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Abstract: A numerical model was developed to determine the water drop movement and mean 
droplet size diameter at any distance from a sprinkler as a function of nozzle size and pressure. 
Droplet size data from 4, 5, 6, and 7 mm nozzle sizes verified the model. Data for model prediction 
were generated throughout lab experiments. The results demonstrated that the correlation between 
the observed and predicted droplet size diameter values for all the nozzle sizes and pressures is 
quite good. Nozzle size and pressure had a major influence on droplet size. Higher pressure 
produced smaller droplets over the entire application profile. The wetted distance downwind from 
the sprinkler increased as wind velocity increased, for example at a constant working pressure of 
300 kPa, at wind speeds of 3.5 m/s and 4.5 m/s, 20% and 32% of the total volume exceeded the wet 
radius respectively. Larger droplets (3.9–4.5 mm), accounting for 3.6% and 6.3% of the total number 
of distributed droplets, respectively. The model can also predict the droplet size distribution at any 
wind direction overall the irrigated pattern. 
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1. Introduction 
Irrigation sprinklers deliver many water drops of different sizes, which have the 

characteristics of sprinkler nozzle and pressure configuration. The performance of 
sprinklers is usually classified as overlapping uniformity and droplet size distribution [1–
4]. It is attributed to the physical characteristics of the sprinkler, nozzle configuration, 
working pressure, sprinkler spacing, and environmental conditions (wind speed and 
direction). In other words, the hydraulic performance of the sprinkler is a function of its 
physical characteristics, geometric parameters, and environmental conditions [5–7]. 
Therefore, the different types and sizes of sprinklers have different hydraulic performance 
characteristics. Working pressure and nozzle characteristics (nozzle opening size, shape, 
and angle) are the main factors controlling sprinkler performance [8,9]. A study 
conducted by [10] demonstrated that the droplet size distribution from agricultural 
sprinklers showed that decreasing droplet size with increasing relative velocity of the 
water to the air, and Ref [11] reported that nozzle pressure had a major influence on 
droplet size. It was established that a higher pressure produced smaller droplets over the 
application profile. The authors in [12] found that for both circular and square nozzles, 
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increasing pressure decreased droplet size in overall droplet spectra, and for a given 
pressure, changing nozzle shape from circular to square also decreased droplet size.  

The droplet size distribution varies with distance from the sprinkler [13–16]. 
Knowledge of droplet size distribution is important because they determine the effect of 
droplets from sprinklers on wind, evaporation, and impact on the soil surface [17–19]. 
Manufacturers are interested in knowing the size, percentage, or volume of droplets and 
where they are deposited to compare products, evaluate designs, and predict the effects 
of operating conditions such as pressure. Over the years, several simulation studies have 
been conducted to simulate various aspects of the impact of wind on water droplets in 
sprinklers [20–25]. Many factors affect the trajectory and loss of water droplets, which 
complicates the overall description and estimation of water droplet drift. The authors in 
[26–29], in 1995, studied the movement of water droplets in the air mainly affected by drag 
and gravity. The authors in Ref [10], in 1989, determined the volume average droplet 
diameter at any distance from the nozzle according to the nozzle size and pressure. The 
model was validated by 4.0 mm, 3.2 mm circular, and 3.5 mm square nozzles. The authors 
in Ref [30] studied the effect of wind and reported that the wind at right angles to the 
wind has lengthened the model. The authors confirmed that the size distribution of water 
droplets changes with the distance from the nozzle. However, it is important to 
understand the size distribution of water droplets, because they determine the effect of 
water droplets on wind, evaporation, and response to soil surface effects. The existing 
complete fluidic sprinkler is known for its rotation problems, particularly when operated 
at low-pressure conditions. Therefore, the fluidic component and nozzle were optimized, 
leading to the development of a new type of sprinkler called the dynamic fluidic sprinkler 
(DFS). In the current studies, no work has been conducted on the droplet size traveling 
distance of the (DFS). Therefore, it is very important to study the distribution of droplet 
size and the traveling distance of the (DFS), which is of great theoretical value and 
practical significance. These variables were measured using 2D-Video distrometer. The 
objective of this study was to develop a model for droplet size traveling distance and to 
verify the accuracy of the results through experimental data. 

