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sprinkler irrigation is one of the principle methods by which water is

applied to the soil. Sprinklers were originally used only for the production

of high-value crops. With the advent of ll~ht weight portable pipes and

quick couplers, the use of sprinklers has spread to pastors and field crops*

Recently, nschanical*move systems for the transfer of pips have been devel-

oped and they are finding increased use. One common smcJwsrtcal system in-

volves the use of the lateral line as the axle of powered wheels. Another

recent envelopment is the solid-set system in which sprinklers connected by

buried plastic pipe are set out in the field and not moved. These new de-

vslopmente nearly eliminate the sonewhat unpleasant task of handling sprink-

ler lines.

The use of sprinklers often entails a higher investment cost than surface

methods* However, the sprinkler method of irrigation nay be the only nothod

suited for use in certain areas. Such areas include land which is too steep

and irregular for proper leveling. Sandy and gravelly soils, which have s

renld ««»*'-1— of water, are eeriei 1 til if suited to sorinkler irrigation* In

of normally high rainfall, sprinklers can be readily used to apply

during drought periods. Conservation asesures, suoh as terraces, are

not disturbed through the use of sprinklers* Sprinkler irrigation can be

conveniently used to supply relatively small quantities of water to insure

of crops* Water for this purpose nay often be obtained by s

water out of a fans pond*

One of the major criticisms of sprinkler irrigation is that peer per-

formanoe results under windy conditions. The writer has heard statements fay

that the distribution pattern of sprinklers is grossly destroyed



the effect of wind* Ctoesrvation of sprinklers operating in the field

to support this position*

HHfUM Bi unmMfsoi

In order to accurately assess the suitability of sprinklers for Irriga-

tion* infornation is required on the perfornanee of sprinklers under windy

conditions. As en introductory study, this project nee undertaken to Inves-

tigate the perfornanee of the sprinkler nozale under the United conditions

of operating directly with and directly against the wind.

The objectives of this study were:

1. To determine the effect of a change in wind on the distribution of

water obtained fron a sprinkler nosssle.

2. To itrtamlne the effect under windy conditions of a change In pres-

sure* noaalo sise* and trajectory angle on the distribution obtained

fron a sprinkler nossle*

3* To determine the efficiency of application of a sprinkler nomle

under different wind velocities*

U* To relate factors* including wind velocity and particle sine* to the

* travel of water droplets from the sprinkler nomle*

BOM * ERtt*n*l

The objective of sprinkler irrigation is to distribute water unifonaly

end without loss over the area to be irrigated* Rotating sprinklers cover a

circular area and it is difficult to obtain a completely uniform distribution*

The overlapping of sprinkler patterns is required to obtain uniformity*

Bagley and Criddle (1) point out that the uniformity obtained from sprinklers

of a specific design will be affected by pressure at the noaale* spacing of



of the earliest work in the investigation of sprinkler porfc

was oondootod by Christiansen (3) at Davis, California* In order to

sprinkler patterno, Christiansen defined too coefficient of uniforndty by the

equation

Ctt-100 (1.0- fg)

in which C^ is the coefficient of uniforndty expressed as a percentage, x is

the deviation of individual observations fro* too seen value n, and n is the

number of observations. The individual observations are the amounts of voter

that fall in equally divided sections of the area covered by the sprinkler,

A coefficient of 100 percent shows that complete unifornity boo boon attained*

In an analysis of the principles of sprinkler irrigation, ChristUnion

that a sprinkler rotated at a unifam speed in still air should pro-

a pattern that would be symmetrical about the center* He isprescnted a

pattern by the amount of water that would fall, in a specific period

of tine, at various distances located from the center of rotation* He of the

types of sprinkler patterns is conical in shape, a cross section

the center of which is a triangle with the apex located at the sprink-

ler* Christiansen used various combinations of spaoings between laterals, and

Sjejfcsjl of BjrtsfiBV heads on the Iv.tcrcls, Sjd then cupcrl^noocc the |MSJ

sprinkler patterns to obtain values of C^* He found that a conical pattern

with a triangular cross section will give a nearly unifora application

(Cjj • 96£ or higher) for spaoings up to approximately $5 percent of the pat-

tern diameter* This work by Christiansen shows that if the pattern produced

by o sprinkler is known, an optimum uniformity can be obtained by the boot

Mess) IossMhMsVc*

set up field tests to determine the patterns produced from



actual sprinklers. It should be mentioned that the sprinklers used by

Christiansen were mainly of the "old fashion" slow-rotation reaction type.

This type of sprinkler Is seldom Med at present In ccrraorclal irrigation.

In his tests, Christiansen placed snail tin cans ten feet apart over the en*

tire area covered by the sprinkler. Water was popped through a water aster

to the sprinkler and a pressure line from the baee of the riser was returned

to a pressure gage located near the puap. A valve located at the pump was

used to obtain the desired pressure, A four cup aneaoneter was installed ten

feet above the ground adjacent to the punp and the wind velocities recorded

were those obtained at that location, Christiansen stated on his test data

the approoESaate average wind velocity and the general direction of the wind,

altar each test, the water caught in the cane was asasured and the amount was

then Maorisa on a nap showing the can layout. Contours were drawn repre-

senting points of equal depth of catch, and the relative amounts gave an

Indication of the sprinkler patterns obtained.

The patterns produced with the sprinklers need shownl conelderabls dif-

ferences. Seas of the patterns were triangular in cross section but many had

neak <<»*>*• of *Tw** ,t *>»tlfln located at various distances outuard froa the

sprinkler. Several tests were made to determine the effect of using a pres-

sure that was lower than normal. It was found that the area covered by the

edge in which the depth of application was ssveral times greater than closer

towards the sprinkler. This ring shaped or "doughnut" type of pattern was

considered by Christiansen to be unsuitable for the attainment of a uniform

distribution with any reasonable flimMimwtl^m of sprinkler ff—rf«yt»

Christiansen conducted a limited number of teste under conditions in

which the wind velocity was relatively large (as high as l'i,0 aph), lie found



in general that the water would be thrown furtlier in the leeward direction,

but that the depth of application in the leeward direction would be deficient*

Christiansen concluded*

.•••The effect of wind on the uniformity of distribution over

a large area* with sprinklers close enough together to provide an

adequate overlap* is less serious than uneveaness fro* other

(21) conducted field tests of a similar nature to those of

Christiansen* The primary concern of Wieraaa»s tests was the effect of wind

on the uniformity of distribution. The sprinkler heads used were made by one

manufacturer and they were of the modern type of design, that is with spring

and oscillating arm. Host of the tests were perforned using one particular

sprinkler head, but various nossle sloes were interchanged* Wind movement

was determined by a three cup totalising anemometer which was mounted four

feet above the ground* One-quart oil cans were spaced on a five foot grid

around the sprinkler head and a pressure gage was mounted on the riser* An

example was given by viiersma of the results he obtained from a typical

frrtT^f'pr under windy conditions* The pressure and nossls sine used were

unstated* At mph wind, the distribution pattern had essentially a triangu-

lar cross section with water being applied *J0 feet out from the sprinkler in

all directions* At 2 mph wind, the pattern remained triangular with water

applied out to 60 feet in the leeward direction and only out to 1*0 feet in

the windward direction* tflth a wind recorded at 1U.3 mph, a triangular pat-

tern was again obtained, but the pattern extended out to approximately 7$

feet in the leeward direction and 25 feet in the windward direction*

tflm mm overlapped the sprinkler patterns that he obtained and computed

coefficients of uniformity for various spacings of sprinklers* As an example,

the above sprinkler when operated with a wind velocity of Uu3 mph gave a C^



of 90 percent when the spacing between laterals was UO fact and the •pacing of

heads within Unas was 10 feet. The sane sprinkler, operated under the sane

wind conditions, would give a C^ of 6L percent when the corresponding spac*

ings ware at 60 feet and 10 feet* It was shown, therefore, that a relatively

large unifamity coefficient can be obtained under high wind conditions whan

Mir BesJnlA H re properly space '.

