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Abstract

The confinement of the gasification cavity is very important in the underground coal gasification,
so it is necessary to study the porosity and permeability variation characteristics of the mudstone
at the top plate of the gasification cavity at high temperatures. In this study, the porosity, gas per-
meability and water seepage permeability of the roof mudstone were tested using rock porosity
and permeability testing system under triaxial stress. The results show that: the porosity of mud-
stone increases with the increase of temperature, and slightly increases with the increase of axial
pressure before damage; the overall permeability of mudstone also increases with the increase of
temperature, and slightly decreases with the increase of confining pressure, and with the increase
of axial stress, it usually decreases slightly before the damage, and suddenly increases during the
damage of the sample; due to the existence of the sliding off effect, the gas permeability of mud-
stone tends to be 2~5 times larger than the water seepage permeability. By comparing the com-
mon pore-permeability models to fit the experimental data, it is found that quadratic polynomials
are more convenient to use to fit the porosity and permeability of the roof mudstone under dif-
ferent temperatures and stresses for subsequent applications.
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Figure 1. Diagram of rock porosity and permeability test system under triaxial stress
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Figure 2. Sample heating path
B 2. e ks

Figure 3. Pressure stabilizing valves at the outlet of gas tanks and chambers
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Figure 4. Sample surface wrapping method
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Figure 5. Pressure chamber
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Figure 7. System of rock water permeability testing under triaxial stress and schematic diagram
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Figure 8. Variation curve of permeability with temperature
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Figure 9. Variation curve of permeability with axial pressure
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Figure 10. Variation curve of permeability with temperature
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Figure 11. Variation curve of permeability with axial pressure
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Figure 13. Porosity calibration curve
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Figure 15. Variation of mudstone porosity with axial pressure

& 15. JeAfLERE R ET LM E

DOI: 10.12677/jogt.2023.454050

411 Fl R IR T =R


https://doi.org/10.12677/jogt.2023.454050

TREEX e A FLBREEFIFE M . WIAR261F (8 MPa /&, 8 MPa [El/E), [RIFERIAKIFIIES, Jei R
AWK G HE R FLBR A FRORETR, 38l FLRR P BE IR AR AT A K; 200°C~400°C I Ryl T Eje 4 A A 4
WA, LR, ZREEMEAFFLIE IR N, 600°C I IR FEUKIVE S P EPREEABUE K2 — @R, LI
BERRPAR; A A LRI M. ANFIREJESE, RIFHE 8 MPa A2, #filk A\ 8 MPa IZHHE N,
20°C~200°CHJe s T LA E AR Y, A 38 R AEAT AR A AR AR, S BCAL R AR B Al s (488 KT
S, PR L GRS B il s ) S BB 1S K5 400°C~600°C BV N B AL SRR B 2R, FLBREESG IR
33 KEBEREREMNNZENXH

[l S PR A ) 1IN A b AN AR B2 AR B e A R A KB B R I, R4E ] 16
FP 19 T LS B B Je B IE RN : M6 1F T, 20°C~200°C I t1F#UZAKE & A b =AU
LW, SBOSEZRAPT FFE; 200°C~600°C I i T EUE A1 NN, REEMETIZE BB
XS YR A BB RN AFREEE S, PRRFEEANAR, B IZHTH N, EBR AT T 8OA P AR ROR
MIBTIEARER, BB, (EA A PRAEDIRN i T RO BB R R ™4, FERBIE R RGN .
AL 8 MPa 3K 21 10 MPa, A IR BZ A4 T e 4 KB 1808 F I8 A BRI

0.08

0.06 4

0.04

%1% /mDarcy

0.02 4

Figure 16. Variation of mudstone water permeability with temperature
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Figure 17. Variation of mudstone water permeability with axial pressure
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Figure 18. Variation of mudstone water permeability with temperature
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Figure 19. Variation of mudstone water permeability with axial pressure
19. Bk IE M ET LA E(10 MPa)

4. SRANEBRRENTS -LEXRSH

N XEARRBE R EAS T E B /IR, ENFEREY T RENBERGA, Hr—giny
BAER AR, XL d R pl SR A3 SR (R T ek R 8 T AR .

Herron %5 [22] % 5 8 FLERAD A sk I S0 K L, BB 2B B 5 FLBR A 26 R &,

k =ae (1)

X, kK ABIER, mD; o NILIRE, %; aflb NEKE . X(16)5H H EILRLE AL, A
REV B Ao T BB R NIR R LR

X551 FLBR A T, Kozeny MR ¥ B4 BB 7 — a3, J52k Carman XX A~ A AT TR,
Bl Kozeny-Carman A 3([23], fiifk KC AR E&—MHANX, WAL N:

3

ap
K=——F—— )
(L-0)' S5
413 A RN

DOI: 10.12677/jogt.2023.454050


https://doi.org/10.12677/jogt.2023.454050

48

A, So NHEEREM, mim’s a WARFH. ERBEIEME T EREESPE—ANFEI, BT
RIAAFKE S RQIEAHMENX BT So MEELMNF TR, KC AWM 2] T IR
o

Wy S [241IRGE B E R K218 R RIE I, M AT T AR b & (KB I8

_ 25-Dy 5
« _ ¥D; [1 Y J o @

872 | A% ~1 )5-D,

X, e NS BRALBUER L A Eo ML SRR o HECORILEEAR, um; Dy
N HERL

TN, AT AT BB AR R A B2 AR K SR R a1 A6 0 e 7K1 2 J5 SR M R A LA
W, EAFEILANEER, REEBEFRHNAA@)IE

_?’fbf
(=2 @
K, o NREEFLIREE, %; by, NREETRIFEE, pm.
PAEB I SRR R 22 5T B HE S IRAT , SR N 55 HAR A R i mi . ZI-FE5 25V e o6
i)y - NiAE - SR A RRIGHT T, KINEER R N ). NASHI KA. RH] Issac Newton #i2 H )
Bk, A BUE R AR f BT, SRS TR

k = 25.6—97.5¢ +146.3¢° —89.8¢° + 27.1¢* (5)

A, e AN

Y 2 1S5 [26] 1 L I A A 0 V8 3 AR M P S 6 BB, 50 SR8 Bdie AT g i 0 M (1 B
b, WEHAERN N SBERNRBRR . MABHE SRS B B R 2, BT 7T THEEE
YN RE N ANE AL, BN N R K I BB B IR A IR, TR AR S IR —
.

k =k, (ac” ~bo +c) (6)

A KONIIRIBES, 10°um?; o NAEXRIY, MPa; a, b, ¢ NG HHL
I HER A [27 1 AMIAG A RO 5T E @R NS, DLSEPr B R AR T B T B3 @ R AL LER V- 3t 2
JE IR B B AR FEE, S T T T ARSI AR
k = koea(prp) @)
K, po AWIIEE T, MPa: a AZRHH

BEUKAFE 2810 TT 1 il BEXHEE R K WA I 34T 1 BR 047, SRAF TRE - N AR & V8 8 A
ij“é

- koe?»b(op—ET—o‘OJ (8)
K, ko WIHEBIERMIG, mD;s b SFLBRHIEAE REAR: o WAMBEST, MPas oo AVIUGIE 7T, MPa;
ar ALK R KL, 1°Cs B MPEROVEREE, MPa; w FERIIARALL: T ORIRE, C.

BERER IR ARGk — T, RTEBREIR A BME R Darcy EHt. BHER
BARR E A AN R GOV AR B SRR 1B AN L 2R 5 R H] Hagen-Poiseuille it sl 75 RE#EAT IR A6 ALL,

DOI: 10.12677/jogt.2023.454050 414 1 RARR AR


https://doi.org/10.12677/jogt.2023.454050

Lous %

M T ANRE S RIS A A7 N BB S5 AL, DRI B L A8 R AR R TS FE AT BR - Darcy 5 &SI 15
—A A, BN ZE R Darcy @ AT RIRTE, HiRaidEA K (Fina AR 4K B) Bl A 2
JEAZKI, KA AL Darcy €, X (sl —FhEE Darcy #it. 35— 5 HIBAT 2t F A2 @ S
HORAEZ R, WIEHME, EMBERNERRL, F22FRN T ARKSEREL, NAT
HAARFRERA T, E5BAHRE —MEMSG - MBERER, B, —Bid s IrigidE R e m i
e, RAELIZEFRER, E SR RE R R S8, PN T TR . B,
KHEESE N BRI BE R T BEN S, A IR E N, AR RGNS
AR T BB A
4.1. BRILEBERESH

(1) Herron $i¢ th AR R BE AR FR 2B R 5L 2 M M 5C R, RIUGHE N A FR e s A iE
FEGLEERIE IR INE 20, WETTRRINE 2 fx. NRAMMES RP T LA 1, 288 faefid
A IR BIER S LB Z M MR, (Al T s TR A N EEON IR, IR B %
HERRER A IR e B IER S ILBRE Z MSCRT, il ISR R B B

019 - *  perm_Tvs.poro T |

untitled fit 1

012

I I I I L L I I I I I
0025 003 0035 004 0045 005 005 006 0065 007 0075 0.03 0.04 0.05 0.06 0.07 0.08 0.09
poro,. poro

Figure 20. Relationship between gas permeability and porosity of mudstone at different temperatures
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Figure 21. Relationship between gas permeability and porosity of mudstone at different temperatures
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Table 3. Fitting equations for gas permeability and porosity of mudstone at different temperatures
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Figure 22. Relationship between gas permeability and axial pressure in mudstone at room temperature
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Table 4. Fitting equations for gas permeability to axial pressure in mudstone at different temperatures
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Figure 23. Fitting results for gas permeability of mudstone at different temperatures and axial pressures
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Table 5. Fitting equations for gas permeability of sand and mudstone at different temperatures and axial pressures
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Figure 24. Fitting surfaces for gas permeability of mudstone under temperature-stress coupling
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Figure 25. Fitting surface of mudstone porosity under temperature-stress coupling
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Figure 26. Fitting surfaces for water permeability of mudstone under temperature-stress coupling
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Table 6. Fitting equations of pore-permeability models for sand and mudstone under temperature-stress coupling
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