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Abstract Considering the overall farming siusuion in developing countries partic-
ularly Mndia it has been observed that the available options of efficient irrigation
techpologies are unahie to cover up small and margiaul facm holders due to lack
ol the applicability and acceptabilily in terms of their needs, priorities and financial
capahilitics. This makes imperative Lo develop a substitute of existing technologies
that could be cheap simple and less capilal intenstve as well us applicable for smiall
Farms. This paper discusses the performances of a fow cost water and energy elticient
device called LEWA which can be used in place of overhead impact sprinklers o
lrrigate (teld and row crops efliciently at smeadl farms. LEWA can be operated at
an operaling pressure range 39 to Y8 kP ut iis nowzle head, with discharge rale
(L87-1.10 m*h, and throw dinmeter & 8 m. Since operating pressure al the iozzle
Liead governs overall system pressure and refleers the wotal cost of the syster, size of
prime nover pump required and ils operational cost; therefore the developed deviee
holds areater promise in development of a cost ellective water and cnergy eflicient
pressurized hrigalion system for small and marginal farmers possessing simall and
Fragmented fand.
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1 Introduction

[n developing countries the average Tarm holding sizes are very small considering
the case of Tadia it is 118 ha. Most of the land holdings are highly scattered and
(ragmented; the cropping pattern s based on daily houschold's requirements such as
rice, wheat, pubses and oilseeds ete. In such scenano sprinkler system cun be one
of the efficient systemns of irrigation. However, the major constraint in adoption
of sprinkler system by these small holders s the high nittal investmenl cost and
high-energy requirement for operations, as the water application cost wilh sprinkler
irrigalion includes investment on pumping, pipes, sprinklers, ditches, energy, labour,
maintenance and waler costs (Romero et al, 20043, This is because of the fact that
cammercially available sprinklers can be operated over the operating pressure ol
the range of 147 to 392 kPa at the nozzle head and necessitates high pressure
pumps, pipe newworks and other system components. Due (o high investment cost
considerable numbers of farmers have retwned o conventional itrigalion system
die to various problems such as costs of pumping, maintenance cte. {Zibacl and
Bakbhshoodeh 2008). These constraints lead to develop a cost effective sprinklug
device in order to lower overall cost of the irrigation system. The developed device,
LEWA (Low Dnergy Water Applicaution), may encourage sinall holders to adopt
pressurized irrigation system to practice irrigation eihciently.

2 Review

Many wliempts have been made earlier to bring the pressure requirement aned the
capital costs down by developing different kind of sprinkling mechanism [or leld
crops such us perforated pipe systems: hose-fed sprinkler systems cie., operales at
pressure as low as 3-08 k' (Keler aad B3lesner 19907, "Though these produace
relatively uniform water application when the sprinklecs are moved in a systemalic
orid pattern with sudlicient overbi, bul the systems could not proven practical For
irrigading agricultural crops as they ace oo labaur intensive, Tow enerpy Precision
Application (LEPA) type miceo sprinkler can also e operated ad the pressure [ess
than 98 kPa bt it is suitable swinly for vegetabie, horticultural and ornamental crops
rather than field crops (Visalukshi et ol 20023, Koch (20037 tested the perdformanee
of low prossure sprinklers manufactured by Sennipger and Nelson i recommended
pressuces from 68 1o 137 kB 1D was abserved Hhat g the pressure of 68 kPa the
ascillation of all the nozzles was very slow, and the droplets were poarly distributed
and the wetled patterns were uneve, however it works satisfacrorily when pressure
exceeds 9 kPa. Henee, realiving the gap in terms of a cost elfective waler and
energy clticient advanced pressurized irrigation wehnology Tor small and marginad
tarmers growing Geld coops, the ICAR Rescarch Comyplex for Fastern Region, Palna
developed LEWA device, which can be used in place of high pressure overhead
sprinkling novzles (Singh et al. 2009). Singh 21 al. (2009 also repuorts that the LEWA
device saves energy in the lune of 3030 percent besides cost of LEWA irrigation
systemt developed with the help of flat hose Nexible pipes can be chegper in cosl by 2
1o 2.5 times lesser than the similar vanges of sprinkler irrigation sysicms, which uses
HI3PE pipeline to lrrigate equal arga.
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3 Developmental Methodology and Concept of LEWA Device

