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Analysis of mechanical properties, permeability and fracturing mechanism of coal

samples at different fracturing time of liquid nitrogen

WANG lJingrui, ZHAO Yaojiang, LI Yucheng, WANG Hao, WANG lJiangtao, ZHANG Huijuan
(School of Safety and Emergency Management Engineering, Taiyuan University of Technology, Jinzhong 030600, China)

Abstract: In order to study the influence of liquid nitrogen cracking time on mechanical properties and permeability of coal samples, the
independently developed WYS-800 triaxial gas seepage test device and acoustic emission detection system were used to conduct triaxial
mechanical seepage tests on four groups of coal samples treated with different cracking time and collect acoustic emission signals. The
mechanical properties and permeability of coal samples in triaxial mechanical seepage experiment were analyzed, and the characteristics of
acoustic emission signals were described. Based on boiling heat transfer theory, one-dimensional cylinder heat conduction theory and
thermal stress theory, the cracking mechanism was analyzed, and the thermal stress under different cracking time was calculated. The rela-
tionship between average temperature drop, average thermal stress, initial permeability and cracking time was revealed by data fitting. The
results show that: (D Liquid nitrogen fracturing time have different influence on the mechanical properties of coal samples, the compress-

ive strength and elastic modulus with the increase of the crack time shows the tendency of increase with the decrease of the first, the pois-
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son's ratio are increased after the first decreases, coal sample triaxial loading when the axial stress and axial strain curve of the periodic
evolution has obvious difference, associated with the change of mechanical parameters. (2) The permeability of coal samples with different
cracking time changes in u-shape during the triaxial loading process. The initial permeability, minimum permeability and maximum per-
meability increase with the increase of cracking time, and the increase rate is 119.05%, 437.5% and 146.49% when the cracking time is
30min. Acoustic emission signals are not active in compaction and elastic stages, and are mainly generated in yield and failure stages. The
peak value of acoustic emission ringing count of coal samples after cracking is generated near the failure point, which is more than 20 000
times. @ The film boiling heat transfer coefficient between the coal sample and liquid nitrogen is 570.4 W/(m*-K). The average temperat-
ure drop of the coal sample is related to the cracking time, and the average thermal stress and initial permeability play a leading role. The
average temperature drop of the coal sample can reach 213.63 K and the average thermal stress can reach 5.85 MPa after 30 min of crack-
ing. @ There is a linear relationship between initial permeability and average temperature drop, and a negative exponential relationship
between initial permeability and cracking time of coal samples after liquid nitrogen treatment. Changing the parameter value can be exten-

ded to other similar coal samples or actual production evaluation.

Key words: liquid nitrogen; mechanical properties; permeability; fracturing mechanism; mean temperature drop
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Table 1 Coal sample maceral, industrial analysis and vitrinite reflectance parameter

W AT B %

Tl 53 H1/%

PR — . - ey
ik 1 Bl el RY] M, A Vi FCy
B 3% 76.9 20.8 0 23 1.74 15.87 8.25 74.14 238 =1pe

1.4 REHR

IR R0 % 2, KT M EEREN
WYS-800 Al FLrZ ik Yok & . 12CHsPCI-2 Al
R ARG . BT R Y1, Y2, Y3 1Y 3 AL
SEAIR TR, 47 AT A SELAE 3 10, 20,
30 min, ZbFEL S OMERE VR, SR LR 2R,
H'5 R YO MRS T A 3, R TR T S
Hax 3 MFRRIE BOGT BE

*2 AEHHEETFHABAEER

Table 2 Experimental scheme under different

cracking time
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Fig.3 Axial stress, permeability, ring count - axial strain curves of coal samples at different cracking times
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Table 4 Specific permeability of coal samples at different

cracking time
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PR SR TS BRI SOV 1 BEREAE =B
B AR AL R 7 A I TR AR ZUREE o TR TR By
B Sk By BEAUT A, BEAE R Bl IR 2, FLARBH
BB D, IR RS ANTR IR, 7 AR I (5 5 AR
b ANAE S ZLET ] 30 min B AEERE, A RER A2 2] 1
BUPRES TR . YR AR B Be, i TR S
AR 5 A R BT SRR I AR, MERE A5 405 7 B
B R R BTG 2, BAG S R, &
TR BRI AE T AR B Be (8 7 R S A R R 22 8K
PURREZ . TERIRB BT , S N R A5 H 7 LR 1B
IR ZUE AL, ELZRBE A 7™ A A JR o B, TR s

