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ABSTRACT
In trickle irrigation system, uniformity of emitter flow rate along lateral
depends on lateral length and size, emitter discharge, operating pressure,
and manufacturing variation of emitters. The purpose of the study was to
evaluate a trickle lateral based on its design criteria to reach minor
friction loss and high water uniformity. Three different single trickle
laterals as 13, 15, and 17 inner diameters all had 60 m long and 0.5 m
spacing was tested under 100, 150, and 200 kPa inlet pressure for 2, 4,
and 8 I/h emitter flow rate. A 60 m-lateral with three varying sizes (¢/7in
1%, 415 in 2", and ¢13 in 3" equaled sections) was tested and compared
with a 15 mm-single lateral for 8 I/h, both of them were equal in material
cost. Friction loss and flow variation were significantly reduced by
increasing lateral size and reducing emitter inflow rate. Flow variation as
well as uniformity was insignificantly influenced by inlet pressure.
Varying sizes-lateral with 150 kPa inlet pressure highly achieved power

saving and uniformity compared to single lateral.
Abbreviations: ¢ means lateral diameter in mm.
Keywords: trickle irrigation; friction losses; emitter flow variation;
uniformity.
INTRODUCTION
P I rickle irrigation system is designed based on regulating inlet
pressure at either sub main or lateral. In case of setting pressure
regulator at inlet sub main line, 20% pressure variation is
distributed as 55% for lateral and 45% for sub main line to achieve the
optimum design. In case of setting pressure regulator at each lateral inlet,
20% pressure variation is used to figure out the optimum length of the
lateral. The operating pressure that usually ranged from 70 to 250 kPa
based on the capacity of the system or the slope of the pipe is the pressure
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at the inlet system design. The pressure head along lateral line is greatly
affected by the friction head loss and elevation head. As emitter discharge
is related to pressure head along the lateral, the pressure variation changes
the water flow from emitters along the line. Therefore, the best design of
trickle system is selected due to how uniformly water flow throughout
emitters into plant root zone.

Water uniformity can be expressed in trickle irrigation system by
uniformity coefficient, distribution uniformity, statistical uniformity
coefficient, statistical emission uniformity, field emission uniformity, and
emission uniformity which all are a function of coefficient of variation of
flow rates. To determine coefficient of variation of water flow rates, an
adequate sample size is required in field situation. Coefficient of variation
can be theoretical defined based on hydraulic and manufacturing
variations in the beginning of system installation. Plugging variation
could slightly be considered in the beginning of installation and increased
with respect to the operating time and can be managed. Coefficient of
variation is considered as a design criterion which can be expressed all
uniformity expressions by Wu and Barragan (2000) and Amer and
Gomaa (2003). Emission uniformity (EU) which developed by Keller
and Karmeli (1974) is used to design and evaluate trickle irrigation
system. When EU equals 85% as suggested for high value crop, CV of
trickle system is less than or equal 6.65% for excellent emitters (CVy, <
5%) and hydraulic coefficient of variation (7.5% > CVj > 4.6%) is in
between 7.5% and 4.6% considering single emitter is used. CV is ranged
from 6.65 to 7.76% for good emitters (5% < CVy, < 7%) and 4.6% > CVy,
> 3.35%. It is ranged from 7.76 to 10.08% for marginal emitters (7% <
CVm <10%) and 3.5% > CVy, > 1.3%. For bad emitters (CVy, > 10%), the
design of trickle system for high value crop is undesirable due to CVy, is
terminated to be zero. In most cases for system laid on steeply land slope
and used to general crops, trickle system always has a low emission
uniformity and not acceptable when EU is less than 80%.

Bralts and Edwards (1986) concluded that hydraulic variation of emitter
flow rate along the lateral was represented in the flow exponent of emitter
but manufacturer’s variation of emitter was based on slightly change in
the inner diameter of the same type of the emitters represented in the
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proportionality factor of the emitter. Once, optimum hydraulic and
manufacturer’s design achieved, it should consider temperature variation,
emitter grouping, and emitter plugging. Effect of temperature on emitter
flow rate can be considered as small and can be neglected. Change of
emitter flow rate due to plugging is respect to time after emitters are
installed in the field. Manufacturer’s variation as related to the emitter
type and grouping by selecting worthy emitters or getting more than one
grouped can be reduced. Hydraulic variation can be also controlled by
selecting optimum lateral length and type of emitter with minor exponent.
Friction loss due to the protrusion of emitter barbs in trickle line flow and
manufacturing variation of emitter are pointed in this study.

