
Journal ofAgricuitural Engineering Vol_ 44( l ): Januar") -[\/arc", 2007 

Development of Low Pressure and 
Low Energy Sprinkling Nozzles 
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E:,.1sli~,g opiion~ or efficic1:l 1rr1ga:1011 techno1c>p_'e~ .11 J:1c;ia arc nuc 'I del~- acior:td So::1e of the ma_ior rc:asons ar~ 
majorit: oft:1c croppir:g area under tic~J crop.', s1na;1 c.n·:'. frag~tnreJ lar.C h·Jlliings and !i:T11!a1io:-is ofu:,ers to make 
high init,al in1 C>ln1en1;; This hJs rcsrric~~J the a<.'.opti(1~. o~ cffic1~r.: 1:-ri~a1ion tec·,nc-logic'> L1r high ,a]u~d crop_ 
\Vhercc:s lll<\iority of ri1c s1-:iall and marginal l~.n:1ero .'Ii] I prc,ctic~ ., 1~~accc -110~ 11ouo Ill .r .-igauc>n :n,1:rrrng nol or.I: 
huge wastage of\\bler l-:111 also dicse' and c:ectr1c c'nerg; used for ,1un1r;n;J \\ h~1 groun;''-'· c.rcr i_, u_,c.i tOr irrigmior._ 
Cons1Lier:11g conditiuns a( -,:nali fa;r;,~ an attcrnpt has b~en :11a,k tc> cic, d-;ip !on cost .. ,;Fer ,,rd encr5_1 ef'.-ici<:n: 

preosurizcd irrigation dev:ce. "'hi(h can upcr~;c m '-.n o;:ic'-2-tir_g prc''>'l!rc [~,, :h::n I () ,_g·cno= c.! its noz.dc heaJ 
Lf':PA no?.L!C developcC b:- A&.'vl 'fi;:,.as i~ on<: c1f such atlt1not '"hie '1 lJpcc;n~s ';~t"~c.:n iJ ;; 7 -C : ~ kg'crn- Some 0r 
'.he concq;ts of LEPA de>cloprn~nt n~1·e C~e:1 iah.xn 1-.10 c,1:1si-.'.er]liOL, beside> c~rns. J~;in" nriur:u~s ~1 1 'ma ii 
holders io developing a Lo'" Encrg) \Vatcr Aprlication (Lt, \V/\ > ckl',cc This t'"-PCr Jiouissco tf.e tJrgcL gro:rp !Ur 
wl"un1 Jc>elopr,~nl have b~en .ni'.iatc<l. exo~ricnccs c.nJ Je~5011s m dif'.Crc~;t de' cloprr:cn:al :;rages ai1C b~,1c critc~ia 
nGor1cd for the ::k>c:or:ncnt of LE\\-','\ Jevicc 

Application ef'ficiency and uniformity of \Vatcr 
application of an irrigation 1ncthod are !n1ponant factors. 
1,vhich affect the soil storage and distribution of irrigation 
1-vater. ·rhe application efficiency is inainly atfected by 

managenicnt; \vhile the unifOrmity ofv.·ater appliccition 
is 1naiYily affected by systcin design. The different losses 
associated v«ith the surface method of irrigation are: 
conveyance losses, runoff and dee;:i percolation losses, 
and direct evaporation from \Vet soil surface::. \Vhereas 
in case ofpres~urized irrigation sy~te1ns. minimal ('f no 
conveyance losses occurs and controlled volurne of 
Vvater is applied uniformly through a specially designed 
en1itting devi'ccs. f)ifferent type:, of pressurized irrigation 
nozzles are in use such as sprinkler. micro sprinkler. 
and drip. Sprinkler and rnicro irrigation systerns have 
efficiency in the range of 65-8QG/o_ \Vhcrcas drip irrigation 
system has efficiency in the range of 85-95~'0 and is 
generally recom1nended for use 111 high-value hor:iculturai 
and plan!ation crops and not for closely gro\vi!lg crops 
due to higher system cost. The sprinkler systcn1 is 
suitable for almost all crops but does not provide as 
good a control over water application as the drip sys1c1n 
does. Besides, excessive evaporation !oss. and high energy 
consun1prion are associated \Nith the use of sprir:kler 
systern. J\-1ost of the cornniercially availabl,_; sprinklers 
v.·ork satisfactorily in the pressure rarige of 1.5-4 kg_.. 
c1n2

• In order to reduce the en erg;.- requirements, diffe-rent 
modifications have been made in the design of sprinkler 

nozzle a;~d di!Te~e1~t rr1;_;_nagen1cnt strategies have been 
deve:opcd to suit !he req J ircr;ients of grC">\ ers. 

