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ABSTRACT S. M. Siddigqil @uadri
1

During the 1930's, portable sprinkler irrigation systems |
were developed, and light weight pipe was introduced, that }
reduced the cost of installation. Since World War II the use
of sprinkler irrigation has expanded rapidly, and the revolving
head sprinklers are commonly utilized for the applicator.

The distribution proliles are different for nozzles
working under different pressures. The amount of water
measured in the catchment cans will not be the same, if
measured at different points from the sprinkler along the
radius. If tuae sprinkler works on the slope of a hill, the
distribution of water is not the same as that on flat ground.
The sprinkler 1is usually working in the fleld under variable
wind conditions. The wind velocity will be a positive com-
ponent to the jet of water in the direction of the wind, to
effect an extension of the normal distribution profile.

Initial tests were conducted inside the laboratory to
avold wind effects. Only medium pressure sprinklers were
used. The data for the distribution profiles were collected
for circular nozzles, 11/64 inch and 7/32 inch diameters,
under pressures ranging from 20 to 60 psi. The aistribution
profiles show that the amount of fall-out near the sprinkler
1s greatest due to the action of the actuator. Generally
speaking, the fall-out decreases gradually as we approach

the extremity of the profile.
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2

The effect of slope upon distribution profile was ob-
served on 5 percent and 10 percent slopes. The amount of
precipitatici: o' water was higher on up-slopes, as compared
to the flat ground. When working on up-grades, the length
of trajectory was shortened. After plotting the precipitation
profiles on the flat, 5 percent, and 10 percent slopes for
different nozzles and for different pressures, the precipi-
tation profiles for the in-between slopes could be interpolated.

The effect of wind velocities on the water distribution
was studied in tests conducted in the open field. Both the
length of the trajectory, and the distribution profile were

affected considerably by different wind velocities.
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INTRODUCTION

Presentation of the Problem

Rotary sprinkler irrigation systems are widely usea for
irrigation purposes on most soil types, ana where topography
is unfavorable for direct surface irrigation. In 1946 less
than 250,000 acres were irrigated by this method, however
the acreage 1s now increasing at an estimated rate of 500,000
acres a year. Sprinkler irrigation eliminates a very costly
and unpredictable farming hazard in the humid areas, that of
insufficient moisture at critical growth periods.

The rotating head or circular spray sprinklers have
come into favor since the development of tne light-weight,
portable, quick-coupler pipe. The advantage of this sprinkler
over other types i1s its abillity of applying water at slow
rates while using relatively large nozzle openings. There
are four types of water applicators available for overhead
irrigation:

a) perforated pipe
b) fixed nozzle attached to oscillating pipe
c) rotary head sprinklers
d) fixed head sprinklers
The'earlier sprinkler systems were fixed nozzle pipe

type. Sprinkler systems operate under a wlde range of pressures



ranging from 5 psi to over 100 psi. The operating pressure

is in part determined by power costs, area to be covered,

type of sprinkler, and the crop being sprinkled. Low pres-
sures range from 5 to 15 psi, medium from 16 to 60 psi, and
high pressures from 60 to 100 psi. Pressures well above 100
psi are designated as "hydraulic." Sprinklers in the low
pressure raﬁge have small area coverage and relatively high
application rates. Their use is generally confined to solils
having infiltration rates of more than 1/2 inch per hour
during the irrigation. Medium pressure sprinklers cover large
areas, have a wide range of precipitation rates, and the water
drops are well broken up. High pressure sprinklers area
coverage and precliplitation rates are higher than for the
moderate or medium pressures. Application rates of 0.20
inches per hour are minimum rates with rotating sprinklers.
This slow rate is desirable on soils of low infiltration
rates,

On sloping lands, erosion by poorly controlled flowing
irrigation water may be serious. The distribution of water
is not uniform and there may be considerable water loss. As
much as 50 percent of the water may be lost on slopes of
5 percent or more. Sprinkler irrigation can be applied to
most sloping cultivated fields with no water loss through
run-off and a minimum of soil erosion.

