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ARTICLE INFO ABSTRACT

Handling Editor - Dr. Mostafa H. Fayed Sand-filled dripper (SFD) is a new emission device. It is a polyethylene micro tube with
diameter of 4, 6 and 10 mm and length of 10, 15 and 20 filled with sand grains of uniform
diameter of 0.2, 0.8 and 1 mm. The micro tube is closed from both ends by screen pieces.
The ultimate objective of this study is to reveal the reacts of on-line sand filled drippers
Sand-filled dripper (SFD) hydraulic performance arising from the differences in the production process and the
Hydraulic performance different technical features to flow variations, where the SFDs were produced at differ-
Coefficient of variation ent flow rates and technical features. Twenty-seven sand-filled drippers were produced,
Emission uniformity each dripper having different technical specifications. These sand-filled drippers were
Flow variation divided into three types according to diameter of the micro tube from which the dripper

Keywords:

— - - was made. Discharge rates from the three different types were collected at five different
Water and Irigation Systems Engineering levels of operating pressure (P). SFDs were tested at 50, 100, 150, 200, and 250 kPa pres-
sure values. To determine the flow regime of every SFD, discharge-pressure relation-
ship, the drippers discharge exponent (x), the coefficient of variation of the discharge
(Cy), the emission uniformity (EU), and the dripper flow variation (qy,,) were evaluated
at the different operating pressures. Results of the research have been proved that dis-
charge-pressure relationship of on-line sand-filled drippers is in directed proportionate.
As that the flow regime for all SFDs of type 4 are laminar flow and unstable flow regime
for all SFDs of types 6 and 10. The results showed that the discharge rate of all types of
sand-filled drippers generally increases with increasing the operating pressure. Values
of Cy and EU of all considered sand-filled drippers at different operating pressures con-
cluded that the drippers are of good quality. This study introduces a new idea for control
technology of trickle irrigation systems.

1. Introduction bubblers and micro sprinklers, have smaller water dis-
charge passages and are more susceptible to physical,
chemical, and biological clogging. Commercially avail-
able point-source emitters come in a variety of shapes
and sizes. Long path, orifice, and pressure compensat-
ing emitters are all types of point-source emitters. The
exponent in this equation q = kg4.P* determines the
classification: where q represents emitter discharge
(volume/time), P represents operation pressure
(force/area), and kq and x represent emitter constants.
When x gets close to one, the emitter is classified as a
long-path or laminar flow emitter. A pressure compen-
sating emitter has a positive and nearly zero x, whereas
an orifice-type point-source emitter has an x of about
0.5 (Keller and Karmeli, 1975; Al-Amoud, 1998).

Trickle irrigation is based on the fundamental con-
cepts of only watering the crop's root zone and keeping
the root zone's water content near optimum levels.
Drip, trickle, localized, or pressurized irrigation is an ir-
rigation technique by definition. Irrigation water and
chemical solutions are connected to drip irrigation sys-
tems in the quantities required, which are calculated
precisely and at slow rates using mechanical tools
known as pointers placed at specific points along the
water supply lines (Al-Amoud, 1998; Lamm et al.,
2007). There are a number of issues with trickle irriga-
tion. The clogging of emitters is the most serious issue.
Point and line-source emitters, in comparison to
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Nomenclature

Cy The manufacturer's coefficient of variation for point or line source emitters, [%]
Kq Constant of proportionality that characterizes each emitter

my, Mass of the water discharged from the dripper, [kg]

41,9z - dn Individual discharge, [L.h™]

Jave Average of emitter discharge ([q; + q; ...q,]/n), [L.h™]

Omax Maximum emitter discharge rate in system, [L.h™']

dmin Minimum emitter discharge rate in system, [L.h™]

Qvar Emitter flow variation, [%]

Pw Density of the water (equal to 1 kg.L™?), [kg.L™!]

D Diameter of sand-filled dripper, [mm]

d Diameter of sand granules which fill sand-filled dripper, [mm]

El,E2,....and E2 Code of SFD

EU Emission uniformity, [%]

L Length of sand-filled dripper, [cm]

n Number of emitters in a sample

Ne Number of point source emitters per emission point (number of emitters per plant)

Operating pressure head at the emitter, [kPa]
Discharge rate of emitter (equal to qaye), [L.h™!]

