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Abstract; In order to more effectively and accurately judge the gas concentration field, temperature
field, and flow field distribution in the goaf during the mining of extra thick coal seams, and thereby
determine the self-ignition risk area for layered mining of extra thick coal seams, taking the 172307
working face of Lingquan mine as an example, numerical simulation technology was used to establish a
mathematical model of coal spontaneous combustion in the goaf for layered mining of extra thick coal seams
based on the coupling mechanism of multiple fields in the goaf. Combined with the distribution models of
coal oxygen consumption rate, heat release intensity, critical oxygen concentration for spontaneous

combustion, porosity and permeability, the evolution law of the spontaneous combustion risk zone for
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layered mining of extra thick coal seams in a stable state was obtained through the simultaneous solution.
The results show that in the upper layered goaf, the high oxygen concentration area and the high-
temperature area are mainly located near the stop mining line and in the upper part of the intake and return
air tunnels, and the main air leakage area is located at the stop mining line. In the composite goaf, the
high oxygen concentration area is mainly located on the inlet and return air sides. As it moves towards the

deeper part of the goaf, the oxygen concentration shows a decreasing trend. And a local high-temperature

zone resembling an ellipse appears at a certain distance from the coal mining face.

extra-thick coal seam;

Keywords

numerical simulation ;

0 3| &

KA XA SR K KI5 22 R 52 B 8T P IR 2k
s N EA L R o= G U RSl ¢ 3/ = R AP
PR T B2 4 7= | b T 328 0 FUAEAdi s R P JE 1Y
1655, i 235 | BT BORS AR R M 55 Sl A R b 52 ey
THF TN A a4 Wik, W5
HBR IR, AT I R G 55 8 B R e & U R
AR A A R ) R

HAT, E NIMRZ 45 45 A 20 iR 2%
FEINEE SRR S BIE RN SEPR A P R R 25 X SR K K
TEOL, N A BE ST T8 A SR K KRB R 45
FETHEA SR & JCRFAE, BN . ALEX %5 IR %8 X
s WA AR R R 23 X R f I IX 3k ) 2 5 1, 45 A i
PRS2, N =47 ] EARECR 28 XA A 2R &
KABBL, DICK 2507 734 S ma 1 5 Bk 0 I8 K, IR
UE LA b ST TR A A B B B B AR B KRR
B ZEEA NBER HA R RS,
FRIT T 2R ZS IX [ SR A K i IR 28 R T 9 4 i, 42
KTFRE X PTZBRGBEL, TR 8
T I AR S BRE | BREALL e Hh g R AR TR b
IFEST A L BB R A R, TR AR AES HR
ToReas XA A MW < 07 BURE IS $TH% T IR IR Y
RAIX HEIR A K = "R BIIrE  Ch AR =T
PCYASEXSFREY, I HBA — A, &N
SIS T R A R SRR, 45 R KB A
B, IO SR ARSI ik BF 9 T 28R
TAETH R 2 X 1T WURRAE , 75 21 T/ T 22k 25 X W
R K AAE TAET 0~25 m BN, FRIFS
KT IR TR BB TR o AR R R RS /T
1, BEA 2 B IR s AT R 2 (HAEBR b, SRS X
T NAWHE R B AR AL B R AR e B A R
AP R 7SR AR AL S B B R
FEA R

stratified mining;

spontaneous combustion hazard zone;

Oxygen volume fraction

T, EE MR AR R 3 o
( Computational Fluid Dynamics, CFD ) B 5 #1] 4k
B NS SRR IR R 0 2 IR AR 2 X
PEAT BB ZE1F T B BUE B, R T AR R
DR AT AR AL, LU Oy >R 2 X 49K 11 6 XS )
FEARBEHIR AT

1 T/EmE#ER

RIEWH 7 JFRIX 172307 TAEM , i TR XM
SRR R B THRIEMZ, ) kA ABR R A1 B 53
EIFRTAEM, LR 2 J25R AR A I A0 B 20k
TAEm, b RS E R 3 m, TR
6.5 m, R T AR Z 0] 0 B B HREAE R 15 m,