Perforated Pipe Sprinkler Irrigation Systems 

Thi~ type ofsprinkier s;.~1cr11 sprays \Vater fron1 ~rnallcr 
d ianieter holes ( ! .6 rn rn o~ less) dri I ied at uni for.Tl spacing 
along tb.e top and s:G,..::s o'. z. lateral Di oe. l'he water cor~1ing 
out tfon; tJ-:c h0lcs produces a rain like pa!lern over a 
reclangu:ar sL:iD. r:ie ~ize c.nj spacing of tile holes are 
chosen in sLc!c a 11'JY tha~ \\D.Ler is un1tOrn1ly distributed 
b,_;t\veen adjace:-i'. !ir:<'s o~- nerforatcd pipe_ The \'"ater 
spreaa (area of c:J\er<1gc': ~·rom this type of systen1 
increases as the press'..lre inc~eases anC operates 
effec'.i\el;. at pre.o:sures :Je!\\een O.JS - 2.10 kg:crn' 
(Kel:ei· & B ic\)ilC~·, 199() :' .. \s t!~e mir:·!mun1 app,ication 
ralc fro::-1 ;'Ct'f,1rateu pi~'\: is 13 rr1n1 hr. lhty can be used 
on!y on co2rsc te\!Ure0 soils. These types of system 
are •sidely c.scli in la\\·ns and are no\\ obsolete in 
agricuitura; 'rrigatio:1 

Hose Fed Sprinkler Systcn1 

This cype :if.'>;.stcrr: e1~;plc;s ho~e pipes to suppl; \Valer 
to individual srn2Jl s;i~inkle~). 1vJ--:ich are operated at a 
rres~ure as _o,__i..· .'.iS 0.35 0.-,0 kg-'crn-' (Keller and 
Bliesner, 1990). These systtrno also produce relatively 
uniform nater appiicarior. v,,i1cn spri:-ik(ers are moved in 
a syst..:matic gr:d panern v,·ith suf1icient overlaD. These 
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systerEs are generally· used ;n hotne garden~ and lLlrf 
irrigation, and are not in use for agricultural irrigation as 
they are labour intensive_ 

ln otder to reduce the energ\ ;el.JuirC'lh:n\. i..ylc and 
Bordovsky ( l 981.1 G83) mt1dified the design of e:..isting 
sprinkler nozzle and C.eveloped n1anagerncnt strategies 
rOr efficient u~ilization of availabie \~·atcr l'heir devict.'. is 
popularly kno\vn as LO\\' Energy Precision ,\pplication 
(LEP.A.) syste1n. 

LEPA lrrigation Systen1 

The LEP.t\ Irrigation S)ste1n \Vas developed hy _A.&M 
Texas, US.A., replacing the sprinkler nozzles b)' "drop 
tubes'' making it suitable to operate at lov1 pressure (3 -

