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ABSTRACT:

The research includes studying the effect of sprinkler rotation speed and cyclic pressure head variation on the
pattern and degree of uniformity of water distribution and its interaction with the spacings between the sprinklers and their
rectangular and triangular arrangement of four heads of different sprinklers. The research included conducting laboratory
experiments to find the pattern of water distribution for a single sprinkler along a ray representing the radius of the wetting
circle that its center is the sprinkler for two constant and variable pressure heads, three rotation rates (fast, moderate and
slow) of the sprinkler head. Then, the pattern of field distribution of sprinkling water was determined, and the degree of
uniformity of water distribution interm of uniformity coefficient and distribution uniformity coefficient were calculated. The
results showed that there is no effect on the water distribution pattern when operating with a constant pressure head or
operating with cyclically variation pressure head at each of the sprinkler rotation speed levels for all sprinkler heads under
study. It was noted that the average depth of the water distribution pattern increased, and the wetted area decreased at the
fast rotation rate of the sprinkler and vice versa. The study provided empirical equations for estimating uniformity

coefficient and distribution uniformity coefficient at different speeds of sprinkler rotation.
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1. INTRODUCTION

Any improvement in the efficiency of
water use contributes to solving the problem of
water scarcity, and since the uniformity of water
has a great impact on productivity and irrigation
efficiency, any increase in the uniformity of water
will lead to increased productivity and water
savings. Therefore, it has become necessary to
study any factor that affects the uniformity of water
distribution. Therefore, improving the uniformity
of water distribution represents a basic goal for
irrigation systems [1]. The most important factors
affecting the uniformity of water distribution for
stationary sprinkler systems include sprinkler head
factors, which are the angle of the sprinkler, the
speed of the sprinkler rotation, the pressure head
rate at the sprinkler, and the number and types of
sprinklers, then distribution system factors, which
are the intervals between sprinklers, the height of
the sprinkler riser pipe, and the variation of the
pressure head during operation, in addition to
climatic factors, which are the speed and direction

of the wind, and finally administrative factors,
which are the operating time of the sprinkler
system and the angle of the sprinkler riser pipe
inclination [2]. The previous researches and
studies did not address the effect of cyclically
variation pressure and the speed of the sprinkler
rotation on the uniformity of water distribution and
its interference with other factors, which may be
negative or positive. Therefore, this research aims
to know the effect of cyclically variation pressure
and the speed of the sprinkler rotation on the
uniformity of water distribution and its
interference with the intervals between the
sprinklers and the rectangular and triangular
arrangement of the sprinklers and different
sprinkler heads. The research consists of an
introduction, a review of the literatures related to
the study problem, and laboratory tests. Then the
results are analyzed and discussed, as well as
concluding the research with conclusions.
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2. PREVIOUS STUDIES

In general, there are many studies and
researches that have addressed the factors affecting
the uniformity of water distribution and have
shown the following: There is an increase in the
uniformity coefficient as a result of the increase in
both the height of the sprinkler riser pipe or the
pressure head, and the effect of the pressure head
on the uniformity coefficient is greater than the
effect of the height of the sprinkler riser pipe [3].
The triangular arrangement of sprinklers does not
improve the uniformity of water distribution
compared to the rectangular arrangement [4].
Wind speed influences the location of the sprinkler
lateral relative to the prevailing wind direction to
obtain the best uniformity in water distribution.
Also, the uniformity of the overall sprinkler water
distribution improves when the wind speed and
direction change for successive irrigations [5]. A
study [6] was conducted on the irregularity of
sprinkler head rotation and water distribution, as
most sprinklers are commercial and asymmetrical,
which causes irregular rotation and negatively
affects the water distribution pattern and irrigation
uniformity. Five types of sprinkler heads with
different nozzle diameters and under two operating
pressure heads were studied. The results showed
that the maximum value of the relative deviation of
sprinkler rotation It is around 20% for most
sprinklers with impact arms, as the maximum
standard recommended MRD value should not
exceed 12%, and the maximum relative deviation
of the sprinkler rotation MRD value increases with
increasing the angle of inclination of the sprinkler
riser pipe from the vertical. The change in
irrigation uniformity in the case of using two types
of sprinkler heads for the network varies between
increasing and decreasing from what it is when
using one type, depending on the interferences in
the sprinkler heads arrangement and the sprinkler
water distribution patterns in addition to the
sprinkler head spacings [7]. In general, the
uniformity coefficient decreases in the case of low
pressure and greater distance between the
sprinklers [8]. The uniformity of soil moisture
content is about 20% higher than the uniformity of
sprinkler irrigation water distribution on the soil
surface [9]. The researchers in [10] conducted a
study to determine the performance of sprinkler
irrigation systems under different pressures and
under conditions of variable wind speed. The water
distribution patterns for different sprinkler heads
were determined at different pressures, i.e. at the
minimum, average and maximum pressure, and
under conditions of variable wind speed. The value
of the uniformity coefficient and the uniformity of
water distribution for each sprinkler head were