Wlerens's tests also showed the effect that pressure and nozsle else

have upon the uniformity coefficient. With the epacin between sprinklere

and the pressure at each sprinkler maintained constant, the coefficient of

uniformity is greater at low wind velocities then at high velocities* iiowever

for each particular value of wind velocity, the uniformity coefficient for

Lr-cr r.czslo ejawj banal Mtaej r< Unj quartitics of water) Mas consist-

ently greater than the coefficient for analler neaale sines* In a elailar

-, when the neaale sines and the spacing between aprlnklers were held

the uniformity coefficient aearaisad as the wind velocity Increased*

However for each particular value of wind velocity, the uniformity coefficient

was lean when lneufficient pt cacmo was used than when the proper operating

The unifcradty coefficient nay be considered an actually a distribution

efficiency, that is, it is the efficiency with which water in distributed

over the area to be irrigated* The uniformity coefficient dose not, however*

tent into aenennt any lenses that occur after water leavea the snrinklnr noa*

ale and before it reaches the ground* nagley and Criddle (1) define an

application efficiency ant

The ratio of the anount of water reaching the ground
en measured by the sampling cane, to the anount being 4*Tf><*rged
from the sprinkler nonales*

Criddle reecnaend that the product of the application efficiency



and the distribution efficiency should be uetd to detettnine an "overall

efficiency"*

Frost (7) conducted field experiments in order to determine the epplica-

Uon efficiency of sprinklers under Arisona conditions* Bis primary interest

was In the spray lose due to evaporation. Frost set up two sprinklers and in

the overlapping area between the sprinklers he placed quart cans six feet

apart. The amount of water discharged mm Bsssured by a calibrated meter and

the pressure was detendned from a pressure gage attached to the lateral at

the base of each riser* Wind velocity van determined by s Biram anemometer

equipped with a directional vane located six feet above the ground* Wet end

dry bulb temperature readings were made several times daring each test run.

Frost determined the spray loss in the air from the difference between the

stared diseharre and the computed amount of water reaching the ground sur-

face. An attempt wes made to reduce the amount of loss attributed to spray

loss in the air. Frost considered that most c£ this loss was actually due to

imiMtMim lees after the water reached the gage cans. 9e! was placed in

the cans and the cans were painted white to reduce the heat absorbed by solar

radiation.

The tests run by Frost employed sprinklers of the oscillating arm design.

With nearly sero wind conditions, the amount of evaporation loss was found to

vary from approximately three percent at very high relative humidities to

approximately ten percent at very low relative humidities. The relative

humidity in Arizona is commonly lees then 20 percent* Dy changing nosale

sleee, the amount of evaporation loss mas found to decrease slightly es the

diameter of the nossle was increased*

With respect to the effect of wind on spray losses* Frost made the

following statement!
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ccnsidsrebly higher at the high wind velocities

as ouch of the fine spray was carried out of the collecting ere*

end therefore failed to reach the ground aurfaoo In —Muial ilo

quantities. As this drift did not moisten the soil outside of the

i, it wee assumed that It was a cctaplr te loss for Irrigation

Several tests sere run with sprinkler pressures varied fron 30 to 50 pel and

with wind and relative humidity remaining essentially constant, infer the

higher pieesussi a finer spray sss produced and it was found that a certain

percentage Increase In pressure produced nearly the sane percentage increase

in spray loss. With the pressure and relative humidity maintained nearly

constant, it was found that doubling the wind velocity approximately doubled

the spray losses. Frost points cut, however, that these results may not

necessarily pertain to sprinklers and nossls aiaea that were not used in the

testa.

Iaborator tests have been conducted by Dilansld sod Kidder (2) to de-

termUM the factors that affect the distribution of water from sprinklers.

Ins factors investigated included the operation of the oscillating arm and

the effect of changes in pressure, noesle else, and the angle of nossls in-

clination. Since the tests were conducted indoors, all weather variables

were considered to bo eliminated, wind Telocity was not taken as a factor

affecting distribution, i.e., air movement was considered to be aero at all

times* Quart cans were placed at two foot intervals outward from the sprlnk*

lor location except that rear the far edge of the trajectory limits the cans

were placed at one foot intervals. The sprinklers used were from ess manu-

facturer and were of the oscillating arm type. One noazle was operated at s

time and the oscillating arm either acted or was prevented from acting. The

results of each test were recorded in the form of depth of water caught ver-

distanos from the sprinkler. Application efficiency was not considered



as part of the tests, but due to the nature of the tests this probably would

have been close to 100 percent.

The tests showed that when the oscillating «*» «*• acting sad regularly

interrupting the jet of water, the amount of water which fell out near the

sprinkler was increased, Without the action of the oscillating era, acre

water tended to aceuaulate near the cuter edge of the trajectory. When the

noasle r4— was increased but the pressure aslrtained constant, the distribu-

tion tended to be sonsshat improved. That is, there tended to be less of a

peak accumulation towards the outer edce of the trajectory. When the pres-

sure was increased, other factors remaining ccostant, it was found that tho

trajectory distance was increased. However becauss the higher

also resulted in the production of smaller droplet siaes, an

amount of water fell out at distances closer to the sprinkler. ftt the higher

therefore, the sprinkler pattern will be greater &» extent but

uniform in coverage. The larger droplete will travel a greater distance

from the sprinkler but the areas adjacent to the sprinkler will be

acre thoroughly filled in by saaller sised droplets.

Tests wars perfarmed by BUanski and Kidder in which the angle of notsle

inclination was increased frca 10 degrees to 35 degases from the harisontal.

In a asnnsr quite similar to an increase in pressure, it was found that SB

increase In the angle of inclination resulted in en increase in the maximum

trajectory distance. At the higher angles of Inclination it was also found

that relatively more water tended to accumulate out towards the maximum tra-

jectory illetsnen and leas water accumulated near the sprinkler.

Laboratory tests have been performed by Levins (16) to determine the re-

lationship between the distribution of water and the slse of the water drop-

lets. The nature of the tests were stellar to those of ilanski sad Kidder
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accept that the size of the droplet deposited, and not the weight of accumu-

lated water, was determined at distances from the sprinkler, rop size

saesuraments ware made at five foot intervals outward from the sprinkler.