Sa Estimated standard deviation of the discharge rate of the emitters
SFD Sand-filled dripper

t Time of the water discharged from the emitter (15 min), [h]

X Emitter discharge exponent that is characterized by the flow regime

Clogging and emission non-uniformity have been
the major problems in the development of drip irriga-
tion. Pressure regulators and pressure-compensating
emitters have long been used to achieve the best emis-
sion uniformity. On the other hand, pressure-compen-
sating emitters are more complicated and expensive
than non-compensating emitters. Micro tubes as small-
bore polyethylene tubes can be pierced along laterals to
provide simpler passages and thus less susceptibility to
clogging (Keshtgar et al., 2013). The system used micro-
tube emitters under the low head, which reduced the
likelihood of clogging and provided other benefits
(Lamm et al., 2007).

Micro tube is recommended as a low cost and easy
to install emitters. According to the researchers, the cost
is significantly lower than that of traditional emitter
systems (Polak, 1998; Bhatnagar and Srivastava, 2003;
Singh et al., 2009; Ella et al., 2009). Micro tube is a sim-
ple, low-cost emitter that was widely used throughout
the world in the early days of drip irrigation (Almedia
et al., 2009). Micro-tubes displayed the best coefficient
of manufacturer’s variation at 0.06, which is good ac-
cording to ASABE standards. Accordingly, the micro-
tubes had the best average EU at 92.8%, which is excel-
lent for low-cost drip irrigation systems (Thompson,
2009). The hydraulic performance of a drip irrigation
system with in-line emitters 1.3 L.h™* and 2.4 L.h™* for
pressures of 68.6, 882, 117.6, and 147 kPa was

evaluated. The results showed that as the operating
pressure increases, the emission uniformity, uniformity
coefficient, and irrigation efficiency increase, while the
coefficient of variation and emitter flow variation de-
crease for all emission devices (Deshmukh et al., 2014).
The effect of drip irrigation system as hydraulic perfor-
mance on emitter discharge, coefficient of variation,
and emission uniformity was investigated. The dis-
charge flow rate of the emitter increased as the pressure
increased, and the coefficient of variation increased as
the pressure decreased, indicating that the pressure di-
rectly affected the discharge rate of the emitter (Mistry
etal, 2017).

Even today, no research has been done on the eval-
uation of hydraulic performance of sand-filled dripper
(SFD) to find the effects of various dripper design (non-
compensating versus compensating) on the uniformity
of irrigation water application. So, the main objective of
this work was to find more specifics on hydraulic char-
acteristics and head-discharge relationship of sand-
filled dripper by collecting discharge rate at five differ-
ent levels of operating pressure of 50, 100, 150, 200 and
250 kPa to estimate the hydraulic performance of sand-
filled dripper, calculate the manufacturer's coefficient
of variation (Cy), K4 and x, so as to establish the flow
rate sensitivity of SFD to pressure and comparing the
results to the on-line emitters which can be find in the
market.
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2. Materials and methods
2.1. Experiments Location

Laboratory experiments were conducted in the la-
boratory of irrigation and Hydraulics, Water and Irriga-
tion systems Engineering Department, Faculty of Agri-
cultural Engineering Al-Azhar University, Cairo, Egypt
(30°03'15.9"N latitude 31°19'14.9"E longitude) to deter-
mine the hydraulic performances for the different types
of sand-filled dripper (SFD) under different levels of
working pressure.

2.2. Sand-filled dripper (SFD)

El-mesery (2011) designed sand-filled dripper as in
Fig. 1. it is consisting of a polyethylene micro tube that
filled with homogeneous granular sand, screen pieces
at both ends of the micro tube and a barbed end at only
one end of the micro tube. To determine the relation-
ship between discharge rate of SFD and operating pres-
sure which the design of drip irrigation systems de-
pends on it. Table 1 summarizes the design specifica-
tions for the twenty-seven of sand-filled dripper types
which used in the experimental.