2. Materials and Method 
2.1. Boundary Condition 

The ballistic approach was adopted to model the drop trajectory until reaching the 
ground surface. The following assumptions were made; the movement of the drop is 
influenced by; (a) its initial velocity vector; (b) gravity acting in a vertical direction (c) the 
wind vector acting in the horizontal plane; and (d) the resistance force applied in the 
direction opposite to the relative movement of the drop in the air. Due to the complexity 
of the spray jet process, the model considers the following aspects: (1) The jet is 
disintegrated at the nozzle exit into individual drops with different diameters moving 
independently in the air; (2) the drag coefficient is independent of the sprinkler height 
over the ground surface; and (3) different sized drops fall at a different distance. Droplet 
travel distance under no wind condition is undisturbed, and thus, a characteristic of the 
droplet size for a given configuration. The height of the sprinkler is 1.9 m, droplet 
diameter range considered; 0 < droplet diameter (mm) < 6; wind speed; 0, 2.5, 3.5 and 4.5 
(m/s), operating pressure, 150, 200, 250 and 300 kPa. Nozzle sizes 4, 5, 6 and 7 mm. 

2.2. Model of Droplet Motion 
Figure 1 presents a schematic diagram of the droplet trajectory under no wind 

conditions. The effect of wind drift of sprinkler spray on drops distribution of a single 
sprinkler has been analyzed. The water jet ejected from a sprinkler nozzle is assumed to 
be a flux of spherical water drops having various drops diameter. Therefore, the sprinkler 
discharge profile is determined by the trajectories of water drops and its volumetric 
distribution. Several models have been developed by considering a sprinkler as a device 
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emitting numerous droplets of diameter as functions of their traveled distances [18,19,31]. 
The ballistic theory, equations of motion for discharged water drops were adopted and 
are expressed as: 

 
Figure 1. Schematic diagram of the droplet trajectory under no wind conditions. 

V rfq
x

a
td
kd 





 −−= µµ

ρ

ρ
4

3
2

2
 (1) 

( )V rfq
x

a
td

ld Φ−Φ−=


ρ

ρ
4
3

2
2

 (2) 

( ) gV rfq
x

a
td

pd −−= β
ρ

ρ
4

3
2

2
 (3) 

where k and l are the ℓ𝑞𝑞 distances in the horizontal and vertical directions (m), 𝜌𝜌𝑎𝑎, 𝜌𝜌𝑥𝑥  is 
the density ratio of air and water, respectively; t is time (s) and g is the acceleration due to 
gravity. ℓ𝑞𝑞 is the air drag coefficient of the droplet moving at the speed, 𝑉𝑉𝑟𝑟 . 
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while 𝜇𝜇 and 𝜎𝜎  are the horizontal and vertical components of the droplet velocity, 
respectively;  𝜇𝜇𝑓𝑓 , 𝜎𝜎𝑓𝑓  and 𝛽𝛽𝑓𝑓  are the x, y, and z components of the wind velocity, 
respectively. Given that the logarithmic profile of wind speed is generally considered to 
be a reliable estimator of the actual field condition, the absolute wind speeds were 
calculated for all the conditions is: 
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𝑊𝑊𝑚𝑚 = air velocity (m/s) measured at reference height, 𝑛𝑛𝑟𝑟 (m) above ground. B and 𝑛𝑛0 
are roughness height (m) and roughness parameter (m) respectively, both are functions 
of crop height (h), given by: 

883.0log997.0log1536.0log997.0log −=−= hnoandhd  (6) 

The fourth-order Runge-Kutta numerical integration techniques were used to solve 
Equations (1)–(3) for droplet movement. 

2.3. Empirical Model of the Drag Coefficient 
The drag force acting on the trajectories and contact points of drops discharged from 

the sprinkler nozzle under the same pressure was determined by using Equations (5) and 
(6): 
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where, a = 24; b = 0.32; c = 0.52; D the droplet diameter (m) and 𝜐𝜐, the kinematic viscosity 
of air (m2 s−1). The adopted relationship compares very well with the well-known set of 
relations by [19]. The model applies not only to the turbulent-flow regime, but also to the 
Stokes regime. However, it shows some deviation from experimental data for Re > 104. 
The velocity of the sprinkler jet exiting from the nozzle was calculated as follows: 

𝑉𝑉 = 𝐶𝐶𝐶𝐶(2𝑔𝑔𝑔𝑔)0.5 (9) 

where H (m)is the working pressure head at the nozzle, and CD is the discharge 
coefficient, = 0.98. 

2.4. Droplet Travel Distance 
The simulation was performed by using Matrix Laboratory (MATLAB R2014a) 

software to predict the droplet size traveling distance, as shown in (Figure 1). The 
horizontal distance between the nozzle exit and the droplet landing point was simulated 
as the droplet travel distance. Droplet travel distance under no wind condition is 
undisturbed, and thus a characteristic of the droplet size for a given configuration. Droplet 
travel distance was simulated by substituting Equations (4) through (6) into Equations (1) 
and (2), for the droplet distribution. The input data were nozzle sizes, pressure, Trajectory 
distance, riser height, orifice coefficient, wind speed. A 0.1 mm droplet diameter 
increment was used starting from 0.1 mm to maximum droplet diameter. Finally, the 
model gives the droplet diameter and its distance from sprinkler as an output. 

2.5. Estimation of the Droplet Size Distribution 
Several sprinkler irrigation mathematical models considering droplet distribution 

have been developed in the last [12,29–32] presented a simulation scheme based on 
obtaining drop size distribution from the sprinkler radial water curve for a given sprinkler 
pressure combination under no wind conditions. In this study, [17] empirical model was 
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adopted for the simulation. The reason for using the model was that it has been found to 
compare very well the inaccuracy to the well-known Upper Limit Log-Normal (ULLN) 
distribution model. The exponential model can be expressed as: 
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where 𝑃𝑃𝑣𝑣  is the percentage (0/0) of the total drops that are smaller than D; D is drop 
diameter (mm); 𝐶𝐶50  is volume mean drop diameter (mm); 𝑛𝑛  is the dimensionless 
exponent. 

RbdadD +=50  (11) 

Rbnann +=  (12) 

The regression coefficients used for estimating the drop size distribution parameters 
for the dynamic fluidic sprinkler with a small round nozzle (5 mm) are as follows: 

𝑎𝑎𝑑𝑑 = 0.29; 𝑏𝑏𝑑𝑑 = 12,000 𝑎𝑎𝑛𝑛 = 2.04; 𝑏𝑏𝑛𝑛 = −1400 
where 𝑅𝑅 is the ratio of the nozzle diameter to the pressure at the base of the sprinkler 
device. 

2.6. Experimental Procedure 
The sprinkler used in this study was specifically manufactured as an experimental 

sample by the Research Center of Fluid Machinery Engineering and Technology (Jiangsu 
University, Zhenjiang City, Jiangsu Province, China). The test nozzles were self-designed 
and locally machined using a wire-cut electric discharge machining process. The inlet 
diameter of the nozzle was set as 15 mm, while the outlet diameters were chosen as 4, 5, 
6, and 7 mm and the shape of the nozzle was circular. Experiments were carried out in the 
sprinkler irrigation laboratory of Jiangsu University, China. The experiment setup is 
schematically presented in (Figure 2). The diameter of the circular shaped indoor 
laboratory was 44 m and height of 18 m. The materials used for the experiment include; 
centrifugal pump, electromagnetic flow meter, and piezometer, valve, and dynamic 
fluidic sprinkler. The sprinkler was mounted on a height of 1.9 m from the ground, with 
an elevation angle of 23°. The riser was at an angle of 90° to the horizontal from which 0.9 
m above the ground. As shown in Figure 2, water was drawn from the reservoir through 
the main pipe and ejected from the sprinkler. The experiment lasted for 4 h and the water 
temperature was 3 °C. Before the test was undertaken, the sprinkler was operated for 
several minutes to standardize the environmental conditions. A radial line was marked 
on the ground, extending from the sprinkler to the last observation point. Droplet sizes 
were determined using a 2D-Video Distrometer technique. It has the following 
specification, drop diameter measurement range from 0.125 to 6.5 mm with an increment 
of 0.125 mm and the measuring area is 1 m long, 1 mm wide with a thickness of 0.2 m and 
it was manufactured by Oanneum Research Digital-Institute of Information and 
Communication Technologies Steyrergasse 17, A-8010 Graz (Austria/Europe). The 
working principle is that two CCD line scan cameras face the opening of the lighting units. 
The object in the measurement area (determined by the cross-section of the two light paths 
viewed from above) blocks the light and is detected as shadows by the cameras. Further 
optical elements of the light paths, which have been omitted from this picture for the sake 
of simplicity, are two mirrors and a pair of slit plates that can contribute to the compact 
dimensions of the device and its insensitivity concerning spray. Each camera contains a 
small embedded computer that is responsible for handling the data capture process, the 
analysis of the data and its conversion and compression into a format suitable for further 
processing and transporting to the indoor user terminal. The droplet measurement was 
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carried out at 2 m intervals along the radial direction of the sprinkler under a working 
pressure of 150, 200, 250 and 300 kPa. The sprinkler was allowed to spray over the 
measurement area a least five minutes to ensure a sufficient number of drops. A minimum 
of 100,000 drops were produced by the indoor user terminal only 92% of the drop sizes 
were analyzed after filtering. 

 
Figure 2. Experimental setup in the indoor laboratory. 

2.7. Model Verification 
To verify the model output, the predicted values were correlated to the measured 

values. A linear regression model of Y = 𝛽𝛽  + 𝛽𝛽1X was established with the predicted 
droplet diameter as the dependent variable (Y) and the observed droplet diameter as the 
independent variable (X). If the regression model is an ideal predictor of droplet diameter, 
the linear regression constants (β) and (β1) will be equal to 0 and 1, respectively. [32] 
pointed out that the values or R2 (coefficient of determination) varies between 0 and 1 and 
provides an index of goodness of model fit. If the R2 value is greater than or equal to 0.90, 
at least 90% of the variability is explained. This is generally considered to be very 
appropriate. On the other hand, the R^2 value of 0.80 is considered a good fit. An 𝑅𝑅2 
value as low as 0.60 is sometimes considered acceptable or even good. The evaluation of 
a linear model of different nozzles is based on values of 𝛽𝛽, 𝛽𝛽1, R2, R, and the standard 
error of estimation (Г) which is defined as follows: 
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where, Π𝑚𝑚 = measured droplet diameter, (mm); Π𝑝𝑝 = predicted droplet diameter, (mm); 
Г = standard error of estimation; n = number of observation. 

The 𝑅𝑅2 and Г (standard error of estimate linear model) indicate the scatter points 
about the regression equation. R (correlation coefficient) indicates the degree of 
association between the observed and predicted values. To assist further in this 
evaluation, another index, known as the coefficient of efficient (𝜛𝜛 ) was used. This 
coefficient was used by [27]. If R and 𝜛𝜛 are close to each other, the model is free from any 
bias all or part of the data. (𝜛𝜛) is defined below as: 
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where 𝜛𝜛 = coefficient of efficient; n = number of observations; 𝜓𝜓𝑜𝑜𝑜𝑜  = value of observed 
measurements, (mm), 𝜓𝜓𝑝𝑝  = value of predicted measurements, (mm), 𝑜𝑜𝑜𝑜𝜓𝜓

−  = average 
observed value, (mm). 

3. Results and Discussion 
Table 1 presents arithmetic mean droplet size diameter (mm) for different nozzle 

sizes and operating pressures along with the throw. Within a certain distance from the 
sprinkler, the average droplet diameter (arithmetic, volume, and median) usually 
increased with the increase of distance. Between 2 and 10 m, the volumetric drop diameter 
increased by 7.1%. Moreover, small water droplets were concentrated near the sprinkler, 
resulting in an average volumetric and median diameter less than 1 mm, while a 
volumetric and median diameter of more than 5.5 mm can be observed at a distance of 12 
m. Similar findings were previously reported by many authors [33–35]. 

Table 1. Arithmetic mean droplet size diameter (mm) for different nozzle sizes and operating pressures. 

Pressure (kPa) 
Nozzle Size 

(mm) 
Distance from Sprinkler (m) 

  2 4 6 8 10 12 

150 

4 0.35 0.74 1.3 1.5 2.6 2.81 
5 0.78 0.94 1.36 2.48 3.03 3.11 
6 0.65 0.96 1.53 2.31 3.0 3.2 
7 0.51 0.83 1.5 2.4 2.45 2.7 

200 

4 0.31 0.75 1.23 1.31 2.36 2.489 
5 0.46 0.88 1.3 1.8 2.8 2.93 
6 0.45 0.8 1.32 1.75 2.37 2.51 
7 0.51 0.83 1.36 1.96 2.39 2.41 

250 

4 0.3 0.72 0.92 1.11 1.53 2.36 
5 0.42 0.76 1.2 1.72 2.64 2.67 
6 0.43 0.76 1.24 1.52 2.23 2.45 
7 0.5 0.8 1.35 1.68 2.31 2.35 

300 

4 0.26 0.68 0.85 0.98 2.03 2.33 
5 0.41 0.77 1.08 1.60 2.12 2.34 
6 0.37 0.78 1.04 1.25 2.07 2.31 
7 0.48 0.8 1.05 1.63 2.2 227 

3.1. Comparison of the Measured versus Predicted Droplet Size Diameter 
Figure 3 shows a graphical comparison of droplet size diameters measured and 

predicted at 150 kPa for different nozzle sizes 4, 5, 6, and 7 mm. In general, the value of 
𝛽𝛽1 is close to 1 and 𝛽𝛽 close to zero, accompanied by low λ and high R2, R, and 𝜛𝜛 values, 
which indicates satisfactory prediction by the model. As the slope, 𝛽𝛽1, and the intercept 
𝛽𝛽 are significantly different from 1.0 and 0, respectively, at the 99% level of confidence, a 
bias exists within the model estimation. This deviation oscillates between over and less 
estimation which depends mainly on 𝛽𝛽  and 𝛽𝛽1  values. Table 2 shows the evaluation 
results and statistical parameters of the droplet diameter. 
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(a) (b) 

  
(c) (d) 

Figure 3. A graphical comparison of the measured versus predicted droplet size diameter for different 4, 5 and 6 mm. (a) 
4 mm nozzle size; (b) 5 mm nozzle size; (c) 6 mm nozzle size; (d) 7 mm nozzle size. 

Table 2. Indices of the different orifice shapes in predicting droplet diameter. 

Parameter Nozzle Size (mm) 
 4 5 6 7 

n 41 41 41 41 
𝛽𝛽 0.852 0.843 0.841 0.597 
𝛽𝛽1 0.22 0.27 0.322 0.519 
𝜛𝜛 0.931 0.981 0.967 0.943 
R 0.964 0.984 0.9831 0.910 
R2 0.972 0.9892 0.986 0.956 
Γ 0.214 0.192 0.23 0.215 

Through a comprehensive evaluation of the four kinds of nozzles, it can be found 
that the R2 value of all nozzle sizes is greater than 0.92, and the ϖ value is close to R2. β 
and β1 are close to 1 and 0, respectively. Furthermore, R2 values are high, less difference 
between R2 and 𝜛𝜛, and Γ values are minimal. In general, the correlation between the 
observed and predicted droplet diameter values for all the nozzle sizes is satisfactory. This 
shows that the output of the model is suitable, and the deviation in the nozzle can be 
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attributed to the experimental error, the change of the manufacturer, and uncalculated 
factors. 

3.2. Comparison of the Measured Versus Predicted Droplet Sizes for Different Pressures 
Figure 4 presents a comparison between the measured droplet diameter and the 

predicted droplet diameter at different working pressures of 150, 200, 250, and 300 kPa. 
The results show that β1 is close to 1, β is close to 0, with low Γ and high R2, R and ϖ 
values, the prediction results of the model are satisfactory. At the 99% confidence level, 
the slope β1 and intercept β are not significantly different from 1.0 and 0, respectively, so 
the model estimation is biased. This deviation oscillates between over and less estimation, 
which are mainly dependent on the values of β and β1. The evaluation results and 
statistical parameters of droplet diameter are given in the Table 3. 

  
(a) (b) 

  
(c) (d) 

Figure 4. Comparison of the measured versus predicted droplet sizes for different pressures (a) 150, (b) 200, (c) 250 and 
(d) 300 kPa. 

Table 3. Indices of the different sprinkler base pressures in predicting droplet diameter. 

Parameter Pressure (kPa) 
 150 200 250 300 

n 20 20 20 20 
𝛽𝛽 0.862 0.823 0.841 0.697 
𝛽𝛽1 0.245 0.255 0.311 0.418 
𝜛𝜛 0.971 0.967 0.965 1.246 
R 0.964 0.953 0.937 0.912 
R2 0.981 0.975 0.973 0.954 
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Γ 0.114 0.182 0.20 0.218 

Through a comprehensive evaluation of the four pressure indexes, it can be found 
that R2 values for all sprinkler base pressures are greater than 0.91 and 𝜛𝜛 values are close 
to R2. β and β1 are close to 1 and 0, respectively. Besides, R2 values are high, less difference 
between R2 and ϖ, and Γ values are minimal. In general, the correlation between the 
observed and predicted droplet diameters at 150 kPa, 200 kPa, and 250 kPa is more 
satisfactory than that of 300 kPa. 

3.3. Comparison between Other Simulated Travel Distance 
Figure 5 shows the comparative analysis of the droplet travel distance between 

model and our model. It is clear from Figure 5 that our model is consistent with model for 
the difference in the size range of large and small droplets. However, our model differs 
from [7]. This difference is mainly due to differences in the operating parameters used in 
the simulation. 

  
(a) (b) 

  
(c) (d) 

Figure 5. Comparison between experiment, simulated and Molle et al. (2012) [7]. (a) 150 kPa, (b) 200 kPa, (c) 250 kPa, 
and (d) 300 kPa. 

3.4. Compare the Droplet Size Distribution Model Prediction in Zero and Windy Conditions 
The computer model was used to simulate droplet travel distances from the sprinkler 

for three wind speeds with downwind direction, and zero wind conditions are compared 
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in Figure 6. The droplet with a diameter of less than 1 mm traveled farthest. In the range 
of 1.5 mm to 5.5 mm, the traveled distance increases with the increase of droplet size and 
wind speed. The drift distance is the difference between the travel distance of the droplets 
in the same nozzle pressure configuration under the conditions of no wind and wind. 
Figure 6 is showing the extent of drift decreases as droplet size increases. 

 
Figure 6. Effect of wind speed on droplet size distribution compared with zero wind conditions at 
constant pressure (150 kPa). 

This highlights that the degree of drift is relatively more sensitive to the change of 
the size area of small droplets than that of large droplets, which makes the size of small 
droplets more prone to wind drift. Therefore, if the droplet distribution in a spray is 
seriously skewed to smaller droplet sizes, the distribution pattern can easily be distorted 
under the influence of wind. The drift distance increases with the increase of wind speed. 
From Figure 6, it is important to note that smaller diameter (0.5 to 1 mm) droplets were 
widely drifted compared to larger droplets (1.5 to 5.5 mm). For example, when the 
condition was 300 kPa and 2.5 m/s, the droplet between 0.5 mm and 3.94 mm did not 
exceed the characteristic wetting radius even though they were drifted. Only droplets 
with an average diameter of 4.45 mm, a frequency of 0.92%, as well as droplets with an 
average diameter range of less than 0.2 mm and a frequency of less than 3% of the total 
number of droplets, moved outside the wetting radius. 

The remaining droplets have a higher probability of distorting the distribution 
pattern. This observation is particularly important because it partially answers the 
questions raised by [36,37], distinguishing between water droplets that may cause loss of 
wind drift and high probability water droplets that only distort the distribution pattern. 
Although larger droplets account for only a small part of the number of droplets in all 
droplet distributions under consideration, they constitute a high percentage of loss if they 
are wind drifted due to their larger size per droplet. For example, at a constant working 
pressure of 300 kPa, at wind speeds of 3.5 m/s and 4.5 m/s, 20% and 32% of the total 
volume exceeded the wet radius, respectively. These are larger droplets (3.9–4.5 mm), 
accounting for 3.6% and 6.3% of the total number of distributed droplets, respectively. 
Therefore, the percentage of large droplets in the distribution spectrum is not only 
significant for predicting droplet effects [38,39], but also more important for estimating 
wind drift losses, as they are likely to fall outside the wetting radius. 

4. Conclusions 
A computer model of droplet size distribution under zero and windy conditions was 

established. (1) The model with different nozzle sizes (4, 5, 6 and 7 mm) and different 
pressures (150, 200, 250, and 300 kPa) was verified. (2) The best results predicted by the 
computer model were at 5, 6, 4 and 7 mm. For working pressure, the best results were 
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obtained at 150 kPa and 200 KPa, 250 kPa, and 300 kPa. In general, the correlation between 
the observed and predicted droplet size diameter values for all sprinkler base pressures 
and the nozzle is quite good. The model was used to predict the pattern shape in no wind 
and windy conditions. The wetted distance downwind from the sprinkler increased as 
wind velocity increased, for example, at a constant working pressure of 300 kPa, at wind 
speeds of 3.5 m/s and 4.5 m/s, 20%, and 32% of the total volume exceeded the wet radius 
respectively. Larger droplets (3.9–4.5 mm), accounted for 3.6% and 6.3% of the total 
number of distributed droplets, respectively. 
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