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1 INTRODUCTION 

With an advanced water-saving irrigation techniques, 
sprinkler can improve the utilization of irrigation wa-
ter to enhance crop development [1]. Sprinkler hydrau-
lic characteristics of the external flow field including 
droplet trajectory and the distribution of water droplets 
and spray water distribution uniformity are important 
indicators in evaluation sprinkler effects on the yield 
of crops. If the sprinkler intensity is too high, the 
ground will be soaked with water, soil structure de-
stroyed and soil will not be productive; however, if the 
sprinkler intensity is too low, it will produce water 
drift phenomena and reduce water efficiency. The low 
irrigation uniformity will not only reduce crop yields 
and quality, but may also lead to deep percolation of 
water, resulting in the loss of soil nutrients. Exces-
sively increased uniformity in sprinkler system will 
increase the investment and operating costs and this 
will not be conducive to the future [2]. 

Domestic and foreign scholars who worked on the 
field of hydraulic characteristics of nozzle outflow 
came out with two main issues. One was on the estab-
lishment of water droplets movement and distribution 
model that provides basis for sprinkler irrigation sys-
tem design and kinetic energy estimate. The other also 
emphasizes on spray water distribution uniformity test 
and simulation. In recent years, many scholars have 
done even further in-depth work on external hydraulic 
characteristics of the flow field of inquiry through a 
lot of research. Although much work has been done, 
there is no clear cut progress and summary of the cur-
rent status of the rotary sprinkler hydraulic character-
istics of the flow field. Therefore, it is necessary to 
study the hydraulic characteristics of the outflow noz-
zle field, especially to review for subsequent studies 
and also to provide more in-depth knowledge. 

2 TECHNOLOGIC ADVANCES 

2.1 Movement and distribution of water droplets 

2.1.1 Research of droplet motion model 

An important basis for determining optimal nozzle 
spacing and pitch pipe is to determine the size of wet 
area by droplet trajectory. Chinese scholars began to 
study the nozzle droplet motion model both in theory 
and experiment in the 1980s.The formula was con-
cluded from the results of extensive experimental 
investigations upon the ranges of the series PY1 
sprinklers. According to Newton's second law of mo-
tion and the basic theory of hydraulics in Gan Zhem-
ing et al. [3]. Tuo Yunfei et al. [4] deduced a new theo-
retical formula of sprinkler range based on Newton 
movement law and hydraulics theories. But many 
factors are ignored in these two formulas with high 
precision, such as the impact of wind on the range. 
Wang Bolei et al. [5] [6] analyzed the raindrops’ regular 
exercise under downwind conditions and the estab-
lishment of a rotary sprinkler range of theoretical 
computing model wind conditions by mechanical 
methods. Also, they emphasized that the nozzle eleva-
tion LM algorithm based on artificial neural network 
can predict the range of predicted nozzle and the noz-
zle diameter and pressure mapping network model. 
Most of scholars use ballistic trajectory to model var-
ious droplet motion models. According to the ballistic 
mechanics mode, Giulio Lorenzini et al. [7] considered 
the evaporation of water droplets motion model. 
Playán et al. [8] used the ballistic trajectory model to 
calculate the single nozzle, combination nozzle sprin-
kler, sprinkler uniformity and intensity at different 
nozzle diameter, operating pressure, wind conditions, 
and the development of a simple application. In recent 
years, foreign scholars also have tried a new model for 
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the movement of water droplets; Ozgur Oguz Taskiran 
et al. [9] proposed a collision with a raindrop model to 
study the movement of raindrops. 

In summary, the current models are based on the 
movement of water droplets to obtain the nozzle range 
of ballistic model formula, but this empirical formula 
ignores many factors that do not apply to many types 
of water droplets motion model jets. 