determined. They concluded from the study the
variation in the values of the uniformity coefficient
and the uniformity of water distribution. In a study
[11] to evaluate the uniformity coefficient of
sprinklers for irrigation systems under different
field conditions, the different proposed uniformity
coefficients were evaluated and the effect of the
field conditions obtained for those coefficients was
verified. Sprinkler uniformity tests were conducted
using a rain gauge to measure the uniformity
coefficients for ten fields irrigated by sprinkler
irrigation systems. The results showed that all
selected fields differed in the prevailing conditions
such as wind speed, sprinkler nozzle diameter and
sprinkler head type, sprinkler riser height,
operating pressure, and sprinkler spacings. By
calculating the uniformity coefficient, the results
indicated that the field effect should be considered
in the statistical model. The study confirmed
conclusively that the application of different
uniformity coefficients depends on the field
conditions and that any specific uniformity
coefficient is suitable for specific field conditions.
Spray uniformity tests were conducted using a rain
gauge to measure the uniformity coefficients for
ten fields irrigated by sprinkler irrigation systems.
The results showed that all selected fields differed
in the prevailing conditions such as wind speed,
sprinkler diameter and type, sprinkler shaft height,
operating pressure, and sprinkler intervals. By
calculating the uniformity coefficient, the results
indicated that the field effect should be considered
in the statistical model. The study confirmed
conclusively that the application of different
uniformity coefficients depends on the field
conditions and that any specific uniformity
coefficient is suitable for specific field conditions.
The square arrangement outperforms the
rectangular arrangement in all evaluation criteria
when the pressure head is constant [12]. The value
of the uniformity coefficient increases with the
increase in pressure head for all types of sprinklers
[13]. There is a difference in the rotational
uniformity of some sprinklers and a difference
between them in the spray rate because of this [14].
There is an increase in the spray range on the
surface of the ground sloping downwards and a
decrease on the surface of the ground sloping
upwards [15]. In a study conducted by researchers
in [16] to evaluate the hydraulic performance
characteristics of a newly designed dynamic
sprinkler at different nozzle diameters and
pressures, MATLAB R2014a was used to calculate
the uniformity coefficient. The results showed that
all nozzle diameters produced parabolic profiles,
while the 5.5 mm diameter was flat at a low
pressure of 150 kPa. This means that the 5.5 mm
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diameter can improve the irregular distribution of
water and provide water for fields irrigated by
sprinkler. The study also showed that the highest
value of the uniformity coefficient was 86% at a
pressure of 150 kPa and a 5.5 mm diameter. The
results also showed that using a 5.5 mm diameter
would be optimal because the water droplet size is
smaller and thus spray losses will be reduced. In a
study conducted by the researchers in [17] to
evaluate the performance of the sprinkler irrigation
system under field conditions and measure the
uniformity of water distribution for a single
sprinkler and four overlapping sprinklers from the
water collected in the catch cans installing in the
square grids centers (3m x 3m) under two
operating pressures of 250 kPa and 300 kPa, the
average irrigation uniformity coefficient under
field conditions for the spacing (18m x 18m) at a
pressure of 300 kPa was equal to 63% and at a
pressure of 250 kPa it was equal to 53%, i.e. less
than the recommended value of 75%. Also, the
Christensen uniformity coefficient of spray water
distribution at pulse pressure is about 10% higher
than at constant pressure [18]. The researchers in
[19] showed that the uniformity coefficient
increases with the increase in pressure head and
that the amount of increase varies according to the
type of sprinkler head used and the spacings
between the sprinklers and that the uniformity
coefficient of the whole system is almost identical
to the uniformity coefficient at the operating
pressure head rate for all spacings between the
sprinklers. The researchers in [20] concluded that
the highest values of the uniformity coefficient and
the distribution uniformity coefficient are 84% and
78% under a pressure head of 200 kPa and a height
of 1 m in the morning and concluded higher
uniformity values at low wind speed, high relative
humidity and low temperature. Increasing the
angle of the sprinkler nozzle leads to an increase in
the water distribution uniformity coefficient, and
70% of the uniformity coefficients for the
rectangular arrangement are greater than or equal
to the value of the triangular arrangement, and
there are slight differences between the two-water
distribution patterns in the case of constant
pressure and cyclically variation pressure
operation [21]. In a study to find out the best
conditions for operating the sprinkler, the
researcher in [22] conducted a study with different
operating pressures and different heights to find
the shape of the water distribution pattern when
operating it under conditions of no wind and how
to simulate it to determine the best height for the
sprinkler riser pipe. A simulation was made of the
uniformity of water distribution by collecting
water in water collection cans. The study

