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Abstract: Sprinkler system performance enhancement has been a key area of research due to concerns
about water shortages and rising energy costs. This study evaluated the hydraulic performance of
the newly designed Spiral Fluidic Sprinkler (SFS) with various nozzles under different operating
pressures. MATLAB software was used to simulate sprinkler uniformities under various operating
pressures and the droplet diameter, velocity, and kinetic energy, was measured using a 2DVD video
raindrop spectrometer. Results indicated that larger nozzles generally improved application
uniformity and efficiency. Specifically, the application rates at distances from the sprinkler showed a
reduction at smaller nozzle sizes and higher pressures, with larger nozzles maintaining better
uniformity. The coefficient of variation (CV) was lower with the 4 mm nozzle compared to the 3 mm
nozzle, suggesting more consistent water distribution. The average droplet size varied from 0.1 to 4.0
mm, with the majority of droplets smaller than 3 mm. The SFS demonstrated significant potential for
enhancing water application efficiency, offering a means to conserve water while maintaining or
improving agricultural productivity. Operating at lower pressures showed promising water savings,
making the system suitable for use in varying field conditions, where uniformity and water
conservation are critical.

Keywords: sprinkler irrigation; Spiral Fluidic Sprinkler; droplet size; uniformity coefficient; water
distribution

1. Introduction

Irrigation plays a pivotal role in ensuring efficient agricultural practices, directly impacting crop
yield and water conservation. Traditional sprinkler systems often face challenges in achieving
optimal water distribution, leading to inefficiencies in both water use and energy consumption.
Applying water without adequate planning fails to meet the principles of effective irrigation, which
require precise application at the right time and amount. Regular assessments of irrigation system
performance using metrics such as application depth and water distribution uniformity coefficient
are critical for optimizing water use in agriculture [1-5].

Numerous studies have explored factors influencing the performance and uniformity of
sprinkler irrigation systems. Key variables include nozzle size, operating pressure, sprinkler spacing,
riser height, field topography, discharge angle, and environmental conditions such as wind speed
and direction [6-10]. Researchers have consistently highlighted the importance of irrigation
uniformity, which measures the variance in water application across an area. Poor uniformity not
only affects crop health but also results in energy inefficiencies and increased operational costs.
Various solutions, such as auxiliary nozzles, distributive needles, and non-circular nozzles, have been

© 2025 by the author(s). Distributed under a Creative Commons CC BY license.


https://doi.org/10.20944/preprints202502.2048.v1
http://creativecommons.org/licenses/by/4.0/

Preprints.org (www.preprints.org) | NOT PEER-REVIEWED | Posted: 25 February 2025 d0i:10.20944/preprints202502.2048.v1

2 of 14

employed to improve irrigation quality. However, their effectiveness diminishes at lower operating
pressures, presenting a significant challenge for low-pressure systems [11-15].

In recent years, water conservation at reduced pressures has gained prominence in sprinkler
irrigation research. Operating sprinklers at pressures below 100 kPa is a recommended strategy for
achieving energy and water savings. However, conventional low-pressure systems often struggle
with uneven water distribution, limited spray range, and prolonged irrigation durations. When
operating at low pressure, water tends to concentrate at the end of the jet, leaving the forepart and
middle segment inadequately irrigated. This phenomenon highlights the need for innovative designs
capable of maintaining consistent performance under low-pressure conditions [16-18]. Although
advancements like auxiliary nozzles and distributive needles have been introduced, their impact
under low pressures remains limited [19-21].

To overcome these challenges, the Spiral Fluidic Sprinkler (SFS) has been developed by the
Research Center of Fluid Machinery Engineering and Technology at Jiangsu University. Indoor
testing was selected to eliminate environmental variability such as wind and uneven terrain, ensuring
controlled and repeatable conditions for evaluating hydraulic performance. This novel sprinkler
leverages dynamic fluidic principles to generate a spiral flow pattern, enhancing water dispersion
and coverage. The design aims to address the limitations of conventional systems by improving
uniformity and reducing energy consumption. This study evaluates the hydraulic performance of the
SFS, focusing on the effects of various nozzle sizes (3, 4 and 5 mm) and operating pressures. These
nozzle sizes and pressure ranges (100-250 kPa) are selected to cater for a range of practical
applications, balancing small-scale precision irrigation with large-scale agricultural needs. The
findings will contribute to advancing irrigation technologies, offering practical solutions for energy-
efficient and effective water management in agriculture.

