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Abstract: A computer model was developed to simulate the varying depths of water applied to
the ground due to the intermittent movements of a typical center pivot. The stop–go model inputs
include the sprinkler application depth, the sprinkler pattern, that pattern’s wetted radius, the
center pivot’s % timer setting, the move cycle time, and the end tower maximum travel speed. The
model outputs were the depth of application in the pivot’s movement direction, the distribution
uniformity (DU), and the coefficient of uniformity (CU). The results revealed that the pivot circular
application uniformity is mostly a function of the move distance as a percent of the sprinklers’
wetted radius. This, in turn, is a function of the percent timer setting, the cycle time, and the end
tower travel speed. Due to this, the high-speed center pivots had corresponding lower application
uniformities compared to low-speed machines, and sprinklers with larger wetted radii resulted in
better uniformity. Shortening the cycle time also resulted in higher uniformity coefficients. Based on
these results, it is recommended that the run time be set based on the pivot end-tower’s travel speed
and sprinkler wetted radius, such that the end tower move distance is equivalent to the sprinkler
wetted radius. This will reduce wear to the tower motors due to the on–off cycling, especially for
slow travel settings and for sprinklers with larger wetted radii. The ponding depths at different
percent of the move distance, for the potential runoff, were estimated, which were set to be equivalent
to the wetted radius.

Keywords: center-pivot irrigation systems; sprinkler irrigation; irrigation management; water appli-
cation uniformity; runoff

1. Introduction

More than half of the irrigated acreage in the United States (US) is irrigated by center
pivots. Small improvements to the performances of these machines can have a great
impact on the overall water conservation in the US [1]. In order to adequately irrigate a
field, additional water needs to be applied everywhere in order to adequately irrigate the
areas of the field that are getting small amounts of water. Therefore, adjusting irrigation
uniformity for unimportant variability on a small scale of a filed is required for good
irrigation efficiency [1]. Additionally, uniformity can be achieved by modeling sprinklers
pattern along center pivot’s pipeline or along the machine path. Modeling the application
pattern of sprinklers on center pivot may help in the design of the machine’s nozzle chart
to reach a high uniformity [2–4].

Significant efforts have been made on modeling the water delivery application pattern
of the center pivot. These models categorized under four groups: numerical, statistical,
ballistic, and semi-empirical models.
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Numerical models were used to simulate the sprinklers pattern of center pivot. This
can be achieved by overlapping experimentally measured isolated sprinkler patterns [5].
Heermann and Hein [3] designed a computer model to predict the water pattern from
adjacent sprinklers that modeled the actual movement pattern in terms of application
depth. They concluded that the close spacing of sprinklers along the pivot pipeline most
likely concealed the effect of the two theoretical sprinkler distribution patterns that they
tested (triangular and elliptical). In the same research line, a mathematical analysis was
introduced by Amir and Alchanatis [6] to predict the instantaneous and the cumulative
water application pattern (WAP) as a function of the travel path [7]. Furthermore, Alcha-
natis and Amir [8] introduced the coefficient Pa that measures the actual water application
pattern by comparing it to any desired pattern. A model for the water application patterns
under pivots was developed by Bremond and Molle [9] in the form of irrigation uniformity.
In their study, the water application pattern was a function of the pivot speed.

Other researchers simulated the application of sprinklers by statistical distributions,
such as the lognormal, uniform (linear), specialized power, and beta and gamma distribu-
tions [10–12].

On the other hand, generally, ballistic models were applied by many researcher [13–16]
in modeling the irrigation uniformity of sprinkler irrigation systems. More specifically,
ballistic models were used in moving sprinkler systems by Ouazaa et al. [15]. They
developed a model using a ballistic approach for center pivot sprinklers using parameters
such as the nozzle diameter, operating pressure, and wind speed. The model was used to
assess the impact of the variable tower alignment, wind conditions, and travel speed on
water application performance.

Finally, semi-empirical models calculate and map the effect of wind speed and direc-
tion on the distribution pattern of sprinklers as a water distribution uniformity [11,17,18].