The LEWA s hased on the principle of moment of momentum. [tis o 717 shape
device where equal sets of holes are placed (in three rows} on the two arms of the
17, but 1n opposite direction (Fig, 1), When it is pivoted at the centie with the help
ol socket and bush arrpngement an the riser and water Is allowed to flow through
the device, a lorgue is generated which [acilitates civeular rotation of pipe. The jets
cjecting [rom the pipe break up in the form ol droplets due w the rotation. This not
unly avoids soil erosion as in case of stationary jets but also tacilitates wore unilonm
welling over the irrigited wrea. Major design paramelers considered for development
of LEWA device were the: length and diameter of the “T7 shape pipe. number,
spucing, dinmeter and trajectory angle of the holes. To decide Lhe dimension ul these
desion paramelers, lesting with dilferent combination was undertaken {Singh et al.
20004 and 15 discussed below:

Lenpth ard Diameter of the pipe  Different combinations of pipe lengths (10-80 cm)
for the device were tried. T was observed that when the tength was less thao 30 cm,
cither there was 1o rotation, or device rotated only up to certain operafing pressure
and after that it became stand still, This phenomenon vecurs doe to insufficient
couple produced by the discharge coming outl from fimited number of holes in
oppusite direction having arm length less than 30 cm. The same is alse been observed
when pipe diameler is less than 23 mm. When device length was increased from 30
to 50 e ane diameter 25 mu (with increased number of holes) with hole diameter
of 1.5 mum, it resulied in inerease discharge and Facilitated smooth rotation of the
device. At arm lengths higher than 60 cu the discharge of the deviee was much
higher than desired level and imbalance i direular otation were ohserved. Afier
various experimentations it was observed that 45 et length and 25 mm diameter of
Lhe device was the mostappropriate combinalion.

i 1 LEWA device utong
wth rokk i migehanism
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vl'-zahhf I Dasign L:L,:uligur;.ltiun Lcnglh of rolaling arms A0 e

of developed LEWA device Number of holes 25 (14 vavh sude)
Iiameter ol holes 1.5 mm
Haole arrangement 3 rows
Prajectory angles of holus A3 and 9

Number, Spacing, Diameter and Trujectory Angles of Holes The number, spac-
ing, dinmeter and rrajectory angles of the toles have direct impact on discharge,
radial pattemn of water distribution, radial throw, and rotation of the device. The
experiment showed that 4 (o 16 numbers of holes (cach side) wre appropriate for
45 em long device having 25 mm diameter for desived discharge (suiting to the soil
propertics of testing area). The overall discharge of LEWA device has buen kept 10
1o 20% higher than the infiltration rate of the soil of testing location Lo Facilitate its
use In rice also. Hole 1o hole spacing of 0.5, 1, 1.5, 2, 2.5 and 3.0 cm were tried and
found that 1O cm was most appropriate for most of the holey placed on the LEWA
arm. Hole diameter 10O, L3 and 2.0 mmn were tried with different combination,
but experimentally L5 mm diameter was found most appropriate. Solomon {1990}
repotted that due to aiv drag, maximum throw is achieved at the ltajectory angle
tess than 45° and is just over 30°. Most of the sprinkler manutacturers have adopied
27 as “standard” trajectory angle, In case of LEWA inidally different sets of holes
were placed at different trajectory angles varying from 9 1o 37°, The configuration
of LEWA device 18 presented in Table 1 and its schematic drawing is shown
in Iig, 2.
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Fig. 2 Configuration of developed LEW A device
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4 Testing Methodology