2.3. Layout of drip irrigation experimental and set-up

Twenty-seven different types of on-line sand-filled
dripper have been laboratory tested to choose the best
and use them in the drip irrigation network to irrigate
the different crops in the field. The Layout of drip irri-
gation experimental set-up consisted as in Fig.2 from
three irrigation subunits and each sub-unit included
three drip lines of 3.5 m length spaced at 0.50 m.
Twenty-one sand-filled drippers (as replicates) are in-
stalled in each sub-unit (seven drippers in each drip line
at distance of 0.50 m. Each sub-unit was used to test one
type of SFD. Measuring cylinder, stopwatch and caught
cans used to calculate the emitter discharge.

2.4. Data Collection and calculation of SED discharge

To determine the sand-filled dripper discharge (q),
the drip irrigation network was operated under five dif-
ferent levels of operating pressures 50, 100, 150, 200 and
250 kPa for each type of SFD. the gravimetric method
was used to measure the discharge volume of SFD
where the collected water mass was measured for 15
min. Every sampling emitter has an assigned 3000 mL
plastic beaker which its mass was registered before the
experiments. After every experiment, the combined
mass of the beaker and water collected by each beaker
were weighed using a digital scale. The mass of water
discharged is calculated by subtracting the mass of the
beaker from the combined mass of the cup and water.
Assuming the water density is one kg. L™, the discharge
rate of SFD can be calculated the following equation
(Martinez et al., 2022):

ITlW
_pth

q - [1]
where: q: is the discharge rate of SFD in (L.h™!), m,: is
mass of the water discharged from the dripper in (kg),
pw: is the density of water in (kg.L™!) equal to 1 kg. L%,
and t: is time of the water discharged from the dripper
in (h) (equal to 15 min).

2.5. Emitter Evaluation

They are some very important parameters to evalu-
ate the performance of emitters. these parameters are
emitter discharge (q), the emitters discharge exponent
(x), the coefficient of variation of the discharge (Cy),
emission uniformity (EU), and emitter flow variation

(qvar)'

2.5.1. Pressure — discharge relationship

The Pressure discharge for emitters was expressed by
the following formula (Karmeli, 1977, Keller and Bli-
esner, 1990).

q = kg. P - [2]

where, q: is the discharge rate of dripper in (L.h™), k4:
is discharge coefficient, P: is the emitter working pres-
sure in (kPa) and x: is the emitter flow exponent.

2.5.2. Manufacturer’s coefficient of variation (Cy)

Coefficient of manufacturing variation is defined as
the ratio of the standard deviation of flow to the mean
flow for a sample number of emitters. Coefficient of
Variation (Cy) is a statistical parameter expressed by the
following equations (Madramootto, 1988; ASAE, 1990;
Savva and Frenken, 2002).

Sq
Cy = ..[3
v Gave [ ]
S, = [Cl12 + C122 .t an - nqavez] [4_]
¢ [n—1]

where, Cy: is the manufacturing coefficient of variation,
Qave: is the average emission rate of sample, Sy: is the
estimated standard deviation of the discharge rate of
the emitters, q4,q; ...qy,: is the individual discharge in
(L.h™1), n: is number of the emitters in a sample, and
Qave: is average the emitter discharge ([q; + q3 ... qn]/n)
in (L.h™1).

Numerous guidelines have been suggested to clas-
sify Cy values, but those given in the ISO standards (In-
ternational standard, 1991) are used in this study (Table
2).

2.5.3. Emission uniformity (EU)

The design emission uniformity is defined for point
and line source emitters by the following equation de-
veloped by Keller and Karmeli (1975):
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Barbed end
Lateral line

Sand Dripper Section

Fig. 1. Typical installation of sand-filled dripper (El-mesery, 2011).

Table 1
Specifications of sand-filled dripper (SFD).

