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ABSTRACT

The current study was carried out at Nubaria Research Station. Seven
emission devices were extensively used in a trickle irrigation system. They were
hydraulically characterized under laboratory conditions. The types of the tested
amitiars wera: A. lahyrinth- long path; B. Orifice; C. orifice-voriex; D and E spiral- long
path, F. self-flushing, compensating-fong path, and G. seif-flushing, compensating-
orifice.

Tests were conducted under different operating pressures ranging from 50 to
350 kPa for iypes A, B, C, D and E. This range was extended to 500 kPa for the
compensating emitter types F and G.

The coefficients of manufacture variation, C.V., as related to operating
pressure were calculated for each type. Then emitters were classifled based on ASAE
and [SO- standards. Results indicated that emitter £ had the highest values of C.V.
followed by emitters B, O and F whereas emitters A, C and G had fower values of this
factor. Alsc, the data showed that the C. V. values varied with pressure.

The flow rate equation was used to evaluate the emitter flow sensitivity to
change of pressure. The lower the value of the discharge exponent, x, the more
pressure-cempensating the device is. Emifters A, B and C were categorized as
turhulent flow, non-pressure compensating, whereas both emitters D and E were
classified as partially turbulent flow, non- pressure compensating types. On the other
hand, emitter F was categorized as compensating type while, emitter G was fully
~ compensating one. . ; :

Laboratory experiments were conducted to evaluate the effect of water
temperature ranging from 5 to 40 °C on discharge rates of the tested emitters. Results
illustrated that emitter type O was the most affected by water temperature variations
followed by emiiter €, A and B. Emitter C was inversely affected by water
temperature. Discharges of emitters F and G were not affected by water temperature

variations.
INTRODUCTION

Trickle irrigation is the freguent or slow application of fitered water
either directly onto the land surface or into the root zone of the crop. Trickle
irrigation system is characterized by its high application efficiency than the
other irrigation systems such as furrow and sprinkier. Bernstein and Francois
(1973) pointed out that trickle irrigation is a new water application method
through which water is distributed on the irrigation surface under pressure to
grid outlets discharging water at nearly zero pressure. Trickle irrigation is a
system for supplying filtered water and sometimes fectilizer into the soil
(Merriam and Killer 1978). Giibert, et al. (1981) pointed out that trickle
irrigation is a system for water applied by means of mains, manifolds and
plastic laterals, usually laid on the ground surface. Equally spaced along the
laterals are drippers or (frickles). Drippers are point sources of water
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operating at low inlet pressure heads (roughly 10 meters) and small

discharge. Keller and Bliesner (1990) cited from Ibrahim (2000) mentioned

that, trickle irrigation system discharges water close to each plant, travel over

the soil surface 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). Kelier and Kanneli (1975)

summarized the advantages of trickle irrigation as following:

1. It saves and improves the utilization of water.

2. it slows down weed growth and the non-beneficial consumptive use of
water by weed.

3. ltincreases the yield and improves its quality.

4. Fertilizers and other chemical can be applied through the system.

5. It reduces the development of many insects, diseases and fungal
problems.

6. 1t decreases expensive manual energy requirements.

7. Itimproves agricultural production.

Holzapfel et al, (1990) pointed out that the initial cost of a drip
irrigation system, which is mainly due to the pipe network, tees, and emitters,
is the major disadvantage of this type of irrigation technique. Numan and
Jordon {1989) stated that the main factors affecting the uniformity of a trickie
irrigation system are:

1. Manufacturing variations in emitters and pressure reguiators used in the
system.

2. Pressure variations caused by elevation changes and friction head losses
throughout the pipe network.

3. The sensitivity of emitters to pressure and temperature variations.

4 The degree and extent of emitter clogging.

El-Adl and Amin (1998) indicated that the lowest value of x, emitter
discharge exponent, was obtained with emitter Kc4 but the- highest value of x
was obtained with emitter Natafim. The value of F, friction factor, decreased
by increasing the operating pressure for all types of emitters. The energy
drop in the lateral increased by increasing the number of emitters on the
lateral. The variation for all slopes (1.0 %, 2.0% and 3.0% up and down
slopes) is less than 20%.

