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Fig.1 Vertical pipe surface drip irrigation system
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Fig.2 Schematic diagram of experimental device for surface
irrigation with emitter in vertical pipe
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Table 1 Experimental scheme for water infiltration in
vertical pipe

E ST REHT R IR
Scheme number  Vertical pipe diameter/cm _ Vertical pipe buried depth/cm
1 8.8 15
2 8.8 20
3 8.8 25
4 10.6 15
5 10.6 20
6 10.6 25
7 12.6 15
8 12.6 20
9 12.6 25
10 14.2 15
11 14.2 20
12 14.2 25

x2 ZEHRZHEABLAR

Table 2 Experimental scheme of vertical pipe surface drip

irrigation
N R B R
Scheme number Drip discharge/ Vertical pipe Vertical pipe buried

(Lh™h diameter/cm depth/cm

1 0.9 12.6 20

2 1.2 12.6 20

3 1.5 12.6 20

4 1.2 10.6 20

5 1.2 14.2 20

6 1.2 12.6 15

7 1.2 12.6 25

8 1.5 10.6 15

9 1.9 14.2 25

2.3 IERAKEENE X MR
P20 Sy R B, AE E RUK S R R S T =4
BIIFERRA Philip NIBBEAIAR . NIk, AW
Philip NB ALK 2 &4 HT B A RKIRE RSB E
BE I a] 1284k i F . Philip NS RBIEE N
I=S1""+ At (D
K T HEFRNBE, L S AWRBE, Lh; 4 Nfas
#, L/h; t ANBHE, h.
2.4 HIEAES S
¥ F Excel 2010 1 Origin 2018 #cfEHEAT HdE AL B,
SoF A 7 DR 2 AN [ 7K Ah B D S0 54 a3k AT B TR 30t L
T AEEERRR TR 2 . BT HRIRZE RN 2R &
HoeH AR 2= AT G Y. GEi S EaH TR R

MMﬁlZLQ—M (2)
i

RMSEz\/lz;’I(Q. ~E) (3)
.

n 2
NSE =1——Z,j=1(0" _E")z (4)

Zi:l(oi _Om)
X MAE RE T4tz 2; n REEIE NG o,
E 5y AR ES @ A WIME A 5 ;. RMSE 1 NSE 433
REE TR ZEMPH R REG O, AREBIMEKFYY
{l. MAE #! RMSE F#{EBEEIT 0, NSE H8U{a BT
1, A AR T W DUAE s 22880, P W) 5 PRk v

3 HBRS5HH

3.1 AREIFEMIMEZYRRNESENFNT

RAEBEEARIK (2 em fEEKK) ABRK, 7
BRI R T RN SBR[ AL R, W 3
PR

6 -
A IR 4% Y Vertical pipe buried depth/cm
E ©15 A20 025 P
E ,
é 5 % 4% 1% Vertical pipe diameter/cm re
g | = 126 106 ——— 838 27 A
.8 R 70
§ /Q /.//_/
= 4 7 pava
= R Rd
'3 /d ./"g/
2 d '//'/
B 3 .3
E XL
6 //0///6 /’ﬁ
i /oéé ,//’/’/
& 20 3 T _-°
< P PO s
o ] | g ﬂﬁ -

est®
0 03 1.0 5 2.0 25
1§ 1) Time/h

B3 3AEREARRIZEFLT EBRASZ LG X 2
Fig.3 Relationship between cumulative infiltration amount and
time under three kinds of pipe diameter and buried depth
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8.8 15 0.07 0.95 0.998
8.8 20 0.18 0.83 0.999 FT4 BENSEZWERIRIUE
88 25 0.16 0.69 0.999 Table 4 Empirical model verification of stable infiltration rate
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Fig.4 Wetting front transport distance as a function of time for three different emitter discharge rates
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Fig.5 Wetting front transport distance as a function of time for three different vertical pipe diameters
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Fig.6  Wetting front transport distance as a function of time for three vertical pipe buried depths
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Table 5 Time required for water infiltration to reach the bottom of vertical pipe

- e LR WA THEREKE vy MESSE
WA e M BENLEER wmesaks  TIEREICR g ceme MR g
Lo EEE . X . . . Average volumetric Time .

