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ABSTRACT: The objective of this study was to design the trickle irrigation system by
compensating emitters (Katif) and The experimental work was carried out in the
experimental farm of faculty of Agriculture, Menufia university during 2018. A field
experiment was conducted for 50 m and 75 m of lateral length with outer diameter 16mm
and ¢13.6mm inner diameter under discharges of (2,4and 8 L/h) and spacing between
emitters 0 .5 m. Several points were taken 2 m apart into considerations, such as emitter
characteristic friction losses, manufacturing variation, discharge and hydraulic variation.
Emitters were tested at 50 ,100 ,150and 200 kpa to determine the pressure —discharge
relationship and the uniformity parameters.

The found results showed that the exponent values for the compensating emitters under
study ranged from 0.06 to 0.2. The measured coefficients of manufacturing variation
values for compensating emitters were in the excellent class. As such the variation of
discharge through these laterals is restricted by limiting their number to have emission
uniformity, EU, greater than 90%.

Key words: Trickle irrigation; compensating emitter (Katif); laterals length; emission
uniformity; pressure discharge relationship.

INTRODUCTION Trickle irrigation system, to suit the

Trickle irrigation system is a system
that has been used for long in various
parts of the world under different climatic
conditions, crop types as well as soil
types. It is a type of irrigation that slowly
applies small amount of water to part of
the plant root zone (McConnell, 2003). It
is consider the newest of all methods of
irrigation systems in water application. It
described as the frequent slow
application of water to soil through
mechanical devices called emitters, or
applicators located at selected points
along the water delivery lines. (Jensen,
1993).

Khairy et al., (2016) showed that
mobile drip irrigation system have the
best results because the efficiency of
surface drip irrigation 95% and the
results showed the classification of all
used drip tubes were fully pressure
compensating .

condition of a particular site, is specially
designed in order to achieve high
efficiencies in its performance and
economy. (Jack & David, 1974)

Early research in drip irrigation design
was conducted mostly for a single lateral
line (Wu,1992).

Design the trickle irrigation system by
compensating emitter can apply water to
plants at very low flow rates. This
ensures more efficient watering, reducing
the risk of over watering or under
watering and saving energy by using low
pressure and we can use it in designing
trickle irrigation system.

The objective of this paper is to
design the trickle irrigation system using
the pressure compensating emitters
(Katif).
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MATERIALS AND METHODS

The experiments were carried out in
Department of Agricultural Engineering
laboratory and farm of faculty of
Agriculture Menoufia university, during
2018 .

Compensating emitters (katif) with
three different flow rates :2,4 and 8L/h at
emitters spacing of 0.5m .

Emitters were tested at 50,100 , 150
and 200kPa to determine manufacture
coefficient of variation CV, , X and k
values using equation 1 and 2. Emitters
were connected with the energy of lateral
line and measure all variation in the
emitter discharge as a result of
manufacture's variations and hydraulic
variations.

Katif described with flow- regulated
self - flushing emitter and prevents water
run- off along the drip line .

In this study, there were two drip
lines 50m and 75m (Fig.1), long which are
made of Poly Ethylene (PE).

The outer diameter of the lateral line
was 16mm with ¢13.6 mm inner diameter
and the irrigation line was installed on
ground with

Manufacturing coefficient of variation
was calculated using equation (1) and its
classification are shown in Table (1) for
(Bralt et al ., 1987)

s

CVip = ; (1)

Where

Cvp= Manufacturing
variation

S=sample standard deviation

g= Average emission rate of sample

coefficient of

Head- discharge relationship

The head discharge relationships for
emitters were expressed by the formula
(karmeli, 1977and Wu and Gitlin, 1977)

q = KH* (2)
Where ,
g = Discharge rate of emitters , L/h.
K = Discharge Coefficient
H = Pressure Head , m.
X = Emitter flow exponent

The value of X varies from 0 to 1 for
wide range of emitters. If X approaches
zero, the drippers are classified as fully
pressure compensating and it s,
however difficult to achieve in the
manufacturing process.

Trickle irrigation is a type of irrigation
that slowly at applies small amount of
water to part of the plant root zone
(McConnell, 2003).

It is consider the newest of all
methods of water application. It
described as the frequent slow
application of water to soil through
mechanical devices called emitters, or
applicators located at selected points
along the water delivery lines (Jensen,
1993).
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Fig. (1): Experimental lay out for the studied lateral.
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Table (1): lllusterate the calssifican of manufacture’s coefficient of variations .

