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Abstract: A newly designed dynamic fluidic sprinkler was tested with different types of nozzles
at different operating pressures. Therefore, the aim of this paper was to evaluate the hydraulic
performance of a newly designed dynamic fluidic sprinkler. MATLAB R2014a software was employed
to establish the computational program for the computed uniformity. Droplet sizes were determined
using a Thies Clima Laser Precipitation Monitor. Results showed that the nozzle with a diameter
of 5.5 mm gave the highest coefficient of uniformity value of 86% at a low pressure of 150 kPa.
The comparison of water distribution profiles for the nozzle sizes (2, 3, 4, 5.5, 6 and 7 mm) at different
operating pressures (100, 150, 200, 250 and 300 kPa) showed that a 5.5-mm nozzle size produced
a parabola-shaped profile at 150 kPa. The mean droplet diameters for the nozzles sizes of 2, 3, 4,
5.5, 6 and 7 mm ranged from 0 to 4.2, 0 to 3.7, 0 to 3.6, 0 to 3.2, 0 to 0.5 and 0 to 3.8 mm, respectively.
The comparison of droplet size distributions showed that 5.5 mm had the optimum droplet diameter
of 3.2 mm. The largest droplet sizes had a maximum value of 4.0 for a 2-mm nozzle size. For all the
nozzles sizes, 5.5 mm produced better results for hydraulic performance, which can significantly
improve the performance and save water for crop production in sprinkler-irrigated fields.

Keywords: sprinkler irrigation; dynamic fluidic sprinkler; droplet size; uniformity coefficient; water
distribution; nozzles

1. Introduction

Sprinkler irrigation technology has been widely used especially in agriculture to save water. It has
great potential for improving the water use efficiency of crops. Furthermore, the irrigation engineer
can control the amount of water applied, and it is more easily scheduled, which can increase water
productivity per the unit of water consumed [1,2]. The sprinkler irrigation system distributes water
in the form of discrete drops travelling through the air [3]. Sprinkler irrigation can play a significant
role in irrigation development in third world countries, if the system is properly selected, designed
and operated. Sprinkler systems have accelerated and been revolutionized with the development of
irrigated agriculture in several parts of the world. It is therefore not surprising that the utilization of
sprinkler irrigation systems has recently increased [4,5].

According to [6,7], the performance of a sprinkler is determined by its discharge, wetted radius,
distribution pattern, application rate and droplet sizes. Water application rate can be defined as the
depth of water applied to the area per unit time. It determines which sprinkler should be assigned to a
particular soil, crop and terrain on which it operates. The application rate depends on the operating
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pressures, the nozzle size and distance between sprinklers [8]. However, the effect of operating pressure
on application rate is minimal compared to the effect of the sprinkler nozzle on the application rate [3].
For most sprinklers, when the operating pressure is increased, the discharge tends to balance the
increase in wetted area. It has been found that a sprinkler nozzle that produces little droplets covers a
smaller wetted area, which also has the highest average application rate. Increasing the nozzle diameter
increases the average application rate, since the sprinkler discharge tends to increase more rapidly
than wetted area [9]. According to [10,11], the application uniformity of a sprinkler is an important
performance criterion for the design and evaluation of sprinklers, which is primarily influenced by
operating pressure, sprinkler size and spacing.

Several studies have been conducted to analyze the droplet size distribution with different types
of sprinklers over the years. The work in [12] showed that drop size distributions have a direct
effect on irrigation water kinetics energy and wind drift. The work in [13] analyzed the droplet size
characteristics of a complete fluidic sprinkle and concluded that about 50% of the droplets had a
diameter of less 0.5 mm and that 50% of the water volume consisted of droplets with a diameter less
than 2 mm at most distances. The work in [14] reported that nozzle size and pressure configurations
have an influence on droplet formation. Similarly, [15,16] reported that drop sizes can also influence
the design, uniformity and efficiency of irrigation systems. According to [17], wind speed has been
found to affect fine drops more than large drops. The work in [18] showed that small drops are subject
to large evaporation losses under high vapor pressure. However, when drop evaporation is controlled
by air friction, large drops can account for most evaporation losses [19]. The work in [20] reported that
drops produced by a sprinkler are subject to several factors; such as the type of sprinkler and nozzle,
operating parameters and environmental conditions.