: 2 m of \\'atcr column) at the nozzle head [Hordovsk;: 
et.al., 1992). It reduces energ) require1nenl in irrigation 
l'.·-ith acceptable precision in \Valer application. \\'ater :s 
delivered to crops frorn cen1e1· rivot or linear 1no\·e 
irrigation sys:erns. The in·igation-tiliagc n1anagen1ent 
system \Vith altcn1a1e ridge and furrD\\S \Vith tied ridging 
can better utilize a\ ai lahle \vatcr resources. LEP_A. no77lcs 
are positioned close to the ground, CJsuG!lly not 1nore than 
18 inches above the furro\!•'. ?\cz7Jes arc adjustable. 
allo\ving for three ba.sic niodes of operation: bubble, spray 
and cheinigation. An adCitional rnethod of \1:a:cr deliver:
for a LEPA syste1n is the LEP.A. sock. J'hc sock ls attached 
to a drop hose and lies on the ground betv.·ee;1 the rov.·o_ 
-J he LEPA equipn1ent discharges v.-ati::r throug'.1 drop tubes 
vel)' near to (50 to 75 mrn ahove the soil surface) or at 
the soil surface into either ev0ry furrO\V or alte1·nate 
fuITO\VS at a IO\\ pressure fro1n 0.07-0.35 kg:cm: By 
discharging v.·ater near th..; field surface the spray 
evaporation losses are reduced. Because of the IO\\· 
application pressure ofLEP.A.. nozzle, v.'atcr is applied over 
a re!ativelv small area causing high application rates r'ro 
short dur~tion. Since the high application rates quick!; 
exceeds infiltration rates, successful irrigation v.·ith this 
system depends on tcn1porarily storing some v.·ater on 
the soil surface until it infiltrates into the soil_ Lyle and 
Bordovsky (1981) used diked furrO\\ \o retain the 
discharge obtained froin the LEP1\ de\·ice. But the 
applicability of these s;sten1s in Indian conditions is not 
possible as these systems are highly mechani1ed and large 

systems. 

LEP.4.. svstem has been successfully tested in different 
crops, ~amely, \vheat (Schneider and Ho\veil, 199'7), 
cotton {Bordovsky et al., 1992), corn (Lyle and 
Bordo\·sky, 1995: Schneider and Ho\vell. ! 997), Sorghum 
(Bordovsky and Lyle, 1996; Schneider and l-10,vell, 1997). 

A Ll:PA_ type micro ~prinklcr 

. .\. LEPA. type :Tcicro spnni-...icr \\·as developed to pro\·ide 
irrigation in ve_:;ctable. hortict.:!tu~al. orr12.inental plar~ts and 
la\\ ns ( \'i~aiaksh; ,,, '.~/_ 2002 ). TI1e rotatir~g sprinkler head 
\\:1,; 111adc ofa ,n;a]: piece of :2c11T .. 81nn1 dianic:tcr good 
qua!1ty Ll)PE pip<". piuggcd at hoth ends. The length of 
the unit \vas 8 c1n for 12 rnrn and 5 cn1 fOr 8 mm pipe. 
Hol<'-'i 0f 1 rnn1 dian1etcr -.1·ere drilled on opposite sides 0t 
the pipe and pi\'.Jtt0d :n :'.le cent~c to stand on a stak,c. ·rhe 
discha;·o;e rate \\dS reported to Oe 30 to 45 lph at a11 

opcraung pre3~ure ranging f1·01n 0.3-1.0 kgicrn 2 for 
dif7erL'nt pipe Jia1~1c·tc·rs_ The \\'e'.'"ed d;an1eter ranged froin 
210-:2:'\fl CJT, \\'lcn no17[c nJt2.teJ at a he:ght of 30-90 cni 
abo\·c ~he ground. ';'f<s S) stem does not have any 
~ophisticated co1nponer:ts. is free from ,::Jogging, prov:Je~ 
better sub-surfice u11it'o:1nity of \vat er. avoids any losse~ 
due to pcrcolauo:-i or -unofr'. frt:-ilitdte the u~e of fertilizers 
and hc:·bicides and 111()~1 i11,oortantl:-. it has considerably 
loc\· init!a! inv~·stn1ent and upera'.'l>na 1 cost 

Uc\'clopment of LO\\ Pressure \\·ater -4 .. pplication 
(LP\\,c\) di:\- ice 

Jn India fc:rn1 hoidir~g size~ c1-'" •tl<\iority (1fthe farmc:r_~ ;s 
ver;. s1113ll_ the a\ccagt t'e~ng 1 8 ha (.t\nony1nous. 
_1\griculturi~t ~•;1J:nc; a~id fragnicntcci_ rhose having 
ircigatlon faci;'ty C\fen~i\•-'l) :iract~ce ~~t~face irrigation 
in rectanguia~ .j1~·L·,;_ b(!s°11:, cr'.\:dti1 var:,ing bel\\Cen 6 

to 8 111 and len~:h equalir.:; the fic_c length and generally 
being 2 to --1- tin-_,·s o~'the \\iJrh The cropping pattern ir. 
il10Sl areas ccn1priscs ccrc2ls. pu:ses. o;Jseeds etc. 
follo\\ed by ;e;eta!:ilc~ CP~d nrcharc'.s. The economic 
condition ot tLc sn1::1i t"ar:ners docs r,o~ ;Jermit chem to 
purchase and operate :",i!o'h-i:;rt~~L.re uT•gation systen1 
If motivated. t_1e; i:101; ad8pt lesse<.p::n5ive lnv.·-pressure 
systen1s, pro\·idcd they :reet tr.e irriga;ion requirement. 