Bralts and Kesner (1983) developed an equation for determining
coefficient of variation of emitter flow based on the location of the tail of
normal probability density function. The probability in each tail was one-
sixth bell-shape that determination included the upper and the lower
values of the distribution. They simplified their equation to be evident.
They also added if 18 random measurements of emitter flow rate were
made, it would be necessary to sum the three highest and the three lowest
values to estimate the coefficient of variation, CV, in turn of determining
statistical uniformity coefficient, UCs = 1-CV.

Trickle irrigation system laterals or sub main are designed for a single
pipe size. Energy gradient line for a lateral with a single size was derived
and presented by Wu (1992), Wu and Yue (1993), and Amer and
Gomaa (2003) for designing laterals of trickle irrigation system on level
fields or on slopes. Lateral or sub main design may use a series of
different pipe sizes. The benefits of a decreasing pipe size or telescopic
sub main which decrease cost and pressure variation as in the mainline
design. The major disadvantage of decreasing pipe size or telescopic sub
main is the installation complication arising from multi-diameter pipes.
But, it could simply use varying pipe sizes in laterals due to using low

both pressure and diameter.

The objective of this study is to study the performance of water flow
throughout emitters along single trickle lateral influenced by lateral size,
flow rate, and inlet pressures. A varying sizes lateral is designed to be
compared with single lateral based on water uniformity and energy
saving.
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MATERIALS AND METHODS
Turbo emitter type of 2, 4, and 8 l/h discharge and 5 mm barb outer
diameter was selected in this experiment. Flow rates were measured for
36 new emitters from each 2, 4, and 8 1/h under 50, 100, 150, and 200 kPa
operating pressure. Characteristic curves of used emitters were
logarithmically found for 2, 4, and 8 I/h under the foregoing different

pressures. To find out manufacturer's variation for 2, 4, and 8 I/h, 36 new
emitters were tested under constant pressure. Pressure was measured
using Bourdon-tube gage which was calibrated with pressure transducer
and other pressure devices.

Poly Ethylene single laterals of 13, 15, and 17 mm inner diameter all had
1.5 mm thickness, 60 m length, and 0.5 m emitter spacing were
alternatively laid on zero-slope soil surface and tested in field situation as
shown in Fig. 1(a). Laterals were tested under 100, 150, and 200 kPa inlet
pressures for 2, 4, and 8 I/h emitter flow rate. Inlet pressures were
regulated by measuring them and adjusting the regulator pressure. Also, a
60 m varying sizes-lateral with 8 1/h emitter flow rate, 60 m length, and
0.5 m emitter spacing, were providing that it started with 17 mm in 1% for
20 m, 15 mm in 2™ for 20 m, and 13 mm in 3™ for 20 m as shown in Fig.

1(b).

- >/ L=60m
I]Vater ST |
ow A . .

5 g (a) Single size lateral

v =

S o

)
Water i

ﬂow%%e 20 m for 17 mm —>]<— 20 m for ¢15 mm—>— 20 m for ¢13 mmd|
(b) Triple sizes lateral

Fig. 1: Experimental layout

Pressure and flow rate were measured each 2 m along lateral for lateral
size, inlet pressure, and emitter flow rate set. Pressure was measured
using pressure transducer. Flow rate was found by measuring water
volume in graduated container in recorded time.

Watters and Keller (1978) used the Darcy-Weisbach equation for
smooth pipes with turbulent flow in trickle irrigation systems and
combined that with the Blasius equation to predict friction loss of lateral
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with multiple outlets. The equation was modified by Amer and Bralts
(2005) by as follows:

~ Kl an.75 .