Specification

FD -
SFD type 5 SFD Diameter  SFD length Diameter of sand

code e e granules “d”” (mm)
D (mm) L (em) which fill SFD.
El 4 10 1
E2 4 15 1
E3 4 20 1
E4 4 10 0.8
Type 4 E5 4 15 0.8
E6 4 20 0.8
E7 4 10 0.2
E8 4 15 0.2
E9 4 20 0.2
E10 6 10 1
E11 6 15 1
E12 6 20 1
E13 6 10 0.8
Type 6 El14 6 15 0.8
E15 6 20 0.8
El6 6 10 0.2
E17 6 15 0.2
E18 6 20 0.2
E19 10 10 1
E20 10 15 1
E21 10 20 1
E22 10 10 0.8
Type 10 E23 10 15 0.8
E24 10 20 0.8
E25 10 10 0.2
E26 10 15 0.2
E27 10 20 0.2
Table 2
Classifications of Coefficient of Variation Values According to ISO Standards, (1991)
Category Cy values Details Classification
A 0 to£5% Higher emiss.i(?n of ur.liformit'y .rate and smaller deviations Good
from the specified nominal emission rate.
B 5 t0£10% Medium emis.s.ion of ugiformi’.fy .rate and medium deviations Medium
from the specified nominal emission rate.
C ~10% Lower emission of uniformity rate and greater deviations from Poor

the specified nominal emission rate.
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Fig. 2. The experimental layout of the drip system (Dimensions in m).
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EU = 100 (1 inld cv> Gmin - [5]

\/N_e Qave

where: EU: is the design emission uniformity in percent
(%), N¢: is number of point source emitters per emission
point (number of emitters per plant), Cy: is the manu-
facturer's coefficient of variation for point or line source
emitters, qu,: is the minimum emitter discharge rate in
system in (L.h™1), and qgy.: is the average or design
emitter discharge rate in (L.h™%).

For point-source emitters, EU values above 90% are
considered excellent, between 80% and 90% as good,
between 70% and 80% as fair, and between 60% and
70% as poor whereas EU values below 60% would be
unacceptable (ASAE, 1999).

2.5.4. Emitter flow variation (q,q,)

Flow variation is also a design parameter to evalu-
ate a trickle lateral design. General criteria for qy,, val-
ues are 10% or less, desirable and 10 to 20%, acceptable
and greater than 20%, not acceptable by Wu and Gitlin
(1983). The defining equation for flow variation as be-
low.

_ 9max ~ Ymin
Qvar =

x 100 .. [6]

qmax

where: qy4.: is the flow variation in (%), qmax: is the
maximum emitter discharge rate in system in (L.h™1).

Qmin: is the minimum emitter discharge rate in system
in (L.h™1).

3. Results and discussions
3.1. Calibration and evaluation performance of SFDs

The experiments were conducted to investigate the
performance of different SFDs at different working
pressures.

3.1.1. Discharge-pressure relationship of different types
of SED

Fig.3 illustrate the mean SFD discharge rate for type
4 of SFD (E1, E2, .... and E9) at operating pressure of 50,
100, 150, 200 and 250 kPa. The results in Fig. 3 showed
that all used emitters of type 4 discharge rates were in-
creased as the pressure increases from 50 kPa to 100,
150, 200 and 250 kPa. While the discharge rates of SFDs
type 4 decreases with increasing in the length of the
dripper from 10 to 15 and 20 cm.

Similarly, for remaining SFDs of type 6 (E10, E11, ...
and E18) and type 10 (E19, E20, ... and E27); also, the
discharge rate increased with increase in pressure from
50 to 100, 150, 200 and 250 kPa. While the discharge de-
creased with increase in the length of the SFD from 10
to 15 and 20 cm.

The observed data of discharge rates for type 6 and
type 10 of SFDs at various operating pressure and
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different lengths of SFDs.; also, the relationship be-
tween discharge rate and operating pressure are ex-
pressed by equation [2] as in Figs. 4 and 5. It is evident
from the Figs. 3, 4 and 5 that the discharge and pressure
are directly proportionate. The emitter discharge expo-
nent x is a very important factor for hydraulic perfor-
mance of any dripper. The hydraulic characteristics of
all tested SFDs were calculated using regression analy-
sis. The results shown in that the discharge rate of dif-
ferent types of sand-filled drippers increases with in-
creasing operating pressure. The power relationships
between pressure and discharge have been developed
for each emitter as shown in Figs. 3, 4 and 5. The power
form of the mathematical relationships for the dis-
charge-pressure relationships were presented in Tables
3, 4 and 5. The value of R? for each SFD discharge was
over 0.94 and it can be said that the model fits well.

