
South Dakota State University
Open PRAIRIE: Open Public Research Access Institutional
Repository and Information Exchange

Agricultural Experiment Station Technical Bulletins SDSU Agricultural Experiment Station

1955

Effect of Wind Variation on Water Distribution
from Rotating Sprinklers
John Wiersma

Follow this and additional works at: http://openprairie.sdstate.edu/agexperimentsta_tb

This Article is brought to you for free and open access by the SDSU Agricultural Experiment Station at Open PRAIRIE: Open Public Research Access
Institutional Repository and Information Exchange. It has been accepted for inclusion in Agricultural Experiment Station Technical Bulletins by an
authorized administrator of Open PRAIRIE: Open Public Research Access Institutional Repository and Information Exchange. For more information,
please contact michael.biondo@sdstate.edu.

Recommended Citation
Wiersma, John, "Effect of Wind Variation on Water Distribution from Rotating Sprinklers" (1955). Agricultural Experiment Station
Technical Bulletins. 27.
http://openprairie.sdstate.edu/agexperimentsta_tb/27

http://openprairie.sdstate.edu?utm_source=openprairie.sdstate.edu%2Fagexperimentsta_tb%2F27&utm_medium=PDF&utm_campaign=PDFCoverPages
http://openprairie.sdstate.edu?utm_source=openprairie.sdstate.edu%2Fagexperimentsta_tb%2F27&utm_medium=PDF&utm_campaign=PDFCoverPages
http://openprairie.sdstate.edu/agexperimentsta_tb?utm_source=openprairie.sdstate.edu%2Fagexperimentsta_tb%2F27&utm_medium=PDF&utm_campaign=PDFCoverPages
http://openprairie.sdstate.edu/agexperimentsta?utm_source=openprairie.sdstate.edu%2Fagexperimentsta_tb%2F27&utm_medium=PDF&utm_campaign=PDFCoverPages
http://openprairie.sdstate.edu/agexperimentsta_tb?utm_source=openprairie.sdstate.edu%2Fagexperimentsta_tb%2F27&utm_medium=PDF&utm_campaign=PDFCoverPages
http://openprairie.sdstate.edu/agexperimentsta_tb/27?utm_source=openprairie.sdstate.edu%2Fagexperimentsta_tb%2F27&utm_medium=PDF&utm_campaign=PDFCoverPages
mailto:michael.biondo@sdstate.edu


AUG 4 19 5 

" ) Technical Bulletin No. 16 May 1955 

Effect of Wind Variation 
on Water Distribution 

from Rotating Sprinklers 

Agricultural Engineering 

Department 

AGRICULTURAL EXPERIMENT STATION 
South Dakota State College of Agriculture and Mechanic Arts 

Brookings, South Dakota 



Effect of Wind Variation 
on Water Distribution 

from Rotating Sprinklers 

Agricultural Engineering 

Department 

AGRICULTURAL EXPERIMENT STATION 
South Dakota State College of Agriculture and Mechanic Arts 

Brookings, South Dakota 



Contents 
Introduction ______________ ------------------------------------------------------------------ ____________________ 3 
Procedure __________________________________________________________________________________ ··-. __ ___ ______________ 8 

Results ______ _______ __ _________ __ ___ __________ _____ ___ ____ ____ ____ _ _________ __ __ ____ ___________ _ _ __________________ 9 

Comparison of Riser Heights ------------------------------------------------------------------- 9 
Angle of Wind with Respect to Lateral Line ------------------------------------------ 9 
Pressure ---------------------------------------------------------------------------------··-------------------- 10 
Riser Spacing and Lateral Move -------------------------------------------------------------- 10 
Quantity of Water ------------------------------------------------------------------------------------- 13 
Type of Sprinkler Head ---------------------------------------------------------------------------- 14 
Miscellaneous Results and Observations ------------------------------------------------ 16 

Summary ----------------------------------------------------------------------------------------------------- 18 

Figures 
1. Typical Pattern under Favorable Conditions -------------------------------------- 4 

