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Prediction model of CO emission volume from goaf
QI Qingjie'* ,ZHAO Youxin'*,LI Xinghua®,ZHOU Xinhua'’
(1. School of Safety Science and Engineering ,Liaoning Technical University , Fuxin 123000, China;
2. MOE Key Lab of Mine Thermodynamic Disasters and Prevention , Fuxin 123000, China )

Abstract: In order to study the CO emission law of the fully—mechanized coal mining face,to guide the ventilation of the coal mining face
and to solve the spontaneous combustion prevention and control of the goaf,based on No. 014N, ~1 fully—mechanized top coal caving min-
ing face in the first mining seam—No. 1 seam of Rui’ an Mine as a prototype , COMSOL Multiphysics 5.0 was applied to establish a CO nu-
merical model of the goaf. And an orthogonal experimental design and a numerical simulation calculation were conducted. Then the SPSS
software was applied to the stepwise regression of the simulation results. A regression model of the CO emission volume with five factors of
the CO sources intensity , CH, source intensity , CO reaction velocity , pushing forward speed and air velocity and the site measured data were
applied to correct the CO emission. The results showed that , there was an ultra obvious correlation between the CO emission volume and the
five factors. The predicted results of the corrected CO emission volume could have a high fitting with the site measured data. The model
could be applied to predict the CO emission from the goaf and favorable to guide the site practice work of the mine ventilation and the fire
prevention and control.
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20154 9 H 16 H & 2016 4F 3 H 9 H,
014N, -1 TAEH LR 558 m, HF-2 (0] % i By
3.18 m/d; BB KE K 1.4 m/s, HZH CO
B /NN 0.000 24 m*/t, fi K 0.016 737 m*/
t, KA X CO I HY A5 B ) i 058 10 o 3 1 s X
CO ¥ 0.01 m’/t, FiXF CO JH I 5 B HUAE , 5 1)
A GR R ISR B AY 0.2.0.5.0.8.1.1.1.4.1.7
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Table 1 Range of numerical value of parameters

CO Y53 CH, I co i ks, K/

T SR BRJE HE (m-d) (m-esTh)
1 0.2 0.3 0.4 1 0.8
2 0.5 0.6 0.8 2 1.0
3 0.8 0.9 1.2 3 1.4
4 1.1 1.2 1.6 4 1.8
5 1.4 1.5 2.0 5 2.1
6 1.7 2.0 2.4 6 2.5

. CO PRI AR BE md/t; CH, JRITGR B, m3/t; CO S B 8 3,
m/d,
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RN Ry (KU ) v, S8 1 5 RS X CO T
i Y Z A RECCR . SR SEIIENT .

v, =3.142 857 m/d, v, = 1.485 714 m/s, S, =
0.842 857 m*/t, S, =0.971 428 m/t, R, = 1. 257 142

m*/d, ¥=0.017 447 m’/min, o, = 1.807 016, o_
0.619 743, oy =0.542 104, oy, =0.589 707, o, =
0.722 806, o, = 0.009 203,
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Table 2 CO emission volume from goaf