From Table 3 it can be seen that, in case of the SFDs
discharge rates of type 4, the pressure exponent x was
greater than or equal to one. This result indicates that
the nature of flow regime from the SFD was a flow of
microtubes, so that the flow regime for all SFDs of type
4 are laminar flow. While for the SFDs of type 6 the ex-
ponent x of pressure Table 4 was ranger from 0.655 to
1.041 so that the flow regime for all SFDs of type 6 are
unstable flow regime. Whereas for the SFDs of type 10
the exponent x of pressure Table 5 was ranger from 0.72
to 0.98 so that the flow regime for all SFDs of type 10 are
unstable flow regime.

The previous classification of flow regime for all
SFD types was according to Keller and Karmeli (1974);
Savva and Frenken (2002); Hoffman et al. (2007); Waller
and Yitayew (2016) recommended classification of flow
regime according to the value of emitter discharge ex-
ponent.

5
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Fig. 3. Effect of working pressure “P” (kPa) on emitter discharge rate “q” (L.h™") for type 4 of SFD.
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Fig. 4. Effect of working pressure “P” (kPa) on emitter discharge rate “q” (L.h™") for type 6 of SFD.
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Fig. 5. Effect of working pressure “P” (kPa) on emitter discharge rate “q” (L.h™") for type 10 of SFD.
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Table 3
Developed models for the pressure discharge relation-
ship for type 4 of SFD.

(. [
) o 2
ol 0~ =
S . Developed ¢ & S
@) d Model uS TV~
[ o = 73]
wn o o]
O O
El 0010 1.108 q=0.010P™1% 0978
E2 0.005 1207 q=0.005P%207 0990
E3 0.005 1.123 q=0.005P"2 0945
E4 0004 1246 q=0004P'2% (0980 o=
E5 0.006 1.087 q=0.006P%°%7 0977 §
E6  0.003 1195 q=0.003PM% 0979 £
E7 0004 1232 q=0.004P'%32 (0979 =
E8 0.001 1393 q=0.001P%3%3 0988
E9 0.001 1346 q=0.001P%3* (0954
Table 4

Developed models for the pressure discharge relation-
ship for type 6 of SFD.

a— [
o o kel
e} 0o~ =
S . Developed q:‘ﬁ * S
a d Model IV
S o A
wn o (¢
O O

E10 0300 0.655 q=0.300P%655  (0.994
E1l 0106 0764 q=0106P°7%* 0984 ¢
E12 0138 0665 q=0.138P%% 0995 &
E13 0930 0801 q=0930P°%1 0994
El4 0113 0732 q=0.113P%732 (0993 2
EI5 0378 0892 q=0378P°%2 0983
E16 0.026 0987 q=0.026P%% 0993 £
E17 0014 1041 q=0014P10% 0992 §

E18 0.018 0949 q=0.018P%%° (.99

Table 5

Developed models for the pressure discharge rela-
tionship for type 10 of SFD.

. R
< N~ =
S K . Developed § % 8
Q d Model T = 7
[ o 19}
wn o [}
© O

E19 0426 0765 q=0.426P°7% 0.977
E20 0455 0717 q=0455P%7Y7 0989 g
E21 0162 0.860 q=0.162P%%° 0995 ‘&
E22 0422 0742 q=0422P%7%2 0970 £
E23 0356 0738 q=0356P°7% 0976 2
E24 0.090 0955 q=0090P%%5 0980 2
E25 0252 0818 q=0.252P%1% 0935 &
E26 0103 0915 q=0.103P%5 0963 5

E27 0.048 0977 q=0.048P°%77  0.960

3.1.2. Coefficient of variation for different types of SFD

To decision if the system was good, medium and
poor, it was needful to determine the coefficient of var-
iation (Cy) of discharge for all types of SFD. The Cy of
SFDs in the sample falling within a given deviation
from the mean rate of discharge was calculated using
equations [3] and [4].