172307 =53 )2 T A TH A A 1) 4 B i 1] 4< B85 0
JEZELRESY W14 3190 320 F19. 5 m, M2 B R E
PERCA, BRI B, AR R KW 36 K,
172307 FAYEE 4T 2012 4E 7 R, HE &%
AR, 7E 172307 T )22 EERR, HoEmK
3 190 m, [, 290 m, [ Bk 893 200 m*, fy F 4
RN B VAN 3 K2 I 3 IR R R
JEIEE 9.5 m, >R FHE < BE S5 IR =0 R O i
AR TSR B IR 1 XL T XU [ XU < U 255
R, HHp 8 A R KU B S B XL A 1280

m’/min,
2 DEAXRNETREXEREL

2.1 REXZFEBIHHLIRREL

B R TR (8 AN TR 22 | SR 2 DX A W 48 R
AR BT A S A R I S A
L e e S A SR ) LR ) TR T 2l 25 R A
J7 i BAERRIE IR O 2 TR = HE R 28 IR v
FRERTEE 1 EARKRR AL, kS B Bo
WAL, s WA 47 AR o LA 3 ) e JEE A
KEBEXMELLRIIE . PRI ARG SCRRL 14-15 ], SCH R



4 8 4]

HRIRAF AR R ITR A B A G B X S AL AR - 149 -

— By AR RS [ 5E | A T 1 B e 1 22 £ 4 5%

SR AR 07 ik (RIS S A bR &R k) o IWIFUTER

AETT R, S WA 3 TC RS VAR I A 82 AN 1AL 1 BT

SEUT TAEEAM LAy Ty 3E RS 5y Ty X

e BUR o APPSR VS SUR S A N

HOEARTE 1R 28 DR UM I s A B O AL
L ol NS R

V4
A

1 REXBEHLIRER

Fig.1 Moving coordinate system of goaf

AR THT 0 A TR Ay 3% 2 FLA) i skt
B RS LR SRR B A 25 R 5
M 570N , I ELREAE (5 A0 (AR 0L 179 3o B2 R A5 2 08 b RS
fal, TER sk bR &R, SR A X Y IRHR Ty A2
Freekesh  (HJE R TR A KIS 2= B XL
FHRE T/ BB AR & % A S AR R, A A
SR DI AR RS P 30 2 HL s 7 A I B A T —
TE R IR X,

TERS B AR R, JR2S X N 5 15 0 1 R A
XA A R SRR S i, N T, s A
T TR R, 7 T AR TR AR A4 sl R v, 1
FRRWT B A AL, R A R ECR 2 KR
BT, BAN AR A X G AR S
P22 1] R R A2 3 1] e S 30— 5 A P A AR R
XR FER S AR R AR ) A B 3 ok
B sh iy | i sh i 2 SORV - [ 30 53X 3 Fhor
ORI
2.2 YEEEMNES

GG SRR, #SL TR 172307 T3 R RE
R, H R AR BIFRAG 5E A X I, B A
B oRAS KN 3 R TER R 432 AR TF R 35 431 3 X
B, AEZARRI T X SRR SRCT AR T HEE T 1]
Y FIREFC T AR I ), Z Sl 28 DX s B
HoA 8 AR a3 X EEE 43,5 m 51 1) K 3 A i)
K E53HIHL 290 F1 400 m; % T F 43 2R 25 X, B HL
FAMERA XK E N 200 m, = EH43.5 m, Hp
B LR 4350 B4 2R 25 X (34 m) |, 4538 TR 5k
HCRERE (6 m) |, 5 TR & B[R] KPR 2R
(3.5 m) , MRIEH T B IR R, faf 1k b 3

JITHRA 0 JLAAT AR AR K AT | T T AR 28 X AR Ay
Kok, Hrp kXA MW R 5.5 mx3.5 m, 71X
FROYWIT N 4. 5 mx3.5 m, TAET WA 280 mx
3.5 m, f£ CFD B AR I R 2352 i S0 (B A%
PG5 FE ARG B DA B OSBSG4 R FH 0 s Acb PR
PEHEAT S B FTRI A3 s X SR s DXk XU | AT AL
A TR DL RCRZS XA st BEAEAHOC DX 38, SR T
B SEH . FRREE 0 IR T 42 TARH R 2
DX LTS 7R K DA 40 A3 AN 11 2 I

B2 ITEARTXILMERRRIELS
Fig.2 Geometric model and grid division of

goaf in working face

2.3 RESHMEE

BT CFD iy Z2 LA B A4 g 2 S B % e J2
WEJZ 53 TR TT R 35t B SRR AT BUE B | 75 25
TSR B E

1) i SCb o R R 2 4 BT R AT TS
AR RE T BRI, R FEFEATAR K A
1B B} R F Pressure-Based J& J1 3R fit o5, 7 #E474E
RS RETHE GIAFE B AR R

2) & FHPRUE k-epsilon Ji AR B T AR 1 A
RS X , M B 1 <7 1E 7 B H 3R =5 X iR
Y, 9 R To b2 0 4 43 i 1S A A ok 25 IX.
HAEBUT BB