2. Typical Pattern under Windy Conditions --------------------------------------·---- 5 

3. Division of Wind Approach ------------------------------------------------------------------ 6 

4. Comparison of Uniformity for Various Pressures-
40 by 50 foot Spacing ------------------------------------------------------------------------------- 11 

5. Comparison of Uniformity for Various Pressures-
40 by 60 foot Spacing -------------------------------------------------------------------------------- 11 

6. Comparison of Uniformity for Various Spacings ---------------------------------- 12 

7. Comparison of Uniformity for Different Size Nozzles-
40 by 50 foot Spacing ------------------------------------------------------------------------------ 13 

8. Comparison of Uniformity for Different Size Nozzles-
40 by 60 foot Spacing ------------------------------------------------------------------------------ 14 

9. Comparison of Uniformity for Various Heads and Nozzles-
40 by 50 foot Spacing ---------------------------------------------------------------------··-------- 15 

10. Comparison of Uniformity for Various Heads and Nozzles-
40 by 60 foot Spacing ---------------------------------------------------------------------------- 15 

11. Comparison of Uniformity for Equal Precipitation Rate-0.9 IPH ____ 16 

12. Comparison of Uniformity for Equal Precipitation Rate-0.6 IPH ____ 17 

Tables 
1. Overlapping Pattern Coefficient for Various Spacing of Heads 

Within Lines and Spacings Between Lines ----------------------------------------- 5 
2. Summary of Comparison of Different Riser Heights ---------------------------- 9 
3. Summary of Comparison of Angle of Wind with 

Respect to Lateral Drive ------------------------------------------------------ ------------·-------- 10 



Effect of Wind V aria ti on 
on Water Distribution 

from Rotating Sprinklers 

JOHN L. WIERSMA l 

Introduction 

Numerous experiments have been conducted to determine the uni­
formity of water distribution from slowly revolving sprinklers. Important 
factors in obtaining uniform water distribution include wind, operating 
pressure, spacing of sprinklers, uniformity of sprinkler rotation, and ratio 
of size of range nozzle to spreader nozzle. Generally, manufacturers of this 
type of equipment have facilities to test their sprinklers and to make neces­
sary adjustments. 

Rather limited data are available 
on the effect of wind on water dis­
tribution from the use of sprinklers 
under conditions of comparatively 
high wind velocities. Sprinkler in­
stallations in the past have been de­
veloped in areas of relatively low 
wind velocities. In the Missouri 
River Basin area, where the average 
wind velocities exceed 10 m.p.h. '° 
sprinkler designs must be modified 
to meet this condition if satisfactory 
irrigation efficiencies are to be ob­
tained. 

To compare sprinkler patterns 
and to determine how various fac­
tors affect the distribution of water, 
the numerical expression as devel-

oped by Christiansen2 was used. 
The uniformity coefficient ( K) ex­
pressed as a percentage is defined 
by the equation: 

K = lOO ( 1 - ~ ) 
11111 

where Xis the deviation of an indi­
vidual observation from the mean 
value m, and n is the number of ob­
servations. An absolute uniform ap­
plication would be expressed by the 
number 100 and a less uniform ap­
plication by a correspondingly low­
er number. 
1Associate Engineer, South Dakota Agri cultura l Experi­
ment Station , Brookings, South Dakota. 

2Ch ristiansen, J. E. , Irrigation by Sprinkling, Ca li f . 
Agr. Expt. Sta. Bu ll. 670, 1942. 
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Before an analysis of actual field 
sprinkler patterns is discussed an 
analysis of a typical geometric pat­
tern will indicate desirable field 
patterns and also help clarify field 
results. Figure 1 represents a typi­
cal distribution pattern under fa­
vorable conditions. The pattern 
from one sprinkler head is triangu­
lar and with the overlays from adja­
cent heads a nearly uniform appli­
cation would result. 

In the presence of a 14.3 m.p.h. 

wind a pattern such as in figure 2 
might result. The same general pat­
tern exists as in figure 1 except that 
the triangle is considerably larger 
on one side of the sprinkler head 
than on the other. A tendency for a 
heavy concentration of water near 
the sprinkler head can be noted. 
The uniformity coefficients for these 
two patterns are shown in table l. 

