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ABSTRACT

Freshwater scarcity has become a global issue, and agriculture is the major water consumer, pushing
researchers to look for methods to improve water usage efficiency. The research aims to create design software for
a simple low-head bubbler as a water-saving alternative to a traditional furrow irrigation system. The specified
bubblers, having an inside diameter (ID) of 8.8 to 13.6 mm and a height of 0.5 m, were hydraulically evaluated in
the lab at low effective pressures ranging from 1 to 13 kPa. There are two methods for estimating bubbler discharges
(av) by the design model: using equation from the laboratory bubblers evaluation (E1) or using theoretical
calculations (E2). The model calculates discharge uniformity (CU) until it is > 85 %, at which point it stops and
displays determining the lateral flow rate (Qr), pressure (Hr), and length (LL) for each value of CU > 85 - 90, >90
- 95, and > 95 %. The correlation factor (R?) between measured and estimated gp by (E1) and (E2) was 0.98 and
0.93 % for ID 8.8 mm and (0.76 and 0.81 %) for ID 13.6 mm, respectively. Although the R? between measured and
predicted g was reduced by ID increasing, the correlation remained high. As a result, an ID of 13.6 mm or less is
often recommended. According to the results, using this model to design a simple low-head bubbler irrigation
system is both effective and reliable. In terms of water conservation, it could be a viable alternative to traditional

furrow irrigation. conservation, it could be a viable alternative to traditional furrow irrigation.
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INTRODUCTION

With the increasing demand for freshwater around the
world, the agricultural sector is the most consuming water.
Traditional irrigation systems will be replaced with modern
irrigation systems as part of a global goal to rationalize the use
of water resources. Almost all modern irrigation systems,
which are known for their high water-use efficiency, consume
significant input energy. To achieve high water-use efficiency
with consuming low energy, innovative irrigation systems are
still required (Nogueira et al., 2021).

Muicro-irrigation is a modern system that applies water
slowly to only a portion of the soil volume. Surface or
subsurface drip, bubbler, small-tube, and small-sprinkler are
some of the techniques used. Water is provided through
emitters, porous tubing, small-tube or sprayers as discrete or
continuous drips, tiny streams, or a fine mist, and then runs
through the soil by capillary and gravity (Ullah et al., 2021
and Al-Omran et al., 2021).

Water is supplied to the soil surface as a little stream
using a small diameter tube (1 to 13 mm) or a commercially
available device in bubbler irrigation. Small basins or furrows
are required to control water distribution on the land to save
water near the plant root zone since application rates typically
exceed soil infiltration rates. High and low pressurized
systems are the two main types of bubbler irrigation systems
available. Low head bubblers operate at 10 to 50 kPa, based
on gravity flow systems, and 50 to 150 kPa in pressurized
systems (Hills & Yitayew, 2007).

In general, the techniques for designing pressurized
bubbler systems are like those for most microirrigation
systems. Gravity irrigation design procedures have been
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developed over several years and are relatively unique to this
type of irrigation. The lateral line, delivery tube, and bubbler
outlet height must all be designed when creating a low head
bubbler irrigation system (El-Meseery, 1999 and Waller &
Yitayew, 2016a).

Microirrigation is commonly made using smooth
plastic tubes to reduce head friction losses. Friction losses
along the lateral line can be calculated using the Darcy-
Weisbach equation and the empirical Hazen-Williams
equation; these equations are presented further below. (Waller
& Yitayew, 2016b).

Low-pressure gravity-flow systems with pockets of
air at the crest of pipe undulations are susceptible to airlocks.
These air pockets absorb energy and can sometimes prevent
water flow. No water will be discharged until the air is
removed from the passage. Maintaining pipe velocities
greater than 0.3 m/s is a more cost-effective approach than
using an air-lock removal technology. Water turbulence at
these velocities keeps air from accumulating in the pipes. To
achieve these hydraulic conditions under low-pressure
operation, emission tubes with a diameter of less than (13 mm)
are recommended (Reynolds & Yitayew, 1995).

