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Numerical Simulation of Water Curtain Dust Suppression in an
Excavation Roadway Based on a Dynamic Capture Probability Model

Xue Tao', Wang Chengyan®, Zhou Dan*
(1. Donghuantuo Mining Company, Kailuan Group Co. , Ltd. , Tangshan 063000, China;
2. Research Institute of Aero-Engine, Beihang University, Beijing 100191, China;
3. School of Resources & Environment, Henan Polytechnic University, Jiaozuo 454003, China)
Abstract: To reveal the multiphase flow mechanism of water curtain dust suppression in an underground

excavation roadway, a numerical simulation method coupled with dynamic capture probability is proposed.
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Based on secondary development of Fluent, a semi-analytical model was established by analogy with Stokes
flow, and a liquid-gas-dust interaction model was constructed using user defined functions. Unlike methods
using a fixed capture efficiency, the model updates capture probability according to particle diameter,
instantaneous normal velocity, and inertia. The results show that dust settles under gravity and the mass
concentration gradually decreases along the roadway, but high concentrations of dust still exist in large areas.
Two water curtains are used at different settling stages to achieve cumulative dust removal. After the first water
curtain is opened (X=35 m), the dust removal efficiencies at three monitoring points on the return-air side
are 64.8%, 63.1%, and 62.4%, respectively. With the increase of roadway distance, the mass concentration
continuously decreases. After the second water curtain acts (X=50 m), the average dust mass concentration
decreases to 18. 6 mg/m?®, and the cumulative efficiency of the two curtains reaches 78.4%. In the region of
X>50 m, some areas exceed 100 mg/m® when the curtains are off, whereas the concentration is generally
below 40 mg/m® when they are on; the average concentration at the roadway outlet is below 10 mg/m?.
Comparison with field measurements at eight points gives relative errors of 7.10%—-36.42%. The model
reproduces the overall concentration change after the water curtains are opened and can be used to compare
curtain layouts and operating parameters.

Key words: computational fluid dynamics; dust; water curtain dust suppression; dynamic capture prob-

ability ; multiphase flow; tunnel excavation
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Fig.1 Detailed dimensional parameters of excavated tunnel
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AWFFER A Z THAR-ZS AR A Rk, BT SHX
SR 2 T A RS 3 5, TSl A0 XIS 7S T AR
ROA% B3 S IX AR A 3 i, ad i Rk )

e SEBUHSAR BE SRR P, e/ NESS
JECER 0. 61, JRidfshns X b Tk L 7T fit
HUAR K it 7l ZU AL A X



744 ot K 2 e RCARRAO

2026 45 5 )

&3 AR IX I R A0 e
Fig.3 Key area grid detail display

2.2 SEHZE
U RSE | B & s 1T S50 G XS 5 B AR

T 3037 81 A S0 8 SR E L R R RS L XL
fa] ELAR « JRUTAT IR S | ) Sk i N
TEALE B i BRI S b T O . KU A O
4R Sz fE X 339.7 m?/min AR S B AR
600 mm #5153 F] . Ky 2R k4R B K Rosin-
Rammler 7311 255 i 90 5 R A A6 RL EE MK 3k
5, WORL 2 BT 400 kg/m?®, SRR B (E AL
()5 TREUE . PHIE KA (0 B 25 A Bl 2 3%
ZRAFRTCKAE 00T B AR W R S A A, KA
S5O NS BOR B K A 8508 5 1 RRAR A
BIRAESHLE 1.

*1 TESHBE

Tab.1 Simulation parameter setting

— 4RI e/ 2} ZROKE — I 21 SR E
) 2B 4 /s 0.001 e T
THASH HRIERIE/ 25 50 ¥ /(kgem ) 1400
WS 5 1074 Tk 2Rl TR
7708 FEAR R T 7 80
XU B R/ (mges ™) 5128|1642
EX NS e KA oA Rosin-Rammler
e SST ko IS E BeRBEC i LB
Kato-Launder 4= 5% 1 B/ /um 0-61
T 7 B4 2% (ON) KR4/ pm 165.31
I RE AL B Tabulated f kAR /um 52.60
3 Tk DX I, e PS LT EL 1.55
R et st/ (rmin ) 178 s 10
S 2 iz gy [X ok i K% e
- ZBEE/(mes™) 1 Fisf 1] FAR R
T SiEsmiAs g KR Li AT 7 N
- U (B B DPMEIT(10) | sk e )i FEH PRESTO!
Eo et - KB EE R E(700) i = MUSCL 22404 5
PR ORI (ON) e =B MUSCL 245t
KA 1 E UDFs FERICE =W MUSCL 2243 #% X

HERVE A DS A, T8 AR s R
FEFTH T, DS B R 2 XU ] XU A B
S T AL o0 I SE PR U RNAE 1 T P 1
SRR XA S e, ARE O HEK IR Kb
I R Rk % 1 R, o U B TR sl i
MG A2 5RIFIE R ; HAEARE R T Ui
b, ST, i S U0 REEERO. 2,

LR SST A-w AR, LA BE
ShUL AR AL eSS | o B A2 2255 U1 8l
BExt Z TR A% AT BE = AR AR IE 2SR 22, R FHHLER
TR BEAB T D7 i s He A {E R 35 JH T e i
SZAENBER PRESTO! #3X, shid K i
KR =B MUSCLAR . BB K H0. 001 s, 454
2 RIS e | BRI E AT R R T E

U5 LT R e Se T S HEXUET , e R
Ar=0.001s, HHEE100s)5, BENSHEEBT
FE 5 B T I 0 Sk e . TR aCRR 2R KU B =X

WEpL, JFRPE T R SR B RS IR . TR
TR TS REAL L AR A BORL, 70 SRR A T
5RH T T AT A A2 1ia 8 S B
LY | ORI AR B 4 1k B RS R RS R ¢
RIS, IR TR R T IR 2230 Hr o

3 GRSt
3.1 KEREEATEERENTHIFE

ARSCHR KA B 2R 2 AR TR B AL T AR S
A3 R IURLRPREARS | 1B I V25 o) 3 AV I S s AT
SHAENESE , IR LT K A5 VE T Ry A2 o ik
JEARAL . S HCETPE KA I B BV E T, S —
BRSO E AR A BRI A s 1R RS
TR TR KT 100 mg/m X T AR A
WA 4 FioR, 8 —1E K IR IS, B R Bk R
F100 mg/m’ Y XS T FR H 6. 16 m*Jl/NEE 3. 57 m?,



CEVEE 229 1)

BT B Al A MR (Y SR HE S TE K A BR AU A I IR (B V5 55) 745

Rl A 42. 000 FKAT JG I MEAE AR Bk BE X . B
B IASIE W O B S TR, RS A KA
AT, R o e B R T 100 mg/m? B9 IX 3k i AR ik —
HA/NAE 0. 86 m*, B IR IR G, 1 X Ik E A
FEARZ 0. 16 m?, E250 M0 Tl Xk pl Ly, 45
WoR, PREZKA S, @B 2 DRI AR /N
J et o3 B B ) AR LA H

0 20 40 60 80 =100
——— e

S >

28 .

(b) A((J>100 .ngm,—z)=3.57 m?

»

5 1
(d) A¢100 mgm»=0-16 m?
P4 S/ KA TS A B 2 IR 53
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