3) TEREREIRIX AR | PR H b | 25 ORIk
ZENERIR G T, T RERR AT A A [ A 300 SR
BE BB RET XA LI S IER B R
BN EESESECR A CFD h HAF AR e

4) Rk KPS TE R A Z 8 B AR ZE R 23 il
— AN BRI X S, 2N s SO R
wmr .



hoE e B o o

- 150 - China  Safety

Science

343
20244F

Journal

{ e=0.073 65 x exp( - 0.028 97y) + 0. 121 84
£=0.073 65 x exp(—0.028 97(320 —y)) +0.128 4

0=y =160,70 =< x =< 330

1
160 = y =< 320,70 < x = 330 ()

£ =0.009 929 x exp(—0.049 8x) + 0.532 3 + 0.073 65 x exp( — 0.028 97y) + 0. 065 64
{8 =0.009 929 x exp( = 0.049 8x) + 0.5323 + 0.073 65 x exp(— 0.028 97 x (320 —y)) + 0.065 64
0=sx=<70,0=<y=<160
160 =y =<320,0<x <70
£ =0.009 929 x exp(—0.049 84 x (400 —x)) + 0.5323 + 0.073 65 x exp( — 0.028 97y) + 0. 065 64
£ =0.009 929 x exp(—0.049 8 x (400 —x)) +0.5323 + 0.073 65 X exp( - 0.028 97 x
(320 = y)) + 0.065 64

(2)

330 = x =< 400,0 =y < 160 (3)
330 < x < 400,160 < y < 320
e=0.08079 x exp(—0.029 12y) + 0.116 77 0<y<145,70 < x < 330 (4)
£=0.08079 xexp(=0.029 12 x (320 —=y)) +0.116 77 145 <y < 290,70 < x < 330
£ =0.009 823 x exp( = 0.063 29x) + 0.550 8 + 0.080 79 x exp( — 0.029 12y) + 0.060 57
£ =0.009 823 x exp(—0.063 29 x (400 —x) + 0.550 8 + 0.080 79 x
exp(—0.029 12 x (320 - y)) + 0.060 57
0sx=<70,0<y <145 (5)
0=x=<70,145 =y <290

& =0.009 823 x exp( - 0.063 29 x (400 —x)) + 0.550 8 + 0.080 79 x exp( — 0.029 12y) + 0. 060 57
e =0.009 823 x exp( - 0.063 29x) + 0.550 8 + 0.080 79 x exp( — 0.029 12 x (320 - y)) + 0.060 57
330 = x =400,0 =y < 145

6
330 < x < 400,145 < y < 290 (6)
d*n’
Lo (7)
150(1 - n)

e AILBRR %« JUE X JhI5 10 59 AL A
y WUTE Y [T AR K, HBER, m n NE
LA TALBR A  d N RLRLAR ,m,,

TE 153 )2 2R 25 X 1 45 ~ 165 m 3 [ P, AR 4
(1) AL 7E 0~45 m Fl 165 ~200 m Y7L
LA, 23 0 R T 20 (2) At (3) 153 L Bt 56 AR i
K (4) . (5) M (6) B M7k 2 KA LB
MRAE(7) TR G R ORI B3 J2 R s X8 i
K, HTEA R XA L2 RS KA —
B, R TEXT G R 25 ORI 43 2R 28 KA T AU
RRALARY , FURE A5 150 EE — Tl KA A 78 S5l R A AR i
B, 324 UDF JE Uk A 2] Fluent 211,

5) BEX AR SAER AT EEA D 2 L3
AT S A4 B XURD g, R KU 5 B SRR R I A
H HH A AT 5 2R 25 XY B8 DIl SRy 28 Bt
T, T HCAR 300 S PR e B T, AR s A
T 55 AR BRIE 22 18] BEAT ) ST A8 48 | 2% A R g B A2
HHIFEAE,

6) TEBLHR ARG Bk 2N, SR L T 22 55 M
¥4 1) SIMPLEC ( Semi — Implicit Method for Pressure

Linked Equations ) 8- 36 A PR 77 55 38 B (AR A (]
M3 4 5 #2 W 3% FH T PESTO ( Prescribed Surface
Temperature Oscillation ) #% 20 7E AL B F1 B, SR FH =5
B 2 IR HAB LT | 4 it A ok 1
SRS T (A BRARFR Ok R AT B b
B, I3 B LR A DT R R B O R ()
B, 285 G At PR 0 = £ X R B R R T R —
SR, ARG AL S Y 7 JEAT I B, e s
REREBE B RS

