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Abstract

The new pressurized air flow control ventilation system uses a deflector to block the jet from the
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pressurized air duct, creating a longitudinal air curtain that divides the tunnel into a dust-laden
zone and a clean zone. By coordinating with exhaust and dust collection fans, it achieves integrated
ventilation and dust removal, thereby addressing the issues of dust dispersion and inadequate dust
removal associated with traditional ventilation systems. This study focuses on the tunneling face at
the Daliuta Coal Mine. By combining CFD numerical simulation with on-site measurements, it com-
pares the system with traditional forced-air ventilation systems, analyzes the coupling mechanisms
between airflow and dust, and examines dust control characteristics during dynamic tunneling op-
erations to optimize the installation parameters of the air ducts. The results indicate that the new
system can significantly reduce the distance of dust dispersion, confining high-concentration dust
to a localized area of the working face; under a supply-to-exhaust airflow ratio of 1.5, the optimal
installation scheme involves positioning the initial outlet 12 m from the working face, extending the
flexible duct by 8 m when excavation reaches 20 m, and then repositioning it. Dust concentrations
at worker locations remain consistently below 150 mg/m3, with dust removal efficiency improved
by 43.9%. This effectively ensures the safety of underground operations.
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Figure 1. Full-size physical model and flow guiding device structure
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Figure 2. Mesh independence test
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Figure 3. Mesh quality distribution
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Figure 4. Airflow-dust coupling results for the two ventilation systems
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Figure 5. Dust distribution results for the two ventilation systems
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Figure 9. Wind speed, dust concentration, and fitted curves at different distances from driver D
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Figure 10. Distribution of measurement points measured on site
10. AN E =57

Table 1. Wind speed and dust concentration at each measurement point D3

R 1. D3 &S KR B9 IR E

Measuring Wind speed (m/s) Dust Concentration (mg/m?)
pPoint  \feasured results Simulation results Relative errors (%) Measured results Simulation results Relative errors (%)

1 0.82 0.87 6.1 125.8 141.4 12.4
2 1.53 1.67 9.15 4.2 4.5 7.14
3 0.67 0.56 16.42 0.68 0.66 2.94
4 0.45 0.42 6.67 0.51 0.49 3.92
5 0.26 0.28 7.69 0.14 0.14 0

6 1.79 1.9 6.15 15.9 16.2 1.89
7 1.25 1.34 7.2 3.7 32 13.51
8 0.34 0.29 14.71 0.45 0.46 222
9 0.25 0.27 8 0.32 0.3 6.25

Table 2. Wind speed and dust concentration at each measuring point on D4

3 2. Da B R R K M R BE

Measuring Wind speed (m/s) Dust Concentration (mg/m?)
point  \feasured results Simulation results Relative errors (%) Measured results Simulation results Relative errors (%)
1 1.07 1.17 9.35 472 50.5 6.99
2 2.17 1.98 8.76 87.3 92.7 6.19
3 1.45 1.54 6.21 8.4 8.5 1.19
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4 1.21 1.16 4.13 0.27 0.26 3.7
5 0.98 0.81 17.34 0.07 0.06 14.29
6 0.86 0.92 6.98 149.8 142.2 5.07
7 2.72 2.69 1.1 7.2 7.0 2.78
8 0.35 0.37 5.71 1.2 1.2 0
9 0.25 0.26 4 2.5 2.7 8

Table 3. Wind speed and dust concentration at each measuring point on Ds

T 3. Ds & R R K 4 42 iR BE

Measuring Wind speed (m/s) Dust Concentration (mg/m?)
POt Neasured results Simulation lesults Relative errors (%) Measured results Simulation lesults Relative errors (%)
1 0.48 0.45 6.25 92.5 91.9 0.65
2 1.62 1.67 3.09 4.4 4.5 2.27
3 0.6 0.56 6.67 0.21 0.2 4.76
4 0.38 0.42 10.53 0.09 0.08 11.11
5 0.3 0.28 6.67 0.02 0.02 0
6 1.76 1.97 11.93 18.4 17.1 7.07
7 1.34 1.39 3.73 3.8 4.0 5.26
8 0.37 0.36 2.7 0.08 0.09 12.5
9 0.24 0.23 4.17 1.3 1.2 7.69
5. &g

KHEE M BUEBAUA I SEMAR S & 100735, 3 b7 A% e A 3 X AR GEATHT 205 X 3t
RGN TRETHAR R HOREE . RGN FGE KRG PR LY HUR, Sz bR iie, BRIEAETRE.
N, KT R USRI RS, SRR - B — Al WAl KR

1) Fras RS RS ARG N 2 A Rt B 7 AR i e X T HERR R AR il B 4
PEIAT LR, R RIREEISHIE 22K, BB IE S R AT

2) B TREMIREAT, FEE AR AW AT, e XU BE AR KR 2 D ABrscde . bk 1A
Al D FHIG - BRSPS R, IR ARG RAEIE. 29D =4 m (D), W TSR ERH
TAFm T, 2EEABCRAYR . By BERRT, AR T - B4, BEBARIRERE. 1D>8
m (D-Ds)I, 330 BT AR 2 SRR K 22 B AR ey 1 R ) 42 AR 1 5 e B T P Y R A

3) MRAE IR RE AR B R GEAN A A B B IR S LRI HLAL XU SOk AR 22 5, T 0 TR R B (e 22 28607
TN AR PR 1.5 (5T, TF R — BOREE I F2 0 TREN, 080 R AU XU 22 e /E B T AF:
[ 12 m &b BEEYRSE TREROHEAT, 29 UG H A BE AR I 20 m PR SR E TR, BB — Btk
WG, TR T — B E g TR, DA . S ARE N AP0k AR IR B 98.36 mg/m®, AR ELEU%
eI N FGH KRG TE A PR BRI, $EBRABRCRIR R T 43.9%. FEMITRT, BEIENR AR IR & A
TRENCPLT, fRER 7 REIE AR R % e AR

4) FAERFRFIER G, 2R KR R R ERIE R, AR TREEES, SCERE N
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