The distribution of water depends primarily upon the

dismeter of the nozzle on thne sprinkler, the pressure, and



the angle of incidence. A different distribution profile is
obtained for each combination of the nozzle, or nozzle size
and pressure. ldeally, water should be distributed uniformly
over the entire area to be irrigated. Since rotating sprink-
lers cover circular areas, some overlapping will be necessary
for complete coverage of the area under irrigation, but does
not result in ideal distribution. The degree of uniformity
obtainable depends primarily upon the geometric pattern of
the sprinkler. The pattern from a sprinkler head may be
triangular in shape. Thls geometric shape provides nearly
uniform depth, when properly overlapped with adjacent sprinklers.
If the sprinkler rotates at a uniform speed about a ver-
tical axis in perfectly still air, the resulting pattern should
be symmetrical about the center, and the rate of precipitation
in all directions should be the same. In case the ground is
sloping, the distribution profile will not remain the same.
*The wind produces variable effects on distribution uni-
formity. The rate of precipitation 1s considerably changed,
and the profile is distorted. A research project was initiated
to study the effect of slope and wind on the distribution

profile of a medium pressure rotary sprinkler,

Approach to the-Probiem

This study was conducted in two parts, the first, in the

Land Development Laboratory of the Department of Agricultural



Engineering under no wind conditions, and the second, in the
field under variable wind conditions. Only the medium pres-
sure sprinklers were studied, because this size was popular
with irrigators and it could be studied in & laboratory. An
electric motor driven centrifugal pump was installed over a
water sump to supply water at a maximum pressure of about 80
psi. Experiments were carried out on rotary sprinkler "A"

at pressurecs of 20, 30, 4O, 50. and ¢0 psi. The floor of the
laboratory was essentially flat. The duration for each test
at each pressure was one hour. Each test was replicated three
times to cetermine tne average value of the point distribution
of water in catcnment cans placed on a radial line from tne
sprinkler at two feet intervais. The effect of up-slope on
the distribution of water was evaluated on 5 and 10 percent

slopes in the leboratory.




REVIEW OF LITERATURE

Christiansen (1) explains that the wind is major factor
in dislocating the distribution pattern. The area covered
is considerably reduced. There 1s usually a high concentra-
tion of water near the sprinkler, in directions normal to
the direction of wina, and & deficlency in the leeward direc-
tion. The patterns are very uneven, and there may be a few
areas of heavy and a few areas of very low precipitation.
During his experiments, the wind was observed at frequent
intervals in order to estimate the approximate average direc-
tion.

Wiersma (2) made tests of wind effects on sprinkler
patterns, and evaluated them in terms of uniformity coeffi-
cients. He concluded that

a) tall risers are superior to short risers,

b) high pressures are superior to low pressures, and

c¢) large quantities of water per nozzle result in
better patterns than small quantities of water,

Christiansen (1) shows that the maximum depth of water
applied is near the sprinkler and that the depth decreases
gradually as the distance from the sprinkler increases. The
uniformity of the distribution of water from the sprinklers
varies greatly, depending upon the pressure, rotation of the

sprinkler, and the wind, He concludes that a uniform application



is possible with proper sprinkler patterns and with proper
spacing of sprinklers. Sprinkler patterns are approximately
conical, where & maximum application occurs near the sprink-
ler and decreases gradually to the edge of the area covered,
and produces a fairly uniform aspplication, when the sprinklers
are not farther apart than 55 to 60 percent of the diameter
covered.

McCulloch and Schrunk (4) mention that one of the most
important preliminery design factors is to consider the
vwind. If higher than 6 miles per hour winds are encountered,
it may be necessary to use twice as many sprinklers. If a
4JO=-foot spacing 1s usually used, it may be necessary to put
sprinklers every 20 feet on the lateral, and reduce the gpm
discharge per sprinkler to helf the amount, to maintain the
same precipitation rate as with the [0O-foot spacing.

Bilanskil (6) states that the amount of fall-out of water
near the sprinkler was considerably greater than further out
on the trajectory. Operating a medium pressure sprinkler at
low pressures generally give unsatisfactory distribution pro-
fl1les. There was also & decrease in the mean drop size and
an increase in the maximum trajectory distance as the pressure

was increased from low to more normal operating pressures.



LABORATORY EXPERTIMUNTS = AFrARATUS AND METHOLS

Apparsatus

Pump

A 10 H.P. electric motor driven horizontal centrifugal
pump was used for supplylng water under pressure. The pump
was rated at 150 gallons per minute, at 150 foot head. The
pump and motor unit were installed on top of a concrete water

tank., (Figure 1)

Delivery of Water to Sprinkler

The discharge side vi' the pump was connected to & pres-
sure regulator drum (Figure 1). A globe valve was placed
between the pressure drum and the pump. A one-inch diameter
discharge pipe connected the bottom outlet of the drum to
the sprinkler. The working pressure on tne sprinkler was
ad justed through a globe valve, included in thne pipe line
between the pressure drum and the sprinkler. (Figure 3)

To eunsure the verticality of the sprinkler riser, an
angle iron was welded to the horizontal G. I. pipe. (Figure 2)
The laboratory floor was quite flat, therefore when this angle
iron piece was placed on the floor, tne riser pipe of the
sprinkler was essentially vertical. The pipe connections,

angle iron, riser pipe, pressure gauges, and the sprinkler

used in the tests are illustrated in Figure 3.