Most center pivot towers are controlled with a simple electric motor that turns on and
off intermittently to control the movement and alignment of the pivot. On most pivots,
the travel speed and, therefore, the irrigation water application depth is controlled by
a timer that dictates the percentage of a given time interval that the motor driving the
last tower is running. The other towers’ motors move simply to keep the pivot lateral
straight. At least one pivot manufacturer uses a hydraulic drive to keep all of the towers in
constant motion (T&L Manufacturing). There are also several after-market packages that
use variable frequency drive controllers on the electric drive motors on each tower to also
keep the towers in constant motion. The manufacturers claim that eliminating the stop–go
motion of the pivot towers considerably increases the irrigation application uniformity.

The start–stop movement and speed variations of the center pivots impacts irrigation
application uniformity in the direction of travel [19]. It has been found that the variation in
travel speed of the center pivot lateral due to start–stop sequences and towers alignment
leads to random variability similar to wind drift [20]. Moreover, Hanson and Wallender [21]
concluded that nonuniformity along the lateral was related in part to the movement of the
towers. However, a firm correlation was difficult to create.

The stop–move action of a center pivot was used to integrate three sprinkler patterns
along the travel path [22]. It was generally found that the most common geometric patterns
to represent the center pivot water application rates are elliptical and triangular shapes [22].
However, and according to DeBoer [23], the application distributions of field irrigation
datasets were likely trapezoidal patterns. Furthermore, Bittinger and Longenbaugh [7]
analyzed elliptical and triangular stationary distributions for linear-move and center pivot
irrigation systems, and they concluded that the theoretical uniformity differs from the
actual field uniformity. However, the actual pattern generally had a donut shape. Thus,
it has less application uniformity than the triangle pattern. Furthermore, Heermann and
Hein [3] assumed in their model a stationary pattern shape of either triangular or elliptical;
later on, Heermann [24] introduced the CPED (center pivot evaluation and design) software
package, based on Bittinger and Longenbaugh [7], study with an assumption of triangular,
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elliptical, and toroidal application patterns. Then, Heermann [25] expanded the model to
include donut-shaped patterns to represent low-pressure spray heads.

There are many parameters that may affect the water distribution uniformity. These
parameters were presented in research as combined or separate. Kohl and DeBoer [26]
investigated the water application pattern as a function of pressure, nozzle diameter, and
impact plate. Moreover, Kincaid [20] reported the results related to the water application
pattern as affected by the height of the sprinklers and pressure. Another analysis of
the effect of pressure and discharge on the wetted area was presented by Kincaid [27].
Additionally, Omary and Sumner [28] developed a model to calculate the water application
depth, which was the sum of two movements: (1) continuously moving and applying
water and (2) the application depths while it is stopped at each location. They also used the
cycle time in their model. They found that there was no significant effect of the percentage
of moving time for the short cycle time on the uniformity coefficient, and the uniformity
coefficient was increased by 12.9% by reducing the cycle time from 60 to 30 s when the
application depth remained the same. After that, a modification was applied to this model
to include the effect of direction and wind speed on sprinkler pattern [29]. Additionally, the
impact of two center-pivot travel speeds and two cycle times on the irrigation performance
was analyzed by Yan et al. [30]. They concluded that the cycle time has a minor impact on
radial uniformity but no effect on the circular uniformity.

Calculating the potential runoff is a helpful tool for the accurate design and man-
agement of the center pivot [4,31]. The intermittency movements of a moving sprinkler
irrigation system not only affect the water distribution uniformity but the runoff as well.
Runoff under moving sprinkler irrigation systems is common when the application rate
exceeds the soil infiltration [23,32–35]. This runoff may be estimated and controlled using
different approaches [34,36–44]. The stop–go movement of the center pivot may affect
the ponding and the runoff depending on the system run time setting and sprinklers
configuration. Choosing a proper run time of center pivot can prevent runoff. Uniformity
measured along the machine travel path is thought to be high, because as the machine
moves continuously, it integrates sprinkler pattern irregularities [45]. However, the in-
termittent movements of center pivots can affect the uniformity. To date, research that
discusses the relationship between runtime, move distance, and sprinklers’ wetted radius
and irrigation uniformities as a result of the intermittency movements of the center pivots
have not yet been adequately defined. The objective of this paper was to develop a model
of sprinkler application depths of a center pivot in the direction of travel for different
sprinkler application patterns (elliptical, triangular, rectangular, and donut) that makes the
move distance a percent of the sprinkler wetted radius. This will help investigate how the
stop–go movement of a center pivot for a given set of parameters (percent timer setting, the
cycle time, and the end tower travel speed) might affect the irrigation uniformity in terms
of the distribution uniformity (DU) and the coefficient of uniformity (CU). This could help
in decision-making on the sprinkler package selection and pivot configurations and design.
Additionally, we wanted to know if the same parameter (move distance as a percent of
sprinkler wetted radius) will affect the ponding and runoff from the sprinklers.

