APPLICATION RATES FROM CENTER PIvOT IRRIGATION
WITH CURRENT SPRINKLER TYPES

D. C. Kincaid

ABSTRACT. Center pivot sprinkler irrigation is increasing in popularity in the United States due to the low labor requirement
and ability to irrigate large fields. The main problem associated with pivots continues to be the inherently high application
rates and tendency for runoff and erosion on medium- and fine-textured soils and rolling topography. Recently developed
sprinklers or spray heads can produce high application uniformity with controlled drop sizes and medium sized pattern widths
at medium to low pressures. A method is presented to predict the average and peak application rates at any point along a center
pivot lateral for a particular type of sprinkler. The method can be incorporated with infiltration and center pivot design models
to predict when runoff might occur. A computer program is available to aid in the design process and compare alternative

configurations.

Keywords. Sprinkler irrigation, Spray irrigation, Center pivot irrigation, Water application rate, Rainfall intensity.

enter pivot irrigation systems have become the ir-
rigation method of choice for much of the United
States, particularly in the Pacific Northwest where
medium—textured soils and rolling topography
dominate the landscape. Surface irrigated areas are gradually
being converted to sprinkler irrigation, primarily center piv-
ots, due to labor and water quality concerns. The 1999 Irriga-
tion Survey (Irrigation Journal, 2000) found that nearly
one-third of the irrigated land in the United States was irri-
gated by center pivots. The main problem associated with
center pivot irrigation continues to be potential runoff due to
the high application rates inherent with traveling laterals.
Several authors have discussed the importance of application
rates in relation to soil water infiltration rates and surface
storage capacity in the design and evaluation of center pivot
systems (Kincaid et al., 1969; Addink et al., 1980, Pair et al.,
1983; Allen, 1990; Heermann, 1990; Kincaid et al., 1990;
Keller and Bliesner, 1990; DeBoer et al., 1992). New types
of sprinklers or spray heads have been developed which can
produce high application uniformity with controlled drop
sizes and medium-sized pattern widths at medium or low
pressures (Kincaid et al., 2000; DeBoer et al., 2000). The ob-
jective of this work was to present a method to predict the av-
erage and peak water application rates at any point along a
center pivot lateral for a particular type of sprinkler and to
discuss ways to reduce or minimize peak application rates.
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DEFINITIONS AND EQUATIONS

Application rate under a traveling sprinkler lateral may be
described in terms of average rate, peak rate, and instanta-
neous rate. The “average rate” is defined as the flow rate per
unit wetted area of the spray pattern and can be calculated
from the discharge rate per unit length of lateral and the total
pattern width or pattern radius of the sprinkler. The peak rate
used here is the approximate high point of the averaged or
“smoothed” application pattern from overlapping sprinkler
patterns across the lateral. Higher instantaneous rates can
occur for short time periods due to concentration of sprays
from several sprinkler jets, or from grooved, nonrotating
plates, but these rates are difficult to quantify and will not be
discussed here.

The application rate pattern is herein described by the
trapezoidal shape shown in figure 1. The trapezoidal pattern
is defined by a shape factor, 1, the ratio of peak to average rate,
varying from r = 1 (rectangular), to r = 2 (triangular).
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Figure 1. Definition sketch of an application rate pattern under a travel-
ing lateral.
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Table 2. Field test data.

