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Research on Intelligent Control of Air Flow for Dust Reduction in
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Abstract: At present, the traditional total ventilation control method on the fully mechanized heading face fails to realize
dynamic control of dust reduction, and the ventilation environment in the area of personnel activity is not considered in the dust
reduction process, resulting in dust accumulation. Therefore, a finite element calculation model was established for the coupling
of air flow and dust gas-solid, and underground verification was conducted. According to the dust migration and distribution law
and the activity range of underground personnel, different areas of personnel activity were divided. The dust mass concentration
sample data under different airflow intelligent control schemes were obtained by simulation, and the data were discretized by K-
means algorithm. Based on the immune genetic algorithm, the dust reduction scheme was used as the antibody, and the dust
mass concentration in different areas of personnel activity was used as the antigen. The acquisition algorithm of the intelligent
control of air flow and dust reduction scheme for the different areas of personnel activity were compiled. Taking a mine in
northern Shaanxi Province as the research object, the optimal dust reduction scheme for the personnel in the dust accumulation
area (in the range of 515 m) is 1.2 m outlet aperture, 5° horizontal deflection, and 5 m from the head. The dust reduction
effect of the scheme was tested and verified. The result show that, after the application on the experimental platform, the

average dust mass concentration in dust accumulation area is reduced from 163.77 mg/m?* to 91.32 mg/m’ , which is reduced by
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44.24% ; the dust concentration at the driver’s position is reduced from 161.94 mg/m® to 78.90 mg/m®, which is reduced by

51.28%. After the application in underground, the average dust mass concentration in dust accumulation area is reduced from

182.81 mg/m® to 113.94 mg/m®, which is reduced by 37.67% ; the dust mass concentration at the driver’s position is reduced
from 179.65 mg/m® to 101.27 mg/m?*, which is reduced by 43.63%.

Key words: Fully mechanized heading face, Intelligent control of air flow, Area of personnel activity, Dust mass concentration,

Immune genetic algorithm
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Fig.1 Finite element model of dust field

calculation under control of air flow
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Table 1 Parameters of boundary conditions
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Fig.2 Measurement of underground dust mass concertration and verification of the finite element calculation model
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Fig.3 Distribution of dust mass concentration
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Table 3 Attribute sets and segmentation points selection

for intelligent air flow control and dust reduction
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Table 4 Control schemes of air flow and partial sample data
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1 0.8 0 5 0.62 238.15 1.33 360.34 0.75 103.95

2 0.8 5 5 0.58 232.25 1.55 321.18 0.58 87.41

3 0.8 10 5 0.61 227.86 1.25 228.57 0.63 68.62

4 0.8 15 5 0.69 192.65 1.05 198.92 0.82 92.56

> 0.8 20 5 0.57 118.34 0.85 183.35 0.94 93.38

6 0.8 25 5 0.55 238.26 0.96 384.58 0.61 83.31

7 1.0 0 5 0.66 246.58 1.09 292.67 0.63 75.86
35 1.2 20 10 0.83 141.28 0.91 204.71 0.62 65.66
36 1.2 25 10 0.63 138.67 0.71 148.44 0.81 71.49

42 ARARFEHRRREEEEEETREL
L 0.25~4 m/s By AU Ay 249 2% 1 X B AR i dis
PEAT AL B 5 BR A AT 5 B A BE . R K-means
TR X R AR A0 v 4y 2 TR R R AT S AR Ak
B Ay 2 R R A A RO A i 0 S EL LR 5.
200 By o A i Al Ak B ARAS: B4 BT A3 [ 2 A

LR AR T KGE AT & ML Y RS2 R S DAREARAS [ A 5
{30 DA R A2 TR RS O F b . K B0 B A R Y
{80 R A D 3 LR PR 52 SUME 3 R St W R 2 T
IO EAELHEAT 1 30 7 8 9 2 B L BE (i /N HE 44 i
10 BSOS S22 3t 47 BT B2 E 3 ARECh 10,
M 2o G PR 18 B 1 1R AR L e BB IO BE L e R Y A



ZmAEFEBEOIRARAAREHRBELRAERRAEMAE]F LHFLE FL.2025,45(1). 209

ER R TR RE R ML T %, LU RALF b R 4E
X (5~15 m) MM A2 PURE X (15~25 m) R, 3k HL
TR RE IR R TR LR 6),

£5 BLREBRERANBEGRESSSE

Table S Candidate segmentation value of

dust mass concentration sample data
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AR TEIX {83, 92 ,106 ,126}
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Table 6 Optimal schemes of intelligent air flow control and

dust reduction for different areas of personnel activity
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Fig.5 Experiment platform of intelligent air

flow control and dust reduction
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Fig.6 Layout position of measuring points
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Fig.8 Underground air flow control device
K7 ABLTHAEBRER(S~15 m)HHINHLRERE
Table 7 Measured results of dust mass concentration

under personnel in dust accumulatation area (5 —15 m)

BB EEE/(mg « m—®)

A G SR e/ %
17 196.51 127.96 34.88
27 183.39 115.24 37.16
37 168.54 98.62 41.49
47 172.31 109.48 36.46
57 151.19 101.34 32.97
67 167.27 114.73 31.46
77 129.58 98.74 23.75
87 102.62 82.36 19.74
97 179.65 101.27 43.63
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Table 8 Measured results of dust mass concentration under

personnel in dust deposition area (15 —25 m)

BB/ (mg » m™®)

M T SR Fed /%
17 211.65 135.94 35.77
27 218.34 119.62 45.21
37 169.54 108.65 35.53
47 152.98 84.19 44.97
57 131.16 76.23 41.88
67 125.62 79.36 36.83
77 142.35 83.42 41.40
87 92.68 50.29 45.74
97 209.41 124.64 40.48
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AR 7 AR HL T AN TR) N 533 3 DX S5 D0 XUt 2 e I 45

FEbTrE, ANRAEFRAREX (5~15 m) B 1RE

PR KT 42 1.2 m KR 5° Sk 5

m. ABAETFRARUIREIX (15~25 m) AR 7 &

R H A2 1.0 m K fE 10° FE =k 10 m,
(3) X7 S M R R AR R A7 180 1 5 I

Bk, 85 R R AR THAEREX(5~15 m)

B B AR AR A T 22 0 S« 2 DT 348 20 o o Wk 32 e

IR T 44.24% , "l BLAL & AL Ky 4> ot 6 ok B2 BRI T

51.28 %03 N AL T # AR UL RS X (15~25 m) B, FiE 2

PRALTT 58 0 FH G« 1% XT3 0 20 Jo o ok B BEAIR T

48.37 Y0 o FI ML B A A 24 o MR BE R AR T 43,64 %0,
() XF et T 28 1 I AR RICR R AT 1 RS2, 2

RE AR TFBHAEREX (5~15 m) B, AR

67 % N G % XT3 8 2R BT vk B BRI T

37.67 % » FIMLAL B AL A 20 BT f Tk BEFEAIR 1 43.63 %05

A GUAE TR AR TR IX (15~ 25 m) B, B2 Ak 7 %

I TG 12 DXCF 100k 20 Jo vk B AR T 43,54 060 . wl AL

7 A K 2 BT R BE R IR T 40.48 %%,
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