Te judge the performance of the device, two types off tests were performed. Fustly,
single nozzle test” for radial waier distribution pallern, radial throw, anLII hcad‘
discharge relationship. Secandly, “block test” for determining CU (coellicient of
uniformity). The entire testing was performed in an indoor laboratory as per the
standard guidelines. Two commerciatly available sprinkler nozsde were also tested
{une single nozzle mpact sprinkicr and other wobbler) to compare the performance
of LEWA. Catch cans used in the testing were of 16,5 e diameter and [3 e height,
The single nozvle testing of LEWA was undertaken by placing tirst catch can 20 e
away from the riser and then other in series while in cuse of single nowzle impact
:;pl‘ii:lklcr anel wobbler Lhe same cateh cans were placed atan interval of 30 cm starting
the fiest caich can after a gap of 20 cm from Lthe tiser. Before siirt of each ‘single
novzle’ test, dischares of all the sprinklers were measured by collecting the volume
ef waler coming out of the sprinkler in a 20 liter bucket for at least three limes. A
pressure Cange was mounted 15 om below the speinkler on the riser to CRsure I.hu.
duesived operating pressure al which the sprinkler is to b lested. The grid inease ol
Dlock test was of 30 % 50 covand riser heights were 1T in all the cases. The distanee
butween two sprinklers inblock test was 6 < 6 m. All the risers in case ol “hlock test”
were vquipped with pressure puuge which was mounted 15 cm below the sprinkh_‘.rf;.
The fust duration Lor single nozzle” wesl was For 1 b, while in case of "block wsl i
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was 30 mio cach. All the tests were perlormed in controlled condition and repeated
three times to minimize any error,

5 Result and Discassion
5.8 Testing Performance of LEWA Device

LEWA device was tested with design altributes mentioned in Table 1 {or various
performance. The testing revealed that the discharge of LEWA varied between .59
and Lt m*h and wetted diameter varics from 6 to 8 m with operaling pressure
ranpes from 19 1o 58 kPa (Figs. 3 and 4). Tt is observed that the relationship
between discharge (Q) and vperating pressure (1) is governed by liner equation (3 =
(LO03EP 100991 with ¥ = (1995, whereas the relatiouship between radul throw
(R} and operating pressure (17} s piven by R = 008380 + 18172, with R? . 0,973,
Figtre 5 shows the radin water disteibution pattern of LEW A device at an operaling
pressuve 192903949 and 38 kPa. [t was observed that when the TEWA device
was operaled below 39 kPP the deptl of wiler applicd neae the soszle was more
which creates unwunted ponding leaving onler periphery of wetled aren dey, But ot
aperating pressires of 3% kPPa and above berter distribution of waler s obscerved. The
radial water distribuwiion patiern also reflects shill of peak waler application towurds
ouler periphery as vperating pressure increases. The overall observation showeidl
Ut the recommended optimum pressure for LEWA s 39 1o 38 k%, The cateh
valucs from block tests at different operaling pressures reveals that the Christiansen
Uniformity (CU %) increases as the operating pressure increases, The ditferent C'U
vadues estimated for 39, 49 and 538 kPa of uperaling pressuare is 54%, 629% and 67 %,
respectively (Table 2 and g, 6). The average application rate shows decreasing
trend with increase in operating pressure during the testing {(Fig, 7).

