34553 SR - Vol. 34 No.3
202443 H China  Safety Science Journal Mar. 2024

RS AR A, DO, B AR AR TIOR3 AR [ T ). P 22 224 2024 ,34(3) 1 129-136.
5| A& LI Min, LUO Ouwen, LU Yi, et al. Research on spatial distribution pattern of coal spontaneous combustion hazardous zone
under condition of regenerated roof[ J]. China Safety Science Journal, 2024, 34(3) ; 129-136.

BAEMMFHTHEERERXIBZE D MEFIE

F M e, PRI, & LUlar, X% w0, & W axr, REE
(1 HEREk s RRAGEE Z2T RS, HMHE HE 411201,
2HEF W AY ERFFELLTFRERXERLRE LA RN 221116)

PESLES X936 XERAT S : A DOI: 10. 16265/j. cnki. issn1003-3033. 2024. 03. 0890

EEUE : EXERNFE T RN (52104191,52130411) ;B ARE S ER F E S 5AN(2022]10026) ; THiEE SR
RSFETEAN(2021)J40204) ; THRABSHRERABIFT B (CX20231050)

[# ZE] HBAEEFRIRTELTRZE AR, ARL AR E, R B RER X

SRR, LR ET B A TACRE 8 IR N B, RA B EED T %, ot R XK H A

TRAESREMNET O RARE, FEEBEETREMEE, ETAARES B S RNEEEAFIF,

KBRBEMHAEF T, AEREERAERXBEE, AREREN . XK EE/NT 60 m i, £

AMESBZHBN,0m gEAMEABABEXNESH; MHELATRAARES T EAIE

M, EERERGEHR D ZAR PR, FEREME E20~40 m 56 B A K £ KA

B9, 0 B A AR R R & o U7 Bt i s, RERKHE B E e KR E M ARFAE S A A8 %

oL, T B A4 TROARBE B MK /& 1 X 3856 B £ B A 2 0 0 KU o 30 B 181 KU T o 0 7 M0 IX 3k, L FE KL

B hn, S R X 3 T AR R AT K SR v R AE e,

[X®IR] HATR; HeEk, [ARRXE; XEX; At

Research on spatial distribution pattern of coal spontaneous combustion

hazardous zone under condition of regenerated roof
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(1 School of Resource, Environment and Safety Engineering, Hunan University of Science and
Technology, Xiangtan Hunan 411201, China; 2 State Key Laboratory of Coal Resources and
Safe Mining, China University of Mining and Technology, Xuzhou Jiangsu 221116, China)

Abstract: In order to avoid the spontaneous combustion of residual coal from the regenerated roof during
coal mining, the characteristics of interior fluid field were clarified, and the dynamic law of coal
spontaneous combustion hazardous zone was explored. Taking the spontaneous combustion features of
residual coal from the regenerated roof of a mine in Shandong province as an example, the numerical
simulation method was used to simulate and compare the air leakage characteristics of goaf and regenerated
roof under different air volume. Subsequently, based on the structural characteristics of the regenerated
roof,, the scope of coal spontaneous combustion hazardous zone was determined by adopting a new method
of projection superposition judgment with oxygen concentration and air leakage speed as comprehensive

indexes. The resulis of the study show that the oxygen mass fraction of goaf decreases gradually when the
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depth is smaller than 60 m, while it’s no longer affected by the air volume when the depth exceeds 60 m.
The oxidation zone is asymmetrically distributed, forming a "triangle" hollow area at the end of the return
airway. The air leakage and backflow occurs in the range of 20—40 m in dip direction of goaf, whereas the
air leakage velocity of regenerated roof presents a U-shaped symmetrical distribution. The change features
of coal spontaneous combustion hazardous zone in the goaf resemble those of the oxidation zone. In
contrast, the coal spontaneous combustion hazardous zone in the regenerated roof is mainly distributed near
the middle of the intake airway and the inner part of the front middle of the return airway, and the area of

coal spontaneous combustion hazardous zone gradually expands and extends towards the tail with the
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increase in air volume.
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i AT DX U XA S X R A 3 XU 38 o,
A THOAR P95 DX X S5 ST o, Je i 348 s e
K, H SR A R (] XIS
3.3 EWFETREFLE

SR X PR TR S AR — Mg SR sh A i
P OARSE AR = Rl o ), D) AR o A B
11% ~20% J X153 bR | LU [ 4H7 X 3 27 4]
FIFFOTRI(Z=1.5.6.5.25 m) HBFZEXF 4, XF A
MR 2s KA AT 20 AR A BRIEAS [) KU T P A T
M BT AR O, an & 6 & 7 Fif, SRas X 4%
7 IX SRR 43 A 1 S B X R, 1 R AR S
JEEWE T XU Fh T 48000 o 3 B2 A Tl LA A
RABRAE IR R b B SR T AR, W TR
] b U TS B W R, KU R 250 m’/min
i, BT rb ST i R TR AR TR BRI, B AL
AN, 2L Bl LAt Y R e RS BN | A
HF X B/

6 &7 Hp P AR TR s 445 4 RS S e ey
T A A 1B XU R A Tt 38 DX 3k, 7 1] XU
BRI B A =A™ s X, bl i B2 XU 1)
B, e B Hh s DX B e T R
XA 250 m®/min B, ST AT B PR R IR
AL, 5 2R 28 XS TR) A9 2 il 5 XU A0 386 41k

AT LG I R, A DX A AR AR A e 5 ok s
DAHTA] , (A AR T BN SR TR 2 X, X
SE TRV, 52 1B TR LB AR AR N
L RBU R E RN, BEXE A R, YT
S E SR I A5 R S B M S U R T
AR AR XU R ity HLYE R/

4 HBEMERXEFE

SR A THURS AR 11 A i 6 DX sl 2y PRI 3
T A ZHRMATHE . AR 3 H A TR [
TR G G DX ek L i A PR B b i A A 1R Bl K SR R
W iy 52, BIH 28005 2 0 B80F s AR T XL
FEBRI) o3 B AT Y B 2 0KF T 8 1 S R o
DX s A S A TR 1 R B X 317
4.1 EBEMRER XI5 T

T LRSIk, 15 2R XU T G R X
SIATRRRE  ANE 8 BT, SReas X F A S I DX Iy
At 55 AT S A ARARL, 5 R KU R T 1| XU, .
] D1 e e A I o s O K YT SEB e i 11
S RS 5 DX IR 2R 8 A T P A T A 1 R
fa I DX B R AR TR 25 A PRy K, 43 A 54 T
MG 8 DX K] 4 FT 260« DA s XU 38 0 8 A 1) 852 4R
il VR IO 71975 PO = R W =2 i A [ A 1)



hoE e B o o

343

- 134 - China  Safety Science Journal 20244
0.10¢ . 4600
—— e Qs0mmin) O
§ —e— KM (250 m¥min) 0000
0.08} T <§:: m";mm) 000sf = 4400 |
- JRAH (550 m*/min) sorol =
F o JE 550 m*/min =
~ 0067\ TR Gxomim o R 4200
) —o— JR&5H (850 m¥/min) =
sp 0.04F |\ —— EH 850 mymin) 00 4000
30 /i &
é —— P (850 m¥/min)  -0.025 —a—7=25m
0 0.02f ‘ 100-120  120-140  140-160 § 3200
1§ 0.00 —
. 3000 ~——— .
-0.02¢ . . . . |
300 450 600 750 900
-0.04 ¢ J)'(LE/(m"’min 1)
B e S @ REK
S LD S S 18000
R RN SRR 16 000
TAETH X BRI 4/m %14mm
() REX & 12000(
127 o }g 10000}
10} 04 5 8000
8t 0.2} & 6000F
6l 00 4000}
% 4l 02 2000f
gn E 0.4 0 1 1 1 1 J
lﬂﬁ 2¢ — 6080 80-100 100-120 300 450 600 750 900
or et JRE/(m*-min™)
= —a— [ (250 mmin)
£ 2 i (250 i (b) FRAETRR
— (250 m*/min)
® Bt A g (S;g m?/min) — . ,
Sl EE G 7 EAEERAHEHE
-a-- BUBRAT (550 m*/min)
-8 e Enh e Fig.7 Distribution characteristics of
-10 ¢ —— R (850 m*/min) L.
‘Q IQ IQ IQ ‘Q IQ ‘Q ‘Q ‘Q oxidation zone area
< %«b‘ @/b @/% Q/\Q Q/\% Q/\b‘ Q’\b Q/\%
NS COINS 5 A e =3
i j\ﬂ%\% VN R T 7207 S oy g = K R TP o R o e B
T X [8] %143 /m N oty N 5 -
i HEK TR, ELZSHT 5 RO B 3.

B5 BREREXLLSH

= NN
| I

Z=15m Z=65m Z=25m Z=15m Z=65m Z=25m
(a) RZEX (b) FHAETHAR

Be6 AREXELFSH

Fig. 6 Distribution of oxidation zones in

different zones

PR A AR X FR A0 A, 2 RS 250 m’/min
B, B3 KU, DU O HR b i e
AT S RO T, AT 1T RS AR =40
B s I, WO e A P A TR AR f s X A
SRR R 43 T BB E A Y 2 X
KZ 550 m*/min B, BEEE GRS X5 32 2270 A5 76 52 i
IR F S B [ XU T 7 PR A DX, I X )
I DI AR R T RS, Bl R A e 8 0, fa b

\ !

fl X 5 fl X 5 >fEFﬁIZiﬁ
{
250 m*/min 550 m*/min 850 m*/min
(a) KZX

250 m*/min 550 m*/min 850 m*/min
(b) FATHAR

B8 fRXESH

Fig. 8 Distribution of hazardous zones

4.2 HERERWIE

GeitReas KO ARG I DX L LR 2, R4
PR 23 X TR 1 RAZE A IR R =S XU S5 SR Y
VAR, DA T 36 J0E-PH A TOURR RS ADL 45 2R A0 5 B AR
I PL7 A AR T TRORR L1 B AR & KAE IR 430 2R
FHFARLAEAN WG RS il ARS8 IR 2 DXl
JE R M, 5 RS2 PR KU S 250 m*/min B, THiAR
7~8 m QLA AL AR THEL, il D iR 2



3 4]

A R TR F T ARG RS: X s 8] A 4 fiE

- 135 -

AL FH IR TIUE 1 e A5 TE KA T AL 10~35 m,
A0 0~7 m A BRI B, 2 XEH 250 m’/min
BF, ASTABL T A 1 RGBS, T2 XU 9. 5~ 34. 2
m b, 5 I I EE RAEAE —E iR 2 R iR
224 3.6% ., HH T 2B st B B0, il 6
] 1 R FE B DX B TR s 5 RS . 45
R, RIS R A S BRAE I, PR
45 RUER AR
F2 RERHERMERRHHEE

Tab.2 Range at both ends of dangerous zone

5 & it

1) SRe%s X B A TR 0 40 A B AE R ], 4R
TR MO SR X BRI SR 2 XU X BE S
SRR L% A 30 B0 %, T A TOOA U XL 3 2
U HIRRR A

2) N[ K A TR B X B A R AR
i s I S A0 Al A AR JRL 8 i /), 24
B S A TR A R T B

3) SR R I X A R, 2 i

on intake and return air sides of goaf

AR/ INIE, 5 DX 52 XA B R 2 B X

AR (o win) | BB BB s g AR S Dk M DS o 3 2 AL
ig 3311 j?ii S P RIS B PRI, St ELAAE R
.0~ . U~ . N =% : {T\ } IS & y s fﬁ‘
- e T e s e
Sk 9, [ LT s X S A
2 £ X
(1] =/, MEZE, T, & BRERN SR ANNSEWRMTON]]). PEZERSSIR, 2023,33(1) . 115-121.

LI Min, LIN Zhijun, WANG Deming, et al. Statistical analysis of major coal mine fire accidents in China[ J]. China
Safety Science Journal, 2023, 33(1). 115-121.

GU Wangxin, LU Yi, YAN Zhihong, et al. Spontaneous combustion of coal in regenerated roof and its prevention

X, 2, 8l , 5. BEIIMREEMBNERIRIZEIIELT]. BRFHR, 2023,48(2) :795-805.
LU Yi, CHEN Jian, SHAO Shuzhen, et al. The mechanism of the control mechanism of the self-ignition leakage of the

WANG Yongyin, TAHERI A, XU Xianbi. Application of coal mine roof rating in Chinese coal mines[ J]. International

CHEN Jian, LU Yi, TANG Guoxin, et al. Research and prevention of upper remaining coal spontaneous combustion

induced by air leakage in multi-inclination regenerated roof: a case study in the Luwa coal mine, China[ J]. Energy,

BTN, TN, 8%, T XEXSNHIRNBIDSRCNBEEMARLI]. PELZENZER, 2018,

DONG Ziwen, QI Qingjie, HAN Guang, et al. Numerical simulation study on dynamical evolution rule of spontaneous

A, WEE. AEBNOINGFH FREXE SIS DMAERIRLI]. BRER, 2023,42(1) :115-118.
HAN Ying, LIU Debao. Study on distribution law of oxygen and gas in goaf under different ventilation modes[ J]. Coal

REE, =K, BY, F. NRWIEBREXZEXRXAIEERZIOHARLI]. ERRZRA, 2019,47(3)

LI Jinglei, NIU Huiyong, LU Yi, et al. Study on effect of wind speed to air leakage and spontaneous combustion in goaf

(2]

technology[ J]. Fuel, 2023, 346.DOI.10. 1016/j. fuel. 2023. 128280.
(3]

regenerative roof coal[ J]. Journal of China Coal Society, 2023, 48(2) . 795-805.
(4]

Journal of Mining Science and Technology, 2018, 28(3) . 491-497.
(5]

2023, 275. DOI.10. 1016/]j. energy. 2023. 127484.
(6]

28(7) .45-51.

combustion oxidation zone and period[ J]. China Safety Science Journal, 2018, 28(7) . 45-51.
(7]

Technology, 2023, 42(1). 115-118.
(8]

156-162.

of contiguous seams[ J]. Coal Science and Technology, 2019, 47(3). 156-162.
9]

LI Jianwei, LI Xintian, LIU Changyou, et al. Study on the air leakage characteristics of a goaf in a shallow coal seam and
spontaneous combustion prevention and control strategies for residual coal J]. PloS One, 2022, 17(6) :DOI 10. 1371/
journal. pone. 0269822.



- 136 -

hoE T e B % ¥R H34:
China  Safety Science Journal 20244

[10]

(11]

(12]

(13]

[14]

[15]

(16]

[17]

EEE T

MOISES O B R, ALAN J D A, BAENA P B. A study of fire propagation in coal secam with numerical simulation of heat
transfer and chemical reaction rate in mining field[ J]. International Journal of Mining Science and Technology, 2019,
29(6) . 873-879.

LEI Changkui, JIANG Lijuan, BAO Ruoyu, et al. Study on multifield migration and evolution law of the oxidation heating
process of coal spontaneous combustion in dynamic goaf{ J]. ACS Omega, 2023, 8(15) . 14 197-14 207.

EY, BN, 7, F BEIRESRBRXEOMAFRLI]. PELERSZFIR, 2020,30(9) :135-141.

LU Yi, YANG Fan, WANG Tao, et al. Research on risk area distribution of coal spontaneous combustion in regenerated
roof [J]. China Safety Science Journal, 2020,30(9) ;135-141.

0, TR0, &Y, F XEXR LESRTRE=4DMNEL)]. PBAZZIR. EXNFM, 2014,
45(3) .833-839.

WANG Shaofeng, WANG Deming, CAO Kai, et al. Distribution law of 3D fracture field of goaf and overlying strata [ J].
Journal of Central South University: Science and Technology, 2014, 45(3) . 833-839.

WU Kan, CHENG Gonglin, ZHOU Dawei. Experimental research on dynamic movement in strata overlying coal mines
using similar material modeling[ J7]. Arabian Journal of Geosciences, 2015, 8(9) . 6521-6 534.

ZRW, BRTF, K. SEHRRNIRESENEDITI]. LESMEZR, 2009,9(1) :116-119.

LI Zongxiang, WEN Yongyu, ZHANG Jinyu. An experiment with oxygen consumption and parameter-defining for sealed
coal samples[ J]. Journal of Safety and Environment, 2009, 9(1). 116-119.

HECR, IR, B8, & BEEIMREES O ESEHEVTINARLI]. s6NZSTEFIR, 2012,31(1):
18-26.

SU Chengdong, GU Ming, TANG Xu, et al. Experiment study of compaction characteristics of crushed stones from coal
seam roof[ J]. Chinese Journal of Rock Mechanics and Engineering, 2012, 31(1). 18-26.

LU Yi, YAN Zhihong, SHI Shiliang, et al. Delineation and prevention of the spontaneous combustion dangerous area of
coal in a regenerated roof: a case study in the Zhoujing coal mine, China[J]. Energy & Fuels, 2020, 34(5):
6401-6 413.

8 (1989—) 5 IR BEIRN Tt | R , 2B ORI IR B PPl ARl 22 4275 T

FIIFFE . E-mail : cumtlimin@ 163. com,