The American Society of Agricultural Engineers
(ASABE EP458, 1999) set up microirrigation uniformity
classifications ranging from poor to excellent for point source
emitters. Low, poor, fair, good, and excellent uniformity are
defined as uniformity below 60 %, between 60 and 70 %,
between 70 and 80 %, between 80 and 90 %, more than 90
%, respectively. For standard design requirements, a system
with a uniformity coefficient of at least 85 % is considered
suitable (Ella et al., 2009).
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Khedr et al. (2015) developed a computer model to
determine the ideal lateral length in microirrigation systems.
The model was developed with flow variations (qvar) of 10,
15, and 20 %, or a coefficient of uniformity (CU) of over 85
%. To validate the model, an actual experimental study was
conducted with in-line, on-ling, and microtube emitters for
various lateral lengths and operating pressures. The
correlation coefficient (R between the model and the real
experiment was between 0.80 and 0.95.

Yurdem et al. (2015) provide a simplified empirical
model for predicting the optimal lateral length for uniform
water distribution. The created model applies to a 16 mm
nominal pipe diameter, cylindrical co-extruded emitters, and
emitter spacing ranging from 0.2 m to 1 m. A total of 26 drip
irrigation pipes were used to determine the best lateral length.
The resulting model explained 98.3 % of the variation in
optimal lateral lengths.

Rashad (2013) developed a computer program that
design a typical low head bubbler lateral with full application
uniformity. the variables must be specified are including,
water temps, bubbler length and diameter, lateral diameter,
lateral upstream pressure, and soil surface slope. The output
design model will estimate bubbler heights, lateral length, and
lateral flow.

The main objective of this research is to create design
software for a simple low-head bubbler irrigation system that
has constant lengths and heights as well as uniform water
application. This system can be used to replace traditional
gravity furrow irrigation systems with a modern, water-saving
alternative.

MATERIALS AND METHODS

A suggested Low Head Bubbler system

The schematic diagram of a suggested Low Head
Bubbler Irrigation system in the field is shown in Figure ().
Water is transported from the source to the bubblers through
a subsurface pipe network. a furrow was formed on the lateral
pipe and the bubblers were placed on the upper furrow. The
bubbler discharges at several points in each of the furrow's
two bottoms, then each lateral irrigate two farrows.

Bubbler tube

DT T
-

Figure 1. Irrigation with a low head in the field for
furrow-planted intensive crops.

Calibrating Bubblers Hydraulically

To evaluate the Bubblers' Hydraulic Properties, the
discharge of water from the two tested bubblers, 1D (inside
diameter) 8.8 and 13.6 mm, was measured in the lab at various
pressures.

Figure 2 shows a schematic diagram of one lateral in
the bubbler hydraulic properties calibration experiment. In the

calibration experiment, there are two laterals, each with ten
bubblers that can be tested simultaneously. The water is
pumped into a 0.80 m® cylindrical plastic tank with a height
of 1.0 m and a diameter of 0.50 m. By increasing the inflow
over the outflow and using a 50 mm diameter overflow tube
near the tank's upper lip, the water level in the tank was kept
constant. The effective pressure head from the tank's water
level to the bubbler level, on the other hand, is controlled by
the tank’s adjustable base height.
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Figure 2. A schematic diagram of one lateral pipe in the
calibration experiment of bubbler hydraulic
properties.

The main pipe transported water from the supply
tanks to two laterals, each with two valves at the entrance and
end for flow control and air flushing. The lateral pipe was
smooth PVC with a slope of zero and a length of 1.2m and
61.8 mm ID. Where every lateral pipe had ten smooth
polyethylene bubbler tubes, each two of those were joined by
a T connector and mounted by a five-riser tube (0.5 m height
and 13.6 mm ID) at 20 cm intervals. The bubbles (1.0 m
length) were placed on a metal test bench and discharged into
plastic containers (ID 0.25 m and 0.30 m length) at pressures
of 1.0 to 13.0 kPa in 1 kPa increments. To measure the
pressure, piezometers were mounted at the start and end of the
lateral pipe.