concluded that the best pressure for operating the
sprinkler is 250 kilopascals and the height of the
sprinkler riser is 1.5 meters. Researchers in [23]
showed that the relationship between the spray
angle and its maximum height at different pressure
heads is equivalent to the second-order parabolic
equation. Empirical relationships were developed
to estimate the uniformity coefficient for single
and double alternate setting of sprinkler laterals as
well as the distribution coefficient for single and
double alternate setting of sprinkler laterals [24].
The uniformity coefficient decreases with the
increase in the slope of the ground surface, and the
shape of the sprinkler water distribution pattern
does not change with the change in the slope of the
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Figure (1): Water distribution pattern of a single
sprinkler resulting along the radius of a wetting
circle centered by the sprinkler head.
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Figure (2): Realistic image of water catch cans.
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ground, but the average depth of the water
decreases, and the spray range increases the more
the ground level decreases away from the
sprinkler, and vice versa [25]. When there is no
wind and the water distribution pattern around the
sprinkler is symmetrical, the diameter of the water
collection cans has no effect on the water
distribution pattern, and both the uniformity
coefficient and the distribution coefficient increase
with the increase in the spacing between the water
collection cans [26,27]. When the operating
pressure head at the spray nozzle increases, the
spray discharge and the wetting radius increase
[28].

3. LABORATORY TESTS:

In order to study the effect of the sprinkler
rotation speed and the cyclically variation pressure
head on the uniformity of water distribution for
stationary sprinkler systems, it is required to obtain
data for the water distribution pattern for a single
sprinkler and for several different sprinkler heads
at different sprinkler rotation speeds and in two
cases of pressure head, the first at the pressure head

T

Figure (4): Valve control box for pressure
head change.

Figure (5): Water supply tank and main pump.

rate constant during the test and the second
cyclically variation between a large pressure head
and a small pressure head so that the volume of
water coming out of the sprinkler is identical in
both cases. This was done by adopting the water
distribution pattern along the radius of a wetting
circle centered by the sprinkler head. Figure (1)
shows the water catch cans that were placed along
the radius at distances that match the tests that are
carried out by squares grid with locating the water
catch cans in their center with spacings of 2 m x 2
m. Figure (2) shows a realistic image of the water
catch cans inside the laboratory. Four sprinklers
and a water tank were used.

A main pump, then a pipe system for
supplying water, ending in a cylindrical tank lined
with sawdust, closed with a rectangular opening
for the spray water to exit, in which a riser pipe and
sprinkler head are fixed. The pressure head is
controlled by ball valve and a gate valve through
three short pipes leading to the water return pipe to
the supply tank as shown in Figure (3), Figure (4)
and Figure (5) for ease and speed of switching
between high- and low-pressure heads in addition
to the fixed pressure head. The constant pressure
head is 27.5 m and the test time is 240 minutes, but
when operating with a cyclically variation pressure
head, the pressure head is changed according to the
heads and the time adopted within the cycle until
the end of the total test time, as the pressure head
is changed from 20 m to 35 m and for each head,
the operation was for a time of 30 minutes. Six

Figure (6): Accelerating the rotation of the
sprinkler by tightening the spring.

Figure (7): Slowing down the rotation of the

sprinkler by adding weight to the impact arm.
tests were conducted for each type of sprinklers
used at a moderate rotation rate, a fast rotation rate
and a slow rotation rate in two cases by adopting a
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constant pressure head and a variable pressure
head, i.e. the result of the tests is 24 patterns of a
single sprinkler water distribution. The two
sprinklers, Weather tec 10-16 and Rain bird 20A,
were their rotation accelerated using a piece of
plastic, and the sprinklers, type SER and Atak by
means of a spring connected to the sprinkler as
shown in Figure (6). All types of sprinklers were
their rotation slowed down by using a weight
weighing 200 gm by connecting it to the
sprinkler’s impact arm as shown in Figure (7). The
tests included 24 tests, six tests for each sprinkler,
three in the case of a constant pressure head and
three in the case of a variable pressure head, at a
fast, moderate and slow sprinkler head rotation rate.
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Figure (8): Water distribution pattern of a single
Weather tec 10-16 sprinkler in mm at a moderate
rotation rate and constant pressure head.

4. ANALYSIS OF RESULTS:

The data resulting from the laboratory
tests represent the water distribution patterns of the
sprinklers along a radius representing the radius of
the wetting circle centered by the sprinkler head,
and each pattern is equivalent to a quarter of the
wetting area covered by the single sprinkler, as
shown in Figure (1). The data included water
distribution patterns for single sprinklers and for
different rates of sprinkler rotation speed, fast,
moderate, and slow, for the cases of constant and
cyclically variable operating pressure head, for
four different types of sprinkler heads. Appropriate
spacings were chosen between the sprinklers,
which represent approximately 50-60% of the
diameter of the wetting circle covered by the single
sprinkler according to [28]. By adopting 12 single
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UC=83.6, DU=67.2
Moderate rotation rate
and constant pressure
head for quaternary
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Figure (9): Field water distribution pattern in
millimeters for Weather tec 10-16 sprinkler
heads at moderate rotation rate and constant
sprinkler pressure head for the quadruple and
triple arrangement cases and at an interval of
(8mx8m).

