Optlmal Performance
from Center Pivot
-'Sprmkler Systems

Bradley A ng and Dennls C chald

A good supply of groundwater and the’ commercral devetop- o
. .ment of center pwol irrigation systems srgnrfrcantly mcreased _ _
__ prrnkler- rrrgaied acreage in southern Idaho during the late 19603 _-'. o
and early 1970s. Today, center pwot syslems with their automatron
o Iarge areal coverage rehabrlrty, high apphcatlon unlformrty, and:- -
' E ) abrlrty to operaie on relat:\rely rough lopography, are replacrng
"-r'-_':_"surface handlrne and wheelllne systerns. _ : _
The irrigated area under a cénter pivot syslem expands e
substantlally wrth mcreasrng system Iength To accommodate the _
- increased area, the application rate increases linearly along the -
o center prvol lateral through one of two methods rnoreased flow .

_' rates through equally spaced sprmkters or gradually decreased.
.spacrng of equal -flow’ sprmklers along the center pivot 1ateral The
o most common approachiis 1o have equally spaced sprmklers with - _
L rncreasmg flow rates (nozzle srzes) along lhe center pwot Iateral —
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High-Pressure Sprinklers

In the 1960s, center pivot irrigation systems had standard
high-pressure (greater than 50 pounds per square inch) impact
sprinklers. These sprinkler packages provided good application
uniformity when the system nozzles were properly sized and
pressure variation along the lateral was within recommended limits.
However, losses from wind drift and evaporation under the dry,
windy conditions often encountered in arid and semi-arid environ-
“ments were excessive, The sprinkler irrigation industry addressed
this problem by developing low angle and low pressure (25 to 40
pounds per square inch) impact sprinklers. These effectively
reduced wind drift and evaporation losses, but flow rate variation
caused by undulating topography continued to be a significant
' problem. In the mid 1970s, flow control sprinkler nozzles and fixed-
pressure regqulators were developed. They reduce the flow rate
variation due to topography to within tolerable limits. As a result,
reduced-pressure impact sprinklers could be used on center pivots.

Low-Pressure Spray Sprinklers

In the mid 1970s, escalating energy costs made the high
energy requirement of impact sprinklers a major concern among
producers. The sprinkler irrigation industry responded by develop-
ing low-pressure spray sprinklers {less than 30 pounds per square
inch}) for center pivots. These have a fixed-head and a part or full-
circle application pattern. A deflection plate creates spray by
deflecting the water jet exiting the nozzle. The deflection plate can
be smooth or grocved with a concave, convex, or flat shapé. Water
leaves the smooth plates as a mist-like spray and leaves grooved
plates as tiny streamlets. The sprinklers are either mounted upright
on the top of the lateral or mounted upsidedown on drop tubes or
booms that extend below the lateral. On undulating topography,
pressure regulators are required to minimize flow rate variations
and are commomy used to minimize the influence of pressure loss .
‘along the lateral.

Spray sprinklers have a smaller wetted area than |mpact
“sprinklers and require closer sprinkler spacing. The smaller wetted
“area greatly increases application rates along the center pivot

system. This can intensify runoff problems, particularly on loam and
silt-loam soils. Various types of sprinkler booms have been devel-
oped to reduce application rates by increasing the wetted area
under the center pivot lateral. Today, the most popular type is an
offset boom with a horizontal length of 10 to 20 feet perpendicular
to the center pivot lateral. These ofiset booms are common!y_ used
on the outer one-half to one-third of a center pivot lateral,



Recently d'e\r'elo'pe'd movin'g' ‘plate s'ptay sprinkler's a’lso" L
- decrease applrcatlon rates by mcreasrng wetted area. These
_sprmklers, such as Rotators Sprnners and Wobblers reduce R ‘
the number of water streamlets whlch increasing drop srze and
" water throw distance. At the same time, they maintain good
"'applrcatton unltormlty Movmg plate spray sprmklers combmed
~with oftset booms along the outer spans of the center pwot
provrde etf1c|ent |mgat|on : :

LEPA Systems

In the early 1980s, alow pressUre applrcatron package for
center plvot systems known as LEPA (l.ow Energy Premsron
: Applrcatron) was developed for the southern plains - states ALEPA
package has very low-pressure (6to 10 pounds per square inch)
bubblers or furrow drag socks suspended on drop tubes ata herght