Drip discharge/ .. Buried Soil volume in  Initial volumetric water Volume water content Time calculated

2l Diameter/cm . K 3 3 3 water content/ . 3 3 measured
(L-h™) depth/cm  vertical pipe/cm content/(cm™-cm™) 33 increment/(cm™-cm™) value/h
(cm’-em™) value/h
0.9 12.6 20 1246.27 0.031 0.312 0.281 0.38 0.37
1.2 12.6 20 1246.27 0.031 0.312 0.281 0.30 0.28
1.5 12.6 20 1246.27 0.031 0.312 0.281 0.24 0.22
1.2 10.6 20 882.03 0.031 0.312 0.281 0.22 0.20
1.2 14.2 20 1582.87 0.031 0.312 0.281 0.38 0.36
1.2 12.6 15 934.70 0.031 0.312 0.281 0.22 0.21
1.2 12.6 25 1978.59 0.031 0.312 0.281 0.38 0.44
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Estimation model for steady infiltration rate and wetting pattern of
aeolian sandy soil under vertical pipe surface drip irrigation

Fan Yanwei, Wang Yanxiang, Zhu Pengcheng, Yang Zhiwei
(College of Energy and Power Engineering, Lanzhou University of Technology, Lanzhou 730050, China)

Abstract: Vertical-pipe drip irrigation is one of the most efficient state-of-the-art techniques for water-saving and temperature
conservation, thereby alleviating the combined stress of drought and high temperature in sand-fixing plant seedlings. In terms
of long-term engineering, it is necessary to explore the infiltration characteristics of acolian sandy soil under vertical-pipe drip
irrigation. Furthermore, the discharge rate of the drip system is required less than the stable infiltration rate of water in a
critical depth, in order to meet the requirement of no flooding seedlings when the emitter is combined with the vertical pipe. In
this study, a ponding infiltration test was carried out using a 2 cm constant head in the field to investigate the variation process
of cumulative infiltration of aeolian sandy soil under different buried depths and diameters of vertical pipe. A Philip infiltration
model was established to fit the data. 9 treatments and 3 control tests were included in the infiltration experiment. Specifically,
the diameter of the vertical pipe was designed with the levels of 8.8, 10.6, 12.6, and 14.2 cm, while the buried depth was set at
15, 20, and 25 cm. The results show that the stable infiltration rate of Philip model increased as the diameter of vertical pipe
increased, and decreased with the increase of buried depth. A power function relationship (R*>> 0.99) was followed between the
steady permeability rate and the diameter or buried depth of vertical pipe, where the power function indexes were 2.01 and
-0.64, respectively. The well-established estimation formula of stable infiltration rate was also utilized to determine the drip
discharge matching with the structural parameters of the vertical pipe, when there was no ponding in the vertical pipe.
Subsequently, the infiltration test was conducted for the vertical-pipe drip irrigation. A field test was also carried out to observe
the movement of wetting front in aeolian sandy soil under the different dripper discharge, buried depth, and diameter of
vertical pipe. A power function was used to process the observed data. 7 treatments and 2 control tests were included in the
field test. The dripper discharge was designed with the different levels of 0.9, 1.2, and 1.5 L/h, where the diameters of the
vertical pipe were 10.6, 12.6, and 14.2 cm, and the buried depths of the vertical pipe were 15, 20, and 25 cm. The results
showed that there was a significant effect of dripper discharge on the migration distance of the wetting front in the vertical
downward. The migration distance of the wetting front was much greater in the vertical downward, whereas, slightly increased
in the horizontal and vertical upward, as the dripper discharge became larger. Additionally, the migration distance of the
wetting front in three directions decreased with the increase in the diameter of the vertical pipe. The migration distance of the
wetting front in vertical upward and downward decreased, but the horizontal migration distance changed little, as the depth of
the vertical pipe increased. The time of irrigation water was determined to reach the bottom hole of the vertical pipe, according
to the water balance equation. A prediction model of the wetting body was established for the vertical-pipe drip irrigation,
including the emitter discharge, diameter, and buried depth of the vertical pipe, as well as the irrigation time. The model was
also verified by the 8 and the 9 schemes of the irrigation test. The average absolute error of the model was between 0.28 cm
and 1.07 cm, while the root mean square error was between 0.19 cm and 1.68 cm, and the Nash efficiency coefficient was
greater than 0.91. The finding can offer the accurate prediction of steady infiltration rate and wetting body in the optimal
design of vertical-pipe drip irrigation system, thereby creating a relatively suitable environment for sand-fixing plant seedlings.
Keywords: irrigation; infiltration; models; wetting pattern; steady infiltration rate; vertical pipe surface drip irrigation



