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ABSTRACT

A mathematical model was developed to analyzing hydraulic characteristics in a
micro-irrigation system design micro-irrigation system for center pivot corners. Different
shape division (square, rectangular and approximately triangular shape) for center
pivot corner, pipe diameters and lengths of lateral and telescopic manifold pipe with
uniform slopes were studied. The model divided the center pivot corner into subunits
micro-irrigation system (parts) and estimated lateral and emitter discharges and
pressure head distribution along a lateral and manifold starting from the downstream
as well as uniformity calculation. The friction head loss between successive emitters,
laterals and manifold were also estimated using the Darcy-Weisbach formula. The
model for designing manifold was run successfully for supplying water to one or two-
side laterals. Field studies were undertaken to test the validity of the mathematical
model for (Eu), (Uc), (Qvar) and (Hvar). Emission flow and pressure distributions were
measured and compared quite well with those predicted from the model. The results
indicated that, for approximately triangular shape part 1 for center pivot radius 450 m,
outside lateral diameter 16 mm, lateral spacing 1.0 m and emitter spacing 0.5 m,
average emitter discharge per lateral for 76 lateral were ranged from 3.618 to 3.766
I/h,. Lateral dynamic head increased from 0.81 to 1.26 bar for 76 lateral, (Uc),
increased by 7.42% and (Uc) increased with decreasing lateral friction losses, Inlet
lateral discharge for 76 laterals were ranged from 7.1 to 240.6 I/h for minimum (2 m)
and maximum (63 m) lateral lengths, respectively. The model has been verified under
different three center pivot radiuses (270, 359 and 450 m), which have same lateral
diameter (16 mm), emitter spacing 1.0 m, lateral spacing 2.5 m and same in-line
emitter discharge equation q=4.02H°% as an example for grape cultivation. Also, three
different outside lateral diameters 16, 18 and 20 mm which, has same emitter spacing
0.5 m, lateral spacing 1.0 m and the same emitter type with constant center pivot
radius (450 m) were verified for strawberry cultivation. In comparison between model
output results of center pivot corner with R=450 m for lateral diameters 18 and 20 mm,
it is clear that the number of parts dose not changed (13 parts) and total manifold
discharge was equal to 313.46 (m3/h) for both lateral diameters. While, number of parts
was (19 parts).for lateral diameters 16 mm. Qvar at lateral diameter 18 and 20 mm
were ranged from 0.7 to 6.51% and 0.47 to 4.35% respectively. Also, Hyar were
ranged from 1.14 t012.59% and 0.94 to 8.52% respectively. However, lateral diameter
20 mm was more effective in improving (Qvar) and (Hvar). In case of R=450 m for
lateral diameters 16 mm, manifold diameters 50, 63, 75 and 90 mm versus lengths
were 641, 185, 97 and 92 m respectively, while, manifold length were 505, 182, 91 and
158 m for lateral diameters 18 mm.

Keywords: Micro-irrigation, design, model, subunit, hydraulic.

INTRODUCTION

Centre-pivot irrigation system one of the most popular systems for
irrigation general field crops especially in arid and semi-arid regions. The
center pivot cannot irrigate the whole square area, where it irrigates circular
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area, and there are four corners area can't be irrigated by this system. The
corners area that not irrigate represents the percentage of, 21.5% of the total
square area. To maximize the usability of horizontal expanded areas that
irrigate by center pivot irrigation system, the farmers irrigate the corners by
drip irrigation system. There is a few literature and information concerning the
design of center pivot corners with drip irrigation system. That led to reduce
efficiency of drip irrigation system in these corners, due to low executer
experiences. They dose not putting in their concern the standard design
items such as discharge variation (Qvar), pressure head variation (Hvar),
emission uniformity (Eu), uniformity coefficient (Uc). The purpose of this study
is to putting some designing attempts for corners drip irrigation system
network to increase drip irrigation efficiency especially (Qvar), not exceeded
than 10% and (Hvar) not exceeded than 20%, according to ASAE standards
(1996).

Guirguis et al (2009) developed a deterministic model for designing
subunit drip irrigation system for uniform shape. Different pipe diameters and
lengths of lateral and telescopic manifold pipe with uniform slopes were
studied. The model estimated lateral and emitter discharges and pressure
head distribution along a lateral and manifold starting from the downstream
as well as uniformity calculation. The friction head loss between successive
emitters, laterals and manifold were estimated using the Darcy-Weisbach
formula. The change of the velocity head, the changes of momentum along
the lateral and manifold and the loss due to emitter connection were also
considered. The model for designing manifold was run successfully for
supplying water to one-side and two-side laterals.

ASAE (1993c and 2002a), Smith (2003) and Sharaf (2004b)
indicated that lateral length and slope have greater effect on subunit
uniformity than manifold length and slope. The water temperature has no
influence on subunit water uniformity.

Zella and Kettab (2002) micro-irrigation is used in the arid and semi-
arid countries. In their study a network is composed of laterals with identical
emitters that have a small discharge to low pressure. The network must
satisfy a good uniformity of water distribution by emitters to the irrigated
plants. Thus, the hydraulic phenomenon study of the lateral is primordial for
the adequate and economic network design. For the lateral, other than
changes in elevation, variations of the pressure are due to the energy loss of
friction along the lateral that provokes disorder to the uniformity of the water
distribution. They also contribute to the hydraulic analysis of the lateral micro-
irrigation by using the numerical methods: They found that the models of
calculation used have the advantage to be simple, fast, precise, and allow
their extension to large micro-irrigation network. The discharge of emitter is
also influenced by the temperature (air and water) but it seems that the effect
is mostly negligible when the flow is turbulent, except perhaps in desert
conditions. Micro-irrigation design should determine the dimensions of plot
and network, so that the system will be as economically efficient as possible.
Each case requires its own analysis and design nevertheless it's possible to
give a few indications about the size of irrigation plots and their shape.
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Zella et-al.(2006) using the back step procedure to design a micro-
irrigation system based on control volume method Their study included
proposed numerical method was simple and consists of delimiting an
elementary volume of the lateral equipped with an emitter, called « control
volume » on which the conservation equations of the fluid hydrodynamic's are
applied. Also they developed a simple microcomputer program and used for
the calculation and the convergence estimated, average water requirement of
plants to choose the sum of the average emitter discharge as the total
average flow rate of the network.

Antonina and Scicolone (1998). Al-Misned et al. (2000) reported that,
the estimation of energy losses due to emitter’s connection in micro-irrigation
laterals is very important. Since these losses have a direct effect on micro-
irrigation system design, the study of these losses will lead to the
improvement of system efficiency which will eventually result in conservation
of water and energy.

The objectives of this work are: 1- developing a mathematical model
for dividing and designing subunit micro-irrigation system for center pivot
corner including laterals and manifolds hydraulic design to estimate both of
(Qvar), Hvar), (Eu) and (Uc). 2- check model validation results compared with
experimental field data. 3-testing model verification in designing center pivot
corners with different radiuses that available commercially.