~ of 1103 feet above the soil surface Crop rows are planted to follow -

the circular path of the center plvot system, and alternate furrows:
are wetted. LEPA systems have characterlstlcally hrgh application
" rates that usually exceed the water rnflltratlon rate, Basin t|llage is
required to provide sqil- surl'ace storage until the water infiltrates.
Some LEPA appllcators can ‘be converted to spray heads having.
wetted areas on the order of 10'to 25 feet i in diameter. These have
good sprrnkler pattern overlap and apply water uniformly. When
used in the crop oanopy, the heads are usually spaced to match
alternate crop rows, : : : -
lrngatron appllcatron efficiencies ot 90 to 95 percent have T
' been measured using LEPA sprinkler packages This etflcrency is
the result of reduced evaporation. By locating the appllcators W|thm
the crop canopy and near the soil surface, the amounit of wetted
soil and wetted plant surface area is mrmmlzed Wind drift and
spray evaporauon are also ellmmated However their high appltca- -
tion rates and their limited clearance of the appllcators make the
LEPA packages uns unable for slopes ‘They can not be transterred
drrectly to the ag rtcultural production systems of ldaho where ‘
undulatlng topography is common, One study in idaho on a sift
loam soil with 1 percent slope that compared a LEPA sprinkler.
package against low—p ressure spnnklers mounted on offset booms :
found no 5|gn|ftcant ditference in crop yield. The i increase in appli- -
cation efficiency ot the LE PA system was oﬁset by mcreased runoh‘ -
(Klncaid 1994) - ' N
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The main disa_dvantageﬂ of center pivot irrigation systems is the

high water application rates under their outer spans. Since sprinkler
flow rate increases linearly along the system lateral, application '
rates at the outer end also increase with the length of the system,
Application rates under the outer spans of the standard quarter-
mile-long !ow—pressure center pivot normally exceed infiftration rate '
and result in runoff, Runoff, the lateral redistribution of applied _
water, causes areas of excessive' and deficient soil water content in -
the field, reducing crop yield and quality in these regions. The
potential for localized chemical leaching from the’ crop root zone
also increases in places where runoff collects. Soil-surface water
storage in small, natural depressions decreases the actual volume
of runoff. Surface storage can be enhanced by tillage practlces
such as basin or reservoir tillage.

~Infiltration rate, which determines the potenual for runoff is
dynamic. Infiltration rate decreases during irrigation (figure 1}. The
initial soil water content also affects the infiltration rate; an increase
in the initial soil water content decreases_ the infiltration rate. In -
addition, infiltration rates normally decrease over the season due to
soil-surface sealing from sprinkler droplet i_mpact.'As a result, in row
crops such as potatoes, runoff may increase throughout the season,
Decreasing infiltration rates combined with high water application
rates make runoff a near certainty for standard quarter-mile-long
center pivots on all but sandy soils. Optimal center pivot system
performance requires the use of both proper sprlnkter packages to
minimize water appllcatlon rates and basin or reservoir tillage to -
minimize runoff

Infiltration Rate

Potential Runoff

Figure 1.

Graphical representation of
-~ how water application rates

under a center pivot exceed.
“infiltration rate. Poteritial
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shaded area. '
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Typlcal relallve waler appllcatlon rate patterns for. vanous o
'center plvol spnnk!er packages are shown in frgure 2. Hrgh pressure
'rmpact spnnklers have the Iowest applrcatron rates followed by 1ow-
: pressure rmpact spnnklers Low-pressure spray sprrnkler packages
hsted from Iowest appllcanon rate to hrghest are offset’ booms with
“rotators, offset booms W|th sprays, drop tubes wrth rotalors drop
~ tubes with sprays, and in- canopy sprays.. ) C
' The peak apphcatlon rate along the oUter spans of a standard
quarter-mlle Iong center pivot system for aII the sprmkler packages
~ exceeds the |nf|nrat|on rate of most sods Booms are an effective

"means for mcreasmg sprlnkler wetted area whlle decreasrng water
; 'apphcatlon rate, Slnce application rates are Iower nearer the center '
plvot point, booms are usually only used on the outer one-half to
one -third of a quarle r-mlle Iong cenler pnrot system . :

: | 1 High presureirnpacl
9| 2 Lowpressure impact
= 3. Ofiset boom—rotator
8. 4. Drop tune—rotator .
~.-5.Drop tune—spra.y
7] s In-r.:anopy spray

'-,;,-»--
.
s
.-E; B
Cw 87
=
e 57
g =
§4]
B a7
<
2]
s efafafsf . el .. . _
'0. 1_‘Il|x~ll_|-__lll-|.| .'_".'-"r.""'.'l,'f."l'."l"’
0 10" 207 30: 40 . 50. 60 70" 80 . 90
i Distance () -
- '.'Figure 2. . L
; ‘.Compaﬁson of. relatjve o
. appticatton rates under - . .
* various center pivot spnnkler S

