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Effect of Clay and Sand Grades on Single-line Interference Infiltration
Characteristics of Muddy Water Film Hole Irrigation

Fei Liangjun Wang Jinhui
(Institute of Water Resources and Hydro-electric Engineering, Xi’ an University of Technology, Xi’ an 710048, China)

Abstract: Through indoor single-line interference infiltration of clean water film hole irrigation and four
different clay and sand grades of single-line interference infiltration of muddy water film hole irrigation
tests under the same condition, the influence of single-line interference infiltration characteristics of
muddy water film hole irrigation under different clay and sand grades was studied, the relationships
between single-line interference infiltration of muddy water film hole infiltration volume, single-line
interference time, wetting front movement distance and different clay and sand grades were established,
the cumulative infiltration volume model and free surface and interference surface wetting front movement
distance models for single-line interference infiltration of muddy water film hole per unit area under
different clay and sand grades were put forward, and the infiltration reduction feature and influent law of
single-line interference infiltration of muddy water film hole irrigation with different clay and sand grades
under the relatively same condition of clean water single-line interference infiltration of film hole irrigation
were revealed. The results showed that the single-line interference infiltration of muddy water film hole
infiltration per unit area of the cumulative infiltration volume was gradually decreased with the increase of
physical clay content d,, ,, ( particle content with diameters less than 0. 01 mm) , the infiltration coefficient
K was decreased with the increase of d,,, , and infiltration index a was increased with the increase of
d, ;- In the same infiltration time, the vertical and horizontal wetting front movement distances for free
surface and interference surface were gradually decreased and the infiltration reduction rate were gradually

increased with the increase of physical clay content d , .
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Fig.1 Device for single-line interference infiltration
of muddy water film hole irrigation
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Tab.1 Four different grades of clay and sand %

PR VK Y Vb Fh 2
d/mm A B C D
0 ~0.001 0. 90 0.70 0. 62 1. 11
0.001 ~0. 002 3.06 3.97 4.77 4.66
0. 002 ~ 0. 005 7.43 9.49 11.90 11.57
0. 005 ~0. 01 8.87 10.90 14. 46 19. 89
0.01 ~0.025 38.96 33.75 34.59 34.72
0. 025 ~0. 05 15. 44 29. 45 23.71 17.26
0.05 ~0. 1 12.77 8.88 6.47 7.06
0.1~0.25 10.33 2.01 2.13 1. 46
0.25 ~0.5 1.40 0. 40 0.73 1.17
0.5~1 0. 83 0. 45 0. 63 1.10
dy o 20.26 25.06 31.75 37.23
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Fig.2 Cumulative infiltration volumes per unit film
hole area of different clay and sand grades
Hh B R R A B LB AR R
L3 M, T K AL B 1] S B B R AL T
HABAB A Kostiakov BIRL ™
I = K:* (1)
A 18K R L B ) 520 A8 AL L T
HEBRAB &, cm
K—— A% Z# %L, cm/min
a—— A B
t—— A B} E] , min
XA 2 Hp s 7K AL B ) S A 4 A [+
e Vb RL E ZH A 1 7 BB AL T B i) ST 8 A AL
T AR R AR 10 S a1 (D) AT S
MEER L& 2,

2 BUBRIERERANESEREGSH
Tab.2 Fitting parameters of cumulative infiltration

volume per unit film hole area

VEIK T dy o1 /% K/ . o
[UEN (em-min ")

Kk 0 0.259 6 0.8672 0. 996 4

20. 26 0.2372 0.874 8 0.999 8

B 25.06 0.2089 0.8873 0.9918

C 31.75 0.1638 0.906 0 0.9826

D 37.23 0.116 3 0.938 6 0.9970
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X K—AFJRPHELRI AL REL, cm/min
o, — AN [F] PR V0L B2 4H Y A5 48 2L

K,—— /KA B R %, em/min

a,—H KA BT

K,/Ky—— X} A& R

o,/ ay——HHXT A B 5 5L

PA R g R RPEE 0.99 LU LW K, a,

5 dy o WA RYEIR G o #4520 (4) (S RAL (1) 7]
DAAS B AN [7] 6 V0 Ar B 21 B 1 ¥4 7K B L B 1) 580 A
BHRALEALTE AR RS R AL

T=K, (1 =10 7 d om0y oot #2010 it
2.2 HICHETHMRE

& 3 Ry AN ] U v B 21 B A% 1 T V4R 7K RS FLEE

] SV A R A AL ], ] DU 7 HA 2%
P — 2 MG DL T, V4 K B AL E B ) 580 A B R A58
T B4 Bs) ] i 5 0 B R R B R o, ) G R T S R
X AR A — 8 B 0T, 0 3 A A
i dy o R EALAE KR iz g g, &
S I AL BRI o 228 3 B B, YA KRR AL B o) 2831
ANBWAZILIE] T 5 d, o 156 R4 G T8 BOR AL

