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Design of a double-blade swirl wet dust collector for comprehensive mining faces

GONG Xiaoyan', HE Zilun', CHEN Long', WANG Haijun', FU Haoran', PEI Xiaoze', SUN Haixin',
ZHANG Hongbing', YANG Fugiang
(1. College of Mechanical Engineering, Xi'an University of Science and Technology, Xi'an 710054, China;
2. Department of Mechanics, Xi'an University of Science and Technology, Xi'an 710054, China)

Abstract: To address the issue of low dust collection efficiency of dust collectors currently used in the
environment of coal mine comprehensive mining faces, a double-blade swirl wet dust collector was designed. The
dust collector was mainly composed of an annular spray device, double swirl blades, and baffle mist eliminators,
with the double swirl blades designed to provide greater centrifugal force and thus improve dust collection
efficiency. A numerical simulation method was used to analyze the effects of nozzle diameter, spray pressure,
blade installation angle, and blade rotational speed on dust collection efficiency. Based on the response surface
methodology, a multivariable regression equation was established between dust collection efficiency and the four
influencing factors. The optimal parameters for maximum dust collection efficiency were determined as follows:
blade installation angle of 37°, rotational speed of 1 550 r/min, spray pressure of 1.9 MPa, and nozzle diameter of
2 mm. Using these parameters, a virtual prototype of the double-blade swirl wet dust collector was established,
and simulation results showed that the dust collection efficiency of the dust collector reached 97.21%. After the

installation of the dust collector, the dust concentration in the breathing zone of workers on the return air side of
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the tunnel significantly decreased. Tests on a dust collection experimental platform and in a simulated tunnel

indicated that the average dust collection efficiency of the dust collector was 94.80%. After the application of the

dust collector, the average dust concentration at the breathing zone of workers on the return air side of the tunnel
decreased from 441.29 mg/m’ to 269.14 mg/m’, a reduction of 39.0%.

Key words: comprehensive mining face; spray dust collection; wet dust collector; double swirl blades;

structural parameter optimization; response surface methodology
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Fig. 1 Structure of double-blade swirling wet dust collector
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Table 1 Initial parameters of double-blade swirl wet dust collector
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Fig. 2 Physical model and mesh generation of double-blade swirl
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Table 4 Four-factor three-level scheme based on

response surface method

Table 5 Simulated experiment results of dust removal efficiency of

dust collector under different factors

H&R
IR
A/ B/(rmin™") C/MPa D/mm
1 30 1250 15 1.8
2 40 1500 2.0 2.0
50 1750 25 22

R 5 T8, Fl H Design—Expert 2K £ 57,
e 7 CBR 2R R0% R KT e i AL W i il
B, Wi E 1 C FmEHE (142 D B9 — R [m1E 7 #2, B
o i T A AR

R=95.21-5.09A+1.13B—1.76C —0.60D — 3.20AB—
2.71AC —0.45AD — 0.32BC +0.71BD+
0.31CD-9.1A>-4.96B> —3.65C*> - 1.7D*
(5

KT 25 43 M7 95 B0 E 1A ) T AR, 45 SR D
260 AIFE B 2 2 o 1 T ASS TR 19 dp R A 6
P<0.05, Ut II A ROR 12, BR A 8% B AR RCR A
510 2Z 8] A b A 405 BE 5 2 4835 > 0.05, 1 1]
FUINE -5 ARO[ (35 25 /0N, FOORS B s IR 4,
C XTBRZARRLE R 2 m ) B 35 MR 36 {6 P<<0.05, UiH]
I 22 85 £ 5 6055 T g 0k 5 2 R R A S )
% B, DX} R P>0.05, LEEU%ﬂJrJ#%LEWH%D
BXTBRABROCR B LA 3% 8 B I AB, AC Fl —
T A2 B, C*, D* %t R 2 P<<0.05, wﬁﬁﬂﬁifﬁl?

B 2l 25 R 5 ) 2 AT 3 B A HAE A8 BT
AD, BC, BD, CD Xt R ¥ P>0.05, Uil ik &K
Xof B 2 B R Wi AR AFAE B 35 B9 S HAEFH . 43 ml A
4 PR BR AR KR s e HE S Ry it 2B >TSS

VES A/ B/(r'min™") C/MPa  D/mm  R/(mgm?)
1 40 1500 2.0 2.0 93.15
2 40 1500 2.5 1.8 88.57
3 50 1500 1.5 2.0 81.57
4 40 1750 2.0 22 91.38
5 40 1500 2.0 2.0 96.02
6 40 1500 2.0 2.0 95.39
7 50 1750 2.0 2.0 75.55
8 30 1 500 2.5 2.0 89.17
9 40 1250 1.5 2.0 86.26
10 40 1500 1.5 22 91.65
11 30 1250 2.0 2.0 81.65
12 50 1 500 2.0 22 77.54
13 40 1250 2.5 2.0 85.51
14 40 1500 2.0 2.0 94.93
15 40 1250 2.0 1.8 87.35
16 30 1 500 2.0 22 86.34
17 50 1500 2.0 22 89.22
18 40 1500 2.0 1.8 78.76
19 40 1500 2.0 1.8 94.82
20 40 1 500 1.5 1.8 95.62
21 50 1250 2.0 2.0 78.65
22 30 1750 2.0 2.0 91.35
23 40 1500 2.5 22 85.84
24 40 1500 2.0 2.0 96.19

JE 7> 7 B sl > W 1 48, R 22 24 ) T 55 1

JIRFBR A B BR AR ROCR S M K, I i T g
TEXTER AR RORFZ AN

DL B 4 48 bR 22 R0 B = oA B bR, #F Design—
Expert !EAHEP?FIJFH RSM HU{E A Ak 2 BB XoF i [ i T A5
RUGEAT AL, WIS BR A 8F S 8O R R 4
fil 37.266°, M %5 1 547.799 t/min, Wi % k)
1.927 MPa, W 145 1.986 mm, % )7 & F B 20R
TRIAE A 96.199%. R i T EREHL AN T2 50, A SCHL
W 5% %% ff1 37°, M B % B 1 550 r/min, W55 TR )
1.9 MPa, M5B [14% 2 mm.

3 iESH

AR O i U BR 2 A% 45 4 S B e a5 2R, R
SolidWorks {1 Xif [ 28 25 45 45 # HE A7 4SS S 4 45 3
e, g bRt EAUEEALANE 6 FR .



« 108 -

5 8k

% 50 %

F 6 BRAARBRARCHEN N ARy 2 A
Table 6 Variance analysis of response surface model for dust

removal efficiency of dust collector
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Fig. 6 Virtual prototype of double-blade swirl wet dust collector
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Table 7 Experimental data of dust removal
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