Emitter type C, range Classification
<0.05 Excellent
0.05- 0.07 Average
Point source 0.07-0.11 Marginal
0.11 - 0.15 Poor
>0.15 Unacceptable
<0.10 Good
Line source 0.10-0.20 Average
>0.20 Marginal to unacceptable

RESULTS AND DISCUSSION
Pressure-Discharge Relationship:

Results show that the predicted
exponential equations for this studied
emitters are as follow :

q = 1.9923 * p®211 for the katif emitter of

21lh  (3)

q = 3.6063 * p®77for the katif emitter of 4
Ih  (4)

q = 8.3969 * p®%7for the katif emitter of 8
Ih  (5)

Where,

g: the discharge of emitter in (I/h).
P: pressure in (bar).

It can be noticed that the emitter
discharge exponent values (x-values)
varied between 0.067 to 0.211.

Discharge along the lateral line:

Fig. (2) showed the relationship
between the discharge and the ratio of
lateral length. Results showed that, the
discharge measured was clossed to the
discharge calculated along lateral length
of 50 m at operating pressure of one bar.

Friction losses:

The friction losses in lateral length 50
and 75 m for different discharges of 2,4
and 8 I/lh are shown in Fig. (3). that the
friction losses in different discharges 2, 4
and 8 I/h at lateral length 75m are bigger
than the friction losses in 50 m .

It can be noticed that, the lateral
length effect on the friction losses.
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Fig. (2). Discharge along lateral for Katif compensating emitter 2 L/ h for 50 m lateral

long under pressure of one bar .
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Fig. (3): Shows the friction losses versus length ratio under 2,4 and 8 I/h and 0.5m Katif

compensating emitters spacing.

Emission uniformity (EU)%:

The best results of the emission
uniformity, as shown in Fig. (4), were
found under 8 L/h which was about 97%.
The results are taken four times along
laterals.

Data in Tables (2) and (3) show the
studied design parameters, such as the
friction losses, (AH), coefficient of
variations (CV), the emission uniformity,
(EV), the discharge measured along
lateral (Qmeasurea): the discharge
determined along lateral( Qgetermind ) » G
variation and coefficient of uniformity
(CL).
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Fig. (4): Show the emission uniformity in pressure one bar at lateral length 75 m

Table (2): Design parameters for ¢ 13.6mm and 2m spacing discharges 2.4 and 81/h and
50m lateral length.

Design parameters 1 bar 1.5 bar
g2lh g4l/h|g8lh g 2l/h |{g4alh g8lh
AH 0.44291 0.70 2.22 0.44284 1.19 25
Ccv 3.36924 4 5.09 2.11683 5.8 6.42
EU 95.7 94 93.5 95.08 93.7 93
Qumeasured 231.65 | 408.8 | 815.3 233 423.7 823.4
Quetermined 230.73 | 455.4 | 8205 | 234.15 465.8 830
Cu 97.4 96.8 95 96 96.18 95.17
dvar 1.99 322 | 812 2.19 3.33 8.22
Table (3): Design parameters for ¢ 13.6mm and 2m spacing under discharges of 2.4 and
81/h and 75m lateral length.
Design parameters 1 bar 1.5 bar
g2lh g8lh q4lh g 2l/n g4lh | g8l
AH 0.442911 2.89 .986 0.442848 1.23 3.7
Ccv 3.369242 7.2 6.17 2.116838 5.22 8.42
EU 95.7 91.5 92.2 95.08 93.6 90
Quneasured 231.65 810.3 598 233 0.644 | 8134
Quotermined 230.73 820.5 455.4 234.15 465.8 830
Cu 96.9 93.1 91.6 96.1 96.1 95
Qoar 1.99 8.12 3.4 2.19 35 8.22
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Table (2) showed that the results
along lateral 50 m for three emitters
discharge 2,4 and 8 I/h. The friction
losses were equal to 0.442 at pressure
land 1.5 bar for emitter discharge of 2 I/h,
equal to .71 and 1.19 at pressure land 1.5
bar for emitter discharge of 4 I/h and
equal to 2.22 and 2.5 at pressure 1 and
1.5 bar for emitter discharge of 8I/h.

The coefficient of variation were equal
to 3.36% and 2.11% for emitter discharge
of 2 I/h at pressure 1 and 1.5 bar , equal
to 4 %and 5.8% at pressure land 1.5 for
emitter discharge of 4 I/h and equal to
5.09% and 6.42% at pressure 1 and 1.5
bar for emitter discharge of 81/h.

The emission uniformity (EU) were
equal to 95.7 % and 95% for emitter
discharge of 2 I/h at pressure 1 and 1.5
bar , equal to 94 % and 93.7% for emitter
discharge of 4 1/h at pressure 1 and 1.5
bar and equal to 93.5 % and 93 % for
emitter discharge of 8 I/h at pressure 1
and 1.5 bar .