Paper toweling held horizontally was passed through the stream at speciflad

distances* The paper was photographed and the fila was projected on a screes

to twice the original size* The drop diaaetors ware than measured* Levinu

recognised that the dimeters were not the actual drop dliiastafii and he de-

noted then as "apparent" drop diameters*

Icvine found that for a given nozzle siae and pressure, droplet diameter

with distance outward iron the sprinkler. As sprinkler pressure

increased, droplets of a given siae traveled a greater distance. However

as the pressure was Increased* acre droplets were produced of a smeller siae*

An increase in noaala aise also resulted in the production of snaller drop-

lets. These findings were true whether the oscillating arm did or did not

operate. It is pointed out by Levine* however, that the operation of the am

interrupting the stream will be yet another factor TirtHfc additional

ticn of smaller slaed droplets.

Frost (?) in connection with his tests mentioned above,

which confirmed the results of levine* The tests ware performed in the field

but under essentially still air and constant weather conditions* The major

difference in Frosts tests was the method by which ha determined droplet

size. The droplets ware collected in snail cans partially filled with

bantonite. The cans were weighed before and after several paaaea of the

sprinkler* The amber of droplets falling into the cans were counted*

tearing a spherical droplet shape and a specific gravity of one, Frost was

able to calculate the average size of the droplets falling into each can.

An examination of the nature of a water droplet is iaportant in the
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of the theoretical relationship between droplet else and the dis-

tribution which nay bo attained from a sprinkler.

laws (15) studied photographs sade at right angles to the direction of

flight of water droplets, lie concluded that a droplet is not tear-shaped hot

is oblate, that is, it is a spherlod flattened at the poles* For a section

cut parallel to the direction of fall, the droplet has a major axis normal to

the fall direction* The objective of laws* work was to deteradne the fall

velocity of various eised particles* He used a "double ssyosuie* photo-

graphic technique* The measured distanoe between film images was related to

the tine between shutter exposures* For a statenent of droplet slse Laws

used* "messier of a sphere equal in volune to the drop*" The wsthod used to

detendne droplet slse was eeeent.laiy the saws as that used by Frost* The

drops wars caught in a bottle and the increase in weight was determined by SB

analytical balance.

Green (11) jilwstssiisn liml water droplets which novod almost directly

towards a camera* The trajectory from a sprinkler was placed so that the

stream passed Just beneath the camera bed* Green found that the drops wars

circular around their axis of flicht. lie calculated the drop volume by the

volume gonoiatod by the circular area as it is rotated around en axis normal

to the axis of flight*

Mention was wads by Green of the various factors causing; the dispersion

of the stream issuing from a sprinkler nossle* The velocity of water prior

to looviir: the nossle varies from a minimum at the perimeter to a neglmin at

the center of the eh'sawi bpon leavin the nossle, an initial breakup in the

stream is tmmi. by the variation in velocity* Further breakup of the drops

is related to the air resistance and the surface tension* Surface tension

will tend to maintain the drops as spheres while air resistance will tend to
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I flattening or oblation. Green states!

ipftyfT* the oblation is to sueh on extent that the air realstance

exceeds the surface tension, the drops break op into two or more

drops and several snail droplets.

Green considered that a droplet smaller than h.5 mm would remain stable*

Photocraphy shows that even though a droplet remains stable in total

naee, a continuous oscillation will occur which will change the degree of

oblitl"" of the droplet. This fact was referred to by both Green and Isms.

With respect to ths oscillation of droplets, lews states t

The effect of this change in shape is to add a new order of

variation to a flisnowsnaa already beyond the reach of current

analytical tools.

Green notes that when droplet oblation is greatest, the increased flat,

toning will increase the air resistance. The increased air resistance will

result in a reduced fall velocity. Green concluded that for stable drops

there is no true teralnal velocity but a mean terminal velocity. Oresn used

the results from lews' photographic experiments (referred to above) to obtain

values for droplet terminal velocities. However Green recognised that the

values given for terminal velocities were actually just mean terminal veloci-

ties.

::;a:ir:in *hc flMM MM* en a MaHs) Miff >oplct, Bgejj .10) »
veloped a relationship between particle mass and air resistance. This rela-

tionship was subsequently required by Bilanski and Klddsr (2) in ths

determination of the trajectory of a water droplet. Air resistance was con-

sidered by Green to be directly proportional to droplet velocity. Green

points out that even though water issuing from a sprinkler amy exceed 100 fps,

this io still relatively low and within the range that physicist*

the air resistance to be a function of the first power of the velocity.
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The force equation set up by Green is

rrcci voxcd

g • gravity

? • velocity

t tine

X • a constant related to air resistance

solution of this equation with V - V*^ terminal velocity, and at

time t • oo is

By substituting in values for Vt and from Isms* data (15), Green was able

rto calculate K and the ratio m for various disaster droplets* It was found

that as the droplet sises decreased, the ratio j approached sere* Qi

plotted values of I versus droplet diameter and determined the relationship

K - 0.00122 D2**A. The constant .: is in gm/sec and I), drop diameter, is in

n^^ytfV^ ny^ Kidder developed an expression to show the travel *tfif%*i1<<+

of definite sised droplets moving through still air* Using the same terni-

nology as Green, and with leferspte to Figure 1, the following equations were

drvclcvxd

£-2? - - ? 008 •
dt2

*L& m . £ sin ft - *
where R • KV
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The solution of theee equations is

X - !0C V cos * (W^ *)

and y • «A V sin w <W*# *) g(MA)2 <W^ *) - HA g t

By substitution in the above equations, the travel distance can be

determined. Since the ratio 1 approaches sero as droplet siae decreases, an

wr4""*^ of the equation in the x direction will show that snaller drop*

late will have a reduced trajectory distance*

EQOXMQOR AMD PROOB0ORI

"he attain:Mi sj controllable yind conditions Ml of MMMf concern to

the nature of the investigation* For this purpose, a wind tunnel was con-

structed In the laboratory of the Agricultural Engineering Department of

Kansas State University (Plata I)* The tunnel was of two inch by four inch

wood frene construction* Internal dimensions of the tunnel were eight feet

ten inches high by four feet wide and the total length was 6$ feet* Coluane

wars placed every five fast and cross pieces were placed every five feet on

the top and every tan feet on the bottom* The Inside of the frame mas cov-

ered on the top and sides by nylon reinforced clear plastic and the concrete

laboratory floor served as the bass of the tunnel* The plastic material warn

type Uo* 55 produced by the Griffolyn Coapeny, Inc. The material stood up

vary mall to the use for which it was employed*

Wind for the tunnel was obtained by use of an engine driven blower

(Plate II)* The blower had a nominal capacity of 3U,000 cfm at l/ha water

static pressure* Control of the quantity of air moved by the blower was pri-

marily by adjustment of vanes at the blower inlet (Plate III)* Additional
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control uas poeslble by a change in engine speed* The blower outlet had a

u3n I* D#f and a ten foot galvanised steel transition section connected the

outlet with the tunnel entrance. The tunnel cross-section, at the point of

entrance, was filled with two inch disaster tubes which acted to straighten

the path of the air upon entering the tunnel* The length of the tubas tsui

7 1/2" and they ware cut from cardboard sailing containers* The tubas were

stacked bstossn am earn made of hurricane wire; the position of the tubes was

not affected by air mi—sit through the tubas.