The overlapping uniformity coef­
ficients for the slightly distorted 
pattern typified by the single sprin-

Figure I. Typical pattern under favorable conditions. 
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Figure 2. Typical pattern under windy conditions. 

kler in figure 1 are higher and con­
siderably less variable than those 
for the overlapping pattern typified 
by the single sprinkler in figure 2. 
Wher there is a 14.3 m.p.h. wind, a 
sharp break in coefficient values is 
suggested between the 50 feet and 
60 feet pacing betw en lines. The 

Table 1. Overlapping Pattern Coefficients for 
Various Spacing of Heads Within Lines and 

Spacings Between Lines 

harp break is pres nt at wider 
spacing between sprinkler lin s in 
the lower wind velocity pattern. 

To ov rcome the poor water dis­
tribution and to locate the point of 
sharp break in uniformity, a field 
study wa undertaken with the fol-

Spacing of H eads Spacings Between Line in Feet 

Within Lines 30 40 50 60 70 

(Wind 2 m.p.h.) 

10 ------ 97 96 95 91 88 
20 ------ 95 95 90 89 85 
30 ------ 94 94 90 87 82 
40 ------ 94 92 89 86 79 
50 ------ 92 90 88 84 73 

(Wind 14.3 m.p.h.) 

10 ------ 90 90 83 64 57 
20 ------ 89 89 82 64 53 , 
30 ------ 88 87 81 63 50 
40 ------ 82 80 76 60 43 
50 ------ 80 76 72 57 37 
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lowing variables : ( 1 ) wind veloc­
ity, ( 2) height of riser, ( 3 ) angle of 
wind with respect to lateral line, 
( 4 ) water pressure at riser, ( 5 ) 
riser spacing within and between 
laterals, ( 6 ) quantity of water per 
sprinkler head, and ( 7 ) type of 
sprinkler head. 

The angle of wind to lateral line 
was classified into one of three cate­
gories as shown in figure 3. Wind 
velocities and wind angles were ta­
ken at random as they occurred. 
Wind movement greater than 20 
m.p.h. was considered unsuitable. 
The lowest wind velocity encoun­
tered was 4.8 m.p.h. 

All sprinkler heads used in this 
study were made by one manufac­
turer. A medium weight head with 
~-1-inch riser outlet was the standard 
or check head. A heavier head with 
a 1-inch riser outlet was used, hav­
ing a longer nozzle but not neces­
sarily a larger size opening. A med­
ium weight head with low angle 
( under tree) nozzles was also used. 
A "wind head"3 was also used, this 
having a range nozzle only. 

Deliverages of different water 
quantities were made from three 
sets of nozzle combinations on the 
standard ~4-inch outlet sprinkler 
head-5/32 x 3/ 32 inches, 13/ 64 x 
5/32 inches, and 9/ 32 x 7 / 32 inches . 
The "wind head" used only a 9 / 32-
inch nozzle. The head with a 1-inch 
riser outlet opening had a 7 / 32- x 
3 / 16-inch nozzle, and the low angle 
head had a 3/ 16- x 3/ 16-inch nozzle. 

Four riser heights were used-6-, 
12-, 24-, and 48-inch. The 24-inch 
riser was most often used. Only 
medium weight heads with 13/ 64- x 

-+-
-+-

-+-

15° 
J - Sp,i11kler 

15° 

I I Approach A 

I I I i I i l Approach 8 

I: : :j Approach C 

Figure 3. Division of wind approach. 

5/ 32-inch nozzle combinations are 
used on the 6-, 12-, and 48-inch 
risers . 

