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Rationality analysis based on a rational design method
of emitter discharge optimization

GUAN Yao'?, HE Xinghong?, LEI Tingwu'*
(1. College of Water Resources and Civil Engineering, China Agricultural University, Beijing 100083, China;

2. College of water Conservation and Architectural Engineering, Tarim University, Alaer 843300, China)

Abstract Aiming at problems of the changes the surface wetting radius (r) and the vertical infiltration depth (h) with
time under single dripper in surface drip irrigation, a indoor soil column method and rational design method were
conducted. The parameters in the power function equation of r, h and infiltration time ( T) were estimated based on
experimental data,and the mutual constraints among these parameters were tested. In the study,a series of infiltration
experiments were conducted with silt loam, including three soil bulk densities (1.3,1.4 and 1.5 g/cm®), and four
dripper discharge (1,2,4 and 8 L/h). The changing processes with time of wetting radius (r) and the vertical infiltration
depth Ch) under single dripper irrigation were recorded. The results showed that: 1) The saturated soil water content
and h decreased with the increasing of the soil bulk density, while the soil bulk density showed little effect on r.2) The
infiltration parameters (A, B) and power exponent (C,D) were estimated and tested by the rational design method,
the mutual constraint conditions were satisfied among the parameters, and the error was small. It indicated that the
changing process of r and h could be calculated based on the power function and the parameters (A, B,C,D).3) For

a given irrigation amount of 2 L, the vertical infiltration depth was relatively deeper when the dripper discharge was

W A . 2018-11-27

HEWH . BEEARB A4 N 2% H (51541908)

B—VEE . B A LU FENFELRE BT KBS . E-mail : guanyaol 206 @163. com
WIERE . TER, B, AR T, B2 4 R o A2 Hb R BF 5T E-mail : leitingwu@ cau. edu. cn



110 bR R R R

2019 4 55 24 &

1 L/h,which could easily resulted in deep percolation. Meanwhile, the duration of one irrigation calculated by rational

design method was relatively longer,and it met the requirements of field rotation irrigation; The surface wetting radius

was relatively larger when the dripper discharge was 8 L/h,resulting in surface water accumulation near the dripper. In

conclusion, the flow rates of 2 and 4 L/h were more suitable for the drip irrigation under silt loam soil condition. This

study indicated that the rational design method could be used as a tool for optimal design of drip irrigation system.

Keywords surface drip irrigation; drip discharge; rational design method; wetting front
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KA 7 h
Water pump

RS
Point source
Water distributor
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= | Soil column

IR AR
Bucket
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Experimental apparatus of soil infiltration

Fig. 1

measurement system
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Experimental design of bulk density and drip discharge for

the wetting surface radius and vertical infiltration depths

b B A/ (g/cm®) ik A/ (L/h Ak B B/ (g/cm’) Sk i/ (L/h)
Treatment Bulk density Drip discharge Treatment Bulk density Drip discharge
T1 1.3 1 T7 1.4 4
T2 1.3 2 T8 1.4 8
T3 1.3 4 T9 1.5 1
T4 1.3 8 T10 1.5 2
TS5 1.4 1 T11 1.5 1
T6 1.4 2 T12 1.5 8
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Fig.3 Vertical infiltration depths as functions of time under different treatments
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Table 2

Infiltration coefficient A,exponent C and correlation coefficient of

the wetted surface radius for different treatments

+HEAE/(g/cm?) SR

i sk i/ / (L/h) Drip discharge

Bulk density Parameter 9 4 3
A 25.813 36.405 44,036 69.047
1.3 C 0. 346 0.321 0. 326 0.293
R? 0. 998 0. 997 0.999 0.995
A 25.951 34.015 45.035 59.621
1.4 C 0.337 0.343 0. 329 0. 324
R* 0.999 0.999 0.990 0.999
A 27.889 35.412 48. 582 67.964
1.5 C 0. 328 0. 324 0. 301 0.295

R? 0.998 0.998 0.999 0.999
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Table 3

Infiltration coefficient B, exponent D and correlation coefficient of

the vertical infiltration depths for different treatments

i Sk i/ / (L/h) Drip discharge

TR E/ (g/cm’) 24
Bulk density Parameter 1 2 4 3
B 22.930 28.573 31.323 34. 301
1.3 D 0.377 0. 387 0.409 0.416
R* 0.998 0.999 0.999 0.999
B 24.166 26. 304 37.020 39. 580
1.4 D 0. 394 0. 396 0. 385 0. 382
R* 0.999 0. 997 0. 998 0.999
B 22.160 22.244 25. 147 33. 898
1.5 D 0.378 0.423 0.426 0.413
R? 0.997 0.998 0.999 0.999
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