(levelopmenta! Stages 

Design oj- 1-PJ-LA n1a11ifo!d 

Si rnilar to the 2011cept ,Jf Lr: p,; a :'1a:i1 foid v. as designed 
and fabricated \\1th follo\\i'1);'. dimensions of its 
conc'.loncnts: \li:nif-old d:an1eter = 2.5 cm; r">1anifold 
lent,rth = 6 111; Nc1n1De; o-f drop t1.:hes per manifold= 4; 
Diameter of th:;: drop tube ~ , 2.5 n1n1 

·rhe manifolCs V.'ere tes;.cd operating t\vo of thern 
together. The avera;>:e discharge of each drop tube \Vas 
o.48 and 0.60 lps at.'.a:er2: inlet pressure ofO.:' and 0.75 
kg..- cm:. respectively. The coefficients of variation (C\i) 
in all the cases \Vere belO\\ 10 °iO(Table I). Some of the 
major lin1itari~1ns observed \Vere \\eight of the r:ianifold 
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Table 1. Discharge variation in Drop tube 

Outlet no. Avg. Discharge (lps) at op_erating 
pressure 0.75 kg/cm' 

Avg, discharge at operating 
pressure 0.5 kg/cm' 

l\lanifold 1 :\-lanifold 2 1\lanifold 1 '\1.anifold 2 

2 

3 

4 

Average 

CV 

0.65 

0 58 

0.57 

0.61 

0.60 

0.059 

and sagging due to \veight ofv.ater. Teo,ting at different 
angles revealed that at an angle of .+5' from horizontal, 

the \vater thro\v dic,tance \\'as maximum but it caused 
erosion. 

Design of \\'ater Distribution Devices 

A 2.54 cm diarneter and IOc1n long pipe section >\as 

di\ided into a number of sections. ·1 he cr(>~s-,,ectional 
area of each section at the inlet >vas kept equal \Vhercas 

it was varied at outlet as~uming that varying cross
scctional area and nurnber of sections >>ill pre\'ent 
concentration of flo\v at one point. The cqu8l cross

scctional area c.t the inlet enables equal quantity of \\"ater 
through each section. V'arying cross-section at the outlet 

helps in achieving different throv,· distance and thus 
covering rnore v.idth. \Vi th the above C(lllCept the device 

having4, 5, G and 7 :.ections \Vere developed and tested 
(Table 2). 

Table 2. Effect of cross-sectional area on throw distance 
from riser 

Thro"' distance, n1 :-<umber of cross ~ections 

4 5 6 ? 

Minin1um 0.9 0.9 0.9 l.O 

Maxi mun-: 18 19 l.9 2.1 

Total width of coverage 0.9 LO LO I I 

0-58 0.52 0.47 

\i_60 O_.+o 0.48 

C.59 Q.--1-l 0.48 

0.6Q (ljQ 0.49 

0.59 OAS 0.48 

O.O'i6 O.:J75 0 DJ9 

Testing re\ealed that the nozzle having 7 ~ections, 
perforr;1ed better. The --csticig v.as done for different 
cross-sectional area of 1he outlet at a fixed inlet area. 
DitI'erent con:lgurat'10•1s \\Cr<; gener?.ted by varying the 

ratio of oLtlet to inle1 cross scctiona! area (Table 3). 

Differc:nt c:u11f1£l_;r<:1.lions \\CrC Lested for th;u\I' dist2nce 
al diffr;;-erll pressures. Keepir'.g tile rnaxin1;.n1 pressure at 
0.4 kg.·cn~ 2 ,\1:--io:",g the: ui!Terent conf:gu1·ations. the 
configLratlCJ'~ ··.,;.,_··\\'a~ fci:.:nd to perform better (Table 4). 