Pattern Width
Test  Duration Nozzle Pressure Height Noz. Flow Avg. Rate  Rate Meas. Pred/meas Wind CUFI
Moda#  (min)  Sp.Head Plate (mm)  (kPa) (m) L/s) (mm/h)  Ratiol!  (m) Ratio®]  (m/s) (%)
7221 31 Spray-1 SMCC 4.76 207 1.83 0.35 27.76 1.46 11.0 0.81 1.8 969
7222 30 Spray-1 SMCC 4.76 207 2.90 0.35 22.07 1.54 13.0 0.82 1.3 99.0
7235 35 Spray-1 SMCC 4.76 138 1.83 0.28 22,711 1.65 12.1 0.65 54 972
7236 30 Spray-1 SMCC 4.76 138 2.90 0.28 18.58 1.76 14.1 0.67 4.0 99.0
7161 30 $3000 purple 5.16 138 2.44 0.33 21.75 1.79 16.0 0.99 31 958
7162 27 $3000 purple 6.35 138 2.44 0.50 18.11 1.56 16.0 1.09 22 99.1
7303 35 $3000 purple 6.35 103 2.90 0.43 23.48 1.57 16.0 1.05 1.6 99.2
7171 45 $3000 Red 6.35 103 2.59 0.43 27.99 1.30 14.0 1.10 1.8 977
7191 36 $3000 Red 4.76 103 2.59 0.24 18.74 1.24 12.1 1.15 3.1 969
7192 45 $3000 Red 4.76 103 2.96 0.24 17.37 1.42 14.0 1.01 34 99.0
7211 40 $3000 Red 4.76 207 2.90 0.35 18.49 1.47 15.1 1.06 1.8 979
7212 40 $3000 Red 4.76 207 1.83 0.35 20.55 1.43 14.0 1.05 1.8 957
7233 40 $3000 Red 4.76 103 1.83 0.24 20.64 1.47 13.1 0.99 58 955
7234 40 $3000 Red 4.76 103 2.90 0.24 14.87 1.53 15.0 0.94 54 963
7237 30 $3000 Red 6.35 103 1.83 0.43 28.90 1.51 14.0 1.03 3.6 964
7238 25 $3000 Red 6.35 103 2.90 043 24.52 1.55 16.0 0.98 2.7 98.0
8031 35 $3000 yellow 6.35 103 2.90 0.43 24.96 1.63 15.0 1.08 2.7 960
8032 30 $3000 yellow 6.35 103 1.83 0.43 27.45 1.64 14.0 1.05 3.1 976
8201 30 R3000 orange 4.76 207 1.22 0.35 18.15 1.58 16.1 1.14 3.1 99.1
8202 30 R3000 orange 4.76 207 2.74 0.35 14.20 1.63 19.0 1.06 27 979
8203 30 R3000 orange 6.35 138 1.22 0.50 23.05 1.58 17.0 1.10 27 970
8204 30 R3000 orange 6.35 138 2.74 0.50 18.79 1.58 20.0 1.03 2.7 9838
8231 30 R3000 orange 6.35 103 1.22 0.43 24.48 1.53 16.0 1.12 3.6 982
8232 30 R3000 orange 6.35 103 2.74 0.43 19.85 1.56 19.0 1.04 3.6 968
8233 30 R3000 Brown 6.35 103 1.22 0.43 26.88 1.70 15.0 1.14 3.1 971
8234 30 R3000 Brown 6.35 103 2.74 0.43 21.52 1.74 18.0 1.05 3.1 995
8241 30 R3000 Brown 4.76 138 1.22 0.28 17.11 1.82 17.0 0.98 13 987
8242 30 R3000 Brown 4.76 138 2.74 0.28 13.96 1.88 19.0 0.96 1.8 984
8263 30 R3000 Brown 6.35 138 1.22 0.50 29.18 1.58 13.0 1.35 58 972
8264 30 R3000 Brown 6.35 138 2.74 0.50 21.02 1.81 17.0 1.14 45 992
7223 40 R3000 Red 4.76 207 2.90 0.35 14.78 1.48 18.0 0.97 1.3 994
7224 40 R3000 Red 4.76 207 1.83 0.35 17.00 1.43 16.0 1.00 1.3  98.1
7231 35 R3000 Red 4.76 103 1.83 0.24 19.55 1.43 14.1 1.03 45 93.6
7232 35 R3000 Red 4.76 103 2.90 0.24 16.56 1.60 16.0 0.98 58 984
8261 30 R3000 Green 6.35 138 1.22 0.50 31.63 1.30 13.0 1.33 45 943
8262 30 R3000 Green 6.35 138 2.74 0.50 22,22 1.61 17.0 1.16 49 982
7261 40 R3000 Green 4.76 103 1.83 0.24 17.50 1.11 16.0 1.04 22 959
7262 42 R3000 Green 4.76 103 2.90 0.24 13.24 1.23 19.0 0.94 13 957
7281 40 R3000 Green 4.76 207 2.90 035 14.18 1.28 20.0 0.97 3.1 986
7282 40 R3000 Green 4.76 207 1.83 0.35 18.47 1.20 17.0 1.06 3.1 959
8271 30 N3000 Green 6.35 138 1.83 0.50 26.44 1.63 15.0 1.02 3.1 99.0
8272 30 N3000 Green 4.76 138 1.83 0.28 18.97 1.65 15.1 0.97 2.7 985
8273 30 N3000 Green 6.35 103 1.83 0.43 27.03 1.59 15.0 1.00 25 987
8274 30 N3000 Blue 6.35 103 1.83 0.43 31.97 1.60 13.0 1.09 1.8 971
7291 40 i—wob Black 4.76 207 1.83 0.34 19.23 1.83 16.0 0.98 22 995
7292 40 i—wob Black 4.76 138 1.83 0.28 19.20 1.69 15.0 0.99 1.8 989
7301 30 i—wob Black 6.35 138 1.83 0.51 27.57 1.40 15.0 1.07 1.1 99.7
7302 35 i—wob Black 6.35 103 1.83 0.44 26.37 1.42 15.0 1.03 1.3  98.1
8053 33 i—wob Blue 6.35 103 1.83 0.44 28.32 1.30 14.0 1.04 3.1 950
8054 40 i—wob Blue 4.76 103 1.83 0.24 19.08 1.38 13.1 1.03 2.7 99.0
8061 35 i—wob Blue 4.76 138 1.83 0.28 18.80 1.55 15.0 0.93 22 994
8062 35 i—wob Blue 4.76 207 1.83 0.34 20.16 1.52 15.0 0.98 22 986
8063 30 i—wob Blue 6.35 138 1.83 0.51 30.16 1.28 14.0 1.08 22 975
8191 30 i—wob White 6.35 138 1.83 0.51 28.08 1.27 15.0 1.03 1.3  98.1
8192 30 i—wob White 4.76 207 1.83 0.34 18.76 1.54 16.0 0.95 1.3 99.1

