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ARTICLE INFO ABSTRACT

Keywords: An experiment was conducted to determine the effects of pressure loss, combined spacing, and.
Space coefficients of uniformity on the dynamic fluidic sprinkler. Spline interpolation was used to
Pressure

convert the radial water volume into grid-type data and various pressure conditions were used to

g;.lizfzc}fmit simulate the three-dimensional water distribution under square and triangular combinations of
Droplet Y sprinklers. For each of the combinations of the sprinklers, experiments were performed at oper-
Velocity ating pressures of 0.15, 0.2, 0.25, and 0.3 MPa, respectively. To find the optimum spatial dis-

Fluidic sprinkler tribution of sprinklers, three different sprinkler intervals, 1R, 1.2R, and 1.4R, were performed for
the square and triangular combinations. The droplet size distributions were also measured along a
radial transect from the sprinkler for each operational pressure using the Thies Clima Laser
Precipitation Monitor. The results demonstrated that the average values of the inclination angles
of the water droplet trajectory curves were 60.78° and 68.85° as the pressure rose from 0.15 MPa
to 0.3 MPa. When the pressure exceeds 0.2 MPa, the square combination’s distribution uniformity
coefficients of 25% low and high values were higher than those of the triangle combination.
Triangular combination coefficients of uniformity (CU) values initially decreased and then
increased as sprinkler spacing increased, with the CU value under 1.4R spacing reaching 73.85%.
At a 1.2R interval, the CU value of a triangular combination was 8.49% lower than that of a
square combination, which is a significant difference. Peak irrigation values for the square
combination, when the pressure was changed from 0.1 to 0.3 MPa, were 29.97, 22.9, 19.8, 19.91,
and 19.21 mm h’l, respectively. The CU values at 0.2, 0.25, and 0.3 MPa decreased at rates of
0.07%, 1.36%, and 0.8%, respectively, when the pressure was reduced by 10%.
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1. Introduction

One of the most used irrigation techniques for agriculture is sprinkler irrigation. Irrigation techniques have been used to increase
agricultural output in arid areas and in locations where rainfall is the main factor in crop development. Additionally, irrigation en-
gineering can generate a more feasible timetable and control the amount of irrigation used [1-3]. Sprinkling irrigation systems are
used as a part of irrigation system applications all around the world because of how convenient they are to use. Additionally, for a
variety of soil types and topographical situations, this type of irrigation delivers the correct combination of water distribution, pre-
cision control over irrigation depth, and high applied irrigation efficiency [4-6]. Based on their modes of operation, rotating sprinklers
come in a variety of designs, including impeller-type, fluidic, responding force, and impact sprinklers [7,8]. The performance of a
sprinkler is influenced by its discharge, wetted radius, distribution pattern, application rate, and droplet sizes, according to Refs. [9,
10]. The depth of water applied to the area per unit of time is known as the water application rate. The water application rate has
implications on which sprinkler should be used for a specific soil, crop, and operating environment. The operating pressures, nozzle
size, and sprinkler spacing all affect the application rate [11,12]. However, compared to the impact of the sprinkler nozzle on the
application rate, the impact of operating pressure on application rate is negligible [13-15]. It has been discovered that a sprinkler
nozzle that disperses tiny droplets has the highest average application rate and covers the smallest wetted area. Since the sprinkler
discharge tends to expand more quickly than the wetted area, increasing the nozzle diameter increases the average application rate
[16-18]. [19] reported that the operating pressure, sprinkler size, and sprinkler spacing have the most effects on the application
uniformity of a sprinkler, which is a crucial performance parameter for the design and evaluation of sprinklers. According to Refs. [20,
21], a coefficient of uniformity (CU) value of 85% or higher is “desirable,” while one less than 85% is deemed to be “low”. Chris-
tiansen’s coefficient of uniformity is the parameter that is most frequently used to evaluate the uniformity of the water distribution in
sprinkler irrigation, [22,23]. According to Refs. [24,25], irrigation water kinetic energy and wind drift are directly impacted by drop
size distributions. In the study [26,27], the droplet size characteristics of a full fluidic sprinkler were investigated. It was found that
50% of the droplets had a diameter of less than 0.5 mm and that at most distances, droplets with a diameter of less than 2 mm made up
50% of the water volume.

