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Abstract : To address the low dust removal efficiency associated with conventional wet dust collectors when
handling fine particulate matter, an experimental setup comprising an air intake system, a dust
purification system, and auxiliary systems was designed. A three—dimensional model was developed
using ICEM software, and numerical simulations conducted with FLUENT were employed to optimize
key parameters—including the spacing and number of spiral blades, air intake configuration, inlet flow
velocity, and rotational speed—before manufacturing and validating the experimental apparatus. The results
demonstrate that the dual-stage purification approach—combining primary rotational water film capture
with secondary spray-assisted purification—is well-suited for harsh underground operating conditions,
reduces energy consumption by 40%, and outperforms emerging wet dust removal technologies such as
ultrasonic—assisted and high—pressure jet cleaning methods. This system is effective for treating high—
concentration dust emissions and holds potential for extension to the purification of toxic and hazardous
gases, providing an efficient and reliable solution for mine dust control.
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Fig.1 ICEM modeling graphics
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Table 1 Grid independence verification results

WREEL (T7) BB (%) HHHESD (Pa)  SFEIRER] (h)
100 95.2 156 2.5
200 97.8 156 48
300 99.0 156 72
400 99.1 156 10.5

BT, HEEORT 300 i, AR 5 O %
ERNT0.1%, ARG EMSL, 52085 300 J7 Mg 3T 5 4L
UL, FHOBORS SRR,

4 i

W AR k= e 3. RNG k—e , SST k—o =R yiimisis
RN, W2 7R :

22 ANl ARSI S BT L

Table 2 Comparison of simulation results of different turbulence models

AFEBEIR S W

] 7
T AL BTN EE775 =y (B % ) (%)
PR k- PSR RIERR 96.5 2.5
=] 2 L2 R
RNG k- & SRR . e T 93.8 02
i3
SST k—w  UTEEERED . (RTEEEL 97.3 1.7

B B AR IE B £ MU £ 20.9 radss (A 200 rpm )
JETIIER Y, RNG k- e BEHHIHE WG TREATE, TN
R ERE I A Wl It , S CIe (i 25 0.2%, #i%#E RNG
k—e I, TS AL E: Cpn=0.09, Cl=1.44, C2=1.92,
ok=1.0, o e=1.3,
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Table 3 Grid quality evaluation results
T A% ik bR bR ABEEMRE RO ARE
/NEZS >0.5 0.62 =
AT <0.4 0.28 P
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Fig.3 Pressure and Velocity Field of 100mm Spacing of Spiral Blade
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Table 4 Dust removal efficiency of different blade spacing
i FALRE /mm 100 150 200 250 300
B bR /% 76.96 86.84 88.51 97.50 87.36

A T #1100 mm i, #EEE/71.83%x10° Pa, HiOES -
5.2x10"Pa, & JI#6EK2.35% 10° Pa/m, 300 i i it B
CPERRIE 3.2 m/s) , BrAfER s NAE R IN L 0.8 s, MM
SR, WA T6.96%; M, M TAERT 4.5 m/s 5
X 1.8 m/s (IRIHIX, WOHEAET, KES W mEES “oh
W, WAL, B R 250 mm [FEEES, H7)
MEEERESE 1.2 x 10° Pa/m, “FHIHEH 2.0 m/s, (5 RSIIERKE 1.5
s, MUHBSIMSRTE40%, KBESRE, Rk 97.50%,

TEIE A E AT el i R R EEAE 250 mm N B A R
I ) BRIl R B AR AN S e A, b A SR SRR
TR e 2 R ()42 B IR TR B4
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Fig4 Pressure and Velocity Fields with 2 Spiral Blades
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Table 5 Effect of the Number of Helical Blades on Dust Removal

Efficiency
R/ B 2 3 4 5 6
R /% 85.67 93.36 97.50 99.00 99.01

AT ST P SO B RE PR G MR, RGBT IZ AT, 3227754
SRR T A A B R R RBREIE T T et 4047, 3
SRR, RAETM TR A DM T,
{7 Pa, W6 R,

F6 NFEEFEH RO aERE R
Table 6 Effect of the Number of Helical Blades on Energy Consumption

o S (Pa) BME (Pa) BTN (%)
2 156631
3 157219 1588 1.01
4 159645 2426 1.52
5 163034 3389 2.08
6 169526 6492 3.83

BER RO 2 JE I, RO BE R R, £91.2 m, TRVRERE
%, £50.4 m?/s?, Wim XA 5 AT 16%; oy A0k A
FE0.8 m/s, HEIFIHE 12X 10" /m® - s, (U30% (ki f2/NT
2 pm BB AR TS wm fik, SR 85.67%; IEEEr
JR SR, SHERESIEK, £92.8 m, FAERER, 1£0.8 mY/
&, IFX BT ATR 40%, TR AERINAE22 s; M
I 1.55 m/s, BEFHEZR25x 10" 4 /m® - s, 85% Rifd/N
T2 pm BB NRAR TS wm Bk, SERIE99%; 6 B
I, TSR T T, £90.82 my/s?, (HIE S RIIE 6492
Pa, REFENINNG.83%, WEHATRIMEAL,

AR DA S LSRN A AT 5, AERE - 5 Rl 6 1
i, BRbscREns, IRPIEECR , R R AR S AR 6
R, BRAiaify BB, REREIENN 3.83%, K EIgmEn]
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Fig. 5 Pressurc and Velocity Field of Positive Pressure Impingement
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Fig. 6 Pressure and Velocity Field of Negative Pressure Extraction Intake
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79250 mm, SEREA RO SR, SRR E N AL S AR
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Fig. 7 Pressure and Velocity Fields at 0.5 m/s Flow Rate
N EN 0.5 m/s I, AL IBRAEBEREE RN -
DPM lteration....
number tracked=305, escaped=0, aborted=0,
trapped=3,
SRR ARERIE D 99.02%-
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Table 7 Dust removal efficiency at different inlet velocities

