258, B2 20 5. Sl
DRI B 28 25 BE Sy 249 mm, /K FHH 0.017 7 m®, 22
HHE A HA LB LA 0.563 . - H 2R 5 45 Pl
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FE R RE BRI 2,
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Table 2 Compression test results of coal gangue

J£J1/kPa FLB /% FLBI/% 40 Z%uMPpa!
0 56.3 36.0 —
200 54.9 354 0.070
400 53.6 34.9 0.064
600 52.4 34.4 0.057
800 51.4 33.9 0.052
1000 50.4 335 0.047
1200 49.6 33.2 0.043
1400 48.8 32.8 0.042
1600 48.0 325 0.036
1800 473 32.1 0.035
2000 46.7 31.8 0.033
e
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Fig.1 Force analysis of gangue bulk on slope surface
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Table 3 Porosity at different heights of sloped surfaces

- NIRRT BERT A1 AL B3 /%

i BE/m

I'm 3m 5m 7m 10 m 16 m
1 373 36.2 359 35.7 35.6 355
3 359 323 39.0 31 29.4 28.8
5 355 35.0 28.1 26.6 253 24.0
7 353 29.5 26.3 24.4 22.5 26.0
10 35.1 28.6 24.7 222 19.7 17.0
16 349 27.8 23.0 19.8 16.5 12.9
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Fig.2 Porosity fitting curve
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Fig.3 Permeability measuring device
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Table 4 Calculation results of porosity and permeability

LB, BiER

wAr, HEOJEJY AR/ i/

mm MPa MPa  (10%m*s™") % (10" md)
0~2.5 0.60 0.10 27.78 7.62 0.10
25~5 0.52 0.10 27.78 10.34 0.14
5~75 0.45 0.10 27.78 14.31 0.19
7.5~10 043 0.10 27.78 16.45 0.21
10~125 038 0.10 27.78 19.43 0.26
125~15 037 0.10 27.78 21.58 0.28
15~17.5 035 0.10 27.78 22.99 0.32
175~20 032 0.10 27.78 24.83 0.39

20~22.5 030 0.10 27.78 26.03 0.45
225~25 029 0.10 27.78 26.67 0.49
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Fig.4 Fitting relationship between particle size, permeability and porosity
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Fig.12 Validation effect diagram of air infiltration velocity and permeability
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