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Design and Experiment of Variable Rate Sprinkler Irrigation
Based on Flow Control Valve
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Abstract: Aiming at the problem that the current sprinkler flow control is not fine enough, the precise
variable adjustment of the irrigation flow of the Senninger i — Wob2 sprinkler was realized by installing a
V-type flow control valve in front of the sprinkler as an actuator. Through the hydraulic performance test
of the valve body, the mathematical relationship between the pressure before the valve, the opening of the
valve body and the flow of the nozzle was established. According to the mathematical relationship, the
overall structure of the variable irrigation control was designed, and the specific operation steps of the
control structure were clarified, so as to realize the precise adjustment of the irrigation flow. The results
showed that the flow calculation formula and the calculation method of the corresponding parameters were
established, and the characteristic flow coefficient K, of the mathematical model of pressure-opening-flow
was 20. 40, the pressure prediction coefficient K, after the valve was 0.97, and the flow prediction
coefficient K, was 7. 08 through the hydraulic performance test data of the valve body. The range and flow
rate of the nozzle changed obviously with the valve opening before the opening of 60% . However, after
the opening was 60% , the range and flow rate changed with the valve opening was getting smaller and
smaller; the steady-state relative deviation of the flow regulation of the control valve did not exceed
6.67% , the adjustment time did not exceed 42 s, and the measurement accuracy was above 96% . The
research result realized the accurate regulation and control of sprinkler irrigation flow through the flow
control valve, and provided strong data support for the application of flow control valve in variable
irrigation.

Key words: flow control valve; hydraulic performance; irrigation flow; automatic adjustment test
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Tab.1 Flow measurement effect verification test
factors and levels
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Tab.2 Calculation result of characteristic flow coefficient
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TS

P,/MPa  P,/MPa AP, /MPa (.-  ZHEK,
1 0.072 0.070 0. 002 0.93 20.76
2 0.092 0. 089 0. 003 1.05 19.13
0.112 0. 109 0.003 1.15 21.02
4 0.132 0. 128 0. 004 1.25 19. 83
5 0. 152 0. 148 0. 004 1.35 21.27
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Tab.3 Loss ratio coefficient under different relative

opening and valve pressures

A X R/ 1& 7] J& 77/ MPa
% 0.08 0.10 0.12 0.14 0.16
0 0.025 0. 030 0.025 0.029 0.025
20 0. 034 0. 043 0. 037 0. 042 0. 037
40 0. 067 0. 081 0.071 0. 087 0.077
60 0.133 0. 167 0. 150 0. 190 0.174
80 0. 167 0.231 0.231 0.286 0.267
100 0. 200 0.273 0.273 0.333 0.333
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Tab.4 Valve body loss coefficient under different relative

A

opening and valve pressures h’/m’
AHXT T W& i [ /3 / MPa
JE/ % 0.08 0.10 0.12 0.14 0.16 T
20 0. 656 0.654 0.671 0.686  0.711 0.676
40 0.120 0. 131 0.127 0.120 0.118 0.123
60 0.031 0.035 0.035 0.033 0.033 0.033
80 0.018 0.017 0.014 0.014 0.014 0.015
100 0.008 0.010  0.008 0.009  0.008 0. 009
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Tab.5 Spray range of single injection nozzle under different opening adjustment

RS/ MPa
AAXE IR/
o 0. 08 0.10 0.12 0.14 0.16
SiE2/m WJRIEII/MPa S1A2/m )RR /MPa A2 /m ()R RS /MPa S /m )5 RS/ MPa SR /m )5 K S)/MPa
20 6.21 0. 022 6.52 0. 030 6.74 0.038 6. 86 0. 045 7.03 0.053
40 6.92 0. 050 7.42 0. 063 7.45 0.078 7.89 0.094 7.95 0.108
60 7.41 0. 065 7.46 0. 082 7.95 0. 100 8.34 0.119 8.37 0. 137
80 7.43 0. 068 7.84 0. 087 8.00 0. 107 8.38 0.126 8.40 0. 145
100 7.45 0.070 7.87 0. 089 8.03 0.109 8.41 0.128 8.43 0. 148
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Tab.6 Evaluation form of adjustment effect

P/MPa  ¢qo/(m’-h™') ¢/(m*-h7") t/s e/ %
0. 60 0.64 12 6. 67
0.08 0.72 0.75 17 4.17
0.84 0.83 19 1.19
0.72 0.76 13 5.56
0. 10 0.84 0.85 14 1.19
0.96 0.95 21 1.04
0.84 0.88 12 4.76
0.96 0.96 17 0
012 1.08 1.07 22 0.93
115 1.15 Iy 0
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Tab.7 Flow measurement performance evaluation result

P:(l—‘

) x 100% (12)

of regulating valve under each working condition

(SN:IPESPA VA PO B ¥4 A i i

SCBR i/

MPa % (m*-h"")y  (m’h') E/%
20 0. 54 0.55 98.15
40 0.81 0.79 97.53
0.08 60 0.90 0. 89 98.89
80 0.92 0.93 98.91
100 0.93 0.95 97.85
20 0.61 0. 62 98.36
40 0. 89 0.9 98.88
0.10 60 1.01 1.00 99.01
80 1.03 1.05 98. 06
100 1.05 1.07 98. 10
20 0. 66 0. 68 96.97
40 0.98 0. 99 98.98
0.12 60 111 111 100
80 1. 14 1.16 98.25
100 1.15 1.19 96. 52
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