106

KETFE AR L, TR TR WEE B A TE Tk IR
B BRI, 280 WA B RE IR T 34 R
T 20000 7K,

3 BEEFRG SEENIERNE

I B AN [R] A 40 4 UKL T 4 R A AR 18 B4R, 21
TR FR) 2% o ) UKL ) AR T 2R B0 AN TR o 53
RUTBEFLIE AR, TR R ] A e PR3, £l
R JZ ML SR AR o 0 By UKL Z [BIAF AR 203, Rl
S R A SR, JREAAR A 25 ol ) JAE o AN RE 2 %
FI I A A PR 2R KB R A e B i AR, o
AR K52 45, A28 /N 32 B, e 1
— Rl RS AR T o PN RO EAEAE K2R
FEAT W) FURL (1) 300 S 4, G 2R e Ak 1 R g 3k 3] e
A A 10 5 AN FR (T BE ), D M 320 5 T ) )
TR 22 (6] A IR T 22, 7 A (BRI, Bt TS A6 38 119
o, sk SE R I R AR, BAR BB R R
Rt

FHRWFFE W], TR B AL R B A, Tk
ARG BT BER T A R R RO SN, B AR AL
I7 AL A, KA AE R BT HES B 5, 11 R, 4l
3 IO B 14 7 4 SN W 1], HAT R B BLRias B2, Ja 1l
T M W 2R O e A A g B, SR M



H RS WA BCRN EDIERE J1 2R RE . BB S ECRY LR

2023 455 6 1A

T, ATCHRE A BF g 0 S A T 7 . TR
RS2 RN 7 FINE 8 R MUAE () R B IR Bh IR R, X T
B JC MR, 1 TV A PR RE R R 005 32 R 4
T R AR AL T X R Y B S s R R
Ab B A B TR R A Ak AR TR BB )
DR R TR B R A LR -, 5 ABCM R R 2R 5, Jf
S5 Z AR AR
3.1 BEHEFHREREATEAR

TR0 1 A O AR 387 SR o o B A S AR 1 TR
AT IR SRS, R 3k 22 el e e
RN, B 14 A% 3t A T LA FRT Ak SRy 300 M R 44 22
JE) ) X AL 4G A B A P B 0 A A B .
TEF B HE S AT, BB 5T (87 4k A 4% 1) 7]
P 90 FLAG I RE N BT 1T 7= A A8 b o

TR AL BT, BERRAL T IRFREE, AW N
77 K, MHERER B A A, ERER TR 293 K,
TG 78 KT IR o5, R [ 28 B T L ke A v
[N, R SR BN

AT =T, =T (2)

PEHE AT =216 K, &R i seis i, R
R 10T V2R Tl J T 2 v %) SRt 3 20 R X Y Y
SEH i PR AT =26.8 K, RIS Fh g A TR
b P P 4 PROPR 2, VR A R TR 2 [ ) X 9 A
PR BT B P AR TR PN B P 4 R R
e R B, ARSI R TR 7293 K, iR
JE IS/ N TR SR e s SRR 573 K, R A
5 LA 1T (] ) XoF U A AR B B s o B R
B, AR BOR R BIREE T, 77 K, Z895 09 2
L

T+ Ty

-T2

T; (3)

Rt 78 185 Ko
T EHAR N D WRAEA T RS I o
S

— /lzpv (pl _pv)g(hfg + O'SCp,vATe)

hconv =C 4
1 DAT, (4)

S Trgony A TR U 2500 S PR 2250, W/(m?K)s 2,
AU FIREREL, Wi K); D R AR, m; C
B, BIRERER 0.62; p, AASIEIE, ke/m’; p MIA
(Y% B, ke/m’; g A H S HEL, 9.8 nvs®; by, AR
RALTEIN, J/kg; ¢, WA E R LILEE, J/(kg K);
RIS S B R R, (N-s)/m’.

