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Research on dust settlement under mixed air flow control in fully mechanized excavation face

GONG Xiaoyan', WANG Tianshu', CHEN Long', PEI Xiaoze', LI Xiangbin', ZHU Qianli', NIU Huming’
(1. College of Mechanical Engineering, Xi'an University of Science and Technology, Xi'an 710054, China;
2. Shaanxi Shanbei Mining Co., Ltd., Yulin 719000, China)

Abstract: Dust accumulation is severe during coal mine excavation. Currently, research on the dust
settlement law and optimization under mixed air flow control in fully mechanized excavation faces is not in-depth
enough. Based on a hybrid air flow control system and relying on the fully mechanized excavation face of Shaanxi
Coal Group Shenmu Ningtiaota Mining Co., Ltd., the influence of mixed air flow control parameters such as the
distance from the pressure air outlet to the working face, the right angle of the pressure air outlet, the pressure air
outlet diameter, the distance from the extraction air outlet to the working face, and the pressure extraction ratio on
the dust settlement law is analyzed. As the distance between the pressure air outlet and the working face increases,

the proportion of large particle dust in the cross-section of the personnel breathing zone on the return air sides and
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the driver's location first increases, then decreases, and then increases again. The proportion of small particle dust
increases. As the right deviation angle of the air inlet increases, the proportion of large particle dust in the
personnel breathing zone section on the return air sides and the driver's location changes significantly. As the
diameter of the air inlet increases, the proportion of small particle dust in the driver's location section first
increases, then decreases, and then increases again. The proportion of large particle dust in the personnel breathing
zone section on the return air side first increases and then decreases. As the distance between the extraction air
outlet and the working face increases, the proportion of large particle dust at the driver's location section first
increases and then decreases. The proportion of small particle dust first increases and then decreases and then
increases again. The particle size distribution of dust at the personnel breathing zone section on the return air side
does not change much. As the pressure-pumping ratio increases, the proportion of small particle dust in the cross-
section of the personnel breathing zone on return air sides and the driver's location decreases. Taking the above air
flow control parameters as independent variables, the average concentration of total dust in the personnel
breathing zone on the return air side and the average concentration of exhaled dust at the driver's location are the
optimization objectives. A dust settlement optimization regression model is established, and the particle swarm
optimization algorithm is used to solve the model. The optimal air flow control scheme is obtained. The distance
between the pressure air outlet and the working face is 8.9 meters, the right angle of the compressed air outlet is
14.8°, the diameter of the compressed air outlet is 0.9 meters, the distance between the extraction air outlet and the
working face is 4.3 meters, and the pressure-pumping ratio is 1.1. The experimental platform for dust settlement
under wind flow control is built. The experimental results show that the error between the test values and the
simulated values of the dust settlement optimization regression model is within 13%, which verifies the accuracy
of the model. The optimized dust with particle sizes of 71-100 um is significantly affected by the wind flow
regulation parameters and settles in front of the roadheader. After optimization, the average dust concentration of
total dust in the personnel breathing zone on the return air side and the average dust concentration at the driver's
location decrease by 47.4% and 42.4%, respectively, indicating a significant dust reduction effect.

Key words: fully mechanized excavation face; mixed ventilation; air flow control; dust settlement; dust
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Fig.3 Wind speed distribution under different grid numbers
2 RURVEE B S 8T 10 33 1y 4 70 B AR 2 T A 40

S

R RIR S AT V81 47 B 2 00 A o oy 2 TR ) 52 1
BLAE, e BUR HLAL (X=2.6 m, Y=2 m, Z=7.5 m) Fl [1] A,
AT NI 0 el AT, e 3H X 2 Al 2R R4 20 A1 O
WA R DTRE I L o

2.1 JER 0B TAE@IE & s D412 5 W R

JE A B T AE TR 254351024 7, 8,9, 10 m i) A4
Ak R [T RN A 7 NI 2 S 488 T g A A A 4 AT AN 1 4 i
o WA R A X RE TR T RE S A 8GN, 7 F
HILA 1] XU A P 52 i 485 T 1) R TR A 24 o b e
B 5 DR, B/ NIRRT R 2R 7 LR A AR AL AN K
AR R 71~100 pm FRY 2R 18] T UTRE B, /NSURE By
A5 LA TN PR, A R KU T A T S
9 m ZEAT I, AR DTRERICR Bt
22 R AR A A R AR A R

JE R A i £ 52 43590 5, 10, 15, 20°0F 7] 4L Ak
] RUAA 5 AW T A R A2 43 A AN 5] 5 R o
AT Bl A e XU A5 i £ B2 XG0, R R XU )
WU, TE FIHLAR A I AR R 2 o b e s P, 7 |
IR AT P W2 T 1) R AR 2 o b S 18 U
B 7E R KA A A 1598, RiAR S 91~100 um
AR 2R TR B S, /N IR A9 242 32 U 52 M 38K, DL
FEASHA R o PRI, 78 XU T A5 i ff B R 15948 45 e
R DR Tt -

(b) AT AU i
Bl 4 X T/ B AL N Ak A2 o0 A

Fig. 4 Particle size distribution of dust under the change of distance

between pressure air outlet and working face
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angle of pressure air outlet
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Fig. 7 Particle size distribution of dust under the change of distance

between extraction air outlet and working face
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Z; Ly L, 0 D B

+y 9.27 5.27 16.37 1.13 1.23
+1 9.00 5.00 15.00 1.10 1.20
0 8.00 4.00 10.00 1.00 1.10
-1 7.00 3.00 5.00 0.90 1.00
-y 6.73 2.73 3.04 0.87 0.97
Ai 1.00 1.00 5.00 0.10 0.10
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Table 4 Experimental design scheme and simulation

calculation results

FE X X X5 X X5 N/(mgm?) Y/ (mgm?)
1 11 111 130.754 83.474
2 11 1 -1 -1 137.729 84.821
3 11 -1 1 -1 153.503 81.955
4 1 1 -1 -1 1 135.773 80.676
5 11 11 -1 135.552 95.461
6 1 -1 1 -1 1 143.223 83.555
31 0 0 0 0 0 114.552 60.282
320 0 0 0 0 125.330 62.133
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Fig. 9 Comparison of dust settling effect before and

after air flow control
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Table 5 Comparison of test values and simulated values of optimal

air flow control scheme
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Fig. 12 Particle size distribution of dust before and

after air flow control
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