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Effect of sleeve length on characteristics of wetted
front during bubble—root irrigation

Chen Junying'®> Wu Pute' > Zhu Delan' Zhang Zhitao'®  Fan Xiaokang'
(1. College of Water Resources and Architectural Engineering Northwest A&F University Yangling Shaanxi 712100 China; 2. Insiti—
tute of Soil and Water Conservation CAS & MWR Yangling Shaanxi 712100 China; 3. Department of Biological and Agricultural
Engineering Texas A&M University College Station TX 77843 USA)

Abstract: In order to study the effect of sleeve length on the characteristics of wetted front in bubble—
root irrigation a series of experiments were done to measure the wetted front of a clay loam soil formed
during bubble-root irrigation in which five sleeve lengths (10 15 20 25 and 30 cm) and two kind of
sleeve materials namely PVC and Polypropylene ( PP) were used respectively. The result showed
that there is a linear relationship between the radius of wetted front on soil surface and logarithm of time
for the two kinds of sleeves. The time when soil surface starts to be wetted is unrelated to the sleeve
length. The radius and depth of wetted front in soils are increased with increasing sleeve length for both
kinds of sleeves and a power function with time is exhibited. For the radius and depth of wetted front

their power indexes are 0.38 and 0. 17 in the case of PVC sleeves. For PP sleeves the power index of
wetted front radius is 0. 40 the index of wetted front depth however is decreased with increasing
depth and a linear relationship remains between the index and sleeve length. Further prediction mo—

dels were built for determining the maximum radius of wetted front on soil surface and the deepest
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depth of wetted front in soil from a known radius of wetted front on soil surface at a time instance. It

was confirmed the accuracy of the models is satisfactory. The results can be useful for designing sleeves

and determining space and width of ridge in a farm field.
Key words: bubbled—root irrigation; wetted body; pervious sleeves; model; power exponent
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1
Tab.1 Parameters of sleeve tube for bubbleroot irrigation emitters

d,/mm hy, /mm r;/em r,/cm I/em N, 0\
PVC 5 2 4.0 4.4 10 15 20 25 30 10 15 20 25 30 20%
PP 0. 005 10 4.0 5.0 10 15 20 25 30 10 15 20 25 30 —

1.3
10 15 20 25 30 c¢m
5 3 25
1.35 g/cm’ 20
5em 1 20 i
10k —10cm
7.0% S0 —iS cm
5k —20cm
——25cm
24 h 0 100 t?r(r)l(i)n 300 400
(a) PVCHRER i B
20
15
5 em 1 £
o 0 —10cm
. : “oem
) ) ._25 cm
0 100 t200 300 400
(b) PPHRE R e
2
Fig.2 Wetted front on soil surface at different sleeve
2 lengths
3
R =alni-b (1)
'R, cm, t
2.1
min; a b
10 em (1) 2
2
(10 15 20 25 cm) 2 a b
pPVC 49 48 49 49 min PP
58 58 59 57 min 2. 1.35 g/em’ 7.0%
(R) RSl =9.745In t —-34. 883 R’ =0.985 (2)
R, =7.235In 1 -28.287 R*=0.987 (3)
: ‘R, R, pvC PP

cm.
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Tab.2 Relationship between radius of wetted front on soil surface and time at different
lengths of PVC sleeves
/em PVC R PP R
10 R, =9.70ln ¢t -34. 145 0.987 R, =7.01ln ¢ -27.037 0. 996
15 R, =9.54In ¢t -34. 180 0.991 R, =7.26In ¢ —28. 560 0.978
20 R, =9.96In ¢ -36. 515 0. 995 R, =7.17Int -28. 067 0.993
25 R, =9.78Int-34. 694 0.989 R, =7.01ln ¢ -27.037 0. 996
2.2
3
3 PVC
Tab.3 Relationship between depth of wetted front and
time at different lengths of PVC sleeve
l/em R? R?
’ 10 R, =3.19"%*  0.988 R, =19.21:"" 0.991
2.2.1 PVC = &iREARS R X £ 15 R, =3.39"% 0,999 R =20.75"7  0.991
3 PVC 20 R, =3.74"%  0.998 R, =23.88:"" 0.988
R 25 R, =3.95"%  0.999 R, =27.08:"" 0.987
R . 3
2 3 A, B,
PVC 1.35 g/
’ em’ 7%
401
301 R,C1 =(0.052 6/ +2.647) ** R*=0.988 (6)
£
<2 — loem R, =(0.534 8/+13.371) """ R*=0.978. (7)
—15cm
10f —20cm 2.2.2 PPA% = &iRiEKS B8 X &
0 100 200 300 400 4 PP
t/min
(a) ATk B 4
80
60-/
S, 40_////
< —10cm .
20t “oem
——25cm 257
0 100 200 300 400 20k
t/min
(b) I L £ 15¢
=" 10k —10cm
3 PVC —15cm
Fig.3 Wetted front position at different lengths i —20cm
——25cm
of PVC sleeve L L \ )
0 100 200 300 400
t/min
() /KT B
s0r
400
(4) =(5). 530_//
_ 0.38 =
Rxl =Ayt ( 4) = 20-//‘/_'/;—’_’1‘0(0m
—15
R, =B,"" (5) 10f —20em
) ) ._25 cm
‘R, PVC 0 100 200 300 400
/min
em; R, PVC cm; A, B, (b) 4 P
4 PP
(4) -(3) 3 pPVC Fig.4 Wetted front position at different lengths of PP sleeve
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Ry, +34. sss) ] 0.38

