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DEVELOPMENT A PROGRAM TO OPTIMIZE DESIGN
OF LOW HEAD BUBBLER IRRIGATION

Mohamed A. Rashad*

ABSTRACT

In low head bubbler irrigation, water is applied to the soil surface as a
little stream, typically from a small-diameter tube without filtration. The
main aim of this study was helped to introduce a proper design of a low
head bubbler lateral which achieves full application uniformity. In this
study, a computer program was developed to identify bubbler heights hy,
at each outlet point, maximum of outlet numbers O, lateral length Lyax
and flow Qr, using the data obtained from water temperatures Ty,
bubblers and lateral diameters, allowable lateral upstream pressure head
Ha and the soil surface slope. The optimum design example was
presented to four bubbler tube diameters of 3.8, 6.0, 10.0 and 13.6mm
with allowable lateral upstream pressure head Hg, of 1.0 and 1.5m for
different bubbler discharges qp. Laboratory experiments to validate this
example were performed. The results showed that a high correlation
between the developed design program, and the results obtained from
laboratory experiments. The study revealed that the program was an
efficient and accurate way to design full irrigation uniformity by very low
operating pressure.

Key words: Low head irrigation, bubbler heights, design, uniformity,
design program.
INTRODUCTION

icroirrigation is the broad classification for frequent, low

volume, low-pressure application of water on or beneath the

soil surface by drippers, drip emitters, spaghetti tubes,
subsurface or surface drip tubes, low-head bubblers, and spray or mini
sprinkler systems. Microirrigation systems are in extensive use around the
world since its acceptance for easy control of the applied water volume
and thus to irrigation management.
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These systems are compatible for a wide range of crop variety, soil type,
climate and land surface despite of few potentially constrains. Clogging
and emission non-uniformity, for a long time, have been the major
obstacles in the development of drip irrigation (Bisconer, 2010).

Energy costs are more significant than water costs in most
countries. Today most irrigation techniques have been developed
for conditions under which fossil energy sources deliver pump
energy as needed. Low-head bubbler irrigation system is a
microirrigation system that is based on gravity flow; operate at
pressure heads as low as 10kPa from a small diameter tube (1-
13mm) with a slope of 1-3%. It has a large orifice opening to
deliver water directly to the root zone in the form of a small
stream or fountain and with discharge rates greater than that drip
or subsurface emitters but generally less than 225€/h. Thus this
irrigation system is particularly well-suited for orchard crops,
eliminating the elaborate filtration systems and pumps required by
other microirrigation systems. The economical use of water and its
low operating pressure makes it particularly well-suited for
combination with alternative energy such as wind and solar energy
water pumping systems. Despite these advantages, the low head
bubbler system has not been widely used. (Carr and Kay, 1980;
Yitayew et al., 1999; Omara, et al. 2004 and ASABE, 2008).

Many engineers and farmers are not aware of this technology and
previously there was no well-defined design procedure or computer
program available to facilitate the design and installation of these
systems. Other microirrigation design softwares are unable to design low
head bubbler irrigation system because delivery hose diameters must be
sized to prevent airlocks and all delivery elevations must be specified to
ensure equal flow. Design procedures have been developed over the last
several years and are relatively unique to this type of irrigation. The
design procedure was further developed by writing user-friendly software
to save time, improve accuracy, and allow different design alternatives
(Didan et al., 1996; Yitayew et al., 1999; Omara, et al. 2004 and
Hashem et al., 2011).
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Low head bubblers are unique emitters in that they are not designed to
dissipate energy, unlike those associated with the other types of
microirrigation systems. These are essentially delivery tubes for
transferring water from irrigation laterals to the plants (Hills and
Yitayew 2007). The flow rate through the bubbler is very sensitive to
changes of pressure head, so it can be altered by adjusting their outlet
elevations (Hull, 1981). To maintain equal discharge from all bubblers,
the heights can be adjusted according to the pressure distribution along
the lateral line. The height of each bubbler was calculated by subtracting
the head friction losses in the pipes and the change in elevation from the
static head (Rawlins, 1977). Since the flow condition in the lateral line is
steady and spatially varied with decreasing discharge in the downstream
direction, the resultant energy grade line would follow an exponential
curve reference. The total frictional head loss produced is inversely
proportional to the bubbler height.