A lot of work has been done on the dynamic fluidic sprinkler mostly under indoor and quite a few outdoor conditions. However,
these research works have not extensively addressed sprinkler spacing and pressure loss. Therefore, the objective of this study was to
examine the effects of pressure variation on the combined spacing of sprinklers, application uniformity, application rate and velocity in
different working conditions.

2. Materials and Methodology

The study was performed in the indoor sprinkler irrigation laboratory at Jiangsu University. The sprinkler spraying test system is
mainly composed of a centrifugal pump, electromagnetic flowmeter, pressure gauge, flow control valve, pressure regulator, return
valve, water delivery pipe, sprinkler and other devices. The schematic diagram is shown in Figs. 1 and 2 shows the test site map.

The sprinkler head was positioned at a 90-degree angle to the ground on a 1.4-m riser. Catch cans with dimensions of 200 mm in
diameter and 600 mm in height were utilized for the experiment. Before the experiment, the sprinkler was run for a few minutes to
standardize the environment. 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%. Operating pressures that corresponded to each value were 0.15, 0.2, 0.25, and 0.3
MPa. Measurements of the depth of the water were applied in line with [28]. The experiment lasted for an hour, and a graduated
measuring cylinder was used to determine the water depth in the catch cans. The distribution of sprinkler water volume at various
combination intervals was obtained by linearly superposing the water volume of a single sprinkler at a mounting height of 1.4 m.
Square and triangular combinations of the sprinklers, as shown in Fig. 2, were performed for the superposition of the water distribution
for each operating pressure. The multiple sprinkler irrigation with the square combination was arranged such that sprinklers were
placed in each of the four quadrants of the single sprinkler spraying area at one of the square’s four vertices. The water distribution in
the superposition domain was symmetrical. To find the optimum spatial combination of sprinklers, for each of the two combinations of
the sprinklers, experiments were performed at the specified operating pressures respectively, at three different sprinkler intervals,

Fig. 1. Schematic view of the indoor sprinkler system
1. Nozzle 2. Fixed bracket 3. Pressure regulator 4. Return valve 5. Water pump 6. Reservoir 7. Filter 8. Flow control valve 9. Pressure gauge 10.
Electromagnetic flowmeter 11. Water delivery pipe.
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namely 1R, 1.2R, and 1.4R. Where R is the radius of throw of the sprinkler at the specified operating pressure. The droplet size dis-
tributions were also measured at intervals of 2 m along a radial transect from the sprinkler for each operational pressure. To guarantee
that a significant number of drops travelled through the measured area for each droplet measurement, the sprinkler was allowed to
rotate over the Thies Clima Laser Precipitation Monitor (TCLPM) at least five times. A minimum of three replication evaluations were
performed for each pressure, and the average value was calculated.

2.1. Christiansen’s coefficient of uniformity (CU)

The most popular and widely acknowledged uniformity criterion is Christiansen’s coefficient of uniformity [38]. Therefore, the
coefficient of uniformity (%) was calculated using Christiansen’s equation.

CU= ( (€]

h = Zi:lhi ®)
n

an Tl .

In the formula, CU indicates coefficient of uniformity; h-- represents the average spraying water depth (mm) on the sprinkling
irrigation area; Ah deviation of observation from the mean; h; represents the average dispersion of spraying water depth at each
measuring point (mm) and n represents the total number of measuring points.

2.2. Distribution uniformity coefficient (DU)

The distribution uniformity coefficient refers to the ratio of the average value of the water depth of some measuring points to the
average value of the total water depth, which can be divided into 1/4 low-value distribution uniformity coefficient DUy, 1/4 high-
value distribution uniformity coefficient DUpq, and 1/2 low-value distribution Uniform coefficient DUy, and 1/2 high-value distri-
bution uniform coefficient DUpy, [29-31]. The distribution uniformity coefficient of sprinkler irrigation emphasizes the hazards caused
by local insufficient or excessive irrigation, and the calculation formula is as follows:

DU, = 4%3: x 100% )

DU, = ;Z:: x 100% (5)

DU, =2 %:Z x 100% (6)

DU, = ;zil}li x 100% %)
S— = ‘. ﬁ /

Fig. 2. Schematic view of the experimental setup.
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Where DUy, and DUjq are water distribution uniformity coefficients in respect to the 25% lowest and highest parts of the data; n is a
quarter of the total number catch can, and hyg and hg are the collected irrigation depth that represents the highest part and lowest
part, respectively, DUy, DUpy is 50% low and the high water distribution uniformity coefficient, and n is half of the total number of the

catch can.
To describe the stability of the above-mentioned hydraulic performance when the sprinkler is working, the standard deviation

(STD) and the variation coefficient (CV) are used to analyze the data, and the calculation formulas are (8) and (9) [32,40].