AL /m/s 0.5 0.8 0.9 1 2
BRI /% 99.02 98.91 99.01 98.89 98.90

WIS AL, HIEhE F I 250 mm, &0 51
I, SR TN TUAR & AR U A TR SRR L A PR AR
SO, HORARE 2 KW A0 3 ]UH LI A3 AN IR B AR AL
AL Z BRI B S T T B R RIS R

(73) BRAEM R R PR

UETTE PH 2 T35 W A S5 T DN 8 B AR YRR 7™ £ D 3t
JE, N2 BB AR 7 AR DA AT (e
ST BN 250 mm, SREEH R BECI S B, ATTRECE T mss, i
ST IEERABEX TR, SRR 7 46d 0 B A 52
Wi AT S SR P e (R, 24 BBE I F 56340 100 rpm I B
AHEHYERI T

[E]8 42N iR 100rpm B EHFIRE

Fig.8 Pressure and Velocity Field of the Spiral Blade at 100rpm
YURTEF I 100 rpm N, BT IR R -
DPM lteration....
number tracked=1503, escaped=0, aborted=0,

trapped=56,
CS TR AR IE N 96.3%.
FIFL, B2 A3 E A 100 rpm 300 rpm B, BRAERM
#8:
F8 MRFEN HON AL N PR AR
Table 8 Dust removal efficiency of spiral blade at different speeds
SEEI T /rpm 100 150 200 250 300
BrAeE 1% 96.3 97.2 99.6 98.3 97.4
IR 100 rpm B, G nFEHEE e =04 m¥/s®, KIEFRHEHED)
BUIN, SO Sy, Iy AR HORAG, A5 96.3%; il
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200 rpm [, &=0.8 m¥/s*, KBELEI R LIBNED), #HiR
SIS, MY ORI AR AR S, BRI EAE, SRR
99.6%; HHEEI 200 rpm 5, MRS A, AHEBHTE K
B T i1 B 5 e Wl V&

TR A BT, YIgEH B FEA 250 mm, BECH 5B,
WS AN RN R, T AT 5% L B iEnT
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R, PRI AE S e i o 200 rpm.
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Fig. 9 The prototype of the experimental device
(Z) seEemaE s
SR FH T S FE A R OR A A, T IO R (L (Malvern
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F9 SN R AR ESEL

Table 9 Physicochemical properties of experimental dust

ZHL il V= WaReN
*\L"@Mgg(o]))w/ D30 o m/B 8 m 153w m WO
HEE 1.45g/cm? SR E S
. . BT
G 08% (105°C, 2h)
HhFmE R 1.2m%/g BET Wi
. C(78%) . Si0, (12%) . X PTG
£ ALO, (6%) (XRF)

(=) e

L. SRR E A

BEEy . Omdvkdss (85 TSI 3400) @il (&
FE 0-2000 m*/h) @S (HE2HE) @LBEEOHSIO
Tl (A5 LY 2050) 5

T SCIGHTHPRER A (EHEE 500 mg/m?®) FBfERAE
25, RE/ANT2%; FAXGEL (Testo 425 ) REvERE I XGHE, 222
/N 1%,

2. SLEe e

TR BRI TR XA, 5.6~6.0 mg/m?;

VRS MU T T . RERIANS VR 42, 500 me/
m?, 1000 mg/m?, 2000 mg/m?, 5000 mg/m?3;

FRA SR TEAT 39k, HOVAME, BEREEpLRZ .

3. SRAESMEA TR

PERSFUALT: SRIALAN 0.3 wm BUESLF4E 3, #£105 °C
HFEHHET 2 h, BT T8I 30 min, JIAEEN0.01 mg
FIRVFRE, WLFAIAIE m,;

REE: FRUEIBRE RS, SRR 10 L/min, A T
RIS, REEE 20 min, BRCREBIEE AT 1 mg, A0
FERESTE10 em 4L, 3ASRFEAL, BEHIAUH 10 em &b, 3ASRAER
[F 7R

PRE ST SREESEEIEBNET, %, RESE, 0%
AT my, $2AE (1) AR C, gt kiR ER

A,
c="2"T 000 (1)
q-t

C—MAREERE, m /m’
m, — JEBCRAEM BT ER, m ;
m, —EEREMDFNER, m;
q— KR, L/min;
t_%#ﬁrﬂ,mino
4, SEIGZE R
ARIFFEIMT 14 AFTE, SLgessfad A (6) HEEES
2 10 T,

o,

F10 LI REIEGT

Tablel0 Statistical analysis of experimental results

5 BELWE mg/m’ HIPREE mg/m’ ERAR %
1 5.6 0.07 98.7%
2 5.6 0.045 99.2%
3 5.7 0.046 99.2%
4 5.7 0.017 99.7%
5 58 0.081 98.6%
6 5.8 0.046 99.2%
7 5.9 0.059 99%
8 5.9 0.083 98.6%
9 6.0 0.054 99.1%
10 6.0 0.036 99.4%
11 500 85 98.3%
12 1000 17.2 98.3%
13 2000 35.6 98.2%
14 5000 92.5 98.1%

M2 10TT 4, (RUEFEZE (5.6-6.0 mg/m?) [RleRik 98.6%—
99.7%, T EE 4L (500-5000 mg/m?) B 42 % 2R A7 4 45 98 1%~
98.3%, FNHAEEAERE N RIS MR IR rERE, T
HOSMIR A ATRoR AR At , RS BRI K
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