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Experimental investigation on the seepage flow through a single fracture
in rocks based on the disc fracture model
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Abstract: The fracture parallel plate seepage model has been widely applied to describe the processes and characteristics of fluid
flow through fractures in rocks, while the actual flow field of the fracture seepage in rocks could be far more complicated than the
assumption of rock matrix to be parallel plates. As a result, it draws lots of attentions on investigations on suitability and corrections
of the fracture parallel plate seepage model. In this study, by taking the disc fracture model which is closer to the actual fracture shape
than the parallel plate model, a physical model of a single disc fracture was constructed in the laboratory. By changing the aperture of
the disc fracture in rocks and the sizes of the water inlets and outlets, the seepage experiments under different pressure gradients were
conducted to investigate the laws of fluid flow in fractures. The experiment results show that the Forchheimer model fitted the
relationship between the seepage flow and pressure gradient inside the disc fracture relatively well while the Darcy law model
presents also a good fitting for the Non-Darcy flow regimes. It should be noticed that the calculation formulas of the parameters 4
and B in the Forchheimer model need to be modified as to the Forchheimer model. Furthermore, an approach has been recommended
for those modifications and the corresponding modified calculation formulas with certain reliability have been given based on the
experimental results. This study is expected to provide in certain degree theoretical foundations and methods for further investigation
of fluid flow through a single fracture in rocks and the complex fracture networks.
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Fig.1 Schematic diagram of a single disc fracture
physical model
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Table 1 Single disk physical model parameter values
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Fig.2 Schematic diagram of the experimental system
(unit: mm)
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Fig.3 Image of the single disk fracture physical model
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Table 2 Number of fracture parameter groups and applied
pressure gradients for first experimental set
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Fig.4 A typical equivalent path method
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Table 3 Reynolds numbers under various experimental

conditions
e=2.3 mm e=3.1 mm e=3.8 mm
L/em VP - VP N VP -
JPa-mty POB oy BRI

2 177 307 283 416 247 403
2 318 399 406 495 389 514
2 459 485 459 536 565 612
2 583 540 654 625 813 705
2 742 616 919 735 901 763
2 848 686 1131 854 1096 835
2 1043 786 1661 1055 1484 1020
4 125 327 267 615 89 427
4 249 454 445 801 178 581
4 427 628 730 1036 356 799
4 623 810 926 1218 552 986
4 837 925 1033 1313 712 1094
4 1068 1126 1282 1490 855 1236
4 1300 1260 1496 1594 1068 1490
6 161 413 197 584 108 538
6 287 572 341 801 197 722
6 413 705 538 1059 269 891
6 682 900 610 1234 377 1021
6 825 1082 807 1381 466 1186
6 915 1188 897 1455 592 1325
6 1023 1246 1 005 1560 646 1471
8 145 373 163 525 72 481
8 271 529 307 746 163 640
8 407 656 470 977 253 819
8 614 832 578 1128 361 946
8 777 983 741 1296 416 1115
8 885 1112 849 1405 542 1234
8 994 1180 922 1419 596 1366
10 109 341 127 492 109 573
10 218 458 273 655 182 730
10 400 599 364 879 273 827
10 510 755 564 1034 455 1117
10 637 905 673 1192 510 1281
783 1012 783 1282 582 1342