S packages

© 100 -



6

Low-Pressure Sprinkler Patterns

For a low-pressure'-center pivot sprinkler paekage, the shape of
the application rate pattern is definecl by pressure, nozzle size, plate
configuration, sprinkler height, and wind speed. Sprinkler application
rate pattern and spacing determine application uniformity.. -

_‘Pressure and nozzle size

Pressure and nozzle size control the drop size dlstrlbutlon from

-a sprinkler and drop size mﬂuences the application rate pattern,
Higher pressure creates smaller drops while bigger nozzles produce .

larger drops. Drop size alsg influences the trajectory of a given
sprinkler droplet. When initial velocities are equal, large droplets will
travel farther from the sprinkler than small droplets, Consequently, -
high pressure or small nozzle sizes, which tend to produce smaller
droplets, increase application rates near the sprinkler while low

~pressure or large nozzle sizes, which tend to produce larger drop-
' Iets increase application rates farther from the spnnkler

Obtaining suitable application rate patterns is dependent on .
following the manufacturer’s nozzle size and pressure range recom-
mendations. However, donut application rate patterns may be.
accentuated at the le'wes't recommended pressure, reducing appli- .
cation uniformity. At the 'highest pressure recemme'ndatidn, droplet -
size is smaller and wind drift losses will increase. The best results
are often iound near the mrddle of the manufaclurers recommended
pressure range

Deflection plate conflguratlon

- Sprinkler deflection plate configuration has a large effect on the
sprinkler application rate pattern. In general, smooth deflection plates
produce small drop 5|zes which are highly susceptible to wind drift
losses, except at lower pressures (10to 15 pounds per square mch)

- Serrated deflection plates have many small grooves and are used with

fixed-plate sprinklers. Grooved deflection plates have four to six large

grooves and are used on moving-plate sprinklers.

Moving-plate sprinklers are the most common type in Idaho,

They maximize wetted sprinkler area while minimizing operating

pressure. The application rate pattern depends on the number of
grooves, trajectory angle, and speed of motion. The number of
grooves in the plates affects the drop size distribution. Fewer '
grooves produce larger streamlets and larger drop sizes, which -
travel farther from the sprlnkler and maximize wetted area. Within
limits, greater trajectory angles produce more uniform application
rate patterns. The primary dlsadvantage of higher trajectory angles

‘is a greater susceptlbsllty to wind drift. Lowermg the sprlnkler
. elevation will reduce wind drift.

The effect of plate conflguratlon and motion on sprinkler
appncatlon rate pattern is shown in flgures 3 through 7.



Figure 3.

Application rate pattern from .
a 4-groove rotating-plate '
spray sprinkler with an 8°
 trajectory angle.
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A 4 -groove plate wnh an§ degree lrajeclory (flgure 3)
produces a concentrated apphcatton of water near the outer
‘spans of the wetted paﬂern ‘creating a donut -shaped appllcatlon
rate pattern The apphcahon rate pattern for the same sprinkler
with a 6-groove plaie and a 12 degree trajectory angle (flgure 4)
'creates smaller droplel sizes and mcreases water appllcation ‘
" near the sprinkler. The smaller droplet sizes combined with the-
higher trajectory angle reduce the wetted area slightly. The -
"c!o',_nut-shaped application rate pattérn remains but to
~ alesser degree because a larger percentage. ‘
. of the water is applied near the sprinkler.
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Figure 5. R

“Application rate pattern froin - C

. @ 6-groove spinning-plate ~
_sprinkler with a 12°
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' _ The appl!canon rate paﬂem fora!ast rotatmg p]ate (splnner) wﬂh
6 grooves and 12 degree lra;eclory angle is shown in figure 5. The
faster rotatlon of 1he plate provides a more unlform application rate -

' pattern of elliptical’ shape with the hlghest appllcatlon rate near the -

sprlnkler The application rate pattern-for the same sprmkler with a 20.