Fig. 1.

Storage tank, pump unit and
pipe connections to pressure
drum,



Fig. 2. Angle iron welded to the pipe
assures the verticality of the
riser pipe.

Fig. 3. Pipe connections from pressure
drum to the sprinkler, pressure
gauges on the sprinkler and the
sprinkler shield.
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Pressure Gauges

Two pressure gauges were required, one was placed on the
pressure drum, and the other at the sprinkler., The ;aupe at
the prersure crum was scaled from zero tc 100 psi. It was
used to regulate the working pressure of the drum. The pres-
sure gauge at the sprinkler gave the actual working pressure
of the sprinkler. It was calivrated from zero to 60 psi.

Its calibration was usually rechecked weekly witn the Standard

Pressure Gauge Tester.

Sprinkler Shield

As there was no wind in the laboratory, the water protile
in each direction could be considered to be the same., The
water profile was studlied in one radial direction from the
sprinkler. To protect the walls of the laboratory from
splashing water, a 55-gallon oil barrel with one end removed
was used to cover the sprinkler. A slot about 6 inches wide
and 20 inches high from the floor was cut in the barrel. The
jet of water from the rotation sprinkler could escape through
this slot to sprinkle the test area. (Figures 3 and 6). A
white circular line is shown on the floor sround the sprinkler

in Figure 2 to denote the positlon of the sprinkler snield.

Anti-Splash Device

The sprinkled water was to be collected at known distances
along a radius from tie sprinkler. To minimize the splashing

effect of the water, a screen covered frame was placed under



1l

the water catchment cans. The screen was fitted oa wooden
frames, 2 feet wide and 10 feet long. The overall length of
the screen sections placed end to end was about 50 feet,

(Figure 6 )

Water Measurement

The method of collecting water was to place one quart oil
cans, with their tops cut out, on two foot centers upon the
screen as shown in Figures 3 and 6. The tops of the cans
under zero slope conditions were placed at the same level
as the sprinkler nozzle, Two water measurement cans were
placed side by side at each station and the average measured
quantity was recorded. The duration of each run was one hour,
the quantity of water in the cans was measured imneuiately.
Each experimental test of a pressure and nozzle diameter com-
bination was repeated three times to determine the average
quantity of water recelved at each catchment point on the
radius.

A cubic centimeter graduated cylinder was used to measure
the water collected in the cans. The quantity of water col-
lected 1n each can depended upon its depth and cross sectional
area., To convert the quantity of water collected in the can,
into inches of precipitation, the following relation was
calculated:

one milliliter of water in oil can =

0,005 inches depth of water



ie

Volumetric graauateda cylinder,
11/64=inch and 7/32-inch diameter
nozzle, sprinkler A, and bent
riser pipe alone and attached to
the sprinkler.
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Sprinkler
In this study only rotary sprinklers A and B were used.

These rotary sprinklers are driven by oscillating arms actuated
outward by the jet.of water, and brought back through the jet
by & torsional spring to cause an impact against the sprinkler.
Thus the rotating member is propelled around by the regular
impacts. Indiviaual sprinklers rotate at slightly different
rates. Sprinklers type A, with nozzles of 11/64" diameter,
7/32" diemeter, the riser pipe, and the volumetric graduated
cylinder are shown in Figure li. Sprinkler A had an outlet

for one nozzle; while sprinkler B had outlets for two nozzles.
One outlet on sprinkler B was plugged during operation. The
rate of rotation of the sprinklers varied with different
pressures and nozzle diameters. It was observed that the
sprinklers do not rotate at a constant velocity. This vari-

ation may be due to variable function in the bearings.

Forms of Nozzles

Nozzles usually have & circular cross section and may
elther converge uniformly to a short parallel neck at the
orifice or have a convergence which becomes more gradual &as

the outlet is approached. As stated by Gibsonj (9) the

A IA

Fig. S. Nozzle cross sections along a
lineal axis.



coefficient of contraction of the type (2) is unity angd

the coefficient of discharge about 0.98. The efficiency

of the nozzle depends entirely on the value of its coefficient
of velocity. The velocity of flow through the nozzle at the
end of the pipeline can be expressed

J{h.é xXPxg
Va _ a2
1+ K A>

where P = pressure....psi, at the entrance of nozzle
K = constant, approximately = 0,50
a and A = areas on botn sections

the velocity the jet of water from the orifice.