Table 2 Unitarnity {(CL%) Operating Av.application Unifarmmity (U %
abserved of TEWA device y Y

Pressure (kPa) rate (mun/h) Min Max Ay,
i 1656409 52 56 4
49 1480044 30 [N 2
58 15.35801 2 72 07
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52 Testing Performance of Single Nozzle Impact Sprinkler

Fipure 8 depicts the head discharpe relationship of single novzle impact sprinkler. {i
wis ubserved that discharge of the sprinkber varied from 0.39 to .72 m¥/h over the
eperating pressure range of U8 to 294 kPa. Observing the pattern of radial theow with
the operating pressure (Fig. 9) it is observed that the radial throw varies from 6.9 m at
D8 kPa 1o 2.0 m a1 294 kPa. A significant change in radial throw s obscrved over the
operaling pressure range of 98 1o 147 kPa whereas the vate of increase slows down
considerably when the operating pressure increases beyond 245 kPa. Ohserving the
pattern of radial water distribution pattern (Fig. 10) of impact sprinkler, it was
observed that higher depth of waler is appiied rom riser 10 mid of the radial Lhrow
distance when the operating pressure is below 147 kPa whereas moce uniform waler
application with greater depth of applicd water towards peciphery iy observed as the
opurating pressure ranges bolween 147 to 245 kPa, These observalions reftect that
an operating pressure of 147 to 243 kPa is optimum for the anpact sprinkler under
the test. .

The “black test” was imdertaken to esthnate the uniformity al @ » & moand 12 =
12 m of impact sprinkles spacing, 10 was observed that at 0 < 6 m spaciag the
untformity (CED values) is over 75%. The CU values estimated were /8.5, 87.6 and
0.6 pereent at 98, 147 and 196 kPa of operating pressure respectively. This indicates
that the optimum operaling pressure for the impact sprinkler under test at 6 < 6 m
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spacing tanges between Y8-547 ki%a, but once the spacing is increased beyond 6 x
6 m the operating pressure need w he increased to achieve desired uniformity. The
(1] values observed when sprinklers are placed 12 m apart was 58.4% and 60.09% at
147 and 196 kPa of operating pressure respectively, however, the CU values increases
above 70% when operating pressure ranged between 245 to 294 kP st same spacing.
This indicates that if one desires to operate the hmpact sprinkler wnder the test al
12 % 12 m spacing the operating pressure must be in the range of 245 to 294 kPa.

5.3 Testing Performance of Wobbter

Figurs 1i shows head discharge relationship of Wobbler, The relationship shows an
increasing trend as the opening pressure increases, The discharge varies trom (.19
Lo .25 i as the operating prossure ranges from 49 to 98 kPa. Figure 12 indicates
[mge variation in radial throw of Wobbler as the aperuling prossure increases (rom
P88 kPa This indicates that, for wicder coverage and optimum perfoninance the
aptimum pressuere of Wobbler is 98 kPa ov move, Tigare B3 reflects that idiol waler
distribution pattern of Wobbler have atmost surue patrern when operated az dilferenl

sperating pressuces. The radial water distribution partern indicaves higher depth ot

water application near the riser and sharp decrease indepth of applisd water over
the wetted irey towards penphery of throw,

Fie. & Etfecl of operating
pressure on radial throw of
single nazzle anpact sprinkler
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6 Sumanary and Conciusions

Currently aviilable oplions in terms of elticient irrigation tecimolugies to growers in
countries like India lacks in technical and econoulic viability restricling their wide
adoptivn, Majority of the growers who comes under medium, small and marginal
categories siill foreed to pracuce surface methods of irrigation ncurring et ouly
huge wastage of warer bur also dicsel and clectric energy used for pumping. TEWA
device which can uperate satisfactorily atan operating pressure rangling between R
59 kP in comparison o impact sprinkler and wobbler which requived operating
pressure range of 98-294 kPa and Y8 kPa respectively Lo aperale satisfuctorily,
opens an uppoTiunity (o use low pressare rating pipe network and other system
somponent which are cost effective Wwo. With this proposition, "LEWA [rrigation
System” will provide an npportunity lo wider sel of farming communiiy to adopt
etficient irrigation systems as per thetr need and priority in crop producticn. Fiue
congept of "LTW A Trrigation System’ can be a hoom lor not only in conlext to fadian
farming community but many Asian and Afeican countrics where similar situation
prevuils,
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