Wind velocity within the tunnel was determined by use of pitot tubes

(Hats IV). headings of velocity ware made with inclined tube aleohoWllled

nanometers* The pitot tubes and nanometers wars obtained from* and previ-

ously calibrated by, the Wind £rosion laboratory at Kansas State Itoiveroity.

nssitlnfts save taken whan four pitot tubas wars arranged vertically at a point

20 feet iflrMnstrssa from the tunnel entrance (Plate V). The top three tubes

mare located at the l/b» 1/2, and 3A points of tunnel elevation or,

tively, at 2« 2£», U< $», and 6* if** The bottom tube mas placed at the

sprinkler nozzle elevation, which mas eight Inches above the floor of the

Operation of the blower showed that the mind velocity was nearly con-

stant in horisontal planes across the tunnel but that the velocity was ranch

higher at the canter of the tunnel than at points nearer to the top and bot-

tom, m order to obtain a velocity which could be considered as constant in

the vertical direction* screening was required at the tunnel entrance. By a

trial and error process, sections of window BCii'ianlm, wars applied to the

ilssnstniaa hurricane wire until the wind velocities at the 1/h, 1/2* and 3A

points were essentially constant. The velocity at the bottom pitot tube was

what lower. At velocities in the upper three tubes of 2*5>, £.0, 7*5>, ami
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10 mph, the velocities in the botton tube were respectively 1,8, 3.7* S,3,

sad 7*1 aph. & all cases, therefore, the velocity in the bottom tube was

greater than 70 percent of the value for the other three tubes* 3y probing

with the pitot tube, the velocity was observed to remain constant for several

Inches below the lA point tube and then taper gradually to the value given

for the bottom tube. The velocity above the 3A point tubs was not con-

sidered since the trajectories of the water stress were contained within the

3A point. The values used for tunnel velocity readings were those obtained

at the lA, 1/2* and 3A points when the tubes wars set midway between the

^jy^ifi vails*

Water pressure at the sprinkler was determined by a Crosby pressure

The gags wen calibrated by an Ashcroft Qag* Tester belonging to the

Knglnwertng Department, Kansas State university. The c^ee was

found to read 0.5 psi too high in the range of 30 to $0 pel. Ths lead to the

pressure gags was from a 1" pips tee Into which the sprinkler head was also

fitted, rreseurs adjustment u wsrs mads by s glebe valve placed between ths

sprinkler and ths supply of water* The water was drawn from a $$ gallon

drum, acting as a reservoir, by a I HP motor driven centrifugal pump* Water

flowed into the drum from a hoes connected to a City of Manhattan water sup*

ply tap. A water meter for flew uismint was pXassd between the valve and

ths sprinkler (Plate VI)* The water meter was manufactured by the Pittsburg

Equitable Meter Company and it was checked for accuracy on a Neptune Meter

Tester at the City of Manhattan Water Works* Water from ths meter flowed to

a riser supporting ths 1" pips tee and the attached sprinkler (Fists VII).

ths angle of the riser* A protractor with a level bubble aided in determin-

ing the exact angle setting* All references to nossls angle setting In this



WBUSkTim OF PUTI z

Inside vim of wind tiamel. Pans for detennlnlnc aprinklcr clietributioo

pattern ttfvwn pliKHwi in the tunnel*
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PLATE I



ittusmcn or plate ii

View of angina driven blower and transition connectinc blower to tunnel

Water supply and water control Byetem shown In the foreground.





EXFIAIATIOR Of PUTE HI

View of blower Inlet. Handle for vane adjustment* shown at center of

picture*





KrUttfXOB OP PLATE IV

Pitot tuboe fear detornininr air velocity afaoun located Inside of wind tunnel*





Bfimn or i ua t

Vint of pitot tubes mounted onUdde of wind tunnel* End* of pilot tubes

shown connoctod to inclined wmooetors.
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'E v



nruaxnm or pute vi

Details of water control system. Volvo for pressure oo^uatoenUi
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S VI



KXPLARATIOR OT PIATE VII

View of eprinkler nounted for testing. Water supply line shorn entering at

left-center of picture. Hose leading to pressure gage shevn attached at

faint of sprinkler.
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will be in terms of dip,

1— above the horimontal.

The sprinkler noesle was located five feet from the tunnel entrance for

teste made with the water stream going with the wind, and the nettle location

was 20 fast from the and of the tunnel far teste when the water stream oper-

ated against the wind* Water from the sprinkler was caught in pens located

five feet apart except near the outer reaches of the trajectory. M thstn

points, the pans ware placed two and one-half feet apart* The pens were

eiaed 13.0" by 0.25* across the top and they were two inches deep* At each

catch location, the pans were placed three across with the long dinsneicn

perpendicular to the tunnel axis (Flats I). The center pen was placed so

that its rolled lip overlapped the outer two pans. The elevation of the top

of the pans was six inches below that of the sprinkler noezle.

The sprinkler nodal used for the teste was a Rein Jlrd Sprinkler Mfg.

Corp. model Ko. 1U. The oscillating am wee taped in a fixed position to

prevent its operation. The duration of all tests was the tine for ten gal-

lons to be emitted for the sprinkler. Teste both with and against the wind

were made at 0, 2.5, 5*0, 7.5, and 10 nph. The teste were made with a noeele

sins opening of 7/6U", a piessuit of Uo pal, and an angle setting of 22 de-

grees. These values are considered by the manufactarer as the tendanl oper-

ating conditions. Additional teste were cendttUnt with the wind velocity

maintained at 5 nph but with one of the above-mentioned values varied at a

time from standard. Teste were made with 3/32" and 1/8" wattle siae openings,

30 and 50 pel preesure settings, and 1? and 12 degree angle settings.

The amount of water falling at each pen location, in terms of inches

over the pan area, wee determined in the seme manner need for a rain gage*

The water caught in the three pane was poured into a graduated cylinder. The

L j'nee neonMoral area of the cylinder was U.16 square inches and the cylinder
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bad tan divisions to each 1*37 inches* The total area for the three pern «•

U9.20 square inches* The number of tens of divisions of water in the cylin-

der tines 1*37 inches and «oltiplied by the ratio of the cylinder area to the

pen area gave the inches of water over the pan area* The inches of water

caught were therefore the number of tens of divisions of water in the cylin-

der multiplied by 0.0161. Harks in tents of 0.01 inches were made on the

cylinder to enable readings to be made directly.

The «f1ff»-«™?» that a drop of water of any given else will travel when

subjected to wind was investigated from both a theoretical and experimental

standpoint. The theoretical development was based on the assumption nade by

Green (10) that the drag force on the drop is proportional to the particle

velocity with respect to the air. The following factors were used in the

tevelopnentt

H • particle anas

Vx velocity of the particle in the x direction

Vy • velocity of the particle in the y direction

Vy • velocity of the wind

Vp/fc a velocity of the particle with respect to the earth

VP/A • velocity of the particle with respsct to the air

Vjk/E • velocity of the air with respect to the earth

% • angle of the sprinkler noasle from the horisontal

V - initial particle velocity upon leaving the noasle

y » distance of travel in the y direction

z « distance of travel in the x direction

a • acceleration

g • gravity

F • force
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S • a constant related to air resistance

t • tins

With reference to the assumption nade above, the drag force equals a

multiplied by (V»^)« That this is true is shown by

VVa'V
'» v

P/fc
* V* *"* V

A/fe •V ThereforG **» ** forc8 *P*1*

K (V,-*,).

