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Simulation of Sprinkler Water Distribution with Droplet
Dynamics and Evaporation

Li Yongchong' Yan Haijun' Xu Chengbo® Xiao Jianwei' Li Wenying'
(1. College of Water Resources and Civil Engineering, China Agricultural University, Beijing 100083, China
2. China Irrigation and Drainage Development Center, Beijing 100054, China)

Abstract; Based on the model of droplet dynamics and evaporation, the simulation method of droplet
flight was put forward under the wind condition. Software of simulating sprinkler water distribution was
developed by Visual Basic 6. 0. With the radial water distribution data of single sprinkler, the software
could simulate water distribution of single sprinkler or sprinkler irrigation system and calculate combined
application rate, uniformity coefficient and evaporation loss rate of sprinkler irrigation system. Taking the
sprinkler 9708 A as example, radial water distribution of single sprinkler and water distribution of
sprinkler irrigation system with the combined spacings of 14 m x 14 m and 14 m x 12 m were simulated
and compared with the measured values under the pressures of 0.20, 0.25 and 0. 30 MPa. The results
showed that the simulated values of radial water distribution of single sprinkler had the same tendency as
the measured values on the whole, the relative error between simulated and measured values of flow rate
ranging from 0. 83% to 8. 01% , that of the uniformity coefficient (C,) ranging from 0.44% to 7.77% ,
and the simulated evaporation loss rate ranging from 0. 51% to 1. 75% . Several cases of sprinkler water
distribution with different combined spacing were compared by using the developed software and other
software. The relative error of the simulated values of C, varied from 0. 11% to 2. 44% .
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Fig.1 Structure diagram of software
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Tab.1 Comparison of measured and simulated

value of flow rate for single sprinkler
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0.20 0. 799 0. 863 8.01
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0.30 0. 966 0.974 0.83
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Tab.2 Combined spacings and environmental

parameters for sprinklers
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Tab.3 Simulated and measured values under
three working conditions
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0.20 77.93  73.27  6.36 1.00 2.93

HIE A E
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Tab.4 Comparison of coefficient of uniformity with

other software
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2 1.30 1.25 82.87 81.58 1.58
3 1.30 1.30 82.76 81.47 1.58
4 1.30 1.35 81.72 81. 47 0.31
5 1.35 1. 00 84. 80 83. 84 1.15
6 1.35 1.05 84.33 83. 84 0.58
7 1.35 1.10 83.58 83.02 0.67
8 1.35 1.15 83.03 82. 36 0.81
9 1.35 1.20 82.45 81. 86 0.72
10 1.35 1.25 81. 67 81.58 0.11
11 1.35 1.30 81. 67 81.47 0.25
12 1.35 1.35 80. 64 81.47 1.02
13 1.10 1.05 84. 82 85. 85 1.20

4 #Hig

(1) 51K 2 3728 RBRL 420 T Wik e A
G 8 3k 7K 32 3l 5 I K S A3 A AU i
TR T A, v LA RLAE AN [a] R R 23 iR
T B A5 IR BT A5 1F T 0 WS 0 K S A, T A A
ANl SR BN (DS S Y R PR N R U

(2) 1 FJF & 34 % 9708 A AL 5§ 3k 7E 0. 20,
0.25 F10.30 MPa 3 Ff T 4F H J) & By 4% ) /K £ 43 4
PIMAAATER 14 mx14 m Fl 14 m x 12 m [ BE 9 R
GEEAT TR, A5 L 3R W BRLIBE K AR 1] K R S A R B
A 55 5L MAE SR B LA — 350, d BE4RLK & 4 A 4
TR MR IS S U AR 5 S DN A o Y R X R 25 7E 0. 83% ~
8.01% ZIu], V-3 {E Jy 3. 36% ; Wt ¥fE 34 5] 72 B 1)
P 5 520 2 [ 4 A X 3% 22 1 0. 69% ~ 6.36%
Z I, S MH R 3. 41% 5 BERLAS 31 1Y 28 K 2K R TE
0.51% ~1.75% . [a], 52 K EHEE K 0.73% ~
8.72% o FEHAASCHE H W 3L T /KT IZ sh 28 KA ALY
WS T K oy A AR AU T W R T AT Y B R R R
B RO B

(3) N AR AE SR AT T AS [ 20 A 18] BT 1) g
5 RO, I 597 R A T KRB
LA X L, A R RT IR Z2HE 0. 11% ~ 2. 44%
Z &), -8 0. 96% .



