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1. INTRODUCTION

With the increasing world food shortage problems and the limited
water resource situation, the irrigation system is increasingly important to
the purpose of increasing and stabilizing agricultural production.

The primary reason for irrigating crops is to supplement water
available from natural sources of water, such as rainfall, dew, floods, and
ground water which seeps into the root zone. Irrigation is needed in areas
where water from natural sources is adequate for crop production during
only a part of the year or in sufficient is some years and not in others. The
amounts and timing of irrigation depend on several factors such as climatic,
soil and crop.

When a reliable and suitable supply of water becomes available for
agriculture it can result in vast improvements in agricultural production
and assure economic returns to the grower. Water management, delivering
water to the farms and on the farm itself, is the key to successful irrigation

_projects. Irrigation in arid areas of the world has two primary objectives:
(1) to supply the essential moisture for plant growth, which includes the
transport of essential nutrient; and (2) to leach or dilute salts in the soil.
Irrigation provides a number of side benefits, such as cooling the soil and
atmosphere to create a more favorable environment for plant growth.
Irrigation management is often designed to maximize efficiencies and
minimize the labor and capital requirements of that particular irrigation
system while maintaining a favorable growing environment for the plant.

There are some factors which must be taken into account in the
selection of an irrigation system. These factors will vary in importance
from location to location and crop to crop. These factors include
(a) topography; (b) soil depth, texture, and structure; (c) climate; (d) crop
characteristics; (e) size and type of water source; (f) quality of water;
(g) depth and quality of ground water; (h) the relative cost of irrigation
equipment; (i) land preparation and labor; (j) the cost of credit; and (h) the
availability and skill of farm labor.

The purpose of any irrigation system is to convey water from a source
to the field and to deliver it to the root zone of the crop. A well-designed
and operated system will perform this task while meeting three general
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requirements: assurance of maximum economic return to the farmer;
minimal loss of water during conveyance and application; and maintenance
of long-term productivity of the land through prevention of soil erosion,
soil salinization, and raising of the ground water table. The principal
methods used to apply water to the root zone may conveniently be divided
into the following main types:

a) Airborne or sprinkler irrigation techniques;
b) Irrigation based on gravity flow;
¢) Trickle irrigation; and special techniques.

Trickle irrigation is small amount of water from small-diameter orifices
in plastic tubing located on or immediately below the soil surface. The
pressure required for the operation of a trickle system may be lower than
that required for sprinkler irrigation. Drip irrigation which irrigates only in
the root zone can achieve even better irrigation efficiencies than other
systems. Whereas drip irrigation does not irrigate the whole area of the
field, the total amount of water applied will be less than other irrigation
methods because only a portion of the area is irrigated.

The responsibility of the designer extends beyond the provision of an
efficiently functioning mechanical system. Not only must soil and cropping
factors be considered during the design, recommendations should be given
to the farmer on how best to operate his system, and enough flexibility
should be incorporated in the design to accommodate changes in cropping
patterns that are liable to occur in the future.

The objective of this research is to estimate water and friction head
losses and design the lateral lines in a drip irrigation system for
distributing water into the field with an acceptable degree of uniformity
under different operating conditions.

:om



3

2. Review
2.1 Definitions and adaptability

Yaron et al (1973) reported that trickle irrigation is based on the
discharge of small amounts of water from small diameter orifices in plastic
tubings located on or immediately below the soil surface. The pressure
required for the operation of a trickle system may be lower than that
required for sprinkler irrigation. A low discharge is achieved through the
use of tiny outlets and low-pressure heads in the supply line.

Solomon and Keller (1978) said that in trickle irrigation, filtered water
is applied directly onto the soil through pressure dissipation devices known
as “emitters”. As with any irrigation system uniformity and efficiency of
water application are of major importance.

Bader (1980) said that irrigation is the controlled application of water
to the land in order to meet crop requirements not satisfied by rainfall. It
provides one of the greatest possibilities for increasing potential
production.

Hillel (1982) said that, trickle or drip irrigation is one of the latest
innovations for applying water, and it represents a definite advancement
in irrigation technology. It can be defined as the precise, slow application of
water in the form of discrete drops, continuous drops, tiny streams, or
miniature sprays through mechanical devices calls emitters or applicators
located at selected points along water delivery lines.

Dasberg and Eshel (1985) said that in drip (trickle) irrigation water is
applied to the soil through emitters at a small operating pressure (20-200
kpa) and at a discharge rate of about 1-10 liter/h. The emitters are
designed to be pressure dissipaters and may be of different types.

Clemmens (1987) said the purpose of irrigating is to supply water to
plants as needed through replenishment of root-zone moisture storage
when natural rainfall is inadequate or poorly distributed. However, it is
nearly impossible, and certainly unfeasible, for any irrigation system to
supply the same amount of water to all plants within a field. In many
cases, yield may be directly related to the uniformity at which water is
applied.
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Hillel (1987) said that the aim of modern irrigaton is to make the best
of water in conjunction with all other essential inputs (energy, machinery,
labor, fertilizers, pest control) so as to enhance and sustain crop production.
Widely varying methods of irrigation are employed toward this end, under
different sets of circumstances.

Bresler and Rokuro (1990) said that drip irrigation is defined as the
slow application of water to the soil surface as discrete or continuous drops.
Water is applied to the soil through emitters at a relatively low operating
pressure (20-200 kpa) and a discharge rate of about 1-16 1/h.

Keller et al(1990) said that a trickle irrigation system discharges water
close to each plant, travel over the soil surface or through the air is of
limited importance for distributing the water. The application uniformity
basically depends on the uniformity of discharge from the emission devices
(emitters). Thus, the design strategy for trickle irrigation system focuses on
achieving the desired emission uniformity.

2.2 Management and scheduling of irrigation

Amir et al(1980) reported that many factors affect the construction of
the irrigation schedule; most of them are unforeseen and, thus, require a
rapid response and frequent change. In the construction of an irrigation
time-table the planner has to consider these factors and to meet, at every
point in time, the crop-water demands and the hydraulic constraints
imposed by the network. In addition, weather, pump failures and other
unforeseen interruptions introduce a considerable uncertainty requiring
rapid response and frequent changes.

Hill and Keller (1980) said, because of the many interactions between
scheduling of irrigation water and crop yield, the design of an irrigation
system and its subsequent management have a strong influence on net
farm income.

Hillel (1983) reported that many factors influence the decision-making
process of determining when to apply irrigation water. Among them are
climatic setting (arid, semiarid, etc.), water supply (constraints on
availability), crop (flowering habit, harvest index, stress sensitivity of the
current stage), irrigation system (degree of mechanization and control over
application rate amount), soils (profile textures, spatial variability),
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weather (current and short-term expected), and economics (profit-
maximizing level of irrigation). Additional considerations may include
electric load management, salinity control, crop quality at harvest, and the
cultural or labor scheduling aspects of farming operations.

Eduardo et al(1986) indicated that in the design of irrigation methods, a
criterion should be selected that permits the irrigation schedule of the crop
in a particular field to be determined beforehand on the basis of historical
data. That excludes plant or soil indicator approaches. The criterion used in
this investigation to determine the irrigation schedule was the
meteorological approach, which requires knowledge of : (1) the physical
characteristics of the soil; (2) allowable soil water depletion until the next
irrigation; (3) the dynamics of rooting depth; and (4) the
evapotranspiration rate of the crop at various stages between planting and
maturity.

Richard (1986) developed a linear-programming (LP) framework with
an associated design and cost-estimating procedure to evaluate the
economics of deficit irrigation in system design and to optimize the sizing
and operation of irrigation system components. He found that application to
the study area in Idaho indicated that, for a full water supply, system
profitability is highest when most deficits are minimized, even though
irrigation development may be uneconomic even under a full water supply.
The LP model does indicate the most profitable water allocation schedule
and system component sizes when a development is confronted with a less
than full water supply. A saving in system costs with a full water supply
resulted when the role of soil moisture in reducing peak system
requirements was considered.

Wu and Irudayaraj (1987) said that the determination of drip irrigation
schedule is based on the water requirement of the crop, the output of the
drip irrigation system, the allowable deficit condition and the irrigation
application efficiency.

2.3 Irrigation systems
Bader (1980) indicated that there are four methods of a applying
irrigation water, namely:
1- Surface irrigation (flooding and through furrows);
2- Sprinkler irrigation;
3- Subirrigation;
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4- Drip irrigation.

Eduardo et al(1985) presented the procedure to select an optimun
~ irrigation method for specified field conditions. The procedure is developec

on the basis of indices that show the acceptability of the irrigation method

to the selection parameters (crop density, type of sowing or planting, slop«
of the field, infiltration rate of the soil, etc.), cost, and financial feasibility
The procedure for selecting irrigation methods consists of two steps: (1
Analytical-technical; and (2) technical-economic. Figure (2-1) shows a flov
chart of the selection procedure.

I IRRIGATION NE\NODSI

I
cror racions  J{ oisease mogx ]

TYPE OF GROWIH —
A QUAL
IHotX WATER FACTOARS AT X

[}
store moEx  }~{ rieto racions J—{mritvaarion woex ]
i

sXiLL INDEX J—»{ HUMAN FACTOAS I

AAHMKING OF SUITABLE
INAIGATION METHOOS

SOURCE OF WATEAN

DENSITY INOEX

mEm

OPTIMUM DEBIOGN OF OPF 1iMUM DEJIGN OF
SUITABLE INRICATION AULTABLE IANICATION
MEVTHOO0S MEYHOODS

ECONOMIC AND
FIMANCIAL FACIORS

OPTiMUM BELECTION
OF IARIGATION
HEITHOD

ECONOMIC AND
FIRANCIAL FACTOAS

OPTIMULM BELECTION
OF IARIOATION
METHOD

}—-— TECHMCAL-ECONOMIC STEP ——fo MraL YTCAL-TECHMCAL s —{

Fig.(2-1): Flow chart for selecting irrigation methods (Eduardo et al, 1985)

Hillel (1983) summarized the factors which are affecting on the
selection of appropriate irrigation methods in the table(2-1):

Hillel (1987) indicated that there are, in principle, three main ways tc
apply water to plants: (1) run the water over the surface of the soil anc
allow it to infiltrate, a method known as surface irrigation; (2) spray the
water into air and allow it to fall onto plants and soil as simulated rainfall
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a method called sprinkle irrigation; and (3) apply the water directly to thc
root zone, a method known as drip or sub-irrigation.

ASAE (1989); micro-irrigation is the frequent application of smal
quantities of water on or below the soil surface as drops, tiny streams o1
miniature spray through emitters or applicators placed along a wate:
delivery line. Micro-irrigation encompasses a number of methods o
concepts; such as:-

1- Bubbler irrigation

2- Drip and trickle irrigation
3- Mist or spray irrigation
4- Subsurface irrigation

Table (2-1): Factors affecting the selection of appropriate irrigation methods (Hillel, 1987).

Factors affectIng selection

(Trrig. -

method Land s0ill Crop Climate |Plusses Minuses

_____________________________________________ L~

surface |Level or|Suited For most{For most|Low cost|Prone tq
graded |for med.|crops, climates|Simple. |over-
to entrl|to fine |except |Only Low irrigatg
slope & |textures|those slightly|pressure|& rising
surfaca |but not |sensi- affected|{require.|water—- |-
smooth— |[for in- |tive to |by wind table
ness filtra- |standing

bility {[water or
15mm/hr | poor
imm/hr|aeration

sprink. |rFor all |For most|For most|Affected|Cantrol Initial
lands solls crops, by wind |of rate |costs &
except (drift, [& freq. |pressure
sensit. |evap. & {Allows require-
to fung.|{poor irriqg. ments
diseasa [distri- |sloping
& leaf bution) |& sandy

scorch soils
by salts
brip For all {For all |For row |Not af- |High- Initial

slopes, |soils & |crops & |fected freq. & |& annual
reqular |intake orchards |by wind. |precise [costs.

& ir- rates but not [Adapted |irrig. Requires
regular close~ to all Can use |expert

growing |[climates|saline |managmnt

crops water & |Prone to

rough clogging

land. Requires

Reduced [filtra-
evapor. |tion

Micro- |For all |For all |For row [May be nigh- Initial
sprayer |lands intake crops & |affected|freq. & |[costs &
rates orchards by wind |precise |mainte-
irrig. nance
Less
prone
to clog
Bubbler|Flat For all |For tree |[Not iigh- Not a
lands & |intake crops affected|freq. commer-
gentle |rates by wind |irrig. clal
slopes : No clog- {product.
ging.
Simple.
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Letey et al(1990) classified the irrigation system into gravity flow and
pressurized. They said the gravity flow(surface) systems are characterized
by water flow in channels across the field. A channel may be a furrow
between crop rows, a strip of land bordered by low dikes, or an entire
field. The amount and uniformity of water infiltration for gravity flow
systems are largely functions of the soil characteristics. Pressurized
systems deliver water under pressure through pipes and release it from
sprinkler nozzles, small orifices or tubes. Pressurized systems transfer
infiltration quantity and uniformity control from the soil characteristics to
the design and maintenance of the delivery system. In principle,
pressurized systems have the advantage of greater precision on the
application amount and location, thereby allowing, in most cases, the
potential for greater uniformity of water application than gravity systems.
Pressurized irrigation systems, however, initially cost more than gravity
flow systems and only through analysis can it be found whether the
improved performance from pressurized systems justifies the additional
cost.

Plaut et al (1992) reported that the irrigation methods used for cotton
include: level basin, furrow, sprinkler, self propelled moving irrigation
systems (MSIS) and to a limited extent, drip. The latter method has some
advantages over the others and higher yields have been reported with the
drip system as compared to others with a similar amount of irrigation
water. The MSIS can provide uniform distribution of water and has
flexibility with respect to wetting depth. However, its use for cotton raised
a serious problem of runoff in some soils.

2.4 Advantage of drip irrigation

Yaron et al (1973) reported that the trickle-irrigation method was
developed for the specific conditions of an intensive irrigated agriculture.
Some of the technical and agronomical objectives in selecting the optimal
irrigation method for such conditions are listed below.

1) The possibility of obtaining high average values (over time) of soil-
water content, or low values of suction, without causing soil aeration
problems.

2) Minimizing water-content fluctuations during the irrigation cycle.

3) Avoiding destruction of the soil-surface structure and the
development of surface crust.

4) Restricting water supply only to those parts of the soil where watel
uptake by the root system is the most efficient. Selective wetting of
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the soil surface has additional beneficial results, such as reducing
water evaporation, limiting the growth of weeds, decreasing the need
for weed control, and enabling more convenient pest control.

5) Minimizing the salinity hazard to plants by (a) displacing the salts
beyond the efficient root volume, (b) lowering the salt concentration
by maintaining high soil-water content, and (c) avoiding the burning
of leaves and damage due to salt accumulation on the surface of
leaves in contact with irrigation water. A dry foliage may retard the
development of leaf diseases that require humidity and does not
necessitate the removal of plant-protecting chemicals from the
leaves by washing. _

6) Optimizing the nutritional balance of the root zone by directly
supplying nutrients to the most efficient part of the root zone.

7) Saving water by (a) minimizing evaporation from the soil surface,
(b) reducing runoff in low permeable or crusted soil, (c) contour
cultivation on slope hills, and (d) preventing water loss beyond the
borders or the irrigated field by wind confection.

Bucks et al (1981) reported that irrigated agriculture in the future will
require farther improvement of existing methods and practices for
increasing crop production and conserving energy and water. Trickle
irrigation is one method of conserving both energy and water. They said
also that multiple cropping and minimum cultivation with subsurface
trickle irrigation have several practical advantages over surface trickle
irrigation. These include minimal interference with field operations,
continuous production of two or more row crops without removal or
replacement of trickle lines, and extension of the useful life of a trickle
system over a larger production base.

Hillel (1982) summarized the potential advantages of trickle irrigation

compared to the other methods as follows:-

a. Increased beneficial use of available water;

b. Enhanced plant growth and yield;

¢. Reduced salinity hazard to plants;

d. Improved fertilizer and other chemical applications;

e. Limited weed growth;

f. Reduced labor operation;

g. Decreased energy requirements;

h. Improved cultural practices.
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Jam (1988) said that trickle irrigation is the frequent, slow application
of water either directly into the land surface or into the root zone of the
crop. It has many desirable features. Higher yield, improved crop quality,
and reduced water and energy use have all been attributed to trickle
irrigation.

Bresler and Rokuro (1990) indicated that there are many advantages
for drip irrigation as follows:-
a. Control of water application,
b. Maintenance of high and uniform soil water potential in root zone to
improve plant growth,
c. Partial soil wetting,
d. Maintaining dry foliage,
e. Use of low-quality water and reduced salinity hazard to plant,
f. Economic and energy benefits,
g. Fertilizer, herbicide and pesticide application,
h. Adaptation to marginal soils.

Hernandez et al (1991) reported that trickle irrigation has expanded
dramatically during the last decade due to increased productivity and
greater water and nutrient savings. The high labor requirement in
spreading collecting laterals every season, and deterioration of exposed
drip lines limit further expansion. Subsurface location of trickles may solve
these problems. Furthermore, it may have some plant-related advantages
over surface drip irrigation: (i) introduction of nutrients to the center of the
root system, where water content is relatively high and steady with time,
(ii) reduction in water evaporation from the soil surface, thereby leaving
more water available to the plant, and (iii) movement of nutrients in a
spherical volume around the emitter, while in surface application transport
is restricted to a hemisphere below the point source.

2.5 Mechanisms of drip and sprinkler irrigation

Dasberg and Eshel (1985) classified the drip system components as
follows:
2.5.1 Emitters
The emitter is the main component of the drip irrigation system,
determining its characteristics. Many types of emitters exist on the market,
each with its specific properties. Some of the different types are shown in
Fig.(2-2). They may be classified according to the following criteria:
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1. Flow rate or discharge and its variation,
2. Form of pressure dissipation,

3. Lateral connection,

4, Cleaning and pressure compensation,

5. Flow regime, and

6. Temperature dependence.
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Fig. (2-2): Sketches of some types of emission devices (Dasberg and Eshel, 1985).

2.5.2 Laterals
Laterals are the tubes to which the emitters are connected. They are
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usually made of polyethylene with the following features: flexibility,
noncorrosivity, resistance to solar radiation and to the effect of
temperature fluctuations, and ease of manipulation. PVC may also be used.
Laterals usually have inner diameters of 12-32 mm, and wall thickness
made to withstand a pressure of 4-6 atm, depending on need.

2.5.3 Submains and Mains

The main and submain lines are usually placed underground and supply
water to the laterals. They are normally made of rigid plastic (polyethylene
or PVC) in order to minimize corrosion and clogging.