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. Roland (1277) mentioned 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 laterais are designed so
that the variation in outflow between individual outlets should not be
excessive. The allowable variation is usually expressed in terms of the
difference in outlet between the first and the last outiets. Braits and Kesner
{1983) proposed a method of field uniformity estimation upon the statistical
uniformity coefficient. The statistical uniformity method uses the coefficient cf
variation as determined from randomiy sampled emitter fiow rates, ‘Wu (1892)
said that there are several uniformity parameters which can be used as
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dasign criteria. The following is a review of several different uniformity
definitions. Emitter flow variation was defined as:
_Ymax "9min .
Qvar =
Gmax

Where g, is the emitter flow variation, Qma and Qma a@re maximum and
minimum emitter flow rate respectively along a lateral line or in 2 sub-main
unit,

yce=1-24 2
q
The uniformity coefficient of emitter flow is determined using the uniformity
coefficient equation developed by Christiansen, eguation 2. The UCC is the
Chrigtiansen uniformity coefficient, g is the mean emitter fiow and Ag is the
mean deviation of emitter flow. The statistical uniformity is expressed as:

S

ves=1--1 3
q

Where UCS is the siatistical uniformity coefficient, Sy is the standard
deviation of emitter flow and g is the emitter flow.
Keller and Karmeli (1975) pointed out that the flow characteristics of emitters
can be characterized by
gq=KH* .4
Where:
q = Emitter discharge,
k = Constant of proportionality which characterizes each emitter,
H = Working pressure head at the emitter,
x = Emitter discharge exponent that is characterized by the flow regime.
To determine K and x, the discharges (q,, q;) at two different operating
pressure heads {H,,H,;) have to be known.
Giay and Zeienka (1985) mentioned that According to the new 1S0- Test
method the relation between the emission rate and the inlet pressure is given
by equation &.
q=kpP" 5
VWhere:
g = emission rate {1/ hr)
k = constant
P = inlet pressure (k Pa)
m = emitter exponeni, which can be calculated using equation 6.
i 1 n _h
2 (logp;)*(logq,, )~-l;(izllﬁgpi)*(izllogqmi)

m=|=1

2.(ogp;)-—(2logp;)
i=1 n =l
Where;
n = Number of pressure values.
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For regulated emitters, the value of the emitter exponent m shall not
exceed 0.2. For non-regulated emitters, m values is higher than 0.2.

James (1988) showed that smaller values of C.V. mean better emitters.
Author mentioned that the manufacturing coefficient of variation is estimated
from flow rate measurements for several identical emission devices and is
computed with the following equation

(‘11 +Q2 'Hl3 "'L'*“Qn n(In
q(-1H**

172
CV.= )

Where:

C.V. = Manufacturing coefficient of variation.

Qi ,zemeree q, = Discharge of emission devices .

q = Average discharge of emission devices.

n = Number of emission devices under experiment.

ASAE (1985) recommendations for classifying the C.V. are listed in table 1.

Table 1: Recommended classification of C.V. by ASAE (1985)

Emitter type C.V. range Classification
<0.05 Good
. 0.05t0 0.10 Average
Point source 01010 0.15 Marginal
>0.15 Unacceptable
<0.10 Good
Line source 0.10t0 Q.20 Average
>0.20 Marginal to unacceptable

According to the new ISO-test method (1983), (Giay and Zeienka,
1985), emitters can be-classified based on their uniformity of emlssmn rate
into the uniformity categories of Tabie 2. : -

Table 2: Uniformity values recommended by I1SO

Category QAmlQn C.V.
A 5% 5%
B 10% 10%

A = First class emitter, B = Second class emitter

am ! Q, describes the variation of the average measured value of
emitter discharge (g,) from the nominal flow rate (g, claimed oy the
manufacture |t is called manufacturing drift or deviation of g frem g, and
can be calculated from this equation.
Absoulte deviation of g, from g, =100 * { Ga - Gm |/ Gn 8