2. Materials and Methods
Model Development

A computer model was developed using visual basic for applications (VBA) to sim-
ulate the application depth in the direction of movement resulting from the stop and go
movements of a center pivot using different sprinkler application patterns (Figures 1 and 2).
The patterns chosen (triangular, elliptical, and rectangular) are generalized approximations
of what the application rate of the overlapped sprinklers might be with distance from
the pivot lateral. The actual pattern is never perfectly any of these and changes with the
pressure, sprinkler type, wind, and nozzle sizes. However, we might approximate these
using these two-dimensional shapes to investigate how the stop–go movement affects
the uniformity in general. Certainly, the three-dimensional application pattern is conical
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instead of triangular, etc. However, when these are all overlapped, we might generally
approximate the application rate with distance from the pivot lateral. The stop–go model
also calculates the resultant irrigation uniformities (DU and CU). Four different sprinkler
application pattern models were used to approximate the changes in the sprinkler applica-
tion rates with distance from the pivot line: elliptical, triangular, rectangular, and donut.
In the first step of the stop–go model, different travel speed, timer setting, and wetted
radius were simulated (Figure 2). Then, the relationship between these parameters were
simulated to calculate the cycle and run time. Since we were primarily interested in the
effects of the stop–go movement, we assumed that the irrigation application patterns were
uniform between sprinklers, i.e., the pattern was uniform across the length of the pivot and
only varied with distance from the pivot pipeline. The wetted radius of each of these is a
set parameter, but the maximum application depth is calculated so that the total amount of
water applied in a pass (the area underneath the application rate pattern curve) remains
constant across the different patterns.

Figure 1. Stop–move model flowchart.

Figure 2. Different sprinkler water application patterns: elliptical (a), triangular (b), rectangular (c), and donut (d).

We assumed, for the model inputs, that the center pivot was about 402 m long with
a capacity of 64.8 L s−1 ha−1. Different values of the machine parameters can be used in
this model. Sprinkler spacing on the pivot pipe lateral was approximately 3 m (The span
length does not affect the model, and it is negligible.). The application uniformity was
modeled near the end of the pivot at 396 m. To calculate the application depths, a 2-s time
step was used in the simulation, and the maximum end tower travel speed was an input
variable. The model is time-based, not distance based. It depends on the travel speed of
the pivot. We assume that the pivot moves similar to a linear-move machine and does not
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take into account the radial and angular differences of a center pivot, since they would
have very little affect due to the circular application pattern of the sprinklers, and the very
small differences between the outside and inside move distances (about 2 cm towards the
end of the pivot). Move distance is the move distance between one start and stop cycle.
DU and CU are estimated at a particular radial distance, and the model does not simulate
a full revolution. This is only a look into the stop–go movement of a pivot. The inside
towers, which move somewhat independently of the end tower, will be different. The
model outputs were distribution uniformity (DU) and the coefficient of uniformity (CU).

DU of the low quarter or DUlq was calculated after Burt et al. [46] to characterize the
performance of the sprinkler package.

DUlq =
Xlq

Xt
(1)

where Xlq = average of the lowest one-fourth of the application depths (mm), and Xt =
average of all application depths (mm).

The Christiansen coefficient of uniformity was calculated following [47,48]

CU = 100×
[

1−
(

∑|i− u|
∑ i

)]
(2)

where CU = uniformity coefficient developed by Christiansen (%), i = each observed
application depth (mm), and u = mean observed application (mm).

Water distribution by center pivot sprinklers is a function of their patterns. The
theoretical application rate for the elliptical, triangular, rectangular, and donut sprinkler
patterns (Figures 2 and 3) were calculated as follows:

Figure 3. Different application patterns of sprinklers along the pivot lateral for an elliptical (a),
triangular (b), rectangular (c), and donut (d).