Design of perforated pipe systeni 

'!'hough !he de\ eloped nozzles co1:id distribute \\'ater to 
largcr \1 id th, soi: eros1c;-i o;:-~urred due to lack of 
uniformit;- i:i the -1-lO\\ distrihution. Also it 11,as found 

that di\":d!ng the tote:! c:oss ~ec!ional area of pipe into 7 
sections 1\·a~ ::-iar:ier;1..ate !l) reduce the droplet size. 
Subdivi~io:-- ::,eycnd \la.'- infeasi:ile manually. A.s an 
aJternati VC, f.ul C d-_aJT.ClCf \\ <.~ made sma.[er ( Q .i 5 !TIITTj 

on thc ~ S CiL (fdn-1etcr PVC pi"'e~ in tilree rov..-s 1vith 
the angle Je:\1·een .. ,, o ac::!~2.cent roYi·~ at 22.5J. Discharge 

througJ1 inJ:-,;dLai ho!es a;1C also t~ie tutai discharge of 
the ploc \\as 1TJe2.sL:-ed a: dif;~erent pr-::ssures (0.2 to 0.6 

kg cn1'). Tilis sys'.e;n \\iiS con1pared v.·itil traditional 

method Jfirng~tion r:ielC ;:<ors or6rn \Vidths and 20m 
lcngchs \\ere :Jrepa~e-:_! and p1·operl; leveled. It \v·as 

di\1ded into ·'.2 x 2:: '~l squar';' g:1·ids and cle\ation \Vas 

Table 3. Cross sectional area ratios for three different section5 

(:onfiguration Ratio of outlet to inlet cross ~ectional area for 7 sections 

2 7 4 5 6 7 

..... 0.16 0.33 0.37 0.41 0 6 ~ C.76 4.23 

B QJ6 0.46 0.53 0_6G 0.82 0_94 3-50 

c 0.26 049 0.55 [J_51 Ci.82 LOO ""7 J . .l-

" 
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Table 4. Throv. distance as a function of pressure 

Pressure. li:gfcm' Thro\t' distance of different nozzle con figuration~ ha• ing 7 ~ections 

A 

"tin \t:u. 

(j_]Q 0.6 1.65 

0.25 L05 2.75 

0.40 1.35 4.30 

recorded at each grid points for comrut2t!on of the 
leveling inde\.. Moisture contents at dif'.Crent depth ( 15, 
)0, 45, 60. 75 and 90cm) both at the head and tail end 

oftl1e plot~ \vere measured before and after irrigation to 
ascertain the depth of infiltrated \Nater (Tables 5 and 6). 

Table 5. Moisture' ariation under traditional n1ethod 

Soil depth, 
(cin) 

15 

30 

45 

60 

75 

90 

1\-loisture Content after Irrigation 
Head end Tail end 

22..l 20.2 

24.2 21.5 

21.2 18-5 

20.l 20.3 

20.6 17.~ 

21.7 19.:J 

Table 6, '\1oi~ture \'ariation w·ith LP\\'A 

Soil depth, 
(c1n) 

15 

30 

45 

60 

7' 
9{J 

.1\-Ioisturl' Content after Irrigation 
IJead end 'H1i! ~nd 

22.3 20.2 

24.2 2 ! .5 

21.2 18-5 

20.1 20.J 

20.6 17.5 

21.7 19.0 

The moisture content distribution.~ by perforated pipe 
sy~tem 1vcre found better than the tradirional n1ethod of 

irrigation. One of the 1najor drawbacks observed \Va~ 

iodging of crop after l S to 20 minutes of irrigation. This 
ma)' be due to continuous application of 1vater at (>nc 

point. Due to this reason, effort for its further 
devclopn1ent 1,vas not made and the device 11as 

considered 'unsuitable'. 