1019 1189 855 1382 710 1506
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Table 4 Correlation coefficients of two formulas fitted for three apertures
g S ERAE SR Forchheimer EH L& 45 4
e/Jr\nJIl;l L/cm K R 4 B R?
/(10°Pa s - m™) /(10°Pa s+ m™) /(10'°Pa « s? « m7)
23 2 15 0.901 3.66 23.7 0.994
23 4 9.61 0.924 3.25 6.76 0.997
23 6 6.97 0.936 2.78 3.78 0.995
23 8 6.49 0.938 2.63 3.38 0.992
23 10 5.85 0.928 2.33 2.95 0.993
3.1 2 16.3 0.856 2.48 225 0.997
3.1 4 8.56 0914 2.00 5.31 0.998
3.1 6 5.31 0.928 1.54 2.69 0.995
3.1 8 4.77 0.924 1.20 2.48 0.997
3.1 10 4.34 0.915 1.11 2.21 0.993
3.8 2 15.5 0.869 1.90 222 0.994
3.8 4 6.62 0.887 1.41 4.76 0.986
3.8 6 3.66 0.905 0.93 2.15 0.993
3.8 8 3.27 0.898 0.75 1.94 0.988
3.8 10 3.17 0.900 0.68 1.58 0.992
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Fig.6 Relationships between parameters 4, B and e, w
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Table S Formulas for fitting 4 and B to e and w respectively

e B LTS

- MEARK R

A L/cm e/mm

2 — A=12x107¢'3% 0.999

4 — A=1.44x 10716 0.999

A-e 6 — A=1.57x 107¢ 2% 0.992

8 — A=2.18x 107¢ %% 0.999

10 — A=1.93 x 107¢ 248 0.999

- 2.3 A=3.95x 107w 087 0.976

A-w - 3.1 A=232x 108w 100 0.976

- 3.8 A=6.31x 108w 0.980

2 — B=2.64x 100133 0.947

4 — B=121x 10" 0707 0.988

B-e 6 — B=9.64x100¢112 0.987

8 — B=850x100¢110 0.999

10 — B=835x10"0¢122 0.979

2.3 B=122x10"%w*! 0.926

B-w — 3.1 B =4.09x 106 338 0.909

— 3.8 B=215x10"7 w2 0.930
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Table 6 Validation on reliability of parameters 4 and B using the experimental results
from the disc fracture model with a diameter of 40 cm
e=3 mm,L=4 cm e=3 mm,L=6 cm e=3 mm,L=8 cm
v oo g THEIIC g amge g WHEEEC g o gy THEIHC
[Pasnrl) (105 5T (105 mP s L Paem ) /105 s /05 -5y FPC fPasm ) /(1050 - 57 (1050 -5y PO
/% /% /%
114 22 2.1 4 199 3.7 4.0 6 167 39 4.4 15
423 4.9 4.7 4 280 52 4.9 5 239 5.4 5.5 3
594 6.2 5.7 7 421 6.7 6.3 6 335 7.0 6.8 3

1E 3.2 T, et Mg AE D R,
R BB F 2k 1 ok R AUOR KA A& B T 5tk @
i ) A AR o) AR kAR A O E 2Rk AT IR
iE, PARISE AbRE, ik EAEIERT (R (3)
BiEfE (N9 HEERHETRE (LR D. &
HlFELE (UK 7, wTRURIL, A2 1E 5 844 1A
R KIMRIN, FEER A E 5N 9% 8%,
FAEIERT#%0 (3) T RIFE S 32%M1 22% 14k
MR, MIEA R H IR R EE RGN T, &
KRR G AT IO 7 e s gl (3D 3k

®1 AEBENESRRERNMENREE
Table 7 Comparison of relative errors between A values
before and after corrections

X @ iHa-ik8d] O iHa- k%

/ mm / cm i idid
/% / %
2.3 1491 83 24
2.3 18.21 68 3
2.3 20.75 73 1
2.3 22.92 65 11
2.3 24.85 72 11
3.1 14.91 10 1
3.1 18.21 12 8
3.1 20.75 27 3
3.1 22.92 48 7
3.1 24.85 47 2
3.8 14.91 22 13
3.8 18.21 14 14
3.8 20.75 14 7
3.8 22.92 29 14
3.8 24.85 30 11
100 r
— gk
80 k 83 o EH
N 68
60}
S 41
& 40 o
= 30
. . 24
314 3 13
0 1 3

ST RER SR BIER

K7 AEBERESRKREROHENIRER L
Fig.7 Relative errors of the 4 values before
and after corrections
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