Va
Bilanski (6) prefers type (1) to obtain the best dis-

tribution pattern for sprinkler irrigation.

A brief study of the jet of water coming from an orifice

is presented. T
4

v

Suppose there is an orifice in the vertical plane of the
chamber. Keeping h constant, imagine a drop of water

shooting from the orifice in the form of a jet, and travels

a distance X horizontally and a distance ¥y vertically.

The drop of water that shoots out horizontally follows a
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smooth curve. Taking any Loint on the curve, if v = velocity

2
Coefficient of velocity C = | X
y C, Iy

and velocity v = C 2gh
Applying this theory on a sprinkler, where the nozzle is at
an angle, suppose the issuing jet makes an angle o< witn

the horizontal.

X = V Cosoxt

y = 1/2gt2 = vgin <Xt = x tane<
on substituting thils relation

v = J/g x2 Sec® o<
2 (y + x tano< )

Moreover by the following formula we can calculate the dis-

tance travelled of a droplet outgoing from the sprinkler at

a certain angle.,

x = v2 sin 2X
g

where v = velocity of the droplet at the nozzle

X = angle of inclination of the nozzle.
Thus we understand that the distance travelled by the jet

depends upon its velocity and the angle of inclination.

By the increase of o< , the range x will also increase.

X will be maximum when Sin 268 =1
20 = 90° .*. 6 = |)5°
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The range of the nozzle will be maximum when the angle of
rise of the nozzle is §5°. In the above formula for the cal-
culation of the range or the length of trajectory, the air

friction is not taken into consideration.

Methods and Discussion

Distribution Profiles on Flat Ground

The 50 foot section of screen was placed flat on the
floor, two cans were placed on it side by side at 2 foot
intervals. The opening of the sprinkler shield was closed
with a curved steel shect. The first experiment was con-
ducted on sprinkler A using a 11/64 inch diameter circuler
nozzle. The working pressures were 20, 30, 40, 50 and 60
psi and the angle of inclination of the nozzle for sprinkler
A was 22 1/2 degrees. The distribution profiles show the
range of water distribution for different pressures, and also
the amount of precipitation in inches per hour at two foot
intervals along a radius from the sprinkler, under no wind
conditions. (Figure 7)

The distribution of water is fairly uniform between 7
feet and 31 feet, except in the case of the distribution
profile at 20 psl which shoots up to a high peak at 31 feet
distance, which is not similar to the other profiles. There
is obviously the effect of a low nozzle velocity and the

resultant insufficient break up of the jet as it passes through



3 %4

Sprinkler shield placed over
the sprinkler and 50-foot
length of anti-splash screen
with catchment cans in place
at 2-foot intervals.
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the air., The amount of precipitation gradually increases

as the pressure is increased, and the range of trajectory
increases from 35 feet to 45 feet. Average precipitation
with the 11/6l inch diameter nozzle at 20 psi is about 0,094
inch per hour. It can be increased to 0.1l34 inches per hour
at 60 psi. Referring to all the profiles, we find a common
point at 31 feet distance through which all the profiles pass,
except the profile for 20 psi. The profiles also show that
there is a great accumulation of water very near to the sprink-
ler. Bilanski (6) states that when the oscillating arm was
used to rotate the sprinkler, the amount of fall out of water
near the sprinkler was great. The rate of sprinkler rotation
was noted by stop watch on different pressures, this is shown
with the distribution profiles. It changes slightly with dif-
ferent pressures. Similar tests were carried out with a 7/32
inch diameter nozzle in the same no A sprinkler, working on
pressures of 20, 30, and 40 psi. (Figure 8) Referring to
these profiles, the 7/32 inch diameter nozzle at 20 psi has

a fairly uniform distribution approaching 0.170 inch of

water per hour for a distance of from 5 to 29 feet, then the
amount of application decreases rapidly. The effect of the
actuator arm results in a peak at 15 feet, and the breakup

of the jet results in another peak at 29 feet. The overall
range at this pressure is 35 feet. In the same way for 30

psi. The average distribution of water is about 0.172 inch



Fig. 9. Position of the screen on
S percent slope€.

