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Simultaneous Optimization of Layout and Pipe Diameter for
Pumping Micro-irrigation Pipe Network System

MA Penghui LIU Hansheng HU Yajin
(College of Water Resources and Architectural Engineering, Northwest A&F University, Yangling, Shaanxi 712100, China)

Abstract: The problem of selecting the best pattern of layout and pipe diameter of each pipe in the micro-
irrigation pipe network system has long been given considerable attention by engineers and obtained
numerous research results. Micro-irrigation pipe network system is composed of rotational irrigation
network (manifold and lateral) and continuous irrigation network ( main and submain pipe). Previous
studies did not treat micro-irrigation pipe network system as an integral and can not realize the
simultaneous optimization of layout and pipe diameter combination. In addition, research results can not
be applied to the optimization of pumping micro-irrigation pipe network system for large irrigation area.
The optimization method of pumping micro-irrigation pipe network system was proposed. The
mathematical models of rotational irrigation network and continuous irrigation network were established.
The best control area, layout and pipe diameter of rotational and continuous irrigation network can be
obtained simultaneously by solving the mathematical model with dual coding genetic algorithm.
Commercial pipe diameters can be obtained through the optimization without adjustment. Examples
showed that the algorithm was of good convergence and high precision on optimization problem of pumping
micro-irrigation pipe network system. Compared with the traditional design scheme, the annual total cost
per unit irrigated area of optimized design scheme for rotational irrigation network was reduced by
14.85% ~35.59% , and the annual total cost per unit irrigated area of optimized design scheme for
continuous irrigation network was reduced by 4. 12% ~12.99% . The simultaneous optimization method
of layout and pipe diameter can be applied to the optimal design of pumping micro-irrigation pipe network
system on uniformly sloping fields which with sufficient water source. The research result had important
theoretical value and practical significance in the optimization of pumping micro-irrigation pipe network
system for large irrigation area.
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Fig. 1 Schematic of pumping micro-irrigation pipe

network system
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Fig.2  Optimization layout results of continuous irrigation network
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Tab.4 Optimization design results of continuous irrigation network

B KEE/ i S/ W/ RS HE K/ i fk/ SR/ WH/ R A

% m (m*-h~") mm (m-s™')  K&k/m %' m (m’-h™") mm (mes™")  7Kk/m
1 50. 00 122.43 200 1. 09 27.12 33 190. 00 17.49 75 1.21 21.13
2 41.25 104. 94 200 1.02 27.12 34 190. 00 17. 49 75 1.21 16.49
3 41.25 87.45 160 1.33 26.90 35 190. 00 17. 49 75 1.21 11. 86
4 41.25 69. 96 160 1. 06 26. 81 36 95. 00 17. 49 90 0. 84 26.43
5 41.25 52.47 160 0. 80 26. 85 37 190. 00 17. 49 90 0. 84 25.03
6 41.25 34.98 125 0.87 26.78 38 190. 00 17.49 75 1.21 21.16
7 41.25 17.49 110 0.56 26. 83 39 190. 00 17.49 63 1.71 11.82
8 95. 00 17. 49 90 0. 84 26. 05 40 95. 00 17. 49 75 1.21 25.19
9 190. 00 17. 49 75 1.21 21.41 41 190. 00 17. 49 75 1.21 21.32
10 190. 00 17. 49 75 1.21 16.78 42 190. 00 17.49 75 1.21 17.45
11 190. 00 17.49 75 1.21 12. 15 43 190. 00 17.49 75 1.21 13.57
12 95.00 17.49 90 0. 84 26. 05 44 95.00 17.49 75 1.21 24.96
13 190. 00 17. 49 75 1.21 21.42 45 190. 00 17.49 75 1.21 21.09
14 190. 00 17.49 75 1.21 16.78 46 190. 00 17. 49 75 1.21 17.22
15 190. 00 17.49 75 1.21 12.15 47 190. 00 17. 49 75 1.21 13.35
16 95. 00 17. 49 90 0.84 25.82 48 95. 00 17. 49 75 1.21 24.88
17 190. 00 17. 49 75 1.21 21.19 49 190. 00 17.49 75 1.21 21.01
18 190. 00 17. 49 75 1.21 16. 56 50 190. 00 17.49 75 1.21 17. 14
19 190. 00 17.49 75 1.21 11.93 51 190. 00 17.49 75 1.21 13.26
20 95.00 17.49 90 0.84 25.74 52 95.00 17.49 90 0. 84 26. 15
21 190. 00 17. 49 75 1.21 21.11 53 190. 00 17. 49 90 0. 84 24.76
22 190. 00 17. 49 75 1.21 16. 47 54 190. 00 17. 49 75 1.21 20. 88
23 190. 00 17. 49 75 1.21 11.84 55 190. 00 17. 49 63 1.27 11.54
24 95. 00 17. 49 90 0. 84 25.77 56 95. 00 17. 49 75 1.21 24. 84
25 190. 00 17. 49 75 1.21 21. 14 57 190. 00 17.49 75 1.21 20.97
26 190. 00 17. 49 75 1.21 16.51 58 190. 00 17.49 75 1.21 17. 10
27 190. 00 17.49 75 1.21 11.87 59 190. 00 17.49 75 1.21 13.23
28 95. 00 17. 49 90 0.84 25.70 60 95. 00 17. 49 90 0.84 26. 14
29 190. 00 17. 49 75 1.21 21.07 61 190. 00 17. 49 90 0.84 24.74
30 190. 00 17.49 75 1.21 16. 44 62 190. 00 17.49 75 1.21 20. 87
31 190. 00 17.49 75 1.21 11. 80 63 190. 00 17.49 63 1.27 11.53
32 95.00 17.49 90 0.84 25.76

