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ABSTRACT
To design and evaluate a drip irrigation unit, by an accurate, simple and
quick method, a computer program called OSAMA (2) was developed.
OSAMA (2) calculates the maximum lengths of lateral and manifold
according to the following limitation: 1) Water velocity in the lateral and the
manifold should not exceed, 1.0 and 1.5m s™ respectively. 2) Friction losses
in the lateral and manifold should not exceed 55 and 45 % of the total
allowable losses, respectively. 3) Flow rate in the inlet of the unit should not
exceed 12.5 and 25 m’/h for single and double lateral unit, respectively.
Mathematical comparison was used to prove the validity of OSAMA (2)
program, the lateral lengths calculated by OSAMA (2) program and the
corresponding ones calculated by Hanafy (1990) were closed. Field
experiment was conducted to prove the validity of OSAMA (2) program.
Two different drippers were chosen and calibrated. OSAMA (2) program
was fed by their characteristic values of (X) and (K). OSAMA (2) program
outputs were the maximum lateral length and dripper discharge rate at
different flow variations. Correlation coefficient (r) between drippers
discharge rates of both field lateral and output of OSAMA (2) program were
(0.9678) and (0.9580). The input data of OSAMA (2) program were dripper
characteristic {x and k) type of connection (on and in line), type of barb,
lateral and manifold diameters distances between drippers, flow variation
and type of unit (single or double). The output data of OSAMA (2) program
were the maximum lengths, water velocity, friction losses for lateral and
manifold and emission uniformity of the unit. While in the case of
evaluating a field unit, the output data were compared to the characteristics
of the field unit and the ones calculated by OSAMA (2), which must be of
values greater than field unit.
1. INTRODUCTION

Drip irrigation system design can be made by designing lateral line and
manifold separately, or designing a unit which combines lateral lines and
manifold together. It is important to analyze the hydraulics of irrigation
system by considering complete drip irrigation unit. A drip by drip (DBD)
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analysis is one of methods used to analyze the hydraulics of drip irrigation
unit of drip irrigation system (Meshket and Warner, 1985, Karmeli et al.
1985; Pitts et al., 1986 and Sharaf 1996).

Ahmed (1997) reported that the main problem in irrigation network
planning is that there are no hard-fast scientific rules to depend on.
Therefore, planning varies from one designer to another.

One of the most important advantages of the computer modeling, is the
ability of analyzing interlaced or overlapping variables. In other words, if
the change of one or more of the independent variables causes changing in
other independent variables, and so on, this system, hence, is a complex
system. Only computer modeling can trace these hundreds of operation and
calculations till iteration steps in a specific condition. However, computer
modeling is ideal for irrigation system analysis and design. And he added
that the computer-aided design is necessary for accurate and quick design.
So, bearing in mind the large number of alternatives under evaluation to
select the optimal design, and the hardness of assessing each alternative.
Hence, computer modeling must be used in this engineering process (El-
Nesr 1999).

The present study aimed to develop a computer model OSAMA (2) to
optimize the design of drip irrigation unit and testing the validity of unit of
drip irrigation network existing in the field.

2. THEORETICAL DEVELOPMENT

OSAMA (2) program calculates the specification of the maximum drip
irrigation unit. This unit satisfies all boundary conditions such as allowable
head losses, water velocity, in both lateral and manifold, and total water
discharge delivered into the unit.

1.Design of lateral line:

There are many steps to design the maximum lateral length. These steps

were:

A) Determine the allowable head losses in the lateral as 55 % of the

total allowable head losses (TAHL) as recommended by (Karmeli and

Keller, 1975).

b) The water velocity in the lateral not exceed I m/s as recommended by
(Keller and Bliesner, 1990).

¢) Calculate of the dripper connection losses:

The losses were calculated for three different on- line connection sizes:
large,

medium and small connections, and one in-line connection.

According to (Montalvo, 1983) the equivalent length (fe) was as follow:
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On line connection sizes:

23.04
Large size fe = .Dl_m eesrearearrert e (1)
18.91
Medi“m size f-e = -Z)-ll—“ ............................ (2)
14.38
Small s‘;ze fé = ——--m ............................ (3)
DI
Where:
fe is the equivalent length, m ;
DI - inside diameter, mm.
In line connection:  fe=0.23 . ... @)

The equivalent total length (Le) of the line in meter, could be expressed as
proposed by (De Paco , 1985).