De"·elopntent of Low Energy \\'ater Application 
(LE\VA) De"·ice 

On the basis of e\.periences 1vith the developed LP\\'~'\, 

B c 
'\1h1 .I\ lax :\-1in _\1nx 

0.7 '.6(1 0.' l.60 

i.O 2.8S I_ 16 '.'. 55 

i.--1-3 --1-.05 1.5.) _l85 

it 1vas appropr'.ate '.Ode\ clup ~rotating device sitnilar to 

sprinklers that c2;1distribute11a1cr uniforinly in various 
directions. dots not cause soil erosion and crop lodging. 
'l'he proposc:C dc\ict ~h;JL;ld satistactonly \\OrK at lov1 
pressure tu fulfi.l irrigation objective_, <ind be cost 

effective .. A..s "Stated b;. Hillel i', l 989 ). an advanced irrigation 
s;ste1n for srna:l holders slHJ1id :1e: 101v c0st. ha\'e 

simplic:t;. in desig1· 2.nd O'.JCf2.Iion, 1·c:iability, longe\it;-, 
fe\v manuf;1ctt11·ed pan_~ thc.t P1t1~t be imported_ easy 

1naint<:nances and 1011,· e:1erg~, ~equire:1•ents. Considering 
<lil these factuis a ~i111rli.: anl! '.t>~ c-.,pe;1s:ve LO\\' Energy 
\Vat er/\ pp licJ'.ion (1.1-. \\'Al Cev ic:; \'-a~ developed, \\hi eh 

could sitnutate r01:nt3-:J s11Pi iar l·J l;LL' conventiunai sprink!cr 

nozzles. 

Design Criteria of LE\\_,.\ 

Based on th.: experiences 3:1C lesso:1s learnt \\i1ile 

developing -;:hc .011-;:>ressure \\2:er application de1ice, 
foll[)1\·ing poi1ts 1'>ere :0:1sic'.e;·eJ (Sing:'l er o.i, ::'004): 

• If v,-acer drop.c:~ _1cts ~:rii(c:s saine ,ocatio11 of the 

soil suria:c rc!.::eated!:,, there is e\cry possibility of 
soil eros'on. :'o a\ oid :h:s ihere is a need to develop 

rotating r:iechanis,11 l;·at '' i1i prevent ihe •1 at er drop let 
to continuously s~ri:~e ·he Sfl.!'le pni:it. 

29 

• \Vhen the ;no1".1cnt of n10:11cn:un1 o~· outflcnv fron' a 
control volEn·,c; is ,i:ffeTCT"_l •To'r, ~hat of the inflo\v, 

a torque Ge\ el ops i:· t:1e c 01~trol \ oi '.111\e. rh is torque 
causes the pipe to '.l'•'.atc if :r v;ere to be free to do 

so. A rapidly ro:<Jtin.;:jet bre~k::o :.ip into smaller ,vater 
droplet~ and reduces char-.ccs of soil erosion or 
sagging or cro;'1s. I lo\\~Ver. finer droplets are niore 

atTected Jy \vinu and hence inure cvapor<Jtion and 
drift los~es occL.r 

• iht o!;:fc:::ti\t ufir:--:ga1ion !s to appl_v required dep1h 
of»,-2.ter unifonr.:y 01·er ar area. l hus ifnun1ber of 
holes (mo:·c: lhan t\vo·) are made on a pipe section, 
tb.e \Vater jet~ .. droplets \\'iii cover larger number of 

points si;nult<lneous)y resulting in more uniform 
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application of irrigation \vatcr. !\S the number and 
s:ze ofholes is changed, the rotation speed al50 gets 
c:-ianged, which ultimately affect:> the application 
pattern. 

• The trajectory angle of the sprinkler influences the 
\~atcr application pauern and hence applicution 
uniforn1it)'. In absence of air drag, a 45'' trajectory 
angle would give the maximum \'l'etted diameter for 
a given nozzle and pressure. Due to air resistance 
encountered by \Nater jet_ the trajectory angle at 
\.Vhich maxin1um thro\v is achieved is generally !e'os 
than 45~. Most of the sprinkler nianufacturers have 
adopted 27c' as .. standard'' trajectory angle. 

The design of water application device considered here 
consists of rotating mcchanisrn along \vi th the design of 
water application component. Jmponant factors 1Nhich 
were taken into consideration \Vere: 

(a) Length of the rotating device; 

(c) Arrangement of holes (Location· .. Spacing itrajectciry 
angle of the holes). 