Elliptical pattern:

Y = b

√
1− X2

a2 for |X| ≤ a (3)

Triangular pattern:

Y = − b
a

X + b for 0 ≤ X ≤ a (4)

Y =
b
a

X + b for − a ≤ X < 0 (5)
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Rectangular pattern:
Y = b for |X| ≤ a (6)

Donut pattern:

Y = b

√
1− (X− c)2

a2 for 0 ≤ X ≤ c (7)

Y = b

√
1− (X + c)2

a2 for − c ≤ X < 0 (8)

where Y is the instantaneous application rate of the pattern (mm/min), b is the maximum
application rate (mm/min), a is the wetted radius of the sprinkler (m), X is the distance
from the sprinkler (m), and c is the center of the offset distance from the sprinkler for the
donut pattern (m).

The application depth at the % setting was calculated as:

d = 100× Cd
% setting

(9)

where Cd is a constant equal to the minimum application depth (mm) at the 100% setting,
and d is the application depth (mm) at the current machine % setting.

Cycle time (Ct) is a set parameter equal to the time (s) between the starting times of
each movement cycle of the end tower. The most commonly used cycle time is 60 s [49].
However, this can be chosen to be anything that is appropriate. This is used with the
percent setting (%) to calculate the run time (Rt in seconds) as:

Rt =
Ct ×% setting

100
(10)

The time that the pivot is stopped and irrigating in a stationary location is Ct − Rt.
Different input parameters, such as cycle times (30, 60, and 120 s); travel speed; %

setting (Figure 4); and wetted radius, were modeled to compare their impact on water
application uniformities in the direction of the pivot movement. In the presented model,
we did not account for wind drift and evaporation losses, since these depend on variable
weather conditions [50]. The model was designed for a typical center pivot system without
an end gun. Various combinations of parameters were tested to analyze the relationship
between them and the DU and CU.

Figure 4. An example for the effect of different % settings on the elliptical application pattern
uniformity of the center pivot.
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3. Results

Firstly, we simulated the effect of different cycle times, travel speed, % setting, and
wetted radius as separate on the irrigation uniformity; then, we investigated their rela-
tionship on irrigation uniformity. Depending on the summarized relation between these
parameters, new two equations were provided (discussed later) for calculating the cycle
and run time and, also, the number of cycles per season if such a new method is used. We
investigated how the model performs for the small, wetted radii sprinkler configurations,
such as low-energy precision application (LEPA) and low-elevation spray application
(LESA), which have the worst application uniformity. Using the small, wetted radii allows
investigating if there is a significant difference in machine travel speed and the timer setting
on the DU and CU.

It was generally found from the simulations that high-speed center pivots have
corresponding lower application uniformities compared to low-speed machines. For
example, center pivots having an ellipse sprinkler pattern with a wetted radius of 1.5 m,
moving on 70% setting, end tower travel speed of 1.5 m/min, and move cycle of 60 s
yielded a DU of 91% and 95% CU, while a modeling travel speed of 2.5 m/min using the
same previous settings decreased the DU to 76% and CU to 80%.

The sprinkler wetted radius also had a marked effect on the irrigation uniformities.
Increasing the wetted radius resulted in higher DU and CU values. Holding other parame-
ters constant, a wetted radius of 3 m resulted in a DU of 98% and a CU of 98% but were
typically lower in their value for smaller wetted radius 0.3 m to 70% and 66% for the DU
and CU, respectively.

Using the similar previous settings and changing the move cycle to 30 s yielded a
considerable increase in the DU and CU of 6% and 11%, respectively. In general, it was
found that DU and CU were higher when using a 30-s cycle time and lowest for a 120-s
cycle time (Figure 5a,b).

Figure 5. DU (a) and CU (b) for different cycle times (s) and application patterns.

The effects on the DU and CU resulting from changing the machine travel speed
(m/min), the timer setting (%), and the wetted radius (m) are given in Figure 6a–c, respec-
tively. Travel speed and wetted radius had a large effect on the irrigation uniformities
(DU and CU), while the timer setting had a minimal effect on the DU and CU using the
previous settings. Regardless of the sprinkler pattern, wetted radius, or travel speed, it was
found a 100% uniformity in the direction of movement when there is constant movement
of the pivot (Figure 4).
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Figure 6. Distribution uniformity and coefficient of uniformity for the ellipse sprinkler pattern using
different travel speed (a), percent timer setting (b), and wetted radius (c).

There was an obvious interaction between these parameters (wetted radius of the
sprinkler, the speed, the % setting, and the cycle time) and application uniformities. This
relationship can be summarized as the relationship between the pivot move distance as a
percent of the sprinklers’ wetted radii (Figures 7 and 8) and discussed later in Equation (11).
From this, we can see that the optimal pattern depends on the particular sprinkler applica-
tion pattern. We can also see that a perfectly uniform application rate (rectangular pattern)
is not necessarily ideal for overlapping sprinklers or a moving irrigation system.