For SFDs of type 4, the results in Fig. 6 indicated
that the coefficient of discharge variation values for all
SFDs of type 4 were ranged from 10.09% to 16.37% at
operating pressure of 50 kPa, from 9.76% to 5.04% at op-
erating pressures ranging from 100 to150 kPa and from
4.99% to 2.26% at operating pressures ranging from 200
to 250 kPa. So, the SFDs of type 4 performance was clas-
sified based on the coefficient of variation as good at
operating pressures of 200 and 250 kPa, medium at op-
erating pressures of 100 and 150 kPa and poor at oper-
ating pressure of 50 kPa according to the recommended
classification of ISO standards (1991).

For SFDs of type 6, the results in Fig. 7 indicated
that the coefficient of discharge variation values for all
SFDs of type 6 were ranged from 9.98% to 5.28% at op-
erating pressures ranging from 50 to 100 kPa and from
4.67% to 1.15% at operating pressures ranging from 150
to 250 kPa. So, the SFDs of type 6 performance was clas-
sified based on the coefficient of variation as good at 150
and 250 kPa operating pressures and as medium at 50
and 100 kPa operating pressures according to the rec-
ommended classification of ISO standards (1991).

Similarly, for SFDs of type 10, the results in Fig. 8
indicated that the coefficient of discharge variation val-
ues for all SFDs of type 10 were ranged from 9.56% to
5.15% at operating pressures ranging from 50 to 100 kPa
and from 4.93% to 1.28% at operating pressures raging
from150 to 250 kPa. So, the SFDs of type 10 performance
was classified based on coefficient of variation as good
at 150 and 250 kPa operating pressures and as medium
at 50 and 100 kPa operating pressures according to the
recommended classification of ISO (1991).

Generally, the coefficient of variation decreased
with increasing the working pressure for all types of
SED. Fluctuations in values of the coefficient of varia-
tion with pressure possibly used to describe the sensi-
tivity of dripper discharge to pressure. The results in
agreement with Pitchford, 1980; Boswell, 1985, they
mentioned that the typical values of the coefficient of
variation must be ranged from 2% to 15 % to fulfill sen-
sible uniformity of water application although higher
values are also possible. Table 6 shows a classification
summary of the three types of sand-filled drippers at
operating pressures of 50, 100, 150, 200 and 250
kPabased on the coefficient of variation according to the
recommended classification of ISO standards (1991).
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Fig. 6. The experimental data and the relationships between the coefficient of variation "C,"” (%) and operating
pressure “P” (kPa) for type 4 of SFD.
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pressure “P” (kPa) for type 10 of SFD.

Table 6
A classification summary of the three types of SFD at different operating pressures “P” (kPa) based on the coeffi-
cient of variation according to the recommended classification of ISO standards (1991).

Operating pressure "P” (kPa)

Type of SED (SFD code) 50 100 150 200 250
Classification based on C,
Type 4 (E1, E2, ... and E9) Poor Medium Medium Good Good
Type 6 (E10, E11, ... and E18) Medium Medium Good Good Good
Type 10 (E19, E20, ... and E27) Medium Medium Good Good Good
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3.1.3. Emission Uniformity "EU” (%) of SFDs

Emission uniformity of SFDs was calculated using
equation [5] for all types. The relationship between op-
erating pressure and the emission uniformity as shown
in Figs 9, 10 and 11. In the case of SFDs of type 4, the
results in Fig. 9 indicated that the emission uniformity
values were ranging from 80.13% to 89.12% at operating
pressures ranging from 50 to 100 kPa and ranging from
87.82% to 95.82% at operating pressures ranging from
150 to 250 kPa. So, the SFDs of type 4 performance was
classified based on the emission uniformity as good at
50 and 100 kPa operating pressures and as excellent at
150, 200 and 250 kPa operating pressures according to
the recommended classification of ASAE (1999).