UC% = (1- %)*100% ............ 1)

DU%:% +100%

sprinkler water distribution patterns at a constant
operating pressure head, 14 spacings for the
rectangular sprinklers arrangement, and 12
spacings for triangular sprinklers arrangement, 312
patterns for the field distribution of sprinkler water
were found with the help of the Excel program,
which represents the distribution pattern between
four adjacent sprinkler heads in the case of
operating the entire sprinkler system. Then, the
degree of uniformity of the sprinkler water
distribution for the field distribution patterns was
found using the Christensen uniformity coefficient
(UC) Distribution uniformity coefficient (DU) It is
calculated as shown in Figures (8 and 9). The
uniformity coefficient UC and the distribution
uniformity DU were calculated using the following
expressions:

where UC = Christensen uniformity coefficient, R
=average depth of water reaching the ground
(mm), R; = depth of water reaching the ground in
the grid cell (mm), DU = distribution uniformity
coefficient, R,, = average lower quartile depth
(mm).

Tables (1-4) show the values of the
uniformity coefficients and the distribution
uniformity coefficients for the selected intervals in
the case of operation at moderate, fast and slow
rotation rates at a constant operating pressure head
for the sprinkler heads (Weather tec 10-16, Rain
bird 20A, SER, ATAK).
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5. DISCUSSION OF RESULTS:

5.1.Single Sprinkler Water Distribution Pattern:

Effect of constant or cyclic variation
operating pressure head: Figure (10) shows the
water distribution pattern of a single sprinkler
under constant pressure head and variable pressure
head and for the four sprinkler heads (Weather tec
10-16, Rain bird 20A, SER, ATAK) at moderate
sprinkler rotation speed. It is clear from the figure
that there is almost complete agreement between
the two water distribution patterns of a single
sprinkler when using constant operating pressure
head and cyclically variation operating pressure
head. The figure shows the comparison at
moderate sprinkler rotation speed, and this
agreement is also present at slow sprinkler rotation
speed and at fast sprinkler rotation speed.

Effect of sprinkler rotation speed:
Figure (11) shows the water distribution pattern of
a single sprinkler under constant pressure head and
for different cases of sprinkler rotation speed and
for all four sprinkler heads (Weather tec 10-16,
Rain bird 20A, SER, ATAK). The figure shows a
clear contrast between the water distribution
patterns of a single sprinkler for different
conditions of slow, moderate and fast rotation
speed. When the sprinkler is operated at a fast
rotation rate, the water distribution pattern creeps
slightly towards the sprinkler so that the depth ratio
increases with a decrease in the wetted area. When
the sprinkler is operated at a slow rotation rate, the
water distribution pattern creeps away from the
sprinkler so that the depth ratio decreases with an
increase in the wetted area.

5.2. Degree of Water Distribution Uniformity:
Effect of sprinkler rotation speed: From
observing Tables 1-4, which include the values of
the uniformity coefficient UC and the values of the
distribution uniformity coefficient DU for a
sprinkler operating at a constant pressure head and
with different spacings in  rectangular and
triangular arrangements under the cases of
moderate, slow and fast sprinkler head rotation
speeds, and for the purpose of comparing these
values in the case of decreasing or increasing the
sprinkler rotation speed from what it is, i.e.
comparing these values in the case of moderate
rotation with slow rotation and comparing them in
the case of moderate rotation with fast rotation, it
appears from these tables that there is an increase
in some cases and a decrease in others according to
the spacings and arrangement of the sprinklers as
well as the type of sprinkler. The maximum
increase and decrease in the values of the
uniformity coefficient UC and the values of the

distribution uniformity coefficient DU can be
determined as a result of changing the sprinkler
rotation speed from moderate to slow and the
maximum decrease as a result of changing the
sprinkler rotation speed from moderate to fast from
Tables (1-4), where the increase as a result of
changing the sprinkler rotation speed from
moderate to slow in the uniformity coefficient UC
can reach 9.4% for the rectangular arrangement in
the SER sprinkler at the spacing of 12 m x 20 m
and 7.6% for the triangular arrangement in the SER
sprinkler at the spacing of 12 m x 18 m and in the
distribution uniformity coefficient DU to 21.2%
for the rectangular arrangement in the SER
sprinkler at the spacing of 10 m x 20 m and 15.2%
for the triangular arrangement in the SER sprinkler
at the spacing of 12 m x 12 m. Also, the decrease
in the uniformity coefficient UC due to changing
the sprinkler rotation speed from moderate to fast
can reach 13.7% for the rectangular arrangement in
the SER sprinkler at the spacing of 10m x 20m and
14.9% for the triangular arrangement in the SER
sprinkler at the spacing of 16m x 20m and in the
distribution uniformity coefficient DU can reach
20.8% for the rectangular arrangement in the
Weather tec 10-16 sprinkler at the spacing of 12m
X 16m and 16.3% for the triangular arrangement in
the ATAK sprinkler at the spacing of 16m x 20m.
Conversely, we can notice in the values of the
uniformity coefficient UC and the values of the
distribution uniformity coefficient DU in Tables
(4-1), instead of increasing there is a decrease and
instead of decreasing there is an increase, and as
mentioned above, this depends on the spacings
between the sprinklers, the arrangement of the
sprinklers, and then the type of sprinkler.