2.5.4 Filters
The filter is an essential part of the drip system, its aim being to

minimize or prevent emitter clogging. The type of filtration needed
depends on water quality and on emitter type. Each type of filter is
effective for a particular particle size and type of suspended material, for a
specific flow rate, and has a characteristic capacity of sediment collection.

1. Centrifugal sand separators (vortex filters or cyclonic separators)

2. Gravel filters, and

3. Screen filters.

2.5.5 Fertilizing system

The fertilizing systems used to add chemicals (nutrients, herbicides or
pesticides) to the irrigation water are an important part of the drip system.
The process of adding fertilizer to the irrigaton water is called
“fertigation”. Several methods of fertigation are available.

1. Venturi tube principle,

2. Fertilizer tank (by-pass system),

3. Injection system.

Figure (2-3) shows the components of typical trickle irrigation systems.
Water is pumped into most systems and flows through valves, filters,
mainlines, submains or manifold lines, and laterals before it is discharged
into the field through point-source emitters, bubblers, or micro sprinklers
(Jam, 1988).

:om



13

Contrals . — —— T T T T — Sulnnam Line
~OE -
e -~ - —
-
/ Check Valve® ~ alenon(j

Valve

/ Gauge
Pm"pﬁi‘“‘" e (‘g/ \}? \ Main Line ( / ubmain Line
Valve \ 0 -
Secomlary/ milter
Filler

N

| IV Solenopd Submain Line
TRl /4

* A backllow preventer or vacuum breaker is
required in some areas.

Chemical P| Iumly
Injector Filler

Fig.(2-3): The components of a trickle irrigation system (Jam, 1988).

Bresler and Rokuro (1990) proposed that the basic components of a drip
system are: emitters, water distribution lines (i.e. main, submain and
laterals), filters, fertilizing (chemigation) injection system, control unit,
monitoring components and a pump.

2.6 Evaluation of irrigation system

Keller and karmeli (1974) have suggested two parameters to define the
uniformity of application of a trickle irrigation system. Their emission
uniformity, EU, involves the relationship between minimum and average
emitter discharge rates within the system. They noted that this
relationship is the most important factor in uniformity of application since
a primary objective of irrigation system design is to ensure enough system
capacity to adequately irrigate the least watered area. They used EU in
the design procedures as an efficiency concept for computing the gross
irrigation depth, irrigation interval, and required system capacity. They
recommended that EU’s of 94% or more are desirable, and in no case
should the designs EU be blow 90%.

The other uniformity parameter suggested by Keller and Karameli
(1974) is the absolute emission uniformity, EU,, which includes the ratio
of both the maximum and minimum emitter flow rates to the average
emitter flow rate. These parameters are defined as follows:
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q
= 10012

a

Q
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(q
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EU. \q,
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x

where:
EU = the emission uniformity, as a percentage;
EU, = the absolute emission uniformity, as a percentage;
g, = the average of the lowest 1/4 of the emitter flow rate, in

gallons per hour (liters per hour );
q, = the average of all emitter flow rates, in gallons per hour

(liters per hour); and
q. = the average of the highest 1/8 of the emitter flow rates, in

gallons per hour (liters per hour)

Wu and Harris (1975) said the flow conditions in the lateral line (or
submain) are steady, spatially varied with decreasing discharge in the line.
The energy gradient line will not be a straight line but a curve of
exponential type. If a given diameter, D, is used, the energy drop can be
expressed as: :

dh m
;17 =-a QI

in which a and m are constants for a given flow condition (m=1 for laminar
flow, m=1.75 for turbulent flow in smooth pipe, and m=2 for full turbulent
flow); dh = the energy drop for a given length !, and Q;= the discharge at

a section of length [ measured from the head end.

Roland (1977) said that irrigation systems are designed to give a
reasonably uniform water distribution. The surface distribution uniformity
of irrigation water is expressed by the Christiansen uniformity coefficient,
CU. pipe laterals are designed so that the variation in outflow between
individual outlets should not be excessive. In the case of sprinkler systems
the allowable variation is usually expressed in terms of the difference in
outflow between the first and the last outlets. It expressed by the pressure
drop over the lateral length, given as a percentage of the design outlet
pressure. In the case of trickle systems the maximum permissible
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deviation in outflow from that at the average OT design outlet is usually
specified. ‘

Anon (1978) recognized that the following field distribution terms for
on-irrigation are useful for evaluating the ability of an irrigation system to
apply water uniformity. As before, the definitions are expressed in
equivalent depths of free water.

Distribution Uniformity (DU) is the ratio of the average low quarter
depth of irrigation water infiltrated to the average depth of irrigation
water infiltrated. The average low quarter depth infiltrated is the average
of the lowest one-fourth of the measured or estimated values where each
value represents an equal area of the field:

DU~ Average low quarter of water infiltrated
Average depth of water infiltrated

The DU is a useful indicator of distribution problems. A low DU
indicates that excessive deep percolation losses will occur if adequate
irrigation is supplied to all areas.

Coefficient of uniformity (CU) is the ratio of the average depth of
irrigation water infiltrated (or caught) minus the average deviation from
this average depth, divided by the average depth infiltrated (or caught).
The CU can be expressed as:

Sh-x|
cU=1-+4———
NX

in which X is the mean of N single observations of water depth infiltrated,
X,, where each x, represents an equal area of the irrigated field.

Terry and Barinas (1980) measured the pressure losses across on-line
connected (inserted) trickle emitters, PVC pipe fittings and barbed PE pipe
fittings. They said that the pressure loss across fittings has been termed a
“minor loss”, but since many fittings are used in a trickle irrigation system.
these minor losses can become significant. They compared between 40
emitters in one line and added an other 40 emitters to the same line. The)
found that, the addition of a new emitter at each tree would increase the
lateral flow rate from 300 to 600 I/h. The total pressure head loss would
increase from 2.76 to 10.51 m. The pressure head loss caused by the
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emitter connection would increase from a rather insignificant 1.8 percen
of the total with 40 emitters to 8.6 percent of the total with 80 emitters.

Wu and Gitlin (1981) studied the different pressure profiles in a singlc
inlet system when a lateral length and operating pressure are fixed a
different line slopes (uniform). The pressure profiles can be classifiec
according to a dimensionless ratio ,AH'/AH, in which AH' is the energy gair
or loss by slope at the end of the line and AH is the total energy drop by
friction at the end of the line. Fig.(2-4) shows the five possible pressurc
profiles. They are as follows:

Proffle 1
re lateral Iina

~
~
\\
~~ . Pressure profile
( 0« ant «<1)
Profile Il-a B
\\ _
\\-—_.,__‘—//
an'
Profile 11-b (a =)
~
—
\\-~___ _—
(18 anr)
Proflle Tl-c i . _
~
\\-,_____,.-/
an'
Profile 111 (5 2 282) _
//
//

Fig.(2-4): Five Pressure profiles along a lateral line caused by a single inlet system.

Pressure profile type I. The pressure decreases with respect to the
lateral length. This occurs when the lateral line is laid on zero or uphill
slopes. In this condition the dimensionless ratio AH'/AH s 0.

Pressure profile type II.
The pressure decreases with respect to the lateral line length, reaches a
minimum point and then increases with respect to the lateral line length.

This profile can be also classified into three types according to the slope
situation:
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1 Type II- a: This occurs under the slope situation where AH'/AH is
larger than zero but less than 1. The pressure at the end of line is less than
the operating pressure.

2 Type II- b: This occurs under the slope situation where AH'/AH is
equal to 1. The pressure at the end of the lateral line is equal to the
operating pressure. This type is considered as the optimal profile because it
has the minimum pressure difference.

3 Type II- c: This occurs under the slope situation where AH'/AH is
larger than 1 but less than 2.852. For this condition the pressure at the
end of the line is larger than operating pressure. The constant 2.852 is
determined as the ratio of the total fricdon drop at the end of a pipe
calculated by using total inlet discharge to the total friction drop, AH, at
the end of a lateral line, assuming that both have the same total inlet
discharge, diameter, length, and the Williams and Hazen equation is used.

Pressure profile type III. The pressure increases with respect to
the lateral line length. This is caused by a steep downslope situation where
AH[AH is equal to or larger than 2.852 (the energy gain is larger than
friction drop for all sections along the lateral line).

Wu (1983) mentioned that, the design criterion of a drip irrigation
lateral line has been based on the uniformity of orifice (or emitter) flow
along the line. The orifice (or emitter) flow is controlled by the pressure
variation along the lateral line. The presstre variation along the lateral line
is determined by energy drop due to friction and energy gain (or loss) due
to slope.

Wu and Gitlin (1983) said that the uniformity of emitter ( or orifice ) flow
depends on the emitter flow variation along lateral lines which is mainly
affected by the hydraulic design of the drip irrigation system,
manufacturing variation, temperature, and emitter plugging including
partial plugging of emitters.

Walker (1987) described the principal objective of evaluating an
irrigation system as being to identify alternatives that may be both
effective and feasible in improving the system’s performance. For instance,
the evaluation may reveal that the application efficiency could be
improved by limiting the duration of irrigation. Uniformity may be
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improved by adjusting the flow rate. Also, it may be discovered that the
field length or slope requires modification for the existing system (O
operate more effectively.

Warrick and Yitayew (1988) indicated that an important objective of
any trickle system is a uniform distribution of water delivered through the
emitters. Computation of flow distribution requires knowledge of the
variables such as pressure, flow rate, length of lateral, characteristics of the
orifices, and frictional loss in the system. They said that several studies had
been established these relationships. In each study, the primary solution is
based on a discharge that is uniform, although ramifications of the
manufacturer’s variability have been modeled based on the derived
hydraulic profile.

Wu (1988) said that the uniformity coefficient in sprinkler irrigation,
in fact, should be considered as a significant item of the system since it
reflects the pattern of input of water received by the field. The nonuniform
pattern of the sprinkler system will result in over irrigation and under
irrigation for certain areas in the field. If the irrigation scheduling is made
so that the minimum irrigation depth can meet the water requirement,
extra irrigation has to be scheduled to compensate for the nonuniform
distribution of the system.

ASAE (1989) defined the manufacturer’s variation as follow: it is a
measure of the variability of discharge of a random sample of a given
make, module and size of emitter, as produced by the manufacturer and
before any field operation or aging has taken place.

\)
CV=—

where:-
CV = manufacturer’s variation
% = the mean discharge of emitter in the sample
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S = thé standard deviation of the discharge of the emitter in the

sample
X, = the discharge of an emitter

n = the number of emitters in the sample.

Wu (1992a) said there are several uniformity parameters which can be
used as design criteria. The following is a review of several different
uniformity definitions.

Emitter flow variation was defined as:

_ 9 9 oin
Tu=""g.

where ¢ is the emitter flow variation, g and ¢q_  are maximum, and
minimum emitter flow respectively along a lateral line or in a submain
unit.

The uniformity coefficient of emitter flow is determined using the
uniformity coefficient equation developed by Christiansen:

vec-1-24

UCC is the Christiansen uniformity coefficient, where g is the mean
emitter flow and A7 is the mean deviation of emitter flow.

The statistical uniformity is expressed as:

UCS=1-2
q

where UCS is the statistical uniformity coefficient and g, is the standard
deviation of emitter flow.

Edmar and Allen (1993) derived the friction head losses along the
lateral line in uniform and variable outflow condition as follows:
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uniform variable
1- The flow rate (Q) at T

2:
any point in these|( = Q0/1_ L ( S \
laterals can  be \ L> Q.- Qal\l‘ ( L) )
estimated by:

2- The friction head loss
(H,) in a lateral is: H,-H,F H;- HwF
. 1 1% _ r(0.5)r(m+1)
3-The correction | - : 1)+%7+ (m N? F =rmsis)
coefficient (F') factor m+ 6

is:

Where:-
Q = flow rate at any distances from the pipe inlet,
Q = total flow rate of the lateral,

L = total length of the lateral,

cQL
5

Hfo=

- friction head loss in pipe similar to lateral pipe,

conveying total flow in its entire length, L;
m = velocity exponent,

N= number of equally spaced operating outlets in the lateral, and

T = symbol of Gamma function.

Wu (1992a) said a drip irrigation system is a pressurized piping
system which consists of a main line, submain and laterals. The pressure
variation in the laterals will affect directly the emitter flows in the drip
irrigation system. Considering the velocity head in the total energy relation
(Bernoulli’s equation) is relatively small for drip irrigation lines, the total

energy can be simply expressed by:
H=z+h

where H is the total energy expressed as a height (or head) of water, z is

elevation as potential energy and # is pressure head.
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Hathoot et al (1993) reported that in trickle-irrigation laterals, emitters
are installed at an equal spacing. The emitter discharge depends on the
pressure head as given by the following relationship:

q,-<H.

where:-
g, = the discharge of the emitter;
H. = the pressure head in the lateral pipe at the emitter under
consideration;
¢ = the emitter coefficient that areal and discharge effects; and
» = exponent depending on the type of flow regime, and generally
ranges between zero and 1.0.

Nishiyama et al (1993) indicated that micro irrigation includes drip
irrigation and micro sprinkler irrigation. It is generally used for high value
economic crop production in green houses and small size farms. The length
of the lateral line is about 50-70 m or less. Under these conditions, simple
hydraulic design methods can be used by assuming a water pressure at the
end of the lateral line, so that a step-by-step calculation can be made for
all emitters (or micro-jets) along the lateral line from the end point to the
inlet of the lateral.

2.7 Factors' effect on irrigation system performance

James and Watts (1977) said that, because irrigation is such a large
consumer of the total energy used in production agriculture, reduction of
the energy used to pump water can have a significant impact on
agriculture's energy requirements. This energy requirement can be
lessened by reducing the amount of water pumped, improving the
irrigation efficiency, improving the pumping plant performance, and
lowering the pressure requirements.

Wu and Gitlin (1977) indicated that, under certain field conditions, the
length of lateral and submains may be relatively long and have
nonuniform slopes. The lateral and submain design may use a series of
different pipe sizes. Their study showed that, if a submain or lateral can be
divided into several sections and varying sizes are designed for each
section, the energy gradient line of each section is very close to a straight
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line except for the last section. The study showed that, when the submain
or lateral is divided into sections, the mean discharge of each can be used
to estimate the total energy drop by friction without causing much error.

Chaudhry (1978) said that the problem of design and operation of
overhead or surface irrigation systems that distribute water nonuniformly
over the field is presently resolved in two ways. The more widely used
approach aims at supplying an adequate average irrigation depth for given
soil conditions with reasonably high uniformity characterized by
uniformity coefficients that are essentially measures of certain aspects of
the dispersion of the depth over the field. The purpose of this approach is
to minimize the reduction in crop yield as a consequence of nonuniformity
of irrigation. As higher uniformities are usually achieved at greater initial
and maintenance costs, systems with lesser uniformity may become
economically desirable.

Nakayama et al (1978) said that clogging of emitters or orifices in
trickle irrigation systems is a widespread problem that has caused many
early users to abandon their installations. Recently, water treatment
methods have been applied to irrigation water for improving the
performance and reliability of emitters. In all instances, water quality
plays the dominant role in the operation of the system, but defining
precisely the involvement of the various constituents in the water in
clogging is difficult. In general, water with fewer of the following factors
appears to create the least problems: (1) Suspended inorganic and organic
particulate materials; (2) dissolved chemical constituents that cause scaling,
such as calcium carbonate, iron, and manganese oxide; and (3) microbes
that cause slime development and agglomeration of suspension, or are
involved in biochemical accumulation of heavy metals and sulfides. Any
one of the physical, chemical, or biological factors at sufficient levels can be
the prime contributor to clogging, but when several of these factors are
present simultaneously, the problem can be aggravated almost
synergistically.

Solomon et al (1978) indicated that the actual emitter discharge rates
vary considerably and depend upon:
1) Designed emitter characteristics;
2) Variability in manufacturing and aging of emitters;
3) Frictional head losses throughout the pipe distribution network;
4) Elevation differences throughout the field;
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5) The number of clogged emitters in the system;
6) The number and degree of partially clogged emitters in the system;
7) Variation in the water temperature throughout the system.

Wu and Gitlin (1979) said that a comparison of the energy gradient line
(friction) and the line slopes will show the pressure variation. If the line
slope matches exactly the energy gradient line, this means there is no
pressure variation along the line. If the line does not match exactly with
the energy gradient line, this means there are pressure variations along the
line. An allowable pressure variation can be set along the energy gradient
line and can be drawn as a curve. The area between the energy gradient
line and the allowable pressure variation curve can be used for designing
drip irrigation lines for both uniform or nonuniform slopes. If the line slope
can be put within the area, the design will have a pressure variation less
than the set allowable pressure variation. Also, they indicated that if the
change of velocity head in a drip irrigation line is small, compared with the
potential and pressure heads, it can be neglected. Therefore, the pressure
variation along the lateral line can be determined simply by a linear
combinaton of energy drop by friction and energy gained (or lost) by
slopes.

Bader (1980) studied the effect of drip and furrow irrigation on
cabbage and pea yield. He found that the yield decreased from 11387.6 to
7286.3 Kg/fed. of the cabbage and from 1680 to 714 Kg/fed. of the pea for
drip and furrow irrigation respectively.

Terry and Barinas (1980) said that the purpose of the design procedure
is to determine the arrangement and size of the system components such
that the crop water requirements can be met subject to constraints on
labor, water, energy and total investment They added, an important
element in the trickle irrigation design procedures is the determination of
pressure losses in the trickle lateral length, pipe size, emitter spacing,
ground slope and emitter flow rate which are considered in most design
procedures.

Harry and Soom (1981) said that trickle irrigation uses small diameter
plastic pipes or tubes with water emission devices at necessary spacing to
deliver water to the soil near the plants. The sizing of tubes for a trickle
irrigaton lateral is based on numerous factors: hydraulic principles,
emitter flow characteristics, row length, elevation, equipment and energy
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cost, and some criterion of water application uniformity which is related to
several of the aforementioned factors.

Abd-El-Slam (1985) studied the effect of furrow and drip irrigation
systems on weed growth for potato crops. He found that the amount of
weeds increased with the increase in the amount of water supply for both
irrigation systems. Weed growth in drip irrigation treatments was found to
be less than half of that for treatments irrigated by furrow irrigation.

Kyung and Busch (1985) indicated that the irrigation systems should be
designed and operated to supply water in a predictable, adequate, and
equitable manner so that water is used effectively and efficienty.
However, many old irrigation systems do not perform in the best manner
because they use excessive water that is inefficiently delivered and
applied. Major factors to be considered in system planning include
application and delivery system cOSsts and efficiencies, operation and
maintenance costs, land and water allocation, and water cost, along with
institutional and social constraints. Because of the conflicting trade-offs
among these and other factors, it is very time consuming and costly to
determine the best system component combinations using conventional
planning methods, especially when developing plans for a large area.