2.1.2 Study of droplet distribution model  

Water droplets distribution which directly determines 
the sprinkler irrigation uniformity has important im-
plications on the growth of crops. However, domestic 
scholars began late on the droplet distribution model. 
Huang Xiuqiao et al. [10] used the spraying droplet 
ballistic trajectory equations and combined with the 
measured radial water distribution through linear in-
terpolation into the grid point of water distribution and 
concluded on using a superposition principle to simu-
late windy conditions. Yan Haijun et al. [11] theoreti-
cally researched the combination with the equations of 
water droplets motion, and the density of water droplet 
probability was emphasized on the research into
sprinkler irrigation water evaporation loss under 
windless conditions. They also used the flour method 
to analyze the diameter distribution of R3000 and 
A3000 low damping nozzle droplet diameter and the 
water droplets, droplet size and speed, nozzle diameter 
and nozzle working pressure. Xu Hong et al. [12] used 
the same flour method to study the rocker rotary noz-
zle droplet diameter trends ZY-1 and ZY-2 along the 
range direction and explore the relationship among 
droplet diameter, operating pressure and nozzle dis-
tance. Many scholars used traditional methods of 
sprinkler droplet diameter measurement to test, but 
this traditional method is more complicated and tedi-
ous. In response to these shortcomings, some scholars 
combine the technological development with the in-
troduction of new technology research. Wang Bolei et 
al. [13] proposed a new method of water droplet diame-
ter measurement based on the Adobe7.0 software to 
obtain the relationship between water droplets and the 
droplet diameter nozzle distance of cumulative vol-
ume percentage. A two-dimensional video disdrome-
ter (2DVD) was used to measure drop sizes, drop 
velocity and drop angles from Nelson D3000 
spray-plate sprinklers with a 4.78 mm nozzle and op-
erating pressure of 50, 100, 150 and 200 kPa. The 
relationships among drop sizes, drop velocity and drop 
angles were analyzed in Gong Xinghui [14].

Foreign scholars have studied the water drop dis-
tribution model by using sophisticated instruments. 
Bautista-Capetillo.C et al. [15] used low speed photog-
raphy to study the impact sprinkler raindrops hit ki-
netics in three pressure and studied raindrop diameter, 
velocity and the fight against the distribution of angles 
by the particle tracking technology (PTV). Li. J et al. 
[16] concluded that spray the entire area of the droplets 
hit, the intensity wound is varied with the change of 
the end of the jet’s droplet diameter by regression 
analysis. Many scholars obtained the droplet distribu-

tion result through mode and used the ballistic trajec-
tory model fitting. M.J. Monnens et al. [17] estimated 
the average droplet diameter and droplet kinetic ener-
gy for a single nozzle for hydraulic test through using 
trajectory model; Carrión et al. [18] simulated the 
sprayed water distribution based on wind conditions 
according to ballistic theories and air drag coefficient 
model. Meanwhile, they improved SIRIAS simulation 
models. 

The droplet distribution model proposed by domes-
tic and foreign scholars are now based on sprinkler 
and other single-phase jet nozzles without considering 
the height and other factors affecting the shape of the 
nozzle and the smaller scope. 

2.2 Sprayed water distribution uniformity 

The sprayed water distribution is an important factor 
affecting the uniformity of water which is distributed 
on a crop field, mainly including: nozzle flow, work-
ing pressure, nozzle rotation uniformity, spraying time, 
wind speed and direction, and a nozzle structure. Tak-
ing the sprinkler head of 30PSH as an example, the 
method of perpendicularity is used to analyze the in-
fluence of combination distance, work pressure and 
layout form on uniformity coefficient in irrigation by 
YU Liming et al. [19]. The average sprinkler intensity 
and the combined uniformity which is changed with 
the pressure of sprinkler ZY-1 and sprinkler ZY-2
were examined in Jia Ruiqing [20] under the conditions 
of altered pressure in the constant-pressure sprinkler 
irrigation system. The combined uniformity and the 
average sprinkler intensity are linearly represented 
under different pressure. Under the influence of pres-
sure on sprinkler uniformity, five different water noz-
zles at 23 different pressure distributions are analyzed 
in Zhu Xingye et al. [21]. Rotational fluidic sprinkler 
type 10 was chosen as an object to explore the rela-
tionships between geometrical parameters and the 
spraying uniformity. Nine kinds of different offset 
length H, working area length L and contraction angle 
θ were specially fabricated and experiments were 
carried out under the operating pressure of 300 kPa 
and the radial water distributions for the nine different 
nozzles were tested out. MATLAB program was used 
to draw the three-dimensional water distribution and 
to calculate out the combined uniformity coefficient. 
The lightweight lateral move irrigation system was 
developed in the house and variations in water distri-
bution and its uniformity were analyzed in terms of 
time. The relationship between the Distribution Uni-
formity (DU) and the Christiansen Uniformity Coeffi-
cient (CU) was established from the test results of the 
overlapping sprinkler water distributions in Li 
Jiusheng et al. [22].  Uniformity improvement of var-
ied spray nozzles was done by Yuan Shouqi et al. [23]