Table (5) shows a comparison of the
values of the uniformity coefficient and the
distribution uniformity coefficient at slow,
moderate and fast sprinkler head rotation speeds
for the rectangular and triangular arrangements
and the four sprinkler heads. The table shows the
effect of the sprinkler rotation speed according to
its type. First, with regard to the uniformity
coefficient UC, the percentage of cases in which
UC for slow rotation is greater than or equal to UC
in the case of moderate rotation for the rectangular
arrangement was the largest at the Weather tec 10-
16 sprinkler head by 92.9% and as an average for
all sprinklers 78.6%, and for the triangular
arrangement it was the largest at the Weather tec
10-16 sprinkler head by 83.3% and as an average
for all sprinklers 72.9%.
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Table (1): Uniformity coefficient UC and distribution
coefficient DU of a constant operating pressure head

for different sprinkler

spacings, rectangular and

triangular arrangement, and different sprinkler head
rotation speeds.

Table (2): Uniformity coefficient UC and distribution
coefficient DU of a constant operating pressure head

for different sprinkler

spacings, rectangular and

triangular arrangement, and different sprinkler head
rotation speeds.

sprinkler head type Weather tec 10-16

sprinkler head type Rain Bird 20A

By E RS
Distribution uniformity |, ¢, ity coefficient UC %g E Distribution UNITOrMity | ynitormity coefficient UC EGE) ;
_coefflmenF DU for for different sprinkler |.S %A diff%()rifr?tc;e?}nillé:%read for differen_tsprinkler = qé)A
different sprinkler head | o 4’ otation speeds | & @ < B head rotation speeds | & & %
rotation speeds (% % 3 rotation speeds : (% % (2/
Fast | Slow |Moderate] Fast | Slow |Moderate Fast | Slow |Moderate] Fast | Slow [Moderate
rotationjrotation|] rotation Jrotationjrotation| rotation rotationjrotation] rotation jrotationjrotation] rotation
940 | 9648 | 987 | 944 | 955 | 954 | 6%6 919 | 915 | 906 | 928 | 924 | 916 | 6*6
93.0 | 799 92 959 | 961 | 954 [6*10 90.6 | 89.1 | 89.7 | 931 | 917 | 921 |6*10
782 | 727 71.8 834 | 817 80.1 |e6*12 o 89.1 | 884 87.5 922 | 924 91.6 |6*12 o
704 | 687 | 672 | 852 | 843 | 836 | 8*8 %) 79.2 | 838 | 834 | 896 | 919 | 917 | 8*8 é
837 | 852 | 853 | 869 | 876 | 87.0 |8*10 E-.) 80.6 | 80 80 889 | 88 88.2 |8*10 E-,.
-
684 | 671 | 650 | 870 | 866 | 852 |[8*12 g 86.9 | 88.1 88 94 1938 | 938 |8*12 %
704 | 64.2 63.3 778 | 755 748 |s8*16 GE) 79.3 | 83.8 834 89.6 | 91.6 91.7 |8*16 E{’
845 | 844 | 830 | 871 | 90.0 | 87.0 |10*10 g 88.4 | 829 | 842 | 901 | 87.3 | 88.7 |[10*10 §
747 | 776 79.2 869 | 843 846 |10*18 ; 76.8 | 747 75.5 79.1 ] 811 80.1 |10*18 g
608 | 73 693 | 768 | 839 | s18 |10%20 E’» 69.7 | 772 | 753 | 744 | 79.7 | 793 |10*20 %
774 | 715 78.3 78.3 72 715 |12*12 § 74 75.6 73.8 859 | 87.8 86.9 |12*12 E
644 | 616 | 813 | 813 | 797 | 786 [12*16 808 | 79 | 782 | 845|859 | 855 |12*16
60.4 | 61.4 74 74 76.1 74.2 |12*18 733 | 774 77.2 81.3 | 83.6 83.5 |12*18
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684 | 696 | 626 | 777 | 77.3 | 740 |12*12 é 873 | 86.4 | 849 | 899 | 89.1 | 884 [10%12 é
699 | 626 | 591 78 | 744 | 712 |12*14 jé"j’ 863 | 831 | 835 | 91.8 | 908 | 911 [12*14 j«i;'j’
637 | 579 | 545 | 786 | 778 | 767 |12*16 E 768 | 774 | 764 | 846 | 875 | 872 |12*16 E
599 | 578 | 556 | 758 | 743 | 723 |12*18 LE 67.8 | 726 | 723 | 787 | 816 | 813 |12*18 ‘—E
688 | 538 | 547 | 657 | 58 57.7 |16*16 _g 72 | 675 | 709 | 795 | 81.2 | 815 |16*16 _g
765 | 722 | 634 | 724 | 686 | 700 |16*18 = 645 | 656 | 645 | 781 | 79.2 | 789 |16*18 =
612 | 652 | 587 | 718 | 729 | 717 |16*20 674 | 667 | 663 | 725 | 77.7 | 77.3 |16%20
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Table (3): Uniformity coefficient UC and distribution
coefficient DU of a constant operating pressure head

for different sprinkler

spacings, rectangular and

triangular arrangement, and different sprinkler head
rotation speeds.