275 D475 O
where, AH is total friction loss in m, Q is inlet flow rate in m’/s, L is total
length of lateral in m, D is inner diameter in m, o is an equivalent barb
coefficient and K; is friction factor which depends on water temperature,
viscosity and protrusion. K; equals 7.94x 10™* with no protrusion at 20 °C.
For polyethylene pipe with multiple outlets along the line which flow is
non-uniform, an equation is developed based on the change of friction
loss due to pipe length considering inconstantly of water flow throughout
outlets. The friction loss AH; at any section of lateral was determined
according to Amer and Bralts (2005) as follows:

K; aQ'L {275
o (== e @)
275 D™ L
where, AH; is friction loss head at a length ¢ measured from inlet end.
Barb coefficient was computed for emitter connections according to
Pitts et al. (1986) and Amer and Gomaa (2003) as follows:
0.01d
a=1+

S D1.9

where, a is an equivalent barb coefficient, d is outer diameter of emitter
barb in m, D is the inner pipe diameter in m, S is emitter spacing in m.
Average of friction loss (AH ) in lateral can be expressed by Amer and
Gomaa 2003 as follows:

3.75
where, AH is total friction loss at lateral downstream end.

AH = AH {1 —L} ———————— (4)

Pressure head along zero-slope lateral (H;) was determined as follows:
Hi = H - AHI —————— (5)
where H is inlet pressure head and AH; is friction head loss along lateral.
Average pressure head (H) along zero-slope lateral was determined as
follows:

H=H-AH -—————- (6)
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Emitter flow rate along lateral was calculated as follows:
X

q; =kHj —-—--- (7
where, (; is emitter flow rate in I/h, H; is pressure head in m, k and x are
emitter flow rate constant and exponent, respectively.

Minimum flow rate (qmin) was determined as follows:

I ®)
where, Qmin and Hpyin is minimum flow rate and pressure head,

respectively.
Average flow rate (q) was expressed as follows:
q=k(H)f ————————————— (9)

Where,  is average flow rate and H is average pressure head.
Total coefficient of variation CV; was calculated according to Bralts et
al., (1981) as follows:

CV, =4CV2 +CVf ——————— (10)

Varying sizes of trickle lateral as described in Fig. 2 was used in order
to reduce pressure variation. Energy drop along section was determined
by using the inlet discharge at the beginning of each section. Inlet
discharges Q;, Q, and Qs in m’/s were described as beginning of first,
second, and third sections, respectively. L;, L,, and Ls; (m) were
represented the lateral length from first, second, and third sections to the
end of lateral sections, respectively. /1, /5, and /3 (m) were started from
the beginning of each section to any point on the section as first, second,
and third lengths, respectively. D, D,, and D3 in m were the first, second,
and third section inner pipe diameters, respectively.

—
0
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L

Fig. 2: Three different sizes of three equal lateral sections sketch.
The friction head loss was determined in the three sections with varying
sizes pipe as follows:
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Where, AHj; is the friction loss at first section.

1.75
AHp =L % “Lafy g o275 |z oo (12)
2.75 D47 L,

Where, AHj, is the friction loss at second section (m).

1.75

K; aQ3 ""Lj l3.2.75

= I-(1-23 +AH, ——————— 13
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Where, AHj; is the friction loss at the third section (m).
Emission uniformity, EU, is a measure of the uniformity for all emitter

emissions along trickle irrigation lateral line. Emission uniformity, EU,
was expressed by Keller and Karmeli (1974) as follows:
EU:[1—1.27 Cvqu%in —————— (14)

Vn ) g
Where, CV,, is manufacturing variation, n is emitter grouping,

Keller and Bliesner (1990) modified a formula based on a procedure
which given by Bralts and Edwards (1986). The procedure was given to

determine statistical uniformity coefficient in field situation caused by
both hydraulic and manufacturing variations where the variation is
uniformly distributed throughout the field. The statistical emission
uniformity, EUs, was modified as follows:

EUg =1-127/CV2 +CVf —————— (15)

Where, EUs is calculated statistical emission uniformity, CVj, is hydraulic
variation, CVy, is manufacturing variation.

Uniformity coefficient based on hydraulic and manufacturing
variations, UC, was determined according to Amer and Gomaa (2003)
as follows:

UC=1-0.798 {/CV2+CVf ———————— (16)

Uniformity parameters were found using measured emitter flow rates

along lateral using the following equations:
UCs =1-0.798CVy ————— a7
EUgp =1-127CVy  ———-—- (18)
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where, UC¢ is field uniformity coefficient, EUsr is field statistical
emission uniformity, and CV¢ is field coefficient of variation of measured
flow rate.