Letey (1985) recommended that uniformity of water application within
a root zone is important for orchards. Pressurized irrigation systems used
on orchards include high volume sprinklers, low volume sprinklers, drip,
misters, etc. The uniformity of water distribution is likely to vary
considerably for these different systems. Optimization of irrigation requires
information on the distribution pattern for individual trees as well as
variations in water application between trees. He added that the rooting
pattern under nonuniform water application would adjust to accommodate
differences in water distribution. However, if the water applied, some deep
percolation occurs for the nonuniform case whereas no deep percolation
occurs for the uniform case. Therefore under the latter condition the plant
growing under the uniform irrigation would be expected to produce more
than the plant under the nonuniform irrigation for the same amount of
seasonal water application.

Eduardo et al (1986) mentioned that agriculture is the largest consumer
of water in the world and its application efficiency is still low. In addition,
agriculture is faced with a steadily increasing competition for water and an
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increasing demand for its products. The design of irrigaton methods
greatly affects water application efficiency, and involves several variables
and restrictions whose aim is maximizing farm profits or minimizing cost.

Schwartzman and Zur (1986) indicated that a drip irrigation is
characterized by application of water through low discharge emitters. Soil
water flow under drip irrigation could be described as line source, two-
dimensional or point source, three-dimensional depending on the distance
between emitters along a lateral. When drip irrigation is used for row crops,
emitters are spaced in order to produce a continuous strip of wetted soil
along the row. The distances between emitters would determine the degree
of overlap between neighboring wetted circles. In addition, the cost of a
unit length of a lateral is influenced by the number of emitters on it.

Bader (1987) studied the effect of soil moisture distribution and fruit
yield in an orange orchard irrigated by drip and mini-sprinkler systems.
The data showed that in-line dripper gave a good soil water distribution
for the two directions: spacing between trees on the lateral and the soil
depth under the zone of lateral. He found that the best water distribution
in soil profile under drip system was the system which had two laterals of
in-line dripper. Also, the mini-sprinkler system gave the best yield of
oranges because the wetted area in this system reached up to 80-85% of
the total area and soil moisture distribution was deeper than drip irrigation
treatments.

Hassan (1987a) reported that, in the design of drip irrigation system, it
is often necessary to select the size (length and width) of subunit and a
designed emission uniformity (EUD) before proceeding with expensive
design calculations. He found that the optimum size is the size which
enables using the smallest lateral size with the maximum length
maintaining emission uniformity equal to or more than 90 percent till 10
and 20 percent inflaton rate of energy cost for electricity and diesel
sources respectively and moves to be with the same lateral size and
emission uniformity 95 percent for inflation rate up to 30 percent for both
energy source.

Hassan (1987b) studied the effect of dripper discharge rate on
distribution of moisture in sandy soils under a drip irrigation system. His
results indicated that increasing the dripper discharge rate resulted in an
increase in the horizontal component and a decrease in the vertical
component of the wetted zone.
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Hassan and Younis (1987) indicated that, in the design of a drip
irrigation system, it is often necessary to select a designed water velocity
before proceeding with extensive design calculations. In general a higher
water velocity results in more friction loss. This fact has economic
ramifications. They found that the optimum water velocity for laterals
ranged from 0.5-1.0 m/s for submain it ranged from 1.0-1.5 m/s, and from
0.5-1.5 m/s for main line. When considering different inflation rates in
energy cost the optimum water velocity did not exceed 1.0 m/s for
different pipe line categories.

Wu and Irudayaraj (1987) used a computer simulation to determine the
emitter flows of about 1500 submain units for different hydraulic and
manufacturer’s variations. They calculated four uniformity parameters,
uniformity coefficient (UCC), coefficient of variation (CV), pattern
efficiency ( PE) and emitter flow variation for each case. They found that
high regression coefficients ( R’= 90 - 100%) were obtained for any two of
the four uniformity parameters for emitter flow variation caused by
hydraulics only or hydraulics with a fixed manufacturer’s variation.

Yitayew and Warrick (1987), evaluated the effect of velocity head on
the total energy drop. Table (2-2) summarized the lateral head drop
without velocity head AH ; the lateral head drop with velocity head
included A’ and the relative error E={I-(AH /AH')}- They said that,

as expected , the magnitude of the total energy drop is found to be greater
for turbulent flow compared to laminar flow-irrespective of whether the
velocity head is included. However, the relative error in total head loss by
neglecting velocity head is higher for laminar flow than for turbulent flow.
The implication is in design of trickle laterals; the inlet pressure will be
slightly overestimated by neglecting the velocity head. This means more
energy is required to maintain the overestimated inlet pressure. Most
importantly, the solution is as simple as the conventional approach, and
there is no reason not to use the complete solution and avoid
overestimating lateral pressure drop.
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Table (2-2): Expressions for calculating friction coefficient, total head loss,
and fractional decrease when velocity head is included.

Laminar Smooath Plpe Fully turbulent
(m=1) (m = 1.75)* (m = 1.828)°
Re s 2000 10 < Re = 107 Re > 107
Variable (1) (2) (3)
A 64 WD (0.316}wD)*¥ 0.130 (WD)*'™
AH(m) 20.4‘,qu/' DA (0.08717) \p.uLl.llql.rl/:DA.n 0.0357 vl.mql.nl[_x lll/g D3
AH™(m) (0.087uqLYg D) — | (0.08TTWA-H LIV gh Vg 1) —~ (0.0877 211 1001828 o iyt 828y
(l.62q“L’le) . (l.62g3LYUDY) i (1.62¢*L¥ DY)
I - AMCIAH (0.0398) qh (9.24) D"'”q”"ll."" oo 22.7 DPMS P Impp T N 1B

*Blasius pipe
“Water and Keller, 1978.
«Units of v and D are m¥s~" and m, respectively, to give /in conslstent Sl units.

According to the ASAE (1988) the water application uniformity is
affected by the hydraulic design, topography, operating pressure, pipe size,
emitter spacing and emitter discharge variability. The emitter discharge
variability is due to water temperature variation, emitter manufacturer’s
variation, emitter wear and emitter plugging. The coefficient of variation
and the statistical uniformity shall be used to evaluate the emitter
discharge variation and to differentiate between hydraulic design and
emitter performance variation.

Yitayew and Warrick (1988) reported that the design of trickle
distribution systems depends upon a good understanding of the lateral
hydraulics and emitter characteristics. Hydraulically, trickle irrigation is
considered as steady, spatially varied manifold flow with the discharge
decreasing' along the line from the inlet. With decreasing discharge along
the lateral, the energy gradient line depends upon friction, which is a
function of velocity in the pipe and cross-sectional area of the pipe, and on
the natural slope of the line.
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ASAE (1991) reported that the water application uniformity (for
nonpressure compensating emitter) is affected by the operating pressure,
emitter spacing, land slope, pipeline size, emitter discharge rate and
emitter discharge variability. The emitter discharge variability is due to
pressure and temperature changes, manufacturing variability, aging and
clogging.

El-Berry et al (1989) compared basin, sprinkler and subsurface drip
irrigation systems on fodder production in sandy soil in arid land. Their
results indicated that subsurface drip irrigation was superior to the other
two studied systems. Whereas the fodder yield was increased by about
130% over the sprinkler system with the same amount of water applied
and by about 78% over the basin system with four times of the amount of
water applied. Also, they found that the water efficiency (5.93 kg/mm.
donum) was about twice and seven times its value in case of sprinkler and
basin, respectively.

Amir and Alchanatis (1992) described the water application pattern
(WAP). They said that it is one of the most important factors that
determine the instantaneous and the cumulative application rates of
moving irrigation machines. This is due to the short application time and
the economic incentive to increase the capacity of the machine by
increasing both the speed and the discharge. IAR, which can be defined as
the discharge per unit of wetted area, is further increased by the use of
low pressure heads, which reduce the wetted area of the emitters. An
additional factor that might increase the IAR locally, sometimes
significantly, is the non-uniformity of the water application pattern (WAP).
High IAR, when it exceeds the intake rate of the irrigated soil, may cause
water runoff which reduces irrigation efficiency and may cause soil
erosion. Probably the most efficient means to avoid excessively high IAR,
while maintaining the desired high speed, high discharge and low pressure,
is to control both the instantaneous and cumulative WAP (IWAP and
CWAP, respectively) of the irrigation machines. This can be accomplished
by controlling the factors affecting them, namely, type of emitter, nozzle
diameter, jet impact plate, pressure head, spacing between emitters and
emitter height.

Wu (1992b) developed the energy gradient line (EGL) approach for drip
irrigation lateral line design. He used this approach to calculate directly all
emitter flows along the lateral line. He found that the lateral line is
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designed for an emitter flow variation of 10% or 20%, the actual total
discharge applied into the lateral line might be 5% and 10% more or less
than the total discharge determined by the operating pressure.

Amir and Dag (1993) studied the effect of type of emitters and amount
of water on instantaneous application rates (IAR) under very low pressure
(10-15 kpa). IAR is defined as the discharge divided by the wetted area.
Their results showed that high IAR increased the uniformity of the wetting
pattern and its width, and decreased the depth. On the other hand, high
IAR increased water pounding on soil surface and, consequently, water
runoff.

Hathoot et al (1994) addressed a new design technique for sprinkler
irrigation laterals with equally spaced sprinklers and constant longitudinal
slope. They found that, when the head loss constitutes a small percentage
of the average pressure head, design pressures at the mainline end of the
lateral pipe in both methods (the Darcy-Weisbach friction formula and a
Moody diagram) are slightly different. Investigation of the pressure head
distribution along the lateral pipe shows that at the middle sprinkler about
86% of the total head loss occurs. Half of the head loss occurs at about 22%
of the distance between the first and last sprinklers whereas 75% of the
loss occurs at about 38% of the distance mentioned above.
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3. Materials and Methods

plot design method( Gomez; 1984) as follows:
R*A*B*C
where;-
R = replication;
A = type of latera] line;
B= operating pressure head;
C = slope of lateral line,

3.1 Types of lateral line
Six different lateral lines were used in the study as follows:-

for agriculture,”
a) RAM Laterals
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b) RAM dripper
The RAM dripper is equipped with a unique, independent pressure
compensating (P.C.) mechanism. The dripper is constructed with wide
water passages, and a free floating diaphragm, designed to vary the
volume of water outlet. The diaphragm is activated by the continual
differential pressure created by the labyrinth, thus maintaining constant
dripper flow over a wide pressure range. The diaphragm is made of a
superior grade of synthetic elastomer, ( E.P.D.M.), which is chemically inert,
and does not react with any known agricultural fertilizer or chemical

compound. Figure (3-1) indicates dripline cross section.

Dripline Cross Section

Disphragm

Filtration system

Labirynth
Water outlet

Figure (3-1) indicates dripline cross section of RAM.
c) Advantages of a system utilizing RAM dripline

1- One piece construction, permitting high, varying working pressures

without pipe breakage.
2- Long laterals / substantial savings in distribution lines and head
controls. Considerable saving in man-hours in deployment and

retrieval - 60 - 100 dunam/hour (15 - 25 acres/hour).

3- Uniform dripper discharge dispersal - the dripper's P.C. mechanism
assures uniformity in the dripper discharge rate along the entire length
of the lateral, even for laterals of over 800 meters in length. This
assures uniform growth and ripening for the entire irrigated section,
and consequently, higher yields.

4- Resistance against clogging - the RAM dripper is highly reliable and
durable, due to its specially designed, sophisticated structure, self
cleaning capabilities, and short, wide water passages.

5- RAM enables substantial savings in the number of central regulating
units needed, even under extreme topographical conditions and varying
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water pressure levels.

6- High reliability - the RAM's special technological advantages and the
high quality raw materials from which it is manufactured under
stringent quality control, guarantee RAM's outstanding durability and
long life. The superior quality of RAM driplines assure an excellent rate
of capital return.

7- Wide range of discharges and spacing between drippers - as a result,
the RAM may be suited to different soils and crops: field crops,
vegetables, flowers, orchards, etc.

3.1.2 Typhoon

a) Typhoon dripperlines

Drippers are welded to the inner- wall of the laterals. The dripperline
construction, with its integrated drippers, is highly resistant to mechanical
damage.

b) Typhoon drippers

Typhoon drippers feature exclusive technological advantages which
guarantee dependability, durability, low sensitivity to clogging and all-
round superior performance. A wide water passage effectively prevents
clogging, and an inlet consisting of a rack with six openings provides extra
filtration and prevents dirt from entering the water passages. The inlet is
located 2.8 mm above the tub wall. This special positioning prevents
sediment from entering the dripper when the system is not in operation.
Figure (3-2) indicates the dripperline cross-section:-

Dripperline Cross-Sectlon

Tube NETAFIM Patented Tooth Pattern

AL

Bath-llke Oril Walter Infet (Fliter)

ce

Turbulenl waler flow

I
DRI =

Figure (3-2) indicates the dripperline cross-section of Typhoon
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C) Typhoon dripperlines offer a variety of benefits such as :

i- Low initial investment - Typhoon dripperlines are inexpensive and
economically viable even for relatively short term use.

ii- Low sensitivity to clogging

* Extra filtration - each dripper has 6 racks for superior filtration. The
Typhoon dripper's total filtering area (0.55 m x 7.2 mm) is eight times
larger than the water passage area and 20 times larger than many tape
orifices.

* The water inlet's position is vitally important in preventing entry of
dirt and sediments. The Typhoon dripper's water inlet is located 2.8 mm
above the tube wall, so water enters the dripper from the center of the
tube-an area of free flowing water.

* Wide water passages - 0.8 mm x 0.8 mm (2.8 I/h dripper).

* Turbulent water low - highly efficient due to Netafim's labyrinth
"toothed" water passage.

iii- Uniform performance

* The use of sophisticated computer controlled injection machines in
the manufacturing process ensures dripperline accuracy. With a CV value
of less than 0.04, the Typhoon's manufacturing variance is the lowest in
the irrigation industry.

* Due to the efficient turbulent flow, the variance of flow rate vs.
pressure exponent coefficient is less than 0.5; thus, increasing the
pressure by 100% will increase flow rate by only 40%.

* Better distribution of fertilizers through dripperlines.

iv- Easy and swift installation - Typhoon dripperlines are quickly and
easily installed either on the surface or buried. They can drip up, down
and sideways, with virtually no restrictions.

v- Durability - Typhoon dripperlines are not sensitive to
deterioration caused by ants and other insects, and can effectively
withstand all fertilizers and chemicals in common use such as metil
bromaid herbicide.

vi- One-piece construction - The jointless dripperline system
minimizes friction loss, enabling longer laterals.

vii- Dripping, not squirting - The Typhoon dripping effect provides
optimal uniformity even without burying of dripperlines, resulting in
better germination and greater mobility of water in soil.

3.1.3 Evaflow
a) Characteristics:
* Evaflow provides soft watering without scouring, hardening or

:om



34

splashing the soil.

* With its irrigation pores spaced at short intervals, Evaflow operates
consistently with no uneven watering.

* Evaflow permits uniform watering over a long distance (50 to 70 m).

* It can be easily installed and removed.

* Itis capable of watering a large area even at low water pressure.

* Evaflow is equipped with a special built-in filter designed to prevent
clogging. Figure (3-3) indicates a cross section of Evaflow:-

’ Pmlo;alud surlace

™ 8 Special filter
==y

Spoclal bullt-In filter Cioss soction of EVAFLOW

Figure (3-3) indicates a Cross section of Evaflow

b) Spray mode:

* For misty Spray, install Evaflow with its perforated side (printed
surface) facing upward.

* For drip spray, place the perforated side in its downward position.
) Application:

* A soft mist or drips of water can be Sprayed over the entire area of
ridges.

*  For watering laid-in strawberries, flowering, plants, mushrooms,
melons, cucumbers, watermelons, tomatoes, eggplants, and other
seedlings.

d) Advantages of a system utilizing Evaflow dripline
* Light in weight and easy to install. No source filters are required
* Capable of simultaneously irrigating a large area at low water
pressure.
* Usable for vegetables planted at any intervals,
* Liquid fertilizers can be used.
* Subsurface irrigation is possible.

3.1.4 Ro-drip
a) Characteristics:
* Inner capillary tube partitions from main tube and Structures
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independently. It has adjust function that fixes the amount of water
for all irrigation points.
* A widened water way for prevention of stuffing points, and
structures which easily discharges floating matter in irrigation water.
* The connection which is made by the "Youchaku" method creates
excellent strength and flexibility of tube.
Fully turbulent vortex flow action.
Large flow channel.
Raised root deflector to resist root intrusion.
* Heat sealed construction with no glue used.
* tough, top quality plastic.
Figure (3-4) indicates the mechanism of the dripper:-

*

*

*

Nalsed Raot
Dallecior

Votlex Flow Acllon

Turhulenl Channel

b |
6 W (PG EGTR)

Close-up of Turbutent Channel & Dullat

875/ 22mm 1.p.

Duai Wal[a\r Intels  Expanding Flow Channef

RVRMAY W “"tn" ':"T‘Hﬂ}.‘.n_x"\'_r‘x‘.i LA

UGN

Top amm {Orliice)

\Ilnw Channel Is Malded inte RO-DRIP® XL

Figure (3-4) indicates the mechanism of the dripper in Ro-drip.

b) Advantages of a system utilizing Ro-drip dripline
* It can be used in the green house without increase the humidity.
* It can be used with surface and subsurface irrigation.
* It can be used to supply a little amount of water and many
frequencies irrigation to prevent plant stress.
* Because it is light, changing its position become easy.
* Increased yields.

Better irrigation efficiency.

Applied water directly into the root zone.

Increased conservation of water.

Reduction of weeds.

Reduced labor costs.

L S T
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* Better growth environment for plant.
* Uniform irrigation of long row crops.
* Efficient use of fertilizers and pesticides.

3.1.5 Ultradrip

Characteristics:-

1-In spite of the long distance it is able to irrigate uniformly and there is
no ridge-miss.

2-It irrigates a large area (if the ability of the pump is adequate) on low
pressure by only one valve and shortens irrigation time.

3-It irrigates automatically easily.

4-Less stuffing of the drip hole; it can be used for a long time.

5-The growth of crop roots is good because the soil is not stuffy and air
goes through well.

6-The leaf and stem are not splashed directly; it decreases the stem
diseases.

7-It keeps the humidity at a low level in the green house; there is less
outbreak out of diseases.

8-The leaking fertilizer is less and irrigates uniformly; liquid fertilizer is
absorbed efficiently.