Theoretical Approach And Model Procceding
Lateral line hydraulics design

The proposed computation model for center pivot corner area was
based upon equations of conservation of mass and energy. In modeling, it
was assumed that emitters on micro-irrigation lines were installed at an equal
spacing; s. The first upstream emitter was at a different spacing: si1, from the
manifold. The equation describes emitter discharge was expressed as

On =CHNY (1)

where, gn is the discharge of emitter n, ¢ is an emitter coefficient that
accounts for area and discharge effect, Hn = the pressure head acting on the
emitter n, and y = the emitter exponent constant, which depends on the state
of flow and ranges from zero and 1.0.

As the lateral line has n emitters and the lateral end is closed, the
discharge down stream from the emitter n should be zero, therefore, Q, = 0.0.
The lateral discharge upstream from emitter n should equal the emitter
discharge; Qn-1 = gn.

In modeling, the conservation of energy equation through lateral line
between emitters n and n-1 was used as expressed by Hathoot et al. (1993).
The equation was based on the Darcy-Weisbach friction head loss and the
momentum effect resulting from decreasing the discharge through lateral
from Qn-1to Qn. The pressure head acting on emitter n-1 was given by:

3 2 2 8f. s Q +( 2
Hnlen_ZQT[(Qn"’qn) _Qn ]+ . lﬂ_z(g[r;5 n)
Where, A = the cross-sectional area of lateral, g = the acceleration due

+ (Zn _Zn—l) (2)
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to gravity, D = the lateral diameter, the positive sign corresponds to laterals
sloping upwards and the negative sign is for downward slope, z: and z, =
elevation of emitters, respectively, and f,.1 = the coefficient of friction in the
lateral reach between emitters n-1 and n, which is depending on Reynolds
number; R. In case of R<2000 (Laminar), f=64/R, 3000<R<10°% (Turbulent), f
=0.316 R%2?5 and 10°<R<107 (Fully turbulent flow), f= 0.13 R0172

Mathematical model estimates the pressure head distribution along a
lateral starting from the downstream reach of the manifold line. The pressure
head at the manifold; H, was calculated from:
Uniformity calculation

Emission uniformity, Ey is defined as the relationship between the
minimum (or maximum) emitter discharge and the average emitter discharge
within a lateral.

Christiansen uniformity coefficient, Uc is a good measure of the
uniformity (Keller and Karmelli, 1974), which is given by:

1 n
Uec=1- 210 —0ave | e 3
¢ L'Qave} i=1| = Save | ©

where, gave = the average discharge of n emitters.
Lateral discharge and operating pressure head variations

The ASAE standards (1996) stated that to perform acceptable
uniformity in micro-irrigation field, the maximum discharge and pressure head
variations should not exceed than 10% and 20%, respectively. The
calculation of the maximum discharge variation and pressure head variation
between emitters along the lateral design were estimated for each lateral
along the manifold length.

Prediction of lateral length:

Micro-irrigation lateral design for center pivot corner area can be
classified into three types of design problems. 1-lateral length is unknown but
pipe size is constrained, 2-pipe size is unknown but lateral length is
constrained and 3-neither pipe size nor lateral length are constrained. In this
study case one was considered. The objective is normally to determine the
maximum lateral length, which can be utilized for pipe size while maintaining
a specific uniformity coefficient of about 95% equal an emitter flow variation
of 10%.

Manifold line hydraulics design

The first assumption in manifold design is the lateral discharge; QL=Qo,
The discharge of last downstream segment manifold is equal to last lateral
discharge, then Qu=QL The discharge of second downstream segment
manifold (Qwm-1) is equal to last lateral discharge (QL) plus second downstream
lateral discharge (Qv-1), then Qm-1= Qi+ Qr1. The change between (Q.) and
(QL-1) was due to the segment manifold friction losses. The followed segment
manifold discharge was equal to the cumulative laterals discharge and could
be expressed as the following equation:

OMaTOM T QLid it 4)

According to total segment manifold discharge, the modeling select first
manifold pipe type and the inside diameter which, proportional to maximum
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discharge of manifold design. In case of Qu < 8400.0 outside manifold
diameter equal to 50 mm, 8400 .0 = Qu < 14100.0 outside manifold diameter
equal to 63 mm, 14100.0= Qm < 20000.0 outside manifold diameter equal to
75 mm and Qwm > 20000.0 outside manifold diameter equal to 90 mm.

The coefficient of friction due to different segment manifold discharge
was calculated by using the above equations and the total head loss was also
estimate to find the total segment manifold operating head, which was used
as total operating head for second lateral. Ismail (1993) reported that, to
provide first estimation for the change in the lateral discharge, the discharge
of the lateral could be calculated as a function of the inlet operating head as
follows:

O = AHA e, (5)

L inlet

Where: Q. = discharge entering the lateral, (I/h), H= operational head at
the lateral inlet (m), A= constant representing the lateral diameter and
dimensions and X= constant representing the flow regime of the lateral.

The modeling calculated the coefficients A and X by finding the two
lateral flow rates and the corresponding inlet lateral operating pressure
heads. The calculations of the coefficients A and X were estimated for every
two successive lateral discharge along the manifold length. Also the
cumulative friction loss was estimated and the total operating head was also
determined by modeling for both of each lateral and each segment manifold.
By the same way the total operating head was calculated for total manifold
line to estimate the subunit water hors-power needed.

Prediction of telescopic manifold diameters and lengths:

The model selected and asked first if manifold supply water to one or
two side lateral, then calculated the total segment manifold discharge. The
selected diameter was chosen according to maximum manifold discharge.
Also the cumulative segment manifold length was determined by the
modeling. The modeling changes the diameter according to total manifold
discharge.

Prediction of new average emitter discharge in previous lateral:

New emitter discharge in previous lateral was determined by using the

following equation:

adn, :((COLL _QMAX )/N)+QEND .................................... (6)

Where: qqn.: emitter discharge closed to lateral end (I/h), COL.:
calculated new lateral discharge (I/h), Qmax: theoretical maximum lateral
discharge (I/h), N: number of emitter in or on lateral and Qenp: the average
emitter discharge in or on lateral (L-1) (I/h).

Subunit discharge and operating pressure head variations

The calculations of discharge and pressure head variations between
emitters along the lateral design were estimated for each lateral along the
manifold length. Then, the subunit Qvar and Hvar were determined for all
laterals between maximum and minimum emitter discharge and operating
head.

Designing area of center pivot corner:
1- Model designs whole area of center pivot corner as one part; where
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manifold line was parallel to horizontal Cartesian and lateral lines were
perpendicular on the manifold in one side direction. Then, the model provides
information about the values of discharge variation; Qvar and pressure head
variation; Hvar. Comparison between the estimated values of Qvar and Hvar
and the values of allowable Qvar and Hvar (10 and 20%), were done by the
model. If the estimated values exceeded than the allowable, the model rerun
again after dividing whole area into three parts (square and two
approximately triangular shapes) as shown in Fig. (1A).