TE G55 T W s 5 M

T2/ T 3% HESR A F] 46% ,FXH 22 /NT 5% HIAK DA 7 ) e v 4

FIKE] 97% /T 10% (AR F] 100% , v BRI SLPE
RERSUE , TR BE A g, mT DA e S A = 2K

%S5 SRERTEERSREBANGE SRR
Tab.5 Occurrence number of relative deviation between

calculation results and optimal solution of continuous

irrigation network

X i 22/ % H B A X i 22/ % H B
<1 2 <5 97
<2 11 <10 100
<3 46 >10 0

4.4 S5EFEEITHFRAIL
FEAL G, KR e R 1 0 2 AR I B 4
] T B AR R 2 56 W, AN R FE T I A R

MG X EERMA G A
WIASEL 5 R 5.7 10, SR (HME) 43 5 I 63
75.90 mm , #1745 g it R H 25 R SRR LA ik
A5 R PEATRELE

T BE SRR H X6 5 RED
Tl R 175 0 6 5%, 249 K 16 mm , ke 4% ol 75 408 T 2046 T R
AR B A T AR AR, 1 Ak PR 1 R R A 0 A 2R T
AN BEAN [ 43 (B T FRUAR 9% O o7 1o FRAR 52
RS A AR ) B Z R R
Bt I R S5RGBT T BER X LR 6,

SeiE s NI T R SRR T BET R
XFH LR 7,

R MBIt T R SR T B,
AL B 43 i B T BUAE B I RE IR T 14.85% ~
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Tab.6 Comparison of results between optimized and traditional design schemes of rotational irrigation network
HEN SIS RIA SIS -
X AL T AR AT AR AT AR AL T AR AL TR AR B AL T R ﬁ%{&%/
B/ T/ ARGt/ ELH/ ESCE Y EG) e/ FELH/ %
mm (Je+hm~?+a”™') (GGrhm?-a™') (O-hm?ea”!)  (Gichm?ea”!)  (GGchm?ea™!) (OEchmPea™!)
63 75. 60 113. 47 189. 07 68. 52 92.48 161. 00 14. 85
75 90. 63 113.76 204. 39 68.52 92.48 161. 00 21.23
90 136. 67 113.29 249.96 68.52 92.48 161. 00 35.59
RT SEEMAURAAREERETHFRERNL
Tab.7 Comparison of results between optimized and traditional design schemes of continuous irrigation network
N SIS A BLTTJ7 % -
A EEDATIEA EEDATTEA EEDATTE A L E DA EEDATTEA EE AT -
g Ties  BERVERN EF/ B/ BRI, DI B/ f/{i
R/
mm  (JG-hm?ea™) (Geehm?ea™) (GGehm?ea™!) (Geehm?ea™!) (GGehm?ea™!) (OGchmeah)
63 440.33 336.43 776.76 470. 38 274.35 744.73 4.12
FET I 5 ADRHEE M 75 536.95 285.18 822.13 470. 38 274.35 744.73 9.41
90 540. 17 284.05 824.22 470. 38 274.35 744.73 9. 64
63 461. 03 327.83 788. 86 470. 38 274.35 744.73 5.59
TE BT ARUEEN 75 550. 80 286. 48 837.28 470. 38 274.35 744.73 11.05
90 547.51 280. 43 827.94 470. 38 274.35 744.73 10. 05
63 498. 17 321. 67 819. 84 470. 38 274.35 744.73 9.16
T4 J5 10 10 AR HEE R 75 568. 49 287. 47 855.96 470. 38 274.35 744.73 12.99
90 575. 47 277.79 853.26 470. 38 274.35 744.73 12.72

35.59% , SEHEAE WAL AL LT J7 S S AR G Bt Oy S48
P, AL T BRAE R AR 1 4. 12% ~12.99% , W4
BRSO

5 it

(1) $2H 7 HLHE O R St Be it o7 ik,
RIS AT e T A I 1 P4, SR 05 LSS TE A I Y A
LERNAER NN E M ARG T A - RIEE N
PR i) 8 ) A A 2 AR HE A M AT A AT

(2) #5717 B M B3 A8 I AR 40 0 A B3 Y 2
SEREL IR T TR R A MR AR T ik B
FEWEAE WAE S — AR, LU T ARLAR B ) B IR
o H bR BR RO L T AR VA O AR T o oK iR
MU EEGEHA B ERAGT R il
R R K 3k o LAREHE A I B A AR 0t &5
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