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Tab.1 Number of coal samples with different freeze-thaw cycles
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6T 6T0C45 6T50C45  6T100C45 56T 56TOCA5  56T50C45  56T100C45
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Fig. 2 Joint morphology of coal samples with 0% saturation cyclic freeze-thaw at —45°C
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Tab. 2  Surface joint expansion of 0% saturation coal sample before and after freezing and thawing

SR WAL AT do/pm HELLE S d,/pm R s
S A B C ¥ MH A B C FHME Ad/pm
1T0C45 1% e

6TOC45 100. 36 140. 66 130. 57 123. 86 410. 48 450. 90 436. 56 432.65 308.79
11T0CA45 200. 77 273.65 279. 34 251.25 491. 45 569. 07 573.66 541. 39 290. 68
16 TOC45 112. 33 140. 38 70.42 107. 71 377.68 412.04 348. 39 379. 37 271. 66
21T0C45 267.32 124. 38 98. 77 163. 49 517.71 380. 21 351.88 416. 60 263.11
26 TOC45 146. 39 158.76 212.54 172.56 387. 38 393. 64 495. 88 425.63 235.07
31T0C45 311.06 301. 27 299. 98 304. 10 526.02 518.19 520. 30 521.50 217. 40
36 T0C45 653. 45 642. 17 561. 32 615.65 848.09 852.49 746. 60 815.73 200. 08
41T0C45 301. 25 319. 74 343.21 321. 40 496. 78 520. 30 533.68 516.92 195.52
46 TOC45 80.91 99.79 100. 24 93.65 261.42 295.11 265. 88 274. 14 180. 49
51T0C45 212. 34 200. 94 216. 34 209. 87 393.41 366. 94 367. 33 375.89 166. 02
56 T0C45 96. 21 84. 34 70.61 83.72 247.93 216. 56 241.83 235. 44 151.72
61T0C45 730. 55 702. 31 715.94 726. 27 868. 18 842.55 850. 96 853. 90 137.63
66 T0C45 433. 85 513.85 612. 31 520. 00 533.85 643. 57 754.98 644.13 124.13
71TOC45 840. 34 844.23 857.10 847.22 950. 21 9565. 34 967.41 957. 65 110. 43
76 TOC45 294. 31 325. 24 309. 41 309. 65 391.95 425.48 404. 45 407. 29 97. 64
81T0C45 182. 94 169. 37 209. 45 187. 25 268.97 259.09 292.12 273.39 86. 14
86 TOC45 805. 61 812.91 849. 37 822.63 876.07 890. 39 927. 81 898. 09 75. 46
91T0C45 808. 37 821.91 811. 94 814.07 873. 37 889. 25 876. 10 879. 57 65. 50
96 TOC45 99.76 40. 38 30. 77 56. 97 156. 53 99. 69 84. 94 113.72 56.75
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Fig. 3 Joint morphology of coal samples with 50% saturation cyclic freeze-thaw at —45°C
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Tab.3 Surface joint expansion of 50% saturation coal sample before and after freezing and thawing

PERE RASEB AT do /pem RS S d./ pm P E
iR A B C RN A B C P Ad/pm

1T50C45 03 23
6T50C45 505.61 518. 37 599.91 514. 30 795.73 804. 31 891. 96 830.67 289. 37
11T50C45  521. 36 327.64 210. 57 353.19 786.73 662. 64 413.90 621.09 267.90
16T50C45  376.46 384.91 418. 94 393. 44 623.75 638. 55 659. 82 64071 247.27
21T50C45  501.68 509.73 522. 34 511.25 729. 17 740. 51 745.97 738.55 227. 30
26T50C45  627.91 555. 39 665. 77 616. 36 833.46 767.76 872.07 824.43 208.07
31T50C45  409. 36 405.72 370. 81 395. 30 599. 97 590. 91 564.23 585.04 189. 74
36T50C45  509.76 535. 64 572.13 539. 18 681.17 710. 55 740. 04 710. 59 171.41
41T50C45  343.99 352.74 370.91 355. 88 497.98 503. 34 528.29 509. 87 153.99
46 T50C45  419.94 397.61 383.67 400. 41 557.10 542.98 512.78 537.62 137. 21
51T50C45  282.95 263.76 283.91 276. 87 403. 17 389.70 401. 41 398.09 121. 22
56T50C45 272,39 250.61 259.67 260. 89 378.33 418. 60 303.71 366. 88 105. 99
61T50C45 443,34 401. 95 420.97 422.09 534.57 498. 73 506. 65 513.32 91.23