The dimension of square shape was estimated by model using the
following equation

X =R-(L0=v05) e @)

where: R is center pivot radius (m), and the dimension of approximately
triangular shape were X and R — X.
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Fig. (1) Modeling design steps for dividing whole area of center pivot
corner.

2- For square shape, the model run first the whole area of square shape
as one part and manifold line was parallel to horizontal Cartesian with length
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(X). Lateral lines were perpendicular on the manifold in one side direction
with length of (X). If Quar and Hvar greater than the allowable values, (10 and
20%), the model divided the lateral line into two lengths (each length is equal
to X/2) and the length of manifold line (X) in two lateral side directions as
shown in Fig. (2A).

If Quar and Hvar greater than the allowable values, the model divided
the manifold line into two lengths (each length is equal to X/2) and the length
of lateral line (X/2) as shown in Fig. (2B). If Qvar and Hvar still greater than
the allowable values, The model continued in dividing area of square shape
into small parts, as shown in Fig (2C) and Fig (2D) until Qvar and Hvar
reached to the allowable values (10 and 20%).

X X X [ X |

b—x2 — b—x2—1 — " 5

X4

Fig (2) Model design steps for dividing whole area of square shape for center
pivot corner.

3- For approximately triangular shape, the model run the whole area as
one part as shown in Fig. (2A). If Quar and Hvar greater than the allowable
values (10 and 20%), the model divided the approximately triangular shape at
horizontal and vertical directions into three parts (rectangular and two
approximately triangular shapes) as shown in Fig.(1B).

a- At horizontal direction, there is rectangular shape (part 5) and two
approximately triangular shapes (parts 1 and 2).

b- At vertical direction, there is rectangular shape (part 7) and two
approximately triangular shapes (parts 3 and 4).

4-The rectangular shape has a dimension of (X/2) and (X1). X1 was
calculated from equation (8).

X1=R—X—\/R2 _(R=X12)?

Calculations similar to that performed in step 2 were repeated until
reached to Qvar and Hvar less than the allowable values.

The dimensions of approximately triangular shape for part 1 and part 4
were (X/2 and R—X-X3), while for part 2 and 3 were (X1 and X/2).

5 For approximately triangular shape, the model compared the
estimated values of Qvar and Hvar for each part with the values of allowable
Qvar and Hvar. If the estimated values were exceeded than the allowable
values, the model divided the approximately triangular shape into rectangular
and two approximately triangular shapes (part 9, 4 and 5) as shown in Fig
1C).

The dimension of approximately triangular shape as in part 4 as shown
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in Fig (1B), the length of (R-X-X1) was divided to (Xz) and (R-X- Xi- X2) as
shown in Fig.(1C). Xz was determined from the following equation:

X2=R—(X+X1)—\/R2—(R—(X/2)/2)2 ......................... 9)

6- It is not necessary that the model is dividing the approximately
triangular shape into the same number of parts in horizontal and vertical
directions. According to the values of Qvar and Hvar for approximately
triangular shape, numbers of parts in vertical direction were varied than in
horizontal direction. This because of in vertical direction, manifold length was
shorter and lateral length was longer than in horizontal direction. Also the
values of Qvar and Hvar were depended on number of emitters on lateral
length and emitter spacing.

7- The general equation for estimating any length for square or
rectangular shapes at center pivot corner Xi was calculated from the following
equation:

X; :R—Yi—\/RZ—(R—(Zi/Z))2 ......................... (10)
where: the values of Yi and Zi were calculated using model by the following
equation

For i=1: Yi =X and Z; =X

P (12)

For i>1: Yi =Yiq X4 and Zj =Xj412

Notes that: a- In case of whole area of center pivot corner, the model run
as one part, there is no X and Xi 's values. b- In case of dividing the whole
area of center pivot corner by model into three parts (square and two
approximately triangular shapes), there is no values of Xi's while, X value
appear as shown in Fig. (1A). c- In case of dividing the whole area of center
pivot corner by model to more than three parts, the values of Xi's were
determined by model from general equation (equation 10).

8- In case of any part of approximately triangular shape, there is died
area that, dose not contain lateral and manifold lines. The died length in the
horizontal Cartesian was determined using model from the following
equation:

2
DL. = RZ_{/RZ vY.2 L. } CYY: e (12)
J ] min J

Where: DL; is the died length of any approximately triangular shape that
dose not contain lateral and manifold lines, YY;j is the horizontal distance
started from corner of center pivot to another corner of approximately
triangular shape that has number (J), and J is the number of approximately
triangular shape started from the horizontal corner of center pivot.

9- Lateral length next to died area and lateral length at any point along
manifold for center pivot corner were calculated by model using the following
equations:

LLj, =\/R2 —YYJ-2 —\/R2 ~(YY; +DL; +SM-(N, “10)2 (13)

10- After modeling selected the desired area (approximately triangular
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shape or square shape or rectangular shape), lateral line hydraulics design
was done by model for estimating the following values of minimum and
maximum lateral length, number of emitters per lateral, number of laterals per
part (subunit area), each emitter discharge and operating head, average
emitter discharge per part, friction loss in segment lateral, lateral dynamic
head, lateral emission uniformity (Eu), uniformity coefficient (Uc), discharge
variation (Qvar) and pressure head variation (Hvar) between emitters along
any lateral.

11- For manifold line hydraulics design, the telescopic manifold diameter
was chosen carefully by model according to maximum manifold discharge
passes through it. Also the cumulative segment manifold length and
discharge were estimated, friction loss in segment manifold and manifold
dynamic head.

12- The overall values of (Eu), (Uc), (Qvar) and (Hvar) were also
estimated by model for each part individually, of micro-irrigation center pivot
corner network.

MATERIAL AND METHODS

In order to validate the model of designing irrigation subunit center
pivot corner network, an area of center pivot corner for Grape were tested for
center pivot radius 450 m with 16 mm lateral diameter. Field experiment was
conducted during summer season 2008 at Company of Agricultural
Alexandria, West Nubaria, Behera, Egypt. The subunit micro-irrigation
network were implemented and equipped with a control head consisting of
electrical centrifugal pump, non-return valve, pressure regulator, sand and
screen filters, control valves, pressure gauges and flow meter. For
comparison between predicted data from model and field experiment data,
the average distribution of emitters' discharge along laterals for far
approximately triangular shape of center pivot corner were measured. The
inlet and tail end of each lateral line along manifold were plugged with
pressure gauge and recorded for three times. Water temperature was also
measured to account viscosity changes. The input data for modeling subunit
micro-irrigation system was consisting of polyethylene lateral length started
from minimum lateral length (2.0 m) to maximum lateral length, emitter
spacing = 1.0 m, lateral spacing = 2.5 m (No. of laterals along manifold
depending on manifold length). Number of emitters along each lateral for any
approximate triangular shape was varied according to predicted lateral
length. In-line emitter type equation; q = 4.02 H%%°, lateral and manifold
slopes = 0%, assumed operating emitter pressure head equal 1 bar, and
intended coefficient of uniformity; Uc = 0.95.

