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Abstract: Surface wettability of coal dust particles is an important factor restricting the efficiency of wet dust removal.

Heterogeneous nucleation condensation on the surface of coal dust particles is a means without any pollution, without con-
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sidering the surface wettability of particles, and can effectively improve the efficiency of coal dust particles being cap-
tured by droplets. Human interference with the change of temperature and humidity environment is a necessary condition
to stimulate the surface nucleation condensation effect of coal dust particles. In order to obtain a quantitative prediction
mathematical model for the influence of temperature and humidity conditions on the condensation effect of mine respirat-
ory coal dust particles, based on the visualization experiment platform of particle condensation, single factor and multi-
factor orthogonal experiments were carried out around three factors: initial temperature of coal dust particles, relative hu-
midity of hot and humid gas, and temperature difference of condensation temperature. Combined with mean square error
weighting method, nonlinear regression analysis method and prediction effect evaluation index, the weight proportion of
each influencing factor in the condensation effect of coal dust particles was determined. Based on this, a multivariate non-
linear regression prediction model for particle condensation was constructed, and the accuracy of the model prediction was
evaluated. Based on the experimental system of particle nucleation condensation and spray synergetic dust suppression,
the control effects of the two synergetic and single dust suppression methods on respirable coal dust were compared and
analyzed. The results show that the relative humidity of hot and humid gas has the greatest influence on the nucleation
condensation effect, and the two are positively correlated, and the obvious nucleation condensation effect can be activated
only when the relative humidity is greater than 70%. The influence of temperature difference on condensation effect was
second only to gas relative humidity, and the condensation effect decreased first and then increased with the increase of
temperature difference. The influence weight of the initial temperature of coal dust particles is the least, and the particle
groups with particle size < 1 um and > 2 pm are stimulated positively and reversely, respectively. The multivariate non-
linear regression model based on the combination of various methods has better prediction accuracy and small error, and
can be used to quantify the condensation effect of coal dust particles nucleation under the condition of temperature and hu-
midity interference in a certain range. The problem of poor surface wettability of coal dust can be effectively solved by us-
ing particle nucleation condensation and spray, and the dust removal efficiency is increased by 131.84% compared with

pure water spray.
Key words: coal dust; heterogeneous nucleation; orthogonal experiment; regression analysis; dust reduction efficiency
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Fig.1 Experimental system for nucleation of particles
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Fig.4 Effect of temperature difference on surface condensation of coal dust particles
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. R R 2 H20sIR IR 4R
7 To/C  RHy% ATIC  (dJd), Dsy  (de/dp). Do
1 18 65 2 0.403 0.398
2 18 70 4 0.801 1.324
3 18 75 6 1.189 2551
4 18 80 8 1.645 2.928
5 18 85 10 1.909 3.063
6 20 65 8 1.051 2.031
7 20 70 10 1.374 2.679
8 20 75 2 0.925 1.668
9 20 80 4 1.340 2.655

10 20 85 6 1.573 2.827
11 2 65 4 0517 0.720
12 2 70 6 1.304 2.624
13 2 75 8 1.484 2755
14 2 80 10 1.725 2.965
15 2 85 2 1.454 2732
16 24 65 10 1.265 2.594
17 24 70 2 0.865 1.500
18 24 75 4 1.228 2.571
19 24 80 6 1.514 2776
20 24 85 8 1.823 3.021
21 26 65 6 0.669 0.841
2 26 70 8 1.085 2297
23 26 75 10 1.621 2.876
24 26 80 2 1419 2.706
25 26 85 4 1.554 2.806

®3 E20s RB-FHAFILGSEHETERER

Table 3 Results of comprehensive average at the 20th second

) Ds Dy
KL%
Tso RH;, AT Tso RH;, AT
1 1.189 0.781 1.013 2.053 1.317 1.801
2 1.253 1.086 1.088 2.372 2.085 2.015
3 1.297 1.289 1.250 2.359 2.484 2.324
4 1.340 1.529 1.418 2.492 2.806 2.606
5 1.270 1.663 1.579 2.305 2.890 2.835

Me2ER 0.151 0.882  0.566 0.439 1.573 1.034

e n IREIRAL iRk
3) MRAEA IR 2) BT EER, E— R A
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Table 4 Analysis results of weight of influencing factors
R R 2 Tso RH,, AT
D5 0.087 0.550 0.363
Do 0.132 0.524 0.344

2.3.3  ZordEL M I AR R

AR [ V3 3 A7 2 A8 A% e 4 A 1] U 53 A 1) L At
I, BT MLE A B AT AR SR R B 5 FH v,
A B IR AR R 224 R S5 m N R IR & .
BEXT B3R I 223 5 B4, il SPPS 27 Al MAT-
LAB AR 20T, BB BRI

1) #5745 52 R 2R (1Y — o [l 5 A 7
MRYEA R R 2, J3 i ST 1 R, XA Rk, 36
PR, TR PR, REPREL. S U pRECRIHE BUR A 7 A
—JCIR A FMAE I, BB ) i R R, iR