Table (4): Uniformity coefficient UC and distribution
coefficient DU of a constant operating pressure head

for different sprinkler

spacings, rectangular and

triangular arrangement, and different sprinkler head
rotation speeds.

sprinkler head type ATAK

sprinkler head type SER

Dlsé;Lk;;Ji[tzlicér;tuBSofr()T'ty U?iformity coefficient UC 3% 1S
different sprinkler head ﬁgg&f:g:gggipsnzge; % gj
rotation speeds P 8 g (>,<)
Fast SIO\_N IMode_rate Fast SIO\_N Moderate =
rotationfrotation| rotation |rotationjrotation| rotation
954 | 95 97.1 | 959 | 956 | 97.2 | 6*6
86.4 | 92 87.1 90 | 936 | 915 |6*10
726 | 729 | 69.1 | 798 | 799 | 785 |6*12]
&
816 | 773 | 79.2 | 90.8 | 886 | 89.6 | 8*8 %
793 | 827 | 815 | 89.6 | 89.7 90 |8*10 é
65.6 | 66.3 63 824 | 834 | 829 |[8*12 :g
721 | 661 | 675 | 832 | 79.8 | 80.3 |8*16 %
816 | 822 | 84.1 | 819 | 855 | 84.6 |10*10 g
-
76.7 | 81.2 79.4 86.4 | 87.6 87.7 |10*18 g
602 | 714 | 695 | 746 | 815 | 805 |10*20 ;%
62.9 | 66.1 62 744 1 73.1 71 |12*12 %
55.3 | 564 51.7 745 | 744 73.6 |12*16 *
594 | 598 | 588 | 735 | 76.1 | 739 |12*18
52 | 57.7 | 568 | 654 | 70 67.4 |12*20
87.7 | 871 | 882 | 863 | 86 86.2 | 8*8
738 | 766 | 743 | 842 | 851 85 |8*10 o
65.1 | 65.1 63.1 76.4 76 75.1 |8*12 %)
646 [ 617 | 608 [ 775 | 762 | 753 |eru4[ 5
721 | 661 | 675 | 834|812 | 81 |8x16|O
50.7 | 54.9 52.2 70.7 | 72.2 70.3 |12*12 é
522 | 544 515 67.5 | 685 67.8 |12*14 %
529 | 52.2 * 726 | 72.3 72.1 |12*16 %
62.1 | 60.2 57.4 742 | 75.1 73.4 |12*18 C—E
61.2 | 50.7 52.3 68.5 | 61.6 62.4 |16*16 g
66.7 | 59.1 61 76.4 | 73.7 74 116*18 lt
50.3 53 60.1 68.8 | 69.9 70.4 |16*20

RS
Distribution uniformity Uniformity coefficient UC Z’-, E >E<
diff?rzfr?tcsl,g;itn%mead fﬂrdiﬁere”.t sprinkler .= UE'J’:T
rotation speeds ead rotation speeds 8 g &()
Fast | Slow |Mode_rate Fast | Slow Moderate e
rotationjrotation| rotation |rotation|rotationf rotation
91.7 | 97.7 | 938 | 926 | 98 945 | 6*6
912 | 918 | 885 | 93.8 | 939 91 |6*10
883 | 815 | 816 | 909 | 87 852 |6*12|
o
96.7 | 914 | 922 | 956 | 95.7 ] 96.1 | 8*8 %
86.6 | 92.7 86 93.2 | 93.9 91 |8*10 ;
85.6 | 80 79 926 | 90.2 | 89.6 |8*12 g
842 | 914 | 922 | 869 | 929 | 936 |8*16 %
873 | 86.1 86 89.1 | 884 | 86.8 [10*10 g
C
60.3 | 816 | 753 | 73.1 | 888 82 |10*18 ;
* 62.3 | 514 | 618 | 776 | 716 |10*20 g’
83 | 744 | 705 | 88.7 | 824 | 816 |12*12 g
772 | 771 | 731 | 823 | 86.8 | 833 [12*16 *
598 | 778 | 703 | 712 | 825 | 755 |[12*18
* 629 | 512 | 616 | 734 | 67.1 |12*20
937 | 927 | 955 | 938 | 95 946 | 8*g
86 | 883 | 845 93 | 941 | 909 |g*10],
859 | 806 | 80.1 | 916 | 86.1 | 852 |g*12 g
917 | 854 | 855 | 932 | 875 | 896 |g*14 §_
a
842 | 927 | 941 | 869 | 929 | 945 |g*16 “E
735 | 70.2 | 60.9 84 | 814 ] 76.8 [12*12 E’
788 | 683 | 66.1 | 86.8 | 823 | 788 |12*14 :1%"
761 | 728 | 703 | 82 | 848 | 805 [iox1g £
61.2 | 736 71 712 | 81.2 755 |12*18 LE
78 | 787 | 846 | 844 | 829 | 86.6 |16*16 _g
546 | 788 | 743 | 722 | 83.7 | 82.7 |16*18 =
* * * 60.2 | 75.1 | 70.7 |16*20
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Figure (10): Water distribution pattern for a single