The model was predicted lateral length, diameter of telescopic manifold
pipes, head and discharge of each emitter along each lateral, inlet lateral
head and discharge along manifold, friction losses through lateral and
manifold segment, and statistical items such as variation of emitter discharge
(Qvar) and head (Hvar), standard deviation, coefficient of variation, emission
uniformity (Eu), uniformity coefficient (Uc) for each lateral and as overall
subunit irrigation network.
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The flow chart diagram of the computer program is shown in Fig. (3).
Essential parameters such as center pivot radius, lateral diameter, land
slope, emitters spacing, the average pressure head, the emitter constant c
and the exponent y, should be known in advance.

RESULTS AND DISCUSSIONS

Modeling results validation

Model validation was done between the theoretical model values and
the experimental observed values for Grape center pivot corner area (R=450
m and D=16 mm lateral diameter). For approximately triangular shape part 1,
the computation using model provided the values of average values of emitter
discharge per lateral for 76 lateral along manifold, discharge and pressure
head of inlet lateral along manifold, average value for both of lateral
discharge variation (Qvar), pressure head variation (Hvar), average value for
both of emission uniformity (Eu) and uniformity coefficient (Uc).

-Initialization the following values: Emitter constants, Emitter
spacing, Water temperature, lateral slope, Lateral spacing, center
pivot raduis, (R), , minimum lateral length and using Darcy-
Weisbach formula.

-The model select the following values: Emitter type, (In-line or
On-line), manifold supplying water in one or two directions

!

The model run the whole area of -Model  divided
center pivor corner as a one part. the whole area
into parts with
< new dimensions
and the model run
Y each part size

individually.

If all laterals have

F'y
uniform length

-In case  of
(approximately
triangular shape),
minimum lateral length —
=2.0 meter for fruits and
1.0 meter for vegetables.
-The model calculate the
values of X, Xy
Xa,....%, DLj and LL;
using eqations 7, 8, 9,
10, 12 and 13
respectively.

part

DETERMINATION OF:
1- micro-irrigation lateral hydraulic design.
2- micro-irrigation manifol hydraulic design

IF(Quar.> 10.0%)
IF(Huar.> 20.0%)

1- Quar, Hyar, Ey and Uc for each lateral
and for all subunit area.

2- telescopic manifold diameters and
lenaths for each part and for subunit area.

Fig. (3) Center pivot corner micro-irrigation design flow-chart
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The average deviation percentage for average emitter discharges per
lateral for 76 laterals along manifold, through part one as shown in Fig (1C),
for approximately triangular shape center pivot corner was 1.18%. Statistical
analyses showed that the determination of the correlation coefficient (R?)
between predicted and measured values of average emitter discharges per
lateral, for 76 laterals was 0.97. Results indicated that the model is capable of
predicting any average emitter discharge (gave) per lateral for any
approximately triangular shape with high accuracy.

3.78

3.76 A — Average emitter discharge
per lateral, (I/h).

3.74

3.72
3.70 A

(Ih).

3.68 )
3.66 °

3.64
3.62 ° ®

Predicted average emitters discharge,

3.60 T T T T T T T T
3.60 3.62 3.64 366 3.68 3.70 3.72 3.74 3.76 3.78

Measered average emitters discharge, (I/h),

Fig. (4) Measured and predicted average emitter discharge per lateral
along manifold for approximately triangular shape part 1.

Fig. (5A) and (5B) illustrate measured and predicted values of emitter
discharge and operating head variations. The average deviation percentage
of discharge and head variations per lateral for 76 laterals along manifold, for
approximately triangular shape, part one as shown in Fig (1C), were equal to
1.93 and 2.61% with correlation coefficient (R?) 0.96 and 0.95, respectively.
This means that the predicted values of discharge variation and head
variation are closely agreement with the experimental observed values.
These results were confirmed with Al-Amoud (1997) and Smith (2003).
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Fig. (5) Measured and predicted emitter discharge variation (Qvar) and
pressure head variation (Hvar) per lateral along manifold for
approximately triangular shape part 1.

Fig (6A) and (6B) illustrate measured and predicted values of emission
uniformity and uniformity coefficient per lateral for 76 laterals along manifold
for approximately triangular shape, part one. It clear that the average
deviation percentage for emission uniformity and uniformity coefficient per
lateral for 76 laterals along manifold were equal to 2.16 and 2.22% with
correlation coefficient (R?), 0.97 and 0.96, respectively. High values of
correlation coefficient (R?) indicate that the predicted values are closely
agreement with the experimental data. The result shows that, the model
operates well and converges quickly toward fixed solution at the desired
uniformity coefficient. The uniformity of emitter coefficient is superior to
94.92% in order to analyze such as large micro-irrigation system accurately,
the task of calculating the pressure and discharges for each emitter becomes
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enormous so it's important to choose this computation method. These results
were confirmed with EL-Nesr (1999) and Zella et al. (2006).

Water uniformity (= 95%) guaranteed to satisfy water needs of plants
when variations of pressure and emitter discharge were, respectively, less
than 20 and 10%. Lateral pressure head increased from 0.81 to 1.26 bar for
76 lateral in part one as shown in Fig (1C), uniformity coefficient increased by
7.42%. Uniformity coefficient, (Uc) increased with decreasing lateral friction
losses. Lateral friction losses for the same above condition were ranged from
3.4x107° to 0.37 bar for minimum (2 m) and maximum lateral length (63.1 m)
along manifold, respectively. These results were confirmed with Zella et al.
(2002).

< 100.00
5>
>
E 99.95 |
(=]
= (o)
c
=)
< o
o 99.90 4
D o o
2
5 o 9o
= 99.85
% —— Emission uniformity per
g lateral, (%).
g 99.80 ‘ ‘ :
99.8 99.85 99.9 99.95 100
Measered emission uniformity, (%),
N 100
5
S 008
@
8 996
n
g & 994 . *
?é
=] 99.2
° ) [}
3 )
2 99 1 ° — Uniformity coefficient
@ ® per lateral, (%).
O ggg K& : : ‘ ‘

98.8 99 99.2 99.4 99.6 99.8 100
Measered uniformity coefficient, (%),

Fig. (6) Measured and predicted emission uniformity (Ev) and uniformity
coefficient (Uc) per lateral along manifold for approximately
triangular shape part 1.

The discharge passes through segment manifold in approximately
triangular shape for grape center pivot corner area as in part one as shown in

5563



Guirguis, A. E. et al.