Figure 7. Distribution uniformity (DU) for triangular, ellipse, rectangular, and donut application
patterns as a move distance as a percent of the wetted radius.

Figure 8. Coefficient of uniformity (CU) for triangular, ellipse, rectangular, and donut application
patterns as a move distance as a percent of the wetted radius.

Irrigation uniformities were the most variable using the rectangular and donut pattern
distributions (Figures 7 and 8) with the donut pattern performing the worse overall. The
triangular pattern performed generally better up to about 100% of the wetted radius and
then dropped off quickly afterwards. After that, it is better with the rectangular pattern. The
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elliptical pattern was a little more stable at all of the overlapping distances and, therefore,
may perform best as an all-around sprinkler.

High-efficiency sprinkler configurations, such as low-energy precision application
(LEPA) and low-elevation spray application (LESA), are much more efficient [50], but they
have small, wetted radii. However, these sprinklers with a smaller wetted radius have
lower uniformity [51] due to the stop–go pattern. To counteract this, a shorter cycle time
(Ct) should be chosen to increase the overlap between moves.

Good uniformity can be maintained for most sprinkler application patterns if the move
distance is set equal to the wetted radius. The pivot speed and, therefore, the application
depth of the pivot is most often set by a percent timer. This percent timer setting is used
to alter the end tower runtime in Equation (10). However, the same travel speed and
application depth can be set by altering the cycle time such that the end tower runs until it
has moved a distance equal to the sprinkler wetted radius and then shut off for a variable
amount of time based on the pivot’s percent timer setting. This could drastically reduce
the stop–go cycles of the motors and gear boxes, extending their useful lives. The end
tower controls the entire movement of the pivot. The inside towers move to keep the
towers aligned, and this movement is somewhat unpredictable and depends on how the
limit switches are set up. With fewer starts and stops of the end tower, it should similarly
result in fewer starts and stops of the inside towers and that the move distance during
each movement of the inside towers will be generally less than the move distance of the
end tower. Additionally, sprinklers toward the distal end of the pivot use larger nozzles
and will therefore likely have a slightly larger wetted radius. However, the larger move
distance of the distal towers compared with the inner towers should more than compensate
for this.

We suggest the following equation to calculate the appropriate cycle time to accom-
plish these benefits.

Ct = k
Wr ∗ 100

% setting× Send
(11)

where Ct is the cycle time (s), Wr is the wetted radius of the sprinkler (m), Send is the travel
speed of the end tower (m/s), % is the timer percent setting, and k is a coefficient to take
into account that, based on our model, it was chosen when the move distance as a percent
of the wetted radius gave the optimal uniformity (Figures 7 and 8).

Not all sprinkler application patterns have local maximum DU and CU values at 100%
of the wetted radius. In particular, for the elliptical pattern, the best uniformities were
found at about 90% of the wetted radius (Figures 7 and 8). Based on our modeled results,
we would select values for k to be 0.9, 1.0, 1.0, and 1.0 for the ellipse, triangular, rectangular,
and donut patterns, respectively.

With this method, the end tower motor runtime (s) would be set, such that the move
distance was related to only the sprinkler wetted radius.

Rt =
k×Wr

Send
(12)

Using this new method (Equation (11)) of altering the cycle time instead of the runtime
can reduce the total number of motor and gearbox on–off cycles per season for sprinklers
with larger wetted radii (Figure 9). For sprinklers with small, wetted diameters, a reduced
cycle time will ensure good uniformity but may increase the cycling of the motors and,
thus, the wear and tear on the motors and gear boxes. Offset booms (boombacks) could
help improve the uniformity in this case by effectively increasing the wetted area.

Then, the total number of cycles per season can be calculated as:

Cycles per season =
3600× running hours per year

Ct
(13)
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Figure 9. A comparison of the number of pivot tower motor on–off cycles per season when varying
the cycle time to move the end tower of the sprinkler’s wetted radius, compared to simply using a
60-s cycle time, assumes 2000 h run time per season and a 2.5 m/min maximum end tower travel
speed.