Parchomchuk (1978) reported that in theory, discharge rate through
an orifice is independent of water temperature, but in practice, flows are
sligntly viscosity dependent on orifice length. He also added that discharge
rates of vortex emitter decreased with increasing water temperature.
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lbrahim (2000) studied the effect of water temperature on some
different oypes of emilters. He found that the variance of emitter types and / or
irmgation water temperatures' levels and/ or the interaction between them is
highly significant at 1 % level. Nevertheless, emitter types dominated the
significant affect over the temperature levais, namely, significance of
temperature treatments was only achieved at 5 %. He added that the
changes in amitters discharge due to the variation in irrigation water
temperatures may be expfained by the changes of water viscosity. i is thus
obvious due to the fact that water viscosity decreases as water temperaturs
increases. Consequently, the emitter discharge increased. Therefore, the
obfect:veﬁ of this work were to study the following:
1. The hydraulic characteristics of some of the most commonly used

amitters,

2. The effect of manufacturing variations on emitter discharge rate.
3. The temperature effect on emitter discharge rate.

MATERIALS AND METHODS
1. Materials:
Emitters Testing Unit:
Thnis unit consisted of a water tank, two centrifugal pumps, a screen
filter, pressure gauges, polyethylene lines, emitters, controf valves,
thermometers, and peckers. Schematic diagram of this unit is shown in Fig.

Control Valve Pressure guage

| B 1 ! Emizeion Device TtﬂhtlﬂlM
 Coung I /\Q 9 | 1

5

e OlrD { Puster —AH e 48 bl WP
Wlt;::ppty Puomp  Pump Sereen Filter HL- I

Whent
Figure 1: Schematic diagram of emitter testing unit

Water tank:

Cylindrical shape tank, 30-cm diameter and height of 35 cm, was used.
Pumps:

Two centrifugai pumps, driven by electric motors, were connected in
serfes to increase the pressure to be suitable for conducting iaboratory
experiments.
160-mesh screen filter:

This screen was fitted just after the pumps.

Pressure gatiges:

Two npressure gauges were used. One of them was used for measuring

pressures less than 350 kPa with accuracy of 10 kPa, however, the second
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was used for measuring higher pressures up to 500 kPa. The pressure
gauges were fitted at the line inlet of the tested emitters.
P.E tubing:

16-mm polyethylene emitter lines were used. The lines of emitters
were carried on a horizontal stand.
Emitters:

Seven commercially avaiiable emission devices {A, B, C, D, E, F and
G) representing the general classes of emission devices used in trickle
irrigation were chosen to be tested. All these types were on-line emitiers as
shown in Figures 2, 3, 4. The specifications of the emission devices tested in
this research are listed in Table 3.

src.n-g

Labyrinth long path (non-compensating) Crifice (non-compensating)
Type A Type B

Figure 2: Emission devices A and B

Orifice-Vortex
(non-compensating)
1Type C

eLE

Spiral long path (non-sampensating)
Type O

Figure 3: Emission devices A,Band C

—htl
Sptral ong path {non—vom aensating)
Type E

Control valves:

Two control valves were used, one was located before the pressure
gauge and the cther was fitted on the over flow line.
Thermometers:

One thermometer was installed for measuring temperature cf the
water in the tank. Another was fitted at the end of emitter line.
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Peckers:
Each cne was one-liter capacity. They were carried on a car for
moving left and right.

B = e s

PLAN
e s

Long path-Self flushing, QOrifice - Self fushing

{compensating) (fully compensating)
Type F Type G

Figure 4: Emission devices Fand G

Electronic Balance:

This balance was use for weighting water samples coltected during
testing emission devices, _
Sieves Sef:

it consisted of concentric sieves of various sizes of pores to fit
properly into a rotary-sieve machine. it was used for sieving samples of soil
particles.