Hydraulic power loss along lateral was determined as follows:

Py =AH-Q-y  ————~- 19)
where, Py is hydraulic power loss in watt, AH is total friction loss in m,
and Q is lateral inlet discharge in m’/s, and y water specific weight in
N/m’.

RESULTS AND DESCUSSION

Results from individual testing on grouping emitters clarified that the
logarithm equations were converted to power equations fitted (* > 0.96)
as q=0.645 H** q=1.284 H** q=2.58 H**®, respectively, where q is
emitter discharge in I/h and H is pressure head in m. Manufacturer's
variation coefficient CV, was found as 12, 6.2, and 4.8% for 2, 4, and 8
1/h, respectively. It was evident that the lower the emitter flow rate, the
higher the manufacturing variation coefficient. These results were due to

manufacturing variation was highly appearing in emitter with tiny emitter
path compared with large path one.

In single lateral, Friction losses AH; every 2 m along trickle lateral were
measured and compared to the corresponding determined values. Total
friction loss, AH, was found as 4.1, 6.2, and 8.3 m by applying 100, 150,
and 200 kPa inlet pressure, respectively, in ¢15-lateral (60 m length, 8 1/h
emitter flow rate, and 0.5 emitters spacing) as shown in Fig. 3. High
correlation was found between measured and determined friction losses.
Coefficient of determination, rz, was found to be more than 0.965 and
slope was 0.97. AH was lower achieved by applying 100 kPa inlet
pressure due to decreasing emitter flow rate by lowing inlet pressure. But
pressure variation was almost 40% by applying all three inlet pressures
for ¢15-lateral with 8 1/h emitter spaced 0.5 m. Therefore, it could be
concluded that inlet pressures which ranged from 100 to 200 kPa did not
affect pressure variation along lateral.

Friction head loss was highly obtained in ¢13-lateral compared with ¢15
and ¢17 laterals with 60 m length, 8 I/h emitter flow rate, and 0.5 emitters
spacing at 150 kPa inlet pressures as shown in Fig. 4. Total head loss by
friction was 9.92, 6.22, and 3.73 m by using ¢13, ¢15, and ¢17 lateral,
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respectively. Pressure variation was determined as 64, 40, and 24%,
respectively. It seemed that inner diameter of trickle lateral changed from
13 to 17 mm reduce pressure variation along lateral from 64 to 24%. High
correlation (r* > 0.954, 1.02 slope value, and no intercept) was found
between measured and determined friction losses.
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Lateral length ratio. //L

Fig. 3: Friction loss in ¢15-lateral with 8 1/h emitters discharge spaced at 0.5 m.

By changing emitter flow rate from 2, 4, to 8 1/h along ¢15-lateral at
150 kPa inlet pressure, friction head loss was increased as shown in Fig.
5. Total friction head loss was recorded as 0.76, 2.40, and 6.22 m by
applying 2, 4, 8 1/h emitter flow rate along ¢15-lateral with 150 kPa inlet
pressure, respectively. Pressure variation was determined as 4.9, 15.5, and
40% for 2, 4, and 8 1/h flow rate, respectively. It evident that pressure
variation was reduced from 40 to 4.9% by changing flow rate from 8 to 2
1/h along ¢ 15-lateral of 60 m long with 150 kPa inlet pressure.

Results of friction loss at 100, 150, and 200 kPa inlet pressure were
recorded to 60 m lateral with 8 1/h flow rate and 0.5 emitters spacing of
three different sections which were differed in their inner diameters and
equaled in their lengths as started with 17 mm for 20 m length that
connected to other 20 m length with 15 mm inner diameter, consequently,
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third section was 13 mm inner diameter and 20 m length as shown in Fig.
6. Total friction head loss at downstream end was obtained as 3.3, 4.3,
and 6.2 m at 100, 150, and 200 kPa inlet pressure, respectively. It was
seemed that the lateral with high inner diameter had the lower friction
losses. High correlation was found between measured and determined
friction losses. Coefficient of determination, r2, was found with no
intercept equal to 0.99 and slope was 1.01. Friction head loss at the end of
first 20 m of lateral, ¢17 in 1% section, was 1.68, 2.34, and 3.05 m, at the
end of first 40 m of lateral, ¢15 in 2" section, was 2.95, 4.05, and 5.29 m,
and at the end of 60 m lateral, ¢13 in 31 section, was 3.34, 4.3, and 6.2 m
by applying 100, 150, and 200 kPa inlet pressure, respectively. Results
showed that the high loss of friction head was occurred at the beginning
of the first section of lateral; therefore, the large diameter of lateral was
used in the first section and so on. In stead of using large diameter the
friction loss still had the high friction in the first section due to high pipe
discharge in the beginning of lateral.