The mechanism of the driptube is indicated in the following Figure (3-5):

b Exit(B)

Entry(A) Cross section 2 Secorncliry flow path
Water {low Primary flow path T ury(A)

Figure (3-5) : The mechanism of the driptube in Ultradrip.

3.1.6 Twiom
Characteristics:-

1- Quality.
- Virgin resin and rugged construction from Chapin Watermatics, Inc.
- Since 1960 a pioneer in drip irrigation. ‘

2- More choices.
- Outlet spacing.
- Tape thickness.
- Feet per reel at competitive prices.
- Simple design and installation.
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3- Higher yields and quality using drip for:
- Row crop fruits and vegetables.
- Vines and trees.
- Nursery/greenhouse potted plants, field flowers, shrubs, trees.

4- More efficient irrigation.
- Water is delivered directly and slowly to the root zone.
- Superior uniformity in wetting pattern.
- Improves leaching of salts away from root zone.
- Patented tortuous (turbulent) flow path resists clogging.

5- Direct-to-the-roots application of:
- Fertilizers.
- Pesticides.
- Soil fumigants.
0- Energy and labor-saving.
7- Suitable for single or multiple cropping.

8- Superior customer service and support.

Figure (3-6) indicates the mechanism of the driptube for the Twiom
lateral line:-

MAIN INLETS

DOUBLE INLET
PROTECTION
10,000 FILTER SEGMENTS \;\ faabe
PER 100 FEET OF HOSE B

-

FLOW PATH

Figure (3-6) indicates the mechanism of the driptube for the Twiom.
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3.2 Operating head:
The present work included five different pressure heads as follows: 3 ,
6,9,12 ,and 15 m at the lateral line inlet, Lateral lines RAM, Typhoon,

3.3 Slope of lateral line:

Figure (3-1) indicates the different slopes of the lateral line which was
used in this research. They were as follows: 2,1,0,-1 y =2 %. An
engineer's leveler and staff were used to measure the slope of the ground
surface. The slope of the lateral line was supported and changed by using
wire and bars. Also, wire and bars were used to avoid any deflection in
the lateral line during the work.

140

120 - -2 %

100

80

60 —

40 -

20 4

Elevation, cm

220 -

40 -

-60

-80

Distance, m

Figure (3-1) : The different slopes of the lateral line

Table (3-1) summarized some characteristics for the previously
mentioned lateral lines:-
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Table (3-1) some characteristics for lateral lines:-

Type of lateral lines

Characteristics RAM  Typhoon Ro-drip  Ultradrip Evaflow Twiom
Make Isracl  Isracl U.S.A Japan Japan US.A
LD. (mm) 17.6 15.5 16.75 19 21 16
Distance between
emitters (cm) 30 30 20 12.5 2.5 10
Length of lateral
line (m) 45 45 45 45 45 45
Operating head 3, 6,9 3,69 3,6,9 3,6 3,6,9 3,6,9

(m) 12,15 12,15 12 12 12,15
Type of lateral drip drip drip drip drip drip
emitter emitter tube tube tube tube

3.4 Auxiliary equipment:
The auxiliary equipment utilized in the present work are the
following:
1-Electrical valve: it was used to shut off and shut on the lateral line
without changing other valves 0 prevent any oscillation in the
lateral line pressure.
2-The flow meter was to measure the water discharge through the
lateral line Fig.(3-7).
3-The pressure regulator was used to prevent any oscillation in the
pressure during operation Fig.(3-8).
4-The pressure gauge was to measure the operating pressure Fig.(3-8).
5-The mercury manometer was used to measure the head each five
meters along the lateral line Fig.(3-8).
6-The calibrated cylinder was for collecting emitter discharge every
five meters along the lateral line Fig.(3-9).
7-The engineer's leveler and telescopic staff were used to measure the
slope of the ground and also for land leveling the ground in the green
house . The dimension of green house were 8m x 47m. There were
two big ventilators installed above every door of the green house.
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Fig. (3-7): The flowmeter
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o

Pressure regulator

SN

Fig.(3-8): Pressure regulator, pressure gauge and mercury manometer
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Fig.(3-9) : The calibrated cylinder.
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3.5 The dependent factors which were studied and
indicated as follows:-

1. Emitter flow rate-Pressure head relationship:
Discharge-pressure relationship was calculated from the following

equation (Warrick and Yitayew, 1988):-

q=kh°.. (3-1)

where:-
k, c= Equation constants
q = Emitter flow rate (cn’/min )

h - Pressure head at emitter (m)

2. Manufacturer's coefficient of variation (C V):
Manufacturer's coefficient of variation ( C V') was calculated from the
following equation (ASAE, 1991):-

S
CV=—7 x100 (3-2)
q

where:-
§ = Standard deviation of emitters flow rate
q' = Emitter flow rate average (cm’/min )

3. Distribution of emitters discharge along the lateral lines(qi):
Emitter discharge (g,) was measured by collecting emitters discharge

in a calibrated cylinder during a limited time at 5 meter' intervals along
the lateral lines.
4. Head distribution along the lateral line ( h):

Head distribution (h;) at 5 m intervals was measured by using a

mercury manometer.
S-Emitter flow rate variation (qm):

Emitter flow rate variation (q,. ) was calculated from the following
equation (Wu, 1992a):-

qm - qu - Qmm (3_3)

where:-
9 ... = Maximum emitters flow rate (cmm’/min )

4 .= Minimum emitters flow rate (cmn'/min )

:om



44

6. Head variation (4, ):
The head variation ( h..) along the lateral line was calculated from the

following equation (Wu, 1992a) :-

N (34)

max
hmﬂx

where:-
A = Maximum head (m)
A =Minimum head (m)

7. Distribution of uniformity (DU):

The distribution of uniformity is a useful indicator of distribution
problems. A low DU indicates that excessive deep percolation losses will
occur if adequate irrigation is supplied to all areas. The following equation
is used to calculate DU (Anon, 1978):

DU=~€LIL x100 (3-5)
q

where:-
q';= Average low quarter depth of water in filtrated (cm’/min)

8. Head loss (AH ):
Head loss is the difference between head value at inlet and outlet of
lateral lines.

9. Coefficient of uniformity (UC) :

Coefficient of uniformity was calculated from the following equation
(Christiansen, 1942):-

[ -a'N
UCH| I_Z_ICI_,CI_I 1x100 (3-6)
\ hqg )
where:-
N = Number of observed emitters
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4. Results and discussion

The results will be indicate the effect of independent factors on the
following:

4.1 Emitter flow rate-Pressure head relationship:

For hydraulic design, the variation of emitter flow is determined based
on the pressure variation in the drip system according to the relationship
shown in the following equation. '

q=kh*
where:-
k, ¢ = Equation constants

q = Emitter flow rate (cp;’/min )
h = Pressure head (m)
The relationship between emitter flow rate and pressure head shown in
Fig. 4-1. A curve in each figure shows the fitting of the equation to
experiment result and K and ¢ values were obtained as follows:

Lateral line k c R’
RAM 37.734 0.039 0.364
Typhoon 11.832 0.442 0.980
Ro-drip 04.850 0.819 0.967
Ultradrip 00.346 2.768 0.984
Evaflow 04.566 1.335 0.964
Twiom 08.392 0.487 0.996

The literatures (Solomon and Keller; 1978, Harry Soom; 1981, Warric
and Yitayew; 1988, Yitayew and Warric; 1988, Wu; 1992a and Hathood et
al; 1993) indicated the value of ¢ constant among O to 1. This value
depends on type of emitter and flow conditions. Its value equals zero with
a pressure compensated emitter, 1.0 with laminar flow, and 0.5 with full
turbulent flow.

The result agreed with those in the literatures in case of the RAM,
Typhoon, Ro-drip, and Twiom but differed with the Ultradrip and Evaflow.
The differences with Ultradrip and Evaflow were due to the type of these
lateral lines. The material of the lateral lines with emitters is plastic that
enlarges with high heads. The results showed that manufacturing
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tolerances could .cause relatively large fluctuation in diameter (plastic
tube) when the high pressure head was used, especially with the Evaflow

and Ultradrip lateral line.
45 45
< 40—
o
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E E 354
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5 % 30
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c‘:c: é 25
=
= £ 207
& 8 s
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30 T T T T 10 T T T T
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Fig. 4-1: Emitter flow rate-pressure head relationship with
different type of lateral lines.
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4.2 Manufacturer's coefficient of variation (CV)

For any drip irrigation emitter or orifice in the lateral line, there will be
manufacturer's variation that depends on the manufacturer's quality
control in production. It is important to consider the manufacturer's
variation in the selection of emitters or laterals and in the lateral line

production from the manufacturer.,

Table 4-1 and Fig. 4-2 show the effect of type of lateral line and
operating pressure head on the manufacturer's coefficient of variation
(Eq. 3-2).

Table 4-1: Effect of type of lateral line and operating pressure head on
manufacturer's coefficient of variation.

Operating Manufacturer's variation, %

head, m [RAM Typhoon Ro-drip Ultradrip Evaflow Twiom
3 3.08 1.93 12.62 20.05 43.12 3.44
6 3.17 1.30 10.77 10.64  50.10 2.84
9 3.28 1.27 16.23 - 38.99 3.17
12 2.00 1.70 8.92 - 52.44 3.17
15 3.60 2.02 - - - 4.07

for operating heads 3,6,9,12, and 15 m respectively. Evaflow was the
worst type with CV values of 43.12, 50.10, 38.99, and 52.44 % for
operating heads 3, 6, 9,and 12 m respectively.
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Fig. (4-2):Manufacturer's coefficient of variation for differenet type of
lateral lines at different inlet pressure head.
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4.3 Distribution of emitters discharge along the lateral lines(q,)

Figures (4-3 to 4-8) and Figures ( 5-1 to 5-5 in Appendix) indicate the
distribution of emitter flow rates along lateral line at the different type
and slope of lateral line and operating pressure head.

Emitter flow rate along the lateral line was affected by inlet pressure
head and slope of lateral line. Generally, it increased by increasing both
operating pressure head and slope of lateral line except RAM lateral line.
Emitter flow rate in RAM decreased slightly by increasing operating
pressure head over 6m, but decreased by using 3 m inlet pressure head
because this line provides by compensating emitters. The Evaflow lateral
line is to be perforated tube. The emitter flow rate at the beginning was
much higher than that at the end of the Evaflow lateral line especially at
high operating pressure head due to enlargement of diameter of the
lateral line. The best distribution of emitter flow rate along the lateral
line was in the Typhoon and Twiom lateral lines.

Figures (5-6 to 5-11 n Appendix) show the frequency of relative
emitter flow rate for different types of lateral lines under different
conditions of operating pressure heads and slope of lateral line. These
curves indicate the distribution of emitter flow rate around the average
emitter flow rate. The best lateral line is the one which gives high
frequency when the relative emitter flow rate equals one. The relative
emitter flow frequency in the RAM lateral line was similar when using
operating pressure head greater than 6 m but differed at 3 m pressure
head because this type is a pressure compensating emitter. The Evaflow
lateral line gave the lowest values of frequency for relative emitter flow
rate because the manufacturer's coefficient of variation for this line is too
big. The other lateral lines followed the same trend.
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4.4 Head distribution along the lateral line (/)

Figures (4-9 to 4-14) show the change of the pressure head along the
distance from the inlet for the different types of lateral lines under the
conditions of different operating pressure heads and slopes of lateral line.
The results indicated that the pressure distribution along the lateral line
followed the same trend with all types of lateral line. The pressure head
decreased with the distance from the lateral inlet

Figures (5-12 to 16 in Appendix) show the pressure head distribution
is similar in all types of lateral lines except the Evaflow lateral line. The
pressure head in the Evaflow was decreased because its discharge

decreased significantly during the first 5 meters, especially with the -

operating pressure heads 12, 9, 6 m respectively. When the 3 m
operating head was used, the head distribution followed the same trend
as the other lateral line. The Typhoon lateral line gave the best result for
pressure head distribution.
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4.5 Emitter flow rate variation (qw)

Emitter flow variation is a newly added criterion for the hydraulic
design of drip irrigation systems instead of the traditional statistical
variation. It can be determined by only the maximum and minimum
emitter flow rates for a drip irrigation system design. A significant
advantage is that the location of ¢ _ and g . can be easily found along a

lateral line and the g _ can be easily determined when the emitter flow

variation is used in the hydraulic design . The effect of type and slope of
lateral line and inlet pressure head and their interaction is indicated in
Figures (4-15 and 4-16) and Tables (4-2 to 4-6).

The statistical analysis of emitter flow rate variation indicated a high
significant effect by operating head, type and slope of lateral lines
(Table 5-1 in Appendix). The values of these variations were: 14.37,
14.73, 41.64, 56.05, 95.03, and 14.36 % for the RAM, Typhoon, Ro-drip,
Ultradrip, Evaflow, and Twiom respectively(T able 4-2). They were: 18.88,
10.09, 10.31, 9.67, and 10.23 % for operating heads of 3, 6, 9, 12, and 15
m respectively(Table 4-2). The emitters flow rate variations were: 28.95,
27.57, 28.23, 27.66, and 30.60 % for lateral line's slope -2, -1,0, 1, and 2
% respectively (these values were calculated based on the average of the
values in Table (4-2). The results indicated that the best operating
conditions that give the lowest emitter flow rate variations were with the
Typhoon lateral line at 15 m head and 2 % slope (as shown in Table 4-6).
The worst lateral lines with these variations were the Evaflow and
Ultradrip at 3 m head and -2% slope (see Table 4-6).

Regression analysis was conducted to determine the relationship
between emitter flow variation and pressure head variation in this study.
The following regression equations for different lateral lines which were
calculated from the data in Table (5-2) in the appendix are.

q.. - 0.061-0.080log(i - f,) R=0.924 RAM

q.. - 0.072-0.2981og(1- h1..,) R=0.712 Typhoon
q..=0.025-0.198log(1 - h,,.) R=0.695 Twiom
q.. = 0.330-0.465log(1- h..) R=0.615 Ro-drip
q.. - 0.893-0.057log(1- h...) R=0.782 Evaflow
q..=0235-113910g(1- h,,,) R=0.867 Ultradrip
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Table (4-2): Effect of type and slope of lateral line and inlet pressure head on system performance.

[ (3*6*2*5) |
Factores Flow rate Pressure Distribution of Pressure head  Coefficient of
variation (%) variation (%) uniformity (%) losses (m) uniformity (%)
RAM 14.37 75.12 93.94 3.07 95.12
Typhoon 14.73 43.17 93.91 1.76 96.00
Lateral line Ro-drip 41.64 41.54 82.79 1.68 88.78
Ultradrip 56.05 45.83 73.43 1.96 76.48
Evaflow 95.03 88.29 24.57 3.99 23.35
Twiom 14.36 54.86 94.92 2.29 96.11
L.S.D. 0.05 0.94 0.54 0.62 0.05 0.74
0.01 1.29 0.74 0.85 0.07 1.02
Inlet pressure 6 33.65 47.49 80.75 2.85 80.43
head (m) 3 45.07 68.78 73.77 2.06 78.19
L.S.D. 0.05 0.35 0.33 0.40 0.03 0.49
0.01 0.48 0.46 0.56 0.04 0.68
-2 48.85 68.90 69.31 2.89 72.61
-1 41.65 65.14 75.57 2.73 77.28
Slope of lateral 0 38.90 57.75 78.74 2.44 80.65
line (%) 1 34.49 53.01 81.16 2.26 82.84
2 32.92 45.89 81.52 1.97 83.17
L.S.D. 0.05 0.67 0.45 0.50 0.03 0.44
0.01 0.89 0.59 0.66 0.04 0.59
] (3*5*4*5) ]
RAM 10.74 53.00 95.44 3.12 96.59
Typhoon 12.55 30.59 94.92 1.80 96.75
Lateral line Ro-drip 41.26 30.76 83.86 1.87 88.03
Evaflow 95.05 88.63 24.48 6.66 13.94
Twiom 13.42 43.72 95.20 2.84 96.38
L.S.D. 0.05 0.64 0.36 0.39 0.03 0.30
0.01 0.92 0.53 0.57 0.04 0.44
12 33.36 35.41 79.35 4.25 75.96
Inlet pressure 9 33.01 40.76 79.72 3.67 77.64
head (m) 6 31.88 49.22 80.31 2.95 79.77
3 40.17 71.97 75.74 2.16 79.98
L.S.D. 0.05 0.36 0.34 0.23 0.04 0.22
0.01 0.49 0.46 0.31 0.06 0.29
-2 41.51 56.02 74.58 3.63 74.57
-1 35.77 53.06 77.82 3.44 77.50
Slope of lateral 0 34.54 49.07 79.48 3.24 78.78
line (%) 1 31.22 46.33 81.08 3.10 80.44
2 29.99 42.23 80.94 2.87 80.39
L.S.D. 0.05 0.31 0.32 0.24 0.03 0.20
0.01 0.40 0.42 0.32 0.04 0.26
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o7

[ (3*3%5*5)]
Factores Flow rate Pressure Distribution of Pressure head Coefficient of
variation variation uniformity losses (m) uniformity
(%) (%) (%) (%)
RAM 10.52 46.10 95.63 3.05 96.78
Lateral line Typhoon 11.80 27.09 95.28 1.83 97.00
Twiom 13.19 40.56 95.20 3.11 96.38
L.S.D. 0.01 0. 0.33 0.29 0.04 0.16
0.05 1.51 0.55 0.47 0.07 0.26
15 10.23 19.83 96.10 2.98 97.31
12 9.67 23.63 96.22 2.84 97.47
Inlet pressure 9 10.31 30.68 96.01 2.76 97.34
head (m) 6 10.09 42.56 96.24 2.55 97.41
' 3 18.88 72.87 92.27 2.19 94.08
L.S.D. 0.01 0.45 0.50 0.14 0.07 0.10
0.05 0.62 0.68 0.19 0.09 0.13
-2 17.37 43.36 93.36 2.99 95.14
-1 12.72 41.08 94.81 2.82 96.28
Slope of lateral 0 11.26 37.60 95.54 2.64 96.88
line (%) 1 9.82 35.13 96.27 2.51 97.41
2 8.02 32.41 96.87 2.36 97.89
L.S.D. 0.01 0.34 0.42 0.12 0.06 0.08
05 0.44 0.56 0.16 0.07 0.11
Table (4-3):Effect of interaction between type
of lateral line and inlet pressure
head on flow rate variation (%).
(3*6*2*5)
Lateral line Inlet pressure head (m)
6 3
RAM 6.14 22.59
Typhoon 11.82 17.64
Ro-drip 35.04 48.24
Ultradrip 42.52 69.58
Evaflow 94.11 95.96
Twiom 12.30 16.42
L.S.D. (5%)= 0.85
(1%) = 1.19
(3*5%4*5)
Lateral line inlet pressure head (m)
12 9 6 3
RAM 7.4 7.08 6.14 22.59
Typhoon 9.48 11.28 11.82 17.64
Ro-drip 42.96 38.79 35.04 48.24
Evaflow 94.83 95.32 94.11 95.96
Twiom 12.40 12.57 12.30 16.42
L.S.D. (5%)= 0.81
(1%)= 1.09
(3*3*5*5)
Lateral lines Inlet pressure head (m)
15 12 9 6 3
RAM 9.63 7.14 7.08 6.14 22.59
Typhoon 8.80 9.48 11.28 11.82 17.64
Twiom 12.25 12.40 12.57 12.30 16.42
L.S.D. (5%)= 0.79
(1%)= 1.07
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Table (4-4): Effect of interaction between type of lateral line and inlet pressure
head on flow rate variation (%).