The discharge (measured) showed in
this table 4for three emitter 2,4 and 8 I/h
at pressure 1 bar equal to 231.3 ,408.8
and 815.3 for three emitter and equal to
233, 423.7 and 823 at pressure 1.5 bar .

The discharge (determined) showed
in this table 2 for three emitter 2,4 and 8
I/h at pressure 1 bar equal to 230.73
,455.4 and 820.5 for three emitter and
equal to 234.15 , 465.8 and 830 at
pressure 1.5 bar .

The coefficient of uniformity (CU)%
were equal to 97.4 % and 96% for emitter
discharge of 2 1/h at pressure 1 and 1.5
bar , equal to 96 % and 96.17% for emitter
discharge of 4 I/h at pressure 1 and 1.5
bar and equal to 95 % and 95.17 % for
emitter 8 I/h at pressure 1 and 1.5 bar .

The q variation for emitter 2 I/h at
pressure 1 and 1.5 bar equal to 1.99 and
2.19 , for emitter 4 I/h equal to 3.22 and
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3.33 and for emitter 8 I/h equal to 8.12
and 8.22 .

Table (3) showed that the results
along lateral 75 m for three emitters 2,4
and 8 I/h . the friction losses were equal
to 0.442 at pressure land 1.5 bar for
emitter discharge of 2 I/h, equal to .98
and 1.23 at pressure land 1.5 bar for
emitter discharge of 4 I/h and equal to
2.89 and 3.7 at pressure 1 and 1.5 bar for
emitter discharge of 8 I/h.

The coefficient of variation were equal
to 3.36% and 2.11% for emitter discharge
of 21/h at pressure 1 and 1.5 bar, equal to
7.2 %and 8.42% at pressure 1 and 1.5 for
emitter discharge of 4 |I/h and equal to
5.09% and 6.42% at pressure 1 and 1.5
bar for emitter discharge of 8 I/h.

The emission uniformity (EU)% were
equal to 95.7 % and 95.08% for emitter
discharge of 2 I/h at pressure 1 and 1.5
bar, equal to 92.2 % and 93.6% for emitter
4 I/h at pressure 1 and 1.5 bar and equal
to 91.5 % and 90 % for emitter discharge
of 8 1/h at pressure 1 and 1.5 bar.

The discharge (Q measured) Showed in
this Table (3) for three emitter discharge
of 2,4 and 8 I/h at pressure 1 bar equal to
231.6 ,598 and 810.3 for three emitter and
equal to 233 , 644 and 813.4 at pressure
1.5 bar .

The discharge (Q getermined) Showed in
this Table (3) for three emitter discharge
of 2,4 and 8 I/h at pressure 1 bar equal to
230.73 ,455.4 and 820.5 for three emitter
and equal to 234.15 , 465.8 and 830 at
pressure 1.5 bar for emitter discharge
2,4and 8 L/h, respectively.

The coefficient of uniformity (CU) were
equal to 96.9% and 96% for emitter 2 I/h
at pressure 1 and 1.5 bar , equal to 91.6 %
and 96.17% for emitter 4 I/h at pressure 1
and 1.5 bar and equal to 93 % and 95 %
for emitter 8 I/h at pressure 1 and 1.5 bar .
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The variation discharge (que ) for
emitter discharge of 2 I/h at pressure 1
and 1.5 bar equal to 1.99 and 2.19 , for
emitter discharge of 4 |/h equal to 3.4
and 3.5 and for emitter discharge of 8 I/h
equal to 8.12 and 8.22 .

CONCOLUSION

The purpose of this study provide
water and energy by designing two
trickle irrigation systems with
compensating emitters (Katif) which have
constant discharge with  different
pressure on zero slope fields based on
manufacturing and hydraulic variations.
The experiments were carried out in
Department of Agricultural Engineering
Laboratory and Collage Farm of Faculty

of Agriculture, Menoufia University
during 2018.
The experiments were desighed

based on flow variation of total allowable
head loss for lateral by sitting a pressure
regulator at the beginning of each lateral.
Also, based on the emission uniformity
that dependent on the coefficient of
variation of lateral.

A manufacturing  coefficient  of
variation was calculated based on
laboratory test by testing three emitters
2,4and 8 I/h at inlet pressure of 1 and
1.5bar . A total, CV,; was determined in
turn of calculating system uniformity. A
field experiment was conducted for 50 m
and 75 m of lateral length at zero slope
for @13.6 mm inner diameter and 16 mm

outer diameter. In addition, spacing
between emitters (2 m) with
compensating emitters (Katif) under
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three different emitter flow rates under
inlet pressures of 1 and 1.5 bar.

Friction loss was measured along
lateral line and compared to the
calculated one. The coefficient of

variation of emitter flow rate was found
for 50 m and 75 m of drip lateral line on
zero slope .
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