The distance of drop travel in the x and y directions, shewn in Figure 2,

can be found from the following force equations!

In the x direction

H - «| (Vx.?w )

In the y direction

a || - ««s-^y

lbs solution of these equations is

X - (? cos 9 -Vw ) &/K) (W^ *) Vw t

y • !</* V «in * (l-e^ *) g(KA)
2

(
W** *> - V* C t

Travel in the y direction is shown to be unaffected by wind and the

equation is the sane as that determined by Bilanski sad Kidder (2) for still

air. The complete solution for the above equations is given in the following

section on derivations*



Y

WIND DIRECTION

.K(VX - Vw)

Vo

M
g KVy

N
\
\
\
\

FIGURE 2. FORCES ACTING ON A PARTICLE TRAJECTED THROUGH
WIND.



36

The tiff* t for the drop to return to the elevation of the sprinklar

noeale can be determined by setting y equal to zero. The tiiae t is then

found to be

t - ACUe-^ %
)

V« sin » *

i • ° K/K

I

The development of tola equation is also given In the section on deriva-

tions.

Water drops emitted frotj the sprinkler were caught in order to test the

above equations. The drops were eaught by $a by 7" sections of paper towel-

ing with the long dimension perpendicular to the tunnel axis. A fixture was

need to hold the paper at the elevation of the sprinkler noeale (Flats VIII).

The fixture contained four pins onto which the paper was affixed* The paper

was sipimsil to the water atresia for only a short period so that the number of

drops caught at a tins was limited but distinct. For this purpose, a shatter

type of arrangement was used. Two thin netal shields* each 1* by 2», were

placed so that there waa Just a slight clearance between the shields and the

paper held underneath them. A two inch opening, running parallel to tho tun-

nel axis, waa maintained between the two shields. A rod waa attached to the

fixture so that the paper could be moved from outside the tunnel, with the

sprinkler in operation, the fixture located under one shield was pulled

across the gap until the paper waa entirely under the second shield. Move-

across the gap had to be sufficiently rapid to prevent an excessive

of drops from falling on the paper.

9m paper was weighed on a Chainanatic Analytical Dalance before and

after eapesure to water. The number of drops waa counted and the weight per
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the drops to be spheres end the specific

gravity of water to be one, the overage diameter of the drops were deter-

Teete sere made at 5 mph wind velocity, both with and against the

directions, and at sph wind velocity. Initial stream velocity was

determined from the gallons per minute flow rats and the area of the nozzle

opening. The number of gallons was deteraincd from the water meter and the

tine was sjIwIisjiT by stopwatch. The fixture was set at 35 feet from the

sprinkler for both the $ mph test with the wind and the mph test. The

distance from the sprinkler was 2$ feet for the $ aph tests against the

wind. For all three wind velocities, the sprinkler was set at the standard

of 22 degrees nossle angle, UO pel pressors, and 7/6U* nossle



KFI4S&TI0H OF PLATE VIII

View of paper tousling placed on fixture for catching water drops.

to prevent an excess noober of drops from falling on paper are sham In bask

of the fixture* The rod for pullinc fixture fron under one shield to the

other shield is sham attached to right side of the fixture*
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The following derivations

3U, and with referenoe to Figure 2.

! Istaoce of drop travel in the x direction:

F -Me

Ha • -K (Vx-Vy)

vx",vw

using the notation on pages 33 and

^.y^dt

In (VOu

Vo • Ve COS •

» -x/te t

In -/. t

Q_ W

*x« CTo^) s "^ * ^

§ - <v"w> •
"** * vw

/"**t •y

r

(v^-v s
"^ * dt / vt

x - (V^-s,,) (-100 • "^ * I* VM t I*

lo 'o

x - (v^-V (4tfZ) (s
"^ * -1) vw t

x • (V cos * -Vw ) (100 0* "^ t
) v„ t

dt
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iotance of drop travel 1b the y direction*

Ma - •*% -CTy

?y

dr t •40$ dt where V« • V sin ©

*'

In (Vy M/K g)

In (Vy
!0C g) - to (V« M/K g) • «^/H t

Vy*l0Cg _-J0tt

-./. t -/C

r
7
dy-A (?Oy *^g)e*10it -/

r

nA gdfc

y - (v«y 10C g) M0O -/ t -H/*gt

y - (Voy • HA g) <-**) (•"^U).^fit

y - K/K ? sin 9 (X* "^ *) g<J0O
2 O* "^ *) - V* g t
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t for irop to return to its initial elevation*

y • • H/k V «ta • (I*^ *) *g (KA)
2 O-e^^-HAgt

let $/k • z

!^£Li <!--*> £(*• «*>-*-<>

V gln» . Vpsing
e
-Zt *4-4e-zt -^-0

2 I F zr z

(•-)(-*£*-*)
Vp sin » gt

Z * Z
#

z
t •-

I
e

-'* ? Bin • g \ vA sin •

7?

I ZJ Z z

E Z

t - e "Z* (-A) A

t • A(L« "*& *)

Sprinkler Distribution Patterns

The results of the tests of the effects on the distribution from the

sprinkler with a chance in wind are shown in Table 1 and are presented graph*

ically in Figures 3 and u. The results of the test* node at constant wind

velocity showing the effect on distribution with a change la pressure, nossle

slae opening, and nossle angle setting, are given in Table 2 and are pre*

graphically in Figures S> through 10* Checks on the test results were
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nade by repeatinr tests and obtaininr second readings fron the pans at one or

possibly two locations. The variation was such that the reading* would not

be increased or decreased by *01 of an inch*

An liiull in of Figure 3, with wind movinr in the sans direction as

the water shew, shows that wind did not greatly affect the distribution

pattern until a velocity greater than 7*5 nph was reached* In all cases,

however, the anount of water falling relatively close to the sprinkler de-

creased as the velocity increased. Operation of the sprinkW against the

wind, shown in Figure U, had e profound effect on the distribution obtained*

As the velocity increased, the extent of stream travel was considerably de-

creased. Operation directly into the wind rapidly broke up the water stream.

Pans were placed back of the sprinkler but only a fins sdst (essentially no

water) was aecuoulated* At the higher wind velocities, a noticeable quantity

of mist could be observed leaving the tunnel exit.