Similarly, in the case of SFDs of type 6, the results
in Fig. 10 indicated that the emission uniformity values
were ranging from 81.41% to 90.75% at operating

pressures ranging from 50 to 100 kPa and ranging from
91.60% to 97.89% at operating pressures ranging from
150 to 250 kPa. So, the SFDs of type 6 performance was
classified based on the emission uniformity as good at
50 and 100 kPa operating pressures and as excellent at
150, 200 and 250 kPa operating pressures according to
the recommended classification of ASAE (1999).

For SEDs of type 10, the results in Fig. 11 indicated
that the emission uniformity values were ranging from
82.81% to 87.63% at 50 kPa operating pressure and from
90.03% to 97.73% at operating pressures ranging from
100 to 250 kPa. So, the SFDs of type 10 performance was
classified based on the emission uniformity as good
only at 50 kPa operating pressure and as excellent at
100, 150, 200 and 250 kPa operating pressures according
to the recommended classification of ASAE (1999).

100 , , , 100 | | | 100 , , , ,
—-F1 —W-E2 = E3 [=e-E4 —=-E5 ——E6 | —*-E] s +59|I
T T
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Operating pressure (kPa)
Fig. 9. The experimental data and the relationships between the emission uniformity “EU” (%) and working

pressure “P” (kPa) for type 4 of SFD.
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Fig. 10. The experimental data and the relationships between the emission uniformity "EU" (%) and working

pressure “P” (kPa) for type 6 of SFD.
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Fig. 11. The experimental data and the relationships between the emission uniformity “EU" (%) and working

pressure “P” (kPa) for type 10 of SFD.
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Table 7 shows a classification summary of the three
types of sand-filled drippers at operating pressures of
50, 100, 150, 200 and 250 kPa based on the emission uni-
formity according to the recommended classification of
ASAE (1999). By comparing the results of the coefficient
of variation with the results of the emission uniformity,

Table 7

it was found that there is an inverse relationship be-
tween the coefficient of variation and the emission uni-
formity, where the emission uniformity decreases with
an increase in the coefficient of variation. These results
in conformity with Solomon, (1979); Hoffman et al.
(2007); Kumar and Singh (2007); Pragna et al. (2017).

A classification summary of the three types of sand-filled drippers at different operating pressures “P” (kPa) based
on the emission uniformity according to the recommended classification of ASAE (1999).

Operating pressure “P” (kPa)

Type of SED (SFD code) 50 100 150 200 250
Classification based on EU
Type 4 (E1, E2, ... and E9) Good Good Excellent Excellent Excellent
Type 6 (E10, E11, ... and E18) Good Good Excellent Excellent Excellent
Type 10 (E19, E20, ... and E27) Good Excellent Excellent Excellent Excellent

3.1.4. Flow variation “q,,,."" (%) of SFDs

Calculation of the flow variations of SFD using
equation [6] indicate the relationship between the min-
imum and maximum flow rate variation in percent of
the maximum flow value. Values of flow variations for
all types of SFD. The relationship between flow varia-
tions of SFD and operating pressure as shown in Figs
12, 13 and 14. In the case of SFDs of type 4, the results
in Fig. 12 indicated that the flow variation values were
ranging from 19.74% to 10.17% at operating pressure
ranging from 50 to 150 kPa and from 9.52% to 4.20% at
operating pressures ranging from 200 to 250 kPa. So, the
SFDs of type 4 performance was classified based on the
flow variation as acceptable at 50, 100 and 150 kPa op-
erating pressures and as desirable at 200 and 250 kPa
operating pressures as Wu and Gitlin (1983) states.

In the case of SFDs of type 6, the results in Fig. 13
indicated that the flow variation values were ranging
from 19.77% to 10.00% at operating pressure ranging
from 50 to 100 kPa and ranging from 9.95% to 2.18% at
operating pressures ranging from 150 to 250 kPa. So, the
SFDs of type 6 performance was classified based on the
flow variation as acceptable at 50 and 100 kPa operating
pressures and as desirable at 150, 200 and 250 kPa oper-
ating pressures as Wu and Gitlin (1983) states.