1 n

CV =100 x f%%) ©

(g) (h)

Fig. 3. (a-h).Water distribution of combined sprinkler at different pressures.
Note: (a), (b), (¢) and (d) are square combinations with pressures of 0.15, 0.20, 0.25 and 0.3 MPa, respectively. (e), (f), (g) and (h) are triangular

combinations of pressure 0.15, 0.20, 0.25 and 0.3 MPa, respectively.
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Where h; represents 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. Water distribution of combined sprinklers

Fig. 3 shows the combined sprinkler water distribution at various pressures of 0.15, 0.2, 0.25 and 0.3 MPa. From Fig. 3 (a)-(d), it is
evident that the irrigation volume of the square combination of sprinklers is primarily concentrated in its center and gradually declines
along its four vertices. The triangular combination of sprinklers in Fig. 3 (e)-(h) shows that there are three visible water concentration
locations. Table 1 shows the water volume distribution for CU, DUy, DUpg, DU, and DUy, at various pressures. Peak irrigation values
for the square sprinkler configuration were 29.97, 22.9, 19.8-, and 19.21-mm h-1 when the pressure was reduced from 0.15 to 0.3 MPa.
When the pressure was increased by 50% at 0.15 MPa, the peak irrigation value dropped by 23.59%. The highest irrigation value
dropped by 3.61% when the pressure was increased by 200%. It demonstrates how irrigation peaks tend to stabilize as pressure rises,
this conclusion is similar to previous results obtained by Refs. [32-34]. The triangle combination’s highest values were 26.39, 17.84,
14.99-, and 16.9 mm h_l, in that order. The triangle combination’s peak values first decreased and then increased as pressure increases
from 0.15 to 0.3 MPa. For the square combined sprinklers, the distribution uniformity coefficients and CU values had the following
relationship: DUpg > DUpp>1>DUyp, > CU > DUy, This shows how the sprinkler intensity of square combinations connected in the
sequence of largest value to least value increases in high-pressure circumstances. The average value of these two locations tends to be
the average sprinkler intensity in the high-value and low-value areas of the same area. The relationship between the distribution
uniformity coefficient and the CU value of a triangular combination sprinkler irrigation is DUpq > DUpp,>1>DUyp, > CU > DUy when the
operating pressure was varied from 0.15 to 0.20 MPa. It demonstrates that the sprinkler effect is widespread and that the triangular
combined sprinkler intensity changes quickly between the maximum and minimum values under 0.15-0.20 MPa. The link between the
distribution uniformity coefficient and the CU value is DUpq > DUpy>1>CU > DUy, > DUyg, and the sprinkler watering impact is better
when the pressure rises over 0.25 MPa (see Fig. 4).

Table 1 shows the combined coefficient of uniformity under different pressures. It can be seen from Table 1 that when the pressure
exceeds 0.2 MPa, the square combination’s DUy, and DUy, values are higher than those of the triangle combination, while the square
combination’s DUy and DUy, values are lower. The square combination’s DUy, and DUy, values increased as the working pressure
increased, but its DUpq and DUy, values were reduced. It demonstrates that, as pressure increases, the portion of low-value areas in the
total sprinkler intensity in the square combined sprinkler irrigation rises while the portion in the high-value area declines. Therefore,
increasing the operating pressure for the dynamic fluidic sprinkler under the square combination will help to improve the uniformity in
the spraying area. However, increasing operating pressure to improve upon the uniformity will impact negatively the energy-saving
potential of the dynamic fluidic sprinkler. There is therefore the need for further optimization to improve the uniformity under low
operating pressure conditions to ensure the energy-saving potential of the sprinkler.