Water pressures from 25 to 70 
pounds per square inch gauge were 
used in these tests. The major por­
tion of the tests were conducted at 
pressures between 30 a n d 50 
pounds. In previous experiments 
pressures below 30 pounds gave 
poor distribution patterns even 
with all other factors favorable. Be-

3The term "wind head" is slang termino logy for a 
sprinkler head which has on ly a ran ge nozzle. It would 
refer to a head which was designed for a single nozzle 
or a head on which the spreader nozzle has been re­
placed by a p lug or another range nozzle. 
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cause of cost, a riser pressure of 
more than 60 pounds per square 
inch gauge is seldom used . 

A maximum number of combina­
tions of riser spacings within lines 
and of spacings between lines were 

used. The riser spacings within 
lines varied from 10 to 40 feet and 
between the lateral lines from 30 to 
60 feet, all in 10 feet increments. A 
total of 16 different combinations 
was used. 

Arrangement used to determine the effect of wind on water distribution. 
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Procedure 
The first series of tests were run 

on a standard sprinkler system with 
risers spaced 40 feet apart on the 
lateral lin . Sixte n-ounce soil cans 
were placed 5 fe t apart on a grid 
system between the risers as far as 
the water was sprinkled to either 
side of the lateral. The second series 
of tests were run with three risers 
spaced a sufficient distance apart to 
prevent overlap of sprinkled area 
between heads. One-quart oil cans 
were spaced on a 5-foot grid around 
each riser. By placing a different 
type head on each riser or by com­
bining different nozzle sizes on each 
head, a comparison was possible 
between sprinklers or nozzles under 
identical conditions. 

A 3-cup totalizing type anemom­
eter with dial for registering wind 
movement was mounted 4 feet 
above the ground during all te ts. A 
pressur gauge was mounted on 
each riser. 

Duration of the first series of 
tests was I hour and the second ser­
ies 2 hours. Uniformity of sprinkler 
head rotation was checked repeat­
edly during each test, and when ro­
tation was not uniform, the tests 
were discarded. The speed of sprin­
kler rotation for all tests was be­
tween one and three revolutions a 
minute. 

Water deposited in the cans was 
measured to the nearest I cc. in the 
16-ounce cans and to the nearest 5 
cc. in the I-quart cans. 

To obtain patterns for specific 
spacings, the patterns were over­
lapped and the resulting depth of 
application w a s calculated for 
points spaced 5 fe t apart both 
ways. The application from all 
sprinklers affecting the net area was 
included. 

Except for "t'' tests of paired 
comparisons the data were ana­
lyzed by computing the linear re­
gression of uniformity coefficients 
on wind velocity, using like condi­
tions with different wind velocities. 
The equation K = a+bX, where K 
= uniformity coefficient; X = wind 
velocity; a is equal to K when X is 
equal to zero; and b = slope of the 
line. The following formulas were 
used to compute a and b ; 

a= (~X2
) ( ~K) - ( 1:XK) (1:X) 

N~X2
- (~X )2 

b= (~XK)- (~X) (~K) 
N1:X2

- (~X) 2 

where N is the number of tests. 
Correlation coefficients r, were 

also computed for each set of data 
using the equation: 

r= Sxk 
( Sx2

) ( Sk2
) 
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Results 
Comparison of Riser Heights 

Riser height has little or no effect 
on distribution pattern for wind ve­
locities of less than 4 m.p.h. For the 
present comparisons wind veloci­
ties of 4.8 m.p.h. or greater were 
selected. Riser heights were 6, 24, 
and 48 inches. Sprinkler heads dis­
charging 12 gallons per minute 
( g.p.m.) at 40 pounds per square 
inch ( p.s.i.), were spaced 40 feet 
apart on the lateral lines and the 
lateral moves of 40, 50, and 60 feet 
apart were used. 

s may be seen from th analysis 
shown in table 2 ther was a highly 
significant difference between the 
6- and 24-inch riser heights , a lower 
significant difference between the 
24- and the 48-inch riser heights and 
a still lower significant difference 
between the 12- and 24-inch riser 
heights. However, there was a 12-
inch difference in riser heights in 
the last comparison while the differ­
ence was greater in the other two 
comparisons. 

In all subsequent tests a riser 
height of 24 inches was used. 