Se + fe
Le=———-—LxLl=axLl ................ (%)
Se
Where:
a is the coefficient represents minor head losses
produced by dripper connections in the lateral;

L{  -lateral length, m;
Se - distance between drippers, m.

d) Estimation of the friction losses along the lateral:

To estimate the friction losses along the lateral, dripper by dripper technique
was used according to (Karmeli et al., 1985) and (Sharaf, 1996).

The optimum pressure head, lateral’s diameter and length, dripper discharge
rate and number of drippers were determined as follow:
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Ol = Z Gy wrrenrrsrrererereremsssssssesssssas (6)
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ol 1.852 axSe)
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Hly =H + D B v ®)
i=1
Hlypy AHI+ H oo 9)
40x Q! 3 T (10)
3.14x36x Di :
Y % 12/ 3 S, 1)
LI=Y) Seooimireecrimmsserensssansssins (12)

Where:
Q! is the lateral flow rate, L/h;

. ge -dripper flow rate, L/h;

hfl - friction losses, m;
-Hazen-Williams roughness coefficient for plpe wall
150 according to (Keller and Bliesner, 1990);
Hl - pressure head, m;
AHI - allowable head losses in the lateral, m;
V- water velocity , m/s;
Ke - drip constant ;
X - drip flow exponent;
HI - pressure head at the last dripper, m; and
K - conversion constant, (K= 1 212”'1012 ).

2.Design of manifold line:
The design of manifold is identical to the design of a lateral, the only
differences being that the outlets along the manifold are the Iaterals
instead of drippers. The design manifolds procedure as:
a) The allowable head losses in the manifold was considered as
45 % from total allowable head losses (TAHL) as recommended by
(Karmeli and Keller, 1975).
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b) The water velocity in the manifold should not exceed 1.5 m/s as
recommended by (Keller and Bliesner, 1990).
¢) The water discharge rate should not exceed 25 m*/h for double laterals
unit {UDL) (where laterals are in north and south direction of manifold)
and should not exceed 12.5 m’h for single lateral unit (USL) (where
laterals are in one side direction of manifold).
d) Calculation of the fitting losses:
Different types of fittings (tees, elbows, valves, etc.) are located at
several points along the manifold line. Consequently, corresponding
head losses should be taken into account when designing a manifold
line.
Those head losses could be calculated from the following equation of
(Keller and Bliesner, 1990).
V 2
hf = e rrreess tereserers ssesees
if = K y, r (13)
Where:
hf  is the friction- head loss due to pipe fitting, m;
Ky - resistance coefficient for fitting or valve;
V’/Zg - velocity head for a given discharge through pipe
or fitting diameter, m; '
g - gravitational acceleration , 9.81 m 57,

¢) Estimation of the friction losses along the manifold line:
To estimate the friction losses along the manifold line, the same steps of
lateral design according to (Karmeli et al., 1985) were used.

3. RESULTS AND DISCUSSION

Validity of Osama (2) program was proved through a mathematical
comparison and field experiment.

1. Mathematical comparison:

Mathematical comparison used to prove the validity of Osama (2) program.
Dripper characteristics and lateral diameter of Hanafy (1990) were fed to
Osama (2) program as input data. The output data of Osama (2) program
were compared with the results of Hanafy (1990). Table (1) shows the
lateral lengths calculated by dripper, respectivly. This result proves the
validty of Osama (2) program in the calculation of lateral length.
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Table (1): Lateral lengths for three different diameters, lateral discharge
exponent, flow variation and dripper flow rates with middle barb and dripper

16

18

20
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*H-C: Hanafy calculation **(-2P: Osama (2) program output.

Osama (2) program and the corresponding ones calculated by Hanafy
(1990) at lateral diameters of 16, 18 and 20 mm, discharge exponents of 0.5
and 1.0, flow variations of 5% and 10% , dripper discharge rates 2 and 4 L/h
and dripper spacing of 0.5 m.

Table (1) it could be noticed that lateral lengths resulted from Osama (2)
program were close to the corresponding ones resulted by Hanafy (1990).
This result proves the validity of Osama (2) program in calculating the
maximum allowable lateral length.