As a result of the relationship between bubbler
discharge and operating pressure, the bubbler discharge
equation is as follows:

qp = k h* @)
Where K is the dimensionless bubbler constant, h is the pressure head at

the bubbler (m), and x is the dimensionless bubbler discharge
exponent.

Calculating the manufacturer's coefficient of variation
C, from the lab experiment is also possible. It is among the
most important factors affecting the microirrigation system
uniformity. C, is classified as unacceptable (> 0.15), poor
(0.11 to 0.15), marginal (0.07 to 0.11), average (0.05 to 0.07),
and excellent (<0.05) by the ASABE Standards (2008), and
is given by the equation:

C, =2t @

qav
Where C, is the discharge coefficient of variation (%), S, is the standard
deviation of discharge rates of the emitters in the sample (L h%) and
(v is the mean of emitter discharge rate (L h?).

The Design Model of Bubbler's Lateral

A mathematical model of the bubbler system based
on a series of algebraic equations was proposed, and a
program written in MATLAB (R2015a) was created to
solve such equations and predict discharge and uniformity.
Step-by-step (SBS) hydraulic calculations are used in this
analysis. Starting at the lateral downstream end and
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moving upstream, the SBS procedure was initiated.
Assume the bubbler discharge rate is constant and the
lateral pipe slope is level. Bernoulli's equation describes
energy conservation between two consecutive outlet
positions in lateral construction (n and n -1).

vE,_
U Shye —She ()
Vi V%n—l)

hn + Zn + a = h(n—l) + Z(n—l) + 29 - tht’ - tht’ (4)

Where P is the lateral pipe pressure (N/m?), The character n is assigned
to the lateral's last bubble. while the one before it is given n-1, y
is the specific weight of water (N/m?), h is the pressure head, Z is
the lateral elevation (m), V is the water flow velocity (m/s), g is the
acceleration of gravity constant (9.81 m/s?), hy is the friction head
loss in a lateral pipe (m) and hue is minor losses at pipe fittings

(m).

The lateral pressure head at the bubbler (n-1) point is
as follows:

h(n—l) = hn + Zhﬂ’ + tht’ (5)

The basic formulas for friction and other minor
pipeline losses were used to calculate the discharges and total
head in the lateral in this analysis. In small diameter and
smooth pipes, the Darcy Weisbach equation was employed to
compute friction head loss ( Rashad, 2013 and Waller &
Yitayew, 2016b) as follows:

2
hy=f 5y ©®
Where, hyis the friction head loss (m), L is the bubbler length (m), D is the
bubbler tube inside diameter (m), V is the average flow velocity
(m/s), g is the acceleration of gravity (9.81 m/s?), and f is the friction
factor for pipe flow calculated as:
For laminar flow Re <2000 f=64/Re )]
For turbulent flow 4000 < Re < 100000 f=0.3164/Re’® (8)

The hydraulic flow regime in this model was specified
using the Reynolds number (Re), which was developed by Boor
et al. (1968) to show the impact of water temperature as follows:
R, =198.7 Q (1+ 0.03368T,, +0.000221T%)/d  (9)
Where Q is the total flow rate (£/4); Tw is the water temperature (°C), and

d is the internal pipe diameter (mm).

Equations (2, 3, and 4) can be combined to obtain the
equations for laminar (Eq. 6) and turbulent (Eq. 7) flows,
respectively as follows:

Py Vi _ P@m-1)
o +Z"+E_ T+Z(n,1)+

2
For laminar flow ~ hy = 408.4479 ;315 10)
LQ?
For turbulent flow h, = 2.01926W (11)

The emitter barb causes minor friction losses (E;), which
are expressed as an equivalent length of lateral pipe (Watters &
Keller, 1978). The following losses for bubbler barbs are shown
for various pipe diameters and barb dimensions:

Ep, = 0.25d,(19d;'?) 12
Where E; is the corresponding pipe length (m), dv is bubbler barb
diameter (mm) and dv is the lateral pipe diameter (mm).