Under actual irrigation practice 
the type of crop grown will influ­
ence the minimum height of riser 

that can be used. The sprinkler 
head must be above the vegetative 
growth of the crop irrigated. Corn 
requires the tallest riser of the com­
mon crops grown in this area. The 
limitations of the maximum height 
riser will be influenced by the ease 
of handling the lateral line when 
moved from one position to anoth­
er, the tall risers being more diffi­
cult to handle. On specialized 
equipm nt such as the wheel move 
laterals, there are also limitations 
on length of risers that can be used. 

It is r commended that sprinkler 
installations be equipped with the 
tallest riser that can be asily han­
dled by the operator. 

Angle of Wind with Respect to 
Lateral Line 

Distribution coefficients affected 
by wind angles are compared in 
table 3. 

The comparisons were confined 
to sprinkler heads discharging 11 to 
13 g.p.m. at pressures of 40 to 58 
p.s.i. Sprinkler heads were spaced 
40 f t on the lateral line, with lat­
eral moves 50 to 60 feet apart. 

In no case was the pattern coef-

Table 2. Summary of Comparison of Different Riser Heights 

Comparin g 
6" with 24" 

Difference of K ---------------------------------- 10.9 
Mean wind velocity ---------------------------- B .4 m.p.h. 
Range in wind velocity ---------------------- 1.5 - 14.7 
Number of tests ---------------------------------- 12 
Sx ---------------------------------------------------------- 3 .65 
t ------------------------------------------------------------ 2.99 
P ------------------------------------------------------- ---- less than 2% 

6" 24·, 

Mean value of K ---------------------------- 64 .0 74 .9 

Comparing 
12" with 24" 

4.9 
9.6 m.p.h. 
4.8 - 12.3 

24 
3.13 
1.46 

grea ter than 16% 

12" 24" 

73 .9 78.5 

Comparing 
24" with 48" 

3.7 
8.2 m.p.h. 
6.4 - 10.1 

24 
1.78 
2.0 

less than 5% 

24" 48" 
79.2 82.9 
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ficient signficantly different when 
the angle of wind was different. 
However, a better pattern seemed 
to be obtained when the wind angle 
was 15 to 45 degrees with the lateral 
than when the angle was higher or 
lower. In the remaining analysis the 
wind approach was disregarded ex­
cept when it was parallel to the lat­
eral line. 

Manufacturers recommend that 
in design, lateral lines should run 
perpendicular to the direction of 
the prevailing wind. Except in cer­
tain localized areas, direction of 
prevailing winds is a meaningless 
term during the irrigation season. 
The actual percent of time winds 
are in the prevailing direction is 
small. It is of greater importance to 
the irrigator to make allowances 
for changes in wind direction from 
day to day. This will be discussed 
under the section on riser spacing 
and lateral move. 

Pressure 
The calculated linear regressions 

of pattern coefficients on wind ve­
locity and their correlation coeffi­
cient at water pressures of 30, 40, 
48, and 56 p .s.i. are shown in figures 
4 and 5. In these tests , a medium 

weight sprinkler head was used 
with ~4-inch riser outlet on a 24-inch 
riser, and 13""64- x 5""32-inch 
nozzles. 

Little or no difference of pattern 
coefficients was obtained between 
56 and 48 p.s.i. while a slight differ­
ence was obtained between 30 and 
40 p.s.i. However, the higher pres­
sures are superior, and the slope of 
the line is less, indicating that as 
wind velocities increase the effect 
of pressure is more pronounced. 
There are indications that pressures 
greater than 56 p.s.i. would be of 
little value in obtaining better 
patterns. 

When a sprinkler head is opera t­
ing within the manufacturers rec­
ommended range of pressures the 
increase in uniformity by increasing 
pressure is not significant enough to 
verify the increase of pumping costs 
to obtain this added pressure. 

Riser Spacing and Lateral Move 
This analysis was confined to the 

medium weight sprinkler head on 
a 24-inch riser with 13/ 64- x 5/32-
inch nozzles operating at a pressure 
of 40 p.s.i. 

