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Numerical simulation and verification of soil water movement in vertical moistube-irrigation//FAN Yanwei ZHAO
Tong ZHAO Tinghong( College of Energy and Power Engineering Lanzhou University of Technology Lanzhou 730050

China)

Abstract: Further understanding of the soil water movement in moistube-irrigation can be guidance for engineering design.
A mathematical model of soil water movement in vertical moistube-irrigation was established based on the unsaturated soil
water movement theory. The model was then solved by the SWMS2D software. The simulated indexes including the
infiltration capacity per unit length movement of the soil wetting front and moisture content in the soil profiles were verified
by indoor moistube-irrigation experiments. It shows that the simulated results agreed well with measured values indicating
that the model can truly reflect soil water movement during moistube-rrigation. It is feasible to simulate soil water
movement for the vertical moistube-irrigation is proved by SWMS2D.

Key words: vertical moistube-rrigation; unsaturated soil; soil water movement; numerical simulation; SWMS2D

13 15
o SWMS-=2D
1
R 1.1
9
B 0 ~40 cm. 5
N N 2 mm o
(51409137)
(1982—) o E-mail: fanyanwei24@ 163. com

20 - 2018 38(2) Tel:025-83786335 E-mail: jz2@ hhu. edu. cn  hitp: //www. hehaigikan. cn



1
1
/%
/
0.02~ 0.002 ~ (geem™?) (cm®+em™)
2.00mm 0.02mm 0.002 mm
97. 69 2.31 0.00 1.56 0.43
24. 35 65.55 10. 10 1.33 0.50
1.2
1 ° 10 mm
60cm. 60cm. 100cm
5cm 2 cm
o ( 1.56 g/cm’
1.33 g/cm’) o
20 cmo
2cm 10 ~900 nmo
40 cm 30 cmo
80 cm 100 cmo
1
70 h
2 o
2
2.1
o = el K0 5] ko (%) + 1]
— = +—|K +1 1
Jt  ox K(6) ox 0z (0) 0z (1)
X 4 z

2018 38(2) Tel:025-83786335

;0 em’ /em’; @ cm; ¢

min; K( 6) cm/mino
(1) 6.9 K(6)
van Genuchten-Mualem 1647
6, - 0.
6=0, - (2)

+ ny m
(1+ [apl")

K(@):Kssg[l—(l—sj)m]z (3)

S - 6 -0,
6, -0,
0.0, em’ /em’;
n-m n>1 m=
l—i;a em™; K,
n
cm/min; [=0.5,
13
2 ( EFGH
AB C ) o

2
2.2
a. .
g;(x z 1) =60)(x 2)
S S
E) Sz =< zy )
=0
D0 x 2) em’/em’ x,  z,
( ) x oz o
b. o
EF
E—K(e) %‘ZB+K(0) =0
g) s x < xp (5)
H=0
>0
GH
E-mail: jz@ hhu. edu. cn  http: //www. hehaigikan. cn 21



0 ) 3 .
g) SEIEY1T, (6)
%zzn
4s>o0
FA BH
O_ k(e 22 -0
E (6) =
=0 (7)
%)$z$z4 Zp S 2= zy
4 s>o
. 3
1z, zZp z o
3
4“9 (R*=0.9995.0.9989) .
AB :
0 K(8) do o 0.0256 mL/( cm * min)
B ax 2 0.0297 mL/( cm * min) .
=0 (8
%A Sz 2z
U so SWMS-2D
_ (1) .
qO - 1TD .
g cm/min; Q( 1) .
mL/( cm ¢ min) ; D 3.1
CIno
FG
3 o
O_k(g) % -0 3 (9h )
0 (6) ox
D p—
o =% (9) 16. 66% 11. 66%
%) Sz =< zy
H>0 ; (9h )
2.3
2.54% 1. 19%
SWMS=2D * o
100 em 30 ecm .
1 cmo van
Genuchten-Mualem 2, R: = 0.999
2 (RMSE)  1.130 mL/cm ¢ (Sig)  0.09>
o) (et e B 0,05, R* =0.999
0.02 0.43 0.162 2.24  0.4210 0.935 mL/cm ¢ 0.19>
0.02 0. 50 0.014 1.51  0.0143 0.05.
2.4

o

* 22 2018 38(2) Tel:025-83786335 E-mail: jz@ hhu. edu. cn  http: //www. hehaigikan. cn



/min
/(mL * em™) /(mL * em™) 1% /(mL * em™) /(mL ¢ em™) /%
180 5.53 4.61 -16. 66 5.78 5.36 -7.20
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180 2.5 2.3 -8.00 2.6 3.0 15.38 3.0 2.9 -3.33 3.5 3.3 -5.71 4.0 3.9 -2.50
360 3.0 3.1 3.33 4.0 4.2 5.00 4.0 4.1 2.50 5.3 4.8 -9.43 5.4 5.5 1.85
540 3.7 3.6 -2.70 4.7 5.1 8.51 5.3 5.1 -3.77 6.2 6.0 -3.23 7.0 6.8 -2.86
1260 5.0 5.1 2.00 6.9 7.4 7.25 8.5 8.3 -2.35 9.8 9.5 -3.06 10.0 10. 4 4.00
1620 5.5 5.5 0.00 8.0 8.3 3.75 9.5 9.9 4.21 11.5 10.9 -5.22 11.3 11.8 4.42
2820 6.5 6.7 3.08 9.9 10.3 4.04 14.0 14.3 2.14  14.7 14.7 0.00 15.5 15.2 -1.94
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/ A A B c
min
/ / / / / / / /
cm cm 1% cm cm 1% cm cm 1% cm cm 1% cm cm 1%
180 2.4 2.5 4.17 2.9 2.7 -6.90 2.9 2.8 -3.45 2.9 3.0 3.45 3.6 3.5 -2.78
360 3.1 3.3 6.45 4.0 4.1 2.50 3.6 3.5 -2.78 4.0 4.0 0.00 5.0 4.7 -6.00
540 3.6 3.8 5.56 4.6 4.9 6.52 4.3 4.0 -6.98 5.0 4.8 -4.00 5.5 5.7 3.64
1260 5.6 5.5 -1.79 7.1 7.2 1.41 6.3 5.7 -9.52 7.0 7.0 0. 00 8.0 8.4 5.00
1620 5.9 6.0 1. 69 8.1 8.0 -1.23 7.0 6.4 -8.57 8.0 7.9 -1.25 9.1 9.4 3.30
2820 7.5 7.7 2.67 10.5 10.3 -1.90 88 82 -6.82 10.5 10.2 -2.86 12.0 122 167
4200 9.0 9.3 3.33 12.2 12.0 -1.64 10.3 9.8 -4.85 13.0 12. 4 -4.62 14.8 14.7 -0. 68
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