Fig. 10. Position of screen on
10 percent slopee.
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per hour in a distance range of 5 feet to 31 feet from tne
sprinkler and beyond this the amount of water collected re=-
duces rapidly to zero atc L1 feet. The distribution profile
extends 6 feet beyond the proiile with tue 20 psi pressure.

At 140 psi the distributiocan profile is not uniform. The amount
of application keeps falling gradusally from the sprinkler to
the ena ol the trajectory at 45 teet. This profile is most
aesirable. In oraer to obtaln & rcasonable uniformity or
application, water from eanother sprinkler must be adaed to

the came srea. Tnis method of over lap 1is explained by

McCullocn and Schrunk (4).

Distribution krofiles on Five Fercent Slope

To study the effect of slope on water daistribution, the
50 foot screen was tilted =zt a desired slope. Two slcpes of
€ percent and 10 percent were studied. Wooden frames were
made to support the screens on these slopes (Figure 9). Empty
0ll cans were used to collect the water at two foot intervals
along & radius. Two cans were placed side by sice to obtain
the aversaj;e quantity of water received at tnat point. The
sprinkler was operated at 20, 30, LO, S0 and 60 psi using a
11/6L inch diameter nozzle. &wach test was run for an hour
and replicated three times. The same series of tests was
repeated for & 7/32 inch dlameter nozzle on the pressures
20, 30 end LO psi. Figures 11 through 18 illustrate the dis-

tribution profiles on S percent, ana 10 percent up slopes,
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when the sprinkler was operated in the vertical plane. The
distribution profiles peaks on the slopes are a few hundredths
nigher than the distribution profile p¢aks on the flat ground.
The peak that formed at 31 feet for 20 psi on flat ground, was
shifted back to 29 feet on the 5 percent slope and 27 feet on
the 10 percent slope. When the 11/64 inch dismeter nozzle

was used (Figure 11), the length of the trajectory on the flat
ground was longer than that of the 5 percent and 10 percent
slopes by about 2 feet., The amount of fall out of water near
the sprinkler was considerably higher on the slopes than on
the flat ground. This fall out aecreased graduslly along

the trajectory, to & point about one-fourth or one-fiftn the
length of the trszjectory. The precipitation peak value is

far greater than the average value between 7 and 20 feet
(Figure 11). Figure 12 illustrates the distribution profiles
at 30 psi. The peak value is only a few hundredths gresater
than the average, so the precipitation between 9 and 31 feet
1s fairly uniform. The lengtn of the trajectory on the flat
was about 2 feet longer than on the 5 percent and 10 percent
slopes. At 4O psi the amount of precipitation 1s fairly
uniform between 7 feet and 33 feet (Figure 13). The profiles
in Figure 15 sare not true profiles, since the jet is partially
striking against the ceiling. In those tests the water cans
were placed on the slope, hence they were at right angles to
the slope, instead of vertical. Therefore the projected

horizontal area wes less than the actual areca of the existing
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can, This might cause some change in the quantity of the
water collection. A third can was placed side by c=ide to tne
other two cans, but in a vertical position, while the other
twc cans remained at right angles to the screen. Tests were
carried out at different pressures, and it was observed thet
the quantity of water collected in this thira can was within
one to two cublic centimeters of that in the other cans. Tuis

was negligible, and could be neglected.

Sprinkler Riser at Right Angle to Five Fercent Slope

During the above mentionea slope tests, the sprinkler
riser pipe was verticel which is often the case in 8 sprink-
ler irrigation system on tlat land. Considering the S per-
cent slope of the fielas, or any other slope, the riser pipe
will not be vertical, but at & right angle to the slope. To
study the distribution profiles of this situation in the
leboratory, the riser pipe of the sprinkler was placed per-
pendicular to the slope. The vertical angle of the nozzle,
which was about 22 1/2 degrees, would be increased by a 5
percent inclination from the horizontal for up-slope conditions.
The distribution profiles of the same sprinkler were recorded
a8t the seme precsures of 20 and 30 psi with 1ll/6l inch and
7/32 inch diameter nozzles. These daistrivbution curves are
shown in Figures 11, 12, 16 and 17. The distribution of
water was almost the sume as was found when the riser pipe

was vertical, and sprinkling flat land, but only for =«
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distance of about 21 feet from the sprinkler when 11/¢l inch
dismeter nozzle wes used. (Figure 11) Beyond this it was
almost identical to the distribution on 5 percent slope by

a vertical riser sprinkler. Moreover in the inclined position
of the riser pipe the sprinkler oscillating arm will not be
moving in a horizontal plane which coula affect the uniform-

ity of rotation rate.