' '_degree trajeclory angle is shown in flgure 6. The greater trajectory

angle shghtly increases the wetted area of the sprmkler, reducmg lhe ,

. appllcatlon rate near the sprmkler

Figure 6.
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-_ Figure 7. o
- Application rate pattern from
a 9-groove wobbling-plate .
spray sprinkler with a 15°

" trajectory angle.
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_ The application rate pattern from a wobbllng p!ate type sprln-
' Kler having 8 grooves and a 15-—degree tra]ectory angle is shown in
'flgure 7 This application rate pattern resembles a truncated cone
with an additional ell:ptrcal shaped peak near the, spnnkler The :
" application rate pattern is very unn‘orm except near the sprmkler _
o For donul shaped appllcatlon rate patterns such as those |
rllustrated in fugures 3 and 4, the cumulatlve applrcatron rate pattern
produced by multiple sprlnkler overlap is reasonably umform This,
' comblned with the effect of averaging lhe cumulatl\re applrcatlon
rate pattern as a cenler pwol passes over a pornl on the 50|l sur-
face, provides excellent appllcallon unlformrty Appllcatron raté
‘_ 'patterns that are more uniform i in-shape, such as those in figures 6
and 7, provrde excellent appllcallon unrform|ty W|th less sprlnkler e
overlap. However, the mdwudual spnnkler welled areas are usually
smaller so the required sprmkler spacrng Is about the same as that
.of spnnklers W|th larger donut shaped apphcatlon rate patterns



' Sprlnkler helght L R
" Sprinkler helght mfluences 1he size of the spnnkler wetted area
'. and wind drlﬂ losses. Increasang sprlnkler herght mcreases sprlnkler '
wetted area sllghtly wﬂh no 5|gn|f|cant effect-over the practlcal N
'helghts of 610 10 feet, Spnnkler helghts greater. than 6 feet on short g
'_ crops (he|ght Iess than 3 feet) do not mgmﬂcantly rncrease appllca- :: :
tion unlformlty However spnnkler helghts less than 6 feet S|gn|f' I
cantly decrease applrcatlon unlformlty, partlcularly for. spnnklers
hawng deflection plates wuth low trajectory angles Wrth taller crops, .
' the optlmal sprinkler height is the maximum canopy height, -
Spnnkler herghts greater than 6 feel sngmfrcant!y mcrease
-"spray losses due to wmd drift and evaporatlon Spray Iosses aver-
age about 3 and 5 percent for sprlnkler helghts of 3 and 6 feet;
"respectlvely Spray Iosses mcrease t0 10 percem for sprmkters
'(spray and |mpacts) mounted on the top of the center pivotat’
he|ghts of 1210 15 teet Spray losses can double as wind speed
'|ncreases from 0 to 5 miles’ per. hour to 5 to 10 m:les per hour For
short crops; spnnkler helghts near & feel provrde good epphcatlon )
'_umformrty whlle malntamlng reasonable spray Iosses -

Wmd speed S T _
' 'Wind distorts the apphcatlon rate pattern from spray spnnklers .
and affects apphcatlon umformlty The effects of: wlnd on the appllca--_
tion rate patterns for a Spmner and a Wobbler type spray sprinkler ’
"Iare deplcted in flgures 8 and 9, respectlvely Compaﬂng these, = -
_patterns with those of flgures 6.and 7 for the same sprinklers under
lower wind. speeds reveals that the apphcatlon rate paﬂerns are
Iargely shrﬂed downwmd Dlslortron of the appllcatlon rate pattern |s
: mosl pronounced near the spnnkler where the smaﬁest droplets '
-oceur, Computer srmulatron of composne wind-affected eppllcatlon
‘rate patte s under a.center plvot mdlcates that app!rcatron umfor-
mity is not s:gmtrcantty reduced for wmd speeds up to 10. miles per X
hour. This favorable result is !argely due lo the mul'nple sprmkler R
"overlap requured to obtaln good unlformlty w:th Iow-pressure sprm-. :
_klers and to Ilmltmg spnnkler helght to about 6 feet '
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_Sprmkler Droplet Klnettc Energy

‘Many soils, partlcutarly those contalnlng srgnn‘tcant silt: frac-
tions, are suscepttble to soil- surlace seallng from spnnkler droplet
'tmpact The force of the droplets hlttlng the ground breaks down the

' surlace soil structure formmg a thin compacted Iayer that greatly
_'reduces mfrltratlon rate The appllcatlon rate. and the ktnehc energy
of spnnkler droplets at tmpact are the major factors affectmg sorl--
: 'surtace seal formatlon The mfrltratlon rate reductlon isa functlon of
o '\ _'the partrcular sorl and the energy flux densﬂy Energy flux densrty
- combines the. eﬁects of sprlnkler droplet kmetto energy and water
: '_appllcatlon rate into a stngle parameter that 1s expressed as power
per unit area (feet pounds per mmute per square foot or watls per
'square mete r) tt correlates very well wlth mlrltratton rate _'
- ¥ : . The relatlonshlp be-
o ___.tween energy flux densrty

R Energy flux density (W/m3) - o ;
e T AR R - 14 | | depth of mllllratlon pnor
0.0 01 ,0;2, 03 04 05 08 ‘07 08 .09

