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_——’)range of lateral pressures;'lUnregulated discharées"were

* . ABSTRACT -

Y ; . . .

e T . _
Tests we&e conducted to detérmlne ‘the dlscharge,
. 5
uﬁlformmty and.ﬂlstrrbutlon profile of varlous sizes of
Ry

)‘

spr&& nozzles._' A c0mputer proqranl wa S deve}oped to
K oy
‘gncorporate ahd overlap 1nd1v1dual dlstrlbutlon patterns

adcordlng f% ﬁhe speciflcagions of -an exlstlng llnear

oye lrrlgatlon system. erld testlng waé ‘conducted in

\x I

“an effort to substantiate the computer results.

,Qghjlnd1v1dual 'nozzle ﬁdischarge wask,measured for a

N

compared to those for ‘nozzles equlpped w1th pressure'

'

regulat?rs.' Pressure regulatorsauwere- effectlve' in®

malntald&ng unlfo:m\gutput for pressures above 200 kPa. .-

Dlstrlbutlon profiles‘ifor‘ various ISLZES of spray
nosgles equipped with pressure regUlators were obtained
for various discharge ﬁeights. épray,hozzles exhibited
a conical spray pattern with a 'qircular' ring shaped

dlstrlbutlon proflle. For the rahge of nozzle dlscharge

helghts' evaLuated, dlstrlbutlon unrformlty lncreased

with increasing‘discharge height.

The - computer pro&ram adjusted and superimposedd

e
1nd1v1dual nozzle dlstrlbutlon proflles accordlng to the

L

discharge heights and nozzle spacing of aclanear,move.

[}

irrigation system. - A three~-dimensional - ‘linear

-_— -
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interpoiation wasﬂapplied to each‘profile to arrive at a:

system dlstrlbutlon or appllcatlon proflle. "j o -t_ .
Performance of the program was evaluated by
| omparison of the sxmulated coefflcxents of unlformity
“with those measured. ' Theoretlcal uniformlties ‘were
-higher than those obtalned in field testlng. |
- The effect of various extenslon boom lengths was
evaluated uslng the computer model. Extenslon bOOms

increased the appllcatlon area’ and decreased the aVerage

instantaneous applacatlon rate. .
. . .
- _

\
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CHAPTER 1

kINTRODUCTIQN

In recent years sprinkler irrigatien has become
increasingly  more sé)phisticated..'/\‘ High labor costs
coupled with high 1land prices have forced the
development of more . efficient sprinkler systems.
Adaptation of new . 'ideasv is requirec} to increase
irrigation :fficiency. and ‘to ,accgjmmodaté the range of
soil types, topographies and field ‘argas‘ suited'A .t'o'.
sprinkler irriga{:_ion. The linear\' move sprinkler
irrigation - sttem is an adaptationd’ 'desi,gned to
accommodate the irrigation of rectangular“fi_’eid areas. .

A linear. move irrigationv‘s_ystexﬁ is an overhead
sprinkler system whic; cor;s.ists of a lateral 1line of
sprinklers moving in a straight line. The 'laté.l;.'al is
supported by a number of self propelled towers mounted
on wheels. Water is é-uppliegi either ’to the center or
the end of th'e'f'.éiateral froﬁl a difch or bsupply Hose
connected to a pféésurized lpipeline. The pump, fuel and
guidance system ié mounted on a two or four wheeled cart
which travels .besidea. the water-...supply.' "Most linear
’sys'tvems afe diesel pow"ered withi an elecétri'cal generator

supplying current to the support towers -and guiaance

systems.
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Guidance systems use either ground posts, a guide
(L .

wire or a2 .small. wheel in a trench to keep the linear
move - ;ﬁ' a straight line. Small deviations are
autﬁmatically corrected while' safety .&eVices permit
system shut-down in the ‘event of -electrical or
mechanical failure. ‘
o : S
With themincreaéédlcosts of energy, many irrigation
systems are using low pressure deviéeslﬁo apply Water.
A épray nozzle is one such deviée which c‘onsist%:s of a
waéer jet hitting a deflector plate. Spray nozzles may
'be placed either on top, beside or below a lateral, and
usually spray in either a 180° of 360° arc. Spray
nozzles apply water over a' relatiQely small area
créating relatively high application”rates. Qne'ngghod
6f extending th; application area‘is to instalilboéms or
pipes in front of and behind the. lateral.
This ipudy is an atﬁempt to examinelthe performance

and application rates of a linear move irrigation system

equipped with low presshre spray nozzles.



o~

Objectives

i i

Tﬁe objectives of this study were:’

To evaluate £he performance characteristics of a
linéar move irrigation system operating under
normal climatic conditions. -
To obtaih the water distribution patterns of low
pressure spray nozzles operating under laboraéory
conditions. |

. v .
To incorporate‘nozzle‘distribu;ion patterns into a
computer program to predict system applicatioh
rates and uniformities.
To compafe the predicted application uniformities
tg those measured.

To use the computer program to examine application

rates under various lengths of boom extensions.
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_CHAPTER Il

. LITERATURE REVIEW
' The uniformity of water distribution is one of the
most important measures wused in hirrigation system

‘

évaluation; Research has shown that systems with poor
distribution uniformitiés result in reduced yields:and
inefficient Wwater usage. Many operators are using
~sprinkler systems to apply chemical fertilizers and
herbicides. Eoor Watef distribution_ghiformity or high

application rates of these chemicals could result in

serious crop damage or reduced yields.

2.1 Measures of Uniformity

Over the years, =~ many expressions for the
measurement: Of distribution - uniformity ﬂ?ave ‘been
deve}oped. Christiansen (1942) proposed the coefficient

of uniformity (UCC) expressed as a percentage.



. . —HEC = 100 (1."6{:}«5" §L>%%J ') : (1)

where £| Xi - % | is the gpm of the absolute devia-

glons of individual observatlons (Xi) from the average

_J(

of the observations' (X) and whété N is the number of

observations. For a perfecrly d%@form application the
sum of the deviations is zero and%;he UCC is 100 per
cent.
.
Heermann and Hein (1968} expanded digquatlon (1) to
provide a uniformity measure for center—pﬁvot systems.
Each observatlon was consldered to represeht van area

rather than a point. By cqn51der1ng the volumehof water

- applied to the area rather than the depth. applied at a

point, a weighting ' factor was applied to ‘eagh

. observation.

.

Criddle et al (1956) described a Urnited States

7Department of Agriculture uniformity measure known as

pattern efficiency (PE) which qomparee the mean of the

lowest one-quarter of deviations to the overall mean of

all observations.
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where: ‘ o ‘
Xi,q - sum of the lowesﬁ'zsvper cent of observations

X - average of all observations

-

Nd - number of observations in lowest 25 per cent,

-
~

RS

k\ wilcox and Swailes (1947) deviséd the statistical

ey

uniformity coefficient (UCS) which uses, the coefficient

of variation.

ucs = 100 (1 - £

where:

sd - standard'deviation.of the observations

-~ average of all observations

Nllg‘ .Nl

- the coefficient of variation.

-

- ‘Benami. and Ho:é (1964) proposed a coefficient which

considered absolute deviations from two grouped means.

The general mean yasgcalculatéd frbm all Obse;vations.
\

 Group means were then determined from observations above

and'beldw the general mean. This approéch placed more.
emphasis on observations with extensive. deviations from

'

the general mean.
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= [ Na _(2Tb + DbMb)
A = 166 <Nb (2Ta + DaMa)>

whe:e: y - e

Ma - mean of all observations greater than: X

Ta - sum of the observations above Ma '’

Da - difference between the number of observatlons
Vi below and above Ma

Na - number of values dgreater than X ) ‘

Mb - mean of all observations\less than X
Tb - sum .of obserVatons belbw Mb

"'Db - dlfference between the number of observatlons
above and below Mb .

‘NDb 1-“number of vmlues less than X

X . = mean of’all,cbservatlons.

Several researchers, such as 'Beale and Howell
(1966)., Hart (1961).ahdlxorven (1968) studied ' various
measures of.distributiOniuniformity and eoncluded that

there was very llttle dlfference between any .of fthe‘

measures .



2.2 Factors Affecting Uniformity

Many factors ‘ffect the distribution uniformity of
a eprinhler system.> These facters:can ée‘grbuped into
‘three main categories: |
‘(a)-.thgiqal eharacteristic7 of the'eperatinq system;
includinéf sprinkler"de;ign, Asprinkler overlap,
nozzle/size,‘height 6f sprlnkler from field surface
andXOperating preseure; |
(b) eEnvlrénmentall conditiene} mainly .wind speed and
.diré%!fbn, and o |
(c): Management practlces, mainly orlentatlon,‘speed and.
- allgnment of the lateral.

2.2.1 Physical Characteristics'
B T .

Distribution 'uniférmity as . affected b&dleprihkler
and system de31gn has been studled by several authors.
'Seglner (1963) determined that minor dlfferences ln body
_conflguratlon and nozzle constructlon of medium;pressure'
'eprrnklers did ‘not result ‘1n major dlfferences {in
?sprinkler‘ perfermance._” 'BilanSRi and ’Kldder (1958)
:hshowed that the angle of inclinatlon of a sprinkler
nozzle affected the distribution .of water. Maximum

trajectory was achleved at nozzle ‘angles of between 25°:¢f

aﬁand 30° from the horlzontal.»



Bilanski - and Kidder ‘(1958)-,and Seginer (1963)

demonstrated the -effeots - of _operating presuré on:

dietribution_ugiformity. Increasing operating‘preSSure

to a certain optimum range decreased the mean droplet -

diameter and ‘increased distribution uniformity. . High
» T '
operating pressures caused a greater breakup  of the

i jetetream and increased trajectory“dletance.- Operating

at pressuree_above the optimqurangeicaused excessive
jetstream;breakup and resulted in excess water;deposited
.near the sprihkiers. Operatlng at pressures below the
‘,optlmum range resulted in lnadequate Jetstream breakup
‘and a doughnut type of distrlbutlon pattern.

| Kohl‘(1974) studied the effects'of'ndtzle size and

operaé%ng pressure on the mean droplet diameter. ”Eor a

constant nozzle size, increasing operating pressure

'deoreased,the mean droplet diameter. Similarly._for a
constaht"’operating- pressure; decreasing énozzle size

decreased the. mean droplet dlameter- however, the'effect

of increasing pressure on the mean droplet dlameter was

more pronounced. Small sprinkler.nozzles operatlng at

low pressures may result in larger mean droplet!’

diameters than those produced 'by larger sprinklers

-

operating’at’higher'preseuree;_~

v



For most sprinklers the amount ofv'water’ applied to-

0

an area varies inversely with the distance from' the-

spt.i-;nkler- " Some overla'p of sprinklers is necessary to

provxde uruform coverage of the J.rrlgated area. The
" amount of overlap wj;l],r .depend on the particular
. sprinkler application palét-e‘r'n". :

2.2.2 Environmental Conditions

.

-Wind speed. and direction are the rnost significant'

env1ronmenta1 factors affectlng application unlformlty.
With hlgh wn.nd , veloc1t1es (greater than le km/h),-
appllcatlon patte.rns become distorted and result in high
‘ concentratlons near the"sﬂprx.nklers and on, the leeward

s:.de.‘ Chrlstlaneen (1942) and Allison and Hesse (1969)

concluded that the distribution uniformity decreased

o with higheir',w_')vixid ‘velocities. Low wind velocity (less

‘than 5 k'n.i/h)‘whad little -effect' on distribution
‘ u—hiformity. K_o‘r\‘r‘en‘ ’(19!;32') i.ndicatedl that the j}.average
: eoefficient of unifermity for the fsprinkieyrs“ tested
dropped from 82 to about 32 per cent when t.he w1nd
veloclty increased from 6 to 27 km/h. ' |

Chrlstlansen (1942) ind:.cated that the,i;ect of

‘wind veloc:.ty on water dlstrlbutlon unxformzqy as . less -

10



pronouncedy\wdth'Aclosely spaced. sprlnklers.." Wind
{nfluences. unlformlty in that ~evaporatlon and drlft
.occurs while droplets are stlll in: the air. Frost and
Schwaler (1955) and (1960)- compared spray losses fgﬁ)a
varlety of operatlng conditions 1nclud1ng day and nlght,
clear and cloudy weather ‘and 4var10us temperatures,

f';/ 'y ' . . ) .
relative  hgm1dltleS, wind conditions and operatlng

pressures. A direct and high correlation was shown for
- e : J

spray losses ahd yapOerreesure deficit. Losses varied
: . _ _
pressure ;and wind speed.

iSternberg" (1967) studied losses for day time and

night time sprinkling. For low wind velocities spray
” e - " P

. losses varied from ‘17 to 22 per cent for day time

operation‘compared to'yariatione'of llfto 16.per cent

¢

for night time operatioﬁ.
Kraus (1966) indicated that total applicatiOn

\
losses from sprlnkler systems ranged from about 3 to 17

per qent for w;nd;speeds,of 4 to 16 km/h. /

o -

N\

‘inversely with'nozzle'diameter and directly with nozzle

11



. 2.2.3 Management Factors

Consideration of management techniques may improve

distribution uniformity depending on’ type and design of.

the system. _Seginer (1969) indicated that orientation
and direction of lateral move@gnt relative to wind

direction can have a Significant effect on distribution

uniformitys For self-propelled systems, uniformity will .

be.affected:by the speed and alignment of the lateral.

s

'2r3iﬂbistribution and Application Rate

Bittinger and Longenbaugh (1962) studied two types

‘7 of distribution curves for application depths from .-

~single sprinklers. ° The .curves were rtriangular; and .
elliptical in :'cross section (FIGURE 1). From these
curves, equations -~ were derived"for describing the

distributicn 'from -a Single 'sprinkler“gtraveiiing 4n

straight and Circular paths.
From FIGURE l, “the precipitation rate at:. any
distance fron the sprinkler for the triangular (Ppt) and

elliptical (Ppe) patterns was defined as:
Ppt = n (5

12



.

whére: T , I . o //\_/
h - maximum appllcatlon rate at the sprlnkler '
r - wetted radlus of the pattern

a - dlstance.from the spr;nkler,

'Tne total depthiappliéd at a point from a singleQ
passgof a 31ngle sprlnkler was. obtalned by 1ntegrat1ngn
the Q;yélover the’ total tlme. For a. sprinkler mov1ng in
a stralght line at'a constant velocity,‘the t‘gal depth

for any pOlnt using trlangular (Dp) and elliptical

'(DE) patterns are:

. . ) .'(:’ ~ - . v
o (1 -m2)1/2 A
Dy = 5h <(l - m2)1/2:_ m? 1n (1 _-m?) - tﬂ;> a _
B U= _I_'l‘l_ _‘ 2
" D . 23,,11« m*)
whére-

o

—/paxlmum agpllcatlon rate at the sprlnklerﬁ

~ distance from sprlnkler‘
:r - wetted radius of the pattern

: Ve = travel speed -

Al il

m - a ratiO'of the distance bfhany po&nt frOm the llne=
~. . of travel to the pattern radius (

<




e

FIGURE 1.

Application Rate Patterns
Sprinkler. p

e e - <> B —~—
= “ S e -
S

of a Stationary

Aot

14



-

a

Bittinger .and Longenbaugh - (1962) compared various
valued of (Df/r) and (Dg/r) to values of (m). The
triangular pattern was shown to produce a more un;form
dlstrlbutlon -than the elliptlcal pattern when. spaced at -
a distance equal to the ‘pattern radius. The most even
distribution for the elliptical pattern occurred at “a
spacing of about 1.4 times the pattern radius.

A}

Christiansen (1942) studied several types of

" geometric distribution profiles and determined

uniformities fcf various spacings. The various profiles
(FIGURE 2) were designated as curves A through F.
Curveq A, B and .C approximated rotating sprinkler
profiles wﬁiie curves D, E_and F were more rectangular
in gcross-section. The coefficient of uniformity was
determined for each profile at'gpac}ngs of 5 per cent of
the wétted diameter along the iate;al.and‘fo; various
spacings between laterals. Curves A, B and é gave
uniform distributicn when spaced at about 55 to 60 per

cent of the wetted Blameter‘whlie curves B,@ann&’F had

,.<.-

. uniferm: dlstrlbutlon at spac1ngs of up to about 45 per

“"“"0——-‘-,4.0,—_’_‘,,.5

[ Do - W e

R

wetted diameter. .

cent and then agarn between 75" and 80 per cent of tﬁe -



-

FIGURE 2. Christiansen's UCC Curves.-
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’

Wilcox and McDougald (1955) indicated that. a -

pattern with a steady decrease in application rate from

the = sprinkler outwards gave - the most uniform

distribution. 'Square sprinkler spacings we:e'shown to

give better distribution than rectahgular spacings and -

}

-uniformities were highest when sprinkler spacings were:

less than 60 per cent of‘the wetted radius.

Much research effort has been directed £6wards the
study of impact or rotating type sprinklers. With the
advent of low pressure and spray'nozzle systems,, concern
has been expreséed " about application rate and
distribution characteristics. u James and Stillmunkes
(1980) examiﬁed the application rate dharacteristics‘for
spray S§rinklers. and compared the. reéults to impact

nozzles. Five center-pivot systemé\wére studied: two

: {qf“tﬁéIs?gtéméiW@téféQQippedvWith.impa¢t'sprinklers, two.
- ‘were "equipped with spr&y'nozz;es §59 9“3 was eqﬁippéd'

" with .. spray ..nozzles mounted on . booms ~ extending

Qe;pendicular~,£o the 'laterals. Low'-presgurg,‘éystems

S

- equipped’ with -sprdy nozzles had lower instantaneous

application rates but~higher"average application réﬁes
than did systems equipped with impact nozzles.  The
system with booms mounted perpendicular to_the lateral

had the lowest instantaneous application rate and ‘an

" n"."‘, - N . .
3 e W T et .

17
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to. 19 - ’
average applicat&on rate only slightly higher than the
systems equipped with impact sprinklers, but lower. than

the other spray nozzle systems.

¢



CHAPTER III -

T

EXPERIMENTAL INSTRUMENTATION'AND PROCEDURE
o
3.1 Location e

.

]

‘Experlmental work was 1n1t1ated at two locations.
Nozzle lnvestlgatlons were . conducted at the Pralrle
Agricultural Machinery Institute in Lethbridge, Alberta.
Field testing was conducted on a linear;move irrigation
System at ‘a site near Taber,;‘Alberta.'l The site was
representatlve of 'southern Alberta cenditions with
predomlnately’ ‘level topography and free of any w1nd
barrlers. ‘

)%
3.2 ‘Eguigment

The linear move irrigation system used in the fleld
.

evaluation was a *“Val;ey : Ralnger Model 2880
manufactured by,/, Valmont Industries Inc. of . Valmont,

" Nebraska (FIG 3), The system was a diesel powered

electrlcally drlven machine W1th eleven support towers.

Water was supplled to the center of the system via ‘a
v s

ditch constructed the 1ength of the lrrlgated area.

Water dlStrlhpt}QFg;V§Bnu§b§999h_ a__eer}es _of 51m11arly

BT




'spaced spray ‘nozzles: mounted on - booms 1525 mm in length”“ ‘

placed perpe:zacular to and -on alternate sJ.des of the .

lateral-.

sasure regulators were mounted w1th each

20

nozzle: SYBtem design—pressure at. the. pump was. 240 kpa.,f'fjlr

. *Appendlx ;~ contalns deta:.led lJ.st ) of“ system.'_-_»_

©

pec1f1catxons.- S o -' .. '..'.‘;'

Laboratory test:,ng was conducted ‘using nylon.

-»-4.4 s,u-'-ov EER Q-L\

Delavan 3/4 RA_ "Ra:._ndrop" spray nozzles (FIGURE 4) and

Senn:.ngér (D 4 - 30 2 L/mln) pressure regulators (FIGURE S

5) No‘zzles andﬁegulators were of t“he same slze and{;;;,_.

type‘ as those , used ‘on’ the lJ.near move .1rrlgath'r,1-;;.‘

system. Ten 'nozzles, »cons;.stlnig of two i"'setso"of’;' five - 1

nozzle sizes, were studied. Nozzle sizes included: 3/4

RA 85/140, 3/4 RA 90/140, 3/4 RA 95/140, 3/4 RA 100/140,
and 3/4.110/140. Two' regulators, one for each set of

] . g '- : ' - : . . )
five nozzle sizes, '~ were used in the nozzle

investigations..

‘3.3 Field Testing Procedure

)

DistributiOn'testir;g of the linear move irrigation

system was conducted during the summer of 1980. A

cereal crop - was grown 2 nder , t}_}__e_ system whlch.-

"7,

neceSSltated a catch conbémer gtid system th.ch caused -;-"7"7 S
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' mlmlmal crop 1nterference. Al slngle '. row : qf,‘ catch 5

» e ———

Yo P

ltr,".;,

contalners cot‘fsls‘tlng of conventlonal one lJ.tre 0il- cans

“was Used. €ans»-were piaced at ground leirel and wereg- e

A . - il R

secur_ed 1n an uprlght p031t:?Lon by wires and elastic -

- -
-~ - 2

bands.') During later stages of testlng removal of - the'

LY

crop- canopy became necessary. .~ To. elimlnate crop

interfer‘ence,; one metre w1de stra.ps ‘were cut the wldth"
a4 ESRRE /< -

. of the 1rr:|.gated area and to- a he:r.ght of "about 100 mm

" To coordinate appllcatlon' uniformity testing with normal

3 -t
N i

1rrlgatlon schedullng, three test strip locations were
used. ; FIGURE 6 shows /the locatlon of the test strips o

and the . experimental field layout.

- )

“ In field distribution evalua;ti-o,n, . the - catch
'~ gontainer grid system.r,nust be fixe tive to a p01nt S

A * ‘on’ the’ —'system'.' - “F.o'r' vthe -linear.. moveEX” rr’igatlon system

'the ball. and' socket prOt of the center 'towerA wasj_‘,

e
- - FE.

"._'arbltrarily chosen as . the refere“nce po:.nt. ‘ The first-‘. CoIl

- ol -
NS . . -

) catch container was placed one metre from thJ.S reference

po:Lnt. ' Successlve conta;ners were. then placed at two,- SRR

- -

metre 1ntervals for the’ w1dth of the lrrlgated area.
Unlformlty measurements were conducted by passing

the l;\.near move- lrrlgatlon system over a- row of. catch

containers and measuring the volume of water collected.

The - amount of" water collected in each contalner was‘-

-

R S o B . '__.___.. "'
* C ' o . R



1.

PR
o

L __sfi\de._:'zof-- -_ .-the: u.lxne,a'r __-‘-moye - sys_tem, B I eunl-form}ity.'. :

.o.~,,

\v"» B

[y

N

measured with a. 250 mL graduated cylmder. Mé’asurements

-
- .

were usually taken 1mmed1ately after the system passed

» : 3 A

over. t_he contalners.. '_I'hre_e__cont_rol _contalner__s identical
to-the" measuring containers were set up outside the

:erlgated area to measure eVaporation losses or

pre“clprltatlon galns‘». I.n t.in'sta*nce“s 'wherew*ne’asuremﬁts '

were delayed, cor_rect:.on 'fac-tors »' w:ere 'applled to

~

compensate for evaporation losses or :precipitation

gdins, ©.

WlnE speed and dlrectlon~were noted ‘before each

test. Measurements were taken at a helght of three

&

metres near -the-.lrrlgated area.’

R The speed of - tl;;e llnear moﬁe lsystent. ae: weil 35 the

amou.nt of tlme the receptacles recelved water was noted

for each pass bf the system._ Um,formlty measurements '

I,
. ; oo, o . e e .. .
N T T . !

we,re made for a range of system speed settlngs.‘»‘-___‘_

R

Unlformity measurements were conducted for each

measurement for .one »s\ide of the -sy_stem took -about two®

hours to complete . ' '

. :
4Pressure losses were noted for various positions

'al‘ong the lateral. . .P‘ressure gauges were ,1nstalled in

he 1ateral at each tower locatlon. g 'Pressure at the

reference poxnt Was monltored and adjusted to de31gnw

¥ . D
pressure before each unlformlty test.