For new users of low head bubbler systems, software tools need to be
developed to assist them to recognize full application uniformity. It
should be developed to help them in adopting this new technology and to
calculate system application rates and appropriate run times of irrigation
systems. The objectives of this study were to:

1. Develop a computerized program to determine the
optimum low head bubbler irrigation design to provide full
application uniformity.

2. Validate the developed program.

MATERIALS AND METHODS

Hydraulic Theory

The hydraulic characteristics and design methods of low head bubbler
laterals are very important. To solve out the problem of using bubblers
with the same discharge, related hydraulic calculations are required to be
considered in a step-by-step (SBS) manner. The SBS procedure was
applied as a start from the downstream end toward the upstream end of
the lateral. Energy conservation in bubbler system design is described by
Bernoulli’s equation:
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P, LA 4
2z =242+ 2+ Dhy + Thy (1)

Where hy, = friction head loss in lateral pipe (m); hm = minor losses at
pipe fittings (m); V = flow velocity of water in the pipe (m/s); P =
pressure within the pipe (N/m?); Z = elevation of pipe centerline with
respect to a reference datum (m); y = specific weight of water (N/m°); and
g = gravitational constant, (9.81m/s?).

The basic formulas of friction and other minor losses of pipeline have
been applied to derive formulations of the discharges and total head in the
lateral. Whilst the bubbler length is variable other design parameters such
as pipe sizes, land slope, and spacing of bubblers are assumed to be
constants.

In this study, Darcy-Weisbach equation was used to calculate the
frictional losses in different pipes. As discharges along the lines are
spatially varying, flow regimes are going to change according to the
velocity conditions. Reynold’s number may be calculated to know the
flow regime and thereby to select the appropriate equations for estimating
friction factors. Frictional head losses in pipes can be written in The
International System of Units (SI) as:

L 2
= f _——

For laminar flow, with Reynold's number less than 4000, the friction
factor f can be written as:
_o4

R

e

f ®)

For turbulent flow with Reynold’s number between 4000 and 100,000,
Blasius equation gives a good approximation for computing friction factor
f, which can be written as:

_ 0.3164

f = Roz (4)

Where, Re = Reynold’s number, (dimensionless); L and d = length and
diameter of the pipes (m); and v = velocity of flow (m/s).
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Due to water temperature affecting flow rate in the lateral and bubblers,
the effects of viscosity on the flow rate give a more accurateresults.
Hydraulically, flow regimes can be characterized by the Reynold’s
number (Re), which may be expressed in terms of the water temperature
that is given by Boor et al. (1968), as follows:

R, =198.7 Q (14 0.03368T, + 0.000221T2)/d )

Where Q = the total flow rate (¢/4); T,, = the water temperature (°C) and d
= internal pipe diameter (mm). Equations (2-4) can be combined to obtain
the equations for laminar (Eq 6) and turbulent (Eq 7) flows, respectively
as follows:

LQ?
LQ? ()
hf = 201926W

Where h¢ = frictional head loss (m); L= length of pipe (m); Q = discharge
(liter/hr); D = inside pipe diameter (mm).

Watters and Keller (1978) presented the barbed friction minor losses
(E¢) in terms of a length of lateral that produces a friction loss of the same
magnitude of the localized loss produced by the barb. They presented
emitter barb losses for various pipe diameter and barb dimensions as
follows: 8
E;=0254d, (194, %)

Where E; = equivalent length of pipe (m); d, = emitter barb diameter
(mm) and d, = diameter of lateral (mm). Therefore, the distance between
bubblers ¢ in the frictional head loss equation of lateral was substituted by
o¢ after adding the equivalent length E,.

5, = (8 +E) 9)

Velocity and other minor losses of the system can be written in general

form as.
2

\Y
h=k— 10
2 (10
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Where, k = head loss coefficient, which in two different minor
loss coefficients are differentiated as: ke = 1.2, to calculate
entrance head loss he, assuming the entrance from lateral as a re-
entrant one and k, = 1, to calculate velocity head h,. Thus, Eq (10)
can be rearranged to accommodate for these two different minor
loss as follows:

qZ
h, =0.0077 (11)

q2
h, =0.0064-; (12)

Model Development to Determine the Optimum Low Head Bubbler Design
Figure (1) shows the bubbler Hydraulic Grade Line HGL which
was parallel to the lateral Hydraulic Grade Line HGL. The bubbler
head loss of entrance (he), velocity (h,) and friction (hg) along the
lateral were kept unchanged by keeping the same discharge (qb)
and length (¢,) along the lateral pipe. It is obvious that the heights
of bubbler decreased gradually along the horizontal lateral from
upstream toward downstream end hnay Ay hn@y hn@y... (hagy =
hnminy), to compensate the lateral friction loss (hy) and obtaining
equal bubbler discharges Qo) = Jo2)= .- = o).

Total head of the bubbler inlet (h,) at the outlet point number n in
the lateral downstream end with minimum height could be
calculated by summing all the head losses as follows:
he + hv + hfb(n) + hh(n) = hn (13)
By substituting full expressions for each of the head balance terms
will result totally in two equations for laminar and turbulent flow
in the minimum bubbler height (h;,) as follows:

1. The bubbler flow regime is laminar.

G oS s Gy
0.0077 -2 +0.0064 -5 + 408.4479 — 2 + hh(n) =h, (14)
d d
b b e(b) Y5
2. The bubbler flow regime is turbulent.
0 Go ly Gy
0'0077d_a+0'0064d_3‘+2'01926%+ hh(n) =h, (15)

b b e(b) Yps
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Where, q, = bubbler discharge (liter/nr); d = bubbler pipe inside
diameter (mm); £, = length of bubbler pipe (m); Rewy = Reynold’s
number of the bubbler flow (dimensionless); hnn = the minimum
bubbler height at outlet point number n on the lateral end (m).

The balance of energy heads between two successive outlet points
(n -1 and n) could be written as:

Neo ) Nugnn) F Meogna) + Mhing) = Moy T M) + Py + ooy + Ny £SO, (16)

Where h¢ = frictional head loss of lateral at the distance before
bubbler outlet point number n (m); S = slope of lateral (%); (n-1)
& (n) = bubbler outlet point numbers; and o, = distance between

bubblers (m).
Upstream lateral head (Hy)

Lateral HGL
\1 hfL
O hy+ he
3 O P
Bubbler HGL
Phn
Qr= ngb hh(l) hh(z) hh(3) hh(n-z) hh(n) v

Figure (1). Upstream lateral head (Hy), lateral and bubbler Hydraulic
Grade Line (HGL), lateral and bubbler friction losses (hy , hp),
entrance head loss he, velocity head (h,) and bubbler heights
(hn) along the horizontal low head bubbler irrigation lateral.

Since the effective pressure head hes  which include the entrance
head loss (he), velocity loss (h,) and friction loss (hg) for all
bubblers along the lateral are same, so that Eq (16) could be
written to calculate the bubbler height as follow:

hh( !(n) t S5L (17)

n-1)

The bubbler height will result in total two equations for laminar and
turbulent flow in lateral as follows:
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1. The lateral flow regime is laminar.

5 2
h,(n—1)=h,(n)+ 408.4479% +55, (18)
e(L)
2. The lateral flow regime is turbulent.
5 2
Mo 1) = Mgy + 2010269 135, (19)

e(L)

Where, Rey = Reynold’s number of the lateral pipe flow
(dimensionless);

Therefore, the only unknown hnnqy can be calculated directly from
the above equations when the required bubbler discharge (qp),
bubbler diameter (dp), bubbler tube length (¢y), the minimum
bubbler height (hnminy = hnw), the maximum bubbler height
(hhmaxy = hnqy), lateral diameter (d.), distance between bubblers
(op), lateral slope (S), allowable upstream pressure head Hy and
water temperature (T,) are all known parameters. Proceeding in
this manner up to the lateral upstream, all the bubbler heights will
be calculated to deliver equal discharges (q). There are two points
to ending the calculations if one of them is appearing, when the
bubbler height (hy 1)) would be equal to the maximum bubbler
height hp max; Or the lateral upstream pressure head (Hr) would be
equal to allowable pressure head H, whichever is earlier. When
the computation of bubbler height's stops, the upstream press{2@)
head Hr would be computed as:

Hr=h,+ ”L + hfa:- + hh(l}"’hﬂ(l} 156,

Where, hyqy = the maximum bubbler height at outlet point number
one at the lateral upstream end (m); hn@) = frictional head loss of
lateral at the distance before outlet point one (m). The total
number of bubblers by, maximum lateral length Lmax (m) and the
total upstream lateral end discharge Qr (liter/hr) calculated as
follows:

by = o0, X Number of bubbler per outlet point (21)

Qr = b, X q, (22)

Misr J. Ag. Eng., July 2013 -772 -



IRRIGATION AND DRAINAGE

Longe= 0, X8 (23)
Where, O, = outlet point numbers. Figure (2) shows the computational
computer program for designing single low head bubbler lateral line.

Input data
O, db, €o, Niminy, Pamax, du, O, S, Ha Tw

v

Find minor head losses calculation
due to the bubbler eq (8-12)

Find the bubbler Reynolds number Re) Eq (5)

Flow
regime is
laminar

Yes No

Compute bubbler head losses
by friction hg, Eq (6)

Compute bubbler head losses
by friction hg, Eq (7)

2 v
Compute the tqtal head at minimum Compute the total head at minimum
bubbler height (hs), Eq (14) bubbler height (h,), Eq (15)

o Find the lateral Reynolds number at P
each bubbler suction Req), EQ (5) h

Flow
regime is
laminar

Compute lateral losses by | Yes
friction hy, Eq (6)

v

Compute bubbler height h, Eq (18)

No Compute lateral losses
by friction hy, Eq (7)

v

Compute bubbler height h, Eq (19)

o | Stop bubbler height computations IF hy= |
hnmaxy OF lateral upstream head Hr= Hy

v

Compute the lateral upstream head Hr, bubbler numbers b, total
discharge Qr and maximum avalaible length Eq (20-23)

2

Print results
Py @y hin@y Niay... Mgy , Hr, b, Qr
and Limax

Figure (2): Flowchart of developed computer program for designing
single low head bubbler lateral line.

Misr J. Ag. Eng., July 2013 -773 -



IRRIGATION AND DRAINAGE

Design Example

A design example of the developed program is presented using
four bubbler tube sizes. A laboratory experiment to evaluate this
design example was carried out in Hydraulic Laboratory of the
Agricultural  Engineering  Department, Faculty of Agriculture,
Suez Canal University, Ismailia, Egypt.

Figure 3 shows schematic diagram of the required low head
bubbler irrigation lateral, which can irrigate  two rows at a
distance of 6.0x6.0m. Then, the distances between laterals are
12m, which buried in soil at depth of 0. 5m. The bubbler lengths
are constantly on the lateral line, which equal to 3.0m from the
inlet to tree location, adding 0.5m to reach the soil surface in
addition to 1.0m over the soil surface, the total length is 4.5m. The
distance Dbetween each two consecutive bubblers is 6.0m, the
bubbler inside diameter's d, (ID 3.8, 6.0, 10.0 and 13.6mm), and
bubbler discharges q, (10 to 230 ¢/h) with 20°C water temperature.
The minimum bubbler height at downstream end hyminy Was taken
as 0.3m and the maximum height hpq) was assumed to be less than
or equal to 1m at the lateral upstream end. The lateral inside
diameter d_ is (ID 63mm) on a level terrain and allowable lateral
upstream head Hy (1, 1.5m). The available lateral upstream head is
1.0m or 1.5m.

Bubbler inside diameters
! AN ID 3.8, 6.0, 10.0, 13.6 mm
Sm
/ 6 / /gm @ 63 mm

Figure (3): Schematic diagram of the required low head bubbler irrigation
lateral to irrigate two rows at distance of 6.0%6.0 m.
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The Laboratory Experiment

The laboratory experiment was studying the relationship between
the effective pressure head he and bubbler discharge. This
relationship was tested with the same bubbler sizes (3.8, 6.0, 10.0
and 13.6mm) and 4.5m length as the design example. The
schematic representation of the test apparatus is shown in Fig. 4.
Different effective pressure heads (he) from (1.0 to 2.0m) with an
increment of (0.1m) was used for the bubbler system under
investigation. Ten bubbler tubes of each size were mounted at
0.5m distance between it on the lateral pipe (ID 88.9mm) and the
discharges were measured at different pressures. The pressure was
monitored by using three piezometric tubes placed at the
beginning, middle and the end of the lateral pipe. The experiment
was repeated three times at different pressures for each bubbler
diameter. The constant values of effective head-discharge equation
were determined by power regression  between  measured
discharges, q (¢/h.) versus effective pressure head, he (m).

3

\

<F]ow

it bl e b o

o ———=—

1-Valve 3-Steel tape 5- Bubbler tube
2-Lateral pipe 4- Piezometer tube 6- Plastic collector

Figure (4): Setup schematic diagram of the apparatus used to test

the relationship between the effective pressure head and
bubbler discharge.
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RESULTS AND DISCUSSION

Typical Low Head Bubbler Lateral Design

The key of success in proper design of a low head bubbler system
iIs the achievement of full application uniformity. The design
example shows how can be introducing the available design
solutions for the required low head irrigation lateral by the
program. Summarized results in Table (1), shows the results for
different inputted data. In terms of maximum bubbler outlet
numbers O,, lateral length Lyax (m), bubbler height hpmaxy (m), and
the lateral pressure head Hy (m). Developed program prints up the
details of these results for each outlet point in addition to total
bubbler numbers by and the total discharge at lateral upstream end
Qr (liter/hr).

Figure (5) shows the relationship between bubbler discharges
versus effective pressure head, her. All R-squared value was above
0.95 and the discharge equation constants were determined for
each bubbler diameter. By these equations, it could be calculating
the effective pressure versus every bubbler discharge of each
bubbler size.

40 4 118

38 | y =33.274x0-2299

- 0.2358
R?=0.9966 y=104.1x

R?=0.9977
36

34 -
32 4

30 102 T T T T T T T ]
1.0 11 12 13 14 15 1.6 17 18 19 2.0 0.9 1 11 12 13 14 15 16 17

266 - 3.8mm 600 6mm
264 .

y =251.36x0-0984
R2=0.9966

y =427.57x0-4493
R2=0.9491

262 550

260 -

Bubbler discharge (£/h)

258 - 500
256
254 -

252 A

250 1 400

0.9 1 11 12 13 14 15 16 17 1.0 11 1.2 13 1.4 15 16 1.7 1.8 19 20

10mm 13.6mm
Effective pressure head, hes (M)

Figure (5): The relationship between effective pressure head (he) and bubbler
discharge gy, for different diameters.
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At this point, it could be calculating the bubbler hydraulic grade
line HGL and lateral HGL. Then, it could be compared to the
theoretical design of the developed program with the actual

design.
20 20
18 1 18
16 16
y=0.9292x +0.0396 y=0.9688x + 0.0067
14 - R?=0.9937 14 R2=0.9976
12 12
10 10
058 1 08
06 1 06
~
£ 04 04
~ 02 02
= ; . 00
LID 0.0 05 10 15 0.0 05 10 15
—_— 20 1 3.8mm 20 6mm
© 15 18
(6]
E 16 1.6
—_ y=0.9823x - 0.0018 14 y=0.9982x - 0.0038
— R?=0.9975 R?=0.9997
@ 12 1 1.2
[&]
5 10 10
= 08 1 08
E 06 1 06
04 04
[
02 1 02
00 00
00 05 10 15 2 00 05 10 15

10mm 13.6mm

Experimental Lateral HGL (m)

Figure (6): The relationship between theoretical and experimental

Lateral Hydraulic Grade Line, HGL (m).
Figure (6) shows the relationship between theoretical Lateral
Hydraulic Grade Line HGL calculated by the program and by
laboratory experiment HGL. All R-squared value was above 0.99
for tested bubbler diameters, which means that a high correlation
between the results obtained by developed program and actual
results. This is empirical evidence on the accuracy of the program

for low head bubbler design.

Misr J. Ag. Eng., July 2013 =777 -



IRRIGATION AND DRAINAGE

As seen in Table (1), the bubbler diameter d, and discharge g, had
the main effect on maximum bubbler height hnmaxy and as a result,
outlet point numbers O, and lateral length Lpax. The small bubbler
diameters d, couldnt be used to meet relatively large discharges
due to the increase in bubbler friction loss.

The increase in the allowable pressure heads Hy from 1 to 1.5m
had different effects on bubble numbers on the lateral line for
different diameters. The Hy had a slight effect on bubbler
diameters (10.0 and 13.6mm); meanwhile, it had a great influence
on small diameters (3.8 and 6.0mm). Where the bubbler
discharges g, at Hy of 1m with diameters of 3.8 and 6mm were 20
and 60 ¢/h, respectively. While, the discharges were increased at
Ha 1.5m to 40 and 80 ¢/h for the same diameters, correspondingly.
This could be ascribed to the high friction loss in case of small
diameters. This explains the proportional direction between the
maximum bubbler height hymay and bubbler diameter d,. When
the maximum bubbler height hnmay limit exceeds than 1m the
bubbler numbers were increased in case of 10.0 and 13.6mm
diameters, whereas it had a slight effect on small diameters 3.8
and 6.0mm.

However, it is hoped that the information contained in this
example contributes to a better understanding of how and why the
low-head bubbler irrigation needs to be adopted on more and more
of the irrigated area each year. It is hoped that this information
will serve as a pattern to guide those who are interested in
adopting and managing bubbler systems on fruit trees, and spurs
research.
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Table (1). Maximum bubbler outlet point numbers o, maximum lateral
length Lya (M), Maximum bubbler height hpmay (M), and the lateral
upstream pressure head Hy (m) when its allowable lateral upstream head
Ha, 1.0m (1.5m) for each bubbler discharge g, (£/h) and diameter d.

b
£/h

dp=13.6mm

dp=10mm

dp=6mm

dp=3.8mm

Lmax
m

hh(max)
m

Hr
m

Lmax
m

hh(max)
m

Hr
m

On
n

Lmax
m

hh(max)
m

Hr
m

On
n

Lmax
m

hh(max)
m

Hr
m

10

990
(1002)

0.98
1.0

0.99
1.01

990
(1002)

0.98
1.0

1.00
1.02

162
(167)

972
(1002)

0.94
1.0

1.00
1.05

140
(167)

840
(1002)

0.73
(1.0)

1.00
1.27

20

636
(642)

0.98
(0.99)

1.00
1.01

630
(642)

0.96
(0.99)

0.99
1.02

101
(107)

606
(642)

0.89
(0.99)

0.99
1.09

63
(104)

378
(624)

0.46
(0.94)

1.00
1.49

30

486
(498)

0.95
1.0

0.98
(1.03)

486
(498)

0.95
1.0

0.99
(1.04)

76
(®3)

456
(498)

0.85
1.0

1.00
(1.15)

(5

(3%0)

(065)

(148)

40

408
(414)

0.97
(0.99)

1.00
(1.03)

402
(414)

0.94
(0.99)

0.9
(1.04)

61
(69)

366
(414)

0.79
(0.99)

0.99
(1.20)

@

186)

(037)

(150)

50

348
(360)

0.93
1.0

0.97
(1.04)

348
(360)

0.93
(0.99)

0.99
(1.06)

51
(60)

306
(360)

74
(0.99)

1.00
(1.26)

60

312
(318)

0.94
(0.98)

0.99
(1.02)

306
(318)

0.91
(0.98)

0.98
(1.05)

43
(53

258
(318)

68
(0.98)

0.99
(1.29)

70

282
(288)

0.94
(0.98)

0.99
(1.03)

276
(288)

0.90
(0.97)

0.98
(1.06)

)

(234)

(068)

(147)

80

258
(264)

0.93
(0.97)

0.98
(1.03)

252
(264)

0.89
(0.97)

0.98
(1.06)

28)

(168)

(049)

(1.48)

90

240
(246)

0.93
(0.98)

0.99
(1.04)

234
(246)

0.89
(0.98)

0.99
(1.08)

100

222
(228)

091
(0.96)

0.98
(1.02)

216
(228)

0.87
(0.96)

0.97
(1.07)

110

210
(216)

0.92
(0.97)

0.9
(1.04)

204
(216)

0.87
(0.97)

0.99
(1.09)

120

198
(204)

0.91
(0.96)

0.9
(1.04)

180
(204)

0.77
(0.96)

0.99
(1.20)

130

186
(192)

0.89
(0.94)

0.97
(1.03)

168
(198)

0.74
1.0

1.00
1.27)

140

180
(186)

091
(0.97)

1.00
(1.06)

156
(186)

071
(0.97)

0.9
(1.27)

150

168
(180)

0.87
(0.99)

0.96
(1.02)

144
(180)

0.67
(0.99)

0.98
(1.33)

160

156
(174)

0.82
(1.0)

0.95
(1.14)

132
(174)

0.62
(1.0)

0.97
(1.37)

170

150
(160)

0.82
(0.94)

0.95
(1.09)

126
(162)

0.62
(0.94)

1.00
(1.34)

180

144
(156)

0.81
(0.94)

0.96
(1.09)

114
(156)

0.56
(0.94)

0.98
(1.38)

190

138
(156)

0.80
(1.0)

0.95
1.17)

102
(156)

051
(1.0)

0.96
(1.49)

200

132
(150)

0.78
(0.99)

0.95
1.17)

0.49
(0.91)

0.98
(1.43)

210

126
(144)

0.76
(0.97)

0.94
(1.16)

0.44
(0.89)

0.97
(1.46)

220

126
(138)

0.80
(0.94)

0.99
(1.15)

043
(0.87)

0.99
(1.47)

230

120
(138)

0.77
(0.99)

0.97
(1.21)

0.38
(0.84)

0.99
(1.49)
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CONCLUSION
There is a difference between theoretical computations and practical

determination of ideal bubbler heights to maintain equal discharge from
all bubblers. Forming mathematical program using main and minor head
losses can help to determine the optimum lateral length and bubblers
height. Furthermore, the program helps to use different operational
conditions such as required bubbler discharges, the lateral upstream
pressure allowable head H,, effects of water temperature T,, bubbler
diameters, lateral diameter, and soil surface slope. The program is
facilitated to do the accurate and fast design calculations to have full
irrigation uniformity with very low operating pressure. Low head bubbler
irrigation design example was presented by using the developed program
to estimate the optimal bubbler heights which give full water application
uniformity. Bubbler tube diameters of 3.8, 6.0, 10.0 and 13.6mm were
examined with different bubbler discharges in this example.

The results showed that, the bubbler diameter and discharge had
the main effect on bubbler numbers. Furthermore, the allowable
pressure head Hg is had a great influence on small diameters
(3.8 and 6.0mm); meanwhile, it had a slight effect on bubbler
diameters 10.0 and 13.6mm.

In case of 10.0 and 13.6mm diameters, when the maximum limit of
bubbler height hpmax exceeds 1m, the bubbler number was increased,
whereas it had a slight effect on small diameters 3.8 and 6.0mm. The
friction losses are the main factor in low head bubbler design calculations.
The friction losses in bubbler tube and lateral pipe are directly
proportional with the Q®and inversely proportional with D°. This explains
the direction of the data with different discharges and bubbler sizes,
where larger quantities of water discharged from small bubbler diameter
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are increasing friction loss too much. The results showed that some
required discharges for small bubbler diameters are unworkable at the
upstream pressure allowable head H,. From the opposite side the large
bubbler sizes would be uneconomical when the quantity of water
discharged is Low.

Laboratory experiments for evaluating the relation between the effective
pressure head, hes and discharge of the bubbler sizes in the design
example. The discharge equations were determined to bubbler diameter
with R-squared value was above 0.95. The correlation between the
theoretical and practical Lateral Hydraulic Grade Line HGL was high
with R-squared value was above 0.99. This is empirical evidence on the
accuracy of the developed program for low head bubbler design.
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