[a] Rate ratio = ratio of peak to average application rate.
[b] Pred/meas = ratio of predicted (eq. 7) to measured pattern width.
[e] Christiansen uniformity coefficient (ASAE Standard $436.1)
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Table 4. Example application rate calculations for a center pivot with a gross capacity of 9 mm/day,

nozzle pressure of 138 kPa, and nozzle height of 3 m.

Distance from Pivot Nozzle Spacing Nozzle Flow Nozzle Size Pat. Width ~ Avg. Rate Peak Rate
(m) (m) Sprinkler—plate (L/s) (mm) (m) (mm/h) (mm/h)
40 5 R3000—Green 0.13 3.26 17.0 55 72
200 3 R3000—Orange 0.39 5.62 20.1 23 37
400 3 R3000—Orange 0.79 7.92 21.9 43 69
400 2 R3000—Orange 0.52 6.48 20.9 45 72
400 2 R3000—Orange 0.52 6.48 30.9[ 31 50

[a] Includes 10—m horizontal offset booms

CONCLUSIONS

An equation was developed to predict spray pattern width
as a function of nozzle flow, pressure, and mounting height
for a specific type of spray device. This equation, combined
with a nozzle sizing and flow equations and the coefficients
from table 3 provide a means to predict the average and peak
application rate at any location along a center pivot or
traveling lateral given the device and plate type, mounting
height, spacing, and pressure. These relationships should
enable designers to better analyze the tradeoffs between
nozzle pressure, spacing, and mounting height, as well as to
compare different types of spray devices and alternative
mounting configurations.

ACKNOWLEDGEMENT

The author wishes to thank Richard A. Dinges, research
technician, for his help in collecting and analyzing the field
data, and computer programming.

REFERENCES

Addink, J. W,, J. Keller, C. H. Pair, R. E. Sneed, and J. W. Wolfe.
1980. Design and operation of sprinkler systems. In Design and
Operation of Farm Irrigation Systems, ed. M. E. Jensen,
621-660. St. Joseph, Mich.: ASAE.

Allen, R. G. 1990. Applicator selection along center-pivots using
soil infiltration parameters. In Visions of the Future, 549-555. St.
Joseph, Mich.: ASAE.

610

ASAE Standards, 48t Ed. 2001. S436.1. Test procedure for
determining the uniformity of water distribution of center pivot
and lateral move irrigation machines equipped with spray or
sprinkler nozzles. St. Joseph, Mich.: ASAE.

DeBoer, D. W., D. L. Beck, and A. R. Bender. 1992. A field
evaluation of low, medium and high pressure sprinklers.
Transactions of the ASAE 35(4): 1185-1189.

DeBoer, D. W., M. J. Monnens, and D. C. Kincaid. 2000.
Rotating-plate sprinkler spacing on continuous-move irrigation
laterals. In National Irrigation Symposium; Proc. of the 4
Decennial Symposium, 115-122. St. Joseph, MI1.: ASAE.

Heermann, D. F. 1990. Center pivot design and evaluation. In
Visions of the Future, 564-570. St. Joseph, Mich.: ASAE.

Irrigation Journal. 2000. 1999 Annual irrigation survey. Irrigation
Journal Jan.-Feb. 2000.

Keller, J., and R. D. Bliesner. 1990. Sprinkle and Trickle Irrigation.
New York: Chapman and Hall.

Kincaid, D. C., D. F. Heermann, and E. G. Kruse. 1969. Application
rates and runoff in center-pivot sprinkler irrigation. Transactions
of the ASAE 12(6): 790-794, 797.

Kincaid, D. C. 1982. Sprinkler pattern radius. Transactions of the
ASAE 25(6): 1668-1672.

Kincaid, D. C., I. McCann, J. R. Busch, and M. Hasheminia. 1990.
Low pressure center pivot irrigation and reservoir tillage. In
Visions of the Future, 54-60. St. Joseph, Mich.: ASAE.

Kincaid, D. C., B. A. King, and D. W. DeBoer. 2000. Sprinkler
packages and their configurations for center pivot irrigation. In
National Irrigation Symposium; Proc. of the 4 * Decennial
Symposium, 109-114. St. Joseph, Mich.: ASAE.

Pair, C. H., W. H. Hinz, K. R. Frost, R. E. Sneed, and T. J. Schiltz.
1983. Irrigation, 5th Ed. Arlington, Va.: The Irrigation
Association.

APPLIED ENGINEERING IN AGRICULTURE



	Page 1
	Page 2
	Page 3
	Page 4
	Page 5
	Page 6

