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Optimization design of drip irrigation network
based on Jaya algorithm

FAN Kai, WANG Yafei, WANG Wene", HU Xiaotao, RAN Danjie, LI Qianxi

(Key Laboratory of Agricultural Soil and Water Engineering in Arid and Semiarid Areas, Ministry of Education, Northwest
A & F University, Yangling 712100, China)

Abstract Aiming at the problems such as many parameters, complex process and large calculation volume
existed in current drip irrigation network design, Jaya algorithm and the optimization method of the lowest
annual cost per unit area are adopted to investigate the factors affecting the project cost including the
depreciation cost of equipment and pipeline as well as the operation and management cost of the irrigation
area. A mathematical model for the optimal design of drip irrigation network with constraints of pipe
diameter, flow rate and pipe pressure is established. Two drip irrigation network systems in a large irrigation
area in Xinjiang are taken as study examples, and the pipe diameter of the network is optimized based on
the Jaya algorithm and the genetic algorithm. The optimization programs of the two algorithms are run
independently for 50 times, and the relative deviation between the optimization results of optimization and
the most optimal result is measured, and the optimization results of the two algorithms are compared. The

optimization results of the two algorithms are compared and analyzed. The results show that: The optimal
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annual costs per unit area of the two systems based on Jaya algorithm are 710. 53 and 791. 62 Yuan/hm?,
which are 16.59% and 21.09% lower than those of the original engineering program, and the investment
saving effect is obvious. The relative deviation between the optimization result based on Jaya algorithm and
the optimal result is not more than 10% indicating that the algorithm has stable convergence performance
and meets the requirements of actual engineering design. The Jaya algorithm can eliminate the process of
adjusting the parameters of the algorithm and its optimization ability is comparable to that of the genetic
algorithm. In conclusion, the optimization design of drip irrigation network based on Jaya algorithm is

superior in terms of cost saving, algorithm stability and computational accuracy, and can be used as an

2025 4F 45 30 %

effective method for single-objective optimization design of drip irrigation network.

Keywords drip irrigation network;

algorithm; genetic algorithm
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Fig. 1 Schematic diagrams of the "comb" type pipe arrangement (a) and the "Feng zi" type pipe arrangement (b)
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Table 1 Drip irrigation network system design parameters
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Design parameters Data Design parameters Data
O T AT IHAE IR /a oo | BRI/ Ch/d) -
Core hub depreciation period Water supply time
B T IH AR R /4 10 Jar B K Sk 5k R AL« o1
Depreciable life of pipe network Localized head loss coefficient '
TR B LA BT/ (OL/kWD T EME ALK R L =0, 464
Investment in pumping stations per unit 3 000 | Head loss coefficient along the course for ) }70' 505
of installed capacity mains and branches /2=0-
5 i B ML A5 1 /KW 15 T8 AR B, om, m=1.77

5 . .

Installed capacity of pumping station Flow indices for mains and branches m,=1.75
28 LA/ (0 /kWh) 0.7 | THE EMEREL L0, b,=4.77
Unit cost of electricity ' Pipe diameter index for mains and branches b,=4.75
IRIAE TARRS ]/ h seg | RLUEARHLAE /(AL em) 80,100,125
Annual operating hours of pumps Filter specifications 150,200,250
Kk 2%/t 0 i 9 4 B/ O T 2.5.2.8.3.2
Water bill Filter unit price 3.8.4.5.5.5
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Table 2 Drip irrigation system pipe network optimization design results
WE RS EREE$i B 1 /mm B /AR AR SR/ (O6 /hm™)
Drip system Piping type  Pipe diameter ~Quantities ~ Annual cost per unit area
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160 3
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System 1 110
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Pipe diameters of 200, ¢160, ¢96, etc. for trunk and branch pipes are in mm.
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Fig. 2 Pipe section layout after optimized design of system 1 (a) and system 2 (b) based on Jaya's algorithm



951 BEPLAE ST Jaya S35 B A R OL AL BETT 221

50 IR A2 17 45 H 5 d5c A0 45 S 1 FE X D 22 7E 45 D
ZIEE N BOR B G L& 3. T Jaya Bk
FENM R G LRR S 2 0010 45 0 A X 22 /N T
3% BYAE R 4350 R 24 % F196 %, /N T 5% HO AR 43

K3 HEMREERRKRE

A 74% F1100% , /N T 10% M #E R 2 100% ,
Ut BH Jaya 389 AE 1% BF 9% 0] A0 b i S 4y, B T
5, ] LA A T A IO Ak e Bk B IR SRR E Y
2R,

e M H AR

Table 3 Number of times the relative deviation occurs within each range of deviation

MRS AR X i 22 / 7% R
Drip system Relative deviation Number of occurrences
<1 6
<3 12
%51 <5 37
System 1 =38 49
<10 50
=10 0
<1 2
<3 43
R4 2 <5 50
System 2 ~8 50
<10 50
=10 0
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