L L 146w - to runcff is 1llustrated in flgure
g " A Siltloam . . EE S E o _"-'10 forlwo dlﬁerent soils " ',7
§5% aleem - . . o Fygp _E © . " under dy, bare condrtlons .
N D S Y1 The silt loam soil is very -

.'Et 44 - | S o . L—1'0'0 E . _ susceptlblelo soil- sun‘ace
= ’ ' 1. B -._sealmg The mfrltratlon depth
= - 80 ~S—« © . ptiof to poriding décreases.
é :86" ‘ % . very rapidly with a minimal -
Z 2 “increase in energy flux:
g ;40' £ densrty The, Ioam soil i lS less
£ L2 S susceptlble 10 sotl-surlace
S 20 5. ‘sealang. but the depth of
5 - o R B g | ‘Jmtlltratlon prior to runoff stlll
O+——T— —— —— 0 .decreases srgnrtlcantly as »
00 05 10 15 20 ‘25 30 B R ,_‘energy flux density | incréases.
Energy flux densny [ft lb/min/fl’) L . “ . “The effect of spnnkler :

dr0plet |mpact oh the mttltra- 3

Figure 10, - K
_ ,,,ﬂsy,m,w,, rate reduction ﬁy L tlon rate of a partlcular sotl must be measured (3 develop a quantlta—
~ energy density fluxof S tive relatlonshrp S|mllar to that of ftgure 10. This'is. difficult because
* sprinkler droplets for two - R
! sollx, Adapted from Thompson © oo the results depend on soil surface condrttons, $0il, structure ‘and sozl

« and James (1985} and _ - '.water content However, the general trend shown in l|gure 1010s »' L
whummed and Kokl (1987). Lo i
o appllcable 1o any soil and useful m the selectton of spnnklers for a
- .'center pivot trrlgatlon system R
o Studtes of runoff. under center plvot nngatron systems mdlcate
T that soﬂ-surface seallng conttnues to develop wﬂh each addltlonal
. |rngat|on The only way to recover from soﬂ-surface seal tormatron ts
- 1] physrcally destroy it-with’ a tlllage Operatton The best approach
oofor lrmltlng sorl—surface seat formatlon is fo protect the soil. su rface .
T ."_'-through residue management and to exclude water appllcatlon from
_-bare soIl condltlons. O - 2 ‘



When water appllcahons must be made on bare soils, the

energy flux density should be reduced 1o delay lormatnon of the soil- -

surface seal. This can be accomplrshed by: erther using sprrnklers :
with reduced droplet krnetrc energy, reducmg applrcatton rate, or
- both. Reducing the appllcatlon rafe is ea3|est and can be done by
renozzllng the center pwot system fo reduce flow rate The apphca-
- tion rate under a center pivot is :ndependent of system speed so )
' adjushng the system speed does not aﬁect formatlon of a soﬂ- '
_.surtaceseal,- - Lo

The kinetic energy of a spnnkler droplet depends on droplet .

size (mass) and velocity at |mpact wrth the soil surface. Droplet
. velocity-is alse a function of drop size. Drop size drstrlbutlon rs
‘determined by spnnkler nozzle S|ze, pressure, and dellectlon o
* plate configuration.- - R : S k
Figure 11 shows the krnetrc energy per unlt volume of water
~applied (foot- pounds per cubic fool or joules per krlogram) versus
" the d:mensronless ratio (fft, rnfm) of nozzle size to’ pressure head

for several types of sprinklers., Droplet krnetrc energy is highest for. -

'_spnnklers producing.the Iargest drop srzes, such as slandard
impact sprinklers and rotator type spnnklers havmg deflectron
plates with few grooves _' :

' Droplet kinetic energy is the

_ Iowesl for spnnklers produc- '

25
ing. small drop sizes such as.~ . _ j
those using fixed sprays with S S T S N
_llat or serrated plates There g 4004 o 20
is little difference in droplet’, z L
 kinetic energy between the - ‘é . W10 . -
various spray sprinklers, - g 300 K
except for the 4- -groove o s : ]
B 1.Lar e nozzle im ot |
rotating- plale sprinkler. Overall, & o0 2 g“‘g" nozzlelrmg:cl L 10
- . Square nozzle impact .
droplet krnetlc_energy_varres pe ] "y Hgmor. 4_gmoveppme _
only by a factor of three across B b 5.LDN | I
o g 1004 - 6. Rotatar, s—groove plate -
all spnnkler types. - _ : _ : g. 3?‘22?{' 6-groove plate [ .
Despite this Ilmiled range_ . 1 e -9, Fixed—plate, ‘serrated L
in d_roplet_ kinetic energy, a -0 i _ = Lo ; -l.10.. Ijlxed‘-plat'e_ srr:ooth‘. . 0 o
" study of sugar beet emergence- 0.0 02- 04 06 08 .10 _1'.2 14
comparing sprlnklers with 105 T ' ' D/Hx 1000 . - I
ft-Ib/ft® and 315 #t-Ib/ft* of drop- Iet krnehc energy found a 13 B ' 'pigure ll. _ .
percenl increase in sugar beet emergence under the sprrnkler wrth'- L " Sprinkler. dmplet kinetic .
Do - eneigy for various sprinkler