3 o8 A 2% L6 AE G REGHEATIUE, T,=77 K B,
p=808.3 kg/m?, h,=199.176x10° J/kg; T=185 K I,

0.25

p=1.8244 kg/m?, 1,=0.017 1 W/(m‘K), ¢,,=1.044x10’
J(kg'K), 1,=120.97x10"" (N-s)/m? R ABUE 54,
LAFF heony =570.4 W/(m>K).

AR IS B3 G2 A R A o i i 2 A T
() — 2 RS IR R, — PR 9% D ol B AR
T, N T R A AR AR R RTR Y S,

HRAAPGI Y Biot £, A4S Biot Bt A5

hL.
= (5)

A b X B R B, WA K); L, R EE K,
ST R R 242, my A R BERE B S PR B, B
0.61 W/(m-K).

S EASRERERY Bi Ty 23.38, LR Tl AR
AR B A E 0.1, DR I T B AT A (R RN Y
53T

N B ARBR R, BT R SCRT LA, FTLASI
S DY R I A A O R X

aT 10 ( T
o Yror (VE)

J T XA R TR B — R Ak

RS F S5, s 440

Bi

(6)

t=0;T=T,0<r<R (7)
HREAE R
T
AT _ors0 (8)
ar r=R
L AT (9)
or r=R

Ao ¢ S EEETIR], 55 T AR MR R — L (Y iR s
R, K T R IERERI LR B ZI R, K R W IERE A2,
m; o A BERE A R B, AR A R IR L 2
SRR p MR ¢ B HUAE, B 5.467x107 m/s.,
R TAEFIR, 5IAEREE 0

0=T-T., (10)
2R AR B ) Je e e ok
L0 T-Ts
9_9,-_T,-—Tm (1)
r BICE NI
=L (12)
"TR

SIS —A b S SR R E ) S 8K, B
fHEHLIL Fo:
at
A
ST TP K B, 76 Fo>0.2 I, B A] sk 15 i i
107

Fo (13)



2023 4F55 6 A

# £ A F H# K 551 %

fRLfiE:
0" = Ciexp(~{TFo) o (Gir) (14)

MJBRELE S RIS AT 0, TR AT 1A 3R R U 28
TR — A W IR R B G AR BR A B, B0 = 67 s
K Jy) WEE—JE DL FEIR BN, ¢ N N A T
FEAIAR:

Ji (1)
"o

HAE ] A RIS, Y Bi=23.38 I, C,=1.595, (=
2.304 rad; 545 —2% I ZE/R pRBCR AT LT Jy(Gr )=
0.454 9, ARG, AR FX S AR I Fik X h

0=6"_ 05 =0.725 5exp(—0.002 328r)  (16)

2835 AR 4 AT DASRASRREAE 0 1S4 L FE e 5 B e
[ 1y ¢ F 2

AT = —156.7exp(—0.002 32871) + 216 (17)
3.2 FEBHEETF=4RRE S

JHREAE 200 R B AL H s, H R R IR
FR TR T 755 T 7 A R T A AR g, MR AT fy
FAET AT LIS, B N A A 0 A B2 RN TR
FHARTE 1M A (R Y 1 AT

T = a6EAT (18)
K TR T, MPa; a A IERE LR I K R 4L,
B 6.4x10°° K5 E AR R TSR, BUR 2 A 3L
SALPRIEAE A SR AR I 4 279 MPa.

A2 (17). 20 (18) X B 2L i [A] R 47 45 FR A T
L, BT AR R VR R AT A5 A T A TR R R L 4
N 1B 2, e 4 iR

14 B; (15)

250 -1 10

— VR T %
—— PIIHS )
200 18
E
F150F / 16 =
! / /’/’_ S
g ; =
Z100L/ / 1s &
B [/ o
/ B
50 12
1 1 1 1 1 1 0
0 10 20 30 40 50 60 70

] [B] /min

B4 AR IR P 3 B ) - BRI 1]
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cracking time curves of coal samples
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time of coal samples induced by liquid nitrogen
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