Riser FPipe Bent

To study the effect of the change of vertical angle,
the riser pipe was bent for @ 5 percent inclination from the
verticel and the sprinkler was fitted on the top. (Iigure L)
In this way the vertical angle of the nozzle of tne sprinkler
was increased by S percent inclination from its original posi-
tion. The vertical angle of the nozzle in this case will be
the ssme as in the previous case when the riser pipe was
tilted backwards. The distribution profiles are shown in
F{gures 11, 12, 16, and 17. The vertical angle of the nozzle
in the down-slope direction will be reduced by 5 percent
declination from its original position. With the riser pipe
bent for 5 percent inclination on up slopes, and the sprinkler
attached to it, tests were carried out at pressures of 20, and
30 psi. (Figures 11, 12, 16 and 17) These profiles are simi-
lar to those when the riser pipe was tilted backwaras by 5

percent declination,
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Distribution Profiles on Ten Percent Slope

The 50 foot screen was supported on a 10 percent slope
from the sbrinkler. (Figure 10) As previously explained, the
empty oll cans were used to collect the wuater at 2 foot inter-
vals from the sprinkler. Two cans were placed side by side
to take the average quantity of water. The experiments were
conducted on the sprinkler A for the nozzles 11/6él inch ai-
ameter and 7/32 inch diameter, on 20, 30, 4O and 50 psi. wmach
experiment was run for an hour and was replicated three times
for an average, from which the distribution profiles were
plotted. (Figures 11 through 18) Referring to the precipita-
tion‘profiles, the distribution of water on 10 percent slope
was hipgher then the aistribution of water on 5 percent slope.
The peak of the distribution profile on 10 pcrcent slope was
shiftec two feet towerds the sprinkler, when comparea to the
peak on the 5 percent slope, and the length of the trajectory
which was 35 feet on flat position, was reduced to 33.25 feet
on 5 percent slope, &nd to 33 feet on 10 percent slope.

(Figure 11) Referring to the profiles in Figure 11, the ais-
tribution of water is fairly uniform from ¢ feet to 21 feet,

and then the amount of precipitation of water increases till

it reaches the peak value at 28 feet, then decreases rapidly

to zero at 33 feet. The profiles show a typical lower pres-

sure distribution with a peak or ring effect at 20 feet from
the sprinkler.
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Referring to Figure 12 at 30 psi for 11/64 inch diameter
nozzle, the precipitation profilecs are all fairly uniform be-
tween 6 and 31 feet along the radius from the sprinkler,
beyond this the amount of precipitation reduces rapidly to
zerc at 37 feet., In Figure 13 at 4O psi for 1l1/604 inch
diameter nozzle, the precipitation profiles are relatively
uniform from 7 to 33 feet from the sprinkler. For a pressure
of 50 psi on the same 11/64 inch aiameter nozzle, the uni-
formity of the precipitation profile was slightly distorted
by a peak at about 25 feet from the sprinkler (Figure 14)
but the length of the trajectory decreases from 43 feet
on flat, to 1 feet on 5 percent slope, ana LO feet on 10
percent slope. As the pressure on the sprinkler increases,
the length of the trajectory also increases, as shown in
Figure 15, the length of the distribution profile on flut
increased to L)} feet, when the same 1ll1/¢L inch diameter
nozzle was used at 60 psi. The distribution profile on 5
percent and 10 percent slopes could not be completely re-
corded at 60 psi because of the jet, striking the ceiling
of the laboratory. The distribution profile on 10 percent
slope for 7/32 inch diameter nozzle on 20 psi was consiaer-
ably higher than the profiles on the flat and 5 percent
slope. (Figure 1€¢). The peaks formed in case of flat st
15 feet, and 29 feet, were shifted towards the sprinkler to
13 and 27 feet on 5 percent slope and 11 and 25 feet on 10

percent slope.
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Figure 17 shows tue distribution profile on 1C percent
slope for 7/32 inch diameter nozzle at 30 psi. There are
two peaks at 15 and 25 feet from the sprinkler, but their
values are approximately the same. The precipitation of water
is fairly uniform between 5 and 29 feet from the sprinkler.
The amount of fall out of water near thne sprinkler is con-
slderably greater than the fall out at points of greater dis-
tances from the sprinkler.