through using the improved shaped nozzle test of wa-
ter distribution. Liu Junping et al. [24] designed a new 
type of sub-nozzle structure, namely a combination of 
improved sprinkler spray uniformity. Current studies 
are mostly from a single factor in the distribution uni-
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formity of water and it has not provided much study 
on the combined effects of several factors under con-
ditions of water distribution uniformity and there is a
lack of univariate empirical formulas and theoretical 
formulas. 

Building a model for water distribution and dynam-
ic simulation experiments can simplify the process and 
address issues related to water distribution offers a 
variety of methods. Li Xiaoping et al. [25] proposed 
superimposed triangles combination calculations of
single sprinkler water distribution uniformity. Zhang 
Zhiyu et al. [26] studied the use of sprinkler uniformity 
Radial Basis model-based RBF neural network calcu-
lation methods, and finally obtained the desired ge-
netic optimization by optimal combination of nozzle 
spacing. With the development of computer technol-
ogy, the use of dynamic simulation software to calcu-
late the amount of water distribution is also gradually 
widespread. Wang Bolei et al. [27] proposed a method 
based on drawing sprinkler water distribution map by 
the software Surfer. Yuan Shouqi et al. [28] used the 
MATLAB language to process the sprinkler water 
distribution data obtained by interpolation overlay in 
each grid point of total rainfall depth, uniformity coef-
ficient, and calculated combination nozzle spacing 
factor based on different combinations to achieve a 
three-dimensional visualization. It is a good solution 
that some scholars develop a processed water distribu-
tion in new environment and new computing software 
based on some original software. And Han Wenting et 
al. [29] used Visual C ++ and MATLAB language re-
search to develop a new computing software, that is 
round in shape with spray nozzle combination even-
ness domain analysis system SIUEW1.0. Lao Dong-
qing et al. [30] developed a new nozzle water distribu-
tion combination of simulation and optimization soft-
ware system by integrating MATLAB and VC ++
development environment. Zhang Yang et al. [31] have 
developed a system for evaluating the water sprinkler 
nozzles at different slope and pressure, and working 
under different wind conditions based on C# and 
OpenGL that have also been developed. Li Yong-
chong et al. [32] put forward a spray droplet motion and 
sprinkler water distribution simulation method of wind 
conditions, and used Visual Basic 6 to develop the 
new software with considering the sprinkler water 
distribution of droplet motion evaporation, which can 
be obtained by different uniformity combinations of 
sprinkler spacing simulation value. 

3 PROBLEMS  

Although the hydraulic characteristics of the rotary 
nozzle outflow field at home and abroad have been 
studied and the results are obtained, there are still 
some difficulties in the theoretical point of view. 

Movement and distribution of water droplets: Re-
searches about the nozzle droplet distribution charac-
teristics did not consider the mounting height, the 
Reynolds number, the nozzle shape factor and other 

factors on the movement of water droplets, empirical 
formula and actual situation outside a larger scope. 

Water distribution uniformity of nozzle spray: 
1) Although domestic and foreign factors on water 

distribution are clear, various factors that affect the 
strength of the order are not yet clear. The main fac-
tors that affecting the sprinklers spray water distribu-
tion include nozzle flow, operating pressure, nozzle 
rotation uniformity, spraying time, wind speed and 
direction, the nozzle structure and so on [33]. These 
scholars have reached a consensus, but various factors 
that affect the strength of the order are lack of research, 
and more researches are only factors affecting the 
situation. 