,

Do et
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T 3.4 Laboratory Testing Procedure‘

The laboratory nozzle testlng followed ‘procedures -
91m11ar to . the American Soc1ety of Agrlcultural
Engineers (ASAE) Recommenoatioh S330 (1982) entltled, o
“Procedure for Sprinkler Distribution ~ Testing " for .
Research Purposes". .., |

Nozzle gdischarge waa'measured volumetrically using'

a 22 L coatainer"ang a stopwatch.  Discharge was
measured for a’range-ofllateral pressures.f Pressure was. .

monitored with a recording pressure transducer 1nstalled

in the llne near the nozzle. " Flow nmasurements were:

“

”conducted for the various sizes. of . zii:les 1nd1v1duallx,//*’;\§\'

“and when used in conjunctlon w1th a pressure regulatorj

When .a° pressure - regulatorﬁ,was installed, pressure

measurements were recorded nsar -the regulator inlet.
Distribution patterns were determined for the two “

sets of nozzles at operating heights off3.75, 4.25 and fiit——

4.75 metres. One litre catch'receptacles'were placed on

a 0.3 m square grid pattern to ‘ determine the

distribution»profileﬁ The spray nozzle was placed in

the center grid equare midway between four adjacent -

collectors. A FIGURES 7 and 8’ show the layout of ‘the

 laboratory = arrangement for distribution testing. A

distribution test, involved operating the spray nozzle



4

for about ls‘minutes. EA,pléétic tube was placed.ovér
the nézglegwhile the pressure was a&justmﬂ to preveht
spraf from collecting in the containers. The tes£ pggan
whén ‘the pressure was. properly adjusted &nd..theA,tgbe
removed. ‘

A 250 anéraduated cylindgr was used tb measure the

volume collected. - Measurements .were recorded immed-

.

iately after each test and were recorded to the nearest

millilitre. -

To fécilitate data cqmparisons between nozzles, all
laboratory distribution data were con@§tted to an
applicatidn rate. This was accomplishéd by applying the
‘$ppropriate factor baseéd on ﬁhe .area 9£ ‘the ~catch

receptacle and the amount of time the - receptacle

received water.

3.5 Computer Program ‘ \

A computer program was deve10ped to study the
application or distribution profile of the linear move
irrigation machine. The program denerates a system
distribution grid similar to the laboratofy distribution
grid, The system reference point is{;@gped~ix1 a grid

sqgére,adjacent to four collectors.®° The program then

28
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/

overlaps individual ., nozzle .distri?ution patterns’
_éccording to the physical specificatighs of the linear
move system. A three-dimensional Llinear inﬁe:pgl#tion
ig  used to ‘adjust and superimpose individual 1n9;zle_
pattern grid readihggﬂbn ;6‘£ﬁe“s§§L;hdé;;dl'.fﬁé.;§s£eml
grid 'then shows the theoretical application érofile
beneath a stationary Iinear move system..

The progfam with appropriate documentation is

listed in APPENDIX II. :
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CHAPTER TV -~ A

RESULTS AND DISCUSSION
. T
L AS l sttem gzg spr E yogsg ;f;‘J""';T_Yf:ﬁfﬁ;;_;;Qf;gﬁ::;¢j‘

‘- Pressure losses were measured at various locations

along the 'latéral. Losses: ‘along the system' lateral ‘were - °
P : ; . I o ' L
uniform with iowest‘pressures occurring at the system

ends. Design pressure at the reference point was 240
kPa. ‘Pressures et lateral ends were 195 kPa snd 190 kPa .

1

for . the westuandjeasf‘ends,'fhspectiv@ly;x

-

4.2 Nozzle Discharge

»
FIGURE 9 shows the‘relationship of nozzle discharge .
and lateral pressure.' Each nozzle shows a contlnually
increasing dlscharge for the range of lateral pressures
shown. For example, hozzle 95/140 has a discharge
varylng from 21 8 L/mln at 100 kPa to 40.8 L/mln at 350
kPa.’ Dlscharge varlatloq between the two sets of
nozzles was very small. ”
JPIQURE 10 sﬁows-the discharée relationship for the

_various nozzles when eqﬁipped with a pressure regulator.

- ‘Discharge for.each nozzle increases rapidly for lateral

32 .
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v

1pfessures‘ﬁp'ta‘about*zooﬂkpa;u ‘For lateral pressures.

o *

- .

.ﬁ ceht‘When e@hlgped;wrth the, regula;ors.

P .’.

'above 200 kPa “the dlscharge tends to lncrease less:.

rapldly. 1 'v"”“':' 1

- 0,Table 1, shows .the effect of pressure regulators on

3 : DR . N R S
te s o v, '»'-"'r-'l"'w.l‘.'.q,:u"_oa 'u -" “-0.,.,,

nozzle discharge variation- for the lateraﬁ preSsures

of 190 and 240 kPa. The pressure. regulators were

effectlve ln reduc1qg nozzle dlschargs varlatlons due to

.. e - r i < [
- w .

lateral ,pressure variations. -
i e PRI . ' FEES ‘ ,

'latéralﬁopérating'pfessure%range, dlscharge varlatlon of .

ERTR o T Y ~B .
[P

nozzle "RA” 95° wasg redhcéd from 10. 6 to 2.8 .per cent when

L T . aq-..' » < PR
o aw -
e

equlpped w1thha regulator.g Average dlscharge variaﬁ;dn.

r . . =

.

for all nozzles tested was reduced from ll 2 ¢35 3. I'peru"“

.
CWtE
2

T %

.For,“example, )for"the
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.-4.3.:Distribution Patterns

Tests were undertakenbtoldetermine:the distribution

vprofiles for the two sets of spray nozzleS‘and pressﬁfe

regulators. Five - nozzles sizes (85, 90, 95, ;00,~and

110/140) operatlng at helghts of 3.75, 4.25 and 4.75 m

-were evaluated. Nozzle discharge heights were similar

@* e

3th thoae:on the “lidear move system.

o

- e Y

. ‘AThe- spray nozzles directed spray downward . in ~a

conical fashion. FIGURE ll shows the distribution

Qe

profiTe for nozzle 100/140 operatlng at a helght of 4.25

m and a lateral pressure of 240_kPa. The profile shows

[N

a'oharacteristiquoughndt or ring type of application.

Heavier applications occurred at the perimeter. of the

ring ‘than ‘on the interior. _‘ery heavy applications
Y y i ‘

o

o

occurred in one section of thefprofile. This section

>

was characterlstlc of all nozzles tested and occurred 1n-'

'a slmllar relatlve position in. the pattern.y
Table 2 summarizes’ dlstrlbutlon results for the
- B ) Y .
two sets of  spray nozzles operating ‘at a lateral

pressure of 240 kPa; For each nozzle tested increasing

dischargen height lncreased . the application area and

decreased the average instantaneous application‘ rate.
: - .
For example, "the average instantaneous application rate

of nozzle RA 90/140 decreased from 34.2 mm/h at 3.75 m

>
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dischargé height' to’ 29.1 mm/h. at. 4.75" m- disoharge

height. Increasingvdischarge heighﬁ distributes water

over a larger area .resulting ' in ‘more umiform

distribution. Uniformity coefficients of each nozzle

increased for increasing .operating heights. - For

example, the uniformity‘coefficient for nozzle RA 90/140
‘lncreased from 28. 7 per cent at-3.75 m discharge helght
to 35.7 per cent for a 4 75 m dlscharge helght.

ngh nozzle un;formity coeff1c1ents‘ may be more

;désirabie{‘ Nozzle patterns are normally overlapped to

" increase overall dlstrlbutlon unlformlty. The amount of
overlap requlred to obtain optlmum overall dlstrlbutlon
,unlformlty w1&1 vary and depends on the particular
nozzle distribution patterns.
A complete listing of nozzle profiles and distribu-

tion results is given in APPENDIX IV.
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FIGURE 11.

~

g

Distribdtion Profile for Nozzle RA 100/140 at

4.25 m Discharge Height and 240 kPa Lateral
Pressure. " ’ .
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TABLE 2.° Spray Nozzle Distribution Summary

NOZZLE OPERATING - NUMBER AVERAGE — UCC OF

. SIZE HEIGHT * OF READING - READINGS
RA XX/140 (m) READINGS | (mm/h) - (%)
85 3.75 436 ' 32.0 29.3 .
85% 3.75 454 32.8 -*{ 30.1
.85 4,25 [ 522 - |7 - 29.9 36.4
85* 4.25 .__500 . 29.9 32.5.
85" 4,75 544 27.3 . —40.7
85*% . 4.75 548 26.9 38.5
90 3.75 473 .. 34.2 28.7
90 * - 3.75 = 476 33.9 . 29.2 .
90 1T 4,25 512 .~ 31.6 | 32.6
90 * 4.25 |} - %5Q7 ° 32.4 32({8
90 | 4.75 535 29.1 | 35.7
90 * .. :4.75 547 29.6 36.6
95 3.75 478 . 35.4 26.5
~ 95% 3.75 472 . '36.3 29.4..
95 4,25 534 32.1 30.4-
95* 4.25 499 32.6 ‘ 31.8
95 . 4.75 556 31.1 40.5
95 ¥ 4.75 553 ~30.2 37.2
100 ~3.75 478 36.9 29.6
100* . 3.75 | 479 36.5 25.5
100 1 4.25% 511 33.5 . 34,5
100* | 4.25. 494 . 33.5 -~ 28.3
100 4.75 547 31.3 37.6
100* 4.75 547 31.2 - 33.1
110 3.75 T 481 42.2 23.4
110* 3.75 491 42.2 21.4
110 4.25 520 K 38.8 29.1
110* 4.25 512 ° 38.2 25.0
“110 4.75 565 -~ 36.0 31.8
110* | 4.75 570 36.3 31.4

* indicates second set of nozzles and regulator
. ¢ . ) . -

e "
A}

4.3 Field Application Uniformity

Table 3 summarizes the results of field uniformity

testing for the linear move system. ni formity coef-

4
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ficients are .shown for each side of the system é%d for

' various system speeds. Uniformity coefficients for the

west side were generally highefvthan those for the east

side. Av'efage uniformity was 78i0 per cent for the west
compared to 74.7 per cent for the east. This d’ifferencle
was eignificant at the 0.05 level of an unpaired t—test
and may be due in part ‘to excessive nozzle. spaCLng at
two locations on _the- east side and the general'ly higher
wind velocities encountered durlng eagt side testlng

' FIGURE 12 shows a typlcal appllcatlon unlformlty
for the east ‘side at a system speed of 830 mm/min.
Average appllcatlo(depth was 11.8 mm th.le appllcatlon
unlfor;glty ‘'was 73 per cent. ' Low appllcatlons occurred
at 205 and 257 m from system ce ter. Nozzle spacings at
these locations were much greate}k‘ than those of the rest
of the system. This resulted in inadequate overlap and
insufficient coverege. |

FIGURE 13 shows a typicai uniformity appl..ication

154

_.v@st side at an average system speeﬁ of 860

BAverage application depth was 11.5 mmvwhile

~h

A unlformlty was 77, 5 per cent.

o«

Uniformity tests ®were conducted at .the various

rs

average system speeds in an . attempt to offset the .A

effects of single row - testing. Speed effects were

masked, however, due to the movement characteristife

/,,,
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of the linear move system. .System guidance and align-

ment adjustments caused the gystem to pass over the test
i G . '

-

row in a random manner, usually at an angle askew to the

test row oriegtatibn.

Often,

the angle was large enough

to permit one ond ~f the system to pass over the test

row before the

)

.other end reached the test row. As a

reenlt, analysis of speed effects was not conducted.

AVERAGE

TABLE 3. Field Application Uniformity
TEST AVERAGE AVERAGE. AVERAGE ucc F |
NUMBER DEPTH SYSTEM SPEED | APPLICATION | READINGS
(mm) . _(mm/min) | RATE (mm/h) (%) . .|
Xt :
WEST o
1 15.7 540 45.3 79.6
2 16.3 500 44.5 80.1
3 13.4 - 660 49.9 80.0"
4 12.0 690 45.6 74.4
5 11.5 860 —— 77.5
6 12.9 820 56.5 76.7
7 9.7 1080 53.9 76.3
8 9.1 1090 54.1 79.3
. F P S .. = [T S
AVERAGE 50.0 78.0
EAST . A
9 19.9 450 46.3 73.0
10 17.1 480 ———— 73.5
11 13.0 670 48.8 74.4
12 11.8 710 46.0 73.0
13 11.8 830 54.5 73.0
14 12.8 820 58.2 74.1
15 8.3 1110 51.9 79.0
16 11.2 1010 59.5 77.8
52.2 74.7
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The avervg.ge application rate for each uniformity

o

test was obta}ix}d‘d by dividing the average application
depth by the amount of time thiaﬁ cans actually received
water. Tests 5 and 10 were overbnight tests where the
amount. of timé during whi,éh ‘cans received‘water was not
'~ob;ained. ‘Overall average applicatibn rates were 50'7.0

and 52.2 mm/h for the west and east sides, réspective—

ly.
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4.5 Computer Simulation

v

4.5.1 Application Parallel to Lateral

‘-

Information from laboratory nozzle distribution

tests  was incorporated into the system application

- computer program to determine the application pattern

for the linear move sysgem; FIGURE 14 shows a
three-dimensional ‘represehtation of the instantaneous
application rates behgath a west side section of the
linear md;e system. hLow applicaﬁion rates occur

directly” below each nozzle, corresponding_ to the

interior portion of the‘individual application pfofileq.

Higher applications occuf? at ‘the pattern perimeters
whicﬁ, when overlapped, produce ﬁigh application rates
directly below the lateral. Very high application rates
occur near the lateral/opposite éach.adjaceht nozzle and
are a résult of.the véry high applicatidn;areas of the
individﬁal'profiles..

| Table 4 summariZes thé-resﬁlts of the.applicatién

simulation. for the linear move systen. The .average

‘instantaneous application rate was 56 mm/h for both

sides of the system. Maximum instantameous application
rates for the east and west sides were 348 and 310 mm/h,

respecti@ely.
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Averaging instantaneous - applicatipn”;ratesf;for

various positions along the lateral (i.e. system grid

columns) indicates an average application. rate:'fcr a
ccntinuously mcving system. By.assuming a-coﬁtinuoasly
~-moving system,. the uniformity of average application
rates{ can be ‘evaluated ahd_ compared to field

. .}‘ .
uniformities.

FIGURES 15 and 16 show the theoretical"average

appllcatlon rates for various p051tlons along the linear.

move system. High applications occur under’each nozzle.

‘The uniformity coefficients were 82.2 and 81.3 per cent

for the west' and‘ east sides, respect1Vely. . This
compares to aVerage_ﬁa}ues of 78.0 and 74.7 per -cent
obtalned in field 1nvestlgatlons.‘ S “3

Dlscrepancy between predlcted and actual unlformlty

coeff1c1ents may be a result of several factors. The

méde aasumes ideal enVironmental conditions. _Each

nozzle distribution: profile was obtained in- the labora-
L ) . : : - = TP ) B

tory: under no-wind conditions. The model also feglects

interference between droplets from adjacent nozzles or

between'droplets and the°truss~%ﬁ§pcrt system. Also, in

calculating the average‘ appllcatlén values, an equal

werght was applled to each instantaneous application

-

value, . thereby assuming a contiauously' moving ‘system.
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The on-off movement nature .of electric systems implies
an unequal w‘eightivng or bned'such kpﬁgj:li_r;ed by a  function
describing the movement nature of ‘the "pa’rticu-'lar' éystem.

Obtainin_g‘ and incorporating. such .a function is beyond

‘the scope of this project.

4

Table 4. Appliéation Rate Summary of Linear Move System. -

AVERAGE -INSTANTANEOUgg MAXIMUM INSTANTANEOUS
APPLICATION RATE M8 APPLICATION RATE

(mm/h) . ] - - (mm/h)
West Side 4 56.1 \ - 310.0
‘| East side | . 56.1 | 347.7

) y

& .

Sy
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4.5.2 Application Péfpendicular to Lateral .

fﬂAé a{mgan;NZEKincreasing the area over which'water'
.is 3ppiiéd;finozzles were mounted on 1525 mm - booms
extending pefpendicﬁlar to and on alternate sides.of the
lateral.

FIGURE 17 shows the theoretical average instan-
. LY .

52

-8

i

taneous application rates for various positions about

the lateral (i.e. system .grid . rows). Very high
R . . M : ’ . e - .
application rates occur below the lateral and are a

result of individuai ‘distribution profile perimeter
over}ap. High application rates also occur at positions
slightly offset.from the lateral and are a result of the
leading.‘%yd 2§éiling perimeters of the individval

pattern profiles.

FIGURE 18 shows the theoretical average instantan-

eous application rates for various lengths of gxtension’

boéms.f:%or nozzle 'extension boom lengfhg of 765 and
2290 mm, maximum averageiingéantaneous appiication rateé
occur benea£h the lateréll For boom lengﬁhs of 100 and
3050 mm, maximum ave}age instantaneous application ra£es
occur at positions slightly offsét from the,latgral.
Table 5 summarizes the theoretical instantahequs
application .rates for . various lengths ‘of nozzle

extension booms. Extending boom 1length increased

9
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»

the application area and-decreased the average instan-
] ' .

taneous application rate. For'example, a 100 mm boom
length has a wetted length of 8.4 m and an average

instantaneous APplication rate of 76 mm/h. Increasing

the nozzle boom. length to 3050 mm'increased the wetted

width to 14.4 m and decreased the average  instantaneous

application rate to 44 mm/h.\’

-

Maximum theoretical instantaneous application rates

varied from 254 mm/h for 10%:mm pooms to 367 ‘mm/h for

765 mm booms. Maximum instantanebus. application rates
occﬁr over a relatively small'area.“,Locél p%nding and
runoff may occur if a particular point is exposed for
‘long periods of time. Ex Aéure'tiAes.will depend on
system speed. ‘

Large‘variations in -nstaﬁtaneous application rates
may cause 16Cal ponding and runoff. Small variations
resuit in ﬁore uniform applicatidh rate distribution and
are more desirable. For‘theuléngths of nozzle extension
booms evaluated, uniformity was greatest for the fbo mrd
lenéth._ Uniformity decreased'fof boom lengths of up to
2290 mm while a slight incrééqg was noted for the 3050

mm. booms .
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‘ .
TABLE 5. Instarrtaneoms Apphcatlon Rate Surrmary for Various
Extension Boam Lengths .
AVERAGE : MAXIMOM —
BOOM INSTANTANEOUS WETTED | = INSTANTANBOUS uce  *
LENGTH APPLICATION WIDTH APPLICATION (SYSTEM
RATE RATE VARTATION)
mm nm/h m mm/h $
100 76 8.4 254 48.6
765 67 9.6 367 39.6
1525 56 11.4 348 26.8
2290 51 12.6 321 26.3
3050 44 14.4 300 e 31.8
‘ 3
‘
4 A

54



4

8

4

..ﬂmumﬂmq wo3Isks ay3l 3Inoqy SUOTITSO¢
snotieps 103 soj3ey uoTjzeoTTddy snosuejuelsu] abeisay TedT3ILI0dY]

(W) TYYILVT WONS JONVLSIC

L 9 € v € 2 1 0 1 2z € & S5 .85 L 8

oo

(Y/ww) I1vY NOILVIITddV

LT NHNOIs



56.

*8WOOg UOTSUa3IXF JO

sy3buaT snotiep 103 sa3zey uorjzeorrddy msomcmucmvm:H abeiaay  TeOTIBIOAY]

25 ._<mm.r<._ NOYd- woz<._.w_c

8 L, 9 S v ¢ 2 | 0 ! e n v & 9 L 8

'-o“'°.'.

oo e

o
©0

o
-]

c e,
‘.-“..OOO'v
-

(y/ww) 31vH NOILVOITddY |

SW00g WW 0622 ===-

SWOOQ WW OCOE wwmwmmm - ..f\.J/
-
\

SWO0g WW GO) =me e \/

SWO00Qg WW OQQ| eescccss

*8T MANDIA



CHAPTER V

\“SHEMARY AND CONCLUSIONS

-

5

The main purpose of this_»sﬁudy was to examine the
water application of a low pressure spray nozz}e
irrigation system. A computer program was dev.e10pedit.:ow
overlap and superimpose individual nozzle application
profiles according to the specifications of an existirig
systém. Field testing was conducted in an effort to
substantiate the application model.

Investigations into the performance of individual
nozzles indicated that nozzle de‘l.ivery inc_reases- in a
curvilinear fashion with increasing lateral pressure.
Pressure regulators 'were effective in reducing
variations in nozzle delivery due to lateral pressure
variations. Nozzle delivery, when equipped with a
pressure regqulator, increased rapidly for lateral
pressures up to approximately 200 kPa, but increased
less rapidly for lateral pressures a:bove 200 kPa.

“
Spray nozzles directed spray downward in a 360" arc

producing a conical spray pattern with a circular
ring shaped distribution profile. Higher applications

ncourred at the perimeter of the pattern than in the

57



interior. . Very high applications occurred in one
section of the perimeter and was charac;erisfic of all
nozzles tested.

K

:Application uniformity of individual nozzles

increased with increasing nozzle discharge height. High

nozzle discharge heights distributed discharge over a
greater area and resulted in & more #niform distribu-
tion.

Comparison between experimental and theogetical
application uniformity coefficients for the linear move
system showed only fair agreément. Average experimental
uniformity coefficients were 78.0: and 74.7 per cent for

the west and east- sides,.,rgspectively, moared to

-
Py

average theoretica%_valués of 82.2 and 81.3 per'cent for
the the west énd east sides, respectively. Discrep-

ancies may ,Be attributed to the influences of
: Y

L 3
environmental and physical conditi??d'on field. results.
Simulation coefficients were calcu ated assuming ideal

conditions.

L]
.

The computer progfam was used to simulate the

: : 8
theoretical instantaneous appD\cation rates of the low

3

pressure linear move system.. - -Low instantaneous

application rates occurred directly below each hnozzle
while high application rates occurred directly below
the lateral. Very high applications'occurrea near the
lateral opposite each adjacent nozzle and were a result

of the very ﬁigh ”applipation areas of the individual

58
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pfofiles.‘ The maximum and average theoretical
insta}ntaneous applica;_ion rates ‘for the test systeg were
.348 mm/h and 56 mm/h, respectively. i /
Examinatidn of various nozzle extension boom
lengths showed that :ex‘tension.‘booms are effective 1in
reducing 'th - average ‘\ins_tantaneous appiication rates.
Theofetical average instantanéous ‘application rates

decreased from 76 mm/h for nozzles mounted on 100 mm

booms to 44 mm/h -for nozzles mounted on 3050 mm booms.