Other researchers have proposed equations to express the coefficient of uniformity [21,22].
The different equations available to express the coefficient of uniformity (CU) are based on some
measures of variation in water distribution. The work in [23,24] considered a coefficient of uniformity
value of less than 85% as “low” and a CU of 85% or above as “desirable”. According to [25,26],
Christiansen’s coefficient of uniformity is the most widely used for water distribution uniformity
assessment in sprinkler irrigation.

Over the years, extensive research works have been carried out to improve the structure and
efficiency of the fluidic sprinkler for crop production. The work in [27] conducted experiments on drop
size distributions and droplet characterization of a complete fluidic sprinkler with different nozzle
dimensions. The work in [28] performed a numerical simulation and experimental study on a new
type of variable-rate fluidic sprinkler. The work in [29] researched the field performance characteristics
of a fluidic sprinkler. The work in [30] compared fluidic and impact sprinklers based on hydraulic
performance. The work in [31] analyzed smoothed particle hydrodynamics and its applications in
fluid-structure interactions. The work in [32] concluded that variations in quadrant completion times
were small for both fluidic and impact sprinklers. However, deviations in water application rate were
higher with the fluidic sprinkler. The work in [29] studied the relationship between rotation speed and
operating pressure and pointed out that the inner angle of a fluidic sprinkler varied in quite a range
among geometrical parameters. Subsequently, the authors concluded that further study needed to be
carried out on the design features of the fluidic component. Similarly, Liu et al. [28] carried out a study
on the fluidic sprinkler and confirmed the need to optimize the structure.

Only a few studies have focused on improving the rotation of the fluidic sprinkler. However,
the rotation instability remains a major difficulty, resulting in the variation of the water application rates.
Optimization can enhance the rotation stability and minimize the inconsistency in the water application
rates. Therefore, the aim of this paper was to evaluate the hydraulic performance of the newly designed
dynamic fluidic sprinkler with different types of nozzles at different operating pressures.
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2. Materials and Methods

2.1. Design of New Dynamic Fluidic Sprinkler Head

In this research, a newly designed dynamic fluidic sprinkler head was manufactured.
The following parameters are key factors when it comes to the design of the fluidic structure: the
diameter of the main nozzle, the inner contraction angle, the offset length and the working area.
The dynamic fluidic sprinkler was developed by Jiangsu University. It is schematically shown in
Figure 1. The manufacturing tolerance for the size was ±0.02 mm. The main differences between the
newly designed dynamic fluidic sprinkler (DFS) and complete fluidic sprinkler (CFS) is the working
principle. The newly designed dynamic fluidic sprinkler receives an air signal from a signal tank,
but the complete fluidic sprinkler obtains the signal from the fluidic component, found in the working
area. When they are operating under a low pressure condition (such as 100 kPa), it is difficult to get the
signal flow for the complete fluidic sprinkler. This leads to disappearance of the pressure difference
between the two sides of the wall. Therefore, the CFS rotation could not be guaranteed. For the DFS,
the air signal flow could be received continuously once the signal tank is filled with water.
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Figure 1. Schematic, pictorial view of the new fluidic sprinkler head. 1. Water signal tank. 2. First lock
nut. 3. Pipe sprayer 4. Spray body. 5. Second lock nut. 6. Body of the fluidic element. 7. Jet element
body. 8. Water inlet. 9. First air hole. 10. Outlet cover plate. 11. Water dividing hole. 12. α main
flow. 13. Signal nozzle. 14. Third lock nut. 15. Conduit. 16. Water storage capacity. 17. Signal hole.
18. β contraction angle. 19. Second air hole.