132 & Ak HLOM 4R 20134

11

12

13

15

16

18

19

2 £ x #

Fukui Y, Nakanishi K, Okamura S. Computer evaluation of sprinkler irrigation uniformity[ J]. Irrigation Science, 1980, 2(1) .
23 ~32.
Seginer I, Nir D, von Bernuth R D. Simulation of wind-distorted sprinkler patterns [ J]. Journal of Irrigation and Drainage
Engineering, 1991, 117(2) . 285 ~306.
Carrion P, Tarjuelo ] M, Montero J. SIRIAS:a simulation model for sprinkler irrigation. I. Description of model[ J]. Trrigation
Science, 2001, 20(2) . 73 ~84.
Playan E, Zapata N, Faci ] M, et al. Assessing sprinkler irrigation uniformity using a ballistic simulation model[ J]. Agricultural
Water Management, 2006, 84(1 ~2) . 89 ~100.
X de  fif k. FETF Delphi (9WEsk BOTG A AT 200 [T ], IWARFE TR . ALRFIAERR, 2003, 17(3) : 33 ~36.
Den Luhua, Hao Peiye. Software based on Delphi for analysis of sprinkler head insufflation [ J]. Journal of Shandong University of
Technology: Sci. & Tech., 2003, 17(3) :33 ~36. (in Chinese)
EUH, G H IR, HeT Surfer HOMF BT K B A B ST PERTSE LT ] AR, 2008(3) : 62 ~63.
AR, AL, . BT MATLAB 45 a WSk 20 G W T F S [T ). HEBEBLA, 2008, 26(1) : 47 ~52.
Yuan Shouqi, Zhu Xingye, Li Hong, et al. Simulation of combined irrigation for complete fluidic sprinkler based on MATLAB[ J].
Drainage and Irrigation Machinery, 2008, 26(1) :47 ~52. (in Chinese)
FIRHE L ICE. BEkoK M5 B RS AR RV T]. FKHEBE, 2010(1) « 42 ~46.
Lao Dongqing, Han Wenting. Research on software for sprinkler water distribution dynamic simulation and spacing optimization
[J]. Water Saving Trrigation, 2010(1) :42 ~46. (in Chinese)
B SCHE . WU E 51 R R SRR RO (T 5 07 I [T R4 , 2008, 39(10) : 134 ~139.
Han Wenting. Calculation of sprinkler irrigation uniformity by double interpolation using cubic splines and linear lines [ J].
Transactions of the Chinese Society for Agriculture Machinery, 2008, 39(10) : 134 ~139. (in Chinese)
AR, B, B R A RS T B RS G A TR BNE 5O RIS (] . BEBAEAK, 1995, 14(1) : 12 ~18.
Huang Xiugiao, Liao Yongcheng, Liu Xinmin. The compound uniformity of sprinkler irrigation system under wind condition; a
study on its calculation theories and methods [ J]. Journal of Irrigation and Drainage, 1995, 14(1) :12 ~18. (in Chinese)
HRAET . WUk K R R R S A A MBER LD fR5E AR KA, 2006.
Zhang Zhiyu. Intelligent simulation of drip’s distribution and optimization of combined space between on sprinkler head [ D ].
Baoding: Agricultural University of Hebei, 2006. (in Chinese)
Lorenzini G. Simplified modelling of sprinkler droplet dynamics[J]. Biosystems Engineering, 2004, 87(1): 1 ~11.
Kincaid D C, Longley T S. A water droplet evaporation and temperature model[ J]. Transactions of the ASAE, 1989, 32(2) .
457 ~463.
XA SRR . WK M A R BT[], WK HERE, 2000(2) - 16 ~19.
Liu Haijun, Gong Shihong. Study on evaporation of sprinkler droplets [ J]. Water Saving Irrigation, 2000 (2):16 ~ 19. (in
Chinese)
Yan H J, Bai G, He J Q, et al. Model of droplet dynamics and evaporation for sprinkler irrigation[ J]. Biosystems Engineering,
2010, 106(4) : 440 ~447.
Bautista Capetillo C F, Salvador R, Burguete J, et al. Comparing methodologies for the characterization of water drops emitted by
an irrigation sprinkler[ J]. Transactions of the ASABE, 2009, 52(5): 1493 ~1504.
BN BB BBEKOK R AT Z ARG S AT EIT]. KIS 4R, 2005, 36(2) : 238 ~242.
Li Xiaoping, Luo Jinyao. Overlapping computation for water distribution uniformity of triangular combination by using water
distribution data of single sprinkler[ J]. Journal of Hydraulic Engineering, 2005, 36(2) :238 ~242. (in Chinese)
BOCE AR R S IE S AT ALG B ST ik [T]. R HLB A 4R, 2013 ,44(4) 199 ~ 107.
Han Wenting, Cui Lihua, Wu Pute, et al. Calculation methods for irrigation uniformity with sprinklers spaced in regular triangle
[J]. Transactions of the Chinese Society for Agricultural Machinery, 2013,44(4) :99 ~107. (in Chinese)
BLURTE A AL % R B AR BTk K I PERE I IR [T]. AR LB 4R 2011 ,42(7) 270 ~74.
Wei Yangyang, Yuan Shouqi, Li Hong, et al. Hydraulic performance experiment of the variable-rate sprinkler with non-circle
nozzle[ J]. Transactions of the Chinese Society for Agricultural Machinery, 2011,42(7) :70 ~74. (in Chinese)