As may be seen from the calcu­
lated regression lines in figure 6, the 

Table 3. Summary of Comparison of Angle of Wind With Respect to Lateral Line 

Comparing 
Group A & B 

Difference of K ------------------------------------ 1.7 
Mean wind velocity ---- ------------------------ 9.5 m.p.h. 
Range of wind ve1ocity __________________ __ 7.1 - 12.6 

Number of tests ---------------------------------- 20 

Sx ------- --------------------------------------------------- 3.11 
t ------------------------------------------------------------ 0.55 
P ---------------------------------------------------------- greater than 50% 

A 

Mea n value of K ---------------------------- 71.6 
B 

73.3 

Compa rin g 
Group A & C 

0.5 
9.2 m.p.h. 
7.3 - 12.6 

'10 
3.70 
0.14 

greater than 50 % 

A 

76.1 
C 

75.6 

Comparing 
Group B & C 

1.8 
8.8 m.p.h. 
6.4 - 12.0 

20 
2.8 

0.64 
g reater than 50% 

B 

74.8 
C 

76.6 
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Figure 5. Comparison of uniformity for various pressures-40 by 60 foot spacing. 
r= Correlation Coefficient 

100 

90 

80 
-~~56 PS~ r=.56 

70 PSI, r= .81 

40 PSI, 
60 30PS1, r=.70 

50 

0 

11 

0 2 4 6 8 10 12 14 /6 18 20 

Wind, mil,s p,r hour 



12 Soutb Dakota Experiment Station Technical Bulletin 16 

lines are grouped closer by lateral 
move than by riser spacing. The 
grouping is significant, as many irri­
gators are attempting to improve 
patterns by decreasing riser spac­
ing rather than lat ral move. This is 
natural because the labor involved 
in moving pipe is greater. 

In calculating the distance a lat­
eral is to be moved, not only wind 
velocity but wind direction with re­
spect to previous setting must be 
taken into account. It is recom­
mended that the distance of the lat­
eral move be not greater than 50 
percent of the wetted diameter in 
the direction of the lateral move. 

Refer to figure 2 for an explana­
tion of this recommendation and as­
sume the lateral to be in a north­
south direction. The wind could 

change direction between lateral 
moves. It may be in a westerly di­
rection as indicated for one setting, 
and if the next setting were the next 
day it could be in an easterly di­
rection. 

Applying the recommendation to 
a lateral move in which the wind 
did not change in velocity or direc­
tion, the wetted diameter would be 
101 feet ( 26 + 75 feet). Therefore 
the lateral would be moved 50 feet 
( 50 percent of 101 fe t ) . 

If the wind changed from west to 
east, and the pipe line was being 
moved to the right, the wetted di­
ameter would be 150 feet ( 75+ 75 
feet ) . The pipe should be moved 
not more than 75 feet. 

If conditions were as above but 
the pipe was being moved to the 

Figure 6. Comparison of uniformity for various spacings. 
r= Correlation Coefficient 
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left, the wetted diameter would be 
52 feet ( 26 + 26 feet) . The maxi­
mum distance of the move would be 
26 feet ( 50 percent of 52 feet) . The 
actual recommended move would 
be 20 feet due to standard pipe 
lengths. 

Quantity of Water 
The quantity of water delivered 

from a given type head may be 
changed by altering the size of the 
nozzle. In this study, 5/ 32 x 3/ 32 
inch, 13/ 64 x 5/ 32 inch, and 9/ 32 x 
7 / 32 inch nozzle combinations were 
used within the medium weight 
sprinkler head on a 24-inch riser. 
The operating pressure was 40 p.s.i. 

The calculated regression lines 
for distribution coefficient on wind 
velocity are shown in figures 7 and 

8. Nearly the same coefficients were 
obtained from the medium as from 
the large nozzle at low wind veloci­
ties, but at higher wind velocities 
the larger nozzle was superior to 
the medium nozzle. The small noz­
zle cannot compete with the larger 
nozzles under any wind condition. 
At higher wind velocities, its effi­
ciency approaches that of the me­
dium nozzle. 