2.2. Working Principle

The principle of operation of the fluidic sprinkler is based on [33] to perform the function of
rotation. Water is ejected from the main nozzle to the working area. A region of low-pressure eddy
is formed on both sides of the working area. Air flows into the left side from the reverse blow down
nozzle and into the right side from the signal nozzle. The main flow jet is straight because the pressure
on both sides is equal and the sprinkler remains stationary, as shown in Figure 2a,b, respectively.
The signal flow received from Signal Nozzle 1 fills up Signal Nozzle 2 to transform the right side into
a low-pressure eddy. The main flow jet is bent toward the boundary and eventually attached to it
because the left pressure is much larger than the right pressure. The phenomenon is repeated step
by step, and the sprinkler achieves a stepwise rotation in sequence by self-control. The main flow jet
is reattached to the left plane, and the sprinkler rotates to the opposite direction because the right
pressure is much larger than the left pressure. The reverse blow down nozzle opens, and air flows into
the left side to equalize the pressure again when the sprinkler rotates to the other side. The prototype
of the dynamic fluidic sprinkler is shown in Figure 3.
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Figure 3. Prototype of the dynamic fluidic sprinkler.

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 was 44 m. A centrifugal pump was used to supply water from
a constant level reservoir. The sprinkler head was mounted on a 1.5-m riser at a 90◦ angle 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 4. Each leg contained 14 catch cans placed 1 m apart constituting 28 catch cans
in total. The sprinkler was run for some minutes to standardize the environment conditions before
the experiment was carried out. The sprinkler flow rate was 4.75 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 were 100, 150, 200, 250 and 300 kPa, respectively.
The application of water depth measurements was carried out in accordance with [31].
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Figure 4. Experimental setup in the indoor laboratory.

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 Thies Clima Laser Precipitation
Monitor (TCLPM). It has the following specification: the drop diameter measurement ranges from
0.125 to 8.5 mm in increments of 0.125 mm, and the measuring area is 228 mm long, 200 mm wide
with a thickness of 0.75 mm, manufactured by Adolf Thies GMBH & CO.KG, Gottingen, Germany.
The principle of operation is such that a beam of light is produced from a laser-optical source in the
form of infrared, 785 nm. A photo-diode with a lens is located on the receiver side to determine the
optical intensity after transformation into electrical signals. The receiving signal reduces when the
water droplet falls through the measuring area. The diameter of the droplet is estimated from the
amplitude of the reduction, the droplet velocity of which is calculated from the duration of the reduced
signal. For each operating pressure, the droplet size distributions were determined at an interval of
2 m along a radial transect at a distance of 2 m from the sprinkler. For each droplet measurement,
the sprinkler was allowed to rotate over the TCLPM at least five times to ensure a sufficient number of
drops passed through the measured area. At each pressure, a minimum of three replication assessments
were made, and the averaged data were used for the final experiments. Data were ordered according
to the drop diameter.

2.4. Computed Coefficient of Uniformity

Matrix Laboratory (MATLAB R2014a) software manufactured by Mathwork Incoperation,
Springfield, MA, USA was employed to establish a computational program for the CU. The work
in [25,26] reported that Christiansen’s coefficient of uniformity is the most widely used and accepted
uniformity criterion. Therefore Christiansen’s equation was utilized to determine CU.

CU =

(
1− ∑n

i=1|Xi − µ|
∑n

i=1 Xi

)
100% (1)

where n = number of catch cans; xi = measured application depth, mm; µ = mean average depth, mm;
and CU = coefficient off uniformity, %.

