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ABSTRACT

Uniformity includes two key elements describing how well the emission device is designed and how well it is
manufactured. These two elements are known as lhe flow exponent “x” and the coelficient of manufact

variation, “CV". Both these “x™ and the “CV™ are integral parls of the Emission Uniformity equation, whick
deseribes unifarmity due (o manulacturing design and variation. ‘The fow exponenl x describes how “pressure
compensating” the emissivn device is, and normal ly measures between 0104, the lower (closer 1o 0) the value of x,
the better (pressure compensating), values of (1.5 represent turbutent flow and values of 1.0 represent laminar flow,
While CV is a statistical description of how uniformly each device is manufactured in relation to one another in
terms of its flow rate. The paper presents the values of x and CV estimated through laboratory test of cmitters used
commercially in India belonging 1o some of the leading manulacturers. 11 was observed that none of the emitters
could be termed as pressure compensating while values of CV for mast of the emiticrs ranges between (1.1-0.25.

Drip irrigation system is characterized by high

application uniformity and application efficiency
along with advantage in saving of water is considered
one of the most efficient irrigation svstems. The system
combines of many sub-components; their individual
performance directly affects the overall performance of
the system. Drippers are one of the most important
components in drip irrigation system, which delivers
water either on the surface, next to plant or subsurface
or near the root-zone, carrying overall major
responsibility for system performance. Type of drippers
varies from simple orifice to complex pressure
compensating. Although all drippers of same
characteristics in an irrigation system should deliver equal
quantity of water bul in real conditions, there is variation
in discharges of drippers unit by unit. The main reasons
behind this can be the manufacturing variation. As drip
irrigation emission devices are designed to discharge
water at low rate, hence small variation in the design of
drippers causes a relatively large variation in discharge.
Some drippers also utilize elastomer material to achieve
pressure compensating action. Such materials are difficult
1o prepare with consistent cimensions, which causes
variation in discharge. Apart from manufacturing
variation, friction losses and the variation in twopography
along the lateral also affect emitter discharge due to
change in pressure. Coefficient of manufacturing
variation (CV) reveals the amount of variation in
uniformity from one emitter to the next emitter. A CV of
0.05 or less is considered excellent while CV between
(.05 and 0.1 is acceptable,

Hence the amount of variation in discharge a1 a particular
pressure can be sufficient to determine the uniformity
characteristics of drippers to term pressure
compensating or non pressure compensating, Estimation
of flow rates of emitters under the reai field condition
can provide information about variation in emitter flow
rate and helps in determining the ability in pressure
compensation of emitters. This information can be
critical for calculating the friction losses while designing
the system, which ultimately will improve the overall
application efficiency as well as application uniformity
of the system. Application uniformity of drip irrigation
system can be expressed by several uniformiry
parameters; however most require the measurement of
emitter discharge for a representative sample. Nakayama
and Bucks (1986) reviewed several widely used
parameters including uniformity coefficient, emitter flow
variation and coefficient of variation. Solomon (1979)
related expected yield to several uniformity measures,
including Christiansen’s uniformity coefficient, statistical
uniformity (Brals et al,, 198 [) and distribution uniformity
(Kruse, 1978),

This study was undertaken to assess the hydraulic
performances of different emitters under laboratory
conditions with following specific objectives:

I. Measurement of emitter flow rate at different
operating pressures to compare these resolts with
manufactures rated discharges,

2. Determination of emitter discharge exponents (x)
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Table 1. Values of x and k for different drippers based on test results and specifications claimed by manufacturers

Based on T e —— ' Claimed by Manufactare: -
Test results
Emitter X(at 1.0 k (flow coefficient Discharge
o *) Kglem? at L0 kg/om? {Iph) Type
operating Operating

prossure) pressure) T e
¥} 0N 581 0.48 8.0 8.0 Turbo Non Pressyre Compensaling
D2 .49 81 048 40 4.0 Turbo Non Pressure Compensating
D3 0.56 161 0.04 24 20 Pressure compensating
D4 0.23 3.98 0.03 42 4.0 Pressure compensating
D5 0.48 832 NA NA 100 Turbo Non Pressure Compensating
Dé 041 852 NA NA 8.0 Turbe Non Pressure Compensating
07 046 8.24 NA NA 4.0 Turbe Non Pressure Compensating
Dg 0.6 9.23 NA NA 80 Turbo Pressure compensating