J

-
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’

DETAILED CHARACTERiSTIC‘DATA FOR THE EAST SIDE OF THE
LINEAR MOVE SYST :

t

. NOZZLE DISTANCE NOZZLE NOZZLE NOZZLE

NUMBER FROM SYSTEM BOOM / HEIGHT . SIZE .
'~ CENTRE LENGTH =~ RA xxx/140
(m) (rmm) ) (mm) ‘
1 15.44 1525 4480 ‘ 100
2 18.21 ‘1525 4510 100
3 20.6%3 1525 4600 100
4 23,29 1525 . 4650 100
5 25.55 1525 4680 100
6 28.40 1525 4700 < 100
7. 30.95 . 1525 4680 100
8 33.19 1525 . 4650 100
9 35.86 1525 4600 100
- 10 T 38.27 1525 4510 100
11 40.85 1525 . 4480 100
12 - 43.44 1525 4370 100
13 #F 46.14 1525 4300 100 g
14 48.81 1525 4190 100 °
15 51.67 1525 4020 100 °
16 54,34 1525 g0 .~ 100
17 57.25 1525 3900 110
18 59.66 1525 4010 100 .
19 61.74 1524 , 4110 : 100 -
20 64.44 ) 1525 , 4210 ~ 100
21 66.81 1525 4300 95
22 69.50 1525 4370 .L10
23 72.11 1525 4480 ‘ 100
24 74.70 1525 - 4510 110
25 77.10 - 1525 . 4600 100
26 79.77 . 1525 4650 ' 95
27 82.02 . 1525 - 4680 100
28 84.87 1525 4700 90
29 - 87.42 1525 4680 .95
30 89.66 1525 4650 100
31 92.34 1525 4600 ' 100
32 94.76 1525 4510 95
33 97.34 1525 . 4480 100
34 99.94 . 1525 4370 100
35 102.63 1525 4300 . . 100
" 36 '105.30 1525 4190 - 100
37 108.15 1525 4010 . 100
38 110.83 1525 3880 95

39 113.75 1525 3890 110
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NOZZLE

NUMBER

40
41
42
43
44
45
46
47
48
49
50
51
52
53
54
55
56

57
58
59
60
61
62
63
64
65
66
67
68
69
70
71
72
73
74
75
76
77
78
79
80
81

DISTANCE

NOZZLE
FROM SYSTEM BOOM
CENTRE LENGTH
(m) - . (mm)
116.16 1525
118.24 1525 °
120.95 1525
123.31 1525
126.01 1525
128,62 1525
- 131.21 1525
133.61 1525
136.28 1525
“138.54 1525
.141.38 1525
143.93 1525
146.18 1525
148.84 1525
- 151.26 1525
153.83 1525
165.44 1525
159.13 1525
161.80 1525
164.66 1525
167.34 1525
170.24 1525
172.66 1525
174.74 1525
177.44 1525
179.81 1525
.182.51 - 1525
185.12 . 1525
187.70° 1525 ¢
190.11 - - 1525
192.77 . 7 1525
195.03 1525
197.89. 1525
200.41 1525
205.33 1525
207.75 1525
210.33 //H 1525
212.94 1525
215.63 1525
218.30 1525,,)
221.15 1525
223.83 1525

NOZZLE
' HEIGHT

(mm)

.. 4000

4100
4200
4280
4350,
4450
4490
4590
4630
4680
4700
4680
4650
4600
4500
4480
4370
-4300
4190
4010
3880
3900
4010
4110
4210
4300
4370
4480
4510
4600 .
4650
4680
4700
4680
4600
4510
4480
4370
4300
4190
4020

3880

=~

NOZZLE
SIZE

" RA xxx/140

- 100
' 100

100

. 110
100
100
100

90
100
95
95
100
100

fgg

.95 -
100
100

100
110
100
110
100
" 95
95
95 .
100
100

95
100
‘95

95
110
110

95

95
100
110
110
110
110
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NOZZLE
NUMBER

82
83
-84
85
87
86
88
89
90
91
92
93
94
95
926 -
97
98
929
100
101
102
103
104.
105 .
106
107
108
109
110
111
112
113
114

DISTANCE
FROM SYSTEM
~CENTRE

(m)

226.74
229.14

231.225.
233.93

.236.29
238.99
241.60
244.17
246.59
249.25
251.51
254.36
1259.14
261.82
264.22.
266.81
269.42
272.12 -
274.48
276.57
278.92
281.35
284.72
286.87
289,11

~ 291.31

293.67

© 295.80
298,27

- 300.50
302.83 -
'305.06. -
-307.37

NOZZLE
. BOOM
LENGTH
. (mm)

1525
1525
1525
- 1525
1525
1525
1525
1525
1525
1525
1525
1525
1525
1525
1525,
1525
1525
1525
1525
1525
1525
1525
1525
1525
1525
1525
1525
1525
1525
1525
1525
1525

1525

NOZZLE
HEIGHT

3900,

(mm)

4010

© 4110

o

4210

4300 -

4370

4480

4510
4600
4650

' 4680

4700
4605
4600
4510
4480
4370
4300
4190

4110
4020

3900
3900
4010
4110
4210
4300
4480
4510

- 4600
" 4650

4700

4740

% 100

NOZZLE
SIZE
RA xxx/140

110
100
90
95
95
10
160

95
‘95
. 110
110
95
95
100
100
95
90

90
110
85
85

90
85
90
85
85
90
110
100
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APPENDIX IB’

DETAILED CHARACT_ERISTIC DATA FOR THE WEST SIDE OF THE
LINEAR MOVE SYSTEM

R ,
NOZZLE ~ DISTANCE NOZZLE NOZZLE NOZZLE
NUMBER FROM SYSTEM BOOM HEIGHT SIZE
‘ ' CENTRE LENGTH . *  RA xxx/140
(m) (mm) (mm) :
1 10.82 1525 - 4300 100
2 13.52 , 1525 4370 100
'3 16.14 1525 - 4480 : 100
4 187.2 1525 4510 100 -
5 21.13 1525 - 4600 100
6 23.79 1525 4650 - 100
7 26.04 1525 - 4680 ¢ -+ 100
8 28.58 1525 . 4700 100
9 31.43 1525 . 4680 ’ 100
10 33.69 1525 4650 100
11 . 36.35 1525 . 4600 100
12 : 38.76 1525 4510 . 100
13. _ 41.37 1525 4480 100
14 44.07 1525 . 4370 100
15 46.77 1525 4300 110
16 49.44 1525 4190 100
17 52.30 1525 4010 . 110
18 54.98 1525 3880 110
19 ~ 57.89° 1525 , 3900 . 90
20 © 60.30 1525 . 4010 100
21 62.37 - © 1525 4110 .95
22 65.08 1525 4210 ‘ 90
23 67.45 1525 4300 100
24 - - . '70.15 1525 . 4370 95
25 . - 72.76 .. 1525 4480 '100
26 . 75.34 1525 4510 100
27 - 77.75 1525 -~ 4600 100
28 80.41 1525 - 4650 95
29 . 82,67 . 1525 : 4680 95
30 .85.52 1525 44700 100
31 . 88.05 1525 4680 95
"32 90.29 1525 4650 ° + 100
33 92.96 1525 . 4600 100
34 95.36 1525 4510 100
35__ 97.95 1525 4480 100
36 100.56 - 1525 4370 100
37 103.26 1525 4300 110
38 105.93 1525 4190 100
39 108.78 1525 4020 110

40  1l1ll.46 1525 3880 - 100
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NOZZLE DISTANCE NOZZLE NOZZLE NOZZLE

NUMBER FROM SYSTEM ‘BOOM HEIGHT SIZE
CENTRE LENGTH RA xxx/140
(m) (mm) . (rmm) .
41 . 114.37 1525 3900 § 95.
42 116.78 1525 4010 100
43 118.85 1525 . 4410 - 90
44 121.57 1525 4210 . 95
45 123.93 1525 4300 00
46 . . 126.63 . . 1525 4370 95
47 129,25 . 1525 4480 100
48 131.83. - 1525 4510 95
49 0 134.24 1525 4600 95
50 136.90 . 1525 .. 4650 . 100
51 139.16 1525 4680 © 100
52 142.01 - 1525 4700 100
53 . 144.54 1525 4680. 100
54 : 146.79 1525 © 4650 95
55, 149.46 " 1525 4600 ~ 100
56 151.87 1525 4510 . 100
57 154.44 1525 - 4480 95
58 157.05 1525 . 4370 o 100
59 159.75 1525 4300 110
60 162.43 1525 4190 100
61 165.28 1525 4010 - 110
62 167.95 1525 -~ 3880 90
63 170.86 1525 '3890 K 95
64 173.27 1525 4000 100
65 175.35 ., 1525 4100 90
. 66 17805 1525 . 4200 95
67 180.41 1525 4280 100
68 183.11 1525 ‘ 4350 100
69 185.78F 1525 4450 95
70 188.30 1525 - . 4490 100
71 ~190.71 ' 1525 . 4590 95
.72 . 193.38 " 1525 .. 4630 95 .
73 195.63 1525 4680 95 -
74 - 198.48 1525 463Q 100
75 '201.15 1525 - 4590 100
76 203.56 - 1525 . 4520 - 110
77 206.14 1525 4450 ' . 100
78 208.75 1525 . 4320 95
79 211.44 1525 © 4240 : 110
80 © - 214.12 - . 1525 © 4120 100"
81 . 216.97 1525 4010 100

82 - . 219.65 1525 3880 110



NOZZLE

NUMBER

83
84
-85
87
86
88
89
90
91
92
93
94
95
96
97
98
99
100
101
102
103
104
105
106
107
108

DISTANCE
FROM SYSTEM
CENTRE

" (m)

222.56
224.98
227.05
229.75
232.12
234.82"
237.42
240.00
242.41
245.09
247.34
150.19.
252.86
255.26
257.84
260.45
263.15
© 265.51
267.60
269.95 -
272.38
275.18
277.39
279.73
281.97
284.29

NOZZLE
BOOM
LENGTH
(mm)

1525 -
1525
1525
1525
1525
1525
1525
1525
1525
1525
1525
1525
1525
1525
1525 .
1525
1525
1525
1525
1525

- 1525

1525
1525
1525
1525
1525

NOZZLE
HEIGHT

(mm)

3900
4010
4110
4210
4300
4370
4480
4510
4600
4650
4680
4700
4680
4650
4600
4510
4480
4370
4250
4090
3950
3950
4020
4110
4210
4300
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NOZZLE-
SIZE-
RA  xxx/140

90
-110
100
90
95
95
95
11qQ
110
100
110
95
100
90
100
100
85
95
90
90
90
100
85
90
110
110
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‘ . APPENDIX II
This appendix contains the Fortran program used in

calculating the distribution pattern of the linear move
!

~

.

system. The program is coded in a DEC Fortran and is
designed to run on a DEC PDP-11 computer. Coding can he
eagsily modified to suit mosﬁ other'gberating systems.
Documentation in the form of comment statements is.. 7
suppiied with the coding. |

»

To:ﬁse.tbgﬁpfbgrdm, two tYmes of files must he set
up. Data . files fmust .contain fividual nozzle data.
Data controlling files must contain information relating
data files to thellinear-m0ve system characteristic
data. Both data and data controlling files must bhe set
up in a standard format, “The firet line of'each file
o

mugt contain a description of the file q@ﬁtents. The
desrription can be of any form. The second line of »
file mist contain two ihtegérs; the first indicating the
number of data 1ing§, and the second ivrdicating the
number of columns contained within the file. Data items:
may be sépapated with blanks, commas or both hlanks and
commas .

Data cod%folling files must contain the following:

(a) the names of individual nozzle distribution

data files with o~ne data file name per line,
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{h)  detailed linear move system characteristic
data. This file must codtain four integers
r~r line and must be as follows:

(i) .. the first integer is the distance »long

iy,
A,

the.iategal in Mil‘ihegres from =
‘fequencg péin* to the vavle,

‘i1) the second. integer is ‘Y nozzle
extension boom length,

"i3iY)  the third integer, thévnFV"lﬁ heiqht

and
(iv) the fourth infeqr;, the nﬂzwlp cir o,
U information which rrnee rfferekces nogrle eio-
to the appropriate neazzle Anta file name.
) ) -
Thia file muat alas rontsin fAur integ~rg per
‘éna. FThe fivrat integar ia the nozzle ri-a-
reconid, +the nozzle data file name whi~h
~onmtaine 3750 mm nozzle heiqht'distribntiﬂn
Aata; third. data file name WhiCh.ﬁﬂntaiHR
4250 mﬁjnozz\e height Aigtrivbntion dara: and
fourth, data file name which ;onwﬂ;né 4750 mm
nozzle height distritution data.
The problem definition ie interactiv;. Tn mogt
cases an input mistake can be recovered; however, *he
program is not perfect so some mistakds will cawse the

executinn to abort. To evedute this proqram type-

FXEFCOUTE TRRSIM.FOR. -
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<
v
DESCRIPTION OF PARAMETERS:

Main is the most global block. It allocates memory for
the main arrays, call "SUB. define" to define the
_problem, "SUB. irrsim" to do the calcu'ations and "SUB.
output” to outpn" +he results.

areal -4 -- Areas involved with the nozzle pattern and
field pattern.

both--- --- Logical which indicates if *two nnzzle
patterns are to be read.

~raref --+~ A 4 by "nonzty" array which identifies which
files rontain data for the noZzles at each

"height.
Col. 1. Contains the nozzle size number.
7 Cn'. 2. Contains the file number. in which
data for the 3750 mm height is
ﬁstnredm '

“~1. 3. Contains the file number in which
data for the 4250 mm height is

stored.

BN 1. Contains the file nurmber in which
data for *he 4750 wm height is
stored.

|

datfih -—- Name of file which c~ontains the names of »11
the data files.

ek - Logical used to activate write statem~rtn (v
the purpose of debugging the program.
e A character array used to 'emd a lin-
describint the conterits of a file.
Dis-ances associated with the » -»1-~
~A field patrtern nrerlnape
) +
distl + dist2
LN R 2 2 2 R R e R A R R
* ' + |
* areal + area2 o o dietld
B L L e e I e L R T e O B L
w + *
w + *
* area3l + aread * Airtd
e + *
TR B R IR TR R 2 R T S N R Y R

+
[



fdptcl——--

fdptln-—--

fillnk-—---~
filmsp—----
filnam-—--—

flAdrat  ==—

gdarea——-=-—
gridsz—----

»

Equivalent to dstmrk. \
Distance mark. ysed to keep track of the row
in the fldpat matrix where each column of the
present nozzle starts.

Logical used to determine wheh certain print
statements are active. It is usgeful for
debugging the program.

Logical used to indicate that a possible
error has been found in the data. A warning
statement will be made but the program will
continue to run providing the
has not been activated as well.

Durmy variable which contains the number of
c€olumns in fldpat.

Field pattern length. This variable stores
the length of the irrigation pattern. The
program creates a matrix which will cover an
area slightly longer at each end (25 rows).
This data must be entered in metres.

Dummy variable which contains the number of
rows in fldpat.

Field pattern width. This variable stores
the width of the required field pattern.
program adds four columns to the field
pattern matrix. This width must be in
metres. .

Local variable used to input the file name
from which data is to be read.

Contains the file name which links the data
files to .the nozzles. °

Contains the file name which contains the
data for the machine specifications.

Contains the file name which contains the
names of the files that contain nozzle data.
Field pattern. This is the master array in
which the final simulated field pattern is
developed. It *is set up with 50 rows or more
than required for the machine length and<4d~"
more columns. N

Area of one grid unit.

Size in (rmm) of the grid dimension.

Logical used to indicate that a long prompt
is required for the inputs.

Actual height beéing interpolated to.

One of the data heights.

Second data height.

Nozzle number of -last nozzle processed.
Lateral mark. Used to keep track of the
celumn in the fldtpat matrix where each row
of the present nozzle starts.

The

"stop" variable -
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lrl----— -

Equivalent to latmrk.

lstrng---- A value of 2 or 4 depending on which column

~

ltnzdg--=-—-

mcnlen—=—--

mcnwid---—-

mxnzwd=—-—-

.nodtfl--——
~ nonzty----

nozpat-—=--
numabv—-——-
numb lw—-—-
numcol--—-
numl ft—--—-
numnoz—-—-—-
numritZ--—-

numrow——--
nzptsz:f——

niptwd-—-—

in crsref the last nozzle used to place the
actual height in the right range.

Lateral nozzle distance. Distance from the
lateral to the nozzle. This is the value in
mcnspe(,2). ‘

Machine specs. A 6 by "numnoz" array which
stores system characteristic data.

Col. 1. Distance along the lateral from a
.reference point (mm).
Col. 2. Nozzle extension boom length.
‘ Distances to one side are neg.
' : (ram) .
Col. 3. Actual nozzle helght.
Col. 4. Nozzle size.

Maximum width for the field pattern.
Minimum value to be expected in the data
file. Used for .the plotter.

Maximum number of rows or columns required
for the nozzle pattern -matrix.

Number of data filesd.

Number of nozzle types. This contains
number of nozzle types for which there
data in the data files. Do not. reduce this
number if all the nozzles are not used in a
particular run and do not count the same
nozzle more than once even if more than one
data file cpntains data for this nozzle.
Three layer matrix which stores nozzle
pattern data.

Number of rows in the "nozpat" matrix above
the nozzle. Used by the plotter.

Number of rows in the "nozpat" matrix below
the nozzle. Used by the plotter.

Number of columns.
Number of columns in the
the left of the nozzle.
plotter. | :
Number of nozzles. This is the number of
nozzles on the machine being-.simulated.
Number of columns in the "nozpat" matrix to
the right of the nozzle.

Number of rows. e
Number of rowgﬂana/’

Nozzle pattern size.
columns in nozpat. -

Nozzle pattern width. This is the width in
metres of the nozzle patter/s stored in the
data files. Thgs progr produces a squdre
matrix for the hozzle pattern and uses the

the
is

"nozpat" matrix to
Used by the




optech———-
optbug----
opthlp-=--
outdve——--
outfil----

skip-¥---—-

same matrix for all nozzles so make sure this

is the maximum width for all nozzles.

Logidal which allows the status of echo to be
changed through the run (optional echo).
Logical which allows the status of debug to
be changed through the run (optional debug).

Logical which allows the. status of help to be'

changed through the run (optional help).
Stores the type of output device to be used
for final output.

Stores the name. of the output file if the
final output is to go to a file.

Logical used to skip parts of the program.

A local variable used to read data from one
or two nozzle pattern data files. If start=l
two data files are read if start=2 only one
is read.

Loglcal which stops the ruh if a serious
error is found.

A character variable which stores the title
output. ' '
Logical which is set to true when a minor

’ problem has been found that is not serious

enough to stop the program. Warning messages
prlqped where "the error ‘could influence -
‘output.

4
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Xtt*t**#!**#**t*k*t*t*t**tt#*****i!*!t*#*tt*t#ttt***t#t*t*t***xtt*X#t*t*
PROGRAM' aain
KXXRRRKKRORORR AR KKK KR KRR KRR RKKRKKRKRRK KRR R KX X KKK KKK

REAL .fdrtlnsi fdetwdr nzetszy fldrat» menwidr mcnleny nozeat,

X dridsz .
INTEGER fdertcly fdertrws filordr mxnzwdr nornztyr» numcols

b ¢ rumnozsy numrows nodifls mcnsecy crsrefs intrat -
DOUBLE FRECISION filnams fillnks, filmses» datfil, titles outdvcr

kR outfil :
LOGICAL debuds echar errors helry skirs storr warnnd,

S ~ortbudr ortechs opthlr

c . DIMENSION fldrat(50000)

DIMENSION fldrat{100000)
. DIMENSION nozrat (50000 ©
c DIMENSION acrisec(500)

' DIMENSION mcnsrc(1000)
DIMENSION crsref(400)
DIMENSION datfil(1000)
DIMENSION title(10)

-COMMON /lbstSZ debuds echos errors heles skirs storr warnngs
X -ortbudy ortechs orthlr

DATA debud, écho; errory helpr skips stors warnndgs
X ortbudr ortechs opthlp /10%,FALSE./

IF (debud) TYPE 7000

c  Defire Lhe rroblem rarameters, v ‘
CALL define(datfily crsrefy acnsrcefdrtrusfdrtclynonzussnumnozy
X nodtfl, mxhzwdr outdvcr dridszy outfil, title)

IF (stor) GO TO 99999 ;

c Create the simulated field pattern.

IF (stor) GO TO 99999

CALL irrsim(fdrtcly frArtrus -xniud;‘nuunozg nonztyy
X nodtfly filkgms filasey fillnk» fldrat, o«
X nozrats crsre tfil, acnsercy dridsz) ;&;’k
\ x




dridsz = dridsz % 1000
c " Outeut comeleted field pattern.
20 TYPE 7050 - .
ACCERT 1000y, (title(i)s i=1,8) '
CALL outrut(fdrtrwsfdrtcl, f]dPafy BCNSFCy sr1dsz; NURMNOZy
X outdver outfily tiile)
IF (stor) BO TO 59999
TYPE 7020 ,
IF (yesno(dummd)} 40,80
40 - TYPE 7030
45 7 ACCEPT 1000y outdve
IF (outdvc .EQ. BHterminal .OR. outdve .EG. 10H1ierrintr JOR.

. - outdve +EQ. 4Hfile) 20,50
 _§§; 50 TYPE 7040, outdve B
e ‘60 TO 45
¢ Problem was successfully solved!

80 TYPE 7010

1¢C0 FORMAT(BAlO) : /
7000  FORMAT (' PROGRAM main ) '
17010 FORMAT(” Froblem was successfully solved!’)
7020  FORMAT(’ Would wou like to outrut to another device? (wes fo)’%)
7030 FORMAT(’ Which device do sou want to use? (file terminal
*11nePr1ntr)’$)
7040 FORMAT{’ Fleas¢ reenter! ‘/A10v’ is not a valid outrut device.’)

7050 FORMAT(’ Flease enter urp to 80 characters for the outeput title’)
99999 END
xxxxt:xkixﬂ’;;xxxxxxxxxxx*xxtxxxxxxxxx#xxxxtxxxxx*xxxxxxtxxxxxxxxxxxxxxx

SUBROUTINE deflne(datfflv crsrefs ncnSPCrfdPtrurfdPtclvnbnzts;
t - numnozs nodtfls mxnzwds outd\pr erdS;r outfils, charin)

X**X*Xt***t*****x#!t#***#*#***tt****X*t**t**#*#k**x*t*#**###t*#*l!**#***'

' Ls,«

REAL ncnlen; mcnwids n‘ﬁts¢v srxds‘
INTEGER crsrefs. ﬂCﬂbPC’ fdrtrwe fdptcly nonztys nuanozs nodtfl
X axnzwd ’

DOUBLE PRECISION datle; charing f11nanr fillnks TIIMSPv outdvc;_

X . outfll
o LOGICAL debuds Euh01 £rrory helrr skiry stopo warfinds
* DPthS: o#téchr orthlp

¢ " DIMENSION mcnSPc(avO 99)
PIMENSION menserci{3,03200)

DIMENSION crsref(4,100)

DIKENSION dat?il(T0060)
DIHCNSIDN charin(10)

~
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L]

(]

10

13

15

" IF (debusd) TYPE 7000

~

COMMON /lbsfls/ debud» echoar errory helpy . skirr storr warnndy
~optbusdy ortechs orthlr

-

acnsprc(3»0) = 999999999

Recuest ortional outeut,

CALL w-~tion

Insert initial dala by file or term1na1.

TYPE 7010

ACCEPT 1000, charin(l)’

IF the problem is to be deflned interactivels THEN D0:
IF (charin(1) .EQ. BHterminal) 15:8
CALL intact
(merlensmerwidrnzetszydridszynumnozsnonzigynodtfly
tilriams filmspy fillnk)
‘G0 TQ 7

CELSE IF ineut is from a file THEN IO:

oIF (charin(1l) .EQ. 4Hfile) G»12
TYPE 7170

What file?

TYPE 7150
ACCEPT 1000y charin{l), char1n(2)
IF (charin(2) EQ. 3H ok) GO 7O 11

" Seelt correctlu?

- TYPE 7045, charinfl)
ACCEPT 1000, charint2)
iF {(charin(2) .EQ, 3Hyes) GO TO 11 ‘

~If no then reenter filename.

TYPE 7155 : .
60 TO 9
CALL rdinit
(mcnlenvmcnwldonLPtszv951d52rnumnozynon‘tsynodtfl,
filnams fxlmspv fillnks char1n(1))
IF (stor) RETURN
60.T0 7
TYPE 7020+ charin{l)
GO TO 13

IF (echo) 19+20
TYPE 7050r menlen
TYPE 7060: mcnwid
“TYPE 7070y nzrtsz.
TYPE 7080y dridsz .
JYPE 7090, -numnoz ‘ S
.TYPE 7100, nonzty P
TYPE 7110y nodtfl
TYPE 7120: tilpam
TYPE 7130 fillnk
TYPE 7140+ filmse
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20

310

320

~q\‘ 1000

7000

7010

© CALL rddtmx(1snonztyrds4rfillnkscrsres)

RETURN - | L

Calculat1on of the matrix diwensions for fldeat and nozpat
usind the inrut gr1dsxze and erattern neasurements.

tdrtru
fdrtcl
nxnzwd

menlen/dridsz + 23

(rizptsz/(dridszX2) + 1) %2

IF (debud) TYPE 7200, fdetrws fdetclr mxnzwd -
What device for outPut?
TYPE 7030
ACCEPT 1006: outdve
IF the outrut is to do to a file THEN DO! *
IF (autdve JEQ. 4Hfile) 320,340
What is the nase of the outeut file?
TYPE 7040 '
ACCEPT 1000y outfil, char1n(2) ,
IF {charin¢2) .EQ. 3K ck) GO TO 40
Is file name srelt correctly?
TYPE 7045, outfil
IF (vesno(dumms)) 40,320
ELSE IF outrut is to do to the terminal THEN DO}
IF (outdve (EQ. BHterminal) 345, 360
TYPE 7160 :
60 TO 40 .
ELSE .F the outrit is to do to a linge Frlnter THEN DO}
IF (outdve EQ, 10Hlirerrintr) GO TO 40
ELSE Invalid ineput ‘ . :
JYPE 7020
‘G0 70 310
END IF THEN--IF THEN ELSE -
Make surg enoush memory is avallable for storade.
IF (chkd1n(fdﬁtc1vfdptru;mxnzudrnunnozynonztuvnodtfl))
GO TO 99999
Read data from data files, | '

CALL rdflnm(rodtflsfilnamrdatfil)
IF {stor) RETURN ~

ChLL rddtmx(0rnumnozr5r4yfilmspracnsec)
IF (stor) RETURN

.

FDRHAT(SAIO)

FORMAT(’ SUB define--defuine -rrgblem’)

FORMAT(’ How would wou like to ihrut data? (file terminal)’)

(monwid/ (2xdridsz) + 1) *x2 ¢
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e c | . . : ‘\.
7020. FORMAT(” Please reenter. v A10y’ is not 8 valid ipeyt.”) X
7030 FORMAT(’ Where do wou want the final outrut? (file tern1nal /-

. klineprintr)’) P,
7040 FORMAT(’ In .what f11e should the outeut be Placed7’ﬁ :/ i
7045 = FORMAT(’.Is ‘sA10+’ the correct . spellingd. of file nameT(yee no)’)
7050 - FORMAT(’ ‘Machine length = "yFB.30/ weters.’) o
7060 . FORMAT(‘ The field sattern width =’y Fé.3s ’ eterev,"/

7070  FORMAT(’ The maximum nozzle pattern dimension ="»F6.3¢’ meters’)
7080 FORMAT(’ The drid size =/1F5.3,’ neters.’)

7090  FORMAT(’ The number of nozzles to be rrocessed ='rI8) .
- 7100 FORMAT(’ The rumber of different nozzle tures =',IB) .