. two thirds less droplet kinetic energy (Lehrsch et al.) .

‘Sprinkler selection does influence soil-surface seal formatron. TR

: ThIS not only affects infiltration rate, but has other agronomic -

implications such as soil’ erosron, water appllcatlon efflcrency, and R

nutne nt clrstnbution in.the sozl protrle

types as d function of the
) dimensronless ratio-of
- spnnkler nozzle dfameter to
" sprinkler pressure head.

_ Droplet kinetic énergy (J/kg) . - -

e ‘Adapred fmm Kincaid (1996)..'



_Optlmal Sprmkler Package Selectlon
and Installation

Sprtnk[er selecilon and msiallatlon have a S|gn|f|cant eﬂect on
, !he performance of a center pwot 1rngatlon system Both appllcatlon
. rate relative to infiltration rate and the suscephblhty of the soilto :
. surtace sealmg need to be conS|dered in the syslem demgn The
apphcatlon rate of Iow -pressure spray sprmklers can be reduced by
usmg offset booms on alternate sides of the center pivot lateral, On'
soils with extremely low mhltratlon rates or w1th a high suscepnblhty
- lo soil- surface sealing, offset booms on both sides of the center -
- p:vot lateral can ‘be used at each spnnkler outlet to funher reduoe R
} ‘apphcatlon rate. The eﬁecnveness of offset booms for reducmg
applacatlon rate is shown in flgures 12 13, and 14, .
The composﬂe appllcatlon rate for 6- groove rotetrng-piate
- spnnklers on drop tubes is shown in flgure 12 ' S
' Figure 13 shows. thé composne appllcatlon rate underthe
same sprlnkler condmons with offset booms on alternate sides of
- the center pivot lateral. The average appllcanon raie is reduced
. about 30 percent by offset booms., ST o
"The composne application rate wnlh lwo oﬂ‘set booms at each-
' spnnk!er locahon and each sprinkler nozzle prowdmg one-half lhe :
- flow rate is shown i in flgure 14. The apphoallon rate is reduced 5 -
 percent compared to 1he smgle offset boom. The rnajor advantage "
of the double offset boom is that it uses smaller nozzles, whuch '
reduces the kinetic energy of the droplets. e
Table 1 lists the average ‘and hlghest 10 percent epplncatron ‘
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Composiie applicatfon rate-
- pattern under @ ceriter pivot '
* from 6-groove rotating-plate.
sprinklers on drop tibes -
.. with 10-foot sprinkler .~ ..
. . spacing and 10 gallons—per— S
.~ ‘minute flow rate, - S
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_ Flgure 14 -
Composite appﬁcation mte
. °  pattern under a cénter pivet - -
" from rotating-type sprinklers . .

" on an offset boom havinga - - . 7

15-foot horizontal projection ' .
" - _on both sides of the center
" pivot lateral with: 10-foot -
sprinkler spacing and 10.

.  gallon-per-hour ﬂow rate. .. .
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: Figure 13
" . Composite apphcanon rdte .

. pattern under a center pfvot
.. from rotating-plate spnnklers

" on offset booms having a 15-
) “foot horizonial projectioion .-
' 3 .- alternate sides of the. center

- pivot lateral with 10- -foot

- sprinkler spacing and 10 -
g&Hons per -minate ﬂow rale. :
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. Appl:carion ratés and apphcarion mte mductwn provfded by offser booms of vanous
o Iengths w:rh a IOLfoat sprmkler spacing cmd ﬂow rate of ]0 gat!ons per mmute.

e, T S Applrcatlon rate e
ST T Difset. Jphcatlon rate - '-_. . reduction " - - Applioa_'ﬁpn i
Sprinkier ~ - d:stanoe . Average High 10% Average ngh 10% uniformity . .

