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Estimation of micro-irrigation water application uniformity
based on sample emitter flow variation
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Abstract; The field estimation of water application uniformity is the major way to assess the hydraulic
design, operation and management and the equipment quality of the micro-irrigation system. The tradi-
tional emitter flow variation using the maximum, minimum and average emitter discharge is only used
as the hydraulic design uniformity criterion, which could not be used to evaluate the field water appli-
cation of micro-irrigation systems. The sample emitter flow variation was defined to evaluate the field
water application uniformity. The relationships between the sample emitter flow variation and the other
traditional indexes of water application uniformity were developed based on the assumption that the
emitter flow of the field micro-irrigation systems obeys the normal distribution. The related formulations
of sample errors were derived. The sample size and grouping number were also proposed. The criteria
of sample emitter flow variation under different sample grouping number were proposed by comparison

with those of the ASABE and GB standards. The estimation procedure of sample emitter flow variation
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was then proposed to assess the field water application uniformity. The application case indicates that

the new method is easily adaptable and reliable for estimating the field water application uniformity.

Key words: micro-irrigation ; water application uniformity ;sample emitter flow variation;

estimate method
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Fig. 1

Diagram of standard normal distribution curve (x is an
arbitrary real number, i (x) is standard normal proba-
bility density function)
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Tab.1 Values of f, corresponding to sample number m
2 _
2 3 4 5 6 7 8 9 10 11 12 13 14 15 16 17 18 19 20
fo 0.8 1.09 1.27 1.40 1.50 1.58 1.65 1.70 1.75 1.80 1.84 1.87 1.91 1.94 1.97 1.99 202 2.04 2.06
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Tab.2 Sample time of case s

e 1 2 3 4 5 6 7 8 9 10 11 12 13 14 15 16 17 18
JFIAREARE 89 104 92 9% 100 99 97 107 100 94 98 102 110 93 103 108 91 87
MORENMEF 110 108 107 104 103 102 100 100 99 98 97 96 94 93 92 91 89 87
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Tab.3 Calculation results of water application
uniformity coefficient of case

o FEASY AL m
HXSH
3 6 9 18
n 9 6 3 2 1
ty/s 933 634 325 218 110
ty/s 837 546 267 176 87
qy 0. 897 0. 861 0. 822 0. 807 0.791
CV,] 0. 068 0. 068 0. 065 0. 063 0. 058
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Tab.4 Estimation error and relative error of the sample
emitter flow variation of the case

m

=

2 3 6 9 18
Aq.r, 0.034  0.044  0.055  0.05  0.063
Aquy 0.035  0.047  0.059  0.063  0.068
o Aqu/q,  3.760  5.150  6.750  7.330  8.020
Aqu/qy  3.900  5.410  7.180  7.850  8.630
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Tab.5 Evaluation criteria of water application uniformity based on sample emitter flow variation
SRR TR A "

E O S 7 8 9 10 11 12 13 14 15 16 1718

Us =0.90 WdT 0.740 0.730 0.720 0.710 0.700 0.700 0.690 0.680 0.680 0.680 0.670 0.670 0.660
;OSO*;];:{' Us =0. 80 RLLF 0.540 0.520 0.500 0.490 0.480 0.470 0.460 0.450 0.450 0.440 0.440 0.430 0.430
bp_asg  Us=0.70 —fi% 0.380 0.360 0.340 0.320 0.310 0.300 0.290 0.280 0.270 0.260 0.260  0.250 0.250

Us =0. 60 RE 0.250 0.230 0.210 0.190 0.180 0.160 0.150 0.140 0.130 0.130 0.120 0.110 0.110

s 4;_312009 CU=0.80 Bk 0.450 0.430 0.420 0.400 0.390 0.380 0.370 0.360 0.350 0.350 0.340 0.330 0.330
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Fig.2 Diagram of sampling emitter distribution on field
micro-irrigation unit( N =18)
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Fig.3 Results of evaluating water application
uniformity by graphical method
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Tab.6 Results of evaluating water application uniformity
based on proposed approach

LIES4 A1 &2
m 6 3
n 3
— 325 634
LoninS 267 546
4 0.20 0.15
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