2. Methods: .
Uniformity of Emitters Fiow Rate:

All emitters and drip tapes were randomly selected. Tap filtered water
was used as a water supply. Fifty new emitters from each type were tested.
Each five emitters were on one PE line. The length of the P.E line was about
170 cm, which was meant to be short enough that the pressure differences
along the section were negligible. The spacing between emitters on line was
30 cm. Also, minor friction losses across emitters were neglected.

At the beginning of each experiment, water discharged at certain
pressure was collected in peckers A; (Aq, Ay, Aa, A4 and As) for a period of
five minutes. Then, the car was moved to the left side in the position in which
water discharged from emitters must be collected in peckers Bs (B1, B2, B3,
B4 and BSj. After each run, the water collected in every pecker B was
weighed by using the electronic balance. The net weight was converted to
volume. The measurements were repeated three times for each emitter line.
Water temperature was controlled at 20 to 22 °C. The emission devices were
measured at the following pressure:

a. 50,100,150,200, 250 kPa for types A, B, C, Dand E.
b. 50,100,150,200, 250, 300 and 350 kPa for type F.
c. 60,100,150, 200,250, 300 and 350 kPa for type G
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Determination of Coefficient of Manufacturing Variation:

Coefficient of manufacturing variation C.V. was used for determining
how much the vanation in emitter flow rate was.
For all tested types, C.V. values were calculated according to the equation 9:

C.V=siq

Where
C.V = Coefficient of manufacturing variation, dimensionless;
s = Standard deviation of the flow rates from a sample of emitters all tested at
a given pressure, 1/hr,
q = Mean of the flow rates of the tested samples, 1/hr.
C.V. values were determined at different pressures based on the operating
pressure range for each emitter type. Then emitters were classified according
to ASAE and 1SO- standards.
Determination of Discharge Equation Factors:

Emission devices generally operate according to equation 10 (Keiler
and Karmeli, 1975}

q=kH* 10

Where:
4 = emitter flow rate, 1/hr;
k = flow coefficient;
H = operating pressure head, m; and
x = emitter discharge exponent
The flow exponent value x may range from zero to one, depending upon the
emission device and the nature of the flow, whereas the coefficient of flow k
characterizes the physical dimensions of the water passage for the emitter.
This test was conducted according to ASAE and IS0 standards to evaluate
seven different types of emiiters by determining the emitter discharge
exponent x and the emitter flow coefficient k in equation 10. -

Effect of Water Temperature on Emitter Discharge Rates:

Temperature effects on discharge rate were measured for type A, B, C,
D. E F and G. The five emitters used in discharge-pressure test were
examined under the nominal operating pressure (100 kPa) for type A, B, C, D
and E (non-compensating emitters) and under a mid-point pressure (200
kPa) for types F and G (compensating emitters).

Temperature ranged from 5 to 40 °C with intervals of 5 °C for all types.
Using 20 °C as the standard operating temperature, Parchomchuk (1976},
percentage variation from the discharge rate at this temperature was
calculated.

RESULTS AND DISCUSSION

1. Uniformity of Emitters Flow Rate:

The deviations of the mean discharge for the selected seven types of
emitters tested at nominal pressure of 100 KPa for non-compensating
emitters A, B, C, D and E and at a mid- range pressure of 200 KPa for
compensating types F and G are shown in table 3.
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Also from table 4, it can be observed that in some types such as A, C
and G, values of g, n: gn for sample size =50 emitters (ASAE-standards)
were a little different from that of sample with 25 emitters (ISO-standards).
For some other types as D and F, this difference was relatively greater but
each type was with the same category under born sizes of sampie.

Table 3: Uniformity of the emitters tested.

Emitter | Py Qn, ASAE standards I1S0- standards

type kPa | 1/hr Om, |{9m:9a),| Category| gm, {9m: | Category

1/hr % 1thr § gn), %

A 100 | 400 [ 4259 | 648 | 2™class | 4.266 | 665 | 2¥class
B 100 | 4.00 | 3.311 | 17.23 — 3.421 | 14.48 _
c 100 | 200 } 2153 | 765 | 2™class | 2.152 | 7.60 | 2™ class
D 100 | 4.00 | 5259 | 32.38 5.558 | 38.95
E 100 | 4.00 | 4373 | 933 | 2"class | 4303 | 7.58 | 2™ class
F 200 | 400 | 5843 | 41.08 —_— 5.957 | 48.93 _
G 200 | 3.75 | 4.140 | 10.40 4.163 | 11.01

P, = Nominal pressure. Q. = Mean flow rate, q, = Nominali flow rate.