Bl 4 —A5CHET NN 100 %6 5 7K 1 F0 B HERE S5 B 51
Fig. 4 Joint morphology of coal samples with 100% saturation cyclic freeze-thaw at —45°C
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Tab. 4 Surface joint expansion of 100% saturation coal sample before and after freezing and thawing

ek SR d /e KHER d,/pm e
iR A B C - E A B C P Ad/pm

1T100C45 fi i
6T100C45  234.18 210. 44 248.42 231.01 498. 42 481.01 561.71 513.71 282.70
11T100C45  213.61 207.28 158. 23 193. 04 362. 34 357.59 492.09 404. 01 210.97
16T100C45  341.77 397.15 441. 46 393.46 515.82 587.03 629.75 577.53 184.07
21T100C45 318,04 302. 22 287.97 302. 74 471.52 444, 62 441. 46 452.53 149.79
26T100C45  297.47 234.18 268.99 266. 88 406. 65 367.09 393.99 389. 24 122. 36
31T100C45 626.58 761.08 757.91 715.19 740.51 863.92 859.18 821. 20 106. 01
36T100C45 243.67 281.65 227.85 251.05 340.19 362. 34 327.53 343.35 92. 30
41T100C45 672,47 520. 57 621. 84 604. 96 712.03 572.78 688. 29 657.70 52.74
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Fig. 5 Curve of relationship between joint expansion(Ad) and period of coal samples ('T)
with different saturation under cyclic freezing and thawing at —45°C
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Fig. 6 The relationship between the dimension difference(AD) and the period of

the jointed coal samples(T) with different saturation before and after freezing and thawing
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Tab.5 Fractal dimension of jointed coal samples with different water saturation before and after experiment
AR 0 %6 1 i1 2 AR 50 Y6 1L A B AT 100 %6 1 1 3
s LEHT STRE 2EME G5 SEHT EEE EMH Gt SCEHT LS 2EME

6ToC45 2.173  2.403  0.230 || 6T50C45 2.141  2.354  0.213 | 6T100C45  2.169 2.41 0. 241

11TOC45 2.165  2.394  0.229 ||[11T50C45 2.137  2.348  0.211 |11T100C45 2.188  2.411 0.223
16T0C45 2.112  2.315  0.203 |[16T50C45 2.133 2.34 0.207 [16T100C45 2.157  2.331 0.174
21T0C45 2.201  2.399  0.198 [21T50C45 2.174  2.366  0.192 || 21T100C45 2.154  2.309  0.155
26T0C45 2.335 2.531  0.176 [26T50C45 2.129  2.276  0.147 || 26T100C45 2.169  2.238  0.069
31T0C45 2.122  2.266  0.104 (31T50C45 2.178  2.303  0.125 |[31T100C45 2.178  2.203  0.025
36TOC45 2.185  2.341 0.156 |36T50C45 2.155  2.256  0.101 [[36T100C45 2.166  2.185 0.019
41T0C45 2.121 2.259 0.148 [41T50C45 2.112  2.167  0.055 |[[41T100C45 2.205  2.215  0.010
46T0C45 2.152  2.194  0.042 ||[46T50C45 2.155  2.204  0.049 - - - -
51T0C45 2.163  2.303  0.140 [[51T50C45 2.099  2.111  0.012 - - - -
56T0C45 2.139  2.252  0.113 [[56T50C45 2.168  2.171  0.003 - - - -
61T0C45 2.137  2.253  0.116 [[61T50C45 2.301 2.309  0.008 - — — -
66TOC45 2.133  2.249  0.116 — — — — — — — —
71T0C45 2.139  2.225  0.086 - - - - - - - -
76TOC45 2.206  2.247  0.041 - - - - - - - -
81T0C45 2.165 2.179  0.014 - - - - - - - -
86T0C45 2.121 2.132  0.011 — — — — — — — —
91TOC45 2.166  2.173  0.007 — — — — — — — —

