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Abstract: The Forchheimer equation is one of the basic equations widely used in non-Darcy seepage. The
determination of coefficients 4 and B in the equation has always been a hotspot and difficulty in the field of porous
media seepage. Different studies have proposed various empirical formulas for the coefficients 4 and B from
seepage experiments. However, there are few studies evaluating the applicability of each empirical formula under
homogeneous condition and heterogeneous with mixed particle size. In this study, to provide basic information for
selecting the empirical formula of the Forchheimer equation under different porous media conditions, the
normalized objective function (NOF) and linear regression method are used to evaluate the applicability of the

empirical formula of the Forchheimer equation, on the basis of the seepage resistance experiment. The results
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show that: for homogeneous porous media, Sidiropoulou’s formula has a good prediction effect on hydraulic

gradient. For the porous media mixed two kinds of particle size, the mass ratio and size factors of the mixed

particle size should be considered based on the average particle size. The prediction effect of the Macdonald

formula is slightly affected by the mass ratio and the mixed particle size; while the predicted hydraulic gradient

from the Kadlecan and Knight formula is relatively stable. As to the porous media mixed five kinds of particle

size, the predictive effect of using d, as the characteristic particle size is fine.The Kadlecan and Knight formula is

suitable to predict coefficient 4, and the Ergun formula is effective to predict coefficient B. This study can provide

a basis for selecting the Forchheimer equation for seepage of homogeneous and heterogeneous loose sand and

gravel porous media in engineering.

Keywords: porous media; Forchheimer equation; non-Darcy flow; quantitative evaluation; empirical equation
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Fig.1 Schematic diagram of non-Darcy seepage test device
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Table 1 Experimental characteristic value of seepage resistance
in the homogeneous porous media

J=AV+BV?
ErRss ds/mm
A B R

HI-1 1.075 90.411 1973.4 0.999 9
HI-2 1.475 57.596 1122.6 0.999 7
HI-3 1.850 56.67 397.92 0.999 7
H1-4 2.500 39.264 689.46 0.999 6
H1-5 3.170 33.163 724.69 0.999 8
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Table 2 Experimental characteristic value of seepage resistance in the heterogeneous porous media
J=AV+BV?
G’ dyy/mm IRA R/ mm i
A B R

H2-1 1.31 85.74 1106.89 0.999 9 7:3

H2-2 1.46 76.98 203.3 0.999 9 1.075, 1.850 5:5

H2-3 1.62 53.88 294.13 0.999 9 3:7

H2-4 1.70 113.27 10 424.5 0.999 7:3

H2-5 2.12 97.42 3803.17 0.999 8 1.075,3.175 5:5

H2-6 2.54 67.84 970.01 0.999 5 3:7

H2-7 2.25 17.18 510.19 0.998 9 7:3

H2-8 2.51 13.59 628.74 0.999 5 1.850, 3.175 5:5

H2-9 2.77 12.23 398.62 0.999 7 3:7

H2-10 1.98 28.17 683.36 0.9993 7:3

H2-11 2.32 24.02 728.96 0.999 5 1.475,3.175 5:5

H2-12 2.66 16.85 808.05 0.999 6 3:7

J=AV+BV?

G ds/mm p 3 7 d,y/mm dg/mm d,/mm K d,,./mm C,
H3-1 53.68 2323.68 0.999 9 0.8 1.15 1.37 0.48 0.9 1.4
H3-2 1.075 59.71 1520.56 0.999 7 0.8 1.52 1.97 1 0.9 1.9
H3-3 78.21 1043.18 0.999 9 0.8 1.85 1.82 0.92 0.96 2.3
H3-4 31.13 982.2 0.999 49 1.12 1.6 2.03 0.78 1.25 1.4
H3-5 1.475 45.47 866.62 0.999 86 0.75 1.55 2.04 0.91 1.01 1.9
H3-6 55.5 1057.16 0.999 86 0.75 1.75 1.64 0.63 1.13 2.3
H3-7 19.77 776.06 0.999 8 1.475 2.05 2.44 0.76 1.68 1.4
H3-8 1.85 25.05 866.72 0.999 9 1.075 2.05 2.32 0.89 1.55 1.9
H3-9 37.54 853.48 0.999 9 0.91 2.05 2.38 0.83 1.43 23
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Fig.3 Variation normalized objective function value of of
coefficients A and B in the Forchheimer equation under different
empirical formulas
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porous media by linear regression method
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Table 3 NOF values in the empirical formulas for predicting coefficients A and B under different mass ratios and different mixed

particle sizes
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and B coefficients by empirical formulas under four characteristic
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