Determination of Coefficient of Manufacturing Variation C.V.

The coefficient of manufacturing variation C.V 2 the seven different
types of emitters tested under different operation pressures are listed in table
4, Pressures ranged from 50 to 250 kPa, in steps of 50 kFa, for types A, B, C,
D and E respectively, and in the same mode, but pressures were up to 350
kPa for emitter type F. Type G had pressure values like type F hut first value
of pressure was 80 kPa. Equation 9 was used to calcilate C.V. values at
each tested pressure for every emitter type.

For type A, C.V. values, based on ISO standards, varied from 2.35 %
at 50 kPa to 0.59% at 150 kPa again increased to 1.21 % at 250 kPa. Thus, it
was categorized as "1st class” emitter. Also, from the same table; based on
ASAE standard, C.V. values varied from €.53 % at 150 xPa up to 2.25 % at
50 kPa. The emitter was classified as a good emitter.

Values of C.V., for type B based on |S0O-standards, varied inversely
with pressure. The table also shows that under |SO-stancards C.V at 50 kPa
was 29.20 % and decreased tc become 26.48 % at 200 kPa. However, C.V
values -from this table, based on ASAE-were 27.42 % al 200 kPa and 28.46
% at 50 kPa. This type was graded, under all test pressures, as non- "ist
class or 2nd class" and unacceptable according to IS0 @i ASAE standards,
respectively

From the same Table 4, it is shown that C.V valuies of vortex emitter
(type C) were varied, based on ISO-standards, from 3.23 % and 3.71 % at 50
and 100 kPa to be 144 % and 1.85 % at pressures 150, 200 Kpa,
respectively. Then, it increased tc 3.15 % at 250 kPa. On the other hand,
under ASAE standards, C.V. values at 50 and 109 +2 were 3.09% and
3.11% then decreased 'o become 1.35%, 1.87%: =t 30 and 200 kPa,
respectively. Finally, C.V. reached 2.77 % at 250 kFa The emitter was
considered as "1st class" for aii test pressures based on (30-standards and
as a good one according to ASAE standards.
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Table 4: Coefficient of manufacturing variation for the tested emitters
based on SO and ASAE standards.

Pressure | Emitter 1SO-Standard ASAE-Standard
kPa type C.V% | Category | CV% Category
50 A 2.35 1® class 2.25 Good
B 29.20 - 28.46 Unacceptable
C 3.23 1% class 3.09 Good
D 27.20 - 24.93 Unacceptable
E 44.90 -- 4451 Unacceptable
F 9.47 | 2"class 10.24 Marginal
60 G 1.52 % class 1.53 Good
A 212 | 1" class 1.72 Good
B 28.81 - 28.72 Unacceptable
c 3.71 1" class 3.1 Good
100 D 23.66 - 22.44 Unacceptable
E 42.87 - 4591 Unacceptable
F 7.92 | 2™ class 8.50 Average
G 353 | 1%class 4.47 Good
A 0.59 1° class 0.53 Good
B 28.48 -- 28.25 Unacceptable
c 1.44 1* class 1.35 Good
150 [B] 19.70 - 19.90 Unacceptable
E 4434 -- 44,40 Unacceptable
F 7.09 | 2"class 9.52 Average
G 337 1fcmss 4.15 Good
A 1.04 1* class 126 Good
B 26.48 - 27.42 Unacceptable
C 1.85 1% ¢lass .95 Good
200 C 20.46 - 18.63 Unacceptable
E 44 .40 - 45.71 Unacceptable
F 850 | 2™class 8.30 Average
e 3.66 1% class 3.81 ' ~ Good
A 1.21 I class 1.02 Good
B 26.64 -- 27.70 Unacceptable
c 3.15 1* class 2.77 Good
250 D 21.20 - 20.32 Unacceptable
E 40.45 . 43.86 Unacceptable
F 6.60 | 2"class 8.71 Average
G 2.64 i* class 3.10 Good
300 F 722 | 2™class 8.25 Average
G 403 1* class 3.62 Good
150 F 668 | 2™ class 7.33 Average
G 2.75 1* class 2.78 Good