7110  FORMAT(’ The number of files containing nozzle data =',IB)
7120. FORMAT(’ The file containing. the nozzle data file names =',A10)
7130 FORMAT(’ The file which cross references nozzle tsees; heights»
% and nozzle rattern files is ‘¥A10)
7140 FORMAT(’ Therfile where the machine srecs are stored is ‘»vA10)
7150 FORMAT(’ The file which contains the initialization datas isi’)
7155 FORMAT(’ Please reture file name’)
71460  FORMAT(’ Cautiorr outPut to terminal has not been fully debudded!
% % Debusgded Feb. 82 M. Eliason,’)
7170 FORMAT(’ Caution inputting from a file has not been fully
X debudged! ‘)
7200 FORMAT(’ fdeptrw =, 18y 1 fdptc1'=" Y18y ' mxnzwd = ‘»18)

99999 END
*Xt*t*****XX*!***X*l***#*ttt**#l**t****t***###*X****X**X#**X**X**X*X**t*'
LOGICAL FUNCTION assisf(dumms)

XX*#**X******ttt*l##*****X*X*X**X*X****X***X*X*X***XXX*t**********#**i**
i,LOGICAL debus, echor errors heles 5k1P9 stor warnndy
X - optbud, -oetechr orthle
‘DIMENSION charin(10)
 COMMON /lodfld/ debugy echos errors heler skify storr warnnds
X . ortbudy ortechr orthle. e

assist =  FALSE,

IF (debus) TYPE 7000
ACCEPT 1000: cha}in(i).
IF (charin(1) +EG. 2Hno) RETURN
IF (charin(1) .EQ. JHues) GO TO 10

TYPE 7002y charln(l)
hele = ass1st

10 TYPE' 7005: TYPE 7010; TYPE 7020% TYPE 7036; TXPE'7040$'TYPE 7050

TYPE 7060} TYPE 70703 TYPE 70805 TYPE 7090 c
"TYPE 71005 TYPE 7110F TYPE 7120} TYPE 71309 TYPE 7140 TYPE 7150

.‘ -



1000

7000
7002
7003
7010
7020

7030-

70407
7050

- 7060

7070
7080
7090
7100
7110
7120
7130
7140
7150

7160

7170
7180

7183
" 7150
.. 7200
- 7210,

7226
7230.
7240

#7250
7260
7270

7280
7290
7300

7310 *©

7320

TYPE 7169 TYRE 71701[TYPE 71803 TYPE 7189+ TYPE 7190
*ENTRY helpl(dummy).~ ° . , : :
TYPE 72003 TYFE 72104 TYPE 7&205 TYPE 72303 TYPE 7240}'TYPE 7250

- TYPE 72603 TYFE 72705 TYFE 72803 TYFE 7290;

TYPE 73003 TYFE 7310; TYPE 7320 TYFE 73305, TYFE 7340; TYPE 7350

_TYPE 7360% TYFE 7370§ TYPE 7380i TYFE 7390

ENTRY hels2(dumms) -
TYPE 7400% TYPE 74107 TYPE 7420% TYPE 74303 TYPE 74407 TYFE 7450
TYPE 74553 TYPE 74403 TYPE 74705 TYPE 7475% TYPE 7480+ TYPE 2585
TYPE 7490 Y )

RETURN ] | | ;
FORMAT (8A10)

FORMAT(/ LOGICAL FUNCTION assist’)

FORMAT(A10y ’ was enterads Answer question adairn. (ses no)’)
FORMAT( Useful information for slarting erodram’)
FORMAT(’ Refore sou can rum this prodram gou must have files’)
FORMAT(/ with data in thems These files are fur the nozzle’)
FORMAT(’ rattern dater. the machine seecificationss the file’) -
FORMATI(”. which cross references the nozzle rattern file names’)
FORMAT(’ to the different nozzies and heidhts ard & file which’)
FORMAT(’ contains 3 list of the files which contain nezcle’)
FORMAT(’ rattern data.’) ,

FORMAT(’ Yay wiil soor be asked if wou wait to have wour inrut’)
FORMAT(’ ‘echoed out, If uyou say uves the values the comruler’)

- FORMAT(’ "has for the inu risbles at that time will be ‘9

FORMAT(’ printed out. This will ailow sou to check this dats’)
FORMAT(’ hefore the ma.ior rart of the comrutativn takes rlace*)
FORMAT(’ If gou reauest the inFut dats ve rrinted when resd’)
FORMAT(’ wou'will not det the nozzle ratterms rrinted out )

 FORMAT(¢’ unless wou confirm that wou want these to be rrinted.’)

FORMAT(’ If voy ineut data by the terminal the’’.

FORMAT(’ comruter will rromet wou for esch dats reguired.’)
FORMAT(’ If wou choose to Pea& the dats from a file this file”)
FORMAT(’ must be created before the Fun in the following way.’)
FORMAT(’ First line--Descrirtion of file contents.’)

FORMAT(’ Second line-—Amount of datas in file’)

FORMAT(’ Third line--Hachine length in meters.’)

FORMAT(“ Furth line--Machine widths’)

FORMAT(‘ Fifth line--Maximum nozzle dimension. ')

FORMAT(’ Sixth lIne--Grid size in meters.”)

FORMAT( ‘- Seventh lime-~Number of nozzles on machine.’)

FORMAT(’ Eighth line--Number of rossible nozzle tufes,’)
FORMAT(’ Ninth line--Number of nozzle data files.’)

FORMAT(’ Tenth Mne--File name where. machire srecs are found.’)

. FORMAT( ' Eleventh linc--File rame wheré names of rozzle data’)

FORMAT(’ files. are stored.’)
FORMAT(/ Twelvih line--File name where the wachine ')
FORMAT(’ specifications are storgd;')

a N . ol
. : B : '
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7330
7340
7350
7360
7370
7380
7390
7490
7410
7420
7430
7440
7450
7455
7460
7470
7475
7480
7485
7490

99999

FORMAT(
FORMAT(
FORMAT (/
FORMAT(’
EORMAT(’
" FORMAT ('
FORMAT(
FORMAT(’
FORMAT (/
FORMAT ¢
FORMAT(*
FORMATC’
FORMAT(
" FORMAT(’
FCRMAT( /
~ FORMAT(’
FORMAT(/
FORMAT(/
~ FORMAT(*
FORMATC’
" END

80

Redardless of the waw rroblem is setup files for the’) .
nozzle rattern datas will have to be setur,’)

These files must start with first a descrirtive line’ )
followed by a line -which contains 6 numbers.’)

The first number is the nuwber of columns above ithe’)
nozzle position on the drid.’)

Second the number of rows below the nozzle rosition’)
the third the number of columns to the risht.’)

The forth the number of columns io the left.’)

The fifth the maximum number in the file,’)

The sixth the minimuw nupber in the file,’)

Finally the outrut devite must be srecified.’)
Oytruting to the terminal will send the outrut” to wour')
but is slow.’)

Dutputting to the line erinter is fast for a3 larde’)
output but wou must eickur the outrput.”)

Qutputting to @ file must be done if the outrut is to’)

be saved for further comrutations’)
A Frinting can be make by printind the file.on the 7)
line rrinter or at a termlnalo’)

‘

T

**X*XXX#X*X*#X***X*X**#***X#*XX**XXtXX***X*XX**XX***X****#****XX******XX“

SUBROUTIN

- ¢ (menleny

«
KRRKARIORRK KKK KRR KKK KR KKK R KKK KK IOORKRKK KN RK K KKK AR KKK KRR RK KKK

10

X filnamy

REAL mcnl
INTEGER n
DOUBLE PR
LOGICAL d

L
E intact
nerwidrnzrtsydridszrnumnozynonzisrnodtfly
filmsey fillnk).

N

ery mchwidy nzrtszy gridsz

umnoy nonztszs nodtfl

ECISION filnamr filmsey fillnk, charin

ebudy echor errory helrss skir stopy Wwarnngs

X ortbud, ortechy opthlp

COMMON /1

IF (debus
© IF -{ortbu
TYPF 701¢

ACCEPT 1000, mcnlen |

- TYPE 7020
ACCEPT 10

TYPE 7030
ACCEPT 10
TYPE 7040

® ACCEPT 10

TYFE 7050

odfld/ debusd, echoy errory helpr skiry storr warnngs
ortbuds ortechs orthle /) . .

.OR. oftbus .OR. ortech) TYFE 7000
g fOR. optech) CALL cndort

-
—s

00y monwid -

0 ridsz

ACCEPT 1010y numnpz B _ ’

TYPE 7C60

-



j’i

ACCEPT 1010» nonzty

TYPE 7¢70

ACCEPT 1010y nodtfl

TYPE 7080

ACCEPT 1020s filnam

TYPE 7090

ACCEPT 1020r filmsp

TYPE 7100 :

ACCEPT 1020, fillmk , .

20 TYPFE 7110
. IF (yesno(dummd)) 30410

30  RETURN

1000 FORMAT(F8.3) .
1010 -FORMAT(IB)
1020 FORMAT(A10)

7000  FORMAT(’ SUB intact--interactive defining of eproblem’)
7010 - FORMAT(’ What is the machine lendth in meters?’)
7020  FORMAT(’ What is the machine width in meters?’)
7030  FORMAT(’ What is the maximum rozzle dimension in meters?’)
7040  FORMAT(’ What is the drid size in metems?’)

© 7050  FORMAT(’ How msny nozzies are to be rrocessed?’)
7060  FORMAT{ " How meny rossible nozzle tures are there?’) ,
7070 FORMAT(’ How manw nozzle data files are there?’)
7080 " FORMAT(’ What file contalns the names of the files contsining

% nprzle data?’)
70¢0 - ORHAT(’ What file is the machine srecs data in?’)
7100 " 4FORMAT(’ What file cross references the nozzle tures, heisghts,
hd rattern locations?’) .

7110 FORMAT(’ Are 3ll the starting sarameters correct? (ves ro)’)
7120  FORMAT{A10,’ i¢ not ves or no, Please reenter, {(wes ng)’)

97999  END

. " ' . ,
HREREKRKKIEERKKRKKKKKKAIKIKKK AR KKKRK KKK KRR KKK KKKKIORK R KK F KRR KKK

.
UBROUTINE rdinit - {
+  (menlersmenwidrnzrtszrdridszrrumrtiaz s nonztysnodtf .

X filnamy filmsey fillnks file)
X**i*****************i****#X{f**{*X***********X#X*tX**X***X*******X*tt**

REAL mcniery monwidy nzetsz) dridsz
INTEGER numnozs nanztyr nodtfls numrqw .
DOUBLE PRECISION filndme filmsrs fillrks files charins gescr
LOGICAL debuss-echor errory helrs skirr stor, warnndy
X . orl.bugr ortechs opthle
COMMON /lodflg/ debudr echor error, helrs Sley stor: warnnds



* . ~ ortbudy ortechs orthle
DIMENSION descr(10)

IF (debud .OR. ortbug .OR. ortech) TYFE 7000
IF (ertbud ,0R., ortech) CALL cndort

DPEN (UNIT=20, ACCESS=’seain’, MODE=‘ascii’s FILE=file)
READ (20+3000)(descr(i), i= 1,8)
READ {20;%)numrow
READ(20,%) mcnlen» scnwidr nzetszy dridsz
READ(20+X) numnozs nonztys nodtfl
REALI(2053000,END=50) filnam
READ(20,3000,END=50) filmspr
X gridsz~-Size in mm of the drid dimension.
X, help——--Lodical used to indicate that a long rromrt is reauired for
X the inruts.,
READ(2093000/,END=50) fillnk -

RETURN ﬁ ,
50 TYPE 7000; TYPE 7010
RETURN

3000 FORMAT(8ALD) '

7000 FORMAT(’ SUB rdinit--read initial definind data’)

7010  FORMAT(’ Found less data in file than gxrected’)

7020 FORMAT(’ Data was read from ‘v A10)-
99999  END ‘
t*#***X**it**!t*tttt*t*!X*XX*KXX*X****!**X#***!*!***X***X***Xtttttt*t**#

LOGICAL FUNCTION chkdlm(fdptclyfdptrUpmxn‘udrnumno7- nonztyy
¥ nodtfl)

R PSR E e e e vt s et et et Pt R ey et ettt t e ee et esttotetitssetttssestes

INTEGER fdricl, fdrtrws» mxnzwdr numnozs modtfls nonzty

chkdim = ,FALSE.

c ¥F (fdptrwkfdrtcl LE. 50000) 60 TO 30
F (fdetrukfdetcl JLE. 100000) 60 TO 30
PE 7010, fdrtrw
chkdia = .TRUEy
LY

30 IF (axnzwdkaxnzwdk3 .LE. 5000) GO TG 40
TYPE 7020y mxnzwd :
. chkdim = ,TRUE.

82



40 IF (numnoz .LE. 300) GO TO 50

TYPE 7030y numnoz
Chkdl. = +TRUE.,

50 IF (nonzts LE. 100) GD 10 An
TYPE 7040s nonztu
chkd1n = .TRUE.

60 IF (nodtfl LE. 1000) K0 TN 70
TYPE 7050s nodtfl
chbdim = JTRUE.

76 IF (.NOT. chkdim) GO TN 80
TYPE 7040
TYPE 7070
TYPE 7080
TYPE 7090
80 RETURN : _
7010  FORMAT (’ Calculated rows reauired fbr field rattern =) I8)
7020 FORMAT (’ Calculated rows and columns for nozzle rattern =',18)
7030  FORMAT (’ The number of nozzles wou want to process is’» IB)
7040 FORMAT (' The number of nozzle tuyres wou want to rrocess is’»IB)
7050 FORMAT (” The number of data files wou have data in is’, I8)
7040 = FORMAT (' The dimensionihg of the arraws in the prodram has’ y
7070 ,FORMAT . (‘-alﬁnggd for sufficient storade srace for the data’) |
7080 ,gQBQﬁ{‘#’clﬂdﬁeated above., The.rroblem will need to be split' )’
: ' -nv the program altered tn accomidate the probjomif)

‘

2 “LoLoLoL -
?‘.t!*tt**tlt!ttﬁtt*t*i!#iﬁti****tt**i***t***tt**x******x****t***tXXXXX*XX*

-

; SUBROUIINE irrsia(fdetcly fdetrws. mxn‘udv numnozy . nonztyy
i ¥ nodtfls Yilnams filmses flllnk; fldrat,

A X nazrats crsrefr dat!1l; menseey dridsz)

tt*i*tt*l*!t*t&g!x**l*l*ti*****k**l*x*xx**#t***k**xt**i**&t**t*k*#***X**
—_— o8
REAL fldpatrh1teay hitels hite2, nozrats» dridsz
INTEGER fdptcly fdrtrw, sxnzwdr» nonzty, nuyill, noznumr

X rumnozy nurowls nurow?s nucol2, nodtfl, last,
.k lstrndy rander tyemrkrmcnsrorcrsref
DOUBLE PRECISION filnam» fillnk, filmspy datfil
LOGICAL debudy echo» errory heler skiry storr warnngs
= optbudy optechr orthlr
. COMMON /logf1d/ debud, echo; errory helﬁy skify story warnrd,
¥ : optbudr optechs orthle

.DIHENSIDN'g}gﬁat(fdptolv—ZS:fdptru)'



[ Bl

DIMENSION nozeat (mxnzwdsmxnzwds3)
DIMENSION. mcnsrc(Se02nurnoz)
DIMENSION crsref(4ynonzty)

DIMENSION datfil(nodtfl) ﬂ{v',‘

IF (debus .OR. optbud .OR. ortech) TYPE 7000
~ IF (optbud .OR. ortech) CALL cngort |
Determine the order the nozzles will be procuessed.,
CALL calord(nunnozvnonztupcrsrefyncnspc) ' }nzf
~ IF (stor) GO 7O 99999 - ; .
. Process all the nozzles,
last = mensrc(5:0) : .
hite2 = 4250.0
_ tupmrk =1 '
lstrng/;JO N
skir = JTRUE, '
This DO loor rlaces each nozzle pattern on the fleld pattern.
DO 100 i=1srumnoz
noznum = mcnspc(Sri)
hitea = acnspc(3rnoznum)
IF (skie) GO 7O 12
IF this nozzle is not the same as the last to be Processed
increment the ture mstker and read middle nozzle patiern,
'IF (debusg) TYPE 7020y mcnsec(4ynoznum)s crsref(l.tuﬁmrk)
IF (menskc(4ynoznum) NE. crsref(Lrturaek)) 10920
10 tupark = tuemrk + 1
12 skip = JFALSE.
©IF (debud) TYPE 7020, ntnspc(4;noznum)o crsref(l;tspmrk)
IF (menspc(4rrioznum) «NE. crsref(lyturnrk)y 10415
15 CaLL rdnzdt(datf11(crsref(3,tspmrk));no‘Patynxn‘udy_ynurcu‘v
X nucoll)
END IF :
Determine the range of height the nozzle is in.
IF ( hites .LT. hite2) 16+18 -

16 rande = 2
o 60 TO 27 ~ )
ok: ‘rande = 4
60 TO 27 A _ -
20 . IF (hites .LT. hite2) 22y24
22 rande = 2 .
GO0 TO 25 s
24 rande = 4
END

IF this nozzle is not in the same helsht ranse as the last then
~ read pattern into first level.
25 IF (lstrnd NE. rande) 27,30
27 CALL rdnzdt(gstf11(crsref(ransertspmrk))rnozpatynxnzudyiv -
R  nurowly nucoll)
lsirns rande
IF this nozzle height is not the same as the last then interrula



te.

30 IF (debus) TYPE 7030vlastr nOZNnuUR» ranse LN

" IF (mensec(4rnusnoz) «NE, acnsrc(4rlast) .OR. hitea +NE.
3 ncrisro(3rtast)) 50:90

c ~"' Choosins the'correct height for the nozzles.

50 IF (hites - hite2) 60+70,70

60 hitel = 37500 « o

GO TO 80 :

%70 " hitel = 4750.0 . .

80 IF, (debus) TYPE 7010 hiteas hitel, hite2 .
c ' Calculate nozzle pattern for actual height.

CALL 1nterr(nurou1,nucollpnozratvhatea,ﬂltelvhxte2p

X axnzwd) :
e Place nozzle pattern on f1e1d pattern,
20 CALL clfdrt(mcnsrc(lpnoznun)rncnSPc(Zyno’num)'nozﬂatv
b & fldrat, !r1dszvnurou1; nucolly mxnzwds fdricly» fdertrw)

last =mcnspc(Sri)
100  CONTINUE

n v

IF (debud) 110,210 . o .
c Every fifth colusn of flgrat at the row numbers-seecified.
110 DO 200 i=1,fdrtrwsfdrirw/10 '
WRITE(S5,5000) i» (fldeat(iri)sy J=1,fdrtcls5)
200  CONTINUE

210  RETURN

5000. FORMAT(’ Row ‘rI4y’ ‘/,100F8.3) S

7000 FORMAT (’ SUB irrsim—-irridation simulation’)

7010 FORMAT (’ hitea=‘sFB.1y’ hitel=’yF8.1»’ hite2='yFB.1)

7020 FORMAT(’ This nozzle = ‘vI4s ‘' Ture of reference = ’'y14)
7030 PORHAT(’ last = ‘y14+’ thisnz = ‘114s’ this rande '=»‘I2) ¢ .
99999 END

.

i

IR ERS AR S 2SRt R 2 iR Sttt Rttt s AR n st itttz as ittt bttt i iss it
SUBROUTINE rdflnm{nodtflr files output)

!ttt*t**!t*it*##!t*!t*t*!*ttt**tt*ttttX**tt*t**t!**tti**t*ttt*tt*#t!t*t!'

) DOUBLE PRECISION files outeuts descr - >
INTEGER nodtfly numrow -
LOGICAL debudr echos error, helps skirs story warnngs



30

35

100

37

40

900

- 3000
3010

7000
7010
7020

ortbudy ortechr orthler
DIMENSION outrut(nodtifl)
DIMENSION descr(10)

- COMMON /losf1d/ "debud» echor error» helpy skirr stors warnnsy

ortbugy ortechy orthlr

" IF (debud .OR. ortbus .OR. ortech) TYPE 7000 _

IF (optbud +OR. ortech) CALL cnsort

Oren file which contains the list of files that contain data.

OPEN (UNIT=20, ACCESS=‘seain’» MODE='sscii’s FILG&file)

READ (20» 3000) (descr(i)s i=1,8) -

READ (20» X) numrow

IF (echo) S5¢6 .

TYPE 7100, file ' , %
TYPE 7110y (descr(i)r i=1,8) ) ‘\
TYPE 7320» niodtfls rumrow .

Check to nake sure correct amount of data is in flle.

IF (nodtfl-nuarow) 10+30,20
TYPE 7010y numrows nodtfl
warnnd = +TRUE.

GO To 30
TYPE 7010» nrumrowr nodtfl
error = +TRUE.

>

READ (20y 3010, END=40) (outrut(i)r i=lrmodtfl)

IF:{echa) 35+37
DG:100 i=1snodtfl v
TYPE 7130y iy outeut(i) - o
CONTINUE .

If an incorrect amount of data is expected or found errur
nessases will be rrinted.

IF (warnng) 6O TD 50 : i
IF (error) S50:900 ' ‘
TYPE 7020
TYPE 7120y noditfls numrow °
TYPE 7100, file
TYPE 7110y (descr(i)y. i=1,8)

B S PN

%
RETURN -
FORMAT (8A10) S
‘FORMAT(A10) : !
FORMAT(’ SUB rdflirm--read file names.’) .

FORMAT(IS,” data rows indicated in file “+1I5y’ exﬂected )
FORMAT(’ Found less dats jgq file than \PeCued ) i
!

86
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7100 FORMAT(’ File from uhich data is resd is ‘sA10)°
7110  FORMAT(’ ‘»BA10)

7120  FORMAT(’ ’'»I3» ’ Rows reauested'v 15- ’ In file')
7130 T¢! outrut('vIS;') is  ‘»A10) . .

99999 END

]

4 ., . | ) o
txtttttttttttttttt*tttt#itttttttttttitt*tttt*ttttttxti*tttt;ttttt&ttt*‘(ﬂ '
: - -t;.‘,»' . ’ ‘ 'l'

. SUBROUTINE rddtax = o :

X (fstroua altrouy nuclar, amtcols falen output)

e
.

’ *ti#t*t*!tttt*t*t*!*t*t*!*t*t!tt*!**ttt*t#t*!tt*itttitttttttttltttlttxtt

DOUBLE PREtISIDN files descrs: cH%r1n , S E
INTEGER amtcolr amtrowr numcols numfowr outputs fstrou: nuclar 3
.LOGICAL debuds echor errory helrr skips StDPm ‘Warrings
b 4 . orthSo ortechy opthlp , " Z
r»i -
: CDHHON llosfls/ debud EChOl errory Heley Skva storr ugrnn91~
X @ .+ ortbuds prtechs owthlr ’
DIMENSION outeput(nuclars fstrouf\ntrou) ’
DIMENSION descr(lO) :
DIHENSIDN charxn(lO)
IF (debus .OR. ortbug .OR, ortech) TYPE 7050
IF (ortbud .OR. ortech) CALL cndort -
error a ,FALSE.} warnnd = .FhﬂSE. E oo
c Oren f11e from which data is to be read and read intro, lines.