2. Materials and Methods
2.1. Study Area

This section outlines the study area for evaluating the performance of the Spiral fluidic sprinkler
(SES). The sprinkler was designed by the Research Centre of Fluid Machinery Engineering and
Technology at Jiangsu University in Zhenjiang, China. It is a region characterized by a humid
subtropical climate with moderate elevation and significant annual rainfall. This area is located at
latitude 32°11'57"N and longitude 119°30'51"E, at an elevation of 15 meters.
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Figure 1. Map of China showing Jiangsu University and its surroundings.
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2.2. Materials and Equipment

The experimental parameters were selected based on industry standards for sprinkler irrigation
and the need to evaluate performance under varying operational conditions. These conditions were
chosen to simulate scenarios encountered in diverse agricultural settings.

The Spiral Fluidic Sprinkler (SES) represents a novel approach to sprinkler design, characterized
by its unique spiral flow pattern and dynamic fluidic mechanism. The principle of operation is based
on spiral flow. This spiral flow pattern creates a swirling motion of water droplets, resulting in
improved dispersion and coverage across the irrigated area. The dynamic nature of the SES allows
for greater flexibility in adjusting water distribution patterns, making it well-suited for diverse
agricultural applications. Figure 2 and Table 1 show the prototype and schematic diagram of the
Spiral Fluidic Sprinkler and the sprinkler head specifications.

Figure 2. Prototype of the Spiral Fluidic Sprinkler. 1. Swivel connection block; 2. Hollow shaft; 3. Sprinkler

body; 4. Water inlet; 5. Main nozzle; 6. Main flow; 7. Auxiliary nozzle; 8. element body; 9. cover plate; 10 Air hole
Jet; 11. Outlet cover plate.

Table 1. Sprinkler Head Manufacturers’ Specifications.

Items Specification
Pressure 100-400 kPa
Spraying Radius 40-85m
Nozzle sizes (s) 3,4, 5mm
Thread Size % inches
Spray Pattern Full-circle (360°)
Material used Zinc/brass

2.3. Experimental Procedures

The experiments were conducted at the indoor facilities of the Research Center of Fluid
Machinery Engineering and Technology, Jiangsu University (Jiangsu province). The diameter of the
circular-shaped indoor laboratory is 44 m. The water pump was used to supply water from a movable
water tank. The sprinkler head was mounted on a 1.5 m riser was mounted perpendicular to the
horizontal. Catch cans used in performing the experiments were cylindrical in shape, 200 mm in
diameter and 600 mm in height. The catch cans were arranged in two legs around the sprinkler as
shown in Figure 3. Each leg contained 14 catch cans placed 0.5 m apart constituting 28 catch cans in
total. The sprinkler was run for 60 minutes to standardize the environment conditions before the
experiment was carried out Zhu et al., [23]. The sprinkler flow rate was 0.48 m3/h for an operating
pressure of 250 kPa, which was controlled by pressure regulation.

The operating pressure at the base of the sprinkle head was regulated and maintained by a valve
with the aid of a pressure gauge with an accuracy of +1%. The corresponding operating pressures


https://doi.org/10.20944/preprints202502.2048.v1

Preprints.org (www.preprints.org) | NOT PEER-REVIEWED | Posted: 25 February 2025 d0i:10.20944/preprints202502.2048.v1