It is observed from table 4 that C.V. values were relatively high for
emitter D under all test pressures. At 30 kPa "ISO-standards” C.V was 27.2%
and then by increasing pressure to 150 kPa, C.V. values gradually decreased
to 23.66% at 100 kPa and 19.7% at 150 kPa. Then, increasing pressure
increased the C.V. value to become 20.46 % and 21.20 % at 200 and 250
kPa, respectively. So, category of this emitter accerding to 1SO was neither
"1st class nor 2nd class” and was unacceptable based on classification of
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ASAE. Data of this table show that maximum variation between C.V. values
of ISO and that of ASAE was about 2.27 % at 50 kPa whereas the least
difference was 0.2% at 150 kPa.

Caiculations of C.V. for type E are shown in Table 4, for 1SO
standards. Their values under all test pressures were very high. Maximum
value of C.V. was 44.9 % at 50 kPa, while the fowest value was 40.45 % at
the end point of test pressures. C.V. values ranged from 45.91 % at 100 kPa
to 43 86 at 250 kPa (Table 4, ASAE standards). Greatest variation between
C.V. values of ISO and ASAE were 3.41 % at 250 kPa followed by 3.24 % at
100 kPa. From previous data in this table, emitter E was rated as non-1% or
2" class and rated as an unacceptable emitter hased on |SO and ASAE
standards, respectively.

C.V. values of type F. varied with pressure according too to the
following trend {Table 4). The highest value was 10.24 % at 50 kPa, then it
decreased to 8.50 at 100 kPa and when pressures of tert increased to 150
and 200 kPa, the C.V. values increased to 9.52 % and 9.30 %, respectively.
By increasing pressure to 250 and 300 kPa, C.V became 8.71 % and 8.25%,
respectively. Finally, C.V. value changed to be 7.3 % due to increasing the
pressure to 350 kPa. In generat, emitter E under thess conditions was graded
as marginal at a pressure of 50 kPa and was classified a3 an average emitter
in all other pressures. From Table 4, (ISO standards:. C.V. shows anocther
trend. At 50 kPa C.V was 947 %, then increasing yressure resulted in a
gradual decrease in the value of C V to be 6.60 % at 25C kPa. From 25C kPa
to 300 kPa, value of C.V changed to 7.22 %, then it continued decreasing to
be 6.68 % at the hlghest pressure. However, based on these results, emitter
F was rated as 2™ class emitter under afl test pressures.

Data of Table 4, ISO-standards, show that lowest vaiue of C.V. for type
G was 1.52 % at 60 kPa. From 100 to 200 kPa C.V. values were 3.53 %, 3.37
%, and 3.66 % respectively. Increasing. pressure to 250 kPa resulted in
decreasing it fo a value of 2.64%. Maximum value was 4.03 % at 300 kPa
and by increasing pressure up to 350 kPa, C.V became 2.75 %. Thus emitter
G was rated as a 1" class emitter. From the same table, under the ASAE
standards, C.V. at 60 and 350 kPa was approximately equal to the values
calculated at same pressures under 1SO standards. Highest value of C.V.
was 4.47 %, which was attained at 100 kPa. According to these data, type G
was rated as a good emitter.