2.Field experiment:

Two different drippers were used in this part. The two drippers were
calibrated to find out their characteristics values of discharge exponent (X)
and proportlonal coefficient (K). The drlpper e uations were:

q=1.1017h"° and q=0.6056h *°

The mput data of Osama (2) program:

Dripper (1) Dripper (2)
Dripper discharge, L/h 3.8 2.5
Discharge exponent, (X) 0.5372 0.61
Proportional coefficient, (K) 1.1017 0.6056
Lateral diameter , mm 16 20
Distances between drippers, m 0.50 0.80

Flow variation ranged from (1 % to 10 %) as 1 % step, was choosing for
each run.

The output of Osama (2) program:

The output of Osama (2) program was lateral length, inlet lateral pressure
head and dripper discharge at inlet point of lateral at different flow variation
steps for each drippers. The output data of Osama (2) program for the two
drippers were summarized as shown in Table (2).

Correlation coefficient (r) between drippers discharge rates of both field
lateral and output of Osama (2) program were shown on Figs (1 and 2 ).
The correlation coefficient (r) was ( 0.9678 ) and ( 0.9580 ) for the first
and second drippers, respectively. This result proves the validity of Osama
(2) program in the calculation of lateral length.
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Table (2): The lateral length, inlet pressure head and dripper discharge rate at the
inlet of lateral at different flow variations as resulted by Osama (2) for the two

drippers,

*qeps)

F*qe(.s)

qe(3.5)

1 20.0 46.4 10.11 10.20 3.818 2498
2 25.0 52.8 10.21 10.30 3.838 2.511
3 29.0 58.4 10.32 10.40 3.860 2.526
4 32.0 62.4 1043 | 1048 3.881 2.539
5 34.5 66.4 10.53 10.57 3.902 2.552
6 36.5 70.4 10.62 10.68 3.921 2.568
T 38.5 73.6 10.73 10.77 3.941 2.582
8 40.5 76.8 10.84 10.87 3.964 2.596
9 42.5 79.2 10.97 10.95 3.989 2.608
10 44.0 82.4 11.07 | 11.07 4.009 2.625
* ge (3.3= dripper discharge rate ( 3.8 L/h)
** ge (2.5= dripper discharge rate ( 2.5 L/h)
‘g_: LOLY DOTIRIE:
= 2 i
¥ —
S5 a0
i2 -
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- 3.8 3.9 4 4.1

Drippar'dischargu rate ofOsama ( 2) program, Lih

l;ig. (1): Correlation coefficient (1? between _dnppe; dlscharge rate of
both field lateral and output of Osama (2) program for first dripper (3.

8L/h).
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Flg (2): Correlation coefficient (r) between dripper discharge rate of both
field
lateral and output of Osama (2) program for second dripper (2.5 L/h).

Studies on drip irrigation network designed by Osama (2) pro :
To carry out that study, Osama (2) program was fed by drippers
characteristics shown in Table (3), at lateral diameters of 16, 18 and 20 mm,
manifold diameters of 50, 63, 75 and 90 mm, individually.
From Osama {2} program output results, the following studies were
carried out:

- The effect of dripper discharge rates and lateral diameters on lateral
length.

- The effect of manifold diameter on its length.

- The effect of dripper discharge rate on the area of single and double

lateral unit.
Table (3): Some drippers’ characteristics.

10.000

0.6325

0.500

0.030

OH-fins
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1.The effect of dripper discharge rates and lateral diameters on lateral
length:

Table (4) shows lateral lengths at different dripper discharge rates of
2,3, 4, 6 and 8 L/h and lateral diameters of 16, 18 and 20 mm. The
maximum lateral length in this case was 114.5 m at dripper discharge rates
of 2 L/h and lateral diameter of 20 mm. The minimum lateral length was 29
m at dripper discharge rates of 8 L/h and lateral diameter of 16 mm.
The results indicate that the lateral length increased as lateral diameter
increased. The lateral lengths were 72.5, 92.5 and 114.5 m for diameters of
lateral 16,18, and 20 mm at dripper discharge rates of 2 L/h, respectively.
This is because the increment in lateral diameter causes increment in the
cross section area and reduction in both water velocity and head losses,
therefore it permits more water flow in the lateral. So, it allows longer
lateral length.
Table (4) shows that lateral length decreased as dripper discharge rate
increased. Lateral lengths were 72.5, 54, 45,39.5 and 29 m for dripper
discharge rates of 2,3,4,6,and 8 L/h at lateral diameter of 16 mm,
respectively. This is because water flow in lateral was limited by both water
velocity (not exceed 1 m/s) and allowable friction losses. Increasing of
dripper discharge rate will increase water velocity and friction losses. So, it
will decrease lateral length and vice versa.