Fig (1C), (R=450 m, with 16 mm lateral diameter), were ranged from 7.24x10"
3 to 6.85 (m%h). Low value of segment manifold discharge (7.24x10° m?h)
depending on number of emitters (2 emitters) for minimum lateral length next
to deid area, while maximum segment manifold discharge (6.85 m?3nh)
depending on number of emitters (63 emitter) in maximum lateral length.
These results were agreement with Zella et al. (2006).

The telescopic manifold lengths versus diameters were selected and
chosen carefully by model for one or two sides lateral were predicted for
subunit micro-irrigation network. For example part 1 for approximately
triangular shape as shown in Fig (1C), (R=450 m and D=16 mm lateral
diameter) the manifold lengths versus diameters was 50 meter for 90 mm.
While, part 8 has dimensions of (X/2) and (X1) as shown in Fig (1C),
telescopic manifold lengths were 62.5 and 2.5 m for 50 and 63 mm manifold
diameter, respectively. These result referred to and depending on maximum
manifold discharge passing through different segment manifold, (humber of
laterals and emitters). This means that, the computer modeling successive
accurately for selecting segment manifold length with diameter for desired
Uc>95%. These results were agreement with EL-Nesr (1999) and Ismail et al.
(2001).

Fig (7), presents the effect of lateral number along manifold versus
measured inlet lateral discharge and pressure head along manifold for grape
center pivot corner area, as shown in Fig (1C) for approximately triangular
shape subunit at part 1, (R=450 m, with 16 mm lateral diameter). It is notes,
that inlet lateral discharges along manifold were ranged from 7.1 to 240.6 I/h
for minimum and maximum lateral lengths 2 to 63.1 m, respectively. Inlet
lateral head were slightly decreased which ranged from 0.915 bar (at lateral
No.1) to 0.819 bar (at lateral No. 76) along manifold distance. The increase of
segment manifold pressure head was due to high friction loss at upstream.
High friction loss occurred at inlet segment manifold (closed to lateral No.1)
due to large amount of water supplied. These results were confirmed with
Amer and Gomaa (2003).

Model results verification

In order to verify the model, six cases were executed to cover
extremely field conditions under different center pivot corner areas for
different lateral diameters, different emitter spacing and different lateral
spacing. Three study cases represented three center pivot radiuses (270, 359
and 450 m), which have same lateral diameter (16 mm), emitter spacing (1
m), lateral spacing (2.5 m) and same in-line emitter discharge equation
0=4.02H%°> as an example for grape cultivation. While other study cases
represented three different outside lateral diameters (16, 18 and 20 mm)
which, has same emitter spacing (0.5 m), lateral spacing (1 m) and same in-
line emitter equation g=4.02H°% with constant center pivot radius (450 m) for
example strawberry cultivation.
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Fig. (7) Measured inlet lateral discharge and pressure head along
manifold for grape center pivot corner area, approximately
triangular shape subunit, of part 1, (R=450 m, with 16 mm lateral
diameter).

Case study 1: (R=270 m and D=16 mm lateral diameter):

Part 1 which represented approximately triangular shape with angle of
90°, the horizontal and vertical lengths was equal to 190.9 and 79.1 m,
respectively. Whereas, the minimum lateral length (LL-min) was equal to 2 m
and the model found that, there is died area that has a horizontal died length
was equal to 42.4 m. This area dose not contains any lateral and manifold
lines.

In this case the manifold line was parallel to horizontal Cartesian with
length 157.7m, while lateral lines were perpendicular on it. Maximum lateral
length (LL-max) was estimated by model and was equal to 76 m. The number
of emitters (E. No.) per this part was equal to 1783 emitter and number of
lateral lines (L. No.) for this part was equal to 63 laterals.

Output results obtained from model clear that, average emitter
discharge (qgave) was equal to 3.68 I/h and the total discharge (QM) was
equal to 6.57 (m%h) with manifold diameter 50 mm. The important statistical
items obtained from model such as (Qvar), (Hvar), (Eu) and (Uc) for overall
subunit irrigation network were found to be 4.75, 9.29, 94.2 and 89.5%,
respectively. The total operating head was found to be 1.31 m.

Part 2 which represented approximately triangular shape with angle of
90°, the horizontal and vertical lengths were equal to 79.1 and 190.9 m,
respectively. Whereas, the minimum lateral length (LL-min) was equal to 2 m
and the model found that, there is died area that has a horizontal died length
was equal to 1.98 m. This area dose not contains any lateral and manifold
lines.

In this case the manifold line was parallel to horizontal direction with
length 77.5 m, while lateral lines were perpendicular on it. Maximum lateral

5565



Guirguis, A. E. et al.

length (LL-max) was estimated by model and was equal to 157.3 m. The
number of emitters (E. No.) per this part was equal to 1802 emitter and
number of lateral lines (L. No.) for this part was equal to 31 laterals.

Output results obtained from model clear that, average emitter
discharge (qgave) was equal to 3.74 I/h and the total discharge (QM) was
equal to 6.73 (m%h) with manifold diameter 50 mm. The important statistical
items obtained from model such as (Qvar), (Hvar), (Eu) and (Uc) for overall
subunit irrigation network were found to be 9.06, 17.3, 89.9 and 62.8%,
respectively. Low (Uc) was due to long lateral length. The total operating
head was found to be 1.79 m.

Part 3 which represented square shape with dimension 79.1x79.1 m.
The model designed this area on one telescopic manifold and was parallel to
horizontal Cartesian. The manifold lengths versus diameters were 67.5 and
10.0 m for 50.0 and 63 mm, respectively. The lateral lines were perpendicular
on the manifold in two side directions. The lateral length was found to be
approximately 40.0 m as shown in Fig (1A). The number of emitters (E. No.)
in this part was equal to 2480 emitter and number of lateral lines (L. No.) for
this part was equal to 62 laterals.

Output results obtained from model clear that, average emitter
discharge (qgave) was equal to 3.76 I/h and the total discharge (QM) was
equal to 9.10 (m%/h) with manifold diameters 50 and 63 mm. The important
statistical items obtained from model such as (Qvar), (Hvar), (Eu) and (Uc) for
overall subunit irrigation network were found to be 2.90, 5.72, 98.0 and
97.8%, respectively. The total operating head was found to be 1.19 m.

Although, approximately triangular shapes of part one and part two as
shown in Fig (1A), were equal in size, there is a large difference in the values
of (Qvar) and (Hvar) ranged from (4.76 and 9.06%) to (9.29 and 17.30%),
respectively. This may be due to difference in manifold and lateral lengths.
Whereas, maximum lateral lengths were equal to 76 m for part one and 157.3
m for part two. This means that, friction losses at part two was grater than
part one that lead to increase the value of (Hvar). The difference of dynamic
head (1.31 and 1.79 bar) in both parts was due to difference in emitter
discharges, that causes large discharge variations.

