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Fig.1 Schematic diagram of solar sprinkler irrigation system
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Table1 Correspondence between sprinkler working

pressure and solar intensity
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Fig.2 Schematic diagram of solar sprinkler irrigation

system droplets experiment
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Fig.3 Radial distribution of water drop diameter
under different solar intensity
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Fig.4 Radial distribution of droplet average velocity

under different solar intensity
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Fig.5 Kinetic energy distribution of single drop
under different solar intensity

2.2.2 FAZHARKITE 5 e A HLAE

WRAEC (2D THERLREE Sk AN [ PR 2 A ) B A AR
Bhfe. Kl 6 JyKPHREMTE RGEA PG s 2 T
AR RS BEAR F) AT

M1 6 FTLAE Y, o't BB B2 A AR A 6 B AL AR AR 5l
RE AR 1) 70 A1 A BORFE A . A& A 0~3 m VB,
ARG SR EE T BALR RSN e B/ HAHZEAR /N, 3

SN 0%~5%. EME S 3 m G, BAAAFzhEE
FZEBEAR K, b SRR IR, AR B EE
BAMINER/N T RENERE. MGG N
225.7 Wim? JFik, BEFECIRGRE K, PAARIShhE
{F 300.8 Wim* A BB K, JE9AR NI TRE,
MR A 53%~75%, fEGHEBREE A 416~1 145
Wim? i}, BT ARIBIREARZE AN, BARYE 0~0.1 JIL
VLN S, ZEAEE 8%. fEGIRIREE 300.8
WIm? ), FEmESLER By 10 m N, BAATAARRE)EE L )
e KA 0.35 /L, fEYCHEBRE KT 416 WimP )5, /KR
AR ARFRE 0.1 UL LT, BAFEE.

030 r R
FHEBREE/(W ™)
e 025 | —5—1145
o —+—1018.8
2 020 912
3 —x—716.8
= 015 ¢
&\é
£ 010
@
# 0.05
0

PRIESk 2 25 /m
B 6 TEABIRE T Stk Bz a 9 H
Fig.6 Radial distribution of kinetic energy per unit volume

under different solar intensity
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Kinetic Energy Distribution of Water Droplets in
Fixed Solar Sprinkler Irrigation System

LIU Junping, JIJANG Nan”, XU Ji’en, LI Jipeng, ZHANG Qing
(Research Center of Fluid Machinery Engineering and Technology, Jiangsu University, Zhenjiang 212013, China)

Abstract: [ Background] Solar sprinkler irrigation system is energy-efficient and can reduce operation costs, but it is
susceptible to weather and timing of irrigation as insufficient energy supply may occur when demand for power
peaks during the irrigation. This could result in low energy conversion efficiency and destabilize hydraulic
performance of the system. Light radiation, as an important parameter in designing solar irrigation systems, varies
spatiotemporally and could affect the amount of solar energy absorbed by the solar panel and result in unstable
electricity supply and changes in water pressure in the system. Currently, there is a lack of protocol for optimizing
configuration of the operating parameters of the solar sprinkler irrigation systems. [ Objective] Considering that
existing solar sprinkler irrigation systems are prone to unstable water pressure, uneven energy distribution and low
conversion efficiency, this paper aims to elucidate how light intensity affects the spray performance of the sprinkler
irrigation system. [ Method] The hydraulic performance parameters of a solar sprinkler irrigation system under light
intensities between 225.7 and 1 145 W/m? were measured using laser raindrop spectrometer technology, from which
we calculated the kinetic energy distribution of the water droplets, kinetic energy per unit volume of water, and the
kinetic energy intensity. We also proposed a method to calculate the energy conversion efficiency of the system.
[ Result] The light intensity mainly affected the kinetic energy of small water droplets with diameter less than 1 mm
in the proximity of the sprinkler. As the light intensity increased, the kinetic energy per unit volume increased first
and then declined asymptotically in a trend which can be fit by a fourth-degree polynomial function. With the
increase in the radial distance from the sprinkler, the kinetic energy intensity increased first and then gradually
reduced to O at the far end. With the light intensity varying between 300.8 and 1 018.8 W/m?, the kinetic energy
intensity only showed a small fluctuation and the energy conversion efficiency of the system varied between 24.59%
to 37.21%. When the light intensity was in 225.7~416 W/m?, the conversion efficiency of the energy intensity
peaked approximately at 36%. [ Conclusion] When the light intensity was within 300.8~416 W/m? the kinetic
energy showed the smallest fluctuation, the energy distribution was most uniform, and the energy conversion
efficiency maximized. Our results provide a baseline guidance for improving spray performance and energy
conversion rate of solar sprinkler irrigation system, and helping optimize configuration of its operating parameters.
Key words: solar sprinkler irrigation system; light intensity; water droplets distribution; kinetic energy intensity;
energy conversion
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