Table (4): Lateral lengths at different dripper discharge rates
and lateral diameters.
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2.The effect of manifold diameter on its length:

Table (5) shows one and telescopic diameter manifold lengths of single and
double lateral units at different manifold diameters of 50, 63, 75, and 90
mm. [t also shows lateral diameter of 16mm and dripper discharge rate 3
L/h.

For single lateral units, the length of manifold increased as its diameter
increased for one diameter manifold till it reached a constant length (68 m).
This constant length was due to the quantity of water delivered into that
manifold would not exceed boundary limit of 12.5 m’/h for single units.

For double units, the length of manifold increased also as its diameter
increased for one diameter manifold, manifold lengths were 24.50, 40.25,
57.25, and 68.25 m for 50, 63, 75 and 90 mm pipe diameter respectively.
The first three lengths were due to velocity of delivered water reached the
maximum of 1.5 m/s. While it didn’t reach that velocity for 90 mm of
diameter manifold. It reached the maximum allowable delivered water
discharge rate of 25 m’/h.

Table (5): One and telescopic diameter manifold lengths of single and
double laterals units at different manifold diameters using lateral diameter
of 16mm and dripper discharge rate 3 L/h.

- R - : - | 49.00
D B R TR
RN L 3 : - | 6825
63
D : &gy s e AR 00
25 S legIs . - . S & AT
D : . - | 5725 | 1050 | 67.75
5 | . : ’ -~ b BR N
90
D x i 4 - GRS | 6825

Misr J. Ag . Eng., July 2004 769



3 The effect of dripper discharge rate on the area of single and

double laterals unit:

Table (6) shows the single and double laterals unit for different dripper
discharge rates of 2, 3, 4, 6 and 8 L/h at manifold diameter of 50 mm and
lateral diameter of 16mm.

The Table indicates that the area of single and double laterals units were
decreased as dripper discharge rates increased. The areas of single lateral
unit were 0.94, 0.63, 0.60,0.43 and 0.33 fed. While, the areas of double
lateral unit were 1.57, 1.17 1.01, 0.86 and 0.65 fed. for different dripper
discharge rates of 2, 3, 4, 6 and 8 L/h, respectively, at manifold diameter of
50 mm and lateral diameter of 16mm.

This was due to that dripper discharge rate was the main factor affecting
both lateral and manifold lengths. Those lengths decreased as dripper
discharge rates increased. So, as a result, the area of the single or double
laterals unit decreased. Because water delivered into the unit was limited
with 12.5 m’/h for single units and 25 m’/h for double units, so, increment
in dripper discharge rate caused decreasing in number of drippers in the unit
and decreasing in both lateral and manifold lengths and unit area.

Water discharge delivered /unit = number of drippers/unit* dripper
discharge rate

Table (6): Area of single and double lateral umit for different dripper
discharge rates at manifold diameter of 50 mm and lateral diameter of
16mm.

=
.

2 72.5 5425 | 094 45.50 1.57

3 54.0 49.00 0.63 45.50 1.17
4 45.0 56.00 0.60 47.25 1.01
6 39:5 45.50 0.43 45.50 0.86
8 29 45.25 0.33 47.25 0.65
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4. CONCLUSIONS

The present study aimed to develop a computer model OSAMA (2) to
calculat optimize design of drip irrigation unit and test the validity of any
unit of drip irrigation network existing in the field.
Validity of Osama (2) program was proved through a mathematical
comparison and field experiment.The lateral lengths resulted from Osama
(2) program were close to the corresponding ones resulted by Hanafy
(1990).Correlation coefficient (r) between drippers discharge rates of both
field lateral and output of Osama (2) program were (0.9678) and (0.9580)
for 3.8L/h and 2.5L/h..This result proves the vahdlty of Osama (2) program
in the calculation of lateral length.
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