Figures $ through 10 show general trend* when the pressure, noaale siae

opening, and noaale angle setting were varied about the standard conditions

of ItO psl, 7/&i" Hi—tin 1 opening, and 22 degree nossle angle. Figures £ and

8 show that an Increase in yaaoewre tended to distribute the water sonewhat

nore uniformly throughout the trajectory distance. A decrease in pressure

resulted in nore of a concentration of water at peaks* Figures 6 and 9 show

that the nature of the distribution pattern was not greatly changed over the

range of noaale slaes used* The asodann trajectory distance was, however,

increased with an Increase in noaale siae. Figures 7 and 10 show a consists

ant change in the distribution pattern with an increase in the noaale angle

eatting. A larger angle setting served to extend the distribution pattern

a greater distance. Aa the angle was decreased, relatively sore

ana deposited closer to the sprinkler*



Table 1. Depth of mater (inches) deposited from sprinkler operating trader

conditions of ho pel pressure, 7/6V nozzle opening, and 22 degree
lytnlft yngtff setting*

t

•

.stance from
"

nosels (feet)
j

:

Wind Velocity

1 rr i

: 2#^ °Ph^^
i with stream

t S'.O Hiph

i with stream
: 7.5 mph

i t with stream
: 10.0 mph
t with stream

2.5 • • - - -

5.0 .01 a. mm

7.5 • m m> — m

10.0 .03 .01 .01 a*

12.5 • — tm •* *»

35.0 .06 .03 .02 •01

17.5 m • «» • -

20.0 .09 .07 •05 .03 .01

22.5 «• • - «• •

25.0 .11 .12 .11 .01*

27.5 .13 » •» • •»

30.0 .25 .17 .19 .17 . .11

32#5 .17 - - • «•

35.0 .21 .21* .28 .26 .19

37.5 .27 .31 .33 .32 .23

1j0.0 .32 .31 •28 .33 .27

KM .11* .12 •08 .18 •20

i*5.o •01 •01 •01 .01* •21

If* - - — - •05

5G.0 • - - • -
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t

Distance fron*SS (foot)

;

Ktat Velocity

2.5 nph t 5*0 qph » 7.5aph «
10.0 nph

-

9*irainot ctre<gatagainst strea : IfatMl ttPMl i1 against stream

2.5 a .oh .10 • 1 If

5.0 .Ob .08 .16 .39

7.5 m .12 .2U .35

10.0 .10 .16 .29 .16

12.5 • .10 .30 .02

15.0 .15 .22 .27 a

17.5 .17 .23 .21 m

20.0 .IS .21 .08 m

22.5 .21 »<' • —

25.0 .21 .20 - «•

27.5 .27 .OU — *

30.0 .22 — •m —

32.5 .OU — m «»

35.0 — » mm ~»
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Table 2. Death eT water (inches) ilanoalloil from snrinkler oceratirc under
VBPVtLZl. * COTiCiJi.oiOH8 Of tflPBflflUYfi* fiO£2aJ£ ODttuOff* ffiftu BflttlA flflSC* G

sstxlng*

i Wind Velocity—5 sph with water si

Distance xrm

8

t

30 pel
SB

sss

t 50 pel
: **

t

t • i

t 3/32" opn«g t

t :

t

l/S" opn«g t
MM ;

M
17deg

: 1

1 «*

t 22 deg

2.5 « it •» •» • •

5.0 «• «•

7.5 — — - • •» •

10,0 .01 .01 .01 .01

12.5 - . •• «• m •

15.0 .01 .02 .01 •02 .02 .03

17.5 • «• - «• • •

20.0 .oU .05 .& M .05 .08

22^ - - — m «• •

25.0 .11 .12 .11 .10 •12 .16

27.5 - «. » • .16 •20

30.0 . .18 .19 .16 .21 .25

32.5 - - • «» .25 .31

35.0 .:•; .21 .30 .21 .30 .35

37.5 .39 .28 •36 .26 .33 ..-3

hO.0 .18 .27 .27 .32 .22 .03

Uul .03 .Hi .06 .22 .0!i •»

li5.o — .03 «* .05 - •

1*7.5 - - - - - -
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t d Velocity—>> nph

Distance ftraa *

(feet) i 30 pel » 50 psi t » t » i * i •

t *» , «• i 3/32" op»i»e i VSn opn»g t »• % **

x <k» | «Hi : j t 17 deg s 22 dag

2.5 . '• .06 .03

.05 .10 .07

7.5 .07 .Hi .10

.11 .17 .15

12.5 .16 .19 .19

» ZjO pel
M l/(\- I

i2

M .06

.05 .10

.07 4k

.U .17

.16 .19

.20 •20

.23 .21

.27 .23

.31 •22

.33 .17

.06 .03

15.0 .20 .20 .22

17.5 .23 .21 .2U

20.0 .27 .23 .27

22.5 .31 .22 .28

25.0 .33 .17 .20

.06 .03 .01

30.0 -

32.5 -

.03 .• .07

.06 .12 .13

.09 .IB .23

.12 .25 .33

.11; .28 .38

.16 .29 •bO

.18 .30 .19

.20 .22 -

.22 .05 -

.26 •• •

.25 < -

.07 • *
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Sprinkler Application Efficiency

The effect of a change in wind on sprinkler application efficiency was

detorcdned through an approximate Method baaed on Figures 3 and h. The area

under the curve for each wind velocity provides e aeesure of the anount of

water deposited by the sprinkler. The input of water for all teste was ten

gallons* The distribution curve at nph wind velocity wee considered to

represent 100 percent application efficiency and this wee justified ee fcX»

lows. The area under the nph curve was found by the use of a plantaoter to

be Ii.88 inch-feet, or .bo6 equare feet* The length of the peas* feeing per*

psndicular to the water tinwii, was 3.2$ feet. This latter dljimrtalcn multi-

plied by .b06 square feet gave 132 cubic feet for the anount of water caught

in the pans* Using the conversion of 7.U3 gallons par cubic feet* the anount

oanght was 9*87 gallone and the efficiency was 98*7 percent. Since the area

under the curve could vary by one percent* or perhaps acre* depending on the

exact nenner la which the curve was draaa connecting the points, it was de-

cided to nnaafitor the efficiency at aph as 300 percent.

The change in efficiency when subjected to wind was determined by cob-

paring the ratio of the area of the other curves with that of the curve at

aph* These ratios are given in Table 3 and are piescuted graphically in

Figure 11. The ratios are expressed in terns of percent.

Figure U shows e greater decrease in efficiency* with an increase in

wind velocity* when the sprinkler operated against the wind rather then with

the wind. In both cases* there appeared to be a acre rapid drop off in effi-

ciency as the wind velocity exceeded 7*5 aph.
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Table 3. Sprinkler application efficiency at different wind velocities

operating conditions of bO pel pressure, ?/&" nossle opening,

22 degree nossle angle setting*

W* Velocity ' ^??-Z%***r
in percent

sjel i^>

2*5 aph with stresm ??•£

5>'.0 raph with stresm 95*1

7.S aph with stress 93*2

10.0 raph with stress

2.5 spb against stream 95*6

i?.0 aph against stream

7.5 aph against stresm 80.0

10.0 mph against stresm 6U1
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Travel Distance of Droplets

The results of the teste in which water droplets were caught at a sot

distance from the sprinkler, under specific wind conditions, are given in

Mttfl '

• -'-c
I HNp .>op wcii^vtG .--ore otcrrdrcd rori trx; ever |p of en

good tests* Teste were rejected when the number of drops could not be die-

cerned because of overlapping* Tests were also rejected when drops fell at

the edge and not completely on the paper. Cere was necessary to discern

nors then one drop fell at almost exactly the ssas point* Doubtful cases

were rejected*

The initial velocity of the drops was determined from the fact that

2*1 calicos per minute flowed from the ?M° noesle, the area of which is

0.6& x 10"k square feet* Using the conversion of 1 cfs equals bU9 gpn» the

Initial velocity wss found to be 70*8 feet/second* At a tunnel velocity of

5 mpht the tern Vv is 7*31 feet/second when the sprinkler operates with the

wind, and -7.3U feet/second when the sprinkler operates against the wind*

The constant for air resistance was determined from the relationship

5 • .00122 |M* developed by Green (10).

in outline of the calculations for droplet travel distance Is given in

Table $% -ith a wind velocity of 5 mph in the seme direction as the water

stream, a droplet that actually traveled 35 feet should theoretically haws

traveled 39.8 feet. When the wind velocities were mph and 5 nph in the

opposite direction to the water stream, actual travel distances mere 35 feet

sad 2$ feet as compared* respectively, to the theoretical distances of

39.9 feet end 29.0 feet.
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Table U* Weight of water droplote caught at fixed distances froa the
sprinkler nossle.

