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Abstract

This study was carried out to develop a computerized model that
simulates how the spray irrigation water is distributed from sprinkler
heads of a center pivot sprinkler irrigation system, and then using the
developed program to determine the optimal positions of the sprinkler
heads along the pipe in a way that achieves the highest degree of
uniformity of irrigation. Different types of single sprinkler head spray

patterns under different operating conditions were used in the study.

The research included using two patterns of single sprinklers
heads: the first under wind speed 4.03 m/s and the second pattern at wind
speed 1.36 m/s. The height of the sprinkler heads was 300 cm in the two
patterns. The position of the sprinkler heads along the pipe was
determined by three methods: the first method is based on the principle of
equal ring areas, the second was based on the principle of equal loops but
in a certain way from the end of the spray pipe, whereas the third
distribution depended on the principle of the three joints with number of
sprinklers of (13 and19). The research also included the study of the
overlapping between the fixed grid on the ground and the moving grid of
the sprinkler pattern on the rotating pipe during the process of irrigation
and measuring the total depth of water accumulated at each fixed grid
cells and then computing the uniformity of irrigation. The uniformity is
calculated using all data cells on the ground and for data along selected
radial arrays in the field such as the (north-east) axis, (south-east) axis,

(south-west) axis and (north-west)axis.
The study revealed the followings:

1. In the distribution of sprinkler heads with 13 sprinklers in the rational
distribution method (the principle of equal rings) in the model of single

sprinkler with high winds 4.03 m / s and the same sprinklers separators



used in the model of single sprinkler with relatively low wind 1.36 m/s,
the results were the following: the coefficient of uniformity on the fixed
grid was 66.4% and the mean value of uniformity coefficient on inclined
axes was 609.1% in the case of using all data with accumulated water
depth in the cell greater than zero. For the case of neglecting the data with
depths less than one fourth of the overall average of all depths of water
falling on the field, the uniformity coefficient value of fixed grid was
81.8% and the average of irrigation uniformity on the four axis was
82.8%, and in the case of neglecting the depths that are less than one half
of the overall average of depths in cans where water fell, the uniformity
coefficient value of fixed grid was 88.4% and the average of uniformity
coefficient on the slanted axes was 88.6%. However, there is a relatively
large difference in the uniformity of irrigation between the inclined axis
especially (between the north-east axis and the rest of the four axes) and
the case of using the data of cans that water fell in and the case of
neglecting the depths less than a quarter of the overall rate of depths in
cans in which the water fell. However, in the case of neglecting the
depths less than half of the general average of the depths in the cans in
which water fell, the uniformity of irrigation between the four axis was

more closer than the above two cases.

2. In the case of distributing the sprinklers with a number of 19 sprinkler
heads 150 m length of a sprinkler pipe, and rational distribution
supposing a separation between the final sprinkler, 150 meters from the
center, and the one before the last. And by going on distributing the
sprinklers towards the center and using the low-wind 1.36 m/s, single

spray pattern, the results were the followings:

The uniformity of irrigation on the fixed grid was 60.5% and the rate of

uniformity of irrigation on the proposed axes was 64.3% in the case of



adopting the data of the cans in which the water fell. In the case of
neglecting the depths less than a quarter of the general average depth of
the cans in which water fell, there was an improvement in the uniformity
of irrigation on the fixed grid 80.1% and the average of uniformity of
irrigation on the slanted axes was 78.5%. While in the case of neglecting
the depths of less than half of the general average of the depths of the
cans in which water fell, the uniformity of irrigation on the fixed grid
equals 87.1% and the average uniformity on the four proposed slanted

axles was 87.1%.

3. The difference in the uniformity of irrigation between the four axes
increases at high wind speed, especially in the case of adopting the depths
data in cans in which water fell and the case of neglecting the depths
which are less than a quarter of the overall average of the depths in cans
in which water fell. However, in the case of neglecting the depths less
than one half of the over-all average of the depth of the cans in which the
water fell, the difference between the uniformity of irrigation becomes

lower than in the above two cases.

4. The uniformity of irrigation under high wind conditions is slightly
greater than that in the low winds under the same conditions (pressure

32 m and discharge 0.952 liters per second).

5. In single sprinkler pattern at high winds 4.03 m/s, the average
pressure was 32 m and the average discharge of single sprinkler was
0.952 1 /s, while 1n the single sprinkler pattern with low winds 1.36 m/s,
the average pressure was 31.75 m and average discharge was 0.9485 I/s.
Under these conditions, the irrigation uniformity was slightly higher than
in the first sprinkler type (high winds), using the same intervals and

rational distribution in the two sprinkler patterns.



6. The increase in number of sprinkler heads improves the uniformity of
irrigation within the depth required to be delivered to the field, but this
increase begins soon to affect the coefficient of uniformity and lead to

decreasing it.

7. The distribution of sprinkler heads affects on the depths delivered to
fixed grid cells (on the ground), the low wind-pattern sprinkler 1.36 m/s,
two distributions of sprinklers were used under the same conditions
(number of sprinklers, pipe length). It was concluded that distributing
sprinkler heads based on the principle of the equalization of rings areas,
the largest depth received by fixed grid cells was 16.4 mm, while this
depth increased to 19 mm in the case of distributing sprinklers using the

concept of three pre-selected spacing.
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