Tests were carrieua out for the same 7/32 inch diameter
nozzle on }0 psi (Figure 13) on 10 percent slope. The dis=-
tribution profile shows a peak at 25 feet from the sprinkler.
The length of the trajectory which was L5 feet on the flat
was reduced to 3.5 feet on 5 percent slope and to 43 feet
on 10 percent slope. At thls pressure the resulting water
profile frum the sprinkler heaa is mostly trianguler in
shapes This provides opportunity for nearly unilorm depth
of covera: e, provided proper overlasp from the adjacent sprink-
ler (L).

Sprinkler B could not be operated inside the laboratory

for want of a higher ceiling.
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FIELD EXFsRIMENTS - APPARATUS AND rsTHODS

BEffect of Wind on water Distribution Profiles

The same tests that were carriesd cut in the labvorsatory
were repeated outdoors, under wind cocauitionse. The practical
use of the sprinkler is in the open fileld, to irrigate tue
crop when the wind .ney be blowing. Therefore the study of
the effect of wind on the distribution prcfile is of vital
importance. The data of tne cistrioution of water was col-
lecteu on an hourly vbesis. The tests were conducted moctly

in the early evenin_s, wiien the wind velocity was low.,.

Apparatus and Methods

Location

The teste of the effect of wind velocity on tne distri-
bution prcfiles of the medium pressure rotating sprinklers
were carriec out on & talrly rlat lana behind the aAgricultural
Engineering 3uilding. 1n the {leld experiments all of the
three conditions of slope, flat, 5 percent, and 10 percent,
were evaluated simultaneously auring the seame test. Toree
distribution profiles were recorded in a one-hour run.

Fifty foot screens, carrying empty oil cans, were placed

In three directions for flat, 5 percent, and 10 percent slopes.



Fig. 19. Fifty foot screens placed in
three directions for flat,

S percent, and 10 percent
slope.

e N

e P e

Pt

Filgi—=us rrve pervenct siope I TOreRround,
flat to left, and 10 percent slope
in the background.
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(Figure 19) The sprinkler was placed at the center point of
these three slopes. The 5 percent slope and the 10 percent
slope are in the same line ciagonally opposite, anu the flat
dosition of the screen was at a right angle to them. Tne
general direction of the wind for most tests was southesst.
Standing over the sprinkler, the bearin. ol the 5 percent
slope was about 120 degrees, therefore the direction of the
southeast wind was almost against the jet of water, sprinkling
the 5 percent slope. The bearing of the 10 percent slope was
woout 300 degrees, as such the wind was pushing the Jet of
water forward when sprinkling on the 10 percent slope. Tne
position of the sprinkler was made firm on the ground, ana
also the directions of the slopes remained the same through-

out all tests.

Wind Velocity

A three cup totallzing type anemometer with diel for
registering wind movemeiit was mounted l} feet above the ground.
The anemometer, placed near the 10 percent slope, is shown

in Figure 21.

Source of water

A steel tank placed near the test fleld was used as a
water sump. (Figure 22) A hose supplied water to the tank
from a nearby tap. A jet pump supported by planks on top

of the tank supplied water at a pressure of spproximately



Fig. 21. Three cup totalizing type
anemomete. .

Fig. 22. ©5Steel storage tank used as
water sump, electric motor
driven jet pump, and the
pressure drum.

L0



Fig. 23.

Hose connections to the

sprinkler, pressure gauge
ana slope screens.

. A ————— o~ ————— -
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70 psi. The discharge pipe from the pump was connected to

the top of the pressure regulator drum, by means of a G. 1l.
pipe, globe valve, and a plece of nose. An outlet pipe at the
base of the drum was connected to a 150 foot length of one-
inch diameter hose. The hose in turn was connected to the
sprinkler. A globe valve was used to control the flow to

the sprinkler. The sprinkler, hose pipe connections, pres-
sure gauges and the screens, are shown in Figure 23. The
sprinkler was allowed to water a full circle. A glass jar

or an empty bucket was placed over the sprinkler at the end

of a test run.

Discussion

To start the tests, the pressure was first adjusted on
the gauge and when it became constant at the desired pressure,
the cover over the sprinkler was removed. The starting time
of the test was noted and also the Initial reading of the
anemometer. After one hour, tiie sprinkler was again covered
to end the test, and the anemometer reading was again re=-
corded. The subtraction of these two hourly anemometer
readings gave the total miles of wind passing the anemometer.
Sprinkler A was used with 11/64 inch diameter nozzle and was
operated at each test pressure for one hour. The quantity
of water collected in each can on each slope was individually

measured in the graduated volumetric cylinder, ana the average



Fig. 24. View of the three slopes
being sprinkled during a
test.