4 of 14

were 100, 150, 200 and 250 kPa, respectively. The application of water depth measurements was
carried out in accordance with [24] The experiment lasted for an hour, and the water depth in the
catch cans was measured with a graduated measuring cylinder. Droplet sizes were determined using
a 2D-Video Distrometer (2DVD) technique. The device has the following specifications: a drop
diameter measurement ranges from 0.125 to 6.5 mm with an increment of 0.125 mm, and a measuring
area that is 1 m long, 1 mm wide, and 0.2 m thick. 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 carried out at 1 m intervals
along the radial direction of the sprinkler under a working pressure of 100, 150, 200, and 250 kPa. The
sprinkler was allowed to spray over the measurement area for at least five minutes to ensure a
sufficient number of drops. A minimum of 100,000 drops were produced by the indoor user terminal,
but only 92% of the drop sizes were analyzed after filtering. While the indoor conditions eliminate
environmental factors such as wind, they do not account for field-level variables such as soil type,
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slope, or evapotranspiration, which could influence water distribution.

water distributions

sucTﬁnn line control valve

Catch

cans
aonooonnn
obile tank DC motor/pump Riser ;1 Measurement point :
" Wetted radius

Figure 3. Experimental setup in the indoor laboratory.

2.4. Computed Coefficient of Uniformity

Matrix Laboratory (MATLAB R2020b) software was used to simulate sprinkler uniformities
under various operating pressures. The water distribution data from a single nozzle was analyzed
using cubic spline interpolation, and the observed data was subsequently formatted into a grid. The
combined uniformity coefficients for the overlapped sprinklers were then computed using the
superposition approach to create the ideal combined water distribution maps. The range of the
combination spacing value was R to 1.8R in order to avoid the occurrence of missed spraying. The
statistical analysis of the droplet data set yielded the characteristics of centrality and droplet size
dispersion. Equations (1) and (2) were used, respectively, to calculate the two droplet size parameters
used in the study: Average volume diameter (Dv, mm) and arithmetic mean diameter (d, mm).
Equation (3) determines the water application rate using the Christiansen coefficient of uniformity
(CU). Equation (4) was employed to compute the discharge coefficients of every nozzle by utilizing
the observed pressure-discharge data:

n (1)
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where Q is the volumetric discharge of the sprinkler (m3s™), as m; is the mass of the i-th object
or particle in the system, A is the nominal cross-sectional area of the nozzle (m?), g is the gravitational
acceleration (m s?2), H is the pressure head (m), c is the discharge coefficient, and the discharge
exponent for the sprinklers. To describe the stability of the above-mentioned hydraulic performance
when the sprinkler is working, the standard deviation (STD) and the variation coefficient (CV) were
used to analyze the data, and the calculation formulas are (5) and (6).

1 - :
= — . —_ 5
STD n—1z(h‘ ) )
i=1
STD
CV = 100 X == (%) ©)

Where hirepresents the i-th water depth value (mm) of each measuring point arranged from
small to large; n represents the total number of measuring points and h represents the average
spraying water depth (mm) on the sprinkling irrigation area.

3. Results and Discussion
3.1. Spray Range

The measurements of spray ranges were repeated three times, and the averages were recorded.
The spray ranges for different types of nozzles are listed in Table 2. Different nozzle sizes resulted in
variations in sprinkler ranges under the same operating pressure. The radius of throw increased as
the nozzle size increased for all pressures. The lowest radius of throw was achieved when the
sprinkler was operated at a pressure of 100 kPa, while the maximum radius of throw was obtained
when it was operated at a pressure of 250 kPa. However, there was no appreciable variation in the
radius of throw between 250 and 150 kPa. With the rising cost of electrical energy consumed by a
pump, managing the operating pressure at a lower level of 150 kPa ensures more controlled water
distribution, preventing over-irrigation, reducing water wastage, and improving energy efficiency,
ultimately lowering operating costs. With a pressure of 250 kPa, the spray range from nozzle size 5
m was largest with a value of 7.7 m, possibly due to a smaller surface area for the interruption of jet
flow, leaving it undisturbed for a sufficient period within the irrigation to maintain a large spray
range. With an increase in pressure, the standard deviations were 2.6%, 2.4%, 2.5%, and 2.8% for 100,
150, 200, and 250 kPa, respectively. This aligns with previous research on the relationship between
nozzle sizes and spray range [24,25]. In terms of the discharge equation, multiple studies have
concluded that the discharge exponent is independent of pressure for a specific nozzle diameter, and
that the discharge exponent remains constant at 0.5 [26,27]. In this study, the discharge exponent was
assumed to be equal to 0.5. The equation allowed for the calculation of the flow rate considering each
pressure and nozzle diameter as presented in Table 2. The discharge coefficient remained fairly
unchanged for the pressure ranges with each type of nozzle used in this study. This means that the
discharge coefficient was independent on the working pressure. Similar findings were previously
reported [28]. Smaller nozzles (3 mm) typically deliver lower discharge and application rates, which
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may contribute to improved uniformity. However, they may not be sufficient to meet the water
requirements of larger fields. Medium-sized nozzles (4 mm) offer a balanced performance, providing
higher discharge across most pressures, making them well-suited for medium-to-large fields. Larger
nozzles (5 mm) perform optimally at moderate pressures, making them suitable for larger fields.
However, at high pressures, they may pose a risk of over-irrigation in certain areas. These results
suggest that the 4 mm nozzle provides an optimal balance between uniformity and water
conservation at moderate pressures (150 kPa), making it suitable for medium-sized fields.