2) Lack of experience of individual factors formulas 
and theoretical formulas. A large number of docu-
ments elaborated on the single factor affecting spray 
uniformity, such as the pressure and wind effects on 
sprinkler water distribution, a combination of factors 
nozzle, working pressure, arrangement in the form of 
impact sprinkler uniformity and so on [34]. However, 
there is a lack of empirical formulas and theoretical 
formula, which is not conducive to a more in-depth 
study of water distribution. 

3) The combined effects of various factors on the 
distribution of water are with no theoretical basis and 
formulas. In fact, the sprayed water distribution uni-
formity is affected by many factors, and theoretical 
studies of these factors are together according to the 
current lack of water distribution which helps deal 
with practical problems in the lack of operability. 

4) At present, the software calculation can improve 
the efficiency of the test data, but the measurement is 
not accurate, and it cannot be widely used in reality. 

4 DEVELOPMENT TRENDS 

The sprinkler nozzle affects the quality of key equip-
ment, and the world's major developed countries have 
been committed to the improvement and development 
of the nozzle. Development trend towards mul-
ti-purpose nozzle is to save low voltage and enhance 
the precision of irrigation, spraying and other com-
prehensive direction variables [35]. For instances, Israel, 
the United States and other countries have developed 
different forms of rocker based on different elevations 
and different multifunctional nozzles that can be 
low-voltage operational and energy-efficient [36]. 

Outflow nozzle hydraulic characteristics are im-
portant indicators of field sprinklers evaluation. With 
the sprinkler irrigation development, continuous im-
provement and the development of sprinklers, the 
sprinkler drain field research on the hydraulic charac-
teristics will certainly be more in-depth [37]. More ad-
vanced technologies such as the particle tracking and 
the 3D video technology will be used for nozzle re-
search. The raindrop trajectories research of new nu-
merical simulation method for non-grid, CFD, 
ANALYS simulation software and other applications 
will be more complex situations and simulated oper-
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ating conditions. 

5 CONCLUSIONS 

In this paper, two aspects of rotary nozzle flow field 
hydraulic characteristics are summarized. Research 
status, namely the movement and distribution of water 
droplets and the spray evenly distributed model of 
research are presented with the current challenge. 
Droplets movement and empirical formulas of distri-
bution model are greatly varied with the actual situa-
tion. Water distribution strength ranking factors are 
not yet clear, and individual factors lack empirical and 
theoretical formula. There is no theoretical basis on 
the combined effects of various factors on the distri-
bution of water and the formula to calculate the uni-
formity of the current software which is not enough 
for estimation accuracy. Hence this research has pro-
vided a platform, looking at the development trend of 
the nozzle and nozzle outflow field hydraulic charac-
teristics, thereby laying foundations for the future. 

ACKNOWLEDGEMENT 

The authors gratefully acknowledge the National Nat-
ural Science Foundation of China (No. 51309117), the 
China National High-Tech (863) Program Grant (No. 
2011AA100506), Natural Science Foundation of the 
Colleges and Universities in Jiangsu Province (No. 
13KJB210003), the Postdoctoral Science Foundation 
Special Support of China (No. 2014T70484), Senior 
Professionals Scientific Research Foundation in 
Jiangsu University (No. 13JDG028) and Priority Ac-
ademic Program Development of Jiangsu Higher Ed-
ucation Institutions.  

REFERENCES 

[1] Zhu Xingye, Yuan Shouqi. & Li Hong. 2009. Orthogo-
nal test for the structure parameters of complete fluidic 
sprinkler. Transactions of the CSAE, 25(4): 103–107. (in 
Chinese with English abstract).  

[2] 1985. People's Republic of China national standards, 
sprinkler irrigation engineering and technical specifica-
tions (GBJ a 85 to 85). 