Fig.-ZS. Jet of water falling upon
the test area using sprinkler B.
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quantity of each can location was convertea into inches of
water per hour. The sprinkler is shown in operation witn
the test slopes in Figure 25.

The distribution profiles for 11/6L inch diameter
nozzle on 30, 4O and 50 psl are plotted for the flat, 5
percent slope and 10 percent slope. (Figures 26, 27 anda 20)
The wind velocity hss a very great effect upon the distribu-
tion profile. If the direction of the wind is roughly the
same as the direction of the flow of the jet, then the
trajectory length incresses. In Figure 12 the length of the
trajectory was 39 feet for the sase 11/6L inch diameter noz-
zle at 30 psi under no wind conaition, but in Figure 26, the
length of the trajectory is increased to 40 feet. The depth
of water was reduced, because the same quantity of water was
sprinkled on a longer radius, and moreover the wina scatters
the droulets into the air that move in the airection of the
wind. The distribution profiles for different pressures may
pe somewhat similar to each other, if the wind blows at a
uniform velocity in the same direction.

The tests were repeated using a 7/32 inch diameter noz-
zle on 20, 40, 50, and 60 psi pressures, (Figures 29, 30 and
31) The distribution profiles on the flat (Figure 29) are
mostly similar on difrerent pressures, except the profile
at 20 psil pressure, a pronounced peak developed at avout 20

feet from the sprinkler. Referring to the test carried out
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in the laboratory (Figure 3), the distribution profile of

20 psl pressure, shows a peak at about 29 feet from the
sprinkler, which 1i1s shifted inward to 20 feet oy wind effect.
(Figure 29) The distribution profiles at.20 psi on 5 percent

and 10 percent slopes also show a pronounced peak at 19 and

23 reet respectively (Figures 30, 31). As the pressure in-

creases, the length of the trajectory normally increases,

but the directicn anu velocity of the wind will cause the

trajectory to be reduced or pushed forward. When the trajec-

tory distance is reduced, the rate of precipitation will be

higher than when the trajectory distance 1s increased.
Tests were carried out on sprinkler B using a 3/16 inch

diameter nozzle at 20 and 3C psi pressure. The alstribution

profiles on 5 percent and 10 percent slopes are shown in

Figures 32 and 33. The profile at 20 psi shows a peak at

27 feet in Figure 32 and at 29 feet in Figure 33. Tanis pat-

tern 1s similar to the profiles obtained with sprinkler A

at the same pressurese.
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SUMMARY

A study was undertaken in which the distribution pro-

files from two medium pressure sprinklers were evaluated
under conditions of several nozzle diameters, pressures,
combinations, on {lat, 5 percent, 10 percent slopes, in the
laboratory and uncer outdoor conditions.

These tests indicate that when tne sprinkler operates
under no wind conditions, the trajectory is fairly long, and
it increases in length when the pressure is increased. 1Tne
distribution of water near the sprinkler is always very high,
because of the obstruction of the jet by the oscillating arm

used to rotate the sprinkler. Operating the sprinkler at

ootimum pressures, resulted in a cesiravle uistribution of

Increasing the size or the orifice of a sprinkler
Increasing

water,
nozzle, resulted in a better distribution of water,
the angle of inclination of a sprinkler nozzle from the hori-
Zontal, resulted in an improved distribution of water. For
low pressures of 20 psi the distribution profiles end abruptly
after coming to a pronounced peak, whereas with medium pres-
sures, the trajectory covers a longer distance and the second-
ary peak is minimized.

If the sprinkler is kept on a slope, and the sprinkler
riser pipe is at a right angle to it, the distribution profile
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will be altered on the up-slope. The lenpth of tne trajectory

will be reduced thereby increasing the rate of precipitation
in that area.

Having determined the precipitation profiles on the flat,
5 percent and 10 percent slopes for different precsures, the
precipitation profiles for the in-between slopes may be inter-
polated., Tnis will give the amount of precipitation along a

radius and the length of tne trajectory for a particular pres-
sure, nozzle diameter, and slope.

The wincd materially affects the distribution profiles.,
When the jet of water moves along the direction of the wina,
it is pushed forward cdistributing water over a longer radius.
When the jet of water moves against the direction of the wind,

It is pused back resulting in an increased precipitaticn rate

over a short radius. The aistribution profiles become very

much distorted if tne wind velocity is high.
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