T=6.5939¢" %0 (R*=0.9870) (6)
A T—— 3K BEAL B ) 3290 A8 & A A8 R I

[E] , min

HAG P ZB R KT 0,98, BE L& 45 AR

20 ZIS J 3.0/0/ 3.5 4;)
B3 2T A d, o B R R Z

Fig.3 Relation curve of interference time and d, ,,
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Fig.4 Vertical wetting front movement distance curves

for free surface
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Tab.3 Fitting parameters of vertical wetting front

movement distance and infiltration time for free surface

EARRD T do o /% E F R®
7K 0 2.046 0 0.2655 0.9805
A 20. 26 1.696 6 0.290 8 0.999 7
B 25.06 1. 466 9 0.3079 0.9854
C 31.75 1.2470 0.3314 0.9953
D 37.23 1.146 8 0.3339 0.998 0
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Fig.5 Horizontal wetting front movement distance
curves for free surface
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Tab.4 Fitting parameters of horizontal wetting front

movement distance and infiltration time for free surface

VKPR do o /% G H R?
K 0 1.4553 0.2381 0.9889
A 20. 26 1.2711 0.256 1 0.9999
B 25. 06 1.0257 0.2912 0.978 7
C 31.75 0.8534 0.308 4 0.9928
D 37.23 0. 646 6 0.3371 0.9907

B H E BB RHESR T 0,97, 30 W % A5 0 RE AR 4
b 85 34 V% KRR ALE B 1) S0 B B H T K P
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Fig.6 Vertical wetting front movement distance

curves for interference surface
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Fig.7 Horizontal wetting front movement distance

curves for interference surface
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Tab.5 Fitting parameters of vertical and horizontal wetting front movement distances and

infiltration time for interference surface

3 L5 1)

I 5 1)

VKWL doo/% m v R? m T R?
K 0 1.6806 0.3101 0.9950 0.5851 0.493 6 0.9824
A 20. 26 1.473 1 0.3308 0.996 8 0.509 4 0.5137 0.988 0
B 25.06 1.2890 0.3484 0.997 8 0.4473 0.5334 0.9889
C 31.75 1.147 3 0.3574 0.993 6 0.3512 0.566 0 0.978 3
D 37.23 0.996 3 0.373 4 0.998 0 0.2749 0.5935 0.994 3
M./My, =1 -4.6x10 *dyq”" (R =0.9613) Moy, Ny, My, Ny —5 7K JEEFLIE B 1] 32390 A
(20) 1B A8 T 7 ) R K
N,/N, =1+4x10"*d; " (R*=0.9477) R A RITATER Seg s 4 TR
(21) S8

IR T
My /My, =1 =107 55"
N,/Noy =1 +2x10 dy "
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AL T e 7 ) A K CP
J5 10 W s B MR B =
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T T 160 R K- 1 4004 45 R 10 e R B R
FEMEARAE 0. 94 UL Uil M, N, 5 dy o FIRPEAR
U o BEE A RACA K (I7) AT i) AT 21 % K i
FLVE AL i) S A8 3 v 3 LMK P T i 3 0 ¢ i
P B B 55 A B I (] L2 73 35 Sy

S, =My, (1 =46 x 1074 dy 528 ) (4 — )N wd 210 ™
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Tab. 6 Infiltration reduction feature for single-line
interference infiltration of muddy water film hole

irrigation under different clay and sand grades

FKRIFEE  dy /% 254 min i BRABE/cm HBE /%

ok 0 31.20 0

A 20.26 30. 12 3.46
B 25.06 28. 43 8.88
C 31.75 24.72 20.76
D 37.23 21.03 32.61

R T BN [R) Y VD E A i ¥ K L B )
SEALAAB AR AR ] 25 4 5 18 K AL RE Bl 580 A8
0 R, SLs R TN

n=1,-1,)/I, x100% (24)
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