[(3*6*2*5) |
Lateral line Slope of lateral line (%)
-2 -1 0 1 2
RAM 19.21 16.52 13.43 11.68 11.01
Typhoon 20.37 16.52 15.86 13.67 7.23
Ro-drip 57.55 43.05 43.35 33.09 31.14
Ultradrip 73.78 58.37 53.20 46.38 48.52
Evaflow 98.43 96.51 94.55 93.74 91.93
Twiom 23.75 18.93 13.04 8.39 7.68
L.SD. (5%) = 1.64
(1%) = 2.17
(3*5*4*5)
RAM 14.87 11.18 9.65 8.75 9.24
Typhoon 19.30 13.30 12.94 11.55 5.69
Ro-drip 55.42 41.87 43.35 32.44 33.20
Evaflow 97.80 96.07 94.78 93.82 92.79
Twiom 20.18 16.41 11.98 9.51 9.02
L.S.D. (5%)= 0.68
(1%)= 0.90
(3*3*5*5)
RAM 13.79 10.14 10.03 8.74 9.90
Typhoon 19.03 12.13 11.94 10.96 4.96
Twiom 19.28 15.89 11.81 9.76 9.19
L.S.D. (5%)= 0.58
(1%)= 0.77

Table (4-5): Effect of interaction between slope of lateral line and inlet pressure
head on flow rate variation (%).

[ [(3*6%2*5)]
Inlet pressure Slope of lateral line (%)
head (m) -2 -1 0 1 2
6 39.00 34.93 35.20 30.79 28.36
3 58.70 48.37 42.61 38.19 37.48
L.S.D. (5%) = 0.95
(1%) = 1.25
(3*5*%4*5)
12 39.71 33.15 33.30 30.35 30.29
9 38.62 33.31 32.77 30.29 30.06
6 37.29 33.25 32.93 29.39 26.55
3 50.44 43.36 39.16 34.84 33.05
L.S.D. (5%)= 0.61
(1%)= 0.80
(3*3*5*5)
15 14.36 9.07 10.20 9.35 8.14
12 15.71 9.1 8.61 8.08 6.85
9 14.54 10.77 9.26 9.18 7.80
6 14.06 11.96 10.10 8.72 5.59
3 28.15 22.68 18.11 13.77 11.70
L.S.D. (5%)= 0.75 ’
(1%)= 1.00
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Table 4-6: Effect of interaction between type and slope of lateral line and inlet
pressure head on flow rate variation (%).

(3*6*2*5)
Inlet pressure Slope of lateral line (%)
head (m) -2 -1 0 1 2
[ rRaM_ ] ,
6 5.70 5.77 6.14 7.10 6.01
3 32.71 27.28 20.72 16.25 16.01
6 16.78 14.17 12.90 11.23 4.02
3 23.96 18.87 18.82 16.12 10.44
6 47.37 34.10 40.98 28.83 23.90
3. 67.73 51.99 45.72 37.36 38.37
6 47.56 43.30 46.54 37.79 37.40
3 100.00 73.43 59.86 54.97 59.65
6 96.87 96.26 93.34 91.98 92.08
3 100.00 96.76 95.76 95.51 91.77
6 19.71 15.95 11.27 7.83 6.73
3 27.79 21.91 14.80 8.94 8.64
L.S.D. (5%) = 2.32
(1%) = 3.07
(3*5*4*5)
[ RAM ]
12 13.77 5.12 5.50 5.20 6.10
9 7.31 6.57 6.23 6.45 8.86
6 5.70 5.77 6.14 7.10 6.01
3 32.71 27.28 20.72 16.25 16.01
12 16.78 9.18 8.98 8.24 4.22
9 19.69 10.98 11.05 10.60 4.07
6 16.78 14.17 12.90 11.23 4.02
3 23.96 18.87 18.82 16.12 10.44
12 54.01 43.49 45.80 33.94 37.53
9 52.56 37.88 40.89 29.65 32.99
6 47.37 34.10 40.98 28.83 23.90
3 67.73 51.99 45.72 37.36 38.37
12 97.43 94.92 94.86 93.56 93.38
9 96.89 96.35 95.17 94.24 93.92
6 96.87 96.26 93.34 91.98 92.08
3 100.00 96.76 95.76 95.51 91.77
12 16.58 13.02 11.36 10.79 10.23
9 16.63 14.75 10.50 10.50 10.48
6 19.71 15.95 11.27 7.83 6.73
3 27.79 21.91 14.80 8.94 8.64
L.S.D. (5%)= 1.37
(1%)= 1.80
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(3*%3*5*5)
inlet pressure Slope of lateral line (%)
head m -2 -1 0 1 2
RAM

15 9.44 5.94 11.54 8.71 12.53
12 13.77 5.12 5.50 5.20 6.10
9 7.31 6.57 6.23 6.45 8.86
6 5.70 5.77 6.14 7.10 6.01
3 32.71 27.28 20.72 16.25 16.01
15 17.96 7.46 7.94 8.60 2.03
12 16.78 9.18 8.98 8.24 4.22
9 19.69 10.98 11.05 10.60 4.07
6 16.78 14.17 12.90 11.23 4.02
3 23.96 18.87 18.82 16.12 10.44
15 15.68 13.82 11.13 10.72 9.88
12 16.58 13.02 11.36 10.79 10.23
9 16.63 14.75 10.50 10.50 10.48
6 19.71 15.95 11.27 7.83 6.73
3 27.79 21.91 14.80 8.94 8.64

L.S.D. (5%)= 1.30
(1%)= 1.72
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4.6 Head variation (A.,)

The pressure profile shows the pressure variation from the operating
pressure along the lateral line. The pressure variation along the lateral
line can be determined simply by a linear combination of energy drop by
friction and energy gained (or lost) by slopes. It is affected by uniformity
of emitter flow along the lateral line.

The statistical analysis indicated that the . above mentioned
independent factors such as type of lateral line, operating pressure head
and slope of lateral line had a highly significant effect on the head
variation (Table 5-3 in Appendix). Figures (4-17 to 4-19 ) and Tables (4-
2, 4-7 t0.4-10) testified the effect of type and slope of lateral line and
operating head and their interaction on pressure head variation. The head
variations were 75.12, 43.17, 41.54, 45.83, 88.29, and 54.86 % for the
RAM, Typhoon, Ro-drip, Ultradrip, Evaflow, and Twiom respectively
(Table 4-2). Decreasing both operating head and slope of lateral line
increased the head variations. The percentages of head variations were
72.87, 42.56, 30.68, 23.63, and 19.83 for operating heads 3,6,9,12,15 m

respectively (Table 4-2). They were 56.09, 53.09, 48.14, 45.16, and 40.18

% for slope -2, -1, 0, 1, 2 % respectively (the values were calculated as
the same with emitter flow rate variation in Tables (4-2). The best result
was obtained from the Typhoon at 15 m operating head and 2 % slope
(Table 4-10). The RAM was the worst lateral line during operation under
3 m head and -2 % slope. As the variations of emitters flow rate increased
the variation of heads increased.
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Table (4-7):Effect of interaction between type of lateral line and inlet
pressure head on pressure variation (%).

(3*6*2*5)
Inlet pressure head (m)

Lateral line 6 3

RAM 54.25 95.99

Typhoon 30.74 55.60

Ro-drip 28.93 54.16

Ultradrip 38.81 52.85

Evaflow 89.50 87.08

Twiom 42.70 67.03

L.S.D. (5%) = 0.80

(1%) = 1.12
(3*5%4*5)
Lateral line Inlet pressure head (m)
12 9 6 3
RAM 25.72 36.02 54.25 95.99
Typhoon 14.77 21.27 30.74 55.60
Ro-drip 17.59 22.37 28.93 54.16
Evaflow 88.58 89.38 89.50 87.08
Twiom 30.41 34.75 42.70 67.03
L.S.D. (5%)= 0.76
(1%)= 1.03
(3*3*5*5)
Lateral lines Inlet pressure head (m)
15 12 9 6 3
RAM 18.51 25.72 36.02 54.25 95.99
Typhoon 13.05 14.77 21.27 30.74 55.60
Twiom 27.94 30.41 34.75 42.70 67.03
L.S.D. (5%)= 0.87
(1%)= 1.18

Table (4-8): Effect of interaction between Type of lateral line and inlet pressure
head on pressure variation (%).

(3*6*2*5)
Lateral line Slope of lateral line (%)
-2 -1 0 1 2
RAM 82.33 78.14 75.64 71.57 67.93
Typhoon 54.76 51.65 43.98 37.76 27.71
Ro-drip 52.41 51.14 43.24 37.42 23.51
Ultradrip 60.99 55.84 45.48 38.85 28.00
Evaflow 97.01 90.51 85.98 84.28 83.67
Twiom 65.90 63.57 52.17 48.18 44.50
L.S.D. (5%) = 1.09
(1%) = 1.45
(3*5%4*5)
RAM 58.84 54.91 52.94 50.21 48.07
Typhoon 37.63 35.42 31.00 27.23 21.70
Ro-drip 38.24 36.30 31.70 28.14 19.42
Evaflow 95.32 90.27 87.33 86.17 84.08
Twiom 50.07 48.39 42.37 39.91 37.86
L.S.D. (5%)= 0.72
(1%)= 0.95
(3*3*5*5)
RAM 51.02 47.80 46.02 43.76 41.89
Typhoon 33.27 31.08 27.28 2417 19.64
Twiom 45.80 44.37 39.50 37.46 35.70
L.S.D. (5%)= 0.73
(1%)= 0.96
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Table (4-9): Effect of interaction between slope of lateral line and inlet pressure
head on pressure variation (%).

(3*6*2*5)
Inlet pressure Slope of lateral line (%)
head (m) -2 -1 0 1 2
6 54.72 51.41 47.25 44.59 39.46
3 83.07 78.87 68.24 61.43 52.32
L.S.D. (5%) = 0.63
(1%) = 0.84
' (3*5*4*5)
12 37.89 36.60 35.48 34.67 32.42
9 45.23 41.63 40.38 38.98 37.56
6 55.87 53.21 48.70 46.42 41.93
3 85.10 80.79 71.70 65.27 57.00
L.S.D. (5%)= 0.64
(1%)= 0.85
(3*3*5*5)
15 21.42 20.45 19.59 19.16 18.54
12 25.09 24.54 23.57 22.75 22.20
9 34.97 31.52 30.30 28.72 27.88
6 49.88 46.14 42.19 39.53 35.08
3 85.44 82.77 72.34 65.47 58.35
L.S.D. (5%)= 0.94
(1%)= 1.24
Table (4-10): Effect of interaction between type and slope of lateral line and inlet
pressure head on pressure variation (%).
(3*6*2*5)
Inlet pressure Slope of lateral line (%)
head (m) -2 -1 0 1 2
| RAM |
6 64.73 56.56 52.07 50.54 47.37
3 99.93 99.72 99.20 92.60 88.50
6 36.56 35.76 31.57 28.73 21.09
3 72.96 67.54 56.39 46.79 34.33
6 34.62 33.55 30.50 27.19 18.78
3 70.20 68.73 55.98 47.65 28.24
6 49.02 42.43 40.02 35.49 27.10
3 72.96 69.24 50.93 42.22 28.90
6 95.06 94.09 86.45 86.29 85.61
3 98.97 86.92 85.51 82.26 81.73
6 48.37 46.08 42.92 39.32 36.80
3 83.42 81.05 61.42 57.03 52.21
L.S.D. (5%) = 1.55
(1%) = 2.05
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(3*5*4*5)
inlet pressure Slope of lateral line, %
head, m -2 -1 0 1 2
RAM
12 28.28 27.62 25.52 23.82 23.36
9 42.43 35.75 34.94 33.89 33.07
6 64.73 56.56 52.07 50.54 47.37
3 99.93 99.72 99.20 92.60 88.50
Typhoon
12 16.01 15.41 14.88 14.24 13.29
9 24.98 22.98 21.15 19.14 18.08
6 36.56 35.76 31.57 28.73 21.09
3 72.96 67.54 56.39 46.79 34.33
Ro-drip
12 20.56 18.84 17.79 16.77 13.97
9 27.60 24.10 22.51 20.97 16.67
6 34.62 33.55 30.50 27.19 18.78
3 70.20 68.73 55.98 47.65 28.24
Evaflow
12 93.60 90.56 88.90 88.34 81.51
9 93.64 89.50 88.47 87.79 87.47
6 95.06 94.09 86.45 86.29 85.61
3 98.97 86.92 85.51 82.26 81.73
Twiom
12 30.99 30.59 30.31 30.18 29.95
9 37.51 35.84 34.81 33.12 32.49
6 48.37 46.08 42.92 39.32 36.80
3 83.42 81.05 61.42 57.03 52.21
L.S.D. (5%)= 1.44
(1%)= 1.89
(3*3*5*5)
RAM
15 19.73 19.35 18.37 17.93 17.17
12 28.28 27.62 25.52 23.82 23.36
9 42.43 35.75 34.94 33.89 33.07
6 64.73 56.56 52.07 50.54 47.37
3 99.93 99.72 99.20 92.60 88.50
Typhoon
15 15.82 13.71 12.39 11.93 11.40
12 16.01 15.41 14.88 14.24 13.29
9 24.98 22.98 21.15 19.14 18.08
6 36.56 35.76 31.57 28.73 21.09
3 72.96 67.54 56.39 46.79 34.33
Twiom
15 28.71 28.28 28.02 27.64 27.04
12 30.99 30.59 30.31 30.18 29.95
9 37.51 35.84 34.81 33.12 32.49
6 48.37 46.08 42.92 39.32. 36.80
3 83.42 81.05 61.42 57.03 52.21
L.S.D. (5%)= 1.63
(1%)= 2.15
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4.7 Distribution uniformity

For trickle irrigation, depth of applied water is directly related to flow
rate when each emitter covers an equal area and is pressurized for the
same duration. As a performance measure, distribution uniformity can be
related to yields when the remaining 75% of the field is adequately
irrigated, yield response to under irrigation is linear, and over irrigation
does not have a detrimental effect on crop yield.

Tables (4-2, 4-11 to 4-14) and Figures (4-20 to 4-24) show the results
of distribution uniformity calculations for various inlet pressure heads
and slopes of lateral line.

The statistical analysis proved that the DU was significantly affected

by all independent factors (Table 4 in the Appendix). It increased by
increasing both operating head and slope of lateral line. It increased by
the following ratios: 4.16, 4.28, 4.06, and 4.30 for operating heads 15, 12,
9, and 6 m respectively compared with 3 m operating head of DU
equals 92.27 % (see Table 4-2).
The increasing ratios of DU were 4.49, 8.19, 8.97, and 9.31 for slopes
-1, 0, 1, and 2% respectively compared with -2 % slope where its value
was 79.08% (each value is calculated in the same way as flow rate
variation in Table (4-2). Also, DU values were 93.94, 93.91, 82.79,
73.43, 24.57, and 94.92 % for the following lateral lines: RAM, Typhoon,
Ro-drip, Ultradrip, Evaflow , and Twiom respectively (Table 4-2).

Figures (4-25 to 4-29) show the relationship between the total average
and lowest 1/4 of emitter flow rate. The shadow part from the curve
indicates the excessive water loss which will occur if adequate irrigation is
supplied to all areas. The highest water loss value was in the Evaflow
lateral line at 12 m operating pressure head (Fig. 4-26). The Typhoon and
Twiom gave the lowest values for water losses.
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Table (4-11):Effect of interaction between type of lateral line and inlet

pressure head on distribution of uniformity (%).

(3*6*2*5)
Lateral line Inlet pressure head (m)
6 3
RAM 97.50 90.38
Typhoon 95.51 92.32
Ro-drip 86.06 79.52
Ultradrip 82.93 63.93
Evaflow 26.78 22.36
Twiom 95.72 94.12
L.S.D. (5%) = 0.99
(1%) = 1.38
(3*5*4*5)
Lateral line inlet pressure head (m)
12 9 6 3
RAM 97.03 96.85 97.50 90.38
Typhoon 96.31 95.54 95.51 92.32
Ro-drip 83.79 86.06 86.06 79.52
Evafiow 24.28 24.50 26.78 22.36
Twiom 95.32 95.65 95.72 94.12
L.S.D. (5%)= 0.51
(1%)= 0.69
(3*3*5*5)
Lateral lines Inlet pressure head (m)
15 12 9 6 3
RAM 96.40 97.03 96.85 97.50 90.38
Typhoon 96.73 96.31 95.54 95.51 92.32
Twiom 95.19 95.32 95.65 95.72 94.12
L.S.D. (5%)= 0.24
(1%)= 0.32
Table (4-12): Effect of interaction between type of lateral line and slope of lateral
line on distribution of uniformity (%).
(3*6*2*5)
Lateral line Slope of lateral line (%)
-2 -1 0 1 2
RAM 91.05 92.97 94.65 95.53 95.50
Typhoon 91.87 92.45 93.12 94.96 97.16
Ro-drip 73.16 82.09 84.11 88.87 85.71
Ultradrip 55.81 72.38 78.49 79.60 80.85
Evaflow 11.83 20.74 27.17 30.64 32.47
Twiom 92.13 92.81 94.92 97.33 97.42
L.S.D. (5%) = 1.23
(1%) = 1.63
(3*5*4*5)
RAM 93.63 95.07 95.99 96.41 96.09
Typhoon 91.83 94.39 94.84 95.88 97.67
Ro-drip 78.58 84.11 85.27 87.63 83.69
Evaflow 15.49 21.70 25.98 28.84 30.40
Twiom 93.37 93.85 95.30 96.65 96.84
L.S.D. (5%)= 0.54
(1%)= 0.71
(3*3*5*5)
RAM 94.24 95.56 96.07 96.38 95.90
Typhoon 92.35 94.92 95.24 95.94 97.97
Twiom 93.50 93.95 95.31 96.50 96.74
L.S.D. (5%)= 0.20
(1%)= 0.27
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Table (4-13): Effect of interaction between slope of lateral line and inlet pressure

head on distribution of uniformity (%).