- type - - - > {tn)'hr] (tnfhr) , ) - AR

- serrated *

CRotator - .0 -
. G-groove © . - 710

Wobbler .

fowangle: P = _'__'1:-1._1. . 227 PR - RN -~ B ..100"
T B, 1000 188 0 700780 100
20 080 141 . ‘64 - 58 100

Table 1 Ilsts the average and hlghest 10 percent appllcatron» ,

- rates for vanous types of spray sprlnklers on-offset booms mstalled '_‘,'
. "on alternate 5|des ot a center pivot lateral The same mformatlon for L

- two offset boorns’ is Irsted in table 2. The exact appllcatlon rates w:II A
- change with’ sprlnkler flow rate, but the relatrve reductlons W|II -

remain nearly the same Offset booms are relatively mexpensnve

' -and very effective in reducmg the appllcahon rate,. . T e
o Smce the appll’catron rate under low-pressure Spray sprmklers A
can be mlmmlzed by usmg oflset booms spnnkler selectlon should e
o be based on drop size dlstﬂbutlon Small drop $izes. have the Ieast

' droplet kmetlc energy but are the most susceptlble to wind, dnft

o losses. Large drop sizes have the hlghest droplet kinetic energy but _ :

E '_ _'plate spnnklers have medlum drop S|zes and maxlmum wetted area.
. fi nal selection of the brand rests on personal _preterenoe

- . .the varlous moving- plate spnnklers mfluence the spacing of the

. _are the least susceptrble to wrnd drift losses Spnnkler‘s that prowds
a compromlse between these two extremes are best Most movmg- iy

’ _Because they all have about the same droplet klnetlc energy, the _

The srgmf:cant d|fferences inthe' application tate. patterns of

o

o _,'sprmkler heads (table 3. Fixed-plate spray spnnklers with their . -
smaller wetted area reqwrs closer spacrng than the movmg plate @t
e spray. spnnklers. Wobbler type sprmkiers W|th thelr more unitorrn AP

o _'--applicatlon rate pattern allow for Iarger spaclng '

P




* Table 2.
Application rates and redncrfon provzded by doubfe offset booms of various Iengths .
wrth a m-foot spnnkler spacmg and ﬂow rate ofs gallonsper mmute_ e R T

- L . Appl’cation rate . s
ST .o_ﬂs.et_ _Application rate . - Reduciion . Applrca!lon
Sprinkler- -~ distance - . Average High 10% Average High - 10% unifgrimity )
type - L) (invhr) . - {invhe) (%) - (%) - - (%)

Fixed-plate.
serratéd

' obbter_-
‘low angle -

A5 . 1020 180 - .66 . 70 . 98 -
20 - 094 133 617" .52 " . 98

F’ressure also has a srgnrflcant effeot on the requrred spaorng
Hrgher pressure allows wider spacing because of the resultrng .
smoother application rate pattern and sllght :ncrease in the wetted
area. Wrth most spray sprrnklers Iow pressure produces a donut~

' shaped applrcatron rate pattern Asa result closer spacing'is -
needed i |n order to marntarn apphcatlon umformlty Due to the h:gh

flow’ rates requ:red on the outer pomon of center plvots, Iarge

) 'spacmgs require large nozzle sizes, whroh may resull in excesswely
large drops, parllcularly at low pressures SR S

. Center pivot sprmkler outlets are norma!ly spaced about 8 to " Tabl" 3

o Remmmended maximum sprfnkler

10 feet apart. This spacing is adequate for all‘but fixed- plale spray - .' spacings for low pressure spray spﬂnk}.ers'---_ L
sprinklers and rotators at 10 pounds per square moh Since every - .. ata G-foot height. ) o
" sprinkler outlet is normally used along the outer half of & standard - ~ Sprinkler T ~ Pressure (ps) . -
' quarter-mlle long center pivot, all the movmg pIale type spray o hee o 0 1015 20
‘sprinklers provide good applrcatron uniformity. The difference . .~ Fixedplate "~ .. 6 -8 8
. d s .. Fowtord-groove = B 107 .12 14
between sprrnklers occurs when spacrng excee s 10 feet, such @8 . Roltor-groove. . . 8 .10 12
_along the inner portion of the center pivot where alternale sprlnkler.’. ..~ Spiriner6-groove. . 8 1012
- . Wobbler low angle~- -12..14 14 .16~
.16:: 16

“outlets are commonly used and flow rates are sma!l There may be - wabble high angle - 14
a shght increase in applrcatron unrformlty with sprinklers that allow S B
larger spacings. The actual appllcatron unrformity under freld condi-'
tions will likely. be less than a5 peroent due to wind effects and

‘actual sprinkler height. In general all movmg plate type sprinklers
provide good applrcatlon unrformlty wrth spacrngs normally encoun-

| -tered on center pivots. :