il i CO P81 CH, I CcO i CO ¥l
g EE BB/ mEs ER il
(m~d’l)(m.S (m3't71)(m1 ’l)(mz'dfl)(mz'minfl)
1 3 1.8 0.2 1.2 2.0 0.009 301
2 2 1.8 1.4 0.6 1.6  0.023418
3 1 1.0 1.7 0.9 1.6  0.030 657
4 1 1.4 1.1 1.5 0.4 0.014952
5 4 1.4 1.7 1.2 1.2 0.026 639
6 3 2.5 1.1 0.3 1.6 0.020 504
7 2 0.8 1.1 0.9 0.8  0.021 027
8 3 1.4 0.8 0.6 0.8 0.013 838
9 6 2.1 0.2 1.5 1.6 0.007 268
10 1 1.4 0.2 0.9 2.4 0.011879
11 5 0.8 0.2 0.3 0.8  0.009 745
12 6 2.5 1.7 0.3 0.4 0.02599%
13 5 0.8 1.7 0.6 2.0 0.040 074
14 1 0.8 1.4 2.0 0.4 0.021 858
15 1 1.8 1.7 1.5 0.8 0.023871
16 1 2.1 1.1 0.3 2.0 0.020387
17 5 1.0 1.1 1.2 0.4  0.016 621
18 5 2.5 0.8 1.5 2.4 0.017 348
19 5 1.4 0.5 2.0 1.6  0.012 503
20 1 1.0 0.8 0.3 1.2 0.017 529
21 3 1.0 1.4 0.3 2.4 0.035578
22 4 1.8 1.1 2.0 2.4 0.021538
23 4 0.8 1.4 1.5 0.4 0.022977
24 1 2.5 0.5 0.6 0.4  0.008 173
25 4 2.5 0.2 0.9 2.0 0.008 113
26 1 0.8 0.2 0.3 0.4 0.005713
27 3 0.8 0.5 0.9 0.4 0.010 105
28 2 1.0 0.5 1.5 2.0 0.017 225
30 3 2.1 1.7 2.0 0.4 0.023 909
31 2 1.4 0.2 0.3 0.4 0.004 382
32 4 1.0 0.2 0.6 0.4 0.005 352
33 1 0.8 0.8 2.0 2.0 0.022329
34 1 2.1 0.2 0.6 2.4 0.009 162
35 5 1.8 0.2 0.3 0.4 0.004 206
36 6 1.8 0.8 0.9 0.4 0.011 767
37 1 1.8 0.5 0.3 1.2 0.010337
38 3 0.8 0.2 1.5 1.2 0.010816
39 1 0.8 0.2 1.2 1.6 0.012792
40 5 2.1 1.4 0.9 1.2 0.022512
41 1 2.5 1.4 1.2 0.8 0.021998
42 4 0.8 0.8 0.3 1.6  0.025427
43 2 2.1 0.8 1.2 0.4 0.011 780
44 4 2.1 0.5 0.3 0.8  0.009 535
45 6 1.4 1.4 0.3 2.0 0.028 383
46 6 0.8 0.5 1.2 2.4 0.024 340
47 6 0.8 1.1 0.6 1.2 0.025 565
48 2 0.8 1.7 0.3 2.4 0.043 214
49 6 1.0 0.2 2.0 0.8  0.006 909
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2.2 HBEIMEN
K SPSS 22. 0 % #7428 7 #4712 20 A1 43 By,
UL3% 3, Bl A5 5000 38 0 LA KA B e 35 7 a1 5
AR R*B K IR ZE WAL, i & 448 10
AT T 10 B8 F R =0. 996, 75 & TR I
P ER UL I AR A A 3
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Table 3 Model variance analysis

BN g A *;f;?j: Rl FREY s
1 0.739 0.734 0.521 164 0 0.739 133. 40 0
2 0.883 0.878 0.353 0059 0. 144 56.443 1]
3 0.945 0.941 0.244613 6 0. 062 50. 799 0
4 0.967 0.964 0.1921196 0.022 28.951 4]
5 0.984 0.982 0.134 958 9 0.017 46. 165 0
6 0.989 (.988 0.111 1239 0. 005 21.424 0
7 0.993 0.991 0.093 999 5 0. 003 17. 697 0
8 0.994 0.993 0.083913 5 0. 002 11.448 0
9 0.995 0.994 0.07709017 1 0. 001 7.393 1]
10 0.996 0.995 0.074 134 3 0. 001 5.082 0.025
b s Sig O TR 0 F RO R R R B3 I 4R

3 FES ARSI,
2.3 WELEREST

Bl 1 bR Ak 2 0 5y B AE SRR E AR
PEE 1, BRiEZE R 0. 890, BN FT 431k B T B AL ) 1F
ik

10
8
N
K 6
T4
2
L R 2
AL IR o
(a) IR L TR 22

0 0.2 0.4 0.6 0.8 1.0
AL B ZEAR
(b) BB
B HER AR SR E AT
Fig. 1 Model standardized residual analysis diagram
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0, BTz 2 A B AT HE BB BV b R TR
TR AE AR P e B 0, CO RIS S, \CH,
VRIIAE B S, CO I R R, KU (U ) v, B I
AH IS A PR 2R A AR Ak, JE TR 2 R 25 X CO Y 48 %)
T,

Zy == 0.145 + 0.799Z, + 0.376Z,
0.302Z, - 0.155Z, Z, + 0.177Z,_ - 0.073Z +
0.07Z, = 0.046Z, Z,, +0.025Z, Z; - 0.032Z,*

(1)

B (1) A& A8 508 i R i AR 5 91 0
MATLAB H1f simple ( ) PR i b i & F2 7, 15 2
MR PR, WK (2)