The telescopic manifold lengths versus diameters were varied from
part to part and the other output results obtained from model were
summarized in table (1)

Table 1. Output modeling for center pivot corner (R=270 m, 16 mm).

LL, (m). Manifold length, (m).
Part Qe | 50, | 63, | 75 | 90, | M [Qua [Haw | Eu | Ue | TH,
No. | Min | Max | ENo. | LNo.| (). | mm | mm | mm | mm |@h).| ©8. | ©6. | 6. | ). | (bar)
1 2 76 | 1783 | 63 |3684 1575 -- - | 657 | 476 | 9.29 | 9421|8951 | 131
2 2 | 1573 1802 | 31 |3737| 715 | - -~ | 673 | 906 | 17.3 | 89.9562.81 | 1.79
3 40 | 400 | 2480 | 62 [3761] 675 | 10 9.1 29 | 572 (9803|9776 | 1.19
SUM 6065 3025| 10 0 0 224

“refer to two-side laterals along manifold.
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Case study 2: (R=359 m and D=16 mm lateral diameter):

In this case the model divided the whole center pivot corner area into
seven parts (four parts represented approximately triangular shape with angle
of 90°, two parts represented triangular shape and one square part), each
part has own dimension as shown in Fig (2B). The manifold line was parallel
to horizontal Cartesian, while lateral lines were perpendicular on it. The
computation using model provided the values of average emitter discharge,
total discharge, (Qvar), (Hvar), (Eu), (Uc) and total operating head. These
values were ranged from 3.65 to 3.737 I/h, 2.13 to 16.64 (m%h), 1.32 to
6.97%, 2.62 to 12.23%, 93.03 to 98.81%, 69.46 to 97.59% and 0.94 to 1.53
m, respectively.

The telescopic manifold lengths versus diameters were varied from
part to part and the other output results obtained from model were
summarized in table (2)

Table 2. Output modeling for center pivot corner (R=359 m, 16 mm).

LL, (m). Manifold length, (m).

Part Q0ae | 50, | 63, | 75, | 90, | QM [Quar, | Husri | Euo | Ueo | TH,
No. | Min | Max | ENo. [LNo. | (/h). [ mm [ mm | mm | mm (mslh). %). | (). | (%). | (%). | (bar)
1 2 50 | 1169 [ 59 | 3.65 | 1475| -- — | 427 | 231 | 457 | 974 | 96.19 | 1.04
2 2 |4905| 585 | 25 [3.636] 625 | - -~ | 213 | 132 | 2.62 | 98.81 | 97.59 | 0.94
3 2 |6184] 588 | 20 [3.6409] 50 | -- -~ | 214 | 166 | 3.29 | 9854 | 96.32 | 0.97
4 2 [1558] 1251 | 21 [3.704] 525 | - -~ | 463 |6.966 | 13.44]93.03 | 69.46 | 1.51
5 53 | 53 | 1378 | 26 |3692| 65 | -- — | 509 | 405 | 7.94 | 97.24 | 96.05| 1.25
6 53 | 530 | 4450 | 84 [3737] 50 | 425 | 125 | — | 1664 | 631 |1223|9555| 95 | 153
7 67 | 67 | 1143 | 26 | 373 | 65 | -- 65 | 612 |11.86[9577| 932 | 15

SUM 11164 4925 425|125 0 | 414

“refer to two-side laterals along manifold.

Case study 3: (R=450 m and D=16 mm lateral diameter):

In this case the model divided the whole center pivot corner area into
nine parts (seven parts represented approximately triangular shape with
angle of 90°, five parts represented triangular shape and one square part),
each part has own dimension. The manifold line was parallel to horizontal
Cartesian, while lateral lines were perpendicular on it. The computation using
model provided the values of average emitter discharge, total discharge,
(Qvar), (Hvar), (Eu), (Uc) and total operating head. These values were ranged
from 3.633 to 3.678 I/h, 1.39 to 2.26x4 (m3/h), 1.20 to 4.26%, 2.39 to 8.34%,
94.92 to 99.03%, 92.01 to 98.68% and 0.92 to 1.26 m, respectively.

The telescopic manifold lengths versus diameters were varied from
part to part and the other output results obtained from model were
summarized in table (3).

In this case the model divided the whole center pivot corner area into
nineteen

parts (ten parts represented approximately triangular shape with angle of 90°,
eight parts represented triangular shape and one square part) as shown in
Fig. (8B), each part has own dimension. The manifold line was parallel to
horizontal Cartesian, while lateral lines were perpendicular on it. The
computation using model provided the values of average emitter discharge,
total discharge, (Qvar), (Hvar), (Eu), (Uc) and total operating head. These
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values were ranged from 3.627 to 3.780 I/h, 1.60 to 32.43x4 (m%h), 0.72 to
16.12%, 1.44 to 16.08%, 93.90 to 99.88%, 84.29 to 98.46% and 0.88 to 1.81
m, respectively.

Table 3. Output modeling for center pivot corner (R=450 m, 16 mm).

LL, (m). Manifold length, (m).

Part ae | 50, [ 63, [ 75, [ 90, | QM |Quw [Huw | Eu | Ue | TH,
No. | Min | Max | ENo. | LNo. | (h). | mm | mm | mm | mm |[(m*).| ). | @). | ©). | ). | (bar)
1 2 | 631) 1863 | 76 |3678| 190 | -- | -~ | -~ | 685 | 426 | 8.34 | 94.92| 9258 1.26
2 2 | 629 954 | 32 |3653| 80 | -~ | -~ | - | 349 | 251 | 4.93 | 9762|9523 | 1.06
3 2 | 814] 994 | 26 |3663| 65 | -~ | -~ | - | 364 | 33 | 65 [96.89]9201| 114
4 2 | 612] 383 | 13 |3633|325 | - | - | - | 139 | 12 | 2.39 |99.03|96.97| 0.92
5 2 |1266] 675 | 13 |3663| 325 | - | -~ | - | 247 | 378 | 741 | 96.73|84.12| 115
6 | 33 |330° ] 2178 | 66 [3658] 85| — | -~ | — | 797 | 219 | 433 | 9852( 9852 | 104
7 | 33 | 330 |1716x4] 52x4 [ 3.649 | 654 | — | -~ | — |626x4] 175 | 347 | 98:83(98.68] 0.99
8 | 42 | 420 | 2184 | 52 [3666] 625 | 25 | — | — | 801 | 269 | 53 [9819] 977 | 1.09
9 | 66 | 66 | 88 | 13 |3675|325| - | -~ | - | 315|312 | 633 [97.93]|9535| 1.14

SUM 16953 545 | 25 | 0 0 | 338

“refer to two-side laterals along manifold. 2 or 4 refer to number of subunit division inside part (N).

