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Reassessing Darcy’ Law on Water Flow in Porous Media
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Abstract: The shared understanding of law on movement of groundwater is that linear Darcy’s law is the most basic equation of
groundwater seepage. All the mathematical problems of groundwater flow can be derived based on Darcy’s law if the the Reyn-
olds number is less than a certain value between 1 and 10 (Re<C(1—10)). The experimental data obtained by Darcy are ana-
lysed again and similar seepage experiments are carried out with permeable stone porous media. Both results show that even
though the Reynolds number is less than a certain value between 1 and 10 (Re<.(1—10)), the movement of groundwater would
not obey Darcy’s law but the nonlinear law. As the Reynolds number increases, the seepage friction grows gradually. It is con-
cluded that Darcy’s linear law is the approximate description of nonlinear law when the change of slope is small.
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Fig. 1 Darcy’s experimental setup
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Table 1  Application of Darcy’s law

Darcy & &7 Darcy & A7

Re<<(1~10 (1~10)<CRe<100 Re>>100
X X X
Rt R ESEH K B B e SRR

®2 EALEAR(KIZ d=0.77 mm)
Table 2 Results of Darcy’s experiments (d=0. 77 mm)

BERE KkE BBERE KIME BERE HIHEK
Q(/min) AH(m) wu(cm/s) J K(em/s) Re
3. 60 1. 11 0.016 1.91 0.008 1 0.12
7.65 2. 26 0. 033 3.90 0.008 5 0. 25
12. 00 4. 00 0. 052 6. 90 0.007 5 0. 40
14. 28 4. 90 0. 062 8. 45 0.007 3 0. 47
15. 20 5.02 0. 066 8. 66 0. 007 6 0. 50
21. 80 7.63 0. 094 13.16 0.007 2 0.72
23.40 8.13 0. 101 14. 02 0.007 2 0. 77
24. 50 8.58 0. 106 14. 79 0. 007 2 0. 81
27. 80 9. 86 0. 120 17. 00 0.007 1 0.92
29. 40 10. 89 0.127 18.78 0. 006 8 0.97
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0.008 5 © Table 3 Results of experiments in permeable stone (d =
_ 0.0080} ° 0. 25 mm)
K o - - PN TS -
£ 0.007sp ° BB k% ABE BERE HEN BERN
X 0.007 0k o %0 o Q(mL/s) AH(cm) J u(em/s) Re K(em/s)
' o 3. 23 46.28  6.61 0.156  3.34  0.0236
0.006 5 3.64  53.45  7.64 0.176  3.77  0.0231
0.006 0 ! ! ! ! ) 4,67 68. 91 9. 84 0. 226 4,83 0.0230
0 2 4 6 8 10 i
e 5.98 88.54  12.65 0.289  6.18  0.0229
6. 67 99.82  14.26 0.323  6.90  0.0226
B 2 IRVHSEER ReK HhZk 7.56  113.07  16.15 0. 366 7.81  0.0226
Fig. 2 Relationship between Re and K of Darcy’s experiments 8. 46 126.50  18.07 0. 409 8.75  0.0226
9.31  140.33  20.05 0.450  9.63  0.0225
g e R A R TIA 10.17  155.39  22.20 0.492  10.52  0.0222
WO KAV BB AT BILA T8 L S, S B 11. 32 17); ;4 24, 89 0 ;348 11 ;o 0.0220
@S%KJ%QEEﬁﬂméﬁfmﬁ o I 12,14 188.74  26.96 0.587 12.55  0.0218
B ML B 4 WA LA R AE 4 4. 13.12 205.36 29,34 0.635 13.57  0.0216
1391 219.19  31.31 0.673  14.38  0.0215
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Fig. 3 Seepage experimental setup
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5. 1K A7 5 6. DI A

B EWTE A A=20. 67 cm? ; BIKE L=7 cm; £ Q.h
S WA, w, T K Re g AHRL A 315385 o A0 380KS 2
&1 mm, Q AYIKE B y 223, 8 mL, 3% 4 [F].

Fx4 HE d=0.178 mm BKARE R LG EHIE

Table 4 Results of experiments in permeable stone (d =

0. 178 mm)

Bl AKkE KIBE BERE HER BEREK

Q(mL/s) AH(cm) J u(em/s) Re K(cm/s)
3. 10 68. 95 9.85 0. 150 2.59 0.0152
3.49 78.05 11. 15 0. 169 2.91 0.0151
3.82 87. 00 12. 43 0. 185 3.19 0.0149
4.22 98. 10 14. 01 0. 204 3.52 0.014 6
4. 64 108. 65 15.52 0. 225 3. 88 0.014 5
4.98 117. 95 16. 85 0. 241 4.16 0.014 3
5. 36 127. 90 18. 27 0. 259 4,47 0.014 2
5.73 138. 00 19. 71 0.277 4.78 0.014 1
6. 11 148. 20 21.17 0. 296 5. 10 0.0140
6. 49 158. 50 22.64 0. 314 5. 41 0.0139
6.91 169. 40 24. 20 0. 335 5. 77 0.0138
7.28 179. 65 25. 66 0. 352 6. 07 0.0137
7.67 190. 45 27.21 0.371 6. 40 0.0136
8. 10 201. 55 28.79 0. 392 6. 76 0.0136
8. 38 210. 30 30. 04 0. 406 7.00 0.0135
8. 76 220. 90 31. 56 0. 424 7.31 0.0134

IR BE B (3 3,38 O, Hie ik v g AR AR H
13515 250 K RIHAR S T 2RO TR i Re,%ﬁ
2 (4,8 5).

Re — 44 (3)

P Re JyH R u HBBRE (em/s) 5d kL
Rt (mm) s v Jyis Sk R E (em® /).

P4 FE 5 IR AR R TR AL Re<<(1~
10) BYZEAE R X R R FLER A B 8 15 R K CKO F A
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Fig. 4 Relationship between Re and K on water flow in
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Fig. 5 Relationship between Re and K on water flow in per-

meable stone (d=0. 178 mm)
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