7) VCE I R TSR R R AR
AR BB AL

3 B XIEELRHE

3.1 REXKRRGTE TS R iR XURXE 8 5 76 FE
SR DX A S L B8 5l T A i Ay AR
TR HERA T, 5 05 AR5 SE B w5, ) mT 52 ]
R RERS R -3t S W S B 0, IX RS R A RE T T
AT, 172307 T 532K 28 X S A e dn 15 3
PR
e AR XA, THE MR, H BB



55 8 1) TRSER S AR 4 R R Y B RASG B X AL R AE - 151 -
24 ‘ ]
: o T
“ WS EA N 10

c\o 18 I o, 0.0018 0.0001 ] =
;ﬁ ‘v', ggg(l)é / 200 ;&
@ =1 .'(: 0:0005 150 :‘4
& 12 % 0.0003 | =
? 6003 | 100 &
g 9} '1" 0.0001 | | “ Iso H

6 ... | |

3+ ‘a‘v“'“‘_ -0 ® (. . .\ _ } : _ _ 10

(') O 00 ‘O 200 250 3(‘)0 350 0 50 100 150 200 250 300 350 400
e s RERRE/m
(a) S SER B TE AT ) 22 KB TG K
1 ﬁﬂég Fig.5 Z = 1.8 m inlet and return air roadway
36t 3
° central wind speed distribution

o) 34t .
e IR FRIVETEAR I, A BU A b 4p 2 R X B A
I e ARSI AT AR B AT it F 42 [ SRS 38 TR

28 & ¢ 1] ks N — N 2

e AR BT B (] XU A 5 [RS8/ — 3 73R

N SALE I KUHE A B R TP T A, 5

6 SIO 160 ISIO 260 25IO 3(1)0
T AT HEE R B /m
(b) ¥ BE S B
3 172307 THBERZEX LR
Fig.3 Measured data of the lower sublevel goaf in 172307

2B RS B Y B B e KRB 3E
B LT 40 R IR 2 R 25 X T KRR
RSN 2%, Bl TR ) 2 AR A XL
K Loy ER A KR AR AR TR R A 2 IR 1Y
SR DX = 4 s KU 3 43 A RRAE L) B i AU ) A8 4k
0L, I 4 i 5 R,

4 ZHRRRBHSH

Fig.4 Distribution of three-dimensional

leakage flow field

1) Rz KXt o A Fefik . i 4l LA
T REEAR I TR AR X, T X R
i C 22 5 0, DRI, R s DX PN B9 1 7 v i XA 3 1)
[ )X 2 S B/ B A A, XU A T T AR T A
— AR A AR B AR R B A B 1 2R 25 X

KA X P, 3850 B T XUtk XS G — I 3 AR AR
23 X s P Rt ol KU ARl B A4y
i, FIRIRULRA RN 42 TAE I, i [ XS I
TOORR AN 14325k 48 X 2 [ A e i VB 42, 2t 1 3 3
P R AR 2 43 2 1 SR 04 U AU A7 A — i MEFE
L2 3 U XU 2 P DA R, 9 o e XU ) S SR T
BHERXGETE R, A Rk 0 A T8 2 B 3 R i
FER T 43 2 HEZ 0T 2 AR 25 IXCH AR TR KU G E

2) I UXGH G A R, A T RERS BT o ff b
SYBTRRIEIRE R A7 2R T 43 2 AR ) U KRR
BB B R AR 1. 8 m, B A7 T 4538 H B i XU Sk A 7
OyMT. BB AT S B, KU S A R T
o] XU T FTR IR T AR T 8, e D e R T AE T
BT XU [T XU £, DXL XS 2 i T 8 A T s
o7 B ARG, RGN
3.2 RERMESKERSES G

ST SR A5 X 6 A A 6 R R XU X 3
PEEAEPR, A CFD 3R, #5140 172307 47 T
YRR AR E AR A XM 2R X R
AR, AEB N = m K 6
BRI B R Z=0.5 m Al Z=10 m (&SR
BUMEEHL IR 7 s,

HE 7 FTLAE I, 3 F B2 RS X, 78 TAE
HE RS 15 DA S BRI, o S SRR 4y
A QIIES L T 0 8713 P I 1 M iy e = R N
BUMEGR B e al . IWE GRS XN SRR 4L
3 A KT, e A AR R 0 A 3 XU [l )R



bR R e B o

< 152 - China  Safety

Science

343
20244F

Journal

0.02 0.04 0.06 0.07 0.08 0.1 0.12 0.14 0.16 0.18 0.2
e SSERIBAG=HZE
Fig. 6 Three-dimensional cloud map of oxygen
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