(3*6*2*5)
Inlet pressure Slope of lateral line (%)
head (m) -2 -1 0 1 2
6 77.08 79.72 80.49 83.01 83.46
3 61.54 71.43 77.00 79.30 79.58
L.S.D. (5%) = 0.71
(1%) = 0.94
(3*5*4*5)
12 76.83 79.52 79.90 80.40 80.08
9 77.47 79.35 80.42 80.99 80.37
6 76.76 79.00 80.29 82.77 82.75
3 67.26 73.42 77.30 80.17 80.56
L.S.D. (5%)= 0.48
(1%)= 0.64
(3*3*5*5)
15 95.04 96.31 96.17 96.12 96.88
12 94.06 96.26 96.66 96.84 97.29
9 94.35 96.00 96.39 96.52 96.80
6 94.89 95.09 96.08 97.16 98.01
3 88.48 90.39 92.39 94.73 95.38
L.S.D. (5%)= 0.26
(1%)= 0.35
Table (4-14): Effect of interaction between type and slope of lateral line and inlet
pressure head on distribution of uniformity (%).
(3*6*2*5)
Inlet pressure Slope of lateral line (%)
head (m) -2 -1 0 1 2
RAM
6 97.41 97.24 97.57 97.46 97.83
3 84.69 88.70 91.74 93.59 93.17
6 93.73 93.98 94.56 96.67 98.60
3 90.02 90.92 91.69 93.26 95.72
6 78.73 86.58 85.03 91.31 88.63
3 67.59 77.60 83.18 86.43 82.80
6 78.66 83.30 81.47 84.21 87.00
3 32.97 61.46 75.50 75.00 74.70
6 20.43 23.16 28.17 31.07 31.08
3 3.24 18.33 26.16 30.22 33.87
6 93.52 94.05 96.11 97.34 97.60
3 90.75 91.56 93.72 97.33 97.24
L.S.D. (5%) = 1.74
(1%) = 2.30
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[0}

1

| (3%5+47%5)

Wet pressure Slope of lateral line (%)

head (m) -2 -1 0 1 2

RAM

12 95.67 97.19 97.43 97.44 97.41
9 96.76 97.15 97.23 97.15 95.96
6 97.41 97.24 97.57 97.46 97.83
3 84.69 88.70 91.74 93.59 93.17
12 92.13 96.75 97.10 97.25 98.33
9 91.46 95.90 96.01 96.33 98.02
6 93.73 93.98 94.56 96.67 98.60
3 90.02 90.92 91.69 93.26 95.72
12 83.72 85.52 85.39 84.65 79.67
9 84.28 86.75 87.46 88.14 83.65
6 78.73 86.58 85.03 91.31 88.63
3 67.59 77.60 83.18 86.43 82.80
12 18.25 23.30 24.12 26.86 28.85
9 20.03 22.00 25.46 27.21 27.80
6 20.43 23.16 28.17 31.07 31.08
3 3.24 18.33 26.16 30.22 33.87
12 94.39 94.84 95.43 95.82 96.12
9 94.83 94.96 95.93 96.10 96.41
6 93.52 94.05 96.11 97.34 97.60
3 90.75 91.56 93.72 97.33 97.24

L.S.D. (5%)= 1.08
(1%)= 1.42

(3*%*3*5*5)
RAM

15 96.68 97.55 96.37 96.26 95.11
12 95.67 97.19 97.43 97.44 97.41
9 96.76 97.15 97.23 97.15 95.96
6 97.41 97.24 97.57 97.46 97.83
3 84.69 88.70 91.74 93.59 93.17
15 94.42 97.06 96.82 96.18 99.18
12 92.13 96.75 97.10 97.25 98.33
9 91.46 95.90 96.01 96.33 98.02
6 93.73 93.98 94.56 96.67 98.60
3 90.02 90.92 91.69 93.26 95.72
15 94.01 94.33 95.33 95.92 96.35
12 94.39 94.84 95.43 95.82 96.12
9 94.83 94.96 95.93 96.10 96.41
6 93.52 94.05 96.11 97.34 97.60
3 90.75 91.56 93.72 97.33 97.24

L.S.D. (5%)= 0.46
(1%)= 0.60
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4.8 Head loss (AH)

The maximum pressure head difference along the lateral line is called
pressure head loss. Usually, it is the difference between the pressure
head at the inlet and the end of the lateral line. The pressure head loss is
caused by friction loss, emitter connection, reduction of flow rate, and
elevation differences (upslope). The ideal design is one which gives the
minimum pressure head losses. The experiment results indicated the
pressure head losses decreased by increasing slope of lateral lines
because there is energy gaih due to the downslope situation. The values
of head drop ratio; R, were plotted versus length ratio of lateral line; I in

Figures (4-30 to 4-34) and Figures (5-17 to 5-21 in Appendix) whereas:

where:-
A H .= Head losses at length ratio (i) (m)
A H = Total head losses (m)

[ =Portion length from lateral line measured from inlet (m)
L = Total length of lateral line (m)

Tables (4-2, 4-15 to 4-18) show the effect of type and slope of lateral
line and operating pressure head and their interaction on pressure head
losses. The lowest loss in head was 0.85 m for the Ro-drip at 3 m
operating head and 2 % slope (Table 4-18). The highest head loss was
11.23 m for the Evaflow at 12 m operating head and -2 % slope because
emitter flow rate decreased significantly during the first 1/4 of the
lateral line (Table 4-18). The statistical analysis indicated the
independent factors and their interaction had a highly significant effect
on head losses (Table 5-5 in Appendix).

Regression analysis showed there is a definite relationship between the
pressure head losses (A H ) and both the inlet pressure head and slope of

lateral line. The following regression equations for different lateral lines
which were calculated from the data in Table (5-6 in Appendix) are:

:om



91

z=3.158-0.012x - 0.157y R=0.721 RAM
2=1.679+0.017x - 0.184y R=0.887 Typhoon
z=1.474 +0.182x - 0.128y R=0.987 Twiom
z=1.438 +0.058x ~ 0.238y R=0.955 Ro-drip
z=-0.015+0.891x - 0.180y R=0.998 Evaflow

where :- Z=pressure head losses, m
X =inlet pressure head, m
Y=slope of lateral line, %

Table (4-15):Effect of interaction between type of lateral line and inlet
pressure head on pressure head losses (m).

(3*6*2*5)
Lateral line Inlet pressure head (m)
6 3
RAM 3.26 2.88
Typhoon 1.84 1.67
Ro-drip 1.74 1.62
Ultradrip 2.33 1.59
Evaflow 5.37 2.61
Twiom 2.56 2.01
L.S.D. (5%) = 0.07
(1%) = 0.10
(3*5*%4*5)
Lateral line Inlet pressure head (m)
12 9 6 3
RAM 3.09 3.24 3.26 2.88
Typhoon 1.77 1.92 1.84 1.67
Ro-drip 2.11 2.01 1.74 1.62
Evaflow 10.63 8.04 5.37 2.61
Twiom 3.65 3.13 2.56 2.01
L.S.D. (5%)= 0.10
(1%)= 0.1
(3*3*5*5)
Lateral lines Inlet pressure head (m)
15 12 9 6 3
RAM 2.78 3.09 3.24 3.26 2.88
Typhoon 1.96 1.77 1.92 1.84 1.67
Twiom 4.19 3.65 3.13 2.56 .01
L.S.D. (5%)= 0.12
(1%)= 0.16
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Fig. (4-30): Effect of inlet pressure head and type of lateral line on pressure
drop ratio at -2 % slope.
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Table (4-16):Effect of interaction between type and slope of lateral line
on pressure head losses (m).

97

(3*6*2*5)
Lateral line Slope of lateral line (%)
-2 -1 0 1 2
RAM 3.44 3.19 3.05 2.9 2.75
Typhoon 2.19 2.09 1.79 1.56 1.15
Ro-drip 2.09 2.04 1.75 1.53 0.99
Ultradrip 2.57 2.31 1.96 1.7 1.25
Evaflow 4.34 4.13 3.88 3.82 -3.79
Twiom 2.7 2.6 2.21 2.04 1.89
L.S.D. (5%) = 0.08
(1%) = 0.11
(3*5*4*5)
RAM 3.52 3.23 3.08 2.93 2.82
Typhoon 2.14 2.02 1.82 1.64 1.38
Ro-drip 2.28 2.13 1.92 1.74 1.29
Evaflow 7.08 6.79 6.6 6.54 6.31
Twiom 3.13 3.02 2.8 2.67 2.57
L.S.D. (5%)= 0.07
(1%)= 0.10
(3*3*5*5)
RAM 3.41 3.17 3.01 2.88 2.77
Typhoon 2.19 2.03 1.83 1.67 1.45
Twiom 3.36 3.27 3.08 2.96 2.87
L.S.D. (5%)= 0.10
(1%)= 0.13

Table (4-17): Effect of interaction between inlet pressure head and slope of lateral line on

pressure losses (m).

’

(3*6*2*5)
Inlet pressure Slope of lateral line (%)
head (m) -2 -1 0 1 2
6 3.28 3.08 2.84 2.68 2.37
3 2.49 2.37 2.05 1.84 1.57
L.S.D. (5%) = 0.05
(1%) = 0.06
(3*5*%4*5)
12 4.55 4.39 4.26 4.16 3.89
9 4.07 3.75 3.63 3.51 3.38
6 3.35 3.19 2.92 2.79 2.52
3 2.55 2.42 2.15 1.96 1.71
L.S.D. (5%)= 0.06
(1%)= 0.09
(3*3*5*5)
15 3.21 3.07 2.94 2.88 2.78
12 3.01- 2.95 2.83 2.73 2.66
9 3.15 2.84 2.73 2.58 2.51
6 2.99 2.77 2.53 2.37 2.11
3 2.56 2.48 2.17 1.96 1.75
L.S.D. (5%)= 0.12
(1%)= 0.16
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Table (4-18): Effect of interaction between type and slope of lateral line and inlet
pressure head on pressure head losses (m).

(3*6*2**5)
Inlet pressure Slope of lateral line (%)
head (m) -2 -1 0 1 2
| RAM |
6 3.88 3.39 3.12 3.03 2.84
3 3 2.99 2.98 2.78 2.65
6 2.19 2.15 1.89 1.72 2
3 2.19 2.03 1.69 1.4 1.03
6 2.08 2.01 1.83 1.63 1.13
3 2.11 2.06 1.68 1.43
6 2 2.55 2.4 1.63
3 2.19 2.08 1.53 27 0.87
6 5.7 5.65 5.19 5.18 5.14
3 2.97 2.61 2.57 2.47 2.45
[ Twiom |
6 2.9 2.77 2.58 2.36 1
3 2.5 2.43 1.84 1.71 1
L.S.D. (5%) = 0.1
(1%) = 0.15
(3*¥5*%4*5)
RAM
12 3.4 3.31 3.06 2.86 2.8
9 3.82 3.22 3.15 3.05 2.98
6 3.88 3.39 3.12 3.03 2.84
3 3 2.99 2.98 2.78 2.65
12 1.92 1.85 1.79 1.71 1.6
9 2.25 2.07 1.9 1.72 1.63
6 2.19 2.15 1.89 1.72 1.27
3 2.19 2.03 1.69 1.4 1.03
12 2.47 2.26 2.14 2.01 1.68
9 2.48 2.17 2.03 1.89 1.5
6 2.08 2.01 1.83 1.63 1.13
3 2.1 2.06 1.68 1.43 0.85
12 11.23 10.87 10.67 10.6 9.78
9 8.43 8.05 7.96 7.9 7.87
6 5.7 5.65 5.19 5.18 5.14
3 2.97 2.61 2.57 2.47 2.45
12 3.72 3.67 3.64 3.62 3.6
9 3.38 3.23 3.13 2.98 2.92
6 2.9 2.77 2.58 2.36 2.21
3 2.5 2.43 1.84 1.71 1.57
L.S.D. (5%)= 0.14
(1%)= 0.19
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Table (4-18):Continue
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(3*3*5*5)
Inlet pressure Siope of lateral line (%)
head (m) -2 -1 0 1 2
RAM
15 2.96 2.91 2.76 2.69 2.58
12 3.4 3.31 3.06 2.86 2.8
9 3.82 3.22 3.15 3.05 2.98
6 3.88 3.39 3.12 3.03 2.84
3 3 2.99 2.98 2.78 2.65
Typhoon
15 2.37 2.06 1.86 1.79 1.71
12 1.92 1.85 1.79 1.71 1.6
9 2.25 2.07 1.9 1.72 1.63
6 2.19 2.15 1.89 1.72 1.27
3 2.19 2.03 1.69 1.4 1.03
Twiom

15 4.31 4.24 4.2 4.15 4.06
12 3.72 3.67 3.64 3.62 3.6
2 3.38 3.23 3.13 2.98 2.92
6 2.9 2.77 2.58 2.36 2.21
3 2.5 2.43 1.84 1.71 1.57

L.S.D. (5%)= 0.21
(1%)= 0.28
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4.9 Coefficient of uniformity

Ideally, the application of water throughout a trickle system should be
absolutely uniform. For uniform spaced emitters, this would require that
each emitter have the same rate of discharge even though pressure
differences are unavailable. The present study included different types
and slopes of lateral line and inlet pressure heads to achieve better
uniformity of the system.

Tables (4-2, 4-19 to 4-22) and Figures (4-35 to 4-40) show the values
of coefficient of uniformity (Eq. 3-6) for the previous independent factors
and their interactions. The statistical analysis indicated the independent
variables had a highly significant effect on coefficient uniformity (Table
5-8 in Appendix). The Typhoon was the best lateral line while JC value
for it was 99.43 % at 15 m of operating head and 2 % slope (Table 4-22).
The lowest coefficient of uniformity was O % with the Evaflow lateral line
at 12 m of operating head and -2 % slope (Table 4-22). From the obtained
results the lateral lines could be arranged as follows: Twiom, Typhoon,
RAM, Ro-drip, Ultradrip, and Evaflow whereas UC values for them were

96.11, 96.00, 95.12, 88.78, 76.48, and 23.35 % respectively (Table 4-2).

Regression analysis showed there is a definite relationship between the
coefficient of uniformity and both of the inlet pressure head and slope of
lateral line. The following regression equations for different lateral lines
which were calculated from the data in Table (5-7 in Appendix) are.

2= 62.462+ 16.108x ~2.598 x” +0.178 x - 0.004 " +0.431y =0.909 (RAM)
£=90.778 + 1.946x - 0,182+ 0.006 X" + 0.070y - 0.095 )" +0.222)" r=0.965 (Typhoon)
£=92.602+1.352x - 0.132¢ + 0.004 X + 1.085y - 0.042y" ~0.103y" r=0.883 (Twiom)
2="T1.774 +7.916x — 0.888x” +0.028 %" + 1.214y - 1.019y’ + o.os3y’ r=0.906 (Ro-drip)
2= 59,246~ 10.979x +0.750x" - 0.018 " + 4,209y - 0.575)" - 0232y r=0.977 (Evaflow)

where :- Z=coefficient of uniformity, %

X =inlet pressure head, m
y=slope of lateral line, %
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Table (4-19):Effect of interaction between type of lateral line and inlet
pressure head on coefficient of uniformity (%).

(3*6*2*5)
Lateral line Inlet pressure head (m)
6 3
RAM 98.38 91.86
Typhoon 97.10 94.90
Ro-drip 91.31 86.25
Ultradrip 83.72 69.25
Evaflow 15.29 31.42
Twiom 96.76 95.47
L.S.D. (5%) = 1.20
(1%) = 1.68
(3*5*4*5)
Lateral line Inlet pressure head (m)
12 9 6 3
RAM 98.11 97.99 98.38 91.86
Typhoon 97.72 97.28 97.10 94.90
Ro-drip 85.12 89.43 91.31 86.25
Evaflow 2.29 6.75 15.29 31.42
Twiom 96.57 96.73 96.76 95.47
L.S.D. (5%)= 0.49
(1%)= 0.66
(3*3*5*5)
Lateral lines Inlet pressure head (m)
15 12 9 6 3
RAM 97.54 98.11 97.99 98.38 91.86
Typhoon 97.98 97.72 97.28 97.10 94.90
Twiom 96.39 96.57 96.73 96.76 95.47
L.S.D. (5%)= 0.17
(1%)= 0.22
Table (4-20):Effect of interaction between type and slope of lateral line
on coefficient of uniformity (%).
(3*6*2*5)
Lateral line Slope of lateral line (%)
-2 -1 0 1 2
RAM 92.79 94.15 95.46 96.43 96.76
Typhoon 93.80 95.41 95.87 96.72 98.20
Ro-drip 81.69 88.99 89.48 92.87 90.88
Ultradrip 61.09 72.65 79.81 83.63 85.24
Evaflow 12.08 18.09 27.23 29.64 29.72
Twiom 94.19 94.38 96.04 97.76 98.20
L.S.D. (5%) = 1.09
(1%) = 1.44
(3*5*4*5)
RAM 95.15 96.18 96.88 97.35 97.38
Typhoon 94.44 96.57 96.85 97.39 98.52
Ro-drip 82.62 88.87 88.38 91.46 88.80
Evaflow 5.68 10.60 15.33 18.56 19.51
Twiom 94.96 95.29 96.48 97.43 97.75
L.S.D. (5%)= 0.44
(1%)= 0.58
(3*3*5*5)
RAM 95.58 96.57 97.01 97.41 97.31
Typhoon 94.88 96.87 97.08 97.45 98.70
Twiom 94.96 95.39 96.54 97.36 97.66
L.S.D. (5%)= 0.14
(1%)= 0.18
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Table (4-21): Effect of interaction between slope of lateral line and inlet pressure
head on coefficient of uniformity (%).