Development of Prototype of LE\\'A. device 

To develop the p~ototype P\!C pipe of25mrn dianieter 
was used to develop a "Tee" shape device having equal 
number of holes on opposite sides on 6 ro\vs. Different 
combinations of factors as n1entioned above \Vere nlso 
considered in developing the prototype (Fig. I) for testing 
in the laboratory. 

Different combinations tried y.,·cre; 

(a) Length of the rotating device: 10, 20, JO and 40 cm, 

(b) Size of holes: 0.75, l and !.5 mm, and 

( c) Location (trajectory angle) of the holes: One central 
ro\v with O' angle \vith horizontal) initially and five 
rovvs with different trajectory angles !c:tcr. 

A socket and bush arrangement 'Was made (Fig. 2) through 
vvhich the device could be ins1a)led on a riser pipe. 

Fig. I: Tbe view oftbe lov.· energy water application 
device 

J[I 

J)~;.e;o~r""Cc.t ,,f '·''°''· ?c~ssurc ~nj '..nw Energy Sprinkling Nozzie; 

" , 
, ' 

' ' ' , ~---Socket 

Fig. 2: Rotating .\1echanisn1 of LEW . .\ (Socket and Bush) 

Effect of different paran1eters on device 
pcrforn1ances 

Dei'ice length 

lnitiai testing \vas ,Jone ·;.ir!i device :engrhs of' 10. 20, 
30 and 4U en; ha1-i11g equai nurnber of holes arranged 1n 
a sir,gie line (hole diarncter 0.75 - 1.5mm). The de> ice 
started rotating at O 2 kg.'c:i-,: in fey.,: cases. There \vas 
no rotation \vhc·:1 ti1e device !e:1gt]J was Jess than ! 0 cn1 
for an_y \lfthc (Joie sizes \vhercas \\f'en tile length \.\'as 
10 cm or 111ore the de,·ice rotated. It w·as nlso obser>ed 
that tilro'~i diameter increased a~ :he arm length 
increased. l !cnce, f:ir dcs1gr.1;1g ;iurpose the mini1num 
device :ength sr:lectcd v.a5 30 lo 40 cm. 

Hole size 

To cvalua'.e '.he e:recl of' hole dia1netcr on \Yater 
applicatio;-i pattern, di7ferent hole dian1eters >vere made 
(0.75, 1 .C and 1 

.'.' mmJ. In gcr.eral. as the diameter of 
the hole i:1crec.scc: ar!JI icat'o·· :-ate also incro::ased. A peak 
1.vas ohse~ej i:1 C\C~. :::ise \\'hie)": \vas highest in case 

or 1 5 n·rn dian1etc:r hole. Choking of hoies \Vere 
observed v,.·hilc uperati;ig the de\·ice. henc<:, for design 
purposes hole s:zes 1 mm or greare~ \Vas preferred. 

:'\umber of holes 

\\"here the sp2.cing of holes v.as reduced for a constant 
and arm length. the hater application rate increased due 
to increase in the nu:r,her ofholcs. D!fferent combinations 
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in this case >vere tried but n105t i1nportant \Vas the 
required discharge one likes to have from the device. 

A.rrangement of holes 

Initially, holes \\'ere 1nade in a single line throughout the 
pipe length placed parallel to horizontal at the centre of 
the device. Subseo:uent!,y, holes \\·ere o,pread in five ro>\'S 
(based on trajectory angles). !-'or the latter case, the throv, 
Cistance »a~ higher and 1,vatcr >>as distrihut.:d rnore 
evenly_ Hence, it v.:as decided to consider arranging holes 
ir. more than one line. 

Finally, follo\ving dimensions to lnitiate the desig1; the 
prototype ofLE\l./A device 1vas considered: 

(a) Length of device= 30 c1n (L l-l and '-iO c;-ri (L2,1. 

(b) Hole diamet<:r = 1 mm (f)l), 1.5 n11n (D2) and 2.0 
mm (DJ). 