The actual sprinkler irrigation system experiences some pressure loss as a result of the influence of numerous factors. The effect of
lowering operating pressure on the uniformity of combined spraying was examined using a square configuration. Table 2 shows the
relationships between the CU value and the distribution uniformity coefficient under the working conditions. In general, for both
square and triangular combinations, the CU values decreased linearly with decreasing pressure. Specifically, the CU values for the
square combination decreased linearly from 78.97% to 55.93% with decreasing pressure from 0.3 MPa to 0.15 MPa. Similarly, the
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Table 1
Combined uniformity coefficient under different pressures.
Pressure (MPa) Combination Application rate (mm h™" CU/% DUy/% DUpq/% DUy, % DUpp/%
0.15 square 29.97 55.93 45.28 172.03 57.00 143.00
triangle 26.39 64.31 41.25 149.86 66.68 133.32
0.20 square 22.90 62.39 51.47 168.38 66.50 133.50
triangle 17.84 64.02 38.46 153.43 65.15 134.85
0.25 square 19.80 71.74 58.57 150.37 73.67 126.33
triangle 14.99 67.24 45.27 153.46 65.24 134.76
0.30 square 19.21 78.97 66.76 135.14 75.20 124.80
triangle 16.90 74.20 55.89 137.63 72.36 127.64
Table 2
Combined uniformity coefficients under pressure loss.
pressure (MPa) pressure reduction CU% DU;% DUx% DUL% DUL%
/MPa
1 0.15 0.135 64.25 51.22 168.63 67.04 132.96
2 0.2 0.18 71.69 56.95 155.02 71.81 128.19
3 0.25 0.225 74.49 65.9 145.55 75.3 124.7
4 0.3 0.27 78.34 64.51 137.48 78.55 121.45

triangular combination decreased linearly from 74.2% to 64.31% within the same operating pressure range. The above finding
demonstrates that pressure reduction does not always result in lower uniformity of sprinkler irrigation.

The peak values of the application rate for operating pressures of 0.15, 0.2, 0.25 and 0.3 MPa are 22.05, 20.07, 20.16- and 17.92-
mm h™?, respectively. The absolute value of the peak change amplitude of the sprinkler application rate is less than 7%, indicating
again that within the operating pressure range, reducing the pressure by 10% had little impact on sprinkler application uniformity.

3.2. Distribution characteristics of water droplet velocity

The frequency distribution of droplet velocity at various operating pressures is depicted in Fig. 5. Fig. 5(a) shows that, under
pressures of 0.15 MPa and 0.2-0.3 MPa, the horizontal velocity of water droplets essentially coincides and deviates greatly from the
frequency curve, suggesting that the pressure had little impact on the distribution of the horizontal velocity of sprayed water droplets.
This confirmed the condition in Table 3 that the nozzle’s range tends to increase gradually after 0.2 MPa of pressure. The number of
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Fig. 5. (a—c). Frequency distribution of droplet velocity.



X. Zhu et al. Heliyon 10 (2024) e27140

water drops travelling to the right increases as the frequency of water drops in the 0-0.25 m/s range steadily increases with pressure,
demonstrating that the pressure increase intensifies the collision between water drops. It can be seen from Fig. 5 (b) that the velocity of
water droplets in the vertical direction decreases with the increase of pressure, which is consistent with the rule that the range of the
nozzle increases with the increase of pressure. The velocity in the vertical direction does not appear as negative as it does in the
horizontal direction, indicating that the velocity direction in the vertical direction will not change due to the impact of gravity,
although the water droplets will collide during movement. Fig. 5 (c) shows that the frequency curve moves to the left with the increase
of pressure, indicating that the resultant velocity of the water droplet group at the same location decreases with the increase of
pressure.

Table 3 demonstrates the maximum, minimum and average values of water droplet velocity at a distance of 6,7 and 8 m. It can be
seen from Table 3 that the distribution range of water droplet velocity at a distance of 8 m at a pressure of 0.3 MPa is wide, ranging
from 2.93 ms-! to 12.53 m s-!, with a fluctuation amplitude of 9.6 ms-!. When the pressure was 0.3 MPa, the water droplet velocity
distribution at 8 m away from the nozzle had great variability, and its variability is 18.84%, which is 119% higher than that at 0.2 MPa
and 7 m away from the nozzle. The trajectory curve of water droplets sprayed by the nozzle moving in the air for 53ms-! at a distance of
9 m away from the nozzle is shown in Fig. 6.

It is demonstrated in Fig. 6 (a) that the main distribution ranges of water dropping velocity, horizontal velocity and vertical velocity
are 3~5.5 m/s, 3~1 m/s and 2.5-5.5 m/s, respectively at distances of 5 m and 0.2 MPa from the nozzle.