Potential Effects to Infiltration and Runoff

If the cycle time is adjusted to match the pivot percent setting instead of adjusting only
the pivot run time, and if this cycle time is set such that the move distance is equivalent
to the sprinkler wetted radius, then, for sprinklers with larger wetted radii, it will cause
the pivot to irrigate motionless a much larger percent of the time and then move larger
distances. We wanted to know if this will affect the ponding and runoff from the sprinklers.
The total depth of water applied will still be controlled by the percent timer. However, if
the move distance is set equivalent to the wetted radius (as the analysis above found to
be optimal for most sprinklers), the soil will see two discrete application rates instead of a
more constantly changing one. The two discrete application rates depend on the sprinkler
application pattern and the distance into the move cycle the pivot moves over each portion
of soil. This is illustrated in Figure 10 for the soil that happens to be located 5% into the
total move distance (or sprinkler wetted radius) and in Figure 10 for soil that happens to
be located 95% into the total move distance.

Figure 10. The application rate to a portion of soil 5% into the move distance (set to be equivalent to
the wetted radius) compared to a constant move application rate for an elliptical sprinkler pattern.
This can result in more runoff in this portion of soil if the soil takes water in as if it were saturated in
the first half of the application time.
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If we assume that the soil infiltration rate is reduced over time as if the soil was
saturated (as in Figure 10 from 0 to 12 min), even though it may not reach saturation,
then we can calculate the ponded water as the area between the sprinkler application rate
and the soil infiltration rate at times where the sprinkler application rate exceeds the soil
infiltration rate. This was done at different areas at move directions that lie at different
percent of the move distance if the pivot moves occur in two discrete application rates
compared to a constant move application rate for an elliptical sprinkler pattern (Figure 11).
These greater move distances and set times for sprinklers with larger wetted radii may
result in additional runoff in some areas of the soil and less runoff in others. These might
occur in strips, with a width of about one-half of the wetted radius at the last tower, that are
parallel to the pivot lateral. This assumes that the soil takes water in as if it were saturated
(even though it will not be) in the first half of the pattern. Whether this really affects the
overall runoff from the pivot should be further experimented on. These patterns would
be different at locations closer to the pivot center point. This explained that the water
application uniformity on a small scale of the field is not that important, since water can
be redistributed by the soil, and plants can get the water from nearby wetted regions [1].
Thus, we set the runtime as a percent move distance, which is set equivalent to the wetted
radius and may reduce the ponding and runoff, as shown in Figure 12.

Figure 11. The application rate to the soil 95% into the move distance (set to be equivalent to the
wetted radius) occurs in two discrete application rates compared to a constant move application rate
for an elliptical sprinkler pattern. This results in less total runoff in this portion of the soil.

Figure 12. Calculated ponding depths at different percent of the move distance if the pivot moves
occur in two discrete application rates compared to a constant move application rate for an elliptical
sprinkler pattern. The move distance was set equivalent to the wetted radius.
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4. Conclusions

A model was developed to calculate irrigation uniformities for a center pivot in the
direction of movement by simulating different sprinkler application patterns as a function
of stop–go movement of a center pivot for a given set of parameters. Based on the results
of this study, there appears to be an interaction between the sprinkler application depth
pattern, that pattern’s wetted radius, the center pivot’s % setting, and the move cycle time
(time between end tower starts). Irrigation uniformities in the direction of movement
are a function of wetted radius, cycle time, and end tower maximum travel speed. This
application uniformity is ultimately mostly a function of the move distance as a percent of
the sprinklers’ wetted radius. The simulations showed that the DU and CU values were
not as high for smaller wetted radii and that fast pivots that makes for problems. The DU
and CU were significantly higher when using a 30-s cycle time and lowest for a 120-s cycle
time. Regardless of the sprinkler pattern, wetted radius, or travel speed, it was found that
there is a typically 100% uniformity in the lateral direction of movement when there is
constant movement of the pivot. The effects on uniformity can be reduced to essentially
the move distance as a % of the wetted radius, which can be used to control the quality of
center pivots’ irrigation systems. New methods to calculate the cycle time, run time, and
total cycles per season were suggested based on the results of this research. We concluded
that the intermittent movement of the center pivot affects the ponding and runoff as a
percent of the move distance that is set equivalent to the wetted radius. Further the research
should be examined if the overall runoff in such a method was used and which sprinkler
pattern has the most potential runoff that is connected to the intermittency movement of
the center pivot.
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