(3*6*2*5)
Inlet pressure Slope of lateral line (%)
head (m) -2 -1 0 1 2
6 76.87 79.43 80.47 82.59 82.77
3 68.34 75.13 80.83 83.09 83.57
L.S.D. (5%) = 0.63
(1%) = 0.83
(3*5%*4*5)
12 73.16 75.94 75.68 77.32 77.71
9 75.29 77.66 77.82 79.06 78.35
6 76.10 78.67 80.43 82.01 81.62
3 73.73 77.73 81.21 83.35 83.88
L.S.D. (5%)= 0.39
(1%)= 0.52
(3*3*5*5)
15 96.31 97.35 97.45 97.48 97.93
12 96.07 97.51 97.72 97.86 98.19
9 96.14 97.24 97.64 97.77 97.90
6 96.38 96.72 97.29 98.07 98.60
3 90.81 92.58 94.29 95.87 96.84
L.S.D. (5%)= 0.18
(1%)= 0.24
Table (4-22): Effect of interaction between type and slope of lateral line and inlet
pressure head on coefficient of uniformity (%)
(3*6*2*5)
Inlet pressure Slope of lateral line (%)
head (m) -2 -1 0 1 2
RAM
6 98.34 98.22 98.35 98.30 98.67
3 87.24 90.09 92.57 94.56 94.84
6 95.48 96.39 96.73 97.93 98.98
3 92.13 94.43 95.02 95.51 97.43
6 85.70 91.92 90.97 94.78 93.18
3 77.67 86.06 87.99 90.96 88.57
6 80.73 83.21 80.68 85.50 88.49
3 41.44 62.10 78.95 81.76 81.98
6 5.64 11.29 19.28 21.08 19.13
3 18.52 24.88 35.17 38.20 40.32
6 95.32 95.55 96.80 97.98 98.14
3 93.06 93.21 95.28 97.53 98.25
L.S.D. (5%) = 1.53
(1%) = 2.38
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Table (4-22): Continue
(3*5%4*5)
RAM
12 97.15 98.31 98.36 98.34 98.41
9 97.87 98.10 98.24 98.19 97.57
6 98.34 98.22 98.35 98.30 98.67
3 87.24 90.09 92.57 94.56 94.84
12 95.26 97.95 98.12 98.35 98.94
9 94.88 97.49 97.52 97.78 98.74
6 95.48 96.39 96.73 97.93 98.98
3 92.13 94.43 95.02 95.51 97.43
12 80.41 86.73 84.54 87.86 86.09
9 86.69 90.77 90.04 92.26 87.38
6 85.70 91.92 90.97 94.78 93.18
3 77.67 86.06 87.99 90.96 88.57
12 0.00 0.43 0.71 5.20 7.92
9 1.36 5.80 6.17 9.74 10.66
6 5.64 11.29 19.28 21.08 19.13
3 18.52 24.88 35.17 38.20 40.32
12 95.80 96.27 96.67 96.88 97.21
9 95.66 96.12 97.15 97.34 97.39
6 95.32 95.55 96.80 97.98 98.14
3 93.06 93.21 95.28 97.53 98.25
L.S.D. (5%)= 0.88
(1%)= 1.15
(3*3*5+%5)
Inlet pressure Slope of lateral line (%)
head (m) -2 -1 0 1 2
| RAM |
15 97.30 98.15 97.54 97.67 97.07
12 97.15 98.31 98.36 98.34 98.41
9 97.87 98.10 98.24 98.19 97.57
6 98.34 98.22 98.35 98.30 98.67
3 87.24 90.09 92.57 94.56 94.84
15 96.64 98.10 98.03 97.71 99.43
12 95.26 97.95 98.12 98.35 98.94
9 94.88 97.49 97.52 97.78 98.74
6 95.48 96.39 96.73 97.93 98.98
3 92.13 94.43 95.02 95.51 97.43
15 94,98 95.81 96.79 97.06 97.31
12 95.80 96.27 96.67 96.88 97.21
9 95.66 96.12 97.15 97.34 97.39
6 95.32 95.55 96.80 97.98 98.14
3 93.06 93.21 95.28 97.53 98.25
L.S.D. (5%)= 0.31
(1%)= 0.41
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Fig. (4-35): Effect of type of lateral line and inlet pressure head on
coefficient of uniformity at 2 % slope.
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Fig. (4-36): Effect of type of lateral line and inlet pressure head on
coefficient of uniformity at 1 % slope.
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Fig. (4-37):Effect of type of lateral line and inlet pressure head on
coefficient of uniformity at 0 % slope.
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Fig. (4-38): Effect of type of lateral line and inlet pressure head on
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:om



106

15m12m9m B om B 3m

75 4

50 -

Coefficient of uniformity (%)

Twiom

5 o B 3
: £ & § &
£ : =]
5 o g S
= ~ 5 =

Type of lateral line

Fig. (4-39): Effect of type of lateral line and iniet pressure head on
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Table (5-1): Analysis of variance of type and slope of lateral line and inlet pressure

108

5-Appendix

head on flow rate variation.

(3*6*2*5)
S.OV. df SS MS F S
Rep. 2 29.2674958114.6337479|5.44981389
Lateral line (A) 5 157186.83 |31437.3661] 11707.718 *x
Error (a) 10 26.8518306|2.68518306
Inlet pressure (B) 1 5866.01483 | 5866.0148315182.45635 *x
AxB 5 3370.33138(674.066275| 595.518278 *x
Error (b) 12 13.5827826|1.13189855
Slope (C) 4 5784.07769 | 1446.01942 | 710.587473 * ok
AxC 20 1877.26358 | 93.8631788|46.1252443 *x
BxC 4 991.215641| 247.80391 | 121.77316 *ox
AxBxC 20 1132.82132156.6410661]27.8339498 **
Error (c) 96 195.3564762.03496329
Total 179 176473.613
(3*5%4*5)
S.0vV df SS MS F S
Rep. 2 17.3083671| 8.65418354] 3.79941887
Lateral line (A) 4 312164.249| 78041.0623] 34262.1211 **
Error (a) 8 18.2221205] 2.27776506
Inlet pressure (B) 3 3185.83078( 1061.94359| 905.287324 *
AxB 12 1849.18106] 154.098421| 131.366062 *
Error (b) 30 35.1913773] 1.17304591
Slope (C) 4 4913.03512| 1228.25878| 1679.87818 *x
AxC 16 1968.74325| 123.046453] 168.289497 *x
BxC 12 624.894681| 52.0745567 71.22189 * ok
AxBxC 48 656.954008| 13.6865418| 18.7189568 **
Error (c) 160 116.985509] 0.73115943
Total 299 325550.595
(3*3*5%*5)
S.0vV df SS MS F S
Rep. 2 5.23371738| 2.61685869 0.648587
Lateral line (A) 2 266.926388| 133.463194| 33.0787797 * *
Error (a) 4 16.1388292| 4.0347073
Inlet pressure (B) 4 2804.63309| 701.158273| 643.207479 *
AxB 8 958.090435] 119.761304| 109.863022 *ox
Error (b) 24 26.1623179| 1.09009658
Slope (C) 4 2266.09637| 566.524093] 870.855509 **
AxC 8 563.65149( 70.4564363| 108.304971 *
BxC 16 604.399442| 37.7749651] 58.0673213 **
AxBxC 32 495.910251]| 15.4971954| 23.822143 *
Error (c) 120 78.0644899| 0.65053742
Total 224 8085.30682
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Table (5-2): Average of emitter flow variation and pressure head variation at different type of lateral line.
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RAM Typhoon Twiom Ro-drip Evaflow Ultradrip
qg. h.. q. A q.. - q. B q. N q.. N
0.09 0.2 0.18 0.16 "~ 0.16 0.29 - - - - - -
0.06 0.19 0.07 0.14 0.14 0.28 - - - - - -
0.12 0.18 0.08 0.12 0.11 0.28 - - - - - -
0.09 0.18 0.09 0.12 0.11 0.28 - - - - - -
0.13 0.17 0.02 0.11 0.1 0.27 - - - - - -
0.14 0.28 0.17 0.16 0.17 0.31 0.54 0.21 0.97 0.94 - -
0.05 0.28 0.09 0.15 0.13 0.31 0.43 0.19 0.95 0.91 - -
0.06 0.26 0.09 0.15 0.11 0.3 0.46 0.18 0.95 0.89 - -
0.05 0.24 0.08 0.14 0.11 0.3 0.34 0.17 0.94 0.88 - -
0.06 0.23 0.04 0.13 0.1 0.3 0.38 0.14 0.93 0.82 - -
0.07 0.42 0.2 0.25 0.17 0.38 0.53 0.28 0.97 0.94 - -
0.07 0.36 0.1 0.23 0.15 0.36 0.38 0.24 0.96 0.89 - -
0.06 0.35 0.1 0.21 0.1 0.35 0.41 0.23 0.95 0.88 - -
0.06 0.34 0.11 0.19 0.1 0.33 0.3 0.21 0.94 0.88 - -
0.09 0.33 0.04 0.18 0.1 0.32 0.33 0.17 0.94 0.87 - -
0.06 0.65 0.17 0.37 0.2 0.48 0.47 0.35 0.97 0.95 0.48 0.49
0.06 0.57 0.14 0.36 0.16 0.46 0.34 0.34 0.96 0.94 0.43 0.42
0.06 0.52 0.13 0.32 0.11 0.43 0.41 0.3 0.93 0.86 0.47 0.4
0.07 0.51 0.11 0.29 0.08 0.39 0.29 0.27 0.92 0.86 0.38 0.35
0.06 0.47 0.04 0.21 0.07 0.37 0.24 0.19 0.92 0.86 0.37 0.27
0.33 1 0.24 0.73 0.28 0.83 0.68 0.7 1 0.99 1 0.73
0.27 1 0.19 0.68 0.22 0.81 0.52 0.69 0.97 0.87 0.73 0.69
0.21 0.99 0.19 0.56 0.15 0.61 0.46 0.56 0.96 0.86 0.6 0.51
0.16 0.93 0.16 0.47 0.09 0.57 0.37 0.48 0.96 0.82 0.55 0.42
0.16 0.89 0.1 0.34 0.09 0.52 0.38 0.28 0.92 0.82 0.6 0.29
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Table (5-3): Analysis of variance of ty
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head on pressure variation.

pe and slope of lateral line and inlet pressure

(3*6*2*5)
S.O.V. df SS MS F S
Rep. 2 50.1676902] 25.0838451] 28.5131276
Lateral line (A) 5 55776.1842] 11155.2368| 12680.3004/* *
Error (a) 10 8.79729697| 0.8797297
Inlet pressure (B) 1 20410.1886{ 20410.1886| 20218.7759/* *
AxB 5 8028.36413| 1605.67283| 1590.61436|* *
Error (b) 12 12.1136049| 1.00946708
Slope (C) 4 12288.9927| 3072.24818| 3384.99123|* *
AxC 20 1710.40777| 85.5203884] 94.2260351|* *
BxC 4 1609.47804| 402.369511| 443.329179|*
AxBxC 20 1155.99939( 57.7999694] 63.683784(* *
Error (c) 96 87.1304548 0.9076089
Total 179 101137.824
(3*5*4+5)
SOV df SS MS F S
Rep. 2 64.6306083( 32.3153042| 43.1686124
Lateral line (A) 4 137133.824{ 34283.456 45797.781 *
Error (a) 8 5.98866674( 0.74858334
Inlet pressure (B) 3 58489.5428| 19496.5143| 18546.0671 * o
AxB 12 23198.5183( 1933.20986| 1838.96666 **
Error (b) 30 31.5374374| 1.05124791
Slope (C) 4 7091.95612| 1772.98903| 2193.39441 * ok
AxC 16 649.36704 40.58544| 50.2089274 *
BxC 12 3288.07484| 274.006237| 338.977703 *
AxBxC 48 1808.89331| 37.6852773| 46.6210876 * o
Error (c) 160 129.332984] 0.80833115
Total 299 231891.666
(3*3*5+5)
SOV df SS MS F S
Rep. 2 50.5682776| 25.2841388| 47.7444089
Lateral line (A) 2 14345.6531| 7172.82657| 13544.5533 **
Error (a) 4 2.11829107| 0.52957277
Inlet pressure (B) 4 82219.6263| 20554.9066| 15408.1005 * ok
AxB 8 8444.87858] 1055.60982| 791.292444 * ok
Error (b) 24 32.0167796| 1.33403248
Slope (C) 4 3505.28646( 876.321614| 862.780495 **
AxC 8 167.507106{ 20.9383883( 20.6148436 * o
BxC 16 2753.67474| 172.104671] 169.445271 *o
AxBxC 32 992.044373| 31.0013867| 30.5223462 *x
Error (c) 120 121.883369] 1.01569474
Total 224 112635.257
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Table (5-4): Analysis of varianc
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e of type and slope of lateral line and inlet pressure

head on distribution of uniformity.

(3*6*2*5)
S.O.V. df SS MS F S
Rep. 2 9.02426327| 4.51213163 3.92391346
Lateral line (A) 5 110663.75 22132.75| 19247.4429 **
Error (a) 10 11.49906 1.149906
Inlet pressure (B) 1 2191.51901} 2191.51901 1423.86687 *
AxB 5 1459.76323] 291.952645 189.686558 **
Error (b) 12 18.4695836| 1.53913197
Slope (C) 4 3656.08853| 914.022133 797.440136 **
AxC 20 1810.77963| 90.5389814 78.9908854 * %
BxC 4 967.933973| 241.983493! 211.1 18903 **
AxBxC 20 1096.63426| 54.8317132 47.8380197 **
Error (c) 96 110.034748| 1.1461953
Total 179 121995.496
(3*5%4*5)
S.0V df SS MS F S
Rep. 2 3.55062881] 1.7753144 2.04954028
Lateral line (A) 4 226925.032| 56731.258| 65494.3136 * *
Error (a) 8 6.9296102| 0.86620128
Inlet pressure (B) 3 959.612515| 319.870838| 679.447108 **
AxB 12 297.370364| 24.7808637| 52.6377654 **
Error (b) 30 14.1234322| 0.47078107
Slope (C) 4 1738.79257| 434.698143] 951.444759 **
AxC 16 929.807746| 58.1129841 127.194687 **
BxC 12 734.192256| 61.182688| 133.913495 **
AxBxC 48 612.542387| 12.7612997| 27.931 2712 **
Error (c) 160 73.1011467} 0.45688217
Total 299 232295.055
(3*3*5*5)
S.0V df SS MS F S
Rep. 2 0.42135485| 0.21067742| 0.52790814
Lateral line (A) 2 7.84502018| 3.92251009| 9.82888896 **
Error (a) 4 1.59631881] 0.3990797
Inlet pressure (B) 4 541.403574| 135.350894 1342.72693 **
AxB 8 191.053551] 23.8816939 236.914532 **
Error (b) 24 2.41927183} 0.10080299
Slope (C) 4 334.195213| 83.5488032| 1044.50146 **
AxC 8 80.9613887| 10.1201736 126.5193 **
BxC 16 139.585532| 8.72409573] 109.065964 *k
AxBxC 32 99.9518736| 3.12349605| 39.0489878 **
Error (c) 120 9.59870017] 0.07998917
Total 224 1409.0318
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Table (5-5): Analysis of variance of type and slope of lateral line and inlet pressure
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head on pressure head losses.

(3*6*2*5)
S.0V. df SS MS F S
Rep. 2 0.08472834| 0.04236417| 5.4730922
Lateral line (A) 5 122.955804| 24.5911608] 3176.96968 *x
Error (a) 10 0.07740446] 0.00774045
Inlet pressure (B) 1 27.8047501] 27.8047501| 3635.83829 **
AxB 5 37.042275| 7.40845501| 968.753333 *ox
Error (b) 12 0.09176893| 0.00764741
Slope (C) 4 19.2737049| 4.81842621 1000.877 *x
AxC 20 2.18848288| 0.10942414] 22.7294357 *x
BxC 4 0.06217072| 0.01554268} 3.22850465 *
AxBxC 20 1.19667394] 0.0598337{ 12.4285749 **
Error (c) 96 0.4621636| 0.0048142
Total 179 211.239927
(3*5%4*5)
S.0.vV df SS MS F S
Rep. 2 0.44696099] 0.22348049| 53.3050192
Lateral line (A) 4 950.68866] 237.672165| 56690.0454 *o*
Error (a) 8 0.03353988{ 0.00419248
Inlet pressure (B) 3 183.933398| 61.3111327| 3475.97812 **
AxB 12 378.684291] 31.5570242| 1789.09638 i
Error (b) 30 0.5291558; 0.01763853
Slope (C) 4 20.577442| 5.14436051] 629.511549 *x
AxC . 16 1.232854| 0.07705337| 9.42896388 *ox
BxC 12 0.82315029] 0.06859586] 8.39402376 **
AxBxC 48 3.72700048| 0.07764584| 9.50146379 **
Error (c) 160 1.307518] 0.00817199
Total 299 1541.98397
(3*3*5*5)
S.0.V df SS MS F S
Rep. 2 0.36421123} 0.18210561| 21.3113982
Lateral line (A) 2 77.8388523| 38.9194262| 4554.65031 * ok
Error (a) 4 0.03417995| 0.00854499
Inlet pressure (B) 4 16.9705012] 4.24262529| 168.174504 **
AxB 8 31.0966751| 3.88708439| 154.081128 *x
Error (b) 24 0.60546043| 0.02522752
Slope (C) 4 11.0189971] 2.75474928| 157.254763 * *
AxC 8 0.34558863| 0.04319858| 2.46598932 **
BxC 16 1.50463065| 0.09403942| 5.36823664 **
AxBxC 32 1.69652346} 0.05301636| 3.02643689 **
Error (c) 120 2.10212973| 0.01751775
Total 224 143.57775
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Table (5-6):Average of head losses in m at different inlet pressure head and slope of lateral line
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Inlet pressure | Slope of lateral RAM Typhoon Twiom Ro-drip Evaflow
head, m line, %

15 -2 2.96 2.37 4.31 - -
15 -1 2.91 2.06 4.24 - -
15 0 2.76 1.86 4.2 - -
15 1 2.69 1.79 4.15 - -
15 2 2.58 1.71 4.06 - -
12 -2 3.4 1.92 3.72 2.47 11.23
12 -1 3.31 1.85 3.67 2.26 10.87
12 0 3.06 1.79 3.64 2.14 10.67
12 1 2.86 1.71 3.62 2.01 10.6
12 2 2.8 1.6 3.6 1.68 9.78
9 -2 3.82 2.25 3.38 2.48 8.43
9 -1 3.22 2.07 3.23 2.17 8.05
9 0 3.15 1.9 3.13 2.03 7.96
9 1 3.05 1.72 2.98 1.89 7.9
9 2 2.98 1.63 2.92 1.5 7.87
6 -2 3.88 2.19 2.9 2.08 5.7
6 -1 3.39 2.15 2.77 2.01 5.65
6 0 3.12 1.89 2.58 1.83 5.19
6 1 3.03 1.72 2.36 1.63 5.18
6 2 2.84 1.27 2.21 1.13 5.14
3 -2 3 2.19 2.5 2.1 2.97
3 -1 2.99 2.03 2.43 2.06 2.61
3 0 2.98 1.69 1.84 1.68 2.57
3 1 2.78 1.4 1.71 1.43 2.47
3 2 2.65 1.03 1.57 0.85 2.45

Table (5-7):Average of coefficient o

f uniformity at different of inlet pressure head and slope of lateral line

Inlet pressure | Slope of lateral RAM Typhoon Twiom Ro-drip Evaflow
head, m line, %

15 -2 97.30 96.64 94.98 - -
15 -1 98.15 98.10 95.81 - -
15 0 97.54 98.03 96.79 - -
15 1 97.67 97.71 97.06 - -
15 2 97.07 99.43 97.31 - -
12 -2 97.15 95.26 95.80 80.41 0.00
12 -1 98.31 97.95 96.27 86.73 0.43
12 0 98.36 98.12 96.67 84.54 0.71
12 1 98.34 98.35 96.88 87.86 5.20
12 2 98.41 98.94 97.21 86.09 7.92
9 -2 97.87 94.88 95.66 86.69 1.36
9 -1 98.10 97.49 96.12 90.77 5.80
9 0 98.24 97.52 97.15 90.04 6.17
9 1 98.19 97.78 97.34 92.26 9.74
9 2 97.57 98.74 97.39 87.38 10.66
6 -2 98.34 95.48 95.32 85.70 5.64
6 -1 98.22 96.39 95.55 91.92 11.29
6 0 98.35 96.73 96.80 90.97 19.28
6 1 98.30 97.93 97.98 94.78 21.08
6 2 98.67 98.98 98.14 93.18 19.13
3 -2 87.24 92.13 93.06 77.67 18.52
3 -1 90.09 94.43 93.21 86.06 24.88
3 0 92.57 95.02 95.28 87.99 35.17
3 1 94.56 95.51 97.53 90.96 38.20
3 2 94.84 97.43 98.25 88.57 40.32
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Table (5-8): Analysis of variance of type and slope of lateral line and inlet pressure
head on coefficient of uniformity.

