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Soil Infiltration Parameters for Field Film Hole Irrigation
Based on Cylinder Infiltrometer

FAN Yanwei TANG Xingpeng SHI Jinhong MA Tianhua
(College of Energy and Power Engineering, Lanzhou University of Technology, Lanzhou 730050, China)

Abstract; The development of wetting zone in soil under film hole irrigation is a crucial parameter for
designing an effective irrigation system. HYDRUS —2D/3D numerical simulation was used to study the
effects of soil bulk density and film hole diameter on the soil infiltration characteristics under 12 soil
textures. Based on 180 simulated results, the parameters of the wetting front movement model were
improved. The accuracy of the model was validated against experimental data published in the literature
and measured by authors. The results showed that the migration process of soil wetting front was increased
with the increase of film hole diameter and irrigation time, however it was decreased with the increase of
soil bulk density. The migration distance of the wetting front had a power function relation with the steady
infiltration rate and time, whereby the model of wetted volume was established for different soil texture
types. For a given soil texture, the steady infiltration rate had a good power function relationship with soil
bulk weight and film hole diameter with power function exponents of - 6.3 and 1.1, and the power
function coefficients was deduced from only one set of cylinder infilrometer field tests. The model
simulation values were in good agreement with the measured values from 12 groups experiments, the
RMSE was between 0.020 cm and 0. 170 cm, and the NSE was between 0.995 and 0.999, which
realized the practical application of the empirical model for predicting the wetting pattern dimensions
under film hole irrigation in the field with simple experimental design, easy operation and quick field
evaluation.

Key words: film hole irrigation; cylinder infilirometer; wetting pattern dimension; steady infiltration

rate; infiltration parameters
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Tab.1 VG - M model parameters and field capacity of twelve soil textures with different bulk densities
ST 2k 51 S5 b 44 R ‘y/(g'cmf‘a) 0,/((:m3-cm’3) 9\/(0“13‘011173) a/cm ! B K‘/((:m'minil) 0(./((3m3'8m73)
1.55 0. 053 0.375 0.032 2.84 0.293 23.3
w2k W+ 1.60 0.052 0. 360 0.032 2.78 0.256 22.9
1.65 0.051 0. 345 0.033 2.70 0.219 22.5
1.30 0. 044 0. 390 0. 005 1.68 0. 053 26.7
b 4 1.35 0. 042 0.380 0. 006 1. 66 0. 044 26. 1
1.40 0.041 0.370 0. 006 1. 64 0. 036 25.5
1.30 0.041 0. 426 0.032 1.48 0.078 27.6
2k W+ 1.35 0. 041 0.414 0.033 1.49 0. 067 27.0
1.40 0. 040 0. 402 0.034 1.50 0.057 26.8
1.30 0. 044 0.397 0.012 1.51 0. 034 31.0
B+ 1.35 0. 043 0. 386 0.013 1.50 0. 028 30.7
1. 40 0. 042 0.376 0.014 1.49 0. 023 30.5
1.30 0. 067 0. 425 0. 005 1. 66 0.019 29.4
WM E A+ 1.35 0. 066 0.413 0. 006 1. 65 0.014 28.8
1. 40 0. 064 0. 402 0. 006 1. 64 0.011 28.0
1.30 0. 064 0. 430 0.011 1.52 0.017 29.1
gt 2k FhbE+ 1.35 0.063 0.418 0.011 1.51 0.014 28.9
1.40 0. 062 0. 407 0.012 1.49 0.011 28.6
1.30 0. 067 0. 461 0. 025 1.46 0. 053 30. 1
MR 1.35 0. 067 0. 447 0. 025 1.46 0. 045 29.8
1.40 0. 066 0. 433 0. 025 1.46 0.037 29.4
1.30 0.073 0. 462 0. 020 1.41 0.033 27.3
R 1.35 0.072 0. 448 0. 021 1.41 0.027 26.2
1.40 0.071 0. 435 0.021 1.40 0. 022 25.8
1.30 0. 084 0. 466 0. 007 1.58 0.013 29.8
%+ 1.35 0. 083 0. 454 0. 007 1.58 0.010 29.1
1.40 0. 081 0. 441 0. 007 1.57 0. 008 28. 4
1.30 0. 087 0.471 0.014 1.41 0.013 32.1
Btk BE+ 1.35 0. 086 0.457 0.015 1. 40 0.010 31.8
1.40 0. 084 0. 444 0.015 1.39 0. 008 30.3
1.30 0.102 0.502 0. 020 1.28 0.014 33.0
it 1.35 0. 100 0. 486 0. 020 1.28 0.011 32.2
1.40 0. 098 0.471 0.019 1.27 0. 009 32.0
1.30 0. 106 0.512 0.020 1.23 0.010 34.2
EE+ 1.35 0. 104 0. 496 0. 020 1.23 0. 008 33.7
1.40 0.103 0.479 0.019 1.22 0. 007 33.6
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Tab.2 Comparison of simulated and measured values of soil infiltration rate and wetting distance
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(mLemin™") (mL-min~") % cm cm % cm cm %

4 7.90 7.25 -8.27 6. 65 6.05 -9.09 3.00 2.77 -7.67
31 5.24 4.85 -7.35 8.61 8.18 -4.99 6. 00 5.76 -4.00
98 3.76 3.20 5.91 9.86 10. 13 2.67 9.00 9.23 2.56
220 3.49 3.59 2.99 11. 80 12. 14 2.84 12. 00 12.21 1.75
421 3.39 3.47 2.49 14. 00 14.22 1.56 15. 00 15. 40 2.67
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Fig.5 Movement curves of wetting pattern under different bulk densities for four soil textures
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Fig.6 Movement curves of wetting pattern under different film hole diameters for four soil textures
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