D9 0.30 557 NA NA 2.0 Turbo Non Pressure Compensating
- . e NA ——————————_T52%ure Compensating

RESULTS AND DISCUSSION graph that there is significant increase in the discharge
Discharge of DI emitter with pressure, which indicates the emitter
. . ; 20nsi i t - ir
The mean discharges ohserved for emitter at different :vnpd‘er consideration to be lof-pressure compensat .
Ype.

Operating pressure are shown in Fig. 2. In mast of the
cases the observed discharge was found to be reasonably
close to those provided by the manufacturer. It was
observed that discharge of the emifter’s increases with
increase in operating pressure. However there was ne
significant increase in discharge in case of D4 and D8
emitters. It is due to the fact that both the emitters are
pressure compensating, It is also observed from the

The greatest deviation between experimental and
manufacturers’ rated discharges occurred with the D9
emitter where measured flow rates were consistently 2
L/h below the rated. The D I, D2, D3, D4 emitters were
Most accurate with identical measured and rated
discharge curves, followed by the D5, D6, D7, DS.

: - Emitter Discharge Exponent
Table 2. CoefMicients of manufacturing variation for

different emitters Emitter discharge exponents x and the values of emitter
e et 5 —  constantk were determined using £q. I, Based on these
Emitter Operating pressure fkgfc“‘t} values; hydraulic performance of each emitter was
NI i3 ___2__ __2'5 o ‘L . characterized and calculated and is shown in Table 1.
DI 005 003 o1 o3 om
D? 0.07 0.08 009 0.09 0.12 Cnmparing the values of x and k it was found that most
D3 0.01 0.08 0.08 0.07 0.08 of the values claimed by manufacturers holds true for
D4 004 0.04 0.04 0.03 0.17 D1, D2 and D3. The x and k values for other emirers
D5 0.06 0.05 0.05 0.05 0.05 claimed by all manufacturers were not available. The x
D6 010 0.11 0.10 o011 012 values of emitters DI, D3 and D9 were found to be
. 024 025 0.17 0.18 0.33 greater than 0.5 thus were classified as non-pressurg

compensating type. The x values of drippers D2, D5.Ds
and D7 were found less than 0.5. Hence, these may also
be classified as non-pressure compensating. Two
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emutters D4 and D8 with exponents close to 0.2 can he
considered as pressure compensating when operated in
the pressure range of 1.0 - 3.0 kg/em?, However, besides
these nonc of the emitters’ show x values closer to zero,
signifies thal none of the emitter is pressure
compensating.

CoelMicient of Manufacturing Variation

The percentage of emitters in the sample falling within
a given deviation from the mean discharpe was
calculated. Solomon (1979) classified emitter
performance on the basis of CV. The calculated C.V.
values are given in Table 2.

CVs of D3 and Déemitters remained relatively constant
over the range of pressure tested. D6 emitter with CV
more than 0.10 can be classified as poor while D5 and
D1 with values of CV as low as 0.05 is rated as excellent,
Emitters D2 and D3 behave excellent at low operating
pressure of 1.0 and 1.5 kg/em® D4 can be categorized
as excellent for all operating pressure; however, its
performance decreases as operating pressure increases
to 3.0 kg/em?®, D7, D8 and D9 emitters showed CV
more than 0.15, hence can be classified as poor, hence
these are unsuitable for installation in the field condition
as there would be lot of variation in discharge of these
emitters. Other emitters should be operated for working
pressure, which gives low CV,

CONCLUSIONS

I, The study indicates that none of the drippers are
fully pressure compensaling.

2. It was also observed that manufacturing variation

Flow and Manufacturing Variation of Drnippers

affcets the performance of individual drippers in a
system with respect to the operating pressures,

3. It shows that while selecting drippers for a system
its flow rate sensitivity for a wide range of operating
pressure should be given due consideration.
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