Fig. 7 shows the frequency distribution curve of water droplet velocity at 6, 7 and 8 m away from the nozzle under 0.2 MPa
pressure. It can be seen from Fig. 7 (a) that at the distance of 6~8 m from the nozzle, the distribution range of water droplet velocity is
respectively - 4.5~2 m/s, - 7.25-1.25 m/s and - 8.75-0.25 m/s, which indicates that with the increase of distance, the number of high-
speed water droplets increased and the number of low-speed water droplets decreased. From Fig. 7. (b), it can be observed that at 6~8
m, the vertical velocity curve of water droplets is almost parallel at the rising stage and the falling stage, and the frequency of water
droplets at 4.25-4.5 m/s, 4.75~5 m/s and 5.25-5.5 m/s are 37.84%, 33.9% and 30.8%, respectively. The vertical component of the
velocity of very few water drops is as high as 10 m/s. It can be seen from Fig. 7 (c) that the resultant velocity of water drops is below 12
m/s, which indicates that the vertical component of the velocity of this part of water drops is quite different from the horizontal
component, and the vertical component is dominant, and the water drops fall rapidly not far away. Compared with the frequency curve
of water droplet velocity at 6 m and 7 m away from the nozzle, the curve at 8 m is narrower and the distribution of water droplet
velocity is more concentrated.

Fig. 8 presents the inclination angle of the water droplet trajectory curve at various pressures. The distribution range of the
inclination angle of the water droplet trajectory curve as the pressure was varied from 0.2 to 0.3 MPa was found to be 54 to 64, 59 to
71, and 59-79°, respectively. The distribution curves are fitted using a logarithmic normal, with fitting degrees R? values of 0.95, 0.88,
and 0.84, mean values of 58.77, 65.77, and 69.25, and standard deviations of 0.025, 0.035, and 0.049. The average values of the
inclination angles of the water droplet trajectory curves ranged from 60.78° to 68.85°, respectively, increasing by 13% as the pressure
increased from 0.2 MPa to 0.3 MPa. It demonstrates that for the dynamic fluidic sprinkler, as pressure increases, the greater the angle of
inclination of the water droplet movement track at the same measuring point, the greater the likelihood of damage to crops caused by
water droplets with the same kinetic energy intensity, and the more likely it is to cause soil hardening and damage the soil structure.

From the above analysis, of the coefficient of uniformity, application rate and velocity it was found that 0.20 MPa performed best. A
further test was carried out with 0.20 MPa to find the spatial distribution for combination of the sprinklers with 1R, 1.2R, and 1.4R as
sprinkler spacing. The core irrigation peak region gradually reduces as the combined spacing rises and a water volume peak emerges in
the surrounding direction. The triangular combination contains three peak areas that resemble the triangle when the total sprinkler
spacing is 1R. The triangle’s area steadily reduces as the combined spacing increases and the peak water volume emerges in the di-
rection of the triangle’s center vertical line. The findings are provided in Table 4. With an increase in combination spacing, the peak
irrigation values in the square and triangular combined sprinkler irrigation areas decreased. The highest irrigation values in the two
combinations were 10.54 and 10.26 mm h~! at 1.4R spacing, respectively, which were 47% and 32% reduction from 1R spacing.
Under 1R-1.4R combined spacing, the square combination’s irrigation peak value was higher than that of the triangle combination,

Table 3
Statistical characteristics of water drop velocity.
Pressure (MPa) Distance from nozzle (m) Minimum (m~s’1) Maximum (m~s’1) Variation (%)
1.5 6 1.75 6.98 10.48
7 2.94 10.69 15.5
8 3.68 8.97 9.29
0.2 6 1.76 7.97 15.28
7 3.88 11.62 8.6
8 4.07 9.76 11.2
0.25 6 2.18 7.99 17.75
7 2.33 9.14 15.54
8 3.02 10.77 16.58
0.3 6 0.43 1.51 18
7 2.32 8.17 15.8
8 2.93 12.53 18.84
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Fig. 6. (a—c). Cloud map of droplet velocity distribution [2].
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with a difference of 4.76 mm h™!, The square combined irrigation peak value at 1R combined spacing was higher than all other
combined forms in Fig. 9, with a value of 19.91 mm h_l, which means that in the actual sprinkler irrigation system, the sprinkler
should not operate too close to this working condition to prevent water and soil loss.