For a given sprinkler spacing, the 
rate of water discharge per sprin­
kler head has a direct relationship 
to the precipitation rate. In certain 
instances an irrigator may have a 
choice of the precipitation rate for 
which the system will be designed. 
The water intake rate of the soil, 
quantity of water available, the la­
bor schedule, and the farm layout 

Figure 7. Comparison of uniformity for different size nozzles-40 by 50 foot spacing. 
r= Correlation Coefficient 
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will influence the most desirable 
precipitation rate to use. 

It is recommended that to gain 
uniformity of water distribution, 
the greatest possible discharge per 
sprinkler be used within recom­
mended lateral line and sprinkler 
spacing. 

Type of Sprinkler Head 
Four types of sprinkler heads 

mounted on 24-inch risers were 
tested: standard medium weight 
head with a %:-inch riser outlet, as 
used in other tests ; a heavier 1-inch 
riser outlet head with longer nozzle 
inlets , on which 7 / 32- x 3/ 16-inch 
nozzles were used; a low angle ( un­
der tree ) head, with 3/ 16- x 3/ 16-
inch nozzl s; and a head provided 
with a single 9/32-inch range noz-

zle ( "wind head") . All tests were 
conducted at a pressue of 40 p.s.i. 

Figures 9 and 10 provide a com­
parison of the calculated linear re­
gression of uniformity coefficients 
on wind velocities for various heads 
and nozzle sizes at 40 x 50 feet and 
40 x 60 feet spacing. At both spac­
ings the uniformity coefficients 
were affected more by the quantity 
of water discharged from the range 
nozzle than by the type head used. 
However, the low angle head was 
decidedly inferior to other types. 
The "wind head" appeared superior 
for lower precipitation rates during 
excessive wind. 

The calculated linear regression 
of the distribution pattern coef­
ficients on wind and velocity pro­
duced by different nozzle sizes and 

Figure 8. Comparison of uniformity for different size nozzles-40 by 60 foot spacing. 
r= Correlation Coefficient 

100 
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types, and spaced to precipitate 0.9-
inch water per hour, are shown in 
figure 11. 

feet on the lateral line and 50 feet 
on the lateral move. The larger 
head with 9 / 32- x 7 /32-inch nozzles 
was spaced 40 feet on the line and 
a lateral move of 50 feet was made. 
The arrangement is such that the 

The low angle head, the head 
with 13/ 64- x 5/ 32-inch nozzles, and 
the "wind head," all were spaced 20 
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Figure 9. Comparison of uniformity for various heads and nozzles-
40 by 50 foot spacing. 
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same amount of labor would be re­
quired to move the pipe under ac­
tual irrigation conditions. 

The difference was in the spacing 
of the heads on the line. At low 
wind velocities of 4 m.p.h. or less, 
there was little difference in the 
pattern produced by any nozzle. 
With wind velocities of 8 m.p.h., or 
greater, the "wind head" with a 
spacing of 20 x 50 feet was superior 
to any other nozzle combination. 
The low angle nozzle line was the 
least efficient, especially a the 
wind velocity increased. 

The efficiency of the larger noz­
zle with a 40-foot spacing on the 
line and of a medium size nozzle 
with a 20-foot spacing in the line 
were very nearly the same. By spac­
ing these nozzles 20 feet in the line, 
twice as many heads per lateral line 
would be required than at the 40-
foot spacing. The installation cost 
of a sprinkler system would be in-

creased with no resulting hen £ts. 
However, if a "wind head" were 
spaced 20 feet on the line a much 
b tter pattern would be obtained in 
the higher wind velocities. At wind 
velocities of less than 4 m.p.h., the 
"wind heads" would not distribute 
the water as evenly as other types. 

In a further comparison of effic­
iencies of nozzle sizes and spacings 
shown in figure 12, in which the 
precipitation rate was 0.6 inch p r 
hour, nearly the same conclusions 
may be drawn as from figure 11. 
There would be less labor with 30 x 
60 feet spacings but it is inferior to 
other types of heads at higher wind 
velocities. For wind velocities of 7 
m.p.h. or greater, the wind type or 
single nozzle sprinkler is superior to 
other heads. 