OPEN (UNIT 20, ACCESS=’ seu:n ' HODE"asc11'v‘FILE=f119)
READ (20, 3000) (desercids 11/8) ,

s

READ (20s ¥) numrows numcol ¢ '%') ,

IF (echo) 96 - 7 a . 7¢u

5 ‘URITE(SrSOOOJ tile ' @ ~

WRITE(5+5010) (descr(i)y i=1+8) ’
WRITE(5:5020) -amtrows numrow

WRITE(5,5030) awtcols ‘numcol LI
I
c Decide if data file conta;ns the amount of data exPected. B
e If not erint our an error nessaSe. N e 4
)
6 . IF (amtrou-numrow) 10y 30, 20 ¢, Ty b
10 TYPE 7000 : W
error = ,TRUE. ) _ - g

GO TO 30 - > , 5



X R Lo
" ; ! '.. :a - . E
:, 1, ‘ ‘. o ) - ‘
=4 e e ”JL ; ) = . i
o 301"'IF‘(lltdh -nu-cgl) 40:50:50 S o
.40 7 TYPE 7930 " , R D
YTO arrors TRUEo oo T
..., 80 T0 e
) gy . TYPE 7040 - L
Y& avrorm RUE. O
60 IF terror). 70590 IR A
700 -TYPE 2070, N
' 71 ACCEPT 1000y charin(i) S R T -

- S IF (charin(1): .EQ, 4Hstul) 72!75 oo
72 stop = OTRUEO VS . «: . N §' N
- RETURN = -~ - . e
725 . JIF (charin(l) OEGJ'BHPQdEflne) 77v80 LR
7 © TYPE'7080 * v . a
T ACCEPT 1010y atrow. T
L o TYPE 7090 SR
o ' ACCEPY '1010y a-tcel ,v‘j 4'- ] :
.-, 60TO 9 ' ’ s
80  IF (charin(1), EQ. BHcontznue) 90185 o

o ges  TYPE 7100, harin(f): S » P
o 60 7@ 71, . ~Q» S C,
¢ .. -Reed data, . . S ‘, . fg' o |
90 DO 100 i=lramtrow - . ' o oo
' “~READ (20,vaND=150) (output(a-x)v4=1nantcol) o
100 CONTINUE . o .
I Geched t1o¥is2 w0 L
110 . DO 125 x-l'antrou g - X N
. D0 125 JBIvantcol . : o
- - WRITE (5,5040) 4v1uoutrut(ap1) R
125 CONIINUE o . r" - #
s@mIs2 . . T
¢ ) If an grror 1s suspected Prznt out a nessase descr;bins
.grrof. CE ; o

A

e 150 TYPE'70200 . "

152 JIF (error) 155¢900. . S g’ ;o
155, WRITE(S5,5000) file 'ﬂ -
v " WRITE(5,5010) gdescr(i)s i=1)8) o
I L URITE(&vSOZQ) antrows nuarow . F L

‘ URITE(S:ﬁO!D) autcol: nutcol

st

\"\‘v:' - ‘ ) v “.
~ %00 RETURN T A ey

1000, ,FDRHAT(QAIO) S 5o e
+1010  FORMAT(10018) | ¥ o
. 3000, ‘FDRHAT\GHAIO) ye S

\zw-?‘ : K -,
) v |



ot -
IS

: o T .o & A o ¢
.r\" N . ‘ .vl. ! & ‘ ‘ 4,‘ ) . L b)l’) ('
Lm . p . - . - @ . ‘j . X [ K
S B 3 - .
. . X . R PN - "‘ - '
. 5000 FORMAT{(’ File from which dlta is read 1s -410) S
b9 010  FORMATC’ ‘»BA10) - - b - PR
5020 FORNAT(’ ‘+IS)’ Rows renuestga'- IS, * In file')l A

5030 . FORMATC *»ISs ‘s Colusn®’ reduested »:ISs -/ file’)-
5040  FORMAT( output(‘yISs"+"yISe’Y is vIB) 55 L
5050 FORMAT(' Headings arel ‘. 1065.3) Yo il

" 7000 deHAT("Hore dita rows indicated in_ file ‘than exrected’)
7010 ~ FORMAT(’ Less data rous indicated: in filesthan. expected’)
' 7020 * FORMAT(’ Found less™data .in fi le than exrected!) s
- T+ 7030 FORMAT(’ -More columns indicat®d in file than. exrected’)
7040 'FORMAT(‘ Less columns indicated 1nf%1le than e*rected’)
7050  FORMAT (‘. SUB rddtlx--read data natrxr ) o
. 7060  FORMAT(’ *»10I8) . . & o
“7070 FORHAT("Uhat would wol™like. to do?’ (redef1ne cont1nue stop) ‘$)
7080  FORMAT(’ How many. rows of, data.are 10 be read? ‘$) =
"~ 7090  FORMAT(’ How aany columnsof data afe to be read? ‘%) -
7100 FORMAT(’ Please reenter. ‘yA10s'Is not a valzd anut.’)

.

99999 END. - , STl
tt*iiﬁttt*tt*#*ttt#{*#x****#!t**#*ttt*iitttX*itxtiitt#&!tt*ittt**t#itt*i’
oL ' o » : " :
SUBROUTINE calord(numnozy nonztys crsrefs fcnsec) Y

. . ) . . ) . . 3 \:\. ) . .
: xttx;xxxxxxtxxxxxtttxxttt*tttttxxxxtxxtxxxtxxxxxxxxxxxxttxtitxtxxxxxxxt;
INTEGER' ncnSPCr nuanozy crsrefy turns nonzty, errors: nLtBPr’ f
¥ W pointrs noznui holds hold2s thisnzs, thisht - mi; i
LOGICAL debudr echo) errors helry skxpy stopv warnnsgr T
X ' oPtbu!r optechv orthlp ¢ .
. .DIMENSION crsref(4vnon;t9) CoR
" DIMENSION ncnspc(SyO nushoz) S

, . COMMON /lodfla/ debusd, echov errors helpr Skva story warnndy
SN ~ optbus: optechv opthlp

IF (debus .0OR. ortbus +OR. ortech) TYPE 7000

IF (ortbug OR.. ortech) CALL_ cndopt

¢ Deterpinquﬁder that files will be Proﬁessed.
. turn=0 ' :
C °  WHILE there are still nozzles to PrOCESS DO.

DO 100 i=1lsnonzty

nztyer = crsref(1v1)

DO 100 J=1snumnoz

thisnz = mcnsrc(4yd) -

thisht = mcnspc(3id) 2 G ,
IF (debus) TYPE 7030» crsref(1si)y mcnswc(4,4); ncnsrc(3yu)

B o [



15

80

100

‘4/{ : r‘f \bag,n

77

110
120

200
900

5000

10 .

jc)

4 90

o IF, the nozzle is the ture we want to find THEN DO" o T

: *IF (thisne EQs nztwer) 107100 ey, . DR
‘WHILE this nozzle is the same Eume us that uhder. | RN
qcons‘ideg,otmn and tﬁis ho:sht is less than that bo!
- IF (thisnz EQ. -cnlrc(Avacnsrc(Svturn))) 15,50 -

[N

IF z(thisht LT, ncﬂspc(3vacnsrc(5-turn))) 20140 S BN
_turn = tyrn - 1 N
@T010 . o

ENn WHILE DO
5 WHILE this height is Irelter than that of the nozzle under
cons1der0tzon afid the nozzle under consideratxon ‘exists DO
. turr = furn + 1
. - IF.{thisht .GT» ncnsvc(!vnchsrc(S-turn))) 40160
END WHILE DO 3 .
turn = turn + 1
IF (thisnz .EQ.. ncnsre(4olcnspc(51turn))

+OR. mcnspc(Seturn) JEG. 0).60+50
Process nozzle in this rosition and move any nozzles to be
rrocessed later down ane. " \
hold = J :

rointr = turn .

WHILE there are still nozzlgs to be rrocessed DO.,

IF L-enspc(ivﬁqéntr) +G6T..0) 70.80 _

"hold2 = acpspc(Srpointr) ' :
'lcné;3757§gfnty) ‘hold ) ‘

hold = hold2 ~ . | _

! . poibtr = pointe +- 1 B ,

60 TO 45 : ' . ©

END WHILE DO. ’ '
acnspe(Sypointr) = hold -

IF (pointr .EQ. numnoz) 110,100
CONTINUE

It 311 the nozzles have been rrocessed this block will not be
entered. If all the nozzles havn’t been #rocessed one or
more of the numbers in column 4:-of mcnsepc is wrong or not
enoush nozzle tures are found in crsref.

a

errors = nulnoz-rointr
WRITE(S5:5000) (errars)
stor=. ,TRUE, : L : T N
IF (debus «OR. stop) 120,900 T ’
lTYPE 7010 '
DO 200 .i=1rPointr
noznue = mcnsee(Sei)

TYPE 7020y i» noznunv ncnspc(4:noanl); lChSPC(3vnOZDUl)
CUNTINUE .

\

©

RETURN

FORMAT{’ ‘yi3y * Errors in 2nd column, of crsref’)



| 5010 FORHAT(’ Error in nensrc(A'o:IJp’) Ualue should he’vIBo' Is’ :IB)
5020 - FORHAT(’ nozzle nunber ’ IBr ! hexsht “218y. ’ turn »18) -

.7660 FORHAT(’ SUB calord--calculate order of processing’)
7010 FORHAI(' The nozzles will be. rrocessed*in this order.’)
'f7020 FORMAT(I4:‘) Nozzle no.’sI4s’ Nozzle *+13i°/140 Height ‘+IS»
T am’)
7030u FORMAT(’ nztwpr = /ISy t:s”?z = /4155’ thisht = /4I5)

7040 FORMAT(’ int5 = /»I5,’ crsfet = /4I5)
) ) . L - ‘
99999 END Lo >

*tt*#X*tt*t*#t!tt##fiyttttttl***ttt*#tt*!tl*l#tttt*t**l*t***t*t!ttt*t#*#

8

SUBRUU%INE rdn;dt(fxlevnozraty nxnzudvlevelpnunrou»nu-col)

t#!t*!tt#!**lx*#*#itl***!*lt*i!t**t*t*t*!tt***!t*#t*#***#*iﬁt#t*i*tt#*t* -

DDUBLE QRECISION tiles descr '
INTEGER maxs mins numrows numcols mxnzwds level
- " LOGICAL debuds echos errors» helmy skiry stors warnnds
X _ ortbud) Optechu orthles -
REAL nozraﬁ :

DIHENSION nozrat (mxnzwdrmxnzwdr3)
DIMENSION descr(10)

; COMMON /losfls/ debudy - echo; errory helPr skiry stor; warnngs
¢ _ . ortbudy optechy oprthle .

IF (debud .bR. ortbud .OR. optech) TYPE 7020
IF (ortbud .OR. ortech) CALL cndort -

OPEN (UNIT= 20: ACCESS;’sea1n va0D€4’ascii’r FILE=file)
READ (20« 3000) (descr(J)r J=198)
READ (20: X) nunroup numcol -

S IF (echo .OR.. debug) 35,36

35 WRITE (5:5000) file
WRITE (5,5005) (descr(.i)rJi=1,8)
WRITE (5»5010) numrows mxnzwd
WRITE (5,5020) numcoly mxnzwd

4

.

= - . o
c Decide if exrected anount of data is Present.-- f
2

36 IF ({numrow .LE. mxnzwd) .ANB. (numcol .LE. nxnzud)) GO TO.40
' -TYPE 7000

91

,stor = ,TRUE. o . S o
RETURN - o | | N



A0

50

200

250

3000

5000

- 5005
9010
5020
9030

7000
7010
7020

99999

>CONTINUE

, Reaﬁ data.

READ (20;!;END 250) : :
‘ ((nozpat(kydvlevel)vk=11nuncol)v J=11nu-rou)

A

IF (echo) 500200 S oo
DO 200 J=1snumrow. , )
URITE(S:5030)(nozPat(kavlevel)'k=1;nuncol)

~

RETURN

TYPE 7010
CRETURN - | S '

FORMAT (BA10)

FORMAT(’ Data is read fron y AIO) .
"FORMAT(” ’,8A10) ' -,

FORMAT(* ’4IS5) ‘' Rows in file with ‘»IS5, ’ allowed.’)

. FORMAT(’ “,ISy ‘ Columns in file with ‘+»IS» ' allowed.’) .~

FORMAT -¢/ ’139F4 0)

FORHAT(' Too much data in f11e to store in nozeat.’)
FORMAT(’ END OF FILE found before exrected data read’)
FORMAT(’ SUB rdnzdt~-read nozzle Aata )

END

*XXX#*t***ttt*tt*t***t*X**#**t**i******!X*t*i*tt*tlt&*t*t***t*lt*X**t***

SUBROUTINE xnterP(numrou: numcoly nozpatv h1teay hitel, h1te2-

-xnzud)‘

4 X**XX**XX#*lt*!*t**tt*t#t#***tt*!ttt**#tl*ttt*#**XX*X##*!*#i!***!#*t*#t*

INTEGER nxnzudv nunrouv nuncol

REAL constls const2y hiteas h1te1v hite2s nozpat

LOGICAL debugsy echos -errory heles skiry storr warnngy
ortbuSr ortechr orthler -

- DIMENSION nozpat(nxnzud-uxnzudv3) ’

' COHMON /lodflga/ dq}és- echo: errorv helpy skiry stopy uarnnso

ortbud, optechu OPthlP

- IF (debug .OR. optbus +0R, optech) TYRE 7000
IF (ortbus .OR. bptech) CALL cnsort

k]



10

20

30

.40
- 100
150

200
210

7000
7010
7020
7030
99999

'Lxxx
b ¢ 3

ttttl

S X

) Calculoto interrulltion constantSM

constlt hitol - hitel) / (hitel - hite2)
- const2 +const1 '

IF (dobul) 1o.2o :
TYPE 70109 hitear hitelv hite2 )
TYPE 7020y constlp const?

Do the intornulltion for all the data, - e

Do 100»1-1-nuncol ‘
DO 100 J=i,numrow ’ )
IF (nozrqt(ivJvl) +NE+ nozrat(irJdi2)) 30,40 *
nozrat(irds3) = nozeat(isrds1)kconst2 - .
. S nozpat(ikoz)tconstl : '
‘GO TO 100 : o : -
. nozrat(isrds3) = nbzrat(114-2>
CONTINUE
. O
IF (debus) 150,210
DO 200 i=1lsnumrow
TYPE 7030v(n02P8t(J1173)v J=1unulcol)
CONTINUE .
RETURN

'FURHAT(' SUB interp--interrulate data for acuual height’)
FORMAT(’ hitea=’,F8,3s’ hzte1='rF8.3r hite2=',F8.3) '
FORMAT(’ constl=’,FB.6s’ const2=’,F8,4) '

FORMAT(’ ’,30F4.0)

END

»

xttltttttt*xxtttt#ttttttttttt#tttt!ttttttttttttt*ttttztttttt#tttt#t
x " '
SUBROUTINE clfdrt(nozdst; ltnzdsv nozrntw fldpatv aridsz,
4 , ‘ nunrouo nuncol- nxnzudu fdetcl, fdrirw)
tttttttttttttttxttttttxtttttttttttt!tttitttk&txtttttttttﬁtttttttttx

.. REAL- !direlp rrarl!'rrlra2yprara3rprara4- fldrats nozrat, srxdsz
INTEGER distl» dist2y dist3s distd4s ltnzddr ingdsz; NURTOW?

I .. latarks distmks-dey las nzetszy fdrtcly nozdsto Wxhzwdy
S numncol, fdrtrw
LOGICAL debud, echor errors helps skiry storr uarnnﬁy
| . ortbusy ortechs aorthle

DINENSIOR‘nozpat(uxnzwd-nxnzudv3)
DIHENSION fldpat(fdr%elo-25ffdrtru)



N D L

- ! o

- COMMON /lodfld/ depus: echov errars helrv sﬁipr stopy Qifnn!m
x . ) . owthu!v antechv orthle '

S L .
kR - 1

. EGUIVALENCE(Iatnrk:l-) .

~IF (debusd .OR. oﬁtbus..OR. ortech) TYPE 7010
¢ (ortbus,%OR. ortech) CALL cnﬂqrt,'

Calculate all the constants. . - <; \

1nsdsz » !qjdsztlooo
- IF (ltnzds) 3:2,2

2 dist2= NOD( ltnzds: ingdsz ) f:; T
distl= ingdsz - dist2 S )
dist4= MOD( .nozdst, ingdsz ) =
dist3= ingdsz - dist4
G0 7O 4 ~ : - ot

'3 distli= MOD( -ltnzds, 1nsdsz )

g dist2= ingdsz - d1st1 :

- dist4= MOD( nozdsts 1nsdsz ).

dist3= ingdsz - .dist4

4 gdarea = FLOATCingdszXingdsz)
praral = (distl¥dist3)/gdarvea . o |
Prara2 = (dlst2#d1st3)/5darea , : s
~ prarad.= (distixdist4)/ddarea . o ’ o
PP8P84 = (d15t2*dxst4)/9darea‘ v
CIF (debug) 506 A

K] TYPE 7020v distlr dist2s dist3s dist4 . .
TYPE 7030» rraral, ddarea
: TYPE 7040y rrars2s ddarea
TYPE 7050, Pra(zii ddarea
TYPE 7060, PTarsd) sdarea
"'

Dec1de if the noz-le is a left hand noz:le or G r1sht-rand one. i

o

R (Itnzds) 1041205120 .",‘, 1
.If“the nozzle_Pattern is riahtldﬁ;this.

10 latwrk=(fdetcl-numrow’/2 4 li-cds/irsdez -1
distmk= (nO”dSt/lﬁﬁdp-) ¢ nd“u)l/q - .
DO 100 1=1;numtou '

dw=distmk * ’



1..1.41 - . - v- » PN .

- DO 100 J-ﬁgnuncol
fldrat( Rrdn) = fldpltflncdn) + nozrat(Jv1-3) % rraral

“fldrat(latlrdn)=tldrat(latisda)tnozrat(Jris3) € rrars2
fldplt(llvdn+1)-fldhlt(lavdn+1)+nozrattJviv3) X prarad
fldrat(1l+1udn+1)-fldrlt(1n+1vd-+l) ¥
23 . o nozrtt(JoivJ) t rrora4
o dn-dn-l ' B =
'100 CDNTINUE

REQbRN g - A
‘e It nozzlo pattern 1s left or contrad do this.

<. 120 distnk-(nozdst/inldsz) - nuucol/Z
' latnrk-(fdptcl+nuprou)/2 + ltnzdslinldsz + 1
‘D0 200 i=1irnumrow ,
dm=distak _ ' E
- le=lm-1 y . S
<480 200 J'lrnUlCOl ' '
fldrat(ll;dn)-fldplt(ltvdl)+nozrot(Joiv3)tprartl
fldrat(1lntlsde)=?ldrat (1atlrda)tnozrat(Jrir3)krrara2:
fldplt(lnvdn+1)=f1d¥at(1.vda+1)*nozrat(J:iv3)trrlr03
f1drat(1n+1udl+1)-f1dpot(1n+1-dn+i) + Sl

4

S _ o : nozpat(J:h;3§trrara4 P

o dn-dl+1 .
- 200 CONTINUE
.+ - RETURN

7000 ’FORHATI”VLiiiral distance. for nozzle siven as zero’)
7010  FORMAT(’ SUB . clfdrt--calculate field rattern’) :
7020 FORMAT(’ distim’yI8y’ ‘di&t2=’,18s' dist3=’ I8y distd=’ vIB)

.7030  FORMAT(’ Prorortionsl aresi=’,FB.6s’ of ‘sFB.1s’ srid area’)
7040  FORMAT(’ Prorortional ares2s’,E8+ds’ of ‘»FB8.1»’ srid sres’)
7050 © FORMAT(‘ Prorortionsl sreald=’yFB8.4s' af ‘sFB.1s’ srid atea’).

. 7060 FORMAT(’ Prorortional aread4a’ F846r’ of ‘+FBi1y’ grid ares’)
99999 END ' |

'Att*t*t!!tl#ttttt!8*!tttt!#!!ttt*ttttttttt‘iitttl#t#!l'tl*lttﬁ!!!t!!!t!li

SUBROUTINE outrut(fdrtruvfdrtclo fldpatv lcnspcv lridszv nunnozv:

o . outdver outnamr title)
| e

!ittttltttﬁ!**i!tﬂt*!t!!tttttttttlt#il*t*lt*ttt!#ttttttttltttttttt*ttttt.

REAL fldeats distaks sridsz. (2‘ '

"INTEGER fdrtrustdetcls outsuts acnse nunnbzv TOwS

LOGICAL debug» echor errory helry skiry stoe warnngy.
X ortbuss’ ortoqholorthlp

~

95 ‘y



DOUBLE Pnélt510n~tit1ecxo). outnams’ outdvc :

- DIHgNSION fldpat(fdrtclv~25.fdrtru)
. DIMENSION ncnsrc(SoOSnulnoz)

’ COHHON Ilo!fll/ dobu!v echov errors helr- sk:r: storv uarnnav .

. g . ortbusy ortechs orthlr - e

-

¥ (debul JOR. ortbug JOR. ortech) TYPE 7000 . ”f_' .

10 IF (ou%ch .Eﬂ. IOHlxnerrintr) 20:30
20 CALL outler ,

. A (fdrtru:fdrtclp fldrot; acnsrcy dridszy nunnoz- txtle)
' RETURN

a2

30 IF (outdve :Qu 8Htern1nal) 40150 S
40 CALL outtrm , : o
4 (fdrtrwsfdetcls fldrats ncnsre: sr;dst nunnoz: tltle)
"RETURN ' : : :

50 IF (outdvc +EQ, 4Hfil;) 60270,
. 80 , CALL outfil .
."t,> (OutnllifdPtrH!fdPtcl!fld?ltrlCﬂSPC' sridszs nunnoz- titl!T
. RETURN S, ~

N

70 TYPE 7010 - ' -
ACCEPT 1000;” title(9) b »
. -.B0TOL0 S o AU
1000 FORMAT(BA10)  °~ = . - .
6000  FORMAT(BA10) - L - :
6010  FORMAT(100F10,3)’ |
6020 FORMAT(100I8) . ~ - .

7000, FORMAT{’ SUB outsut--outrut the final result(s),”) a Y

7010 EORHAT(' A ledal outrut device has not been spec1f1ed. Which wo

7020 FQRHAT(’VEnter up to -3n 80 ‘character strxns for the outrut

tuld'sou like the outrut to !o* (fxlev tern1n¢1: linerrintr)’ )5¥r
8di
thlo')

7

9000_ FORMAT(8410) N S
9010  FORMAT(‘ Number of Tows = ‘318, Number of caluans = /,I8)

9020 FORHhT(' ‘716F4,09’ I'116F4.O) . : o~
99999 "END 7 - -
e Print out fldpat. T o .

itxxxxxtxxxxtx:xttzttit;tt:ttxtxxtxf;tixttittixtixittxttz:xtttxxttynxxtx

'GUBROUTINE outtrm N 5
3% (fdPtruvfdPtclr fldraty acnsecy dridszy NURNOZ» txtln)

x:t:xtxxtgytytxxxtxxtttx:t;t::txtxxxtxxtxx:xxxxx:xxtzttxttxtnxxttxgt;xxx



REAL fldratr distak, gridsz o
INTEBER fdrtrwifdrtels outruts mcnspCr numnozy rowsy firstrlast,
. LOGICAL debusts» echos errory hele skiry storp warnnsr
 § ortbugr ortechy orthle
- DOUBLE PRECISION title(10)

DINENSION fldpat(fdrtclp-zsziabtru)
DIMENSION mcnspc(S5r0¢numnoz)
DIMENSION char(10) 3

COHHDN /lodfls/ dobun; echos errorr heler skipv story warnng,
 § ortbussy ortechs orthle '

IF (dequ-‘.oaouoptbus iOR. ortech) TYPE 7000
chlr(!) ‘!
char(2)
char(3)
char(4)

‘o . o
2L N
I'I C \

Ture outeput.

TYPE 7020, (title(i)y i=1,8)
TYPE 7030y char(1)

first = | j*
last = fdetcl
D0.100 i=-25,-1
" TYPE 7030» char(1)
: TYPE 70705 - (fldpat(avx)n~J-firstvlast)
100  CONTINUE .

B S

TYPE 7030, char(2)-
TYPE 7040y (fldrat(ir0), 1-f;rstylast)

distak: = .Stsrxdsz : - Ay
i2 =1 ' : - :

D0 200 is1yfdatru-25
distak = disteak + dridsz
IF (distmk .GE. mensec(1,i2) ,AND, i2 ,LE. nu-noz) 110;150

110 IF (ncnsrc(2o12)) 12071305140
120 TYPE 7050, scnspc(4ri2)s lcnsrc(1112)
' i2 =i2 41
GO0 T0 160
130 TYPE 7030, char(3) o
‘i2 = §2 1 : o .

" 60 TO 160 T ‘



140 TYPE 70409 ncnsrc(lviZ)r acnsrc(4yi2)
- 12 =i2 41
60 TO 160

150 ,TYPE 7030, char(4) ‘

160 TYPE 7040: (fldrat(dri)y J=f rstrlast)
200 CONTINUE ]

TYPE 7030y char(2)
' . TYPE 7070y (fldrat(isfdetru-24)» iﬂfiystvlast)

DO 300 i=fdetrw-23sfdetre
TYPE 7030+ char(l) '
TYPE 7070, (fldmat(Jri)s J=f1rstvlast)
300 CONTINUE

RETURN
1000  FORMAT(8A10) | o

/
7000° FORMAT(’ SUB outtra--output final results to the terminal’)
7010 FORMAT(’ TYPE & maximum of-80 characters for the outrut title,’)
7020 FORMAT(8A10)
© 7030  FORMAT(’ ‘»B0XsAS)
C 7030 FORMATC’ ‘»100X:A5)
7040  FORMAT(’ ‘920F4.0s’17920F4,0)
C 7040 FORMAT(’ ‘»25FA4.0s'1’925F4.0) ’
7050 FORMAT(’ ‘y40Xs %='113+//140-"918s'==1")
C 7050 FORMAT(’ /975Xy ’X='213+°/7140-"918y'—-1")
7060  FORMAT(’ /980Xy’ 1==79I8y'=—"'2131'/140-X")
C 7060 FORMAT(’ ’y100Xs‘|=—'918y'-~ v13u'/140-t')
_. 7070 FORMAT(’ . *120F4,0,’ "120F4.0)
© £ 7070 FORMAT(! ’+125F4,00’ ’»25F4.0)-

99999 END

ttltitt!tttttttttttttttttttit*tttttt*ttttﬁt*!!‘*t!tt‘tttttttltttttt*t*tt
tt!*lt!!t’tﬁtttt‘tttt#t*ttt!ttttt*t!ttt!!tt*tt*!*tt!*ttttlt*it*lt**t!ttx

SUBROUTINE outfxl
£ (outfilsfdertrwrfdetcly fldraty mcnsecy dridszs numnozs title)

DG TG Sttt tttdstaasosasesostetetestosstsisdnsitatatesdtditisdais ittt iy

REAL fldeat, distak, sridsz : .
INTEGER fdetrwsfdrtclr outrut, mcnsecy nuanoz» rows
LOGICAL debu!v echos errory- helps skiry stor: uarnn!:

/o

98

g g



ortbus, ortochv orthlr

fDOUBLE PRECISION title(10), outfll

‘DIMENSION fldeat(fdetcls~233fdrtrw) ;

DIMENSION acnsec(5s03nuanoz)

COMMON /losf1s/ debuss» echos-errors heles skirr storr warnngs.

ortbusty ortechr omthle

‘o IF (debus ,OR. oribug +OR. ortech) TYPE 7000

IF (ortbus .ORw aortech) CALL cnsort

OPEN (UNIT-ZOv ACCESS=’seaout’y. HODE- ascii'r FILEmoutfil )

rows = fdetrw ¢+ 26
Outerut into file.