Distance fran : Hind t Rstoer of x Total weight t weight per
t of drops (gn) t drop (go)nossle (feet) t Velocity t drops

35 5 aph with stress 17 .057 .00335
o n 20 .061 . art
a a 12 •QU9 .ooijoe
a 1 15 .050 .00331*
n n 15 .GU. .00273
it | 9 .020 .00222
o a 15 .066 •OOUjO

a 16 .052 .00325
I a 25 •OljO .00267
a • 10 .03U .003li0

.-'.verve .00325

25 5 snh against stress 13 .051 •0031j0
e n a .068 .00309

22 .117 .00532
16 .062 ,00388
20 .069 .00315
13 .018 •00066

n • 12 .033 .00275
22 .086 .00372
e .03U .00125

12 .oia .003U2
IMMbJI .00370

35 Osph 21 .190 •00905
• (i 1U .11U .00315

10 •no •01100
11 .096 .00872
11» .108 .00771
9 .087 .009U6

15 .13li •0089U
9 .082 •00911
6 .057 .00950
6 .067 .01120

SJMBJ . -r> .00928

/



L t D : V- : Vw : d t K I K/K : A f t

0.00325 1.8U 70.8 7.31* 22 0.0051*1 1.66U 1.1*25 1.25 39.8

0.00370 1.93 70.8 -7.3U 22 0.00607 1.6U2 1.U33 1.25 29.5

0.00928 2.61 70.8 22 0.01270 1.369 1.555 1.29 39.9

I-i average weight of particle (gm)

D a particle diameter (mm)

from Volume _?£ D-*; and using 1 gm water equals 1 cur
6

V initial particle velocity (fps)

Vw wind velocity (fps)

& « angle of sprinkler nozzle from horizontal (deg)

K constant representing air resistance (gm/sec)

from I - 0.00122 D
2*^

V sin 6 M
A • + —

g K

2
where g - 32.2 ft/sec

t time for droplet to return to initial elevation (sec)

from t - A (1 - j*M *)

x particle travel distance (ft)

from x - (VQ cos t - Vw ) (M/K) (1 - e'^1 *) Vw t
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SOMAS! aid cohchjsigw

of a sprinkler irrication unit was investigated

simulated wind conditions* Distribution patterns were etfeahllshed when

the water stream traveled directly with and directly against the wind* Oper-

ation of the sprinkler against the wind produced a greater change In distri-

bution, with a change in wind velocity, than did operation with the wind*

Who the wprJT^vr operated against a 10 mph wind, most of the water was

deposited adjacent to the nossle*

Changes In pressure, nozzle angle setting, and nozzle size opening pro-

duced definite changes in the distribution patterns obtained. The general

nature of the pattern changes was dollar for operation both with and against

the wind* By comparing the amount of water entering the sprinkler to the

amount of water deposited by the sprinkler, as represented by the distribu-

tion pattern, the change In efficiency with an Increase in wind was deter-

mined* Winds of over ?•£ mph resulted In a relatively large decrease In

efficiency*

The wind conditions within the laboratory wind tunnel were twit 1 illy

uniform, whereat out in the field, the wind varies with elevation In a manner

JaymHrtr upon the specific ground roughness conditions. In order to apply

the results obtained in the wind tunnel to the outdoors, sons means of relat-

inc outdoor wind conditions to those in the laboratory are required* The

United State* Weather Bureau has studied the changes in wind with an increase

in elevation above the ground (20)* According to inforoation determined

empirically, the ratios at any particular locatlon--under most usual wind

conditions—of the wind velocity at 20 feet to those at 2« 2§», U» $», and

6« 7i* are, respectively, 1,38/L, 1.26A, and 1.20A. The 2« 2t», U» 5", end
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6' 7|* points represent the l/u, 1/2* and 3A wind tunnel elevations* The

Weather Baen has denoted the most usual wind conditions as dry-edlabatic

slid they have established the 20 foot elevation as the meet satisfactory for

the deteraination of wind velocity*

With reference to the velocity ratios, the results obtained with a tun-

nel wind velocity of 10 mph could be used to provide an Indication of the

results espsctsd when the wind velocity at a 20 foot elevation was appraxi-

mutely 12 to lb nob. In the sane manner, the results for a 5 aph tunnel

velocity rive an indication of the results for a wind of approximately 6 to 7

:ph fctSjSJtJSj t the H fe*t elev MfSJ* hi ration ;.,«! .ove cshaul.i hi

applied only when the ground roughnesses at the location of the 20 foot ele-

vation reading end the lower elevation readings are similar* This will prob-

ably not be the case when the higher elevation readings are reported fron

sites In ncn-Qfxicultural areas*

The distance of travel of water droplets* as affected by wind* was stud-

lad fron both an experimental and a theoretical standpoint* The theoretical

equations developed for predicting droplet travel distances Involved factors

of Initial droplet velocity* initial trajectory angle* droplet mass, and air

resistance* Expsrfcesntal results showed that the predicted travel distance

of droplets was close to, but somewhat higher than, the actual travel dis-

tance* «fr—*nt all other factors to be correct, the reason why predicted

travel distances were greater than actual travel distances can bo attributed

to the value used for initial droplet velocity* The velocity of the water

upon leaving the nossle was used for the initial droplet velocity* A coeffi-

cient of velocity was not applied to the water stream velocity at the point

«f entrance into the sir* For nossles, however, the coefficient of velocity

is given In textbooks (IB) to be in the order of 0*99* A definite reduction
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In velocity, not accounted for by subsequent air resistance on the particles,

my occur during the process of breakdown of the stream into particles. The

velocity reduction can be explained on the basis of a dissipation of energy

daring the process or breakdown. This would agree with the concept, referred

to by Green (11), in which changes in particle oblation occur during the

breakdown process* Further consideration of the velocity of water upon leav-

ing the sprinkler will be given in connection with suggestions for future

HMDDBM Ni ISMMM
The distribution patterns obtained represent conditions of sprinkler

only directly with and directly against the wind* Generalisations

could be made that thess conditions are indicative of maximum and minimum

limits on both the rttaplaosmmt of the patterns and the resulting efficien-

cies. However, it would be difficult to predict the ejected performance

the sprinkler operated at sons other angle with the wind because of the

indefinite manner in which the water stream breaks up into droplets*

The performance of the sprinkler when operating at any angle with the wind,

either while the sprinkler rotated or while it was in a fixed position, could

be determined if a sufficiently large tunnel width were need* The maximum

tunnel width required would be that necessary to contain the water uti eem

trajectory when the sprinkler operated in a direction perpendicular to the

For a complete study at all angles with respect to the wind, the sprink-

ler would be required to turn only 90 decrees. The sprinkler would be

located adjacent to one wall and operated first near the tunnel entrance and

then moved to a position near the tunnel exit, in the first position, the
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sprinkler would operate with the wind and at angles up to 90 degree* with

respect to the wind; in the second position* operation would bs against ths

wind and at ancles again up to 90 degrees with respect to the wind* Contain-

ers for catching the water emitted from the nozzle would be located radially

from the sprinkler. In order to more accurately determine ths eppli-

efficiency of the sprinkler, a catching device could be used which

ihs entire tunnel ares. Ths amount of water deposited by the sprink-

ler, excluding that portion of ths water blown as a fine mist beyond the

appai'ont trajectory distance, would bs determined from the weight increase of

ths catching device and its contents. The weight increase could be found

through ths use of scales or perhaps by the uss of a suitable strain gags de-

vice. If it were desired to completely exclude all mist falling beyond the

maximum trajectory distance, the siae of the catching device would have to be

variable so as to conform to ths water stream travel distance, lbs writer

assumes that the mist deposited beyond ths maximum trajectory distance will

be readily evaporated sod should not be considered available for irrigation.