Miscellaneous Results and 
Observations 

Two other types of sprinklers, the 
perforated pipe and the hydraulic 

Figure 11. Comparison of uniformity for equal precipitation rate-0.9 IPH. 
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sprinklers, ar becoming more pop­
ular. The operating characteristics 
differ from the sprinklers tested in 
the previous discussion. 

The perforated pipe, which op·· 
erates at a low pressure, is gaining 
in popularity due to savings in pow­
er costs. Increased labor is needed 
to move the pipe the short distances 
that are applicable. A number of 
tests were completed to determine 
the effect of wind on the distribu­
tion pattern. It was concluded that 
wind had less influence on the per­
forated pipe pattern than on con­
ventional sprinklers. However, ex­
treme caution must be exercised in 
determining the distance the lateral 
can be mov d. It should b careful­
ly calculated as explain d in the 
section on sprinkler spacing and 
lateral move. 

The large hydraulic type sprin­
kler heads, which op rate at pres­
ures ranging from 70 to 120 p.s.i. 

and discharge from 100 to 600 gal­
lons of water a minute offer a sav­
ings in labor when conditions are 
such that they can be used. A limit­
ed number of tests wer completed 
to test uniformity of distribution. 
Until more work is completed they 
are not recommended unless oper­
ation is confined to times when 
wind velocities are less than 4 
m.p.h. 

Work has been completed to de­
termine the effect of uniformity of 
water distribution when the riser 
pipe on which the sprinkler head 
was installed is not vertical. It 
shows a significantly better pattern 
is obtained from vertical risers than 
from those having an angle as small 
as 5 degre s from the vertical. An­
gles greater than this result in even 
poorer patterns. It is recommended 
that the system be designed so a 
minimum amount of caution need 
be exercised by the operator to have 

Figure 12. Comparison of uniformity for equal precipitation rate-0.6 IPH. 
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risers vertical after laterals are 
moved. 

Crop responses indicate uniform­
ity of application can be improved 
by offsetting the lateral one-half of 
the normal move every other irri­
gation. Several patterns were ana-

lyzed to evaluate this possibility .. It 
is recommended that if a standard 
move is adapted by an operator in­
stead of using a calculated move as 
explained in the section on lateral 
moves, that laterals be offset every 
other irrigation one-half of the dis­
tance of the standard move. 

Summary 
Sprinkler systems have been de­

signed in the past on the basis of a 
maximum wind velocity of 4 m.p.h. 
or less. In South Dakota an average 
wind velocity in excess of 10 m.p.h. 
is often experienced during the irri­
gation season. Unless original de­
signs are modified poor irrigation 
efficiency is obtained. 

A number of tests were made 
from which uniformity coefficients 
were calculated. From an analysis 
of these data the following conclu­
sions were reached: 

( 1 ) Tall risers are superior to 
short risers. 

( 2) Angle of wind with respect 
to lateral line has little or no effect 
on the distribution pattern. 

( 3) A definite breaking point oc­
curs between a 50-foot move be­
tween lines and a 60-foot move be­
tween lines. 

( 4) High pressures are superior 
to low pressures. 

( 5 ) Large quantities of water per 
nozzle result in better patterns than 
small quantities of water. 

( 6 ) In winds of 8 m.p.h. or great­
er, a head with only the range noz­
zle is more efficient than a head 
with both a range nozzle and a 
spreader nozzle. 

( 7 ) A sprinkler head with a large 
water capacity spaced 40 feet on 
the line is as good as heads with 
water capacity spaced 40 feet on 
one-half of the water capacity 
spaced 20 feet on the line. 

In this study, the distribution co­
efficient was the only criterion con­
sidered. The conclusions may have 
to be modified when soil crusting, 
evaporation losses, labor schedules, 
rates of soil infiltration, size of wa­
ter supply, type of equipment avail­
able, and the types of crops grown 
are considered in assessing the ef­
ficiency of sprinkler systems. 
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