Determination of Discharge Equation Factors:

The average discharge values of the emilters under ASAE and 180
standards for different pressures were presented in Table 5. Equation 6,
least-squares method, was used to find the emission device exponent x and
the constant K vaiues, Then, these values were fitted to the theoretical curve
(2q.10) to get the flow-pressure curves for the ASAE and 1SO standards on
the nght and left sides of the figure, respactively (Figvrz7 5 )

Tabie 6 indicates characteristics of hydrauiic pf-‘ rmance for all tested
emitters based on ASAE and |1SO standards, respecu-+iy Types A, B, C, D
and E were classified as non-compensating emitters according to ASAE,
whereas, type F was categorized as partisily compensating type. The
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exponent value, x, of type G through the requiating pressure range from 80 to
350 kPa was approximately equal to zero so that it was fully compensating
emitter. According to [SO-standards, in which x value for compensating
emitters must not exceed 0.2, all types were categorized as non-regulating
types except for type G which was used as regulating emitter {x = 0.011).
Thus type F was non-compensating based on 1SC- standards and was
partially compensating according to ASAE standards.

The discharge- pressure curves for the tested emitters based on ASAE
and t50-standards are shown in Figure 5, 6. For type A, the curve under
ASAE was approximately similar to the curve of ISO standards (Fig.5).
Similar results were obtained for types C followed by type B and F. Also, it
was shown that there was greater difference between the curve under ASAE
and under 180, for types D, compared with the previous curves especially in
the pressure range from 100 tc 250 kPa. Similar to type E. type G was self -
flushing emitter so that the ischarge-pressure curve consisted of three
phases (Fig.6). In this mode fiow rate at the beginning and the end of
irrigation event is higher than at normal operating pressture.

F’ IIASO ° A_gZEI
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Figure 5: Flow-pressure curves for the ASAE and 1SO standards for
emitters A-F
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Table 5. Pressure vs. flow rate for the tested emitters based on ASAE and ISO

Emitter Pressure Average flow rate Average flow rate
type kPa (qm) Basd on ASAE {4m) Basd on iSO

50 3169 3.140

100 4.258 4.270

A 150 4.998 5.070

200 5.726 5.750

250 6.262 6.310

50 2.388 2.363

100 3.300 3410

B 150 4.074 3964

200 4.850 j 4.799

250 5672 5.413

50 1.554 j 1.580

100 2.150 2146

c 150 2.350 2.355

200 2634 2634

250 3.190 3.210

50 3.540 3391

100 5244 5.256

D 150 7.150 6.640

200 8.680 i 7.809

250 10.086 | 909

50 2.832 2.663

100 4.360 4.165

E 150 5.520 5,101

200 6.476 5.761

250 7.608 7.169

50 3.560 3.963

100 4,280 4.541

150 5.084 o 5.460

200 £.634 5.394

250 6.150 5.23%

F 300 6.414 6.285

350 6.538 6.296

400 6.638 5638

450 6.656 6.735

500 6.676 6.689

10 2.100 2.043

20 4.090 4.003

30 5.520 5.451

40 6.790 | 6.701

50 5.500 ! 5.060

80 3.818 3.830

G 100 4.148 4.220

150 4.126 4150

200 4.130 4.170

250 4.168 4.140

300 4.095 3.980

350 4.132 4.133

400 4.010 | 4,020

450 4.036 | 4.010

| 1 500 4014 3.985
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Figure 6: Flow-pressure cur/es for the ASAE and ISO standards for
emitter type G

Table 6: Characteristics of hydraulic performance for emitters tested

Emitter Test ASAE 180
type pressure Flow Type
range, kPa k X K x
50 -250 | 4.2428 0.425 4.2522 | 0.4338 Turbulent
50-250 § 3.3749 | 0.5309 | 3.3535 | 0.5077 Turbulent
50~250 | 2.0722 | 0.4133 | 2.0855 | 0.4085 Turbulent

50-250 | 54648 | 068579 | 51914 | 0.6067 | Partially turbulent
50-250 | 43216 | 0.6060 | 4.0384 | 0.5881 | Partially turbulent
50500 | 48490 ; 02611 ) 44948 | 0.2843 Compensating
10-40 15246 | 08493 | 15.185 | 0.8586 Unstable Fully
40-60 1.930 | -1.4024 | 1909 ! -1.3596
60-500 1-4.0292 j— 0.011 4.0555 'y 0.002 Compensating