R, =(0.052 61 +2.647) [e(w

_ (13)
( 8) (9) * Ry, +34.883 0.17
R, =A% (8) R, =(0.534 8/ +13.371) [e( 9745 )]
R, =By (9) (14)
‘R, PP M 2.3.2 PP ARAHHR AR AR TR AL R
R, PP cm; A, B, C, (3)
) PP
(8) -(9) 4 PP (3)
RSZ+28.287
4 . t, :e( 7.235 ) (15)
(15)
4 PP PVC
Tab.4 Relationship between depth of wetted front and
time at different lengths of PP sleeve (10) (11)
l/em R? R?
10 R =1.55"%  0.998 R, =8.45"% 0.971 Ry, +28.287Y 7 0.40
15 R =2.010% 0,99 R =11.18°7 0,989 R, =(0.064 0/ +0. 960) [e( 7.235 )]
20 R, =2.21:"%  0.999 R =15.78" 0.994 (16)
25 R, =2.55"%  0.997 R, =20.68:"" 0.981
Ry, +28.287Y 1 (0.243 -0.004 6/)
R. =(0.825 8/ -0.429) [e( T )]
4 A, B, ’
c, (17)
PP 1.35 g/cm’ 2.4
7.0% pvC PP 30 cm
(13) (14) (16) (17)
R, =(0.064 01 +0.960) " R*=0.978 (10) (M) (M,) ()
R, =(0.8258[-0.429) {** %% R* =0, 985 36 :
(11) 5 PVC
Tab.5 Error in size of wetted body between predicted
2.3 and measured values for PVC sleeve
M, /cm M, /em 8/ %
« t/min
Rsl R"l Rzl Rxl Rll R"l Rzl
10 0 10.2 42.4 - - - =
20 0 13.3 45.8 - - - =
30 0 151 48.7 - - - =
40 0 16.7 50.5 - — - —
50 2.3 18.7 52.3 18.0 56.3 3.4 1.6
- I 60 5.4 20.2 54.6  20.3 59.3 0.4 8.8
2.3.1 PVC ##HR E RS AL TR AL A %0 83 233 573 w8 05 21 ol
(2) 100 10.1 24.7 59.4 244 644 L1 8.6
PVC 120 1.9 26.6 62.8 26.2 66.6 1.5 6.0
150 140 28.7 649 285 69.1 0.8 6.4
(2) 180 15.8 30.2 67.6 30.5 71.2 0.9 5.3
Ry, +34. 883 210 17.4 322 69.2 324 732 0.6 5.8
t51_e( e ) (12) 240 18.7 33.9 72.9  34.2 75.0 .o 2.8
(12) 300 20.2 36.3 74.4  36.2 76.9 0.3 3.4
) PVC 360 22,3 38.7 76.9  39.3 79.8 1.6 3.8
1.2 6.1
(6) —(7)
5 (13) - (14) PVC
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Rxl 3.4%
0.4% 1.2%;, RZI
9.1% 2.8% 3
6. 1% .
PVC 4.4 cm 1)
10 15 20 25 c¢m
4.4 cm 30 cm ;
6 PP
Tab.6 Error in size of wetted body between predicted 2)
and measured values for PP sleeve .
M, /cm M, /em 8/%
t/min
R, R, R, R, R, R, R,
10 0 5.0 33.1 — — — —
20 0 86 341 — — - = 3) PP
30 0 10.1 35.3 — — — —
40 0 10.7 36.3 — — — —
50 0 124 3.1 — — - —
60 1.7 13.8 38.6 15.1 37.6 9.2 2.6 PVC
80 3.0 14.9 39.8 16.2 38.3 8.6 3.7 4)
100 4.7 16.7 41.3 17.8 39.3 6.8 4.9
120 6.2 18.5 42.7 19.4 40.2 5.0 6.0
150 7.2 20.0 43.6 20.5 40.8 2.7 6.5
180 9.0 21.8 44.6 22.6 41.8 3.5 6.2
210 9.8 22.7 45.3 23.6 42.3 3.8 6.7
240 10.8 24.3 46.0 251 43.0 29 6.6 ( References)
300 12.9 26.8 46.9 28.1 44.3 4.7 5.5
14. . 47. . 45.4 141
360 6 30.0 47.3 0.9 4 z 0 52 1 Mubarak I Mailhol J] C Angulo —J R et al. Temporal
variability in soil hydraulic properties under drip irriga—
6 (16) - (17) pp tion J . Geoderma 2009 150(1/2):158 - 165.
sz 9.2% 2 Bhatnagar P R Chauhan H S. Soil water movement un—
2.7% 5.0%: R der a single surface trickle source J . Agricultural Wa—
£
6.7% 2.6% ter Management 2008 95(7) : 799 -808.
5.29% 3 Cote C M Bristow K L Charlesworth P B et al. Analysis
' of soil wetting and solute transport in subsurface trickle
PP 5.0 cm o o )
irrigation J . Irrigation Science 2003 22(3/4): 143
10 15 20 25 ¢m
- 156.
5.0 cm 30 em 4 Patel N Rajput T B S. Dynamics and modeling of soil
water under subsurface drip irrigated onion J . Agricul-
56 .5 RZl tural Water Management 2008 95( 12) : 1335 — 1349.
6 R, 5 .
J. 2008 24(10) : 11 - 14.
Liang Haijun Liu Zuoxin Wang Zhenying et al. Nu-
merical simulation of soil water movement under infiltra—
5 R tion irrigation J . Transactions of the CSAE 2008 24
i (10) : 11 = 14. (in Chinese)
PP 6 )
6 R, : J . 2010 26(1):24

-30.
(T#% 828 W)
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