ol — Determined AH:; ¢13 mm o °
© Measured AH; for $13 mm
7 A Measured AH; for $15 mm
81 > Measured AH;for $17 mm

Friction loss (AH;), m

0 0.1 0.2 0.3 0.4 0.5 0.6 0.7 0.8 0.9 1
/1T,
Fig. 4: Friction loss in 13, ¢ 15, and ¢ 17 laterals with 8 I/h spaced at 0.5 m at 150 kPa inlet pressure.

Hydraulic design and emitter manufacturing both affected emitter flow
rate along lateral. Generally in new trickle irrigation system, emitter flow
rate was uniformly decreased along lateral caused by hydraulic variations.
On the other hand, it was varying inconsistently by manufacturing
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variations. Manufacturing coefficient of variation, CVy,, was measured as
12, 6.2, and 4.8% for 2, 4, and 8 1/h, respectively. The coefficient of
variation caused by manufacturing was decreased by increasing emitter
discharge because of increasing the cross section area of emitter path.
But, hydraulic variation CV} was varied based on the design criteria of
trickle lateral which included the pressure inlet, lateral size, emitter
discharge, and spacing among emitters along lateral line. Hereafter, flow
variation in trickle and its evaluation were briefly resulted and discussed
along both ¢15-single lateral compared to varying sizes-lateral (¢17 for
20 m 1 section, ¢15 for 2™ section, plus ¢13 for 3™ section, each section
was 20 m long) due to having the same materials cost.
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Fig. 5: Friction loss for 2, 4, and 8 1/h emitter flow rate spaced 0.5 m along
A145_ lateral had 180 IPa inlat nrecanire
Emitter flow rate was varied by both manufacturing and hydraulic
variations as measured each 2 m along ¢15-single lateral as shown in Fig.
7. Manufacturer's coefficient of variation CV,, was achieved as 4.8% for
emitter with 8 I/h nominal flow rate under the three static pressures. The
flow rate of emitter (8 1/h nominal discharge) was hydraulically
determined and smoothly decreased from 7.9 to 6.1 I/h, from 9.7 to 7.6
I/h, and from 11.2 to 8.9 1/h at 100, 150 and 200 kPa inlet pressure,
respectively. The resulted showed that the decrease of emitter flow rate
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along lateral was slowly by 100 kPa inlet pressure compared with 150
kPa, in turn, it was slower by 150 kPa than by 200 kPa. Hydraulic
coefficient of variation CV} was achieved as 8.7, 8.1 and 7.6% for 100,
150 and 200 kPa inlet pressure, respectively. Hence, total coefficient of
variation determined as 9.9, 9.4 and 9.0% under 100, 150 and 200 kPa
inlet pressure, respectively. It was seemed that measured data flow rate
scattered around calculated emitter flow rate line caused only by
hydraulic variation. Field coefficient of variation was equal to 10.1, 9.7
and 9.3% respectively. Field coefficient of variation CV¢ was highly
correlated to determined total coefficient of variation CV..

1* section ond goction 3™ section
Ti—— a7 —><—— bls h3y —>
— Determined AH: at 100. 150. and 200 kPa 200 kPa
6 X Measured AH; at 100 kPa o °° °ce°
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3T © Measured AH; at 200 kPa

150 kPa
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100 kPa

T T T
0 1/6 1/3 172 2/3 5/6 1

Lateral length ratio, ¢/L
Fig. 6: Friction loss in varying size-lateral with 8 I/h emitters discharge spaced as 0.5 m.