Table 2. Comparison of discharge coefficients and range for the nozzle size.

Spray range (m) Standard Discharge Standard deviation
pray rang deviation (%) coefficient (%)
Nozzle
. P 100 150 200 250 100 150 200 250 100 150 200 250 100 150 200 250
size(mm)
3 52 54 55 64 24 23 25 24 0.620.630.650.66 2.0 221 22 25
4 62 64 6.7 69 23 21 24 22 0.650.670.690.71 2.1 227 23 26
5 65 68 70 77 2.6 24 25 28 068 0.700.730.74 25 23 24 29

3.2. Water Distribution Patterns

Figure 4(a—c) shows the water distribution for different nozzle sizes at varying operating
pressures in the investigation. The study revealed that the application rate grew with the sprinkler's
distance from the riser until it reached its maximum value and then dropped for all pressures (100,
150, 200, and 250 kPa). The application rates rose as operating pressures were raised until they
reached their maximum, at which point they began to fall. This shows that higher operating pressures
result in increased application rates, with the highest values occurring at mid-range distances before
tapering off.

The 3 mm nozzle's application rate fluctuated between 0.25 and 2.22 mm/hr for 250 kPa being
the highest. For each of the four pressures under analysis, the highest application rate value was
found to be 1.25 mm/h at a distance of 4.5 m for 100 kPa, 1.76 mm/h at 4.5 m for 150 kPa, 1.69 mm/h
at 4.5 m for 200 kPa, and 2.22 mm/h at 4.5 m for 250 kPa.

The comparison of water distribution profiles at different operating pressures revealed that all
nozzle sizes produced a bell-shaped curve, with variations in spray intensity and range depending
on pressure settings. Larger nozzles, such as 4 mm and 5 mm, typically resulted in a higher average
application rate due to increased discharge. However, the spray intensity near the sprinkler was
lower compared to smaller nozzles, as the water was distributed over a larger area [29]. This
highlights the trade-off between nozzle size and uniformity of water distribution—larger nozzles
enhance coverage but reduce localized application near the sprinkler.

Smaller nozzles produced more concentrated water application near the sprinkler due to
increased jet breakup, resulting in a finer, more localized spray pattern. While operating pressure
influenced the application rate, its impact was less significant compared to nozzle diameter. This
finding aligns with previous studies on the effects of pressure and nozzle size on irrigation sprinkler
water distribution [30]. The comparison shows that in fields with varying topography, the uniform
distribution achieved by the 4 mm nozzle at 150 kPa could reduce water runoff and enhance crop
yield.
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Figure 4. Water distribution profiles for different types of nozzles and pressures.