96T0C45 2.197 2.201 0. 004 - - — - — - - —

-
= BGTOC4S L [Fe=7170C48 = 461004
® AITOC4S Th | ® G6TOC4S . o 41TOC4S
& BETOCHS BT { | emocss e sb | & 36T0C4es P s
v sITocss| &t . i * 1 v S6TOC4S e v 3ITOCHS .
o TTocss #| Lau s eb e b e sitocas L H o meroces Tt
! : s P % | = - e . 'k = ¥4 . L]
it o b || 2 x4 .
] Zar ”* d ]
- -] ¥

aMPa

\
"1
T
-
.. W 4
-\"’»....
"‘th.b
ry P
.
- -
aMPa
el
e >
L >
tE e LW
el .,
. e
g Y
M

gt 1 &t 1

P 7 VREIE 06 7K M R RE T BGEAE (4 B - 1o 72 il 2%

Fig. 7 Stress-strain curves of 0% water saturation jointed coal samples after freezing and thawing
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Fig. 8 Stress-strain curves of 50% water saturation jointed coal samples after freezing and thawing
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Fig. 9 Stress-strain curves of 100% water saturation jointed coal samples after freezing and thawing
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Fig. 10 Compressive strength curves of jointed coal samples with different water saturation after freezing and thawing
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Fig. 11 Schematic diagram of heat transfer of coal with different water saturation under the action of liquid nitrogen
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Research on low temperature damage mechanism and

influence scope of intermittent joint coal body

LI Hewan, LIU Jian, WANG Laigui, REN Tianjiao

(Department of Mechanics and Science Engineering, Liaoning Technical University, Fuxin 123000, Liaoning, China)

Abstract: Joints commonly exist in underground coal reservoirs and are the main space for CBM
storage and migration. In order to study the damage mechanism of the different water saturation of
the coal body on the joint structure under the action of freezing and thawing and the influence range of
the reverse heat transfer of liquid nitrogen as the refrigerant of the coal body to —45°C, a low-
temperature storage box was used for coal with different water saturation. The samples were provided
with a low temperature environment of — 45°C, and the cyclic freeze-thaw cross experiment was
carried out on the coal samples; a heat transfer model with liquid nitrogen as the refrigerant was
established, and a single-cycle low-temperature loading numerical simulation was carried out. The
results show that: (1) With the increase of the freeze-thaw cycle of the low temperature cycle, the
expansion amount of the coal sample surface and internal joints gradually increases, and the uniaxial
compressive strength gradually decreases; The damage degree is aggravated. (2) The damage degree
of the coal sample structure increases with the increase of the water saturation. When the saturation is
100% , the coal sample freeze-thaw cycle is 41T, and the coal sample is more likely to be damaged or
even destroyed. (3) As the water saturation increases in single cycle, the heat transfer radius becomes
smaller and the heat transfer time becomes longer. Under 100% water saturation, the heat transfer
radius of the coal body to —45°C is only 2. 77m. The time is 2531. 2s, indicating that the water
saturation restricts the heat transfer radius and heat transfer time. The higher the water saturation,
the more obvious the restriction. The experimental and simulation results can provide a theoretical
basis for predicting and efficiently exploiting coalbed methane in practical engineering.

Keywords: joint; water saturation; cyclic cold loading; single-cycle heat transfer; influence scope