WRITE(2076000) (title(i), im1,8)
WRITE(2016010) rowsr fdrtcl

- DO 100 i=-25,fdrtru

100"

1000
6000

6010
6020
7000
7005
7010

99999

WRITE(20,6020) (fldrat(Jei)y J-ivfdrtcl)
CONTINUE

RETURN,
FORMAT (8A10)
FORMAT( *»8A10)

FORMAT(10018) ‘
FORMAT(100(XsF8.4))

FORMAT(’ SUB outfil--outeut final results to a file’)
FORMAT(’ What file would wou ‘1like the outrut to g0 to?’)
FORHAT(' Tvrc 8 asximum of 80 characters for the output title.’)

END

!!t*!*tt*tt*t*tttttt*ttt!tt*t!t!tlttttt*ttﬁtt*t‘ttttﬁ*ttt*tt!ttttttttttt

SUBROUTINE outlrr

g

a

(fdrtrwsfdrtcl, fldratu acnsecy Sridszy . nuanoz title)

tltttlt*!tt{#*t*t*lttt***t*‘!tt!!t!t}tt!tttlttttttt*tt!tttttt*ttttttlitt

REAL fldrst, distmk» gridsz

INTEGER. fdrtru-fdrtclv outrut' -cnspcv nu-noz:.outdvc' rowss

firstv last .

LOGICAL debusty .echor: errorv helrv skimy stor: warnngs

. . omrtbusy ortechs orthle
DOUBLE PRECISION title(10)
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100

110
120

130

140

. o o ' A W
IMENSION fldrat(fdrtcls-25!fdrtru)

DIMENSION mcnsrc(S5»0inumnoz)

DIMENSION char(10) '

"COMMON llosfll/ debusy echos errors helpy skimy stomy warnnss

ortbugs ortech: orthle
IF (debuds .OR. ortbus .OR. ortech) TYPE 7000
IF (ortbus .OR. ortech) CALL cnsort

4 7

char(1)
char(2)
char(3)
char(4)

X X4

g’ N

I'I

first = (Pdptcl-30)%.5
" last = first + 31

PRINT 9020, (title(i)s i=1,8)
PRINT 9030¢ char(1)

DO 100 i=-25,-1
PRINT 9030y char(1)
PRINT 9010y (fldrat(iri)s J=tirstrlast)

CONTINUE

PRINT 9030y char(2)

PRINT 9040, (fldrat(ir0)s i=firstrlast)

distak = ,Skeridsz

i2=1

DO 200 i=1,fdrtrw-25
distmk = dist-k + dridsz
IF (distak «GE. menspc(1,i2) ,AND, i2 ,LE. numnoz) 110,150
IF (mcnsepe(2912)) "12001302140
PRINT 9050y mcnspc(4yi2)s monsepc(1,i2)
- 12 ={2 41
GO TO 140

PRINT 9030 char(3)
i2 = i2 41
GO TO 1460

PRINT 9060v ncnspe(lri2)y ncnsrc(4v12)
i2 =i2 41 - , ) , p
GO_TD 160 :
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150

160
200

" 300

1000

7000
7010

9010
- 9020
9030
- 9040
9050
9060

99999

s .
PRINT 9030 char(4)

PRINT 90405 (fldeat(dei)s Jefirstilast)

~ CONTINUE

PRINT 9030r char(2)
PRINT 9010y (fldrat(irfdrtru-24), 1=fxrstvlast)

‘Dﬂ 300 i=fdetru-23:fdetrw

PRINT 9030s 'char(1)

PRINT 9010y (Pldrat(dsi)s J=f1rstvlast)
CONTINUE
RETURN
FDRHAT(BAIO).‘

FORMAT(’ SUB outlrr-—output to the line printer,’)

FDRHAT(' Ture 3 maxinum of 80 characters for the output txtle.')

FORHhT('!’116F4.Of'"116F4.0)
FORMAT(’1/,8A10)

FORMAT (X’ 164XrA1)

FORMAT (%" y16F4,05°1/+16F4,0)
FORMAT(“%‘ 744Xy 'X-" 1134’ /140-"918s'~~1")
FORHAT('!':64X1'I—- 718/ == 1131'/140—t’)

7 END -

tttttlt*t*tt*t!t**!t*ttti*ttt*ttt*tt*it*tlttttittt**tt*tlttlt*t*!ii*!tlt

SUBROUTINE cndoprt

txxx::xxxtx#xxtt#xx:xxixtxtxxxxxtxtxxxxxxx:xxtixxxxitxxxxxtxxxxt:xxttx:x

10

50

- optbud = vesno{dummy)

LOGICAL debusv echar errors helrs skirs story uarnnsv'
ortbus- ortechr orthle -

COHHON /losfls/ debu!o echo: errors helrv skipy story warnnds
o ortbu!o ortechy orthlr

IF (ortbus) 10.50 ‘
TYPE 7010

debud = yesno(dummy) -
TYPE 7020 A

IF (ortech) 60,900 ' o
TYPE 7030

echo = yesno(dummy)

TYPE 7040

ortech = desno(dusay)
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900 RETURN

7010  FORMAT(’ Do wou want to outout the calculated values fron here
% on? (yes no)’s$)

7020 FORMAT(’ Do-vou want to.Be able to start'or stor output of the
X calculated values? (ves no)’s)

7030 FORMAT(” Do swou want to outrd& the values read in from here on?
X (wes no)‘$) :

7040 FORMAT(’ Do wou want to be abig to start or stop outrut of the

X values read 1n? (ves no)’s$) wbﬁ

99999  END | o 5@2

“L°L
Itltt!ttttt!tt!tt!tt!!l*l*tl!!Xlttttttt!t*ttl*!lt*#*t*#**tt#!tt#ttt*ttt!

L

LOGICAL FUNCTIDN sesno(dunls)

‘ t*ttttt!t!lttttt!**!l!t*t#tttlttt*ttt!ttttttt*i‘*ﬁtt‘*tt**!tt!!*#t**lﬂ*l' '

10 ~ ACCEPT 1000+ ch o o Se
c IF answer is ves THEN DOS ' o
IF (ch.EQ.3Hves.OR.ch.EQ. 1Hy.OR.ch, ED BHYES,DR.ch EQ.1HY)20,30
20 yesno = ,TRUE,
RETURN
c ELSE IF the answer is no THEN DO!
30 IF (ch.EQ.2Hno.0R.ch.ED. lHnoOR.ch EQ.2HNG.OR.ch. EG.IHN) 40:50
40~ vesno = FALSE, i
‘RETURN : ' o oo

C ELSE inrut is invalid -

SO TYPE 7010 o SR
G0 TO 10 '
c END IF THEN--IF THEN ELSE

1000 FORMAT(AS) | 4 i

7010 fFURHATg’ Please reenter.’Q.A5y’ is not 3 valid ipput’)

- 99999 END

't*ttt*ti!*t*Xt*t#ttttt!#ti!itt&**l!tttt#ttttt*ttt*t*ttt}ttitttttt*txttﬁﬁ :

SUBROUTINE ortion

tttxtitxitxttttxiitttxxtxxtxt!tttttt&itttﬂxttittttttxtixx:ttxttxttiitttt
. DOUBLE PRECISION charin
LOGICAL debusds echos errory helrr skims stor; uarnns;
E S ortbus: ortechv orthlp

~ DIMENSION charin(10) '
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COHHON llolfls/ debud, ecior ¥Frrors hele sk1rv stors uarnns;
X ~ ortbusy ortechr orthle .

IF {(debus .OR. ortbus +OR, ortech) TYPE 7000
What ortions?

10 _ TYPE 7010 . .
20 ACCEPT 10063 charin(l) .
. IF (none(charinél))) 900,100 : . .

100" - IF (charin(1) .EQ, 4Hecho) 110+200 B
Do wou want to start echoing outrut st next read?

110 TYPE 7030

echo = gesno(dumay)
Do wou want to be- able to start or stor echo:ns'
155 TYPE 7040
ortech = wesno(dumay)
. B0 TO 500

200 IF.(éﬁarin(i) +EQ, SHdebus) 210,300

Do wou want to start debul outrput at next calcualtions?,
210 - TYPE 7050

debus = vesno(dumay) :
“ Do wou want to be able to start. or stop debud outrut?
255 TYPE 70460 '

ortbud = yvesno(dummy)

GO TO 500
300 IF (charin{1) .EQ., 4Hhelr) 310,400 h : /f ’
310 CALL helri(dumny) g :

Automatic assistance?
320  TYPE 72070
help = vesno(dummy)

. 50 TO 900
400 “JYPE 7020y charin(1)
e ’““GG/TD 10 .
/" N s . . . ) Y -

/" s00  TYeE 7090

. \

N

v A

¢ﬁm.;mv

e .o

S

",7040 FORMAT(* Do vou uant to be lbl! to stor !choxns’ﬂtuos no)

- 60 T0 20
900 RETURN

1000 FORHAT(BAIO)

7000 FORMAT(’ SUB optlon?-ortlonal outrut, )
”7010' ‘FORMAT(’ What ortional outrut uould you 11ke?(echo

- ¥ ‘debus nope)’)
7020 - FORMAT(’ Please reontcr. » A10y’is not a val;d in’ut.')
7030 FORMAT(’ Do. wou uant to start echozns at noxt rpad?

*(ues no)’)

7050. FﬂR@bT("ha HOM uan* tn'start d-hug nufput at n-xt ca!cula’wnnc? %H&

ﬂ.g,_.q,x ("s m)” T i o T B o
- 706 annnr<' naﬁ&ou uiﬂ% %ﬁﬁ%e‘%blowtdﬁiﬂp’JQQHHI"Qu&rgt? Lues nn) Yo
S PR &'«Y‘%_, AR ;“)rﬂ"-s_.,-r..;‘ e e st T " ' R e e e -
‘“”M””““Mm#mmm%nwﬁw :‘E” I
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‘7070 FORMAT(’ Do you want to autonaticullu det ass1stance at each 1nr
* fut reauest? (ves no)’) .
7080 FORHAT(' If wou need helr 1t can be obta;ned anvuherc help is 11
: tstod as. an inrut.’)
- 7090 FORHQT(' What other ortional outrut would wou lxke?
%(echo debus none)’) . A .
99999 END

:t:xttxxtztxxtxxxxtxtxxxx:xxtxtxxtxxtxxtxzxx:xtxtx:xttx:i@gggigxxxxt::xx"-i'

N -t
P

LOGICAL" FUNCTIDN none(charxn)

‘ttt*t!l!tttttttitttt!t‘#&ttttt*tt*#*#ttttt!t#t*tttt*tl*##!ﬂtt**t*tt*!t#t

N poUBLE PRECISION charin

“none = ‘(chartn ,EQ. 4Hnone *+OR. charin .Eu. “aHNONE JOR,
¥ charin (EQ. 1Hn .OR. charin .ED. 1HN)Y

" RETURN A
END -
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APPENDIX III I

ThJ.s ap%‘ndlx conta:.ns results of the 1nd1v1dual
nozzle dlstrlbutlon“tests. Each test cohtains some

statistical information along with a three-dimensional

E

1re§re9e§tation of the actual profile. Tests are shown

for the

.sar;ous nozzlexsgzes bperating;at various
heights}?

All nozzle tests Were.eondacted with a‘pressure’
reghlator and a_246 kfa lateral pressure. The symbol

g n ,.:.j, -

flcates a nozzle from the second set of nozzles

_and regulator.

Statlstlcal'resﬁlts are also Showh‘fbr.the various

radlal rows or legs of the proflle. Nb'rows exist din

n

-the centre and perpendlcular to the grld edges. Results'

5for rows perpendlcular to grld edges were obtalned by

<averaglng the closest adjacent rows. _Rotating the*

N, o
radial leg_sehematlc 40 degrees clockwise‘orieﬁtates the

leg numbers to' the three—dimensional representation.i

.—J.v:.
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SPRAY NOZZLE: RA 85/140 sy NUMBER v
" LATERAL PRESSURE:r 240 kPa AN SPACING: 30 cm x 30 cm
| NOZZLE HEIGHT, S 375w
* NUMBER OF READIN‘GS... : 436
TOTAL OF READINGS: . 113954.7 mm/h
MAXIMUM READING':{  180.4 mu/n
MEAN OF READINGS: - - .32.0 mm/h
STANDARD DEVIATION OF READINGS. -30 5 mm/h ,
CHRISTIANSEN s UNIFORMITY COEFFICIENT FOR READINGS:  29.3%:
>COEFFICIENT OF VARIATION FOR READINGS. B 195, 6%

RADIAL LEG SCHEMATIC

* ) =

- - . o | " STANDARD
RADIAL LEG | MEAN DEVIATION

_NUMBER _. : -mm/h __mm/h

1) - - 19.9 . .7 1841

2) L. 2108 - X o

3). . - 28.8 L 2952

4) . . T 18.4 .. 13.0

5) . 17.0 - co ©. 12,5

6) - o .26.0 . -, 28,5
1) SRR . 36.9 | - 52:1 o«
- 8) , .28.2 f 2306




FIGURE"TII - 1.

]

D-istfibuti.oh_ Profile of Néz;lé RA
' 85/140 at".j3'.'/75- m Discharge Height.
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”,s?RAY~N0zzLE: RA 85/140'* _,. ' . TEST NUMBER: & 2
| "LS&ERAL pRESShRE: 240 XPa: cAﬁ'spAéxﬁG: 30 57,4)30'¢¢”
NOZZLE HEIGHT: . 3.75m
- NUMBER OF BEADINGS:‘ R 454

TOTAL OF ‘READINGS: - | 14912, 0 mm/h

MAXIMUM'READING-’ . B "?;f 1882 mm/h

MEAN OF'READINGS} ’ 32.8 mm{h_y

STANDARD DEVIATION OF READINGS: 31.5 mm/hi |
CHRISTIANSEN'S UNIFORMITY COEFFICIENT FOR READINGS: '30.1%

COEFFICIENT OF VARIATION FOR‘REKDINGs- o 96,1%

PR
. .

SnS - RADIAL LEG SCHEMATIC

R S | R e STANDARD
' RADIAL LEG" ' ' MEAN " . DEVIATION: -

" NUMBER. \; . mm/h - ‘ mm/h

1) 19.3 . ‘ 9.0
2) S ) 0 275 20.3
- 3) ' 30.7 . : o 26.2
4) . 20.1 : . 16 6 oo
S05) ' . 18 3. ' S - 17.5 e
7 6) . : - 282 . _ 29.3 .
: oo L - 46, 2 o e : 57.9




FIGURE III - 2.

4.

Disifibution'Profile of Nozzle RA

- 85/140* at 3.75 m Discharge Height.

g

_
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SPRAY NOZZLE:, RA‘§5/14Q ' , TEST NUMBER: 3

LATERAL PRESSURE: 240 kPa  CAN SPACING{. 30 cm x 30 cm”
' NOZZLE HEIGHT.~ | . 4.25m }
| NUMBER OF READiNGS:- 522 o S
'TOTAL oF READINGS. . - 15608.3 mm/h -

MAXIMUM READING: 156.0 mm/h

\.  ~MEAN OF READINGS: - 29.9 mm/h
R . :'*’\:-.‘ A L . '. 1 -
é\J/J STANDARD. DEVIATION OF READINGS: 25.6 mm/h

' CHRISTIANSEN'S UNIFORMITY COEFFICIENT ror@BEaDINGS:  36.4%

'COEFFICIENT OF VARIATION. FOR READINGS. . 85.7%
R RADIAL LEG SCHEMATIC T

- o S . .- . STANDARD
RAﬁIAL 'LEG ,  MEAN . DEVIATION
_NUMBER _ mo/h mm[h.

.2y : 23.5 . 19.7
3) “ 28.3° . .. 24.7
4) < ST 19.6 0 T 8 U |
5) .. e 1601 - . £ 10.9
6) - - o 24.7 , 24.0 '
7) A 32,8 e . 400y ¢
8). S . 25.0 e 1o 17.4 0

e



111

.. . o
... D e IS

' FIGURE ITT - 3. Distribution Profile'of Nozzle-RA
85/140 at 4.25 m Discharge Height. ™ = "~~~ - -
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SPRAY NOZZLE: RA 85/140 * TEST NUMBER: 4 -
LATERAL PRESEURE: = 240 kPa CAN SPACING: 30 cm x 30 cm
" NOZZLE HEIGHT: .- . 4.25 m°

NUMBER OF READINGS: ' - 7 00

TOTAL OF READINGS: * 14952 6 mm/h

MAXIMUM READING: ' . 227.2 mm/h

MEAN OF READINGS: ' 0 29.9 mm/h

STANDARD .DEVIATION OF READINGS: 29.4 mm/h
CHRISTIANSEN'S UNIFORMITY COEFFICIENT FOR READINGS:  32.5%
C%EFEICIENT’OF VARIATIGN FOR READINGS: : 98.5%

RADIAL LEG SCHEMATIC

| |
: 2

“a S P S

I e e STANDARD B

RADIAL LEG - _ MEAN - h T:e,. DEVIATION

& aTllimuwEeR oy o0 L /b o
o0 1646 L
T Ty T s e 190 e

' 3) N , .28.2 . -~ 25.9
B S - S Tt 2 T
S -3 L T T oI« P - -
7y X : 48.5 ‘ . 71.1
8) " 20.8 ' 11.7



FIGURE III - 4.

O PV

Distribution Profile of Nozzle RA
85/140* at 4.25 m Discharge Height.
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SPRAY NOZZLE:"

'LATERAL PRESSURE:

NOZZLE HEIGHT:

NUMBER OF READINGS:

TOTAL OF READINGS:

MAXIMUM READING :

MEAN OF READINGS:

‘114

RA 85/140 TEST NUMBER: 5
240 kPa CAN SPACING: 30 cm x 30 cm
4.75 m
544
14857.9 mm/h
125.8 mm/h
 STANDARD DEVIATION OF READINGS. 21.9 mm/h ‘
CHRISTIANSEN‘Q.UNIFORMI%Y COEFFICIENT FOR READINGS: 40.7%
COEFFICIENT OF VARIATION FOR READINGS: 80.2%
" RADIAL LEG SCHEMATIC ” )
|
2
1 +| 3
8 * 4
, 4|+
.ﬁ_ .
- .. STANDARD
'MEAN DEVIATION
mm[h .
17.9 11.3 -
22.8 17.4
23.7 - 20.4
17.2 9.1
14.5 - 9.3
21.9 ©20.1
30.3 32.7
14.8

- .23.3
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FIGURE III - 5. Distribution Profile of Nozzle RA
85/140 at 4,75 m Discharge Height.
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SPRAY NOZZLE: RA 85/140 * . TESTNUMBER: - 6° - '
LATERAL PRESSURE; 240 kPa caN SPACING- ‘30'cm4x:30-¢m{A_ 
NOZZLE HEIGHT: '4.75 ﬁJ“""“
NUMBER OF READINGS: 548
TOTAL OF READINGS: .14719.6 mm/h
MAXIMUM. READING : 185.1 mm/h
MEAN OF READINGS: ' 26.9 mm/h-

) STANDARD DEVIATION OF READINGS."23 a'mm/h- n_ ,
CHRISTIANSEN'S UNIFORMITY COEFFICIENT FOR READINGS:  38.5%
COEFFICIENT OF VARIATION FOR READINGS : 88.9%

3 RADIAL LEG SCHEMATIC '
— ]
1 |3 |
g—T4¥ 4 ]
++ .
2t
B
- | A . STANDARD
RADIAL LEG MEAN - DEVIATION'
NUMBER - am/h —_mm/h o
14 {""\, . : .

1) « . 15.4 7.9

2) 19.6 S 12.2

3) i - 18.2 S17.1

4) 16.6 . 1.3

5) 17.3 . 13.6 R

6) 275 o o ns oo 28.3. L L

7) 32.8 . 3803 L

8) v 19 L2 -.-“ o l]: O : .
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FIGURE III - 6.

. . -
a»
. .
e .o

A \- ’ LN

? fo

Distribution Profile of Nozzle RA

85/140* at 4.75 m Discharge Height.
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SPRAY NOZZLE: ~EAi§6/iédlfﬂ'i,jf_;’ = .6>Tﬁ5f.ﬁﬁMBERE T
- LATERAL PRESSURE‘ 240'kbé-5_f CAN SPACING:- 3o'bm>i'3ofém7;—f¥~
'f'EQ_ NOZZLE HEIGHT.,- o "'>"f‘  3.75m E
o '~NUMBER OF READINGS."{‘ R ‘5473‘¢'
| TOTAL OF READINGS: . . 16177,7 mw/h -
'¢MAXIMUM READING: - ;;_A  "206 9. mn/h

- @;MEAN OF READINGS.";,:,.'“_: 3ﬁ 2- mm/h.
<'5W5 STANDAED DEViAEiQN OF RERDINGS% 33a7 mm/h LR

. . . ooy b
\ll . N

i ','. ' CHRISTIANSEN S UNIFORMITY COEFFICIENT FOR READINGS. o 28 7%

P ISR

COEFFICIENT oF- VARIATION FOR READINGs.gjgig,;@?_g,;,;jgg;sgg;:4:;

*;ggh;%; L RADIAL -LEG SCHEMATIC }Qg;p,fﬁ,;ulu

: g L S .~ STANDARD
RADIAL LEG - MEAN " DEVIATION -

. NUMBER _ - .= Cmm/h o _mm/h

AN 1) - . . .. ... 19.5 oL L 11.2
o S 2) o 022660 - L. T 18.6-

! S 3) o . 229.0° 7 - 30.3

o e o 22.2 .. L 16.8

o o21.3 . 1B.3
.25.5 26.1: _—
S a3Be2 o e e 96
32300 0 T 2609 0
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.FIGURE III - 7.- Distribution Profile of Nozzle RA =
- 90/140 at 3.75 m Discharge Height.
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'_ ‘LATERAL PRESSURE

..,

'"Fl-SPRAY NOZZLE-

BN : |
BA 90/140“ *e X

240 kpai,;

NOZZLE HEIGHT-

o NUMBER OF READINGS:'

¥

TOTAL OF READINGS" <

MAXIMUM READING°

K f~...a~'~--

MEAN OF READINGS'

CAN SPACING :

T

~a

- e L

oo
L

o 3.75.m o

PR

e

“TESTQNUMBER'-

- el g

476 - g ...

';91é6,7 mii/h

214.2 mm/h

S -

30 cm- x 30 cm

STANDARD DEVIATION OF READINGS.

QCHRISTIANSEN s UNIEORMIT¥ GOEFFICIENT‘FOR READINGS.._

COEFFICIENT OF VARIATION "FOR READINGS°‘

. Pl
oy - - - . .
- 3
. L -
- '

RADIAL LEG.

__NUMBER_

1)
2) -
3),

. 4)
5)
6)

RADIAL LEG SCHEMAT xc

-

e m e T

22.0
23.0
27.0

22,2

20.2

- 27.5 7.

‘38,50
©33.50 - o

.33.9. mm/h--';

" 33 8 mm/h

i

L Do
.
as o

1 99.8%

'STANDARD
.BEVIATION

- __mm/h

- 14.5
18.3
27.1
16.7
16.0
30.1 ..