Case study 4: (R=450 m and D=16 mm lateral diameter):

The telescopic manifold lengths versus diameters were varied from
part to part and the other output results obtained from model were
summarized in table (4)

Table 4. Output modeling for center pivot corner (R=450 m, 16 mm).

LL, (m). Manifold length, (m).
Part QUave | 50, | 63, [ 75, [ 90, | QM |Quar |Huar | Eu | Uc | TH,
No. | Min | Max | ENo. [ LNo.| (/h). | mm | mm | mm | mm |(m’h).| 0. | ). | ). | ). | (bar)
1 1 | 325 3533 | 139 [3687| 114 | 25 | - — | 1303 | 473 ] 9.24 [ 94.15| 936 | 133
2 1 | 324 1946 | 63 | 366 | 63 | — —~ | 712 | 2.88 | 567 [97.09|9578] 111
3 1 [ 295 | 1215 | 42 |3.643| 42 — | 443 | 176 | 349 [98.32|97.16| 0.99
4 1 [ 324 1147 | 36 | 364 | 36 | — — | 418 | 1.82 | 361 [ 98.28 | 96.75] 0.99
5 1 [ 356 1120 | 32 [3645| 32 —~ | 408 | 1.95 | 386 [98.18|96.14| 1
6 1 40 | 1096 | 28 |3647)| 28 | -- 4 213 | 422 | 98.03) 9529 | 1.02
7 1 | 277 | 442 | 16 [3627| 16 | - 16 | 072 [ 144 | 994 | 9844 | 0.88
8 1 | 446 686 | 16 [3639| 16 | - 25 | 1.64 [ 325 | 98.6 | 9525| 0.96
9 1 | 446 686 | 16 [3639| 16 | - 25 | 1.64 [ 325 | 986 | 9525| 0.96
10 1 [ 762 | 96 | 15 [3662] 15 | - — | 361 | 365 [ 7.17 [ 96.76 | 84.29 | 1.15
11 | 33 | 33 | 4290 | 65 | 378 | 32 | 27 6 — | 16.22 | 839 [16.08 | 939 | 9385| 181
12 | 33 [330 [10824] 164 [372] 2 [ 8] 2 - | 40.26 | 547 [ 1064 | 96.14 | 95.1 | 143

13 33 33 | 2706 | 41 | 372 | 32 9 - | 1007 | 547 | 10.64 [ 96.14 | 951 | 143
14 33 33 |8580x4 | 130x4 | 3.78 | 16x4 | 14x4 | 12x4 | 23x4 |32.43x4| 8.39 | 16.08 | 93.9 | 93.85| 1.81
15 36 36 | 2376 | 33 |[3714| 29 4 -~ | 883 | 521 [10.15]96.36 | 94.62 | 1.39

16 | 41 | 41 [5412x2| 66*2 | 3.741 | 13x2 | 11x2 | 9x2 | -- [20.24x2| 6.54 | 12.66 | 95.39 | 92.73 | 1.56
17 28 28 | 8% | 16 |3.648| 16 -~ | 327 | 172 | 341 |98.8897.91| 0.99
18 33 [ 330 | 4356 | 66 |3.701] 16 14 3 —- | 1612 | 447 | 875 | 96.89 | 95.6 | 13
19 | 48 | 48 | 1536 | 16 |3.699| 16 -~ | 568 | 45 | 88 |97.01|9268| 129
SUM 84985 641 | 185 | 97 92 | 3177

"refer to two-side laterals along manifold. 2 or 4 refer to number of subunit division inside part (N).
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Case study 5: (R=450 m and D=18 mm lateral diameter):

In this case the model divided the whole center pivot corner area into
thirteen parts (seven parts represented approximately triangular shape with
angle of 90°, five parts represented triangular shape and one square part) as
shown in Fig. (8A), each part has own dimension. The manifold line was
parallel to horizontal Cartesian, while lateral lines were perpendicular on it.
The computation using model provided the values of average emitter
discharge, total discharge, (Qvar), (Hvar), (Eu), (Uc) and total operating head.
These values were ranged from 3.627 to 3.740 I/h, 2.49 to 31.63x4 (m%h),
0.71 to 6.51%, 1.41 to 12.59%, 94.28 to 99.40%, 89.50 to 97.95% and 0.94
to 1.56 m, respectively.

The telescopic manifold lengths versus diameters were varied from
part to part and the other output results obtained from model were
summarized in table (5)

Case study 6: (R=450 m and D=20 mm lateral diameter):

In this case the model divided the whole center pivot corner area into
thirteen parts (seven parts represented approximately triangular shape with
angle of 90°, five parts represented triangular shape and one square part) as
shown in Fig. (8A), each part has own dimension.

Table 5. Output modeling for center pivot corner (R=450 m, 18 mm).

LL, (m). Manifold length, (m).
Part QQaves | 50, | 63, | 75, | 90, | QM |Quar [Huar | Eu | Uc, | TH,
No. | Min | Max | ENo. [LNo.| (th). | mm | mm | mm | mm [(m*h).| @). | @). | ®). | ©). | (bar)
1 1 | 325 | 3533 [ 139 [3648] 115 | 24 - [ 1289 [ 207 | 41 [9747[97.24| 1.03
2 1 [ 324 1946 | 63 |3636| 63 -~ | 708 | 1.25 | 2.49 [ 98.74 ] 98.18 | 0.94
3 1 [ 654 [ 5068 | 82 |3697| 55 19 9 - | 1874 | 529 | 103 [ 9428 895 | 14
4 1 76 | 4592 | 65 |3.681] 49 16 169 | 43 | 841 |9548)90.79 | 1.28
5 1 | 646 [ 2016 | 33 |3651| 33 — | 736 | 241 | 477 [ 97.65]93.25| 1.05
6 1 [ 446 | 686 16 |3.627| 16 -~ | 249 | 071 | 141 [ 994 [ 97.95| 0.87
7 1 [ 762 | 986 16 | 3642 16 —-- | 359 | 2.06 | 407 [9815[9048] 1
8 33 33 | 4291 | 65 |3.686| 33 28 4 -~ | 16582 | 372 | 7.3 [97.36|97.34| 1.22
9 33 | 330 | 10824 | 166 | 3.706| 16 14 13 39 | 4011 | 469 | 9.17 | 96.63] 96.99 | 1.34
10 33 | 33.0° |8580x4| 130x4 | 3.687 | 16x4 | 14x4 | 13x4 | 22x4 |31.63x4| 3.72 | 7.3 | 97.36 | 97.34 | 1.22
11 41 | a1 [10824 | 130 [3.725| 13 11 10 31 | 4032 | 568 | 11.05]95.91] 9535 | 1.46
12 66 66 | 4356 | 33 | 374 ] 16 14 3 - | 16.03 | 6.51 | 12.59 [ 95.39 | 90.84 | 1.56
13 48 48 | 1536 | 16 |3.653 | 16 -~ | 561 | 1.97 | 39 [9871]96.84| 1.01
SUM 84978 505 | 182 | 91 | 158 | 31346
‘refer to two-side laterals along manifold. 2 or 4 refer to number of subunit division inside part (N).