sprinkler under constant pressure head and variable
pressure head and for all sprinkler heads in this

research.
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Figure (11): Water distribution pattern for a single
sprinkler under constant pressure head and for
different cases of sprinkler rotation speed and for

all sprinkler heads in this research.
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Table (5): Comparison of the uniformity
coefficient and the distribution uniformity
coefficient values at slow, moderate and fast
sprinkler head rotation speeds for thfe rectangular
and triangular arrangements and for the four
sprinkler heads.

distribution uniformity
uniformity coefficient =
coefficient DU uc 2
5

2 45 c ols 8 c 3 <
sca|lss.22se |85« 2|Spray head| £
= © © < e Be =Rt I o o ©
Sg3s5dc8525|lc8ss|s8,8| type »
‘ngch533“fbc CcOsw o
S.9olzx"05|lus2§|lz¥>20 3
S CEER - EEER =
£58{CSsE-£55C28s®E =
=] OLJLO"' o = 5 = S
LL2soogLe g0 |-o2oF 172)
S5 g0 8.2‘”0023 e ®o
[l ElD o > S

Weather tec
57.1 | 429 35.7 92.9 10-16

Rain Bird

429 | 78.6 57.1 714 20A

500 | 714 64.3 64.3 ATAK

250 | 786 57.1 85.7 SER

Sprinklers rectangular
arrangement

Totalf

average for
78.6 rectangular
arrangement

444 1 679 53.6

Weather tec

167 | 917 | 167 | 833 |5 E

Rain Bird

333 | 75.0 66.7 66.7 20A

33.3 | 545 25.0 66.7 ATAK

Sprinklers triangular
arrangement

417 | 583 | 500 | 750 SER
Totalf
average ror

313 | 702 | 396 | 729 |%iangular
arrangement

382 | 689 | 471 | 760 [Overallaverage

Secondly, for the uniformity coefficient
UC, the percentage of cases in which the UC for
fast rotation was less than or equal to the UC in the
case of moderate rotation for the rectangular
arrangement was the largest at the ATAK sprinkler
head by 64.3% and as an average for all sprinklers
53.6%, and for the triangular arrangement it was
the largest at the Rain Bird 20A sprinkler head by
66.7% and as an average for all sprinklers 39.6%.
Thirdly, for the distribution uniformity coefficient
DU, the percentage of cases in which the DU for
slow rotation was greater than or equal to the DU
in the case of moderate rotation for the rectangular
arrangement was the largest at both the Rain Bird

20A and SER sprinkler heads by 78.6% and as an
average for all sprinklers 67.9%, and for the
triangular arrangement it was the largest at the
Weather tec 10-16 sprinkler head by 91.7% and as
an average for all sprinklers 70.2%. Fourthly, for
the uniformity coefficient DU, The percentage of
cases where the DU of fast rotation was less than
or equal to the DU of moderate rotation for the
rectangular arrangement was greatest at the
Weather tec 10-16 sprinkler head at 57.1% and on
average for all sprinklers at 44.4%, and for the
triangular arrangement it was greatest at the SER
sprinkler head at 41.7% and on average for all
sprinklers at 31.3%. For the rectangular and
triangular arrangements the average percentage of
cases where the UC of slow rotation was greater
than or equal to the UC of moderate rotation was
76.0%, the average percentage of cases where the
UC of fast rotation was less than or equal to the UC
of moderate rotation was 47.1%, the average
percentage of cases where the DU of slow rotation
was greater than or equal to the DU of moderate
rotation was 68.9%, and the average percentage of
cases where the DU of fast rotation was less than
or equal to the DU of moderate rotation was 38.2%.
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Figure (12): Uniformity coefficient and distribution
uniformity coefficient VValues calculated from the
tests and from equations 3 & 4.

Estimating the degree of uniformity at a
certain sprinkler rotation speed: Using the values
of the uniformity coefficient UC and the
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distribution uniformity coefficient DU shown in
Tables (1-4) and 208 values for each of the
uniformity coefficient for the case of the fast and
low sprinkler rotation rate UC,, the uniformity
coefficient for the case of the moderate sprinkler
rotation rate UC, , the distribution uniformity
coefficient for the case of the fast and low sprinkler
rotation rate DU, , the distribution uniformity
coefficient for the case of the moderate sprinkler
rotation rate DU,,, the difference in the sprinkler
rotation speed from the moderate sprinkler rotation
ARPM, the ratio of the spacing between the
sprinklers along the lateral pipe S to the spacing
between the lateral pipes L, which is equal to S\L
and is expressed by the spacing ratio SR, and the
diameter of the smallest unit of the field
distribution D which is equal to [(S?+L?)%%], and
with the help of the SPSS program, two equations
were derived, the first to express the uniformity
coefficient UC,, and the second to express the
distribution uniformity coefficient DU, each of
them as a function of each of UC,,, ARPM, SR, and
D have coefficients of determination of 0.900 and
0.913, respectively, and the root mean square error
(RMSE) value is 3.06 and 5.92, and the model
efficiency (EF) value is 0.86 and 0.78, and the
formulas are as follows: Equations 3 and 4:

UC,= (0.058xUC, x ARPM - 5.343 xARPM)x SR
+ (1455.181xARPM - 14.438x UC,)x(D/100) ~
W O 0 0[N ©)

DU, = ((3.55x ARPM - 2.32x DU,,) x (D/100)
x0.74 + (0.064x ARPM x SR) + 0.79x DU,
+22.41) + (0.0213xDU,, - 0.66))x D ........... (@)

Figure (12) shows the values of the
uniformity coefficient, and the distribution
uniformity coefficient calculated from the equation
and calculated from laboratory tests. Effect of
sprinkler arrangement: Table (6) shows a
comparison of the values of the uniformity
coefficient UC and the distribution uniformity
coefficient DU for the case of the rectangular and
triangular arrangement of the sprinkler heads
Weather tec 10-16, Rain bird 20A, SER, ATAK for
cases of moderate, fast and slow rotation speed for
common spacings between the two arrangements.
(8mx8m), (8mx10m), (8mx12m), (8mx16m),
(12mx12m), (12mx16m), (16mx16m). It is clear
from the table that 77.4% of the uniformity
coefficient values in the case of the rectangular
arrangement are better than the uniformity
coefficient values in the case of the triangular
arrangement, and that 61.9% of the distribution
uniformity coefficient values in the case of the
rectangular arrangement are better than the

distribution uniformity coefficient values in the
case of the triangular arrangement

Table (6): Comparison of the values of the
uniformity coefficient and the distribution
uniformity coefficient for the case of the
rectangular and triangular arrangement of the
sprinkler heads under study and for the cases of
different sprinkler rotation speeds for the common
spacings (8mx8m), (8mx10m), (8mx12m), (8mx16m),
(12mx12m), (12mx16m), (16mx16m).

Distribution uniformity
uniformity coefficient
coefficient DU uc
g, g e, g
o @ £ 2 © £ 3 .
525 | 23| 535 | 3| Serinkler
Sse | sse| s8¢ | sgg| headtype
SEE|sEESEE| 558
- C [<3] - C O “ c [} - C O
sg2| 22| =ss2| 282
3= & v 8|l 358 | 3¢S
[ c = C D c =
sgc | 88| g8 | 8E
5% |52 [SE | &2
3 I E 9
Weather
23.8 76.2 23.8 76.2 Tec 10-16
Rain Bird
57.1 42.9 38.0 61.9 20A
28.6 714 19.0 81.0 ATAK
42.9 57.1 9.52 90.5 SER
381 | 619 | 206 | 774 | Allhead
types

6. CONCLUSIONS:

1. There is no effect on the water
distribution pattern when operating with a constant
pressure head or with a cyclically variation
pressure head at each level of the sprinkler rotation
speed for all sprinkler heads under study.

2. The shape of the water distribution pattern
creeps slightly into the sprinkler so that the depth
ratio increases with a decrease in the wetted area
when the sprinkler rotation speed increases and
vice versa when the sprinkler rotation speed
decreases.

3. The values of the uniformity coefficient UC and
the distribution uniformity coefficient DU increase
or decrease with the change in the sprinkler
rotation speed and vary depending on the spacing
between the sprinklers, the arrangement of the
sprinklers, and then the type of sprinkler.

4. For the rectangular and triangular arrangements,
the average percentage of cases in which the UC of
slow rotation is greater than or equal to the UC of
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moderate rotation is 76.0%, and the average
percentage of cases in which the UC of fast rotation
is less than or equal to the UC of moderate rotation
is 47.1%.

5. For the rectangular and triangular arrangements,
the average percentage of cases in which the DU of
slow rotation is greater than or equal to the DU of
moderate rotation is 68.9%, and the average
percentage of cases in which the DU of fast
rotation is less than or equal to the UC of moderate
rotation is 38.2%.

6. The study provided estimated equations for both
the uniformity coefficient UC or the distribution
uniformity coefficient DU at different sprinkler
rotation speeds depending on the uniformity
coefficient UC or the distribution uniformity
coefficient DU at moderate sprinkler rotation
speed and the spacings between sprinklers.

7. That 77.4% of the uniformity coefficient UC
values in the rectangular arrangement are better
than the uniformity coefficient values in the
triangular arrangement.

8. 61.9% of the values of the distribution
uniformity coefficient (DU) in the case of the
rectangular arrangement are better than the values
of the distribution uniformity coefficient in the
case of the triangular arrangement.
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