Along three sections of varying sizes-lateral, emitter flow rate was varied
by both manufacturing and hydraulic variations and scattered around
calculated emitter flow rate line caused only by hydraulic variation as
shown in Fig. 8. Manufacturer's coefficient of variation CV,, was about
4.8% for 8 1/h nominal flow rate of emitter at three operating pressures.
Emitter flow rate was hydraulically determined and smoothly decreased
from 7.9 to 7.4 1/h, and from 9.7 to 8.9 1/h, and from 11.2 to 10.3 I/h under
100, 150 and 200 kPa inlet pressure, respectively. Resulted showed that
the decrease of emitter flow rate along lateral was slowly by 100 kPa inlet
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pressure compared with 150 kPa. In turn, it was slower by 150 kPa than
by 200 kPa inlet pressure. Hydraulic coefficient of variation CV;, was
achieved as 6.2, 5.3 and 5.7% under 100, 150 and 200 kPa inlet pressure,
respectively. But, total coefficient of variation CV, which was included
the hydraulic and manufacturing variations determined as 7.8, 7.2, and
7.4%, respectively. Field coefficient of variation was equal to 7.9, 7.6,
and 7.7% respectively. Field coefficient of variation CV¢ was highly
correlated to determined total coefficient of variation CV..

12 - — Calculated data at 100, 150, and 200 kPa
A & Measured data at 100
1 4 A % Measured data at 150

A Measured data at 200

Flow rate, I/h

0 10 20 30 40 50 60
Lateral length, m

Fig. 7: Emitter flow rate along ¢15-lateral at three different inlet pressures.

Trickle system design and evaluation parameters for ¢15-single lateral
compared to varying sizes-lateral both 60 m long and 8 1/h flow rate of
emitter which spaced 0.5 m at 150 kPa inlet pressure are shown in Table
1. It was observed that friction loss was increased with increasing inlet
pressure of lateral in both single and varying sizes laterals. Consequently,
average head and flow rate were increased. Pressure variation along
lateral was insignificantly affected by changing inlet pressure for the
same lateral size and length with the same emitters spacing. Conversely, it
was achieved high value almost 40% for ¢15-single lateral compared to
about 30% for varying sizes-lateral.
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Fig. &: Emitter flow rate along varving size-lateral at three different inlet nressures

Field coefficient of variation CV¢ was found as 9.9, 9.4, and 8.9% at 100,
150, and 200 kPa, respectively. Emission uniformity EU was achieved
almost 86.5% for single lateral and about 89.5% for varying sizes-lateral
at any inlet pressure. Statistical emission uniformity EUg was achieved
almost 88% for single lateral and about 90.5% for varying sizes-lateral.
Uniformity coefficient was determined as 92.4% for single lateral and
94% for varying size lateral. All evaluation parameters such as pressure
or flow variations, coefficient of wvariations, and uniformity were
insignificantly changed by inlet pressures. In field situation, EUgy was
about 88% for single lateral and 90.5 % for varying size-lateral. While
field uniformity coefficient UC was almost 92.5% for single lateral and
94% for varying sizes lateral. These results showed that no significant
difference was found among determined and field evaluation parameters
due to the newest of trickle system which appeared to no emitters
plugging. Hydraulic power loss was increased with increasing inlet pressure
of lateral either in single or varying sizes laterals. Power saving
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percentage occurred by varying sizes-lateral compared to single lateral
was 19.8, 26.4, and 18.2% by applying 100, 150, and 200 kPa inlet
pressure, respectively. Varying sizes-lateral with 150 kPa inlet pressure
highly achieved power saving and uniformity compared to single lateral.
Table 1: Design and evaluation parameters for ¢15-single lateral and varying sizes-
lateral with 8 I/h discharge with 4.8% manufacturing CV.

. . Single ¢p15-lateral at kPa | Varying sizes-lateral at
Design & evaluation . ;
. inlet pressure kPa inlet pressure

Parameters

100 150 200 100 150 200
Friction loss, AH (m) 4.3 6.2 7.9 33 4.3 6.2
Average pressure head (m) 7.1 10.9 14.9 7.9 12.3 16.1
Average flow rate (1/h) 6.7 8.2 9.5 7.0 8.7 9.9
Minimum flow rate, (I/h) 6.1 7.6 8.9 6.6 8.3 9.4
Pressure variation (%) 41.6 40.0 | 38.2 | 319 | 278 30.0
Hydraulic CV (%) 8.7 8.1 7.6 6.2 5.3 5.7
Total CV (%) 9.9 9.4 9.0 7.8 7.2 7.4
Emission uniformity (%) 86.2 86.7 | 87.2 | 88.6 | 89.5 89.1
Statistical EU (%) 87.4 88.0 | 88.6 | 90.0 | 90.9 90.6
UC (%) 92.1 925 | 92.8 | 93.7 | 943 94.1
Field CV (%) 10.1 9.7 9.3 7.9 7.6 7.7
Field statistical EU (%) 87.2 87.7 | 882 | 90.0 | 903 90.2
Field UC (%) 92.0 92.3 927 | 93.8 | 94.0 93.9
Hydraulic power loss

