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Table 1 Hydraulic parameters of sprinklers and spacing
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Sprinkler .. Pressure Radius .
Number type diameter head Rim Cy/  Spacing
e e el
d/mm »IMPa (m>h™) OtE"Y  a/m
1 10PXH 4 0.25 0.96 10.5 88 10
2 15PY 5x3 0.30 2.16 15.5 120 15

3 20PY  6x3.1 0.40 3.4 19.5 170 20
4 40PY 15 0.40 17.6 29.5 360 40
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Table 2 Initial designs of the system
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Pipe diameter D/mm Sprinklers configuration
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Table 3  Unit prices of the available pipes
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Table 4 Comparison of performances of the system with sprinklers 15PY before and after optimization

I Pipe /K% Pump o R

W2 53 P NN — — e 0 b %2 )

HERESH Qd%.ﬁ 2 Bt Minimal l?ressure Uik ke A Specific energy consumzption
Parameters  Designs Diameter Pressure head difference Flow rate Head Efficiency E./(kW-h-mm™-hm™)

0 3.1 P’
D/mm Hpmin/m h!% O/(m’-h™) H/m n/%
AL T 9x15PY 50 319 22.3 20.7 40.8 54.7 5.918
etk q 12x15PY 65/50 27.2 18.7 25.1 33.1 51.2 5.487

e hpmin AEEARSGWESS TAEE S, by A AR, TAEE B,
M 4 T4, FCE 12x15PY, HAT 11 B
65 mm, )i BN 50 mm i, WSk TAEE
TN 18.7%, SHAVIIGHCE 9x15PY AHLL
REFERRMR T 7.3%. ARALHC & A ) 45 18 5 Sk v R
Jiv KEERES LA 3. FiER LRk,
Sk A R )5 it Ak G R g TAE R i i
FRAG, TR TAE R ) ARSI rP2%, Wiy~

YR BT, MLALEAAPERE L.
3.2 mFEEEARILL

R RENLAL FAAL RERE S 4 3 S A AR R A
VORI 3 ANRRR, I8 4 FiieE Ty A5 2 1 de
SHRALLE R LI 5. K 5 b, S E 7
53R 2 FR TR IC EAT PP AR /N B KRt
FLai R I 4,

x5 MUEREE

Table 5 Comparison of optimization results
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itk 454 Optimization results

RIS SR FERE EHR s WSk i
Sprinkler type Specific energy consumption Annual cost Total cost Number of sprinkler Pipe diameter
Ey/(kW-h-mm™-hm™) Cx/ta hm?) Ciowa/(JG-hm™) n D/mm
10PXH 5.535 784.6 7145.8 24 65/50
15PY 5.487 650.3 6674.6 12 65/50
20PY 5.985 685.1 6284.8 7 65
40PY 5.704 652.8 6748.6 1 65
40
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Fig.3 Comparisons of pressure heads and flow rates of pipeline and sprinklers 15PY respectively before and after optimization for
minimum energy consumption
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Optimization of small-scale sprinkler irrigation systems for different
indicators

Tu Qin?, Li Hong™™, Wang Xinkun?, Cai Bin', Zhuang Jinliang?, Wang Lei’
(1. Research Centre of Fluid Machinery Engineering and Technology, Jiangsu University, Zhenjiang 212013, China;
2. Jiangsu Wangda Sprinkler Company limited, Jintan 213223, China)

Abstract: The optimal design of a sprinkler irrigation system belongs to a class of large combinational
optimization problems. It involves choosing the proper type and number of sprinklers and pipe diameters, and
operating them at rational pressure heads according to the characteristics of pump and motor equipment.
Theoretically, the optimization has rarely been addressed on the small-scale sprinkler irrigation systems compared
to applications of the systems. Based on a survey done in cooperation with the factory, a small-scale sprinkler
machine type 4.4CP-45 that can be equipped with fluidic sprinklers 10PXH, impact sprinklers 15PY, 20PY or
40PY, was taken as an example to investigate the impact of designs on the performances of system laid on a flat
ground so that the characteristics of different designs involved can be summarized. The optimization models were
built with three objective functions considering the resource consumptions per unit area irrigated, specific energy
consumption, annual cost and total cost in a life cycle of the system separately subject to the constraints
considering the pump-pipeline working conditions. The specific energy consumption here refers to the energy
consumption per unit area with unit depth of water applied, and a static depreciation method was applied in the
annual cost, while a dynamic method in the total cost. In the hydraulic calculation a back step method was
introduced, and the optimization models were solved with genetic algorithms. Results show that: comparison of
optimal designs under three objective functions will reflect the advantages and disadvantages of every scheme
involved, which is in accordance with field practices and applications. When the irrigation system is equipped
with one sprinkler typed 40PY, the specific energy consumption is high, and annual cost very low, so it’s suitable
for the irrigation of lands in serious drought or for the field crops. When equipped with 15 sprinklers typed 15PY,
the specific energy consumption of the system under optimal design is 7.3% lower than that before optimization,
8.3% lower than that of the system equipped with sprinklers typed 20PY. All the indicators of the system are low,
and it will show a high irrigation uniformity, but it is labor intensive in moving, thus it’s applicable for profit
crops or young plants. When 7 sprinklers typed 20PY are used, the total cost of the system is at its lowest, 6 284.8
Yuan/hm®, 15.4% lower than that of the initial design, and it is practical for many occasions. In the economical
analyses of the system, the energy consumption fee or operation fee in any scheme constitutes a major part of the
annual cost or the total cost respectively. Therefore, to reduce the energy consumption of irrigation systems
through optimization or introduction of low pressure sprinklers is now an important task.

Key words: optimization, models, sprinkler systems, indicators, energy consumption
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