[3] Gan Zhemin. & Yang Sheng hua .1998.The formula and 
experimental research the range of the whirl sprinkler. 
Transactions of the Chinese Society for Agricultural 

Machinery, 29(4):145-149. (in Chinese). 
[4] Tuo Yunfei. & Yang Luhua. 2006. Experimental study 

and theoretical formula of the sprinkler range. Transac-
tions of the CSAE. 22(1):23-26. 

[5] Wang Bolei. 2008. Modeling and Experiment Validation 
on the Rotational Sprinkler Nozzle Range .Transactions 
of the CSAE. 39(1):41-45. 

[6] Wang Bolei. & Ma Xiaoyi. 2008. Prediction of Sprinkler 
Nozzle Range Based on L-M Optimized Algorithm. 
Transactions of the CSAE. 39(5):35-40. 

[7] Giulio Lorenzini. & Onorio Saro. 2013.Thermal fluid 
dynamic modelling of a water droplet evaporating in air. 
International Journal of Heat and Mass Transfer 62: 
323-335.  

[8] Playa´ n, E., Salvador, R., Faci, J.M., Zapata, N., 
Martı´nez-Cob. & A.,Sa´nchez, I. 2005. Day and night 
wind drift and evaporation losses in sprinkler solid-sets 
and moving laterals. Agric. Wat. Manage. 76(3):
139-159. 

[9] Ozgur Oguz Taskiran. & Metin Ergeneman. 2014. Tra-
jectory based droplet collision model for spray model-
ing .Fuel.115: 896–900. 

[10]Huang Xiuqiao, Liao Yongcheng. & Liu Xinmin. 1995. 
The compound uniformity of sprinkler irrigation system 
under wind condition:a study on its calculation theories 
and methods. Journal of Irrigation and Drainage, 14(1) : 
12-18.( in Chinese). 

[11]Yan H J, Bai G. & He J Q, et al. 2010. Model of droplet 
dynamics and evaporation for sprinkler irrigation. Bio-
systems Engineering, 2010,106 (4): 440 - 447. 

[12]Xu Hong, Gong Shihong. & Jia Ruiqing, et al. 2010. 
Study on droplet size distribution of ZY sprinkler head. 
Journal of Hydraulic Engineering, 41(12):1416-1422. 
(in Chinese). 

[13]Wang Bolei, Ma Xiaoyi. & Hao Jingjing. 2008. Meas-
urement of Sprinkler Nozzle Droplet Size Using Adobe 
Software. Journal of Irrig at ion and Drainage. 27(4): 
18-21. 

[14]Gong Xinghui1. & Zhu Delan, et al. 2014. Drop Size 
Distribution of Fixed Spray-plate Sprinklers with 
Two-dimensional Video Disdrometer. Transactions of 
the Chinese Society for Agricultural Machinery, 45(8):
129-133.( in Chinese) 

[15]C. Bautista-Capetillo, M. Zavala, & A. Martínez -Cob. 
2014. Closure to Using thermal units for crop coefficient 
estimation and irrigation scheduling improves yield and 
water productivity of corn (Zea mays L.). ASCE. 

[16]Li, J., Kawano, H. & Yu, K., 1994. Droplet size distribu-
tions from different shaped sprinkler nozzles. Trans. 
ASAE 37 (6), pp.1871-1878. 

[17]Montero, J., Tarjuelo, J.M. & Carrio´ n, P., 2001. SIRI-
AS: a simulation model for sprinkler irrigation: II. Cali-
bration and validation of the model. Irrig. Sci. (20): 
85-98. 

[18]Carrio´ n, P., Tarjuelo, J.M. & Montero, J., 2001. SIRI-
AS: a simulation model for sprinkler irrigation: I. De-
scription of the model. Irrig. Sci. (20):73-84. 

[19]YU Liming. & WU Pute. 2002. Influence of the Combi-
nation Distance, Work Pressure and Layout Form of 
Sprinkler Head on Uniformity Coefficient in Irrigation. 
Research of Soil and Water Conservation. 9(1):154-157. 