As a result, the distance between bubbler (S) in the
lateral frictional head loss equation was substituted by S, after
adding the equivalent length (E/):

Se= (S+Ep) 13)

The system's velocity and other minor losses are

generally expressed as:

h= k- (14)

Where, K is the head loss coefficient, which is divided into two minor loss
coefficients as ke = 1.2 to calculate the entrance head loss he, and k,
=1to calculate the velocity head loss.

As a result, Eqg. (14) can be rearranged as follows to
account for these two minor losses:

2
h, = 0. 0077% (15)

h, = 0.0064% (16)

A schematic diagram of the hydraulic grade and
energy line along the lateral pipe is shown in Figure (3). It
describes its elements, such as the lateral upstream head
(Hv), lateral and bubbler Hydraulic Gradient Line (HGL),
lateral and bubbler friction losses (hx, hs), entrance head
loss he, velocity head (hy), and bubbler heights (hn) along
with the horizontal low head bubbler irrigation lateral.

Upstream lateral head (HT)j

Lateral HGL

.
Bubbler HGLJ .................................. [ S— hV
[ het hyy

Qr i

=
=

hay he hge T hna  hey he
Figure 3. A schematic diagram of the hydraulic grade and
energy line along the lateral pipe.
As a result, the upstream lateral
equation is:

head (Hr)

Hy=h,+ hv + hgpp, + hythy 56, (17)
Where, hnis the bubbler height (m) and ha_is frictional head loss of
lateral at the distance before outlet point one (m).

The downstream end bubbler (gy) is specified in the
input data, and (gn-1) and preceding ones were estimated in
the design model using the practical equation (E1) or
theoretical equation (E2). E1 estimation using the lateral
section frictional head loss, hq, and (qgn) as follows:

Gn-1 =qnt+k h;L (18)
Where gn.1 is current bubbler discharge (£/) and gy is previous bubbler
discharge (&/h).

The model can use the alternate estimate equation E2
based on the bubbler flow regime to calculate the bubbler
discharges:

For bubbler laminar flow

e I
Un-1 = \ 4084479 x byxRepxbg®
For bubbler turbulent flow
~ (ot )" @
Un-1 = 7201926 x byxR) g

Where, gn1 is current bubbler discharge (&%), hw is previous
bubbler friction loss (m), ha is previous lateral friction
loss (m), be is bubbler length (m), Res is previous bubbler
Reynolds number (dimensionless) and bs is bubbler
diameter (m).

The total number of bubblers by, lateral length L (m),
and lateral upstream discharge, Qr (¢/h) calculated as follows:
by = 0, X Number of bubbler per outlet point (21)
Qr = XiZ1qp (23)
Where, On is outlet point numbers, & is the interval distance between
bubblers (m) and gy is the bubbler discharge, (£/).

A more accurate approach of characterizing the
subunit's hydraulic performance was the coefficient of
discharge uniformity (CU). Christiansen (1942) provided
useful assistance in determining irrigation uniformity:

_ _ ZiEie lai-al

cu = 100 (1 ) (24)

Where, YiZ1 |q; — q| is the sum of absolute values of deviations from
mean bubbler discharge, gi and q are individual and mean
bubbler discharge (£/1), and n is the estimated number of bubblers.

Figure 4 is a flowchart of the equations used in
this model, and it shows the software output predicted
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data as, lateral length (L.), discharge (QL), and pressure
(PL) at each predetermined bubbler discharge uniformity

Input data

(CU %).

Qn, o, €b, b, di, Tw, oL & S, k & X

1
The Reynolds number (Rey,) of bubbler (n) flow is determined, Eq. (9)

Calculating the bubbler
head's losses hg, he,, and
hvw, EQ. (10, 15, and 16)

Flow regime
is laminar

Calculating the bubbler
head's losses hy, he, and,
hw Eq. (11, 15, and 16)

L

Calculating the minor friction losses (h,., of the
bubbler's barb, and the lateral flow rate (Qr), Eq.
(12, 13, 23)

|

1
| Calculating the lateral pipe's Reynolds number (Re.), Eq. (9) |

Calculating the bubbler (n-1)
discharge, Eq. 18 or19

Calculating  the lateral . Calculating  the lateral
section's  friction  losses F!O‘:" regime; section’s  friction  losses
hi, Eq. (10) IS laminar hi, Eq. (11)

Calculating the bubbler (n-1)
discharge, Eq. 18 or 20

Adding a bubbler to the lateral upstream (n = n+1)

\—,l Calculating bubbler Cu, Eq. 24 |(—‘

Yes

IF

CU = 85%

J{No

Determining the pressure (Hr), length (L.) and
lateral flow rate (Qr), for each value of CU > 85
—90 %,>90-95 %, and > 95 %, Eq. (17, 22, 23)

)

Printing the results
CU, L, Qr Hr

Figure 4. The flowchart of a software model for designing a low-head bubbler lateral pipe.

The Design Model Validation

A low head bubbler irrigation system was established
in the field, as described in in Figure (1), to validate the
model's various designs through a practical experiment. The
main pipe transports water from the source to a 61.8 mm 1D
submain pipe, which branches out to laterals ID 48.8 mmin a
subsurface network. A furrow was formed on each lateral
pipe, and two attached bubbler tubes of 1.0 m length (ID 8.8
or 13.6 mm) with T connectors were placed on the upper
furrow to discharge in the two lower furrow sides. A 0.5m
riser tube linked the bubblers T connector to the lateral pipe
(ID 13.6 mm). The two bubblers were verified at 2 and 4 m
intervals along a constant lateral length of 20 m under
effective pressures of 5.0, 7.5, and 10.0 kPa.

RESULTS AND DISCUSSION

The Bubbler's Hydraulic Properties

Table 1 summarizes the characteristics of the two
bubblers (ID 88 and 13.6 mm), including flow versus
pressure, bubbler discharge equation constants, and
manufacturing variation coefficient (C.).

The discharge of ID 8.8 and 13.6 mm was increased
by 124 and 212 %, respectively, by elevating the effective
pressure from (1 to 13 kPa). The results revealed that effective
pressure and bubbler diameter had a significant impact on the
bubbler tube discharges.

The discharge exponents of ID 8.8 and 13.6 mm were
0.329 and 0.434, respectively, indicating that the flow was
partially turbulent, according to ASABE Standards (2008).
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Table 1. Effective pressures (Pe) versus bubbler discharge
(gp) for various inside diameters (ID), with

calculated bubbler constants (k, x), and
manufacturer's coefficient of variation (C.).
Pe ID (8.8 mm) ID (13.6 mm)
(kPa) qo(@h) Cu(%) K X  o(th) C(%) kK X
1 910 0.06 976 007
2 1103 0.06 1277 011
3 1107 0.03 1544 0.12
4 1430 0.09 1684 0.14
5 1548 0.05 1927 0.06
6 1553 0.05 2082 0.15
7 1633 007 8728 0329 2177 0.15 94.89 0434
8 1752 0.03 2239 0.16
9 1803 0.09 2243 0.08
10 1798 0.07 2520 0.10
11 1981 0.03 2714 012
12 203.0 0.03 3043 015
13 2034 0.03 3047 015

The Cy of ID 8.8 mm was (0.03 to 0.09), while the C,
of ID 13.6 mm was (0.06 to 0.15), indicating (excellent to
marginal) and (marginal to poor), respectively. With
increasing effective pressures, cv values fluctuate for all
bubblers; these results agreed with Rashad M. A. (2015).

Design Software of Low Head Bubbler

Unlike all other micro-irrigation systems, the bubbler
irrigation system's design is dependent on the presence of
surface runoff. As a result, the rate of water input exceeds the
rate of water absorption by the soil. When entering the
program's inputs, this must be considered when selecting the
bubbler's lowest discharge at the end of the lateral pipe. As a
result, in addition to avoiding air pockets in the bubbler, the
bubbler flow rate must be higher than the soil absorption.
Consequently, the application calculates and displays the
lowest water speed, which must be greater than 0.3 mis.
Furthermore, to save energy, the water velocity must be less
than 1.5 m/s, however, when it rises, its impact is less since
turbulent flow avoids airlocks.

The software interface in Figure (5), requires
information on bubbler properties such as diameter and
length, as well as the bubbler discharge in the downstream end
(an). Data on lateral parameters, such as diameter and bubbler
interval distances, as well as slope, is also required. the
software interface can design the bubbler lateral using the
bubbler discharge equation derived from a laboratory
experiment (E1) by inputting its constants. Alternatively, you
can use the theoretical equation E2.

@ untited Z X
Reted o bbbl tuoe (o) atebs Condtons
Bubbler diamten(Db) mm

Bubbler Length(oL)

Option Condtions
Lateral

Constant (K) charasteristics

Exponent (X)

CU=95%

Related to Lateral ppe (1) 2 90-95%

Lateral diamter(DL) mm CUz85-90%

Bubbler tube spacing (s)

Swpe (5)

Related to bubbler fube (b)

Related to Lateral pipe (L)

4] untitled - ®

Avaiable Condiions

Bubbler diamter(Db) 0 Gl Water temperature (Tve) 0

Bubbier Lengin(oL) 0

Minium bubbier

Minioum water velscly in 0 wrs
bubbler tube (Vimin)
discharge ab i) 0 £in

Option Condtions

Lateral

Constant (K) 8721 characteristics

L Qu Hu
Exponent () 0329

CU=05% Error Error Error

CU =90 95% Error Error Error

Lateral diamtes(OL) 0 mm CUz85- 90% Error Error Error

Bubbles tube spacig (is) 0 m

Stope (3)

Calculate

Figure 5. The blank program interface appears first, followed by an error notice if inappropriate data is entered and

the design is not achieved.

Evaluation of the Bubbler Lateral Design

The bubbler discharges (g,) and coefficients of
uniformity (CU) from the field data are compared to those
calculated theoretically by the design software in Table (2) and
Figure (6).

The software estimated bubbler discharges based on
the two equations that were quite close to those measured in
the field, as shown in Figure (6). All CU values have been
done at 2 and 4 m distances (Is) with ID of 8.8 and 13.6 mm
were over 90 %, which was classified as excellent in both field
measurements and theoretical estimation.

Consequently, the R? correlation factor between
observed and estimated discharges using Equation one (E1)
or two (E2) was determined and displayed in Figure (7). The
R? of measured gp with E1 and E2 was (0.98 and 0.93 %)
and (0.76 and 0.81 %) for 8.8 and 13.6 mm, respectively.

—1ID (2.2 mm) gb (£/h) ID (13.6 mm) gb (£/h)

—6—ID (8.8 mm) CU (%) ----&- 1D (13.6mm) CU (%)

400 - Mr-’fﬁrﬁ@w%-‘-ﬁgrhww

e N N

0]

M |El|E2|M|El(E2 M |El|E2|M|El E2 M|El|EZ|M|EI|E2

5 kPa 7.5kPa 5 kPa 7.5kPa 10 kPa

10kPa

Im 4m
Figure 6. bubbler discharge (gy) and coefficient of uniformity
(CU %) measured (M) and estimated (E1 and E2)
for bubbler ID of 8.8 and 13.6 mm at bubbler
distances of 2.0 and 4.0 m under different effective
pressures (50, 7.5, 100 kPa).
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The correlation R? between measured and estimated
discharge using E1 was strong (98 %) when the diameter was
small (ID 8.8 mm), but it declined to 76 % when the diameter
was larger (ID 13.6 mm). Furthermore, although R? of E2
follows the same trend as E1 in reducing correlation by
increasing bubbler diameter, there is still a high correlation
between measured and predicted discharge when ID is
increased from 8.8 to 13.6 mm.

Table 2. Both bubbler discharge (gp) and coefficient of
uniformity (CU) were measured (M) and
estimated (E1 and E2) for interval distances (ls)
and bubbler inside diameters (ID) at various
effective pressures (Pe).

ls P oo (ID 88 mm) (ID 13.6 mm)
(m)kPa) ™" “q @) CU(%) v (¢h) CU (%)
M 1033 935 2756 936

1 El 1039 95.4 2714 963
E2 1089 99.2 2658 943

M 1222 929 3131 943

2 3 El 1289 956 3357 95
E2 1349 99.2 3279 943

M 1378 9238 3226 938

5 E1 1501 95.7 3902 9656
E2 1568 99.2 3805 943

\ M 1064 95.1 2869 926
1 El 1098 98.1 2869 989
E2 1104 99.8 2869 983

M 1327 917 3488 863

4 3 El 1358 98.2 3552 998
E2 1365 99.8 3537 983

M 1519 911 4074 866

5 E1 1579 98.3 4090 986
E2 1586 99.8 4102 983

In general, the R? of the two estimating equations with
the measured discharge was high-level when the ID was less
than 13.6 mm, which agrees with (Reynolds & Yitayew,
1995; Waller & Yitayew, 2016bh).

8.8 mm
200
OFL AE2
150 ﬁ,':;':;':'
y=11264x-10.558 &
Rz 09773 BT y=11046x- 2406
5o R?=0.9303

100

gy (£/h), estimated

50 100 150 200

qy (€/h), measured

13.6 mm
450
OEL AE2
400

350
y=0.9989x + 16.002
R*=0.7561

y=1.0408x - 1.5217

300 R*=08122

gy (£/h), estimated

200 250 300 350 400 450

Figure 7. The correlation factor (R? between measured
and estimated bubbler discharge (qs) by the
model using equations (E1 and E2), for
bubbler diameters of 8.8 and 13.6 mm.
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CONCLUSION

Design software for the bubbler irrigation lateral
pipe was created using the MATLAB (R2015a) program.
The design steps include calculating friction losses in the
lateral pipe and bubbler tube to determine the pressure at
each tube's exit. By employing the obtained pressure, E1 and
E2 can be used to estimate the bubbler discharge. The
software interface was designed to show the essential inputs
in calculations and outputs. The calculations were done step
by step from the bubbler at the downstream end of the lateral
pipe to the one at the upstream end. The calculation of
bubbler discharges will continue until the CU is reduced to
> 85 %, with three options: > 85-90 %, >90-95 %, and > 95
%. The total length, discharge, and pressure of the lateral
will be presented at each CU %.

A low-head bubbler irrigation system was installed
in the field to evaluate the designs. The bubblers were
mounted on lateral pipes and placed on the top furrows that
formed above each lateral as part of the subsurface pipe
network. 20 m lateral designs with two bubblers (ID 8.8 and
13.6 mm) at (2 and 4 m) intervals were evaluated under
varied effective pressures (5, 7.5, and 10 kPa). The bubbler
discharges (go) and coefficients of uniformity (CU)
calculated by the design software are compared to those
obtained from field data. The correlation factor (R?) between
measured and estimated discharges by E1 and E2 was 0.98
and 0.93 % for 1D 8.8 mm and (0.76 and 0.81 %) for ID 13.6
mm, respectively. R? was strengthened (98 %) when E1 has
been used in the design with a small diameter (8.8 mm), but
it was lowered to 76 % when the diameter was expanded to
(13.6 mm). R? of E2 also reduced as ID increased from 8.8
to 13.6 mm, but there is still a high correlation between
measured and predicted discharge. ID of less than or equal
to 13.6 mm is generally recommended since the R? between
the estimated and measured discharges is still high.

At the end of this program at this studying is very
important to add strength to these researchers and future workers
to follow the additions required to develop the future of irrigation
bubblers and benefit from the rationalization of water
consumption.
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