Y = 44.3 + 10.48R, + 13.56S, - 0.826S, -
13.690, + 0.923v, + 4.24102 - 0.993R,S,
3. 184R v, + 0.63S,v, — 0. 097 (2)

F4 EEEEHRY

Table 4 Model regression coefficients

vy

RlEZRIHIE-S FrifEfk 2B
e T Sig.
FHB PR F 4 Beta
FEOR -0.145  0.023 — -6.350 0
Zs, 0.799  0.012 0. 799 65. 369 0
Zg, 0.376  0.011 0.376 35.312 0
Zv, -0.302  0.012 -0.302  -25.930 0
2,7k, -0.155  0.011 -0.155  -13.738 0
7y} 0.177  0.014 0. 143 12.353 0
Zs, -0.073  0.011 -0.073  -6.833 0
Zy, 0.070  0.011 0. 070 6.209 0
Zs,Zp,  -0.046  0.012 -0.046  -3.810 0
s, 0,025 0.011 0. 025 2.337  0.025
Z, % -0.032  0.014 -0.032  -2.254 0.030

Vi B R HE 10 AAETREL; Beta 10T 1M1 22 AR 1] 2
Bk A B T A R B R BN O FR AL (54
L T DR 1 YA 5 — , o B Y00 IR T i B % . T {1
B L) O TR B 435 ML 45 % (118 K, Sig, Bt Sigg (R =T
IR F M FEST2E L, Sig.<0. 05— A B E R ER IR BT
2.4 REOKME

T A I T A EIAE 10 209 0E LR
BOMRIER 4, 51 AFER 10 /Y Br A 48 f R0 500
B EE LA R 0, UL AR f 3 5 CO i il i
A, HE— AR TR A A

HILE A (2) ATLLE R X CO i il &2
B 5 AHFERYILFE R, A e 2 B X Co T
R IR 6 2R AT V7 LRIV BE T O

HERF) 5.1 m/d B, R4S X CO I H B i RG24
W B A 5.1 m/d S5, Bl 25 R S R 1 1 R
CO i 7 GBI C, CO T 1t Bl 2 KU i 1
RN, 24 XGE N 5.6 m/s I, X R 25 X CO i 5
M f5e /N AR 22 A R ) R R A T 1) 5 KR
ARG 4 m/s, BT AT/ i H B e XUk, SR as
X CO a2 A FREfas . COltiES Co A
TR S, .CO MR R WIE LK FR, 5 CH, IHII
SR EE S, MU L
2.5 TRIMARE A&RIERIE

SRR ZS X CO Vi H B B AR 014N, -1 T
YR CO W AT AR YR 014N, -1 TAETH
W 2R 48 56 B I A5 R CO & & #E AT X [
Bk

W M 25 CH, . CO & o I 22 Hb o5 1€ #% 75
014N, -1 Z87i T AF 1 (% 32 iy A4 A1 1 XU A, 7
014N, -1 Z5 3 TAE I 718 Fr A5 A5 A B 2 MR 2
i 1 %G L N650 \N670, Hifor & 43 ) A7 17158
XA 650,670 m, FE XA P 4 AT I 2 00 )
4G FL 8520 8540, S560 . S800 . S820, Hifvi & 43 il
HHEAT ]38 XA, 520,540 560 800,820 m, {ESFH
IR A B 2 IR AL FL Q30.,Q50, 43 I 7E I 1] X F
A 30,50 m &b, W DU ES 4 Sy [m] XU 7E 1 7 B Y
CO VR B, FR 48 2B [l XU () XU 53 1 S B €O T
HhE R ST ER B - XA (24 Ry S s B P I
0.5 %, PR 2% BN AR 80 1 47— 8 B OE B 1E
J5 , HOFH Co T H 0. 024 275 m*/min, 5 S5 PR
M 0.023 046 m*/min IEFH WA, 156 T M
Yyta B AR 15000 A5 A | S5 o A 0 s B A T A
P2l 2, ] LA A& IE 5 1 008 5 B 47 92 B
W IE A T FEAS — 35, 7843 g0 ik TR A AT ARk
Al DR ANZ BRI EA TR 25 X CO YR 7, Lds &
W0 R 7 K B 52 e AR DT DR B
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Fig. 2 Data contrastive curves of CO volume
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