(3*6*2*5)
S.OV. df SS MS F S
Rep. 2| 11.7780642| 5.88903212| 3.54146507
Lateral line (A) 5| 121198.139| 24239.6279| 14576.8937(* *
Error (a) 10| 16.6288019] 1.66288019
Inlet pressure (B) 1} 224.538922] 224.538922| 99.3447965|* *
AxB 5| 3857.30734| 771.461469| 341.324711|* *
Error (b) 12| 27.1223774| 2.26019811
Slope (C) 4| 2814.82081| 703.705203| 787.049547|* *
AxC 20! 1670.13367| 83.5066835| 93.3969184|* *
BxC 4| 605.054185| 151.263546| 169.178663|* *
AxBxC 20! 1054.09084| 52.7045422| 58.9466809|* *
Error (c) 96| 85.8341127| 0.89410534
Total 179] 131565.448
(3*5%4*5)
SOV df SS MS F S
Rep. 2 2.45181271] 1.22590636| 2.37788653
Lateral line (A) 4 314355.362] 78588.8405| 152438.516 * ok
Error (a) 8 4.12435611] 0.51554451
Inlet pressure (B) 3 815.064427| 271.688142| 634.231966 **
AxB 12 7506.2469| 625.520575| 1460.22252 **
Error (b) 30 12.8512038f 0.42837346
Slope (C) 4 1424.1789| 356.044725| 1182.36287 **
AxC 16 913.34158| 57.0838488| 189.565577 *x
BxC 12 327.706515| 27.3088762| 90.6880488 * ok
AxBxC 48 245.431035| 5.11314656| 16.9798743 *x
Error (c) 160 48.1807719| 0.30112982
Total 299 325654.94
(3*3*5*5)
SOV df SS MS F S
Rep. 2 0.24821571] 0.12410786| 1.04491083
Lateral line (A) 2 14.563884 7.281942| 61.3094155 **
Error (a) 4 0.47509453| 0.11877363
Inlet pressure (B) 4 393.333386| 98.3333466| 2026.9844 * %
AxB 8 171.649533| 21.4561916| 442.285016 * ok
Error (b) 24 1.16429131| 0.04851214
Slope (C) 4 205.39342| 51.348355| 1385.42018 * *
AxC 8 26.5372626| 3.31715783] 89.4996032 *x
BxC 16 95.3326415| 5.9582901| 160.759489 **
AxBxC 32 42.8524421| 1.33913882| 36.1310492 * %
Error (c) 120 4.44760564] 0.03706338
Total 224 955.997777
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Fig. (5-1):Effect of type of lateral line and inlet pressure head

on emitter flow rate at -2 % slope.
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6. Summary and Conclusion

Performance of different irrigation equipment
(Design and performance of lateral lines in drip irrigation system)

With a continuous increase of the problem of food shortage in the world
and the limited water resources, the irrigation system is increasingly
important enough and stable agricultural production.

The main reason for irrigating crops is to supply water from its natural
sources, such as rainfall, dew, ground water, and melting snow. Irrigation is
needed in areas where water from natural sources is adequate for crop
production during only a part of the year or is sufficient for some years and
not for others. The amount and timing of irrigation depend on several climatic
conditions, soils, and crop factors.

When a reliable and a suitable supply of water becomes available for
agriculture, it can result in vast improvements in agricultural production and
assure economic returns. Two primary objectives of irrigation in arid areas of
the world are:

1) To supply the essential moisture for plant growth, which includes the
transport of fundamental nutrients.

2) To leach or dilute salts in the soils. .

In addition to the previous objectives, it provides a number of side benefits,
such as cooling the soil and the atmosphere to create a more favorable
environment for plant growth.

There are a large number of considerations which must be taken into
account in the selection of an irrigation system. These factors will vary in
importance from location to location and crop to crop. They include the
following:-

a) Topography, soil depth, texture, structure, and climate;

b) Crop characteristics;

¢) Size and type of water resources, quality of water, depth and quality of
ground water;

d) The relative cost of irrigation equipment;

e) Land preparation and labor;

f) The cost of credit; .

g) The availability and skill of farm labor.
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The purpose of any irrigation system is to convey water from a source to
the field and to deliver it to the root zone of the crop. The best irrigation
system is one which meets the following factors:-

1) Assurance of maximum economic return to the farmer;

2) Minimal loss of water during conveyance and application;

3) Maintenance of long term productivity of the land through prevention of
soil erosion, soil salinization, and rising of the ground water table.

There are two methods of applying irrigation water, namely:-

1) Gravity flow (surface irrigation);

2) Pressurized irrigation (sprinkler - trickle).

Trickle or drip irrigation is one of the latest innovations for applying water,
and it represents a definite advancement in irrigation technology. It can be
defined as the precise , slow application of water in the form of discrete
drops, continuous drops, tiny streams, or miniature sprays through emitters
located at selected points along water delivery lines. Water is applied to the
soil through emitters at a relatively low operating pressure compared with a
sprinkler irrigation system.

There are many advantages for drip irrigation as follows:-

a) Increased beneficial use of available water;

b) Enhanced plant growth and yield;

¢) Reduced salinity hazard to plants;

d) Improved fertilizer and other chemical applications;

e)Limited weed growth;

f) Reduced operation labor;

g) Decreasing energy requirements;

h) Controlling the water application;

i) A dry foliage may retard the development of leaf diseases that require
humidity and does not necessitate the removal of plant protecting
chemicals from the leaves by washing.

The main objective of the present work was to design the optimal lateral
lines by studding their performance in a drip irrigation system. The work
was carried out in the Arid Land Research Center, Tottori University,
Japan. The study includes the following independent factors:-

1) Type of lateral lines:

Five different lateral lines were used in the study. Table (7-1) indicates
their characteristics:
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Table (7-1): Characteristics of different lateral lines.

Type of lateral lines
Characteristics RAM  Typhoon Ro-drip Ultradrip Evaflow ‘Twiom
Make Israel Israel U.S.A Japan Japan US.A
L.D. (mm) 17.6 15.5 16.75 19 21 16
Distance between
emitters (¢cm) 30 30 20 12.5 2.5 10
Length of lateral
line (m) 45 45 45 45 45 45
Operating head 3,69 3,6,9 3,6,9 3,6 3,6,9 3,6,9
(m) 12,15 12,15 12 12 12,15
Type of lateral drip drip drip drip drip drip
emitter emitter tube tube tube tube

2) Operating head:
The following five operating heads were used in the present study: 3, 6, 9,
12, 15 m respectively at the inlet of lateral lines. They were measured by
using a pressure gauge.

3) Slope of lateral lines:

The study included five different slopes. They were -2,-1,0,1, 2%
respectively. Wire and bars were used to support and to change the slope of
lateral lines and to avoid the occurrence of any deflection.

The following auxiliary equipment was utilized in the present work:

1-An electrical valve: it was used to switch on and off lateral line without

changing other valves to prevent any oscillation in lateral line pressure.

2-A flow meter was used to measure the water discharge through lateral

the line.

3-A pressure regulator was used to prevent any oscillation in the pressure

during operation.

4-A pressure gauge was used to measure the operating pressure.

5-A mercury manometer was used to measure the head every five meters

along the lateral line.
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6-A calibrated cylinder was used for collecting emitter discharge ata point
every five meter along the lateral line.

7-An engineer's leveler and telescopic staff were used to measure the
slope of the ground and also for land leveling the ground in a green
house . The dimensions of the green house are 8 m x 47 m. There were
two big ventilators installed above every door of the green house.

The dependent factors which were studied and were indicated are the
following:-
1. Emitter flow rate-Pressure head relationship:
Discharge-pressure relationship was calculated from the following
equation:-

q=kh*
where:-
k, ¢ = Equation constants

q = Emitter flow rate (cm 3/min )
h = Pressur head (m)

New values for k and ¢ were obtained from the present research and
indicated as follows:-

Lateral line k c R’
RAM 37.734 0.039 0.364
Typhoon 11.832 0.442 0.980
Ro-drip 04.850 0.819 0.967
Ultradrip 00.346 2.768 0.984
Evaflow 04.566 1.335 0.964
Twiom 08.392 0.487 0.996

The literatures indicated the value of ¢ constant among O to 1. This value
depends on type of emitter and flow conditions. Its value equals zero with a
pressure compensated emitter, 1.0 with laminar flow, and 0.5 with full
turbulent flow.

The result agreed with those in the literatures in case of RAM, Typhoon,
Ro-drip, and Twiom but differ with Ultradrip and Evaflow. The differences
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with Ultradrip and Evaflow were due to the type of these lateral lines. The
material of the lateral lines with emitters is plastic that enlarges with high
heads. The result showed that manufacturing tolerances could cause
relatively large fluctuation in diameter (plastic tube) when the high pressure
head was used, especially with the Evaflow and Ultradrip lateral line.

2. Manufacturer's coefficient of variation (CV):
Manufacturer's coefficient of variation was calculated from the following
equation:-

C V=§ x100
where:-
S = Standard deviation of emitters flow rate
q' = Average emitter flow rate ( ¢z’ /min )

The experiments indicated that the manufacturer's coefficient of variation
was affected by the operating head and the type of lateral line. The
Typhoon lateral line was the best type where CV values for it were
1.93, 1.30, 1.27, 1.70, and 2.02 % for operating heads 3, 6, 9, 12, and 15
m respectively. Evaflow was the worst type while C'V values for it were
43.12, 50.10, 38.99, and 52.44 % for operating heads 3,6, 9,and 12 m
respectively.

3. Distribution of emitters discharge along the lateral lines(q'.):

It was measured by collecting emitters discharge in a calibrated cylinder
during a limited time at 5 meter intervals along the lateral lines. The
distribution of emitter flow rates along the lateral line was affected by the
previous factors as indicated from the experiments. Emitters flow rate
increased by increasing both inlet operating pressure head and slope of
lateral lines. This result was found in all lateral lines except the RAM when
the RAM was equipped with a compensated emitter. The emitters flow rate of
the RAM increased significantly by using the head of 6 m compared with 3 m
head. Thereafter the emitters flow rate decreased insignificantly by using the
following heads: 9, 12, 15 m. The Evaflow was irregular in emitters flow rate.
Emitters flow rate was too high at the inlet compared with at the end of this
lateral line, especially with at high heads. High regularities in emitters flow
rate was found in the Typhoon.

:om



141

4. Head distribution along the lateral line (/;):

Head distribution in 5 m intervals was measured by using a mercury
manometer. It showed a decrease in heads with the distance. This trend was
found with all lateral lines. The best result was in the Typhoon and the
Evaflow was the worst. The result with the Evaflow was due to the high
value of the emitter's flow rate variation.

5. Emitter flow rate variation (qwr ):
Emitter flow rate variation was calculated from the following equation:-

- 9w 9o
qvnr qm

where:-
g.. = Maximum emitters flow rate(cm’/min )

q.. = Minimum emitters flow rate (cn’/min )

The statistical analysis of emitter flow rate variation indicated a high
significant effect by operating head, type and slope of lateral lines. The values
of these variations were: 14.37, 14.73, 41.64, 56.05, 95.03, and 14.36 % for
the RAM, Typhoon, Ro-drip, Ultradrip, Evaflow, and Twiom respectively. They
were: 18.88, 10.09, 10.31, 9.67, and 10.23 % for operating heads of 3, 6, 9, 12,
and 15 m respectively. The emitters flow rate variations were: 28.95, 27.57,
28.23, 27.66, and 30.60 % for lateral line's slope -2,-1,0, 1,and 2 %
respectively. The results indicated that the best operating conditions that give
the lowest emitter flow rate variations were with the Typhoon lateral line at
15 m head and 2 % slope as shown in (Table 4-15). The worst lateral lines
with these variations were the Evaflow and Ultradrip at 3 m head and -2%
slope.

6. Head variation (A,,):
The head variations along the lateral line was calculated from the following
equation:-

‘ =hm,x_hmin
=25
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where:-
N e = Maximum head (m)

M. =Minimum head (m)

The above mentioned independent factors had a highly significant effect on
the head variation. The head variations were 75.12, 43.17, 41.54, 45.83,
88.29, and 54.86 % for RAM, Typhoon, Ro-drip, Ultradrip, Evaflow, and Twiom
respectively. A decreasing both operating head and slope of lateral line
increased the head variations. The percentages of head variations were 72.87,
42.56, 30.68, 23.63, and 19.83 for operating heads 3, 6,9, 12, 15m
respectively. They were 56.09, 53.09, 48.14, 45.16, and 40.18 % for slope -2,
-1, 0, 1, 2 % respectively. The best result was obtained from the Typhoon at
15 m operating head and 2 % slope. The RAM was the worst lateral line
during operation under 3 m head and -2 % slope. As the variations of emitters
flow rate increased the variation of heads increased.

7. Distribution of uniformity (DU):

The distribution of uniformity is a useful indicator of distribution problems.
A low (DU) indicates that excessive deep percolation losses will occur if
adequate irrigation is supplied to all areas. The following equation used to
calculate (DU ):

!
DU=q—,L x100
q
where:-
q' ;= Average low quarter depth of water in filtrated (cm’ fmin)

The statistical analysis proved that the DU was significantly affected by
all independent factors. It increased by increasing both operating head and
slope of lateral line. It increased by the following ratios: 4.16, 4.28, 4.06, and
4.30 for operating heads 15, 12, 9, and 6 m respectively compared with 3 m
operating head of DU equals 92.27 %.

The increasing ratios of DU were 4.49, 8.19, 8.97, and 9.31 for slopes
-1, 0, 1, 2% respectively compared with -2 % slope where its value was
79.08%. Also, DU values were 93.94, 93.91, 82.79, 73.43, 24.57, and
94.92 % for the following lateral lines: RAM, Typhoon, Ro-drip,
Ultradrip, Evaflow , and Twiom respectively. The highest water loss
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value was in the Evaflow lateral line at 12 m operating pressure
head. Typhoon and Twiom gave the lowest values for water losses.

8. Head loss (AH ):

The maximum pressure head difference along the lateral line is called
pressure head loss. The present study showed that the independent factors
had a highly significant effect on head loss. The head loss increased by
decreasing the slope of the lateral lines and increasing the operating head.
The lowest loss in head was 0.85 m for the Ro-drip at 3 m operating head and
2 % slope. The highest head loss was 11.23 m for the Evaflowat 12m
operating head and -2 % slope because emitter flow rate decreased
significantly during the first 1/4 of the lateral line

9. Coefficient of uniformity (UC ):
Coefficient of uniformity was calculated from the following equation:-

!
UC=( __E_lq__,g]__| )x100
nq
where:-
N = Number of observed emitters
The statistical analysis indicated that the independent variables had a
highly significant effect on the coefficient of uniformity. The Typhoon was the
best lateral line while [JC value for it was 99.43 % at 15 m of operating head
and 2 % slope. The lowest coefficient of uniformity was O % with the Evaflow
lateral line at 12 m of operating head and -2 % slope. From the obtained
results the lateral lines could be arranged as follows: Twiom, Typhoon, RAM,
Ro-drip, Ultradrip, and Evaflow whereas J(C values for them were 96.11,

96.00, 95.12, 88.78, 76.48, and 23.35 % respectively.

Conclusion

The design and performance of lateral lines in drip irrigation system are
presented in this work. The experimental results for discharge-pressure were
agreement to those obtained by other researchers in case of RAM, Typhoon,
Ro-drip and Twiom but differed in case of Ultradrip and Evaflow. The
manufacturer's coefficient of variation that caused by nonuniform production
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from manufacturer was affected on both emitter flow rate and pressure head
distribution along the lateral line. The effect of type and slope of lateral line
and operating pressure head on emitter flow rate variation, pressure head
variation, distribution of uniformity, pressure head losses and coefficient of
uniformity are summarized as followis:

Factors Flow rate Pressure Distribution of Pressure head Coefficient of
variation (%) variation (%) uniformity (%) losses (m) uniformity (%)

RAM 14.37 75.12 93.94 3.07 95.12
Typhoon 14.73 43.17 93.91 1.76 96.00
Lateral line Ro-drip 41.64 41.54 82.79 1.68 88.78
Ultradrip 56.05 45.83 73.43 1.96 76.48
Evaflow 95.03 88.29 24.57 3.99 23.35
Twiom 14.36 54.86 94.92 2.29 96.11
15 10.23 19.83 96.10 2.98 97.31
12 9.67 23.63 96.22 2.84 97.47
Inlet pressure 9 10.31 30.68 96.01 2.76 97.34
head (m) 6 10.09 42.56 96.24 2.55 97.41
3 18.88 72.87 92.27 2.19 94.08
-2 35.91 56.09 79.09 3.17 80.77
-1 30.04 53.09 82.74 3.00 83.69
Slope of lateral 0 28.23 48.14 84.58 2.77 85.44
line (%) 1 25.18 44.82 86.17 2.62 86.90
2 23.64 40.17 86.44 2.40 87.15
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