9.5 16.8 | 248 | 7.62 12.3 20.2
(watt)
Power saving (%) 0.0 0.0 0.0 19.8 | 264 18.2

"CV is coefficient of variation, EU is emission uniformity, and UC is uniformity

coefficient.
CONCLUSION
Optimum design of trickle irrigation lateral could be done by managing

lateral length and size, emitter discharge, and inlet pressure, emitters spacing
with selecting high quality of emitters. Optimum lateral dimension should be
constrained by either flow variation or emission uniformity of trickle unit. For
that purpose, a field experiment was conducted to test 17, 15, and 13 mm
inner diameter single laterals companying with 2, 4, and 8 1/h emitter flow
rate and 100, 150, 200 kPa inlet pressure. Laterals were 60 m long and
were laid on zero slope. Emitter was spaced 0.5 m. A 60 m- varying sizes
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lateral consisted of three equal sections sized as ¢p17 in 1%, $15 in 2", and ¢13 in
3" sections was tested and compared with ¢15-single lateral for 8 I/h, and 0.5 m
emitter spacing under 100, 150, 200 kPa inlet pressure.

Manufacturer's variation coefficient CV,, was found as 12, 6.2, and
4.8% for 2, 4, and 8 1/h, respectively. CV,, was decreased by increasing
emitter flow because of increasing the cross section area of emitter path.
But, hydraulic coefficient of variation CV, was varied based on the
design criteria of trickle lateral which included the pressure inlet, lateral
size, emitter discharge, and spacing among emitters along lateral line.

Friction loss of trickle lateral AH was significant increased by

increasing lateral size and emitter flow rate and decreasing inlet pressure.
AH was valued as 0.76, 2.40, and 6.22 m by applying 2, 4, and 8 1/h
emitter flow rate along ¢15-lateral with 150 kPa inlet pressure. AH was
9.92, 6.22, and 3.73 m by using ¢$13, ¢15, and ¢17 lateral with 8 1/h
emitter flow rate at 150 kPa inlet pressure, respectively. Using ¢15 lateral
with 8 1/h emitter flow rate, AH was achieved 4.3, 6.2, and 7.9 m at 100,
150, and 200 kPa inlet pressure, respectively. While for varying sizes-
lateral, AH was reduced to 3.3, 4.3, and 6.2 m, respectively. Insignificant
difference between measured AH and determined AH was found.
By comparing ¢15-single lateral with varying sizes-lateral both 60 m long
and 8 l/h flow rate at 150 inlet pressure, evaluation parameters were
achieved almost 87.7 and 89.5% emission uniformity EU, 88% and
90.9% statistical emission uniformity EUs, 92.5 and 94.3% uniformity
coefficient UC, 87.7 and 90.3% field statistical uniformity EUgy, 92.3 and
94.0 % field uniformity coefficient UCr for single lateral and varying
sizes lateral, respectively. These results showed that no significant
difference was found among determined and field evaluation parameters
due to the newest of trickle system which appeared no emitters plugging.
Hydraulic power loss was increased with increasing inlet pressure of lateral
either in single or varying sizes laterals. Power saving percentage
occurred by varying sizes-lateral compared to single lateral was 19.8,
26.4, and 18.2% by applying 100, 150, and 200 kPa inlet pressure,
respectively.

The results could conclude that pressure and flow variations as well as
all uniformity parameters were insignificantly influenced by inlet
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pressure; nevertheless, they were significantly affected by lateral size and
emitter flow rate. Low flow variation as well as high uniformity was
obtained by reducing emitter flow rate, increasing lateral size, and
applying varying sizes-lateral at 150 kPa inlet pressure, power saving and
uniformity were highly achieved instead of single lateral.
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