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Assessment of Influence of Off-design Conditions on Uniformity of

Sprinkler Irrigation of Center-pivot Irrigation System

Li Lianhao'? Li Guangyong' Qiao Xiaodong’ Jin Ligiang®
(1. College of Water Resources and Civil Engineering, China Agricultural University, Beijing 100083, China
2. College of Engineering, Heilongjiang Bayi Agricultural University, Daging 163319, China 3. Chinese Academy of
Agricultural Mechanization Sciences, Beijing 100083, China 4. Eastern Water Saving Co., Ltd., Suihua 152000, China)

Abstract; Irrigation system with center-pivot sprinkling system is considered as a system with the highest
degree of automation so far. The uniformity in field is one of the important indicators to characterize
performance of the center-pivot irrigation system. The off-design working condition was a common
phenomenon in actual operation management. Taking Herman — Hein uniformity coefficient (C,, ) and
distribution uniformity coefficient (D, ) as the evaluation indicators, the influence of off-design working
conditions and configuration on uniformity was analyzed by field test. The results showed that C,, was
reduced by 12.91% , D, was reduced by 6.35% with low pressure sprinkler D3000, and C,, was reduced
by 10.50% , D, was reduced by 2.39% with low pressure sprinkler R3000 when moving speed was changed
from 30% to 100% . When the inlet pressure of the center-pivot irrigation system was reduced from
designed value of 0. 16 MPa to 0. 08 MPa, C,, was reduced by 14.04% , D, was reduced by 15.09% with
D3000, and C,, was reduced by 13.37% , D, was reduced by 15.61% with R3000. When the end water
spray gun was open, C,, was reduced by 10.27% , D, was reduced by 14. 13% with D3000, and C,,
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was reduced by 20. 78% , D, was reduced by 23. 15% with R3000. Without pressure regulator under the

condition of flat ground, when inlet pressures were 0.12, 0.16, 0.20 MPa, C,, values of the center-

pivot irrigation system with D3000 were reduced by 1.23% , 1.82% and 6.51% , D, values were
reduced by 29.61% , 14.87% and 12.52% , and C,, values were reduced by 9.26% , 15.00% and
17.19% , D, values were reduced by 40.05% , 32.45% and 29. 76% with R3000, respectively.

Key words: Center-pivot sprinkler irrigation system Uniformity ~Assessment
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Tab.1 Basic parameters of center-pivot irrigation

system for test
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Tab.2 Uniformity of designed sprinkler irrigation at two moving speeds and two low pressure sprinklers

T A7 3F 3 B2/ % B #B I J)/MPa 5 Sk 2 7Y FE D3R A4 e J)/MPa R Ui AR Cyn/ % Dy/%
1 100 0.16 D3000 0. 103 S A 75.31 67.77
2 30 0.16 D3000 0.103 Sk 88.22 78.27
3 100 0. 16 R3000 0. 103 X% 87.13 76. 90
4 30 0. 16 R3000 0. 103 X% 93.48 79.29
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Tab.3 Uniformity of sprinkler irrigation under different

head pressures
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Tm e HH 15 REE G2 T N Cyop/% Dy/%

M/ % Jy/MPa K1 IRy WiE
MPa
1 100 0.08 D3000 0.103 KM 61.28 52.68
2 100 0.16 D3000 0.103 KM 75.32 67.77
3 100 0.20 D3000 0.103 KM 75.52  70.86
4 100 0.08 R3000 0.103 KM 73.76  62.29
5 100 0.16 R3000 0.103 M 87.13  76.90
6 100 0.20 R3000 0.103 XM 87.36 76.67
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Tab.4 Uniformity of sprinkler irrigation with end

water spray gun open and closed

L b CEEE Bk RO K

Cyu/% Dy/%
FE/% J3/MPa 2R ity 5 Jj/MPa i

1 100 0.16 D3000 0.103 *KH 75.32 67.77
2 100 0.16* D3000 0.103 JFJH 65.05 53.64
3 100 0.16 R3000 0.103 KM 87.13 76.90
4 100 0.16 " R3000 0.103 JJa  66.35 53.75

T o T AR g by 8 A 4 o R ARIE

I E TR FE /mm
S

0 30 60 90 120 150 180 210 240 270
55 R B /m

3 RSB TIT A AF T B K & 3 A
Fig.3 Water distributions under conditions with end

water spray gun open and closed
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Tab.5 Uniformity of sprinkler irrigation without pressure

regulator ( flat ground)

it EaE wisk SRS R

w7 Con/% D y/%
BE/% Ji/MPa T JHATEE WG
1 100 0.12 D3000 & %M 74.09 38.06
2 100 0.16 D3000 J& %M 73.50 52.90
3 100 0.20 D3000 J M 68.81 55.25
4" 100 0.16 D3000 %M 75.32 67.77
5 100 0.12 R3000 &  3eH  77.87 36.95
6 100 0.16 R3000 J&  SGH 7213 44.45
7 100 0.20 R3000 & GH  69.04 47.14
8* 100 0.16 R3000 4 %M 87.13  76.90
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