In the case of SFDs of type 10, the results in Fig. 14
indicated that the flow variation values were ranging
from 11.39% to 19.88% at operating pressure 50 kPa and
from 9.94% to 2.53% at operating pressures ranging
from 100 to 250 kPa. So, the SFDs of type 10 perfor-
mance was classified based on the flow variation as ac-
ceptable at 50 kPa operating pressure and as desirable
at 100, 150, 200 and 250 kPa operating pressures as Wu
and Gitlin (1983) states. Table (8) shows a classification
summary of the three types of sand-filled drippers at
operating pressures of 50, 100, 150, 200 and 250 kPa

based on flow variation according to the recommended
classification of Wu and Gitlin (1983).

4. Conclusions

In this research, a new emission device was de-
signed from simple local materials, and as well as hy-
draulically evaluated. The results of the research re-
vealed the following: (1) The flow regime of sand-filled
drippers of type 4 (SFD diameter of 4 mm) was laminar
flow and it was unstable flow regime for sand-filled
dripper of types 6 and 10 (SFD diameter of 6 and 10 mm
respectively). (2) The discharge rate of all types of SFDs
increases with the increase in the operating pressure. (3)
The coefficient of variation (Cy) for SFDs was decreased
with increasing the working pressure, while the emis-
sion uniformity (EU) for all types of SFD was increased
with increasing the operating pressure. This means that
there is an inverse relationship between the coefficient
of variation and the emission uniformity, where the
emission uniformity decreases with an increase in the
coefficient of variation. (4) The dripper flow variation
(Qvar) for all SFDs was less than 25% that is in an ac-
ceptable range.

Finally, this paper is a new research idea, and a new
method may be solving the emitter clogging problem in
drip irrigation network, where the results research has
created an important experimental data that can be
used as a basis for maximizing the performance effi-
ciency of drip irrigation systems in order to manage the
irrigation water more efficiently. Also, the results of this
research can be used as a reference to improvement,
promotion, and application of sand-filled drippers in
drip irrigation networks. In addition, the different field
experiments will be conducted in the future to irrigate
some crops using the drip irrigation system using sand-
filled drippers to compare these with conventional on-
line drippers, as well as to find out the distribution pat-
tern of irrigation water in the soil under SFD.

-39 -



Mostafa et al. Al-Azhar Journal of Agricultural Engineering 4 (2022) 30-42

25

: : : . 25 : : : : 25 : :
| B 2] =E3] ypacceptabl ~0-E4 WE5 %E6) |pacceptable €7 WE8 B3] ypacceptable

20 i 20 | 20 ;: \ '
3 15 Acceptable 15 Acceptable 15 Acceptable |
S N

E 10 10 10
c -
5 - Desirabl 5 4 Desirable 5 4 Desirable
[1] T T 0 -‘ |‘ T T 0 ‘l T T
0 50 100 150 200 250 300 0 50 100 150 200 250 300 0 50 100 150 200 250 300

Operating pressure (kPa)

Fig. 12. The experimental data and the relationships between flow variation "qy,," (%) and working pressure
“P” (kPa) for type 4 of SFD.
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Fig. 13. The experimental data and the relationships between flow variation "qy,," (%) and working pressure
“P” (kPa) for type 6 of SFD.
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Fig. 14. The experimental data and the relationships between flow variation "qy," (%) and working pressure
“P” (kPa) for type 10 of SFD.

Table 8

A classification summary of the three types of sand-filled drippers at different operating pressures “P” (kPa) based
on flow variation according to the recommended classification of Wu and Gitlin (1983).

Operating pressure “P” (kPa)

Type of SFD (SFD code) 50 100 150 200 250
Classification based on qyq,
Type 4 (E1, E2, ... and E9) Acceptable Acceptable Acceptable Desirable Desirable
Type 6 (E10, E11, ... and E18) Acceptable Acceptable Desirable Desirable Desirable
Type 10 (E19, E20, ... and E27) Acceptable Desirable Desirable Desirable Desirable
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