- 30.8 "

-

. 50 .9 h'_
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FIGURE III - 8. Distribution Profile of Nozzle RA . .
o - 90/140* at 3.75 m Discharge Height. o
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. V"thRAYiN¢ZZﬁEQW kAf90/140' "ﬁ_’.f : ;  TEST NUMBER“ h 9_

"LATékAL'PﬁEséﬁﬁﬁz*:ﬁgé'kéa M cAN. SPACING. 30 cm x 30 cm
.'f“#15M622LEiﬁEIGHTs IR 4.25m h
‘:NUMBéﬁ(oFiREADINGs= o 512
‘7-'Liiif;;20TAL te) -8 READINQSu;z ;’rf1 ,M'k6194“3gga/h 1“ E
. MAXIMUM READING- Mt!“”;":i”'.199 6 mm/h
MEAN 'OF READINGS: ‘; ; L ©31.6 mm/h-
5 ~ STANDARD DEVI‘;ION OF READINGS. -és,sfﬁm/h
cuaxsqéhusn& s UNIFORMITY COEFFICIENT FOR READINGS; *32.6%
COEFFICIENT OF VARIATION FOR READINGS. -.'h-.' . 94, 4%

RADIAL LEG SCHEMATIC

- - -
- e o - ] - w
w - - b st - ) - A A Tl P $
. - e e U T . - . i - ke -
” et e 5 .- e o ¥ - b

.

7 5' R
. e
- T N 6 ¥ - . - B
f ) ' .

KN s - .

. ~ 3

v~ ’ y - e - - - :

w Uy 5 AL e A i
L L.

RADIAL LEG, . ' . . MEAN - 0 ¢ ﬁ: DEVIATION

c_NuMBER T . mm/n - . _mm/h

A . 19.8 9.3
AN : o .20.5 o : 116.17
e : 28.1 o o - 26.7
21,9 . 1a.1.

. , : : ' "'. - '15.5
N L S - S
. x~.ﬁ’ll,\ - 31.6 v;,' S > 36.6
B T . R

~

MO NP W
-
o]
(s )
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 FIGURE III - 9. |[Distribution Profile of Nozzle RA
L 90/140 at 4.25 m BPischarge Height.
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'SPRAY: NOZZ

£y

&'
¢
m

LE: RA 90/140 * -

" LATERAL PRESSURE: 240 kPa

NOZZLE HEIGHT:
NUMBﬁR“OF 3EA9INGé:
TOTAL OF READINGS:
MAXIMUM{REAQINGs
MEAN OF READIN&S:'

S
STANDARD DEVIATION OF

SO 124

. . e R f“!i
. TEST NUMBER: 10

CAN SPACING: 30 cm x 30 cm,

507 . .
16422.0 tm/h |

210.1 mm/h
 32.4 mm/h

READINGS: 32.5 mm/h

CHRISTIANSEN'S UNIFORMITY COEFFICIENT FOR'READINGS: _ 32.8%

'COEFFICIENT OF VARIATION FOR READINGS: 100.4%°
| | RADIAL LEG SCHEMATIC ,
T &1 . -
. 1‘+l 3 :
8 — + 4 ‘ ."‘
R :
'
- , i : , STANDARD
RADIAL LEG MEAN « DEVIATION
NUMBER | ¢ mm/h : mm/h
1) B 19.8 1209
3) 23.5 20.1
. 4) 19.9 15.3
5) 17.4 15.1
6) 28.1 29.3
- 8) 32.3 25.7
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FIGURE III - 10. Distribution Profile of Nozzle RA

90/140* at 4.25 m Diacharge Height.
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_SPRAY NOZZLE: RA 90/140

. - LATERAL PRESSURE: 240 kPa

TEST NUMBER: 11

CAN SPACING: 30 cm x 30 cm

e o, NOZZLE HEIGHT: . . "if‘Z?.m R
. NUMBER OF READINGS: 535 '
- * OQQTALHQF:READINGS: 15570.8 mm/h
MAXIQUMmREADINGf -.150.2 mm/h .
. MEAN OF READINGS: 29.1 mm/h
' STANDARD DEVIATION OF READINGS: 25.8 mm/h
CHRISTIANSEN'S UNIFORMITY COEFFICiENT FOR READINGS:  35.7%
COEFFICIENT OF VARIATION FOR READINGS: 88.7%

RADIAL LEG SCHEMATIC

l -
2' )
1 | 3
g—+ 4
+
2 (s |
6] i
. : 'STANDARD
RADIAL LEG MEAN DEVIATION
NUMBER mm[h mm/h
1) 16.5 10.0
2) = . 20.0 14.8 s~
3) '~ 25.8 24.3 SR
4) 20.2° 14.3
5) ~ 17.3 13.0 .
6) 22,1\ 21.2
7) - 36.9 47.7
28.9 20.6

.8) .



FIGUn'RE III - xl. - Distribution _Profile of Nozzle RA
90/140 at 4.75 m Discharge Height.
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SPRAY NOZZLE: RA 90/140 * ~ TEST ﬁUMBER: 12
LATERAL PRESSURE: . 240 kPa CA&'SPACIﬁq;. 3§;cﬁix,3b_cmf7
: e i ~ k.
_. NOZZLE -HEIGHT: .. .. a..-ﬁlv°4.1§.mnp,;“: -
NUMBER OF ﬁEAbiﬁés}w""J T T sag 1‘
TOTAL OF READINGS: ' 16215.1 mm/h
~° + - '~ - MAXIMUM READING:. S »192.4,mm[h S
MEAN OF READINGS: ' 29.6 mm/h
STANDARD DEVIATION OF READINGS: 27.9 mm/h
| o,

CHRISTIANSEN'S UNIFORMITY COEFFICIENT FOR READINGS: 36.6%

'COEFFICIENT OF VARIATION FOR READINGS: ' 94.1%

RADIAL LEG SCHEMATIC

\ ' ' >
Q »1 | 3 ,
a—I1* 4
+ | + ,
P
" e i
-
, - . STANDARD
" RADIAL LEG ' . MEAN . DEVIATION
- NUMBER ' mm/h - mm/h
1) : 19.3 - 10.9
2) ‘ L 17.5 ' ©. 11.8
3) . : . 19.4 L 17.6
4) - 19.4 13.6
5) - —-~.16.8 13.0.
6) - 24,8 - N 24.9
7) ' ' 35.8 L ’ ' 44.5

8) \ 33.0 24.6

S A2
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FIGURE III - 12. Distribution Profile of Nozzle RA
. 90/140* at 4.75 m Discharge Height.
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SPRAY NOZZLE' 95/140 TEST NUMBER.;fi3fiff,

CAN SPACING.

| LATERAL PRESSURE. 240ikPa o 30 ¢m x 30 cm.

- o T e _ -
oo ee e NQZZLE HEIGHT-‘,3 -  3.75m , :
e sees, @t T ea n"--a:""," e ‘ PP .‘ ,,"" R * - e ’
. - e 1 . B e e,

NUMBER OF READINGS: :
TOTAL OF READINGS: 16902.0 mm/h

»,MAXIMUM;READiNG; 247 o mm/h

. LTI S : :
e o e .
MEAN OF READINGS: - . e , 35 L mm/h& R
o STANDARB DEVIATION OF READINGS- 36,4 mm/h.

. .f“; CHBISTIANSEN = UNIFORMITY COEFFICIENT FOR’READINGS. T26.8% - -

COEFFICIENT OF NARIATION FOR RéhDINGs-v'?“!_“’ o

- ES - w YU
w

s ] T .
R RN v Lo

"RADIAL LEG SCHEMATIC T

o -

¥03.08%

e
. L

TR SRS

Al

' STANDARD

RADIAL LEG

NUMBER :

MEAN -

E n~-'24 O"l

25.9

30.7

21.2

21.7
28.6

- 41.4

31.4

-~

DEVIATIONZ.f

mmh

‘“18:8,

22.8

. 27.4
.. _'18.5 .
17.8.

" 29.6

.+58.1
33.7

o
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.spRAy'uozzLﬁ. RA’ 95/140 > f;“?fﬁffxﬁ?;:’ TEST MoMBER: . 14"
TLATERAL PRESSURE- 240-kPa": CAN SPACING: 30 cm x 30 cm
ENOZZLE HEIGHT: = 'f—";_- 3.75m

I “"NUMBER OF READINGS: . | a2
: o7 DU . ‘5 A

TOTAL OF READINGS. ; .j;;*‘;17;1§{4*mm/hj, A

"f;-",.MAXIMUM READING: [ . .203.8 mm/h_ |

'MEAN OF READiNGs; T 3603 i/

'STANDARD DEVIATION OF READINGS._{34 4 mm/h

-
Pl o o
N

CHRISTIANSEN S UNIFORMITY COEFFICIENT FOR READINGS' ~'29'4%L’ T

“

COEFFICIENT OF VARIATION FOR READINGS. ; ] '-' 94.8% °

RADIAL LEG SCHEMATIC

w
»

k4
Y S S I O
4|+
wn

o , . R o STANDARD
. RADIAL LEG o : MEAN DEVIATION
'~ NUMBER mm/h R mm(h

X o | 23.9 S . 18.6

. 2) 28.8 - 2701
3) .. e B 31.5
5) : L 22.7 ‘ , 18.0
6) - - . 246 - 22.6.
7) - .. 31.4 - - . . 383
8) - 2606 - .. - . . 26.3 &
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spRAy NOZZLE _____ RA 95/140 S . TEST NUMBER, 15{

, LATERAL PRESSURE.R 240 xpa ,.cANAspAg;yG. 30 cm x 30 cmv

h 'NOZZLE HEIGHT- R . PR R R
| NUMBER OF READINGS: . 534 ., |
-1_¢0TAL-6E'REA51NG§= | "';' 1713ég§fﬁm/h'f
AMAXIMUM'READING: | .'-“ . 223.0 mm/h.
';\':@..; ;;-fn MEAN" OF - hEADINGs- 77'::i4 R 13 % mm/h,;. e o

STANDARD DEVIATION OF READINGS. 31 2 mm/h..’

CHRISTIANSEN S UNIFORMITY COEFFICIENT FOR READINGS .‘-30.4%1

e e CBEFFICIENT "OF VARIATION FOR READINGs-" K "'f,{§7.5%*"‘

RADIAL LEG SCHEMATIC

<« [ L]
. 2
. l : -l' + 3 A ’
.8 —— 4.
»
7 )} 5.
o "6
: N Rt b \ .

o e ' STANDARD
RADIAL LEG - MEAN " DEVIATION

- NUMBER - X g mm[h ' ' 4 mm(h

R b P 21.0. - '14.9
e 2) R 22.4 | 19.5
* ‘ S . 25.8 R 22.9
4) . 18.6° .. 14.3
" 5) : 4 17.7 . - 15.2
6) o - 24.5 . 23,9
7) - 1 37.4 . 49.3
8) S - 31.3 T 29.4
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FIGURE III - 15. Distribution Profile of Nozzle,RA
’ ' 95/140 at 4.25'm Discharge Height.



| SPRAY NOZZLE- RA 95/140 * . °  'TEST NUMBER: 16
LATERAL PRESSURE. 240 kxPa  CAN SPACING: 30 cm x 30 cm ~
. " - . -
NOZZLE HEIGHT- o . 4.25 m -

'NUMBER OF READINGS: =~ 499

. TOTAL OF - READINGS. i o ';6266;1.hm/h--
. MARIMOM £ READING: 187.7 mm/h

* MEAN. OF READINGS;‘- 32.6 mm/h -

STANDARD DEVIATION .OF READINGS' 29.4 mm/h. .

o

CHRISTIANSEN S UNIFORMITY COEFFICIENT FOR" READINGS. 31.8%
.COEFFICIENT o VARIATION FOR READINGs. ' “ '_< 90{3%
RADIAL LEGHSCHEMATIC B
o \
2
1 | 3.
g FT1¥: 4 . )
. +1+ 0 . e
7 -5 ’ L
T 61 S
o S . STANDARD
RADIAL LEG . o - ,MEAN : DEVIATION ]
NUMBER - - mm/h ' ' mm[h T
~ 2). o C2x.7 & . .18.0°
3) o . 27.3 - - ©27:.6
4) - oL Y ‘ 22.3 , - 17,1
5) S 21.0 ' _ . 15.5
6) S - 22.9 : Lo 214
7) T . 29.6 e : - 31.9
8) - S 30,27 . L 30.1"
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FIGURE III - 16. Distribution Profile of Nozzle RA
' < 95/140* at 4.25 m Discharge Height.
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SPRAY NOZZLE: RA 95/140 . - TEST NUMBER: 17
LATERAL PRESSURE; 240 kPa : CAN SPACING: 30 cm x 30 om
NOZZLE HEIGHT: - ' 4:75 m'
) l\, ‘ 4 ‘
#  NUMBER OF READINGS: : | 556
TOTAL OF READINGS: , 17288.9 mm/h.
- MAXIMUM READING: . 167.9 ‘mm/h
MEAN OF READINGS: . 311 mm/h b
STANDARD DEVIATION OF READINGS. 26 6 mm/h
. . 4 )
" CHRISTIANSEN'S UNIFORMITY COEFFICIENT FOR READINGS. 40.5%
COEFFICIENT OF - VARIATION FOR READINGS: ., - '3 85.5%
. 'RADIAL LEG SCHEMATIC )
~ , . oLt
2 .
1 | 3
. g tl+ .- .
C\v + |+
N 7 5
. ﬁ
. b STANDARD.
MEAN DEVIATION
" mm/h _ ¥ “mm/h
* ! ' 'p;‘ .
20.1 2.1
o 222 . © . 16.1
Y 2203 'A ‘:, . 1803
© . 18.9 . 11.8
17.6 oy s
24,3 : 20.9°

35.8 S 4002 '
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FIGURE TIT - 17. Distribution Profile of Nozzle RA
95/140 at 4.75 m Discharge Height.
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" SPRAY NdZZLE? RA 95/140 * TEST NUMBER: 18

LATERAL PRESSURE: 240 kPa CAN SPACING: ' 30 cm x 30 cm
NOZZLE HEIGHT: 4.75 m
NUMBER OF READINGS: - 553
TOTAL OF READINGS: 16712.2 mm/h
MAXIMUM READING: ‘ "150.8 mm/h
MEAN -OF READINGS: 30.2 mm/h

STANDARD DEVIATION OF READINGS: 25.4 mm/h
CHRISTIANS%F'S UNIFORMITY COEFFICIENT FOR READINGS: 37 2%
COEFFICIENT OF VARIATION FOR READINGS: 84.0%

RADIAL LEG SCHEMATIC

|
. 2
1 ' 3
8 + + 4 ,
~ T
i
- v - _ - : STANDARD
RADIAL LEG MEAN . DEVIATION
NUMBER : mm/h . mm/h
1) I . - 21.3 o 15.1 . . )
2) ' " 18.8 15.2
3) : . 21.7 ‘ 22.9
4) 20.6 15.1
5) , 16.1 C12.2
6) . “21.3 . - 19.4
7) ' : 28.3 o 31.7 .

8) 31.2 28.8

bR
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SPRAY‘NOZZLE: RA 100/140

rd

@®I0ZZLE HEIGHT:

' LATERAL PRESSURE: 240 kPa -

. NUMBER OF READINGS:

TOTAL OF READiNGs:_

MAXIMUM READING:

MEAN OF READINGS: -

STANDARD DEVIATION OF READINGS:

s

RADIAL LEG.
NUMBER

1)
2)
3)
4)
5)
6.)
7)
8)

CAN ‘SPACING:

 COEFFICIENT OF VARIATION FOR READINGS:

17633.2

-

RADIAL LEG SCHEMATIC

MEAN -

mm/h

25.5

29,4

29.1

19.9

2 22-1
- 30.3

42.3
41.3

TEST NUMBER:

142

cm x 30 cm

m

mm/h
mmn/h

mm/h

35.8 mm/h

97.2%

STANDARD

DEVIATION
mm[h
17.7
24.4
27.6
14.3
17.8
32.7 .

( 56.1
43.0

' CHRISTIANSEN'S UNIFORMITY COEFFICIENT FOR:READINGS:  29.6%

f

19
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FIGURE III - 19. Distribution Profile of Nozzle RA .

100/140 at 3.75 'm Discharge Height.
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. |
SPRAY’EOZZLEAF RA 100/140 * ' TEST_NUMBER:.fZO‘
LATERAL PRESSURE: 240 kP CAN SPACING: 30 cm x 3o.cmf_
T NOZZLE'aEIGHT§A  - . 3.75m -
 NUMBER OF READINGS: ;  ea79
© TOTAL OF READINGS: . 17472.0 mm/h
. MAXIMUM READING: | o 268.0 mm/h
MEAN'OF_BEADINGS: 364 m/m

. STANDARD‘DEVIATION OF READINGS: - 36.5 mm/h

'CHRISTIANSEN'S UNIFORMITY COEFFICIENT FOR READINGS: . 25.5%

‘COEFFICIENT OF VARIATION FOR READINGS: . . 100.3%
RADIAL LEG SCHEMATIC. .-
i . . . S T
|
2
. o1 [ 3 P |
a1t 4 | —
‘ o+ |+
s
6
l
R . STANDARD
RADIAL. LEG MEAN - DEVIATION
NUMBER . . - . mm/h . - ___mm/h
1)y 22.6 - - 15.6
©2) . » ' 23.2 20.8
o3y - .- 30.9 o ~ 36.3
4) : 21.8 - 21.5
59 , 20.9 S 17.8
6) : ~ 26.8 ' 29,2
) 4 o . 39.5 . . 53.7 °
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FIGURE I'II'. - 20. Distribuiion Profile of Nozzle RA
- 100/140* at 3.75 m Discharge Height.



SPRAY'NOZZLE- ‘RA 100/140 ;¢,  u~<4 M;;. TEST NUMEE#Q fii
LATERAL PRESSURE 240 kpa VH“ZAN SPACING: 30 cﬁ'ijo c&@?‘f"'

| ' NOZZLE HEIGHT- Con  4.25m E |
fNUMQER OF. READINGS. - | .51;;
“TOTALlQF READINGS: ' '”;Z.V-1713i}9 mm/h
uAXIMUM;READING; ©172.1 mm/h
MEAN OF READINGS: ) ; . 33.5 mm/h

; | STANDARD DEVIATION OF READINGS.‘ 30 6 mm/ﬁ

CHRiSTIANSEN 's UNIFORMITY COEFFICIENT “FOR READINGS. - 34.5%

COEFFICIENT OF VARIATION FOR READINGS.' | A '91.5%5”

RADIAL LEG SCHEMATIC

S o : | STANDARD
- RADIAL LEG - o “"MEAN . . DEVIATION

NUMBER . - mm/h . mm/h

. 1) . 20.9 e 14.3 "
2) . 26.4 L - 19.9
- 3) - N 27.6 o 24.4
4) 18.7 : - 12,57
- 5) 1 18.7 ' ' 14.9
6) ' 27.8 EEPTIE 25.5
7) ' : .. 38.5 L 48.5
. 8) . ' 37.9 34.2

-
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- FIGURE I1I - 21. Distribution Profile of Nozzle RA
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'-ﬁspRAY:Nozng;"RA 100/140 * ~ jn" .~ TEST NUMBER."ZZ
LATERAL PRESSURE: =240 kPa CAN‘SPACING.w>30 cm x 30 cm
‘ ,'NOZZLE HEIGHT.V 4.25 m |
NUMBER OF READINGS: 494
' TOTAL OF READINGS: . 16526.6 mm/h
| MAXIMUMTREADING: S 175.2 mm/h. ©
MEAN OF READINGS: = . 3%.5 mm/h

' STANDARD DEVIATION oF READINGS. '32.2 mm/h .

CHRISTIANSEN S UNIFORMITY' COEFFICIENT FOR READINGS' ) .28.3%

<COEFFICIENT OF VARIATIBN FOR READENGS : | ' 96.3%
. RADIAL LEG SCHEMATIC .
| : e oL =
2
- 1 +1. 3
8 1+ 4
e +1+
A
6| .
v |
RADIAL LEG o & oo MEAN F . DEVIATION
NUMBER , & mmzhd#ﬁ o _v__EEiB__
1) . 19.5. . 14.3
2) ' 23.5 AR 17.7
3) '28.0 - 30.7
- 4) ‘ 23.1 o 21.6
5) g . . 20.3 | 15.2
6) , 25.2 | . .23.7
7) 37.3 ' .. 45'7'

8) | | 139.5 - | 41.3
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FIGURE III - 22. Distribution Profile of Nozzle RA
100/140* at 4.25.m Discharge Height.
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uSPﬂAY NOZZLEiJ'RA-IOO/l40 RS ~° TEST NUMBER: 23
LATERAL éREssuRE:',z4oAkpa‘ : CAN SPACING: 30 cm x 30 cm
. NOZZLE HEIGHT: P 4.7 m
© NUMBER OF RﬁADINGS:_ 1  »547
 TOTAL OF READINGS: . | *§m17097.6 mm/h-
' MAXIMUM READING: > .\,158,0"mm/h‘
‘MEAN OF READINGS: . 31.2 mm/h
.STANDARD DEVIARION OF READINGS:l 27.5 mm/h’

 CHRISTIANSEN'S UNIFORMITY COEFFICIENT FOR READINGS:  37.6%

. COEFFICIENT OF VARIATION FOR READINGS: - o 88.0%.

RADIAL LEG SCHEMATIC

1

| | e
R o o - - STANDARD:, -

"+ RADIAL LEG MEAN - : DEVIATION "
NUMBER : ‘o mm/h ' _mm/h

1) ' S -:19.6 o o, 11.8
2) | ©20.3 > 14.8
3) - . 22.5 | Lo21.1
4) ST ~ 10.5
5) - DSt O T 13.1
6) 2301 21.8
7) - . .38.8° 0 43.3
- 8) S 3809 29.4
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FIGURE III - 23.  Distribution Profile of Nozzle RA
- 100/140 at 4.75 m Discharge Height.
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SPRAY NO2Z

LATERAL - PRESSURE: 240 kPa

s

' NOZZLE HEIGHT:

LE: RA 100/140 * TEST
) : _
‘ CAN SPACING: 30

4.75

NUMBER: -

24°

cm x 30 cm

A}

m
NUMBER OF READINGS : 547
'TOTAL OF READINGS: 1 17057.5 mm/h K
MAXIMUM READING : 159.6 mm/h
MEAN OF 'READINGS: 31.1 mm/h
. . ' ( N
\ STANDARD DEVIATION OF READINGS: 28.1 mm/h
CHRISTIANSEN'S UNIFORMITY COEFFICIENT FOR READINGS:  33.1%
b .
COEFFICIENT OF VARIATION FOR READINGS: . 90.3%
RADIAL LEG SCHEMATIC
]
2
’ 1 '* 3
R e
4 g1t 4
e
21
ﬁ
STANDARD
RADIAL LEG MEAN DEVIATION
NUMBER »mm/h mm/h
1) < 18.7.  ° 11.6 -
2) 19.9 16.0 «
3) 28.8 30.5
4) 22.5 18.1
5) 17 7% - 13.7
6) 22.4 20.0
7) 32.8 40.7
8) 37.5 37.1
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FICURE TT171 - 24 Distribution Profile of Nozzle RA
100/147" at 4,75 m NDigcharge Height.



"SPRAY NOZZ

LATERAL PRESSURE: 240 kPa °

LE: RA 110/140

‘CAN SPACING: .30 cm x 30 cm

154

TEST NUMBER: 25

'Y

NOZZLE HEIGHT: - 3.75 m
NUMBER OF READINGS: 481

TOTAL OF READINGS: ' 26308.7 mm/h‘
MAXIMUM READING : 215.7 mm/h
MEAN OF READINGS: 42,2 mm/h’
STANDARD DEVIATION‘OF READINGS: 42.0 mm/h

CHRISTIANSEN'S UNIFORMITY COEFFICIENT FOR READINGS:  23.4%

COEFFICIENT OF VARIATION FOR:READINGS :

RADIAL LEG SCHEMATIC

|
2.'.
1 | 3
g—r 1t 4
+ |+
s
3;
RADIAL LEG MEAN  «
NUMBER . | - mm/h
1) 24.3.
2) .28.8
3) 40.2
4) 32.5
5) 19.5
6) . 25.4
75 32.8
8) 50.8

99.4%

STANDARD®
DEVIATION

mm/h

30.3
27.5
50.4
'31.0
14.1
22.2
38.5
63.9

//‘\ .
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FIGURE III - 25. Distribution Profile of Nozzle RA

'110/140 at 3.75 m Discharge Height.
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SPRAY NOZZLE: RA 110/140 * o TEST NUMBER: 26
LATERAL P#ESSURE: 240 kPa CAN SPACING: 30 cm x 30 cm
. NOZZLE HEIGHT: o | ~3.75 m
NUMBER OF READINGS: 491
TOTAL OF READINGS: | 20743.8 mm/h
MAXIMUM READING: . l'l' 248.0 mm/h
¥ MEAN OF READINGS: ' . 42,2 mm/h

§

T

STANDARD DEVIATION OF READINGS: 43.5 mm/h

CHRiSTIANSEN'S UNIFORMITY COEFFICIENT FOR READINGS:

COEFFICIENT OF VARIATION FOR READINGS:

RADIAL LEG SCHEMATIC

2T /
1 +| 3 /,/'
8 * 4 /
+ | + ,/ .
7 l 5 1,
. 6
|
. . STANDARD
RADIAQ'LEG ' MEAN DEVIATION
NUMBER mm/h . mm/h .
1) 34,2 | 42.0
3) . \26.2 28.4
4) 32.4 30.9 ¢
5) « 22.3 ~19,4
6) | 27.4 }5.6
. 7) . 36.1 26,4

- 8) . 47.9 " 6l.4
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FIGURE III - 26. Distribution Profile of Nozzle RA
, . 110/140*{at>3.75 m Discharge Height.