Qussttons have arisen in this study in respect to the specific amount of

velocity change which occurs after the water leaves ths sprinkler nossle.

Information could bo obtained from an sxporlmental method which examines

changes in velocity during the process of breakdown into particles* Small

grains of a radioactive material would be slowly metered into the water up*

from the nossle. etcctors of radioactivity would be placed at ths

exit and at points downstream until the process of breakdown was

essentially complete. The change in velocity would then bs determined from

ths time of pmsssgs tistsesa detectors. High speed motion picture photography

mould also be of considerable help in ffflmwlning the breakdown process.

Hwtogrsphy could bs used in conjunction with the method involving
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radioactive particlee so that the re ion at which breakdown was coaplete, and

stable drops ware fonaod, would be delineated*
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The purpoao cf this project was to investigate the psrforssns* of a

fixed sprinkler nasals operating under laborr.tory controlled wind

Information ess obtained for the extrene eonditione of the water etreesi

traveling directly with and directly against the wind*

A *f«^ tunnel was constructed so that controlled wind conditions could

be attained* Internal dteansions of the tunnel were eight feet ten inches

high by four feet wide and the total length was 65 feet. The tunnel was

lined on the top end sides by nylon reinforced plastic and the concrete lab-

oratory floor served as a base* Wind for the tunnel was ootainod iron en

*fr^«wtt driven blower, "sn11iji of wind velocity were taken through the

of pitot tubee. Screens were placed at the tunnel entrance to give

tially a constant wind velocity throughout the area of the tunnel traversed

by the water etnen Changes in wind velocity were affected by vans adjust*

nsnte at the blower inlet*

A i* essui e Up from the base of the sprinkler was connected to a gage

located outside cf the tunnel. Pressure odjustwente were nade by a globe

valve placed between the sprinkler and the water supply* Tee flow of water

to the sprinkler was deteradned by a water neter. Water from the sprinkler

was caught In pans located five feet apart except near the outer reaches of

the trajectory, where they were placed two and one-half feet apart* The

enount of water caught at each pan location was found by pouring the water

into a cylinder. The depth of water in the cylincier tiaes the ratio of the

cylinder area to the pan area gate the depth of water in the fens.

Tests both with and against the wind were wade at 0, left 5.0, 7.S and

10 nphf the pressure* nasals sise opening, and nosela angle setting were

maintained iiieiitsjil during these tests* A second group cf tects wore con-

ducted with the wind velocity naintained at $ sph but with



In the values used for pressure, noszle else opening end

sic angle* eettiic* One factor—fcr rssjil », pressure—would be changed at a

tine wIiUjd the other factors war* held constant. The duration of all tests

was tho time for tan gallon; to be enitted from the sprinkler*

The data from the fcejta wart; plotted In tern* of depth of water caught

at each location vorcus distance outward free the sprinkler. The results

from the first group of tosts showed that when *ind traveled with the water

stream, the distribution pattern was not greatly affected until a wind veloc-

ity of more than IS spa vac reached. rvben the wind traveled against the

water stream, a noticeable decrease in the extent of water travel occurred at

2.5 aph and the amount of decrease became larger as the wind velocity in-

creased. The second group cf tacts shoved general trends when the pi—urn ,

nozzle else opening, and ncealo angle setting were varied* An increase In

pressure distributed the water more uniformly throughout the trajectory dis-

tencs* An increase in noosle sice increased the nexiaam trajectory distance*

A larger anglo from the horiaontal served to extend the entire distribution

pattern through a greater distance.

The effect of ar increase in wind on sprinkler application efficiency

was determined by a method based on the graphs of the test results when wind

velocity was increased from to 10 nph* The area under each distribution

pattern curve cam be expressed in terms of inch-feet* This area, projected

ever the length of the pans perpendicular to the water stream, gives a meas-

ure of the volums of waiter emitted frm the sprinkler* The area under the

curve for mph wind was considered to lepiesent 100 percent efficiency. The

ratio of the area of the distribution pattern at any wind velocity to that at

ash was them taken as the amplication efficiency, then the sprinkler

ated with the *ind, the application elficiency decreased as wind velocity



Increased. When the sprinkler operated against the wind, a acre rapid de-

crease in application efficiency occurred as the wind -velocity increased*

The rate of drop off in efficiency became greater as wind velocity increased

above 7.5 mph.

The travel distance of water droplets emitted from the sprinkler and

subjected to wind was investigated from both a theoretical and experimental

standpoint. The theoretical development was based on the assumption of pro*

vices ressereherw that the drag force on water droplets is proportional to

the particle velocity with respect to the air. The following factors were

used in the theoretical development t

M • particle mass

Vx • velocity of the particle in the x direction

V * velocity of the particle la the y direction

V
tf

• velocity of the wind

9 - angle of the sprlnlckr uresis from the horizontal

¥ « Initial particle velocity upon leaving the ncesle

a • acceleration

g * gravity

K • a constant related to air resistance

t • tine

The distance of drop travol can be found from the following equations!

3h the x direction

»£*efttW
In the y direction

»§•<• et%

The solution of those equations is

x - (V cos » -Yw ) (!iA) (W5^ *) V„ t

y - HA V sin » (W*^ t
) gfrV*)

2 (W^* %
) -
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The tine t far the drop to return to the elevation of the sprinkler noe-

ale can be found by setting y equal to aero. Values for K vers obtained from

published results*

Water drops emitted froa the sprinkler were caught in order to teat the

above expiations. The drops were caught on 5s by 7" sections of paper toweL-

ing held by a fixture at the elevation of the sprinkler ncaale. The paper

was exposed to the water stress for only a short period eo that the number of

drops caught was United but distinct. The number of drops was counted and

the weight per drop was determined frati the increase in weight of the paper*

Teoto were made at 5 nph wind velocity, both with and against the stream

airectlons. und at oph wind velocity, initial stream velocity was deter*

mined from the gallons par minute flow rate and the area of the nestle open-

ing. The results of the tests showed that with & wind velocity ox 5 nph in

the seme direction as the water stream, a droplet that actually traveled

35 feet should theoretically haws traveled 39.3 feet, waen the wind veloci-

ties were nph and $ mph in the opposite direction to the water stream,

actual travel distances were 35 feet an 2$ feat am compared, respectively,

to theoretically determined distances of 5.<.9 feet and 29.5 feet*


