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Numerical Simulation Analysis of Dust Dispersion Law in the Open-Pit Stope of Qidashan Mine
Wang Feng', Cao Yang', Hu Zhentao', Li Chao®, Lu Zhanguo', Zhao Yuqi', Zhao Yungqi*
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2.School of Resources and Civil Engineering, Northeastern University, Shenyang, Liaoning 110819, China)

Abstract: To address the issue that the dust dispersion mechanism in open-pit mines under the influence of multiple factors
remains unclear, this study takes the Qidashan open-pit mine as the engineering background. A numerical simulation method
was employed to analyze the effects of multiple factors, including wind speed, wind direction, dust particle size and dust source
location, on the dust dispersivity. Furthermore, the spatiotemporal distribution characteristics of dust under multiple dust
source conditions were investigated. A three-dimensional flow field model of the Qidashan stope was constructed based on on-
site meteorological data. Simulation analyses of the dust dispersivity were conducted under various working conditions. The
results indicate that dust particle size is the primary factor influencing the dust dispersivity; the smaller the particle size, the
higher the dispersivity. Wind speed ranks second, exerting a significant effect on dust particles larger than 30 pm. In contrast,
dust source location and wind direction have relatively minor effects on the dust dispersivity. Moreover, under multiple dust
source conditions, dust accumulates within the stope and disperses along the wind direction as the duration of continuous dust
production extends. After dust production ceases, the dust concentration gradually decreases. The dust dispersion velocities
from different source points exhibit significant differences due to variations in their locations. Affected jointly by terrain and
airflow, the PM,; concentration exhibits a variation pattern of “increase-decrease-increase” as the stope depth increases. Based
on the research findings, relevant measures and recommendations for dust prevention in production at the Qidashan open-pit
stope are proposed, with a focus on dust source control, suppression of the transmission process, and differentiated precise
prevention and control.
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Fig.1 Production status of Qidashan open-pit mine
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Fig.2 3D flow field mesh division of Qidashan open-pit stope
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Fig.3 Location of monitoring points in

Qidashan open-pit stope
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Table 1 Dust dispersivity under different wind speeds,

particle sizes and dust source locations
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2.5 97.6 99.2 87.6 89.0

10 93.6 97.8 75.8 76.2

1 30 6.8 17.6 0.0 0.2
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""""""""""" 25 98.6 986  89.8 892
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5 30 92.0 96.4 78.6 65.8

40 52.0 90.4 35.0 34.2

60 0.0 51.0 0.4 0.2
""""""""""" 2.5 984  99.2  90.6 9.6

10 98.0 99.0 89.4 91.2

7 30 92.0 96.4 78.6 77.6

10 73.4 95.2 56.4 55.6

60 5.2 78.2 6.0 9.0

22 AEKE. FERERALE THOMAERIREE

h ARG SR AN TR MG AR R L &M
) 2 A X P o 2 42 R e B L 3 55, 7E U
3 m/s BT ARG AR KL P R R AL
R4 B U] TR A TR AR AN T 2B U 7 8 R 2 3R R
& oL, HE3t 80 A AL G5 R AN 4 Fron ., Bl 4 AL
B AR 4 R RURL TR M AR TR R X B R AR 1 K R
i Hor  PE AU XURRLAS /N T 30 pem B A2 5200 (3%
FPRIAZ R TF 30 pem 143 242 52 i T B 58 F 78 1 XU
AR AU P R KR AR /N T 10 o AR 2R 52 1) 8 3%
JUTf H 4Bt B R b xR AR KT 30 pm A
2 R AR 1 R ) R A U L TG Ik (R AR Ol 60
pmn 2R 2 AR R, ELXE 3 5 W T A A%k A 2 1Y
SRR R LA A V5 A 5 7R i AU 35 M D A%
TRy 2R 1 5 ) g 555 o 4R 0 5 b PR R AH 56 5 AR B XUX)
AR KT 40 pm MR TCRE MR WPRIAR /N T 10 pm 1)
Kb 5 G2l LRI R A 4b

S B A Tl B3 6 R 2R R IR A R R L 4
AR R T 0 7R SR BE, 25 R & 5 iR,
M ARIAE M 2.5 pm BEANE 60 pm B, BRECE Y
{E e KARfb &R 90.8 NE 0 A M Kt 1 m/s 34
N2 7 m/s B UR BRI E B R B 36.9 N EH
O R MR IR AT B AR, REOR B R KA N



138 ok B R 5 A 2026,46(5)

20.9 AT 2 2L G AR QLI R BOCR I E oK SRR A B AR O R AR X
et 8 AN s, HIILHE R R VR BRI 4 BACE KA

(c) HER (d) FALR
B4 FAERME. FEREEMLETHHERIREE

Fig.4 Dust dispersivity under different wind directions, particle sizes and dust source locations
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under different dust production time
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Fig.7 Dust concentration variation with time during continuous operation of monitoring points
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Fig.9 Dust concentration variation with time after stopping producing dust of monitoring points
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