L]

LE: RA 110/140
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TEST NUMBER: .27

SPRAY NOZZ
: LATERAL PRESSURE: 240 kPa CAN SPACING: 30 cm x 30 cm
NOZZLE HEIGHT: 4.25 m
. * 4 . R : r !
- NUMBER OF READINGS: 520
TOTAL OF READINGS: - 20163.5 mm/h .
- MAXIMUM READING : 217.8 mm/h
MEAN OF READINGS: .38.8 “mm/h
STANDARD DEVIATION OF READINGS: :36.5 mm/h |
CHRISTIANSEN'S UNIFORMITY COEFFICIENT FOR READINGS:  29.1%"
S 'QOEFFiCIENT OF VARIATION FOR READINGS: 94.1%
. RADIAL LEG SCHEMATIC
B ,
2 J
|2 |
8- LA —
+ |+
s
]
. ' STANDARD
7RADIAL LEG MEAN DEVIATION
NUMBER mm{h mmfh .
1) 28.3 . .26.5
2) 24.7 ! 25.4
3) 38.4° 50.8
4) 27.8 25.9
5) 16.5 13.1
6) 22.0 18.4 .
7) 2703 : - ’ 28.5
8) 47.4 53.0
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FIGURE III - 27. Distribution Profile of Nozzle RA .
110/140 at 4.25 m Discharge Height.



~

 SPRAY NOZZLE: RA 110/140 *

‘NOZZLE HEIGHT:

+* LATERAL PRESSURE: 240 kPa

CAN

 NUMBER OF READINGS: =

TOTAL OF -READINGS:

MAXIMUM READING :

' MEAN OF READINGS:

I
.

STANDARD DEVIATION

TEST

160

NUMBER: 28

. SPACING: 30 cm x 30 cm,

. 4.25
. ’ v.“‘l“"‘;i 512
19537.9

201.7

m

m/n

mm/h

38.2 mm/h

_oFlkEApINng' 37.3 mm/h |

CHRISTIANSEN'S UNIFORMITY COEFFICIENT FOR READINGS:  25.0%

COEFFICIENT OF VARIATION FOR READINGS: ; 97.8%
.  RADIAL LEG SCHEMATIC - :’F
. 4 ———— h
2 .
+| +
8- -4
+l+ '
5
J :
L L
- STANDARD
RADIAL LEG - MEAN DEVIATION
NUMBER . mm/h ) mm/h
1) 29.1 31:1
o 2) 25.7 26.7
'3) 24.9 26.0
4) £ 27.2 25.0
5)- ) 15.3 15.4
6 ) i ‘20 .1 17.5
. 7) 30.3 35.9
45.3 55.4

8)
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FIGURE III - 28. Distribution Profile of Nozzle RA
’ 110/140* at 4.25 m Discharge Height.



V. | e

SPRAY NOZZLE: RA 110/140 . TEST NUMBER: 29
LATERAL PRESSURE: 240 kPa CAN SPACING: 30 cm x 30 cm
gozszfHEiGHT: . . 4.75 m
NUMBER OF READINGS: 565
TdTAL OF READINGS : , © 20332.5 mm/h
. MAXIMUM Rﬂgprﬁdé . 201.7'mm/h\;
'MEAN'OF'READIﬁGs= ;I; A\ 36;o.mm/ﬁI‘.f. ._i

STANDARD DEVIATION OF READINGS. 32.3 mm/h
'CHRISTIANSEN s UNIFORMITY COEFFICIENT FOR READINGS. 31.8%

COEFFICIENT OF VARIATION FOR READINGS: . . 89.8%

RADIAL LEG SCHEMATIC

I
) 2
S L .
+ |+
s
6
|
S . : . . STANDARD -
RADIAL LEG - ~ MEAN . \ DEVIATION
NUMBER : . - mm/h oo mm/h
1) : S~ 22,0 ©20.4
2) - . 26,0 22.8
3) 36.5 ' 39.9
- 4) 28.6 23.0
5) , : 16,9 B . 11.7
6) . 19.7 14.9
7) 23.4 23.6

- 8) . . 44.0 51.6
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-~

FIGURE III - 29. Distribution Préfile'of Nozzle RA
' 110/140 at 4.75 m Discharge Height.
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\ -
SPRAY NOZZLE: -RA 110/140 * . . TEST NUMBER: 30
LATERAL fnﬁééﬁazguf24o,kpé CAN SPACING: féofcm-g 30 cm
. | NOZZLE HEIGHT: o 4.75m

NUMBER OF READINGS: _ “570

‘  TdTAL_oF READINGS: 20694.4 mm/h
MAXIMUM READING: N 180.9 mm/h
MEAN OF READINGS: B 36.3 mm/h -

 STANDARD DEVIATION OF READINGS: 32,6 mm/h
CHRISTIANSEN'S UNIFORMITY COEFFICIENT FOR READINGS: _ 31.4%

COEFFICIENT OF VARIATION FOR READINGS: . - 190.0%
SR | . 5

RADIAL LEG SCHEMATIC .

[
2
1 '| 3
g— 1t 4
+ + P
7 | 5 |
’ 61 . >
- y STANDARD
RADIAL LEG MEAN ' ' DEVIATION
NUMBER mm/h mm/h
1) i 25.3 g - 24.8
2) 25.6 23.2
3) ' . 23.8 21.0
4) : 27.3 22.6
5) _ 20.8 _ 15.1
6) , S 19.9 15.4 .
7) ' 34.4 35.3

* 8) 2 . 42-7 ’ 46-'5
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FIGURE ITT - 30. Distribution Profile of Nozzle RA
110/140* at 4.75 m Discharge Height.



| APPENDIX IV
This appendix contains rdsults of the .field
distribution uniformity measurements for the linear move
sy'"sﬁem. - Each ,tes‘t’:,c'Onta‘ins some information\on/ the test
conditions as Wexfl' as' a_:'pl'bt of the  measured dept'i'xs.'

) :

-~
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TEST NUMBER e s @ e s 00 00800000000

DATE CANS FILLED :<vcecvcccssenns

DATE CANS EMPTIED .-  «cvvvenwn-- N

-

TEST ROW LOCATION ... eveceencasos

CAN SPACING «cosonvvon R RN

NUMBER OF CAgs RECEIVING WATER .
f

TIMER SETTING .sc:ccone-ocoscoacs

'SYSTEM SPEED v vvvvnveonnoninnns

TTIMFE CANS RECETVFD WATER ......-
TEMPERATURE . «eeva-vvonnnnon e
WIND DIRECTION «veecvoncson- ..
WIND ATPRR - MAXIMUM oovsvnnnn.-
MINIMUM oo vvevoen-s
AVERAGF .. . . T
AVERAGE APPLIED DEPTH ... .... .
AVERAGE APPLICATION RATE .......

NMTFORMITY COEFETCIENT (UCC) ...

July 25, 1980

July 25, 1980
-9

centre row - west side
2.0 m

140

30%
540 mm/min

20.8 min

23°C
sonth-west
12 km/h

3 km/h

7 km/h
15.7 mm
45 .3 mm/h

TQ.6~%

167



168

"1 3I89L - ‘wa3sks Jo o9pis 3IseM 103 syidag uoriedtTddy Jo uoTiINQTrIISTIAd 1.~ Al FINDIA

(W) FYINID WILSAS WOY4 JONHUISIC N
00g 0s2 002 05! oot os 0
L i 1 B S - | I S 1 [ 1 I i A ey Q

.Mdu.
' -
._ . or
B i
| | o
i D
1 3
” I
.nU‘,
IQN = .
* =B
B V)
3
[ I
: ' 3
S~y - *lom 3
i -

- OF



TESTNUMBER ee s s s e eV e e s s e

DATE CANS FILLED secececsccsccas

DATE CANS EMPTIED ....eccceoecevs

TEST ROW LOCATION < e v ovcesoneess
CAN SPACING s ecescesconoanososes

NUMBER OF CANS RECEIVING WATER

-~

" PIMER SETTING ¢ vceonceocncenes

STE” SPEED -.-.oo-o-oo.o.b-o;_‘v-;’

TIMB\ CANS RECEIVED WATER «.osevs.

TEMPERATURE «ccsceosesscsssccsoas
WIND DIR.ECTION ® 6 8 5 9 6 0 8 0 0 0 0 P e 00
WIND SPEED - MAXIMUM e s 000000 00
MINIMUM s e s e e s s e 0
AVERAGE a0 0 0000008 0

AVERAGE APPLIED DEPTH ...ccceees

AVERAGE APPLICATION RATE cocee.e

UNIFORMITY COEFFICIENT (UCC) ...

S

b
2
Wl

July 22, 1980

July 22, 1980-

north row - west side

2.0 m

139

30%

»SOO_mm/mih

22.0 min

24°C

northwest

9 km/h

0 km/h

3 km/h
16.3 mm
44.5 mm/h

80.1%.
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TEST NUMBER t.o.l.:_oootooaoo...u.t

3

g

DATE CANS FILLED +ccveccesesssss  Ockober 10, 1980

DATE CANS “EMPTIED .cccessessee.. October 10, 1980 .

TEST ROW IDCATION. .'.4'. e e 060000 0000

CANSPACING s es s e s

»
NUMBER OF CANS RECEIVING WATER

TIMER SETTING ouo.o;..---..'.oouo

SYSTEM SPEED ovno_-n‘c--‘.--b.c

TIME CANS RECEIVED WATER ...

TEMPERATURE .oa-.-.oo'.oo.o.-o

WIND DIRECTION cceeococcccnse

WIND SPEED — MAXIMUM «.ovoo.

MINIMUM .. e
~ AVERAGE * e o s 0 0

AVERAGE APPLIED DEPTH ..c...

AVERAGE APPLICATION RATE ...

UNIFORMITY COEFFICIENT (UCC) e

“

aye o

south row - west.

2.0 m

138

40%
660 mm/min

16.1 min

14°c
Soutﬁeast.

‘6 km/h

0 km/h
3. km/h

13.4 mm

ee. 49.9 mm/h

side
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r
*

TESTNUMBER __‘.'..cooooonoo-oaooooo"4,

DATE CANS FILLED o. ces oo oo e July 18' 1980\’ ’

DATE CANS EMPTIED .....j...... July 18, 1980

TEST ROW LOCATION......ceeess0.s Centre row - west side
CAN SPACING L ... .. e & o . “. *® o » o0 .“. .‘.. L] 2‘. 0 )m
NUMBER OF CANS RECEIVING WATER 139
TIMER ..'SETTING ¢ ¢ 0’ 0 & l e o .' e o @ .A. e e 40% ‘

. I' .S'YSTEM SPEED ® o & 000 '. . .. L ] .... ;"l ® & & ¢ 0 690 . mm/mih | . . ._ /

. TIME CANS RECEIVED WATER .+..... 15.8 min

>

TEMPE’RATURE ;;\.'.0.0....'0.00....l.l.‘ 25°C

WIND DIRECTION weveseevescssssss northwest

WIND' SPEED — MAXIMUM iv......... 13 km/h

’ . . ’ NINIMUM rog:o.-c‘-o .. 4 km/h

- . . "AVERAGE .....%...2. 8 km/h . ' .

>-. . . ' A ","“ . . . ‘ - . : % .
AVERAGE APPLIED DEPTH .......... 12.0 mm
A,VERA_GE_ APPLICATION. RATE +...... 45.6 mm/h

UNIFORMITY. COEFFICIENT (UCC) ... 74.4%
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TEST NUMBER o-'oooooiooznuo;.‘o'ooo

a

DATE CANS FILLED ‘e e s s e s et e e

DATE CANS EMPTIED _--c.lo.‘oo'o.-_ooo

TEST ROW IJOCATIONO o". 4o e 0000000 n. .

CAN SPACIN"G.o'.:.cq_.’ollloioooo.o..'.'

NUMBER OF CANS RECEIVING WATER

TIMER SETTING «oeveovncencsonesns

SYSTEM SPEED':c-no-_oo.oi\-;o‘...o."o

TIME CANS RECEIVED WATER ..

"TEMPERATURE «cccesccncnnons

WIND DIREC_'rI_ON-..'...Q‘..v...l

WIND SPEED — MAXIMUM ......
’ . MINIMUM " e o -
AVERAGE e e o a8

AVERAGE APPLIED DEPTH .....

AVERAGE APPLICATION RATE ..

.
"o 0 0

UNIFORMITY COEFFICIENT (UCC) ...

-iit§—:m 

77.5%

5 e

July 24, 1980

July 25, 1980

centre row - west side

2.0 m

- 140

50%

860 mm/min

-= min

23°C

' w*eat

15 Xkm/h
4 xm/h -
9 km/h

- ma/m .
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" TEST NUMBER s vveeoeeconnnonons

DATE CANS FILLED

DATE CANS EMPTIED «ovvvenenonens

TEST ROW LOCATION..cecoccecacnn
CANSPACING ® 8 6 5 0 08 008 0000 e

- NUMBER OF CANS.RECEIVING,WATER

TIMER SETTING «vveeieveennnnnnn
SYSTEM. SPEED +.cvveerossoccenss
TIME CANS RECEIVED WATER ......

4

R R R

TEMPERATURE
wIND DIKEC—.T‘ION ........'..........
WIND SPEED - MAXIMUM d.%.cevece..

M_INI:M[JMA_-_.._..QOOOO

AVERAGE '........Q.
AVERAGE APPLIED DEPTH .....,...
" AVERAGE APPLICATION RATE .%....

UNIFORMITY COEFFICIENT .(UCC) ..

177

July 22, 1980

July 22, 1980

north row - west side

'2.‘0 m

140

50%
820 mm/min .
13.7 min

LN

nqrthwest

9 km/h
2 km/h

6 km/h

4

12.9 mm L .
56.5 mm/h

76.7%
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TEST NUMBER .« vcooco..

DATE CANS FILLED ...

DATE CANS EMPTIED ..

TEST ROW LOCATION...

CAN SPACINGho'.oo.o’---o‘.-oo.aooo

NUMBER OF CANS RECEIVING WATER

TIMER SETTING

SYSTEM SPEED

TEMPERATURE

L3

-
TIME CANS RECEIVED WATER

\

WIND. DIRECTION .eesevenas

WIND SPEED - MAXIMUM ....

MINIMUM

AVERAGE

. AVERAGE APPLIED DEPTH ...

. AVERAGE 'APPLICATION RATE ..

{ -

UNIFORMITY COEPFICIENT (UCC)

179

July 25, 1980

July 25, 1980

centrg row - west side
2.0m

139

60%
1080 mm/min

21°C
southwest
12 km/h
3 xm/h :
6 km/h : , - ‘
¢9+7 mm -
. 53.9 mm/h .

76.3%
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- a v M"',' \ . )
TEST NUMBER csccccsocccscctscsce 8(. .

4

DATE ms FILLED .......:I...:..' July 25' 1980 ..

DATE CANS EMPTIED «.veseseeeseros July 25, 1980

TEST ROW LOCATION.....cccseses.. Centre row - west side

CANSPACING ® 9 0606 9 9060 F0 000000000 2.'0m (

NUMBER OF CANS REGEIVING WATER 138 ., B

TIMER.SETTING PP 101 |
SYSTEM SPEED +vvuevsvessssssssse 1090 mm/min
TIME égﬁs.RéEEIVED WATER ..:...t 10.1 fin
TEMPERATURE «vvveveeranceansanss 23°C
WIND .DIRECTION ..,.l,.&,,......,igouthwest
WIND SPEED: - MAXIMUM «+v........ 13 km/h
MINIMUM' .cceoeaeees 4 km/h

' AVERAGE ........... 8-km/h
AVERAGE APPLIED DEPTH «......... 9.1 i
AVERAGE APPLICATION RATE. +...... 54,l_mm/h:
UNIFORMITY COEFFICIENT (UCC) . 79.3%°

.
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7 . .
=t . ’

TEST NUMBER .........‘....l..ll.‘;.g

DATE CANS FILLED eoecoseesesssss July 31, 1980 ot

DATE'CANS EMPTIED ..-...........bJuly ;1,1980

TEST ROW LOCATION............... north row - east side

CANSPACING 000'0...:'0.0.....0.0 2opm . LQ"

NUMBER OF CANS. RECEIVING WATER 143

TIMER SETTING «eveeencneesansoss 308

> ]

"SYSTEM SPE"EDF"..‘....l-.l......‘.....»450 mm/n!in .

TIME CANS RECEIVED WATER ....... 25.8 min

TEMPERATURE olooaooooc'-.ooo-ooqto 28°C “ E3
WIND DIRECTION «1ueeesevassoenss WeSE o
WIND SPEED - MAXIMUM ooo_ooo‘oooo- 13 km/h

L " MINIMUM ........... 5 km/h - P
: v'f ..AVERAGE ..........'; 9 km/h :

@

. AVERAGE APPLIEQ?DEPTﬁ ceeceseees 19.9 mm
AVERAGE,AQ?nICATION RATE ++vv... 46.3 im/h |
UNIFORMITY COEFFICIENT (UCC) .. 73.0%

| U
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e

' TEST MJMBER o’; . ol es e s 00 o p\ o l.. o"gc‘_o 10 "‘

(R

DATE CANS FILLED oootono"oooooooc” Aug\l(ﬂt 1' :

‘ll-

‘ DATE CANS EMPTIED ooo¢?0001to.o.b’p August 2

Sy

TEST ROW chTION...LOQ‘,........ };horth rOW - east Side

\ vy

CAN SPACING C.}..“".........‘.‘...‘%.mm

TEMPERATURE -o:o o\)on;;.o L ‘e uoo.ov'.o.o djoo '::.' C

-NUMBER or CANS RECEIVING WATER 'x}3gh;“

s
t:y.
.7 .
DR o

TIMER- SETTING‘.J;.i...x;.Qs;::;g'30%

SYSTEM SPEED odooo.oto.-c‘poooo;oo 480 mN/mln

L

'] TIME cANS RECEIVED WATER ,..‘...?—- min

\_. .. . T oo -“‘

 _WIND DIREETION .....}.;.......n;“sputhwest

J R W

WIND SPEED"‘ MAXIMUM .ooo-'nocoo 18 M/h
».t S MINIMUM ooc.oooﬁ-o‘o‘ 3M/h :

8 - ”“;..0' AVERAGE oo-ohoooov-o 10 km/ﬁ :

. )
i

[ARE o P N ‘4
B v N

5 AVERAGE APPLIED DE?TH creeeeesiy 17 1. mm

IS : @

'AVERAGE APPLICATION RATE ceeene. == mm/hif.

T

' ;UNIFORMITY COEFFICIENT (UCC) ...,73 5%

i,.‘ v
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M v

L DM'E caNs FILLED R AR A
'DATE CAN§ EMPTIm"‘¢<’o,.ooooc--ool‘

'rEs'r ROW Loca'rrow. N A Ry

) CAN SPAGING ..\
C R . -

NUMBER OF CANS RECEIVING WATER

- ,’.‘

TIMER SETTING

2

SYSTEM SPEED "‘;'.‘ o\bo o‘-.ooo e s o;o

.
>
L3 v

BN

ot
- o

WIND SPEED - MAxIMtJM»O..l'...A.....“
. MINIMUM csesseseees .

SN

s TEMPERATURE ".I.‘..}...‘.....v...ﬂl.;.

: L
?IME CANS RECEIVED WATER seseves

| WIND DIRECTION

AVERAGE noq'onco..-f

AVERAGE APPLIED DEPTH . ceo s

’--UNIFORMITY COEFFICIENT (Ucc)

r

,AVERAGE APPLICATION RATE seesees

d.t

'2.0lmi
143

.« July 21, 1980

jgly,ﬁi,RIQBQR_

. north row - east side

40%

;670 mm/min

16 0 mln
_a/ '

_2sc

southwest

Lakmmo

5 xm/hi -
"8 km/h.
oo
'13 0 mm

48 8 mm/h

'_74.43 -}
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DATE cans FILLED .;;;;;,gg,,c;;,

’J;DATE CANS EMPTIED ........J,;L;:

- . ’ -«
e
K

TEST ROW LOCATION.............;.

R CAN SPACING ...‘................

E NUMBER OF CANS RECEIVING WATER

‘_TIMER SETTING .........;;.;....r

.jﬁiyr3QEEL9801

céﬂtré row”—_eaét side -

2.o.m.p~

" 1;_4'4

49%M\ DI

. . . \- 0/
./SYSTEM SPEED l....'.l...l...’..l 710 wrnlrl0

‘TIME CANS RECEIVED WATER .eoeses

G

I

TEMPERATURE .0'....'......"‘0...0.’

hk

_WIND-DIRECTION ;1....;...{;;..;;f

' WIND SPEED -MAXIMUM -qoo..ooloc

_‘AVERAGE APPLICATION RATE seibonn

. UNIFORMITY COEFFICIENT (Ucc)

/

15w4_m1n f;

26°C

southwest

. 16 xm/h
MINIMIJM ooooo-o-n..:'
AVERAGE ‘Q........Q:

5 km/h
12 km/h

11'8-mm1

”46 0 mm/h
734 0% E,;;‘EJ

Ay
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‘wf&NUMBER OF CANS RECEIVING WATER 1435

.TEST NUﬁﬁER:6;5.;;J?is;f;;oo;onA:i3A

-

'DATE CANS FILLEﬁ'...-:..-pr.-oo July 30' 1980

TEST ROW LOCA'I‘ION.....\.......... centre row - east s:.de ,

‘f.CAN,/SPACING

:'.‘.....:;.. 2 0 m

AFTIMER SETTING ......{;..Q;...ZL. 50%

. |I

3 sYSTEM 'SPEED .....;i............ 830 mm/minimﬁ;”u

TIME CANS RECEIVED WATER RS . .. .. 13-0min y

,memmmmz..ggg}n,”;gbﬁ,st

WIND DIRECTION ;;;;...;;;;a;;L;,Asauthwegﬁ O

.‘:'WIND SPEED -'MAXIMUM Q.l....ét;;
.' : ” MINIMUM "‘;to. ‘:75ﬁxm/h
' ! AVERAGE 0 . oo e o0& .. . 10 km/h

,g,»AvnnadE APPLIED DEPTH "'°-----..11 8 mm;”f

" AVERAGE APP{LFATION RATEY....... 54.5

”>UN1$0RMITY COEFFICIENT (Ucc) cen 73 0% -

PR

" DATE CANS EMPTIED ;............. July 30 1980

14'km/h
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. ’:

: UNIFORMITY COEFFICIENT (Ucc) o iysas

"ﬂ' B MmNmE.”.”.m..Skmm

e f":-.: R .qj M .
. .. . .4 *, ' ) .
. . &' -
- ’ . .‘, ' k\
’ . ' o o *
. . N " TEST .NUMBER‘ lo“ '3 0"-‘ I ) Ao‘o o'_,..r,; o .’ 0 W 14 " =
DATE caNS FILLED ..............._July 31 19800 F

DATE CA-NS EMPTIED onbooo.no.-ooo July 31, 1980

» * 5

MST ROW LOCATION...-...-......- north rOW - east Slde

2]

CAN SPACING %} 23 om V'_f :

NUMBER OF CANS RECEIVING WATER 143 o

TIMER SETTING FEE TR PR R o 508 _

SYSTEM SPEED ....3..............-820 mm/mln -

TIME CANS RECEIVED. WATER ceevees 13,2 min: -

TEMPERATURE,...;,..............L 26° c. ’
- WIND DIRECTION ,......y...«.....‘northwest 7;“'_ R

WIND SPEED < MAXIMUM «.veneeeess 9 Km/he o

l MINIM‘M 0,...0..... 3km/h t

-

.‘.. d.

! ’AVERAGE APPLIED DEPTH oo--ooooco 12 8 m

AVERAGE APPLICATION RATE';...... 58 2 mm/h -

K
11 Lo
\ .

Yot
o, W

e
N
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A . . P

TEST NUMBER «1o'sesecoscsncneces 15

' DATE CANS ‘FILLED «cecoececcasons Jﬂiy 29, 1980

DATE CANS EMPTIED .:seccseesssss July 29, 1980

TEST ROW LOCATION..:.:eeesseess. SOUth row - east side’
CAN SPACIN'G ‘...?.’...‘........I;.;;...2.0m
NUMBER OF CANS RECEIVING WATER 143
TIMﬁR’SETTING ...."'..;'.I...... 60%
s SYSTEM SPEED s e e -o-o LR R A I B R A N 1llom[’rﬁin
TIME CANS RECEIVED WATER ........9.6 min
}TEMPERATUM ..........‘.......... 25°C
WIND"DIRECH:TI()N’ e s v oo c;o.:p a's ® ._"‘..'.’ west
WIND SