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Abstract; In order to improve the efficiency of gas extraction, numerical simulation methods were
employed to analyze the characteristics of changes in gas volume fraction, gas breakthrough time, coal
permeability, CH, extraction rate, and extraction quantity under different gas injection pressures. The

results show that after flue gas injection, the volume fraction of CH, shows a downward trend, while the
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volume fractions of CO,, N, and O, show an upward trend. The increase in injection pressure will shorten
the breakthrough time of each gas in the flue gas, reduce the permeability of the coal seam and increase
the gas extraction volume. At 180 days of extraction, the gas injection pressure increased from 0. 5 MPa to
2.5 MPa, the coal seam permeability decreased from 8.722 7x10™"" m® to 8. 711 5x10™"7 m*, and the

extraction volume increased from 449. 01 m® to 715.30 m’.

The gas drainage rate shows the variation
characteristics of rising — falling — rising — falling. From the perspective of the influence of gas injection

pressure on drainage, the gas injection pressure has a relatively small impact on the drainage in the first
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Fig.2 Multi-field relationship coupling
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Fig.3 Geometric model diagram
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Fig. 5 Variation of gas concentration

HIPE 5 RIRD: L) €O, N, L0, B ZRBR T
[ ASARTE], H 05 A o3 S ) WLk 3, CH, 14
R B AT 18] £ W% 4
®3 BIMESHESERBE
Table 3 Breakthrough time of each gas in flue

gas of power plant

J%J1/MPa N, HiEt/d CO, Hmt/d 0, H#t/d
0.5 4 48 26
1 3 29 21
1.5 2 16 12
2 2 14 11
2.5 2 12 10

0.5 MPa “N{i|,N, .0, .CO, By ZMEIT[H] 23514 4 26
48 K, R R N, XHEEA 5w 1 sh A 26 8RR
SRR RE 7, 5N, AR B BO7E 0 b de e, X
KHEHE T N, T2 T2, CO, Ml 0, B
18 530 5% B 568 W B i 0 A AR A AR R B, )
ff, AN CO, 5 0, ZEEITE AT LA Y, 5 0 B4 =<
RGEWEET R, AR TIH 0.5 MPa 4 Jn)
2.5 MPa, HLJ JH4 4L o3 S8 W ] BT AR, 1R
JE 1 0.5 MPa 34 /%) 2.5 MPa, N, &R} A] 4
KIg D] 2 K0, RMEIFE 26 K3 10 K;
CO, MR 48 KIg/ D3 12 K, dH# 4 1L
F i, CH, R EOT IR T RERHETY 205 N, SRR
B —Z, FESESTH 0.5 39 % 2. 5 MPa, N, AT
[ A CH, ¥ B8 4 47 100% I 4 KA 2
Ko M ARSI GRS WA Co,
T B A BRSO | BRAIC CH, 40 K FE AR T, 1508 fff
A CH, f# W M ) N, CO, 3 23 i R AR
CH, 73 H L 9 /E R, n sk W Bt 285 CHL, i W 5 17 400 /<
TEAJE R T M2 5 5l R FL A Fe 7 86 B hin sk i 2
ATCHT LT R AL IS B R LA EH MEiE
2.2 BRESEZRTWHIE

MZSM R SHRIZBEREAL 4, El6,
K7 W B AR ARUE T 2.5 MPa B W B |
R EE RSN, AN 75 | S A AR TR R AR BOAS R AU
TR B3R EEN,

M7 vl AR RIS 1803 R b A
GRS EFHE R, DL 2.5 MPa A, R B
BEREH O KA 087225 m® FTFE 6 K
0.87227 m*> ZJ5 FREZE 180 KMy 0.871 15 m*, i
L6 AT S 1 T B B B2 A2 41t 2R L A 52 i Ui 2 2
FUHTIR/D | FT i 125 285 B 55 WO 285 B0 0 g -, %
A 285 B S0 A I 5 B0 e W A A 2800 0 o i R ARk
N ARSI R ETHELE L B FC i 5 4%
NI £ 5 T BER LT, ZEHRESR
IRGERE IS, M BEE A 2800 T b T R S AN 5 |



11 ) FIAE A R AU T R T 0 R 2 FLr i 5 - 69 -

s
3.160 70018
0.015
. 40.012 =
L 3.155 9
2 40.009 X
X ]
ng ‘ ~40.006 ﬁ
& 3150 —— R 0003
e HRRISAT
—— AR 10
3145 ) . —0.003
0 60 120 180
B [/d

Ele WRMEER RE BULNER
Fig. 6 Changes of adsorption and desorption, temperature

and effective stress deformation

8.724
200000900
VIEBiE%R
8720}
E
E
5 87161
]
A ——0.5 MPa
8712L ——1.0 MPa . X )
—v—1.5MPa e
—+—2.0 MPa
—+—2.5MPa
8.708 . . |
0 60 120 180

A iE)/d
B7 BERERTNIFE

Fig.7 Permeability variation rule

A TE AW, B2 B 5 R I IR BRI
wE 7 Fis  BRESET] 0.5 MPa B 91835 %
BT HIAB B 8. 722 5x10™ 'm” 4, KA KT B
BRI AL, EEERE Y EA KT (0.5
MPa) 54200 85 5 17 (0. 45 MPa) AHIT B | 5L 5
W2 BEF AR SR M A2 IR /0, TR S T A 2 A2 i CH,
)it e LA KA 808 T3 B A8 Ak T A A 500 77 1)
0 DL R BRSO, A FH 25 RS A o e 4 i —
SCHRTH 1 MR AR St W AN, R R K AR (BLRE
AR ST HIBEIN B3 R 2 AW/ ik 180 K
FEAE S 0.5 ~2.5 MPa 9B & R4 4N
8.7227x1077  8.72 x 1077, 8.717 1 x 1077,
8.714 3x107"7 8.711 5x107" m*, JRRJEHSIE N
T (i I B B R €O, 0, N, F#I A58 )
AR LN B 8 B R A8 I %o R 66 Jo ) Wi v 4 P B iz A
JE DARMEEHR S BE A R8O 7 B9 )N LA R fifg W FA AL
NIRRT, B BRI T R, FEEENE
(BR 0.5 MPa 4 R[EESE T T2 B ERT %
BAEZWIG B 3 R B E Y SORF H S COo, 5

RS ARG, F e ] WLE TR CH, f# 1, CO,
{14 W52 o B L3 | i A A0 S 5 W i J2 1838 R AR AR Y
FEHER, MG 5 20 U0 BTl R ROR
) 77 A 7 TR S TR 3, S 3 AR 6 ) ) T 22 7% I
(PSS
2.3 CH, #H*xE

FUIT R S B R R FL Il R AR, 3R 5
FAFFESES T iR B, hER 5 Al il
KA SESENRIERCR, ERESH 0.5 5
JINZE 2.5 MPa, f1 R} [A] 60 KA R A E M 123,37,
134.08.,155. 97 168 [ 177. 67 m’ ; fihi R i} [a] 120 KAk
K A 300. 55, 336. 93,390, 28 . 429. 11, 464. 76
m’ ;4 SR 5 TR] 180 K 4l 2R Ay 449. 01, 509. 98
586. 47 .650. 46 .715.30 m’,

RS HWMREE
Table 5 Extracted quantity

EH1/ R AR/ R B2/ R B2/
MPa m*(60 d) m*(120 d) m*(180 d)
0.5 123.37 300. 55 449. 01
1.0 134. 08 336. 93 509. 98
1.5 155.97 390. 28 586. 47
2.0 168 429. 11 650. 46
2.5 177. 67 464.76 715.30

Pl 8 S AN TR T UM 7 A R AR AR AR A B,
8 AL L AT — 1 U ) T il R R B 1) A A
EAHTR] AR AR R B AR AR 3 nT AR 3 il <
1=K -3 2 BrBe,

o

I o~1dHh= 1 —¥—0.5MPa
T :
! —*—1.0MPa
1N1{9d Eilili —e—1.5MPa
61 | 19~180d i 2 —*—2.0MPa
. | —a—2.5MPa
S |
E !
=y L R et theetenggg, Mihaa,, NG,
oog
= !
L |
21K |
i
0 [ | 1 L 1
60 120 180
i E)/d

B8 AEESENTHMRER
Fig. 8 Extraction rate under different gas

injection pressure
TEA 1 B B, il R AR T, B Bk
SR Y AR R IR Al R FL BRI DX I ) 3 9 25 T, {5
W B A FUI AR PRAE IS, I Be 2 i, B B 0.5,
2.5 MPa 1Y FLITHH R 240510 5. 173 8 .6. 718 6 m’



hoE e B o e

- 70 - China  Safety

Science

H35%
20254F

Journal

AT LA BUH R 32 13 SR 12

FEFHAK I B, iR s B PRl N [, 76 BL i R4
W1 B SRR AR, B T2 K 3P T AR
LB, SECR shPE R 22, FUHICR SR N %, b
FrEz 0.5.2.5 MPa 1Y FLIT il SR 5 43 %120 31,018 6,
27.048 m’ , FLHTH R A2 SR 158 R FE RN

TERR 2 BB, sk s 350 B TR, Bl & il
SRARTEAT | 825 /K 0L R0 BE A ARG, B3 A A e 24 B
IS RSB IE V8 T BRI SR 5 i 4
i, AR BER B BT & AT, s R 52 18
FUITHCR HOR I i 9d, LR B 0.5 \2.5 MPa (1)
FLrh R &0 M 412. 82 681,53 m? , TR ST
Fh R HE T BB FL R

ISR SRR 52w A SR
i 2 DB BRSSO 14 2 B
B R e, HL PR SR SR ) S e X
FHZ W S U AR 2 3 R /K B9 R SR T
XTSRRI R AN 3 RE 2B b bR K
(AT H | U 5 A BUIT AN a2 | TR B 285 B 40 114
W o8 Ay el LSS A SR 1) O B TR 3R T 8 8 1 A <0
RIS IR 2 AR 1) 5 4 W BR800 5 AR CHL,
Sy LCAE R, 3302 PR B 285 BL AT AR i, A<
FEFI T i 2 IR B2 T, K T 53R AL
2= FETT AR 2 LT IE B % ) DT 38 2412 410 FU
Wi

2.2 WA AR R N 2 i U R B
RN R EMT R W FLHT RSO, b [R)8 A
P45 FUIr R AR R, D T Y REVR S 1R i BTk
R AETE ST RIER TR 278 T il R
3R G2V 2 PR T3 e PR I T 0o 1Y 24 A LA B i
RBER DRI, Z 5 R m R E R AR S
filR A

3 &

1) SCHEEST BRI A IR LT RCA R g fg
SIHTAR TR EE A 77 SRR B30 22 5 1 7 2B 1) D
K, MR FEAN RN SR S R ) R IR )2
FUITRSCR AR AR

2) HEMAEH)Z CH, SRR ECR T R
#,C0, N, 0, TIRMEBUM R ISR, B
SN, BRI ] e B, CO, Rl e, N,
() 43 AR ELI B S A0 /0N 3R BN, PR 2
RS T e, CO, F1 O, 18 B8 43 1) 32 BR 58 1
Bt B 1 A A A AR R 2 B

3) BRI RN 37 W A I TR BE RN
FIRRILFE A, 5385 R Bl 4 A (R 3 25 B THE T
S EE eSS WAAL DN =S iR (1

4) A BUIYT SR R AR A LA, 7E TR R
ST 2 AR IR S R PUBTH SR AR nT ISR AEAIE
R e R A SR

LI Guibo, FENG Zengchao, WANG Yanqi, et al. Research on different gas extraction methods of high gas and low
permeability coal seam [ J]. Chinese Journal of Underground Space and Engineering,2015,11(5) .1 362-1 366.

A, BN, B, 5. BEE €0, 8 CH,ZIRRTILHAFRI]. PELZERNZHR,2022,32(4) : 113-121.
JIANG Yanhang, BAI Gang,ZHOU Xihua, et al. Experimental study on influence factors of CH, displacement by CO,[J].

RS, L, ¥R, E EESHINESRT X RERAIIRSREL]]. BRRIZAR,2013,41(9) . 6-11,

YUAN Liang, XUE Junhua, ZHANG Nong, et al. Current situation and prospect of key technologies for coalbed methane

HUANG Ge. Numerical simulation of effect of flue gas injection into gob of power plant on spontaneous combustion of

JIANG Kai, ASHWORTH P. The development of carbon capture utilization and storage ( CCUS) research in China: a
bibliometric perspective [ J ]. Renewable and Sustainable Energy Reviews, 2021, 138. DOI. 10. 1016/j. rser.

& X X o
(1]
(2]
China Safety Science Journal ,2022,32(4) . 113-121.
(3]
17.
extraction and coal and gas co-production [ J]. Coal Science and Technology,2013,41(9) .6-11,17.
(4] BEZHB. PEARAENE 2020 FEREFNASRBAITARINI. ARBR, 2021-03-01(010).
(5] &X. 8] IEAXREXWNEESRZIONEUERMNAR[D]. AP D . 8T LIERAKE,2016.
abandoned coal [ D]J. Huludao: Liaoning Technical University,2016.
(6]
2020. 110521.
(7]

FU Lipei,REN Zhangkun,SI Wenzhe, et al. Research progress on CO, capture and utilization technology[ J]. Journal of



11 RIS R IRy TR R IR R R 71 -
CO, Utilization,2022,66. DOI.10. 1016/]. ENERGY. 2023. 126664.

(8] YU Wu, LIU Jishan, CHEN Zhongwei, et al. A dual poroelastic model for CO, — enhanced coal bed methane
recovery[ J]. International Journal of Coal Geology, 2011, 86(2/3) .177-189.

(9] DUTKA B, KUDASIK M, POKRYSZKA 7, et al. Balance of CO,/CH, exchange sorption in acoal briquette[ J]. Fuel
Processing Technology,2013,106. 95-101.

[10] FANG Huihuang, SANG Shuxun, LIU Shigi. Establishment of dynamic permeability model of coal reservoir and its
numerical simulation during the CO,-ECBM process[ J]. Journal of Petroleum Science and Engineering, 2019, 179.
885-898.

(11] FAN Yongpeng, DENG Cunbao, ZHANG Xun, et al. Numerical study of CO,-enhanced coalbed methane recovery[ J].
International Journal of Greenhouse Gas Control, 2018, 76. 12-23.

[12] FAGHIHI S, MOGHADASI J, JAMIALAHMADI M. Continuous CO, injection for simultaneous geological storage and
enhanced oil recovery: experimental investigation on the effects of permeability heterogeneity [ J]. Greenhouse Gases:
Science and Technology,2025,15(4) .458-471.

[13] JESSEN K, TANG G Q, KOVSCEK A R. Laboratory and simulation investigation of enhanced coalbed methane recovery
by gas injection[ J]. Transport in Porous Media, 2008, 73(2) .141-159.

[14] AKASH T,SUBASIS H,INAN A C. Enhancing coal bed methane recovery: using injection of nitrogen and carbon dioxide
mixture[ J]. Petroleum Science and Technology,2021,39(2) :49-62.

[15] FAN Nan, WANG Jiren, DENG Cunbao, et al. Numerical study on enhancing coalbed methane recovery by injecting N,/
CO, mixtures and its geological significance[ J]. Energy Science & Engineering,2020,8(4) .1 1041 119.

[16] ZHOU Lijun, ZHOU Xihua, FAN Chaojun, et al. Modelling of flue gas injection promoted coal seam gas extraction
incorporating heat-fluid-solid interactions [ J]. Energy, 2023, 268. DOI.10. 1016/]. ENERGY. 2023. 126664.

(17] =B, B¢, SR, F. TRRAEARAMEEDIARLI]. PEZERZFFIR,2021,31( 11):127-134.

JI Pengfei, LIN Haifei, KONG Xiangguo, et al. Numerical simulation research on coal gas drainage by nitrogen
injection [ J]. China Safety Science Journal ,2021,31(11) . 127-134.

(18] FAN Chaojun, ELSWORTH D, LI Sheng, et al. Thermo-hydro-mechanical-chemical couplings controlling CH, production
and CO, sequestration in enhanced coalbed methane recovery[ J]. Energy, 2019, 173. 1054-1077.

[19] BAI Gang, WANG Xuepeng, WANG Jue, et al. Heat-fluid-solid-coupled model for flue gas displacement of CH, in coal
seams and its applications[ J]. ACS Omega, 2025, 10(2) .2 338-2 353.

EEET: @ B (1991—) 5B LRUREBEN, W 242, EEONFH™ 1L R FARBR By 5 B8 5 ORI ST

E-mail ; baigang_1992@ 163. com,