3.3. Simulated CUs

The study used rectangular spacing for lateral wetted radius multipliers of 1.0, 1.1, 1.2, 1.3, 1.4,
1.5, 1.6, 1.7, and 1.8 for all nozzle sizes. Figure 5 illustrates the relationships between the simulated
CU and spacing along the vertical and horizontal axes. As the distance from the sprinkler increased,
the CU also increased until it reached the maximum and then decreased for all the pressures and
nozzles. For example, the simulated CUs from the 4 mm nozzle showed an increase in spray range,
reaching 77% at R to 1.3R (200 kPa) and 79% at R to 87% at 1.3R (250 kPa). The uniformities increased
from 1 to 1.3R spacing for the various pressures, averaging 79.67% and 81.57%, respectively.
Comparatively, the simulated CUs from the 5 mm nozzle increased from 77% to 83 %, respectively.
The uniformities increased from 77% at R to 83% at 1.3R (200 kPa) and from 78% at R to 86% at 1.3R
(250 kPa). A comparison of the coefficient of variation (CV) showed that at 200 kPa, the 5 mm nozzle
had a minimum value of 8.63%, while the 4 mm nozzle had a higher value of 12.4%. The 4 mm nozzle
size exhibits a higher CV, indicating a more inconsistent distribution of water across the catchment
points. In contrast, the 5 mm nozzle size demonstrates better uniformity in water distribution, as
reflected by its lower coefficient of variation. Based on the t-test, the difference in the CVs for the 4
mm nozzle under 200 kPa and 250 kPa is statistically significant (p<0.05). This confirms that the water
distribution is significantly more variable under 250 kPa pressure compared to 200 kPa pressure.

On the other hand, the simulated CUs from 3 mm at 200 kPa were only slightly lower than those
below 250 kPa. More water was applied near the sprinkler as a result of the flow becoming less
uniform due to the understanding that the water pressure and spray pattern typically cause the water
to fall more densely near the sprinkler head. As the distance from the sprinkler increases, the water
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droplets tend to spread out, leading to a decrease in water intensity. This serves as more evidence
that 3 mm performs better in low-pressure environments. Using a 3 mm nozzle device as an example,
the CUs rose with an average value of 79.8% (150 kPa) from 76% at R to 84% at 1.4R. The CUs showed
a modest increase with increasing pressure with spacing. This is in line with the general tendency of
higher pressure observed in the sprinkler atomization effect. On the other hand, the simulated CUs
from C2 at 200 kPa were only slightly lower than those at 250 kPa.

The observed trends can be attributed to the interaction of sprinkler spacing, nozzle
characteristics, and operating pressures. At smaller spacings, the coefficient of uniformity (CU) is
lower due to inadequate overlap of spray patterns, leading to inconsistencies in water distribution.
However, as the spacing increases, the overlap between adjacent sprinkler patterns improves, and
the CU increases, reaching an optimal value at spacings of approximately 1.3R to 1.4R. Beyond this
point, further increases in spacing result in reduced overlap, causing a decline in CU. Larger nozzles,
such as the 5 mm, show better performance at lower pressures, likely due to their ability to maintain
a more consistent spray pattern and compensate for the effects of reduced pressure. Conversely,
smaller nozzles, such as the 3 mm, exhibit higher sensitivity to pressure variations, which affects their

uniformity.
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Figure 5. Computed coefficient of uniformity (CU) for different types of nozzles and pressures.

3.4. Droplet Size Distributions

Findings of droplet size distribution were obtained at the edge of the spray range using the
2DVD Technique. The weighted cumulative frequency represents the cumulative specific gravity
value between the weighted full diameter of the spray and droplets smaller than one diameter. As
the droplets rose in a radial direction, those with the biggest diameters fell at the terminal point.
Figure 6 displays the cumulative droplet diameter frequencies as a function of droplet diameter from
several types of nozzle sizes under 100 kPa, 150 kPa, 200 kPa, and 250 kPa. The smallest droplets
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were visible at the sprinkler range boundaries, and the droplets' sizes varied greatly. The average
size of type 3 mm droplets varied from 0.1 to 4.0 mm. The droplets under 1 mm showed a cumulative
frequency of 84%, 91%, and 70% at pressures of 150, 200, and 250 kPa. Under 2 mm, the percentages
were 91%, 92%, and 81%; and under 3 mm, they were 96%, 94%, and 92%. The mean diameters of the
4 mm nozzle droplets ranged from 0 to 3.8 mm. Cumulative frequencies of drops below 1 mm were
found to be 77%, 80%, and 82%; drops under 2 mm had frequencies of 84%, 92%, and 90%; and drops
under 3 mm had frequencies of 90%, 95%, and 96%. The study revealed minor differences in droplet
diameters, especially between 200 and 250 kPa. One potential explanation is that the jet flow broke
up into smaller droplets near the sprinkler at higher working pressures. These smaller droplets tend
to cluster near the sprinkler and show minimal variations in size as the pressure rises [31]. The nozzle
size of 4 mm had the largest droplet size at 1.55 mm, while the 3 mm nozzle had the narrowest droplet
size range, reaching a maximum of 1.44 mm. In comparison, the 5 mm nozzle generally produced
droplet sizes ranging from 0.1 to 4 mm. Under pressures of 100 kPa, 150 kPa, and 200 kPa, the droplets
under 1 mm had a cumulative frequency of 86, 84, and 80%; under 2 mm, 95%, 90%, and 90%; under
3 mm, 97%, 98%, and 96%; and under 4 mm, 100% as shown in (Figure 6). Because of the momentum
loss, nozzles with smaller outlet diameters created finer droplets that tended to cover a smaller
region. The increase in the nozzle's outlet diameter resulted in insufficient disruption of the jet,
leading to larger droplet sizes. This indicates that changes in the nozzle outlet diameter had a
significant impact on droplet diameter, consistent with the overall trend. The ballistic model
simplifies the actual situation for modeling purposes by assuming a fixed droplet size at any distance
from the sprinkler. This supports the theory that droplet formation continues constantly along the

jet's path [32].
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Figure 6. Cumulative droplet diameter frequency for different conditions.

3.5. Statistical Analyses of Droplet Diameter

The statistical parameters of the droplet diameters obtained for the nozzles and operating
pressures are shown in Table 3. The volumetric mean diameter, the median diameter, the coefficient
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of variation, the arithmetic mean, and the standard deviation are among the parameters. The mean
droplet diameter of these characteristics decreased overall for the nozzles as the pressure increased.
The coefficients of diameter variation ranged from 76~114%, with a mean value of 96%; the standard
deviations of droplet diameter from 3 mm ranged from 0.41~0.59 mm, with a mean value of 0.51 mm.
Regarding 3 mm, the standard deviation of droplet diameter varied from 0.62~0.79 mm, with a mean
value of 0.72 mm; the coefficients of diameter variation ranged from 92~134%, with a mean value of
107%.The volumetric, mean, variances, CV, and median of the droplet sizes obtained from the
sprinkler with different nozzle types. The mean droplet sizes of the nozzles generally decreased with
increasing pressure. The nozzle size (4 mm) had a mean value of 0.43 mm and a standard deviation
of droplet sizes ranging from 0.37 to 0.48 mm. The average value of the CV was determined to be
84%, ranging from 65% to 92%. Regarding 4 mm, the standard deviation of droplet diameter varied
from 0.62~0.79 mm, with a mean value of 0.72 mm; the coefficients of diameter variation ranged from
92~134%, with a mean value of 107%. The mean droplet sizes of the nozzles generally decreased with
increasing pressure. The sprinkler with the nozzle size 5 mm had a mean value of 0.43 mm and a
standard deviation of droplet sizes ranging from 0.37 to 0.48 mm. The average value of the CV was
determined to be 84%, ranging from 65% to 92%.

Table 3. shows the statistics of droplet diameters for different pressures and nozzle sizes.

Type di/mm Dv/mm Dso/mm SDp/mm CVb/%

kPa 100 150 200 250 100 150 200 250 100 150 200 250 100 150 200 250 100 150 200 250
3mm  0.820.730.660.78 2.6 2.222.202.300.220.210.220.180.850.660.73 0.5 108 90 111 103
4mm  7.360.770.700.602.877.522.146.810.360.220.210.171.010.980.93 0.8 111 129 132 120
5mm 0.890.780.730.602.852.352.202.010.420.300.240.18 0.620.790.79 0.6 120 102 101 98

At a particular distance from the sprinkler, the average droplet sizes produced by the sprinkler
devices were identical. The nozzle size that produced the smallest droplet size was 3 mm, which is
less than the minimum droplet size diameter. The droplet size decreased from 0.6 to 0.3 mm,
increasing losses from evaporation and wind drift [33-37]. Nevertheless, because the maximum
droplet diameter shrank and outpaced the rate at which the minimum droplet size diameter
increased, nozzle size 4 mm droplet sizes were greater. This indicates that, in field situations, the new
sprinkler with the nozzle size of 5 mm may be helpful in minimizing evaporation and wind drift
losses while avoiding soil damage. A summary of droplet sizes for 10%, 50%, and 90% from various
nozzle and operating pressures is given in Table 4.

Table 4. Droplet sizes for 10%, 50%, and 90% (d10, d50, and d90, respectively) for different types of nozzles

and pressures.

dio/mm dso/mm doo/mm

kPa 100 150 200 250 100 150 200 250 100 150 200 250

3mm 0.07 0.08 0.07 0.07 051 035 051 030 153 140 150 1.53
4mm 0.06 0.07 005 0.08 048 031 033 028 049 137 145 140
5mm 0.07 0.04 004 007 044 026 030 025 03 134 144 1.50

The distribution of the water droplets' kinetic energy intensity along the spray range for various
nozzle sizes and operating pressures of 100, 150, 200, and 250 kPa is depicted in Figure 7. At all nozzle
sizes and operating pressures, the droplet kinetic energy intensity generally followed the same trend,
as seen in Figure 7. It is interesting to note that while the maximum intensity of the droplet kinetic
energy decreased with increasing pressure, the intensity of droplet kinetic energy first increased and
then decreased along the radial direction of the nozzle. Figure 7 illustrates the peak intensity of
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droplet kinetic energy under 100, 150, 200, and 250 kPa as follows: 0.05 x 10 W/m?, 0.39 x 10-* W/m?,
0.6 x 10° W/m?, and 0.86 x 103 W/m?, for a 3 mm sample. For each pressure unit increase compared
to 100 kPa, the maximum intensity of the droplet kinetic energy decreased by 25.6%, 37.2%, 41.2%,
and 53.6%, respectively. As the nozzle size increased, the energy was distributed more evenly at
constant pressure. At working pressures of 100, 150, and 200 kPa, the maximum droplet kinetic
energy intensity was measured to be 0.86x 103 W/m?, 1x 103 W/m?, and 1.1x 10 W/m?, respectively.
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Figure 7. The distribution of the Kinetic Energy of the water droplets.

4. Conclusions

In this study, an innovative sprinkler and nozzle device has been proposed to improve the
performance characteristics of sprinkler irrigation. Indoor experiments were conducted across a
range of operating pressures, and the following general conclusions can be drawn from the findings:
e Larger nozzle sizes generally increased the throw radius, with minimal variation observed

between higher operating pressures. Given the rising cost of energy, operating at lower pressures
can offer a practical balance between performance and water conservation, making it a more
energy-efficient option for irrigation systems.

e  The performance of the sprinkler system, including application rates and uniformity, varied with
nozzle size and pressure. Larger nozzles contributed to more uniform water distribution, leading
to more consistent irrigation. Smaller nozzles, while providing higher application rates at certain
distances, showed greater variability in distribution, emphasizing the importance of nozzle
selection for optimal performance.

e The Coefficient of Variation (CV) analysis revealed that the system exhibited better uniformity

with specific nozzle sizes at certain pressures, emphasizing the critical role of selecting the right
nozzle size to minimize variability in water distribution. This ensures more consistent coverage
across the irrigated area, which is essential for efficient irrigation.

e The droplet size distribution was found to vary with pressure, with smaller droplets dominating

at lower pressures. The distribution of droplet sizes affects both the efficiency of water application
and the potential for evaporation losses, suggesting that optimizing droplet size is critical for
maximizing irrigation efficiency.
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The Spiral Fluidic Sprinkler demonstrated efficiency in conserving water while maintaining
uniform application, making it a valuable tool for advancing sustainable agricultural practices.
Further research under diverse environmental conditions will help solidify its role in modern
irrigation systems.
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