7
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-Tahledl ST RN RS "
A.dvama,ges and dlsadvanrages of spmy spnnkler deﬂecrion plare feamres and spnn!der mounnng

Feature ~ - - e Advantagas L Disadvantages S

' Deflection plate configurstion ~ ' T
- - Fixed-plate, smooth- - " Minimum dropiet kir_yalic'_energy. . High appl:cahun rate hlgh Wlnd
Co e e e e it logs, close spnnklerspacmg
S e T required for hngh apphcauon '
C et - . . ) un"ofmny

Fixed-plate, serrated .- Low droplet kinetic énergy -~ ngh appllcaﬂon rale. high wind
LT e T L T T drift loss; closespﬂnklerspacmg
T e required for high app[icalion .
IR, R coten T re s unlformity: T
Moving-plate, 4-groove -~ Lowest ‘average application rate, Hughest droplet knnetw energy
R Iowwinddnftloss,largerspnnkler L e e
R A spaclngallowablq IR _‘ s 'v

Movmg plate. & groove & Low average applicatlon ratet low - M_ddarété"dfoblét k'inétié éﬁa
9-groove o ‘wind diift loss, Iargersprmkler e e e
LT T -spacing allowabla

_Tra]ectoryanglo AT PR .i R LT &

Less than 15 degreaa _ '.Fl_educed;wind driﬂ‘losa;‘.. o Donut appllcatlon rate. pattern _
. . S R . requiring closer sprinkler spacing 1o

e malntam hlgh appllcatlon untformity

Mare than 15 degrees’ .- Moré unlfon’n appllcatlon rata lncreased wlnd driﬂ Ioss
e .patlamalromngiargetspnnkler ISR S
LT spacma T e
‘'Mounting configurstion - e T
Overhead ~ - = . "Low cost hngher unﬂormny wnth High_'wind drift Io'ss- h
o T : larger spnnkler spacing LR . ot o
Heduoe_d wind dritt loss ; . : 'Incraasad cost slightly increased
oo ST '-_"apphcation rete, spacing more -

.« . critical for hugh appllcatlon
- unlformlty e _

Offsets ©. .~ -''.  Reducedapplicationrate - Highoost

orops



‘Summary

Center plvot spnnkter packages have changed mgmflcantly
since they were flrst mtroduced The orlglnal hrgh—pressure lmpact

- sprmklers have been large!y rep!aced by low-pressure spray spnn- -
klers. The current mowng plate spray spnnklers, the result of years o

" of devetopment by the sprlnkler andustry, minimize operating pres- -, : :
_sure while mcreasmg application umform:ty When properly selected RS

and installed, these sprlnklers prowde an eff'ment center plvot
|mgat|on system o T s -
o n general there is very lmle dn‘ference in app!rcatron umformlty
and |rr|gat|on eff' iciency between the common Iow-pressure movmg- :
. plate spray sprinklers avaelable today The pnmary advantages and -

dlsad\rantages of the varlous Iow-pressure spray spnnkler features are.

— listed in table 4. Oﬂset booms are. usually reqmred on the outer spans

ofa center plvot to reduce apphcatron rates to acceptabte Ievels to-

' mrnlmlze runoff potentral especially on silt Ioam soils. 3 '
Sorls susceptlble to soil- surface sealmg can be protected by

| reducmg appllcatlon rates and droplet kinetic energy via the use of 2 . -
‘two offset booms at each Spnnkleroutlet temporarlly renozzhng the L

spnnkler package to reduce the system flow rate, and managmg

residue throu’h conservation tillage Practrces Even with the use of - . B

offset booms, appllcatlon rates from low pressure spray sprmklers -

exceed the mﬁltration rate ot most soils. Basin or’ reservow nllage b

- can mcrease surface storage and srgmflcantly reduce actual runoff:
Low pressure spray spnnk[ers should be mstalled ata height

of about 6 feet for'low growing. crops. Thrs heaght mamtams ‘good

| _appllcatlon ‘uniformity; limits wind drift; end reduces droptet evapora:. |

_ tlon !osses to acceptable Ievels LEPA packages should’ only be

used on, near level topography The increase in app!rcatron eﬁtC|ency.~_ _:'-': L
, of LEPA systems from reduced evaporatlve and. wmd drift Iosses is . P

easﬂy ‘overcome by increased runoft.on silt loam sorls The in- .

creased cost of LEPA sprinkler packages relative to low pressure .'

. spnnkler packages and the additional effort needed to plant crop -
rows 1o follow the circular travel of the center pwot system are not
‘justified by the marginal i increase in applloation efficiency, -
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