The manifold line was parallel to horizontal Cartesian, while lateral
lines were perpendicular on it. The computation using model provided the
values of average emitter discharge, total discharge, (Qvar), (Hvar), (Eu), (Uc)
and total operating head. These values were ranged from 3.627 to 3.740 I/h,
2.49 to 31.63x4 (m%h), 0.47 to 4.35%, 0.94 to 8.52%, 96.22 to 99.17%, 93.07
t0 99.79% and 0.85 to 1.29 m, respectively.

The telescopic manifold lengths versus diameters were varied from
part to part and the other output results obtained from model were
summarized in table (6).
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Fig. (8) Modeling design steps for dividing whole area of center pivot
corner under different lateral diameters (16, 18 and 20 mm) for
center pivot radius 450 m.

Table 6. Output modeling for center pivot corner (R=450 m, 20 mm).

LL, (m). Manifold length, (m).
Part QQaer | 90, | 63, [ 75, [ 90, |QM Quars [Hvar |Ew U, |TH,
No. [Min [Max |ENo. |LNo. |(th). | mm | mm | mm | mm [m*h). |%). Jee. |®). [). |(bar)
1 1 325 | 3533 | 139 |3637| 115 | 24 —- | 1289 | 137 | 2.73 | 98.32 | 98.17 | 0.95
2 1 | 324 ] 1946 | 63 |3.636| 63 -~ | 7.08 | 0.83 | 1.65 | 99.17 | 98.79 | 0.89
3 1 65.4 | 5068 | 82 |3.697| 55 19 9 — | 1874 | 353 | 6.94 | 96.22 | 93.07 | 1.19
4 1 76 | 4592 | 65 |3681| 49 16 16.9 | 2.86 | 5.64 [ 97.02]93.92| 1.11
5 1 64.6 | 2016 | 33 |3.651| 33 -~ | 736 | 16 | 3.18 | 9845 9554 | 0.97
6 1 [ 446 | 686 16 |3.627| 16 -~ | 249 | 047 | 094 | 99.6 | 98.65| 0.85
7 1 76.2 | 986 16 [3642] 16 —- | 359 | 136 | 271 | 98.78 | 93.71 | 0.93
8 33 33 | 4291 | 65 [3.686| 33 28 4 —- | 1582 | 2.47 | 489 | 98.25 | 98.24 | 1.08
9 33 | 33.0 [ 10824 | 166 [3.706 | 16 15 12 39 | 40.11 | 3.13 | 6.16 | 97.77 ] 98.01 | 115
10 33 | 33.0° [8580x4 | 130x4 | 3.687 | 16x4 | 15x4 | 12x4 | 22x4 |31.63x4| 2.47 | 4.89 | 98.25 | 98.24 | 1.08
11 41 | 41" [ 10824 | 130 [3725] 13 11 10 31 | 4032 | 38 | 7.45[97.29]96.92 | 123
12 66 66 | 4356 | 33 | 374 | 16 15 2 - | 16.03 | 435 | 852 | 96.95 | 93.94 | 1.29
13 48 48 | 1536 | 16 |3653| 16 16 — | 561 | 131 | 259 | 99.15 | 97.91 | 0.94
SUM 84978 505 | 204 | 85 | 158 |313.46
‘refer to two-side laterals along manifold. 2 or 4 refer to number of subunit division inside part (N).

The computation using model provided information about number of
emitters in each design part for all cases studies. These computations were
summarized in table (1).to table (6). Emitters number predicted for case study
No. one, two and three for center pivot radius 270, 359 and 450 m (lateral
spacing 2.5 m and emitter spacing 1.0 m) for grape cultivation, were 6065,
11164 and 16953, respectively using lateral diameter 16 mm These
variations were corresponding to number of parts which divided to small
areas by model to reduce (Qvar), (Hvar). Most pipe lines required in modeling
design, the telescopic manifold length and diameter was found for 50 mm.
While, manifold diameter 90 mm dose not appear,

On the other hand, emitters number predicted for case study No. four,
five and six for center pivot radius 450 m using lateral diameter 16, 18 and 20
mm (lateral spacing 1.0 m and emitter spacing 0.5 m) for strawberry
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cultivation were 84985, 84978 and 84978, respectively,. Slightly variations
were found in emitter's number between case study four and five or six, which
represented to constant parts area (13 parts). Most pipe lines required in
modeling design, the telescopic manifold lengths and diameters were found
for 50 mm. Also, pipe line requirement for manifold diameter 90 mm were
ranged from 92 to 157 m.

In comparison between model results output of center pivot corner with
R=450 m for lateral diameters (18 and 20 mm), it is clear that the number of
parts dose not changed (13 parts) and total manifold discharge was equal to
313.46 (m%h) for both lateral diameters. There is a slightly variations in
manifold length for diameter 63 and 75 mm, were 182 and 91 m for lateral
diameter 18 mm, while 204 and 85 m for lateral diameter 20 mm. However,
lateral diameter 20 mm was more effect in improving (Qvar) and (Hvar). The
values of (Qvar) for 13 parts at lateral diameter 18 and 20 mm were ranged
from (0.7 to 6.51%) and (0.47 to 4.35%) respectively. Also, (Hvar) for the
same condition were ranged from (1.14 t012.59%) and (0.94 to 8.52%)
respectively.

There is remarkable difference in manifold lengths versus diameters
and total manifold discharge in case study R=450 m with lateral diameter (16
mm). The model divided the whole area of center pivot corner into (19 parts).
Manifold lengths were equal to 641, 185, 97, and 92 m for 50, 63, 75, and 90
mm, respectively, as compared with lateral diameter (18 mm), manifold
lengths were 505, 182, 91 and 158 m for the same manifold diameters.
While, with lateral diameter (20 mm), manifold lengths were 505, 204, 85, and
158 m for the same manifold diameters.

CONCLUSIONS

The simulation model of center pivot corners that uses fundamental
hydraulic relationships to simulate flow within micro-irrigation network was
developed. The model takes into account the change in water viscosity due to
temperature. The model operates well and is capable of predicting with
successive accurately any emitter discharge (qqi) along any lateral, each
emitter operating head and discharge for all laterals and average emitter
discharge per lateral. The model was tested and validated for hydraulic lateral
with different lengths and segment manifold design (discharge, operating
head, diameter, discharge and operating head variation, emission uniformity
and uniformity coefficient) for each part of design under different center pivot
radiuses and different lateral diameters. The measured values obtained from
the experimental field are closely agreement with the predicted values
obtained from model. The proposed methodology is computationally efficient
and can help irrigation consultants in the design of micro-irrigation system. In
arid and semiarid regions, design is important to increase yields and to
conserve water and soil as well as the economical utilization of power.
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