[c) l-Iole Numbers~-- 15 numbers each side (total 30 holes) 

(d) Acrnogom'ot ofhoks ~ Acrnogcd io five cows 

Several con1binations of device have been te~ted for 
ditTerent discharge rates and thn-1>V dia1ncters by ,,.ar:·ing 
the operating pressure (Table ')- lt \-Vas observed that 

the discharge :ncr·.:::.~ec and :hro\v diameter enlarged 
\\'hen the de\- ice iength \vas longec. Thro\-\· dia1neter also 
incrca~ed \Yith an incre2se in operating ore.~surc and 
increase in hole sizes. Based 0'.1 these obser.-ations. the 
40 C[l1 long devic-;e \\-ith 30 holes of L5 mm diameter 
arranged in l\vcJ rov.s v:as found mos: appropriate. 

co:-..c-LCSIONS 

The overall cfficienc; cir the flov..· irrigation 111cthods is 
very lo\v in lndi2. The ei:Tic'c01c1 can be substantially 
improved by a0opti:1g pre~surizt:d irrigation inethods 
\vhere the ti1111ng and quanti1y of \\ater application can 
be contro'L.;d b:.o~ect Lp0'1 the crop need. lmproving 
efficiency also nrpl1cs thto' pos~ihilit; of using the same 
available 1vater :or irrigating la1·ger areas. l'hc 
irnpedi1'.1enls in Jdopting presc;n;ized irrigation in India 
are the large pu::iulatior. of rcso11rce puor farmers. lack 
of technical skili needed to operate and 1naintain such 
s;-stcms and a generally poo~ sitL~ation and uncertainty 
of energy c1v2:la'Jili:.;- to t_'1e farrners A.ll these 
1mpedin1c:l:s car'. be properly addressed through the 
developinent of lov.-pre5s1;re r:-1icro-irrigatioE s;stcr.-is 
that does not require continuvus pO\\'er supply. are 
comprehensible s;s:e1T:i~ req1;_~ing much !ess technical 

Table 7. Discharge and throw diameter at different operating pressures 

Specifications Trial Discharge (lpsj at different Throv.· di8me1er (m) at different 

No. pressures (Kg/(m2) pre,sures (kg/cm') 

0.2 0.4 0.6 0.2 0.4 0.6 

LJ Dl * J_] 04 0.160 0.1 7 6 --1.0 5.~ 6.5 

II 0.112 0.164 (}_ l 88 --LO 6.0 6.5 

Average 0.108 0.162 o.rs: --',.O '-75 6.5 

LlD2 0.204 0.272 0.282 4.5 6.C 7.0 

II 0.214 0.288 0.292 4.5 6:J 7-5 

,\vcrage 0_210 0.280 0.288 4.5 6.0 7.25 

LID3 0.490 (J.644 0.768 5.5 6.:1 7.0 

II 0.444 0.576 0.600 5.0 6.5 8.5 

Average 0.468 \1.610 0.684 5.0 6.25 7.75 

L2Dl 0.128 0 164 O.l 88 '.0 (, 0 7.0 

11 0.120 0.168 0.182 4.5 6.5 7.0 

.<\verage 0.124 0.!62 0. 186 4_"7~ 6-25 7.0 

L2D2 J 0.236 0.300 0-356 4_5 6.(i 7.0 

II 0.212 0.276 0.292 5.::J 6.5 8.0 

.A.verage 0.224 0_288 0.324 -l.75 6.25 7.5 

L2D3 0.476 0.566 0.716 5.5 7.0 7.0 

II 0.426 0.548 0.655 6.0 8.0 8.5 

.4.verage 0.452 0.555 0.686 5.75 7.5 7.75 
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skill to operate and maintain and are suit<:d to the small 
farn1 size in India. In the reported study, first a lO\\
energy (hence, a IO\\·-pressure) nlicro-irrigation :.ystem 
\Vas developed and evaluated. ·rhe systern could operate 
satisfactorily at an operating pressure ranging bet,veen 
0.4-0.6 kgi'cm 2 (at its nozLle head) in compa1ison to 
conventional sprinklers, v.·hicl1 need nor less than I 5 
kg/cm' of operating pressure at their nozLle head. Th..: 
required pressure can be generated by an over-head 
vvater tank fixed 4 to 6 rn cbove the: ground level. ·rhe 
tank n1a_y be filled v.·hen povver is available. ·rhe .Sile ot 
the tank or its nurnbers can be decided based on the 
area to be irrigated. 'rhe average throv.· diameter and the 
average discharge of the sys1en1 v..·erc: 6 I m and 0.332 
lps, respectively_ 
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