Kot F A EVE ROV ERIA LR, e B IR uE &
BOR(R® MUBIE T 1, BEAURLG 3 e ) e PR A A
WAL TTIE, 53 BHRSE Dso Al Do 1 3 FA[F) S0 [H

o

R —JT A BRI, JLsi R I 5, PR RLLA

KENLEESRIE 6.
2) G5 AN I R AACE TSR, g 2otk

e PERNE AR, R IE AR A 3 Pz R £,
ST Y07 2R AR, 2 REA5 52 R K 2 B A
A I 18] B AR AR, 951 ABIETRY, 20 BI%F Dy,
F1 Doo HENL 1 AN 7 M REH 2 o0AE Ltk 1A it
RS, R (7). 20 (8)-
y=0.087a,exp (0.603 —9.234/x,) +0.550a,(—6.914+
17.526x, — 8.743x,%) +0.363a5(0.831 + 0.073x;)+

m

E A XiXj +ay

i=1,j=1

I=A
w

(M

vy =0.132a,exp (1.402 —14.223/x,) +0.524a,(-26.517+
69.706x, —41.314x,%) +0.344a;5(1.518 +0.133x3)+

m

Z A XiX;j +ay

i=1,j=1

Py x. x5 23HIUER Tso. RH,. AT

3 (7). 3 (8) LA SPSS 27 # 4, i
JELRAE BN 3B AT R SR AR, 1
SRR ELER I 7. 3% 8.

®)
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x5 —mEEATIERRESER
Table 5 Optimal result of unitary regression prediction model
MRS G EIE S
RARSE HWEER R
R F HHTEE] H A2 T EH WAL ES 441 ES10)
Tso S 0.021 0.500 1 23 0.486 0.603 —9.234 —
D5 RH;, it/ o 0.648 20211 2 22 <0.001 -6.914 17.526 —8.743
AT itk 0.280 8.949 1 23 0.007 0.831 0.073 —
Tso ST 0.029 0.676 1 23 0.420 1402  —14.223 —
Dy RH,, it/ o 0.568 14.445 2 22 <0.001 -26.517 69.706  —41.314
AT E 0.244 7.434 1 23 0.012 1.518 0.133 —
Fx6 HEERLE DDy MEXRENXCE
Table 6 Summary of fitting relationship between single factor and Ds,, Dy,
LIKEGRITE 24 AR BT IA PERFRA R

Tso y1 = exp (b1 +by/x1) y1 = exp (0.603-9.234/x) 0.021

D5 RH;q y2 = by +byxy +b3xs? y2 = —6.914 + 17.526x; — 8.743x,2 0.648

AT y3 =b1 +byx3 y3 =0.831+0.073x3 0.280

Tso y1 =exp (b1 +ba/x1) y1 =exp (1.402-14.223/xy) 0.029

Doy RH;q y2 = by +baxy +b3x2? y2 = =26.517 +69.706x; —41.314x,> 0.568

AT 3 =by +b2x3 y3=1.518+0.133x3 0.244
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Table 7 Ds, Nonlinear regression prediction model

parameter estimation values

95% FAFIX [A]

ZH 5 AR{ERES
TR LRR
a 7.870 23.756 —42.040 57.781
ap 1.954 0.582 0.732 3.177
as 12.619 3.557 5.146 20.093
ay 0.030 0.063 —-0.102 0.162
as —0.005 0.003 —0.010 0.000
ag —0.199 0.102 —0.414 0.017
ay —5.655 2.111 —10.091 —-1.220

F8 Dy MBS RSHEEE
Table 8 Dy, Nonlinear regression prediction model

parameter estimation values

95% {5 X[A]
SR % PR
TR TR
a -9.782 11.934 —34.855 15.291
a 2211 0.508 1.145 3.278
a; 27.073 5.426 15.673 38.474
ay 0.217 0.113 -0.021 0.455
as —0.013 0.007 —0.026 0.001
ag -1.099 0.265 -1.656 ~0.543
ay -16.186 3.712 —23.986 -8.387

W& 7 M 8 MITHHEARE S IR AL (7). K (8)
Je Ak T B2 B Y 22 e AE 2R [l A T A AR, B X
9). X (10), = F Wt R R 4390 4 0.956 I
0.920, YA BRI IE R
y =0.685exp (0.603 —9.234/Tso) + 18.84RH,—
9.399RH,,* +0.334AT +0.03TsoRH s —
0.005TsoAT —0.199RH;,AT —9.281 )

=—1.291exp (1.402—14.223/Ts,) + 80.789RH;,—
47.883RH;,> + 1.239AT +0.217TsoRH;,—
0.013TsyAT — 1.099RH; AT —32.782 (10)
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Fig.7 Comparison between experimental and predicted values of

heterogeneous nucleation condensation at the 20th second
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Fig.8 Test system of particle nucleation condensation and water mist synergistic dust removal
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Fig.9 Comparison of dust removal efficiency
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Table 9 Test coordinates and record temperature

HEAR IR AL A e e i/ °C SEHREE/C
(0.35, 0.35) 249 24.3
(0.35, 1.00) 26.5 24.5
(0.35, 1.65) 279 25.1
(1.00, 0.35) 243 23.8
(1.00, 1.00) 25.7 24.0
(1.00, 1.65) 27.3 24.9
(1.65, 0.35) 25.1 24.1
(1.65, 1.00) 26.6 24.8
(1.65, 1.65) 283 25.5
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