The model for converting radial data into the net data’s insert function was established as follows:
Point A is the net point between two adjacent radial rays, and (Xk, Yk) is its coordinate. P1, P2, P3 and P4

are the four nearest points to Point A on the adjacent radial rays, and (P1Q1), (P2Q2), (P3Q3) and
(P4Q4) are their coordinates. Their positions are therefore x1 = P1 cos∅1, (i = 1, 2, 3, 4) and y1=P1 sin∅1,
(i = 1, 2, 3, 4); their water depths are h1, h2, h3 and h4; and the distances away from Point A are
r1, r2, r3 and r4, respectively. Thus,

r1 =

√
(Xi − Xk)

2 + (Yi −Yk)
2(i = 1, 2, 3, 4) (2)
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The water depth A can be expressed as:

hA =C1h1 + C2h2 + C3h3 + C4h4 (3)

where:
C1 = (r2r3r4)2/R,C2 = (r1r3r4)2/R,C3 = (r1r2r4)2/R,C4 = (r1r2r3)2/R, (4)

R= (r1r2r3)
2 + (r1r3r4)

2 + (r1r2r4)
2 + (r2r3r4)

2 (5)

According to the actual measurements, the water depth of every point can be calculated using
Equation (2). The combined coefficient of uniformity can then be calculated for the overlapping of the
spray sprinkler with different lateral spacings.

Basic drop statistics: Managing the large dataset obtained from the photographs required
a statistical approach. While it is convenient to represent the sets by a reduced number of
parameters, some traits of the drop populations can be obscured by the choice of statistical parameters.
The parameters used in this work for drop diameter included arithmetic mean diameter (Equation (6)),
standard deviation (Equation (8)) and coefficient of variation (Equation (9)). The following addition
parameters were determined for drop diameter: the volumetric mean (Dv) and average volumetric
diameter (D50).

−
d =

n
∑

i=1
midi

n
∑

i=1
mi

(6)

dv =

n
∑

i=1
d4

i

n
∑

i=1
d3

i

(7)

SDD =

√√√√ 1
n− 1

n

∑
i=1

(
di −

−
d
)2

(8)

CVD =

(
SDD
−
d

)
× 100 (9)

where di = the diameter of the droplet in each set (mm), ni = the droplet number, i = the number

of droplets in the set,
−
d = the arithmetic mean droplet, dv = the volume weighted average droplet

diameter, SDD = the standard deviation and CVD = the coefficient of variation.
In order to test the difference between the means of the independent samples of 150 and 250 kPa,

the study employed an independent sample t-test where variances were assumed to be equal with the
t-test statistics formulated as:

t =
(
X1 − X2

)
− (µ1 − µ2)√

s2
1

n1
+

s2
2

n2

(10)

where x1 and x2 are sample means, µ1, µ2 are population means, s2
1 and s2

2 are variances and n1 and n2

are the sample sizes for 150 and 250kPa, respectively.
The above tests were carried out according to the standards of [34].

3. Results and Discussion

As shown in Table 1, the smallest radius of throw was obtained when the sprinkler was operated
at the pressure of 100 kPa, and the maximum radius of throw was also obtained at 250 kPa for five of
the six nozzles sizes tested in the present experiment. The difference between the maximum and the
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minimum radius of throw was 7.2 m. For all the nozzle sizes, the distance of throw increased with
an increase in operating pressure until it reached 250 kPa, when it began to decrease. The distance of
throw increased when the diameters of the nozzle sizes were increased, and it began to decrease for all
the nozzle sizes. Similar findings were reported by [35]. This is possible because at a high pressure
condition, the jet breaks up quickly, resulting in smaller radius of throw. For smaller diameters, the jet
flow was restricted, resulting in a smaller radius of throw. The result from the independent sample
t-test analysis (Table 2) showed that there was no significant different between radius of throw for
250 and 150 kPa since (p > 0.05). The obtained results for the radius of throw were similar to previous
findings by Zhu et al. (2012)

Table 1. Radius of throw for different types of nozzles and pressures.

Radius of Throw (m) Standard Deviation

Nozzle Size (mm) p 100 150 200 250 300 100 150 200 250 300

2 6.4 7.4 7.9 8.7 8.1 0.2
m

0.3
m

0.5
m

0.3
m

0.7
m

3 8.5 9.7 10.7 11.7 10.7 1.2
m

0.1
m

0.6
m

0.2
m

0.4
m

4 11.3 12.4 13.1 12.8 11.5 0.2
m

0.1
m

0.2
m

0.1
m

0.2
m

5.5 10.3 13.3 13.5 13.6 12.5 0.3
m

0.2
m

0.1
m

0.1
m

0.2
m

6 6.4 6.9 7.5 8.2 7.2 0.1
m

0.4
m

0.2
m

0.3
m

0.1
m

7 5.3 6.3 7.4 8.4 7.5 0.1
m

0.2
m

0.4
m

0.5
m

0.4
m

Table 2. Independent sample t-test.

Levene’s Test for
Equality of
Variances

t-Test for Equality of Means

F Sig. t df
Sig.

(2-tailed)
Mean

Difference
Std. Error
Difference

95% Confidence
Interval of the

Difference

Lower Upper

Distance

Equal variances
assumed 0.727 0.442 −2.530 4 0.065 −0.26667 0.10541 −0.55933 0.02600

Equal variances
not assumed −2.530 3.448 0.075 −0.26667 0.10541 −0.57876 0.04542

3.1. Comparison of Water Distribution Profiles

Figure 5 shows the application rate profiles of the newly designed dynamic fluidic sprinkler with
different types of nozzles at 100, 150, 200 250 and 300 kPa, respectively. Generally, the application
rates increased with an increase in nozzle diameters for all operating pressures, and these results
are in agreement with [30]. As the distance from the sprinkler increased, the application rate also
increased until it got to the maximum value and decreased for all the pressures. As operating pressure
was increased, the application rates increased until they reached the maximum, when they started to
decrease. The application rate of the 5.5-mm nozzle varied from 5.24 to 7.42 mm h−1. The maximum
value of the application rate was obtained for the five analyzed pressures (7.6 mm h−1 at distances of
8 m for 100 kPa, 6.1 mm h−1 at 10 m for 150 kPa, 6.23 mm h−1 at 7 m for 200 kPa, 6.53 mm h−1 at 7 m
for 250 kPa and 7.42 mm h−1 at 7 m for 300 kPa). Among the pressures, 200 kPa performed slight better
than 150 kPa. The result from independent sample t-test analysis indicated that there was no significant
difference between 250 and 150 kPa (p > 0.05). The comparison of the water distribution profiles at
different operating pressures showed that all the different nozzle sizes produced parabola-shaped
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profiles, but the 5.5-mm nozzle size was flatter than the other nozzle sizes at a low pressure of 150 kPa.
This could be attributed to the fact that flow rate at the same operating pressures was much higher
and the internal turbulent flow was less uniform from the nozzle outlet, as well as more water was
applied near the sprinkler, resulting in a more uniform water distribution for the 5.5-mm nozzle
compared to the others. Several studies have shown that [36,37] a doughnut-shaped water distribution
leads to surface runoff because more water is deposited away from the sprinkler, affecting the quality
of sprinkler irrigation. This implies that a 5.5-mm nozzle size can improve the non-uniform water
distribution and save water for crop production. These results are better than those obtained by earlier
researchers who used a similar sprinkler type.
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3.2. Comparison of the Computed Uniformity Coefficient

Figure 6 presents the computed coefficients of uniformity with different types of nozzles at 100,
150, 200, 250 and 300 kPa, respectively. The computed coefficients of uniformity were determined
using Equation (1). The rectangular spacing for lateral radius times of 1.0, 1.1, 1.2, 1.3, 1.4, 1.5, 1.6,
1.7, 1.8, 1.9 and 2.0 was used for all the nozzle sizes in the study. Figure 6 shows the relationships
between the simulated CU and spacing along the vertical and horizontal axis. As the distance from the
sprinkler increased, the coefficient of uniformity also increased until it got to the maximum and then
decreased for all the pressures and nozzles. The average of the computed values for the 5.5-mm nozzle
size was (at different pressures) as follows; 76, 81, 77, 82 and 77% and 100, 150, 200, 250 and 300 kPa,
respectively. Comparatively, 250 kPa performed slightly better than 150 kPa, but 150 kPa was selected
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as the optimum operating pressure because of rising energy costs. For all the nozzle sizes. 5.5 mm gave
the highest computed uniformity value of 86%, at a low pressure of 150 kPa. This indicates that 5.5 mm
produced a better water distribution pattern than the rest of the nozzles. These results are slightly
better than those obtained by previous researchers for the complete fluidic sprinkler and the outside
signals of 82 and 80.88%, respectively [27]. Although 250 kPa gave higher CU than 150, there was no
significant difference (p > 0.05), along with the increasing cost of energy and growing demand for
saving water for optimum crop production. It is appropriate to use 150 kPa.
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The range of computed CU values for the 5.5-mm nozzle size at 150 kPa was as follows: 77% at a
spacing of 1- to 68% at 2.0-times (150 kPa). The highest CU occurred at 1.6-times spacing uniformity
and increased with a spacing of one- to 1.6-times, ranging from 76% to 86 with an average of 80%;
subsequently, the uniformity decreased with spacing from 1.6- to 2.0-times; the CU value ranged from
84 to 68% with an average of 79.2% at an operating pressure of 150 kPa.

In general, CU values resulting from the 5.5-mm nozzle size were higher compared to other
nozzles. The explanation could be that the internal turbulent flow was less uniform from the nozzle
outlet and more water was applied near the sprinkler, resulting in a higher combined CU. This supports
already established results from earlier research works [24,32,38]. The performance of the tested
sprinkler was better than earlier research for the different types of fluidic sprinklers.
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3.3. Droplet Size Distributions

Figure 7 shows the cumulative droplet diameter frequency for different types of nozzles at
different operating pressures. Low operating pressures resulted in larger droplet diameters, and as
operating pressures increased, smaller droplets diameters were produced. Droplet diameter increased
with distance from the sprinkler for the various nozzle sizes, which is similar to previous results
obtained [39].
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As can be seen in Figure 7, 5.5 mm gave better results than the rest of the nozzles. The average
droplet diameters ranged from 0 to 3.2 mm. The cumulative frequencies were under 1 mm of 87,
67, 86.73 and 99%, under 2 mm of 89, 77, 65, 67 and 100% under 3 mm of 88, 90, 67, 88 and 55 at
pressures of 100, 150, 200, 250 and 300 kPa, respectively. The mean droplet diameters for the nozzle
sizes of 2, 3, 4, 5.5, 6 and 7 mm ranged from 0 to 4.2, 0 to 3.7, 0 to 3.6, 0 to 3.2,0 to 0.5 and 0 to 3.8 mm,
respectively The comparison of droplet size distributions showed that 5.5 mm had the narrowest
droplet size and smallest maximum droplet diameter of 3.2 mm. The biggest droplet size ranged with
the maximum value of 4.2 for a nozzle size of 2 mm. These results are similar to those obtained by
previous researchers who used different sprinkler types [24,26,35,36]. It can also be noted that at most
distances from the sprinkler, the number of droplets at smaller diameters was greater compared to
that at larger diameters. This goes to support the hypothesis that droplet formation is a continuous
process along the jet trajectory [40–42]. Using a 5.5-mm nozzle size will produce optimum droplet
sizes, which can fight wind drift and evaporation losses. This is because large droplets possess high
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kinetic energy, and on impact, they disrupt the soil surface, especially soils with crustiness problems,
leading to sealing of the soil surface. Dwomoah et al. reported similar results when analyzing drop
diameter measurements performed with the Thies Clima Laser Precipitation Monitor (TCLPM).

Table 3 shows the percentage of droplets with a mean diameter for the various nozzle sizes at
different operating pressures. Diameters d10, d25, d50, d75 and d90 represent the diameters corresponding
to 10, 25, 50, 75 and 90%, respectively, of the volume of detected water. From the table, it can be observed
that for all the nozzle sizes, droplet size increased with increasing percentage of droplet diameter.
In this experiment, almost 20% of the drops identified at all the distances from the sprinkler were
smaller than the minimum diameter obtained from earlier researchers who used similar sprinkler types.

Table 3. Droplet sizes (mm) for 10, 25, 50, 75 and 90% (d10, d25, d50, d75 and d90, respectively) for
different types of nozzle.

Nozzles Size Pressure (kPa) d10 d25 d50 d75 d90 Standard Deviation

2 mm 100 0.07 0.18 0.45 0.46 1.94 0.76 m
150 0.05 0.14 0.36 1.09 1.55 0.65 m
200 0.08 0.15 0.35 1.08 1.56 0.65 m
250 0.07 0.16 0.27 1.09 1.85 0.7 m
300 0.09 0.15 0.25 1.3 1.87 0.87 m

3 mm 100 0.06 0.13 0.36 0.47 2.09 0.83 m
150 0.07 0.14 0.27 0.79 2.4 0.91 m
200 0.06 0.15 0.25 0.82 2.3 0.93 m
250 0.06 0.16 0.27 0.5 2.05 0.82 m
300 0.09 0.18 0.25 1.49 1.96 0.87 m

4 mm 100 0.08 0.13 0.27 0.4 1.69 0.65 m
150 0.07 0.15 0.26 0.71 1.88 0.75 m
200 0.07 0.15 0.26 0.73 1.86 0.74 m
250 0.08 0.17 0.26 1.02 1.82 0.74 m
300 0.09 0.6 0.25 1.18 1.7 0.65 m

5.5 mm 100 0.04 0.11 0.34 0.44 2.05 0.69 m
150 0.04 0.12 0.24 0.77 2.1 0.76 m
200 0.04 0.12 0.23 0.79 2.1 0.75 m
250 0.04 0.13 0.23 0.48 2.02 0.76 m
300 0.05 0.14 0.23 0.47 1.93 0.70 m

6 mm 100 0.04 0.11 0.34 0.44 2.05 0.83 m
150 0.05 0.12 0.24 0.77 2.1 0.85 m
200 0.05 0.13 0.23 0.79 2.1 0.85 m
250 0.05 0.14 0.23 0.48 2.02 0.81 m
300 0.07 0.14 0.23 1.47 1.93 0.87 m

7 mm 100 0.05 0.16 0.44 0.44 1.92 0.76 m
150 0.05 0.12 0.34 1.07 1.53 0.65 m
200 0.07 0.13 0.33 1.06 1.51 0.63 m
250 0.06 0.14 0.25 1.07 1.82 0.76 m
300 0.06 0.13 0.23 1.28 1.84 0.80 m

d10 = represents 10% of the cumulative droplet frequency; d25 = represents 25% of the cumulative droplet frequency;
d50 = represents the mean cumulative droplet frequency; d75 = represents 75% of the cumulative droplet frequency;
d90 = represents 90% of the cumulative droplet frequency.

3.4. Droplet Characterization Statistics

Table 4 presents statistical parameters for the droplets for different types of nozzle at different
operating pressures. Parameters include the arithmetic mean diameter, the volumetric mean diameter,
the median diameter, the standard deviation and the coefficient of variation. All the parameters
decreased with an increase in operating pressure for the nozzle sizes. All the parameters increased as
the nozzle sizes increased for all the operating pressures. The mean droplet diameter and volumetric
median diameter decreased with operating pressures for the nozzle sizes. Among the nozzles, 5.5 mm
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performed better than the rest of the nozzles. The standard deviation of the droplet diameter ranged
from 0.69 to 0.86 with a mean of 0.775, and the coefficient of variation ranged from 91 to 147% with a
mean value of 119%.