The relationship between the distribution uniformity coefficient and the CU value for the square and triangle combination at 1.2R
and 1.4R spacing is shown in Table 4. It demonstrates that, in the case of combined sprinkling irrigation, the sprinkling intensity is
typically related from the greatest value to the lowest value. There is a noticeable difference between the average value and the average
sprinkling intensity in the same area’s high-value area and low-value area, but the sprinkling effect is widespread. Under the
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Fig. 8. Water droplet trajectory at 9 m from the nozzle.

Table 4
Combined uniformity coefficients at different combinations of spacing.
Pressure (MPa) Combination form Combined spacing Peak irrigation/mm h~? CU/% DU/ % DUpq/% DUp/% DUpp/%
0.20 square 1R 19.91 75.52 65.22 138.98 73.28 126.72
triangle 1R 15.15 72.21 54.44 136.48 71.21 128.79
square 1.2R 15.34 74.11 54.43 133.57 75.44 124.56
triangle 1.2R 14.95 65.62 53.59 151.81 66.66 133.34
square 1.4R 10.54 70.18 64.48 152.9 72.55 127.45
triangle 1.4R 10.26 73.85 70.37 148.55 76.9 123.1

combination of a square and a triangle with a 1R spacing, the relationship between the CU value and the distribution uniformity
coefficient is DUpq > DUpy>1>CU > DUy, > DUy, It was found that the sprinkler application rate is more effectively connected in the
sequence of highest to lowest value under this combined sprinkler irrigation condition. The difference between the average value and
the average sprinkler application rate is close in the same area’s high-value area and low-value area, and the sprinkler irrigation effect
is better. The DUy, and DUy, values of the square combination are bigger than those of the triangle combination at the combined
spacing of 1R and 1.2R, while their DUp; and DUy, values are lower than those of the triangle combination. It was demonstrated that
the proportion of square combination sprinkling intensity in the total application rate in the low-value area is higher than that in the
triangle combination; the proportion of square combination sprinkling intensity in the total application rate in the high-value area is
lower than that of triangular combination; and the combined spacing of 1.4R is the opposite of the above. The CU value of square
combined sprinklers drop as sprinkler spacing increases; however, the CU value is still greater than 70% when the combined sprinkler
spacing ranges from 1R to 1.4R. As sprinkler distance increased, the triangular combination sprinkler’s CU value first decreased and
then increased, reaching 73.85% under 1.4R spacing. These results are slightly better than those obtained by previous researchers for
the complete fluidic sprinkler [35-37]. The triangle combination’s CU value at the 1.2R interval is 8.49% lower than the square
combination’s, which is a significant difference. The triangular combination of 1.4R spacing should be used under the pressure of 0.2
MPa at the installation height of 1.4 m.

4. Conclusions

The evaluation indexes used include water application, coefficient of uniformity and Velocity distribution. The following con-
clusions can be drawn.

> The square combination’s 25% low and high values for distribution uniformity coefficients were higher than those of the triangle
combination when the pressure was over 0.2 MPa. As sprinkler spacing increased, the triangular combination coefficients of
uniformity (CU) value initially declined and then increased, with the CU value under 1.4R spacing reaching 73.85%.

> At a 1.2R interval, the CU value of a triangular combination was 8.49% lower than a square combination, which is a significant
difference. Peak irrigation values for the square combination, when the pressure was changed from 0.1 to 0.3 MPa, were 29.97,
22.9,19.8, 19.91, and 19.21mmbh-1, respectively.

> When the pressure was increased by 50% under 0.1 MPa, the peak irrigation value fell by 23.59%. The peak irrigation value was
reduced by 33.93% when the pressure was increased by 200%. Most of the irrigation volume produced by the square combination’s
sprinklers is focused in its center, while the volume of water flowing via its four vertices gradually declines.
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(e) (f)

Fig. 9. (a—f). Spatial distribution of combined sprinklers with 1R , 1.2R and 1.4R [24].
Note: (a), (b), and (c) are square combinations with nozzle spacing of 1R, 1.2R, and 1.4R respectively
(d), (e) and (f) are the triangular combination of nozzles with a spacing of 1R, 1.2R and 1.4R respectively.

> The number of water drops increased as the frequency of water drops in the range of 0-0.25 m/s, indicating that the pressure
increase intensifies the collision between water drops.

> The average values of the inclination angles of the water droplet trajectory curves were 60.78° and 68.85° as the pressure rose from
0.2 MPa to 0.3 MPa.

> In conclusion, in areas with limited water supply, such as dry and semi-arid regions, it can enhance intensive farming, high-value
crop output and quality, and water usage efficiency.
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