[20]C. Bautista Capetillo. O. Robles. & H. Salinas. 2014. A
particle tracking velocimetry technique for drop charac-
terization in agricultural sprinklers. Irrig Sci. 32:
437-447. 

[21]Zhu Xingye, Liu Junping. & Yuan Shouqi. 2013. Effect 
on spraying uniformity based on geometrical parameters 
and combined spacing of rotational fluidic sprinkler. 
Transactions of the Chinese Society of Agricultural En-

gineering. 29 (6):66-72. 

01005-p.4



EMME 2015 

[22]Li Jiusheng. & Rao Minjie. 1999. Evaluation Methods of 

Sprinkler Water Non-uniformity. 15 (4): 78-82. 
[23]Yuan Shouqi, Wei Yangyang. & Li Hong, et al. 2010. 

Structure design and experiments on the water distribu-
tion of the variable-rate sprinkler with non-circle nozzle.
Transactions of the Chinese Society of Agricultural En-

gineering (Transactions of the CSAE), 26(9): 149-153. 
(in Chinese with English abstract).  

[24]Liu Junping, Yuan Shouqi. & Li Hong, et al. 2011. 
Combination uniformity improvement of impact sprin-
kler. Transactions of the Chinese Society of Agricultural 
Engineering (Transactions of the CSAE), 27(7):107-111. 
(in Chinese with English abstract) . 

[25]Li Xiaoping. & Luo Jinyao. 2005. Overlapping compu-
tation for water distribution uniformity of triangular 
combination by using water distribution data of single 
sprinkler. Journal of Hydraulic Engineering, 36(2): 
238-242. (in Chinese). 

[26]Zhang Zhiyu. 2006. Intelligent simulation of drip's dis-
tribution and optimization of combined space between 
on sprinkler head. Baoding: Agricultural University of 
Hebei. (in Chinese). 

[27]Wang Bolei. 2008. Surfer software to draw sprinkler 
water distribution-based methods. 30 (3): 62-63. 

[28]Yuan Shouqi, Zhu Xingye. & Li Hong, et al. 2008. Sim-
ulation of combined irrigation for complete fluidic 
sprinkler based on MATLAB. Drainage and Irrigation 
Machinery, 26(1) : 47-52.( in Chinese) 

[29]Han Wenting. 2008. Calculation of sprinkler irrigation 
uniformity by double interpolation using cubic splines  

and linear lines. Transactions of the Chinese Society for 
Agriculture Machinery, 39(10):134-139. (in Chinese). 

[30]Lao Dongqing. & Han Wenting. 2010. Research on 
software for sprinkler water distribution dynamic simu-
lation and spacing optimization. Water Saving Irrigation, 
(1): 42-46.( in Chinese). 

[31]Zhang Yang. 2012. Water Distribution Dynamic Simula-
tion and Spacing Optimization System in Sprinkler Sys-
tem Based on C# and OpenGL. Yangling Jiangsu Uni-
versity. 

[32]Li Yongchong & Yan Haijun.2013. Simulation of Sprink 
-ler Water Distribution with Droplet Dynamics and 
Evaporation. Transactions of the Chinese Society for 
Agricultural Machinery. 44 (7): 127 -132. 

[33]Huang Zhigang. & Li Chunguang.2008. To investigate 
the factors affecting sprinkler uniformity. Modern Agri-

cultural Sciences and Technology, 17: 355-358. 
[34]Han Qibiao. & Sun Hao. 2011. Research status and 

development trends on sprinkler uniformity coefficient. 
Water Saving Irrigation. (12): 74-77.    

[35]Wangyong Bin, Shi Yiping. & Hujia Feng. 2002. Special 
multifunctional nozzle design study. Zhejiang Universi-
ty, (3):237-241. 

[36]Kang Shaozhong. & Cai Huanjie. 2004. Technique in-
novation and research fields of modern agricultural and 
ecological water-saving in the future. Transactions of the 
CSAE, 20(1):1-6. 

[37]2005. Study on water distribution uniformity of sprin 
-kler system. Wu Han: Wu Han University. 

01005-p.5