Table 4. Droplet statistical parameter for droplet diameters for different types of nozzles.

Nozzle Size (mm) Pressure (kPa) d dv d50 SDD CVD

2 100 0.73 3.12 0.45 0.94 m 119
150 0.71 2.94 0.36 0.71 m 87
200 0.70 2.79 0.35 0.81 m 107
250 0.68 2.68 0.37 0.82 m 124

3 100 0.67 2.71 0.36 0.85 m 116
150 0.69 2.09 0.27 0.71 m 125
200 0.60 1.93 0.25 8.0 m 120
250 0.59 1.68 0.23 0.84 m 114

4 100 0.78 2.81 0.27 0.84 m 107
150 0.76 2.44 0.26 0.68 m 91
200 0.73 2.0 0.26 0.71 m 99
250 0.72 1.91 0.25 0.79 m 120

5.5 100 0.86 2.81 0.34 0.89 m 106
150 0.77 2.34 0.24 0.68 m 91
200 0.69 2.25 0.23 0.77 m 114
250 0.57 2.20 0.21 0.83 m 147

6 100 0.89 2.80 0.37 1.02 m 115
150 0.76 2.79 0.24 0.99 m 132
200 0.70 2.19 0.23 0.95 m 136
250 0.68 1.49 0.23 0.87 m 127

7 100 0.80 2.99 0.44 0.92 m 119
150 0.79 2.39 0.35 0.67 m 85
200 0.75 2.21 0.33 0.71 m 106
250 0.66 1.92 0.25 0.79 m 121

d = arithmetic mean droplet; dv = the volume weighted average droplet diameter; SDD = the standard deviation;
CVD = is the coefficient of variation.

4. Conclusions

This study evaluated the hydraulic performance of a newly designed dynamic fluidic sprinkler
using different types of nozzles at different operating pressures. The following conclusions can
be drawn.

1 The smallest radius of throw was obtained when the sprinkler was operated at the pressure of
100 kPa, while the maximum radius of throw was obtained when the sprinkler was operated
at the pressure of 250 kPa. The distance of throw increased with the increase in diameters of
nozzle sizes. However, there was no significant different between the radius of throw for 250 and
150 kPa. With the rising cost of energy, it is appropriate to operate under 150 kPa in order to
save water.

2 The comparison of water distribution profiles at different operating pressures showed that all
the different nozzle sizes produced parabola-shaped profiles, while the 5.5-mm nozzle size was
flatter at a low pressure of 150 kPa. This implies that a 5.5-mm nozzle size can improve the
non-uniform water distribution and save water for sprinkler-irrigated fields.

3 For all the nozzle sizes, 5.5 mm gave the highest computed uniformity value of 86%, at a low
pressure of 150 kPa. There was no significant difference between 250 and 150 kPa. Comparatively,
the sprinkler with a 5.5-mm nozzle produced a better uniformity, and the average CU obtained
was within the acceptable range.
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4 The mean droplet diameter for the nozzles sizes of 2, 3, 4, 5.5, 6 and 7 mm ranged from 0 to 4.2,
0 to 3.7, 0 to 3.6, 0 to 3.2, 0 to 0.5 and 0 to 3.8 mm, respectively. The comparison of the droplet
size distribution for the various sizes showed that 5.5 mm had the optimum droplet diameter
of 3.2 mm. The largest droplet size had a maximum value of 4.0 for a 2-mm nozzle size. Hence,
using a 5.5 mm nozzle size can produce the optimum droplet sizes, which can minimize losses
caused by wind drift and evaporation.
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