GMMOO®>P

Effect of Water Temperature on Emitter Discharge Rates:

Influence of water temperature on discharge rate of the emitters tested
is shown in Fig.7. It was indicated that the discharge rate of labyrinth long
path, type A, increased with increasing water temperaiure. n the temperature
range 5 - 40 °C the discharge rate varied from - 0.437 to +5.82 percent
relative to the discharge rate at 20 °C. Flow through the orifice emitter, B,
increased about 1.636 percent in the temperature range 5 to 40 °C. The
discharge rate of type C decreased 7.82 % between 5 and 40 °C. The
decrease in discharge rate is probably caused by increased vortex action as
viscosity decreases. For spiral long path emitters (D and E) the discharge
rate varied from -8.13 to #10.30 percent and from -7.94 to +3.59 percent,
respectively, in the same range of temperature, relative to the discharge rate
at 20 °C. For both types F and G, water temperature did not affect on flow
rates. These results were in quite agreement with that of Parchomchuk
(1975) and Decroix and Malaval (1985).

From Fig.3, it is shown that type D was the most affected by
temperature followed by types E, A and B, respectively. Emitter C was
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inversely affected by temperature variations whereas there was no effect on
types F and G. The discharge rates of the tested emitters relative to its
discharges at 20 °C are shown in Fig. 3.

Emitters types
LOA EC ADXE XB e (G +FJ

t
=
)
£ e e Yl —— WX
E 3
(=3
& s g
2 A |
. i
l
0 v T T T A Aa
] 10 20 30 4 50

Water temperature,”C

influence of water temperature on discharge rate
for the tested emitters.

Emitters types

|
J

EIOA mC aD xE xB oG +Fi

flow rate at 20{‘, %

Percentage variation from

i (A3 %

Water temperature, C

Discharge rate of tested emitters relative o Jwelr
discharges at 20 °C.

Figure 7: Emitter discharge as affected by water temperature.
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Summary and Conclusions

The efficiency of trickle irrigation system depends directly on the
uniformity with which water is discharged from emitters throughout the
system. Laboratory tests were conducted on seven types of emitters (A, B, C,
D, E, F and G) extensively used in trickle irrigation systems to study the
importance of the following parameters in affecting the uniformity of water
application under drip irrigation system:
1. Coefficient of manufacturing variation C.V.
2. Discharge equation factors x, k.
3. Susceptibility to temperature of water.

Tests were performed on fifty unused emitters, randomly selected
from each type, to evaluate the uniformity degree of emitter discharge.
Experiments were carried out under different operating pressures ranging
from 50 kPa to 350 kPa for types A, B, C, D and E. This range was extended
to 500 kPa for compensating emitter types F and G.

The C.V is affected by pressure. Therefore, when selecting an
emitter it is recornmended to know the C.V value over the range of pressures
expected within the field installation. Moreover, the manufacturer should
provide the value of the discharge exponent for the emitter.

To find discharge equation factors x and k, two methcds were used
five samples (which discharge in the previous test corresponding
approximately to the average measured discharge) and, four samples were
chosen (from the first twenty-five emitters of the fifty tested ones) to be tested
at pressure values. thus, emitters were ciassified based on ASAE standards
and 1&0-standards, receplivity. Discharge-pressure curves, based on ASAE
and ISO-standards showed that for types A and C both curves are simiiar to
each other, followed by emitters B and F. For types D and E, there was
greater difference between two curves of each type compared with other
emitters. -

The effect of w_ater temperature on emitter dlscharge was only
measured on the five samples- used for the discharge-pressure test- under
the nominal pressure for types A, B, C, D and E and under a mid-range
pressure for emitters F and G. Results indicated that type F and G were non-
affected by temperature variations whereas long path emitter D was the most
emitter affected by temperature changes. Orifice emitter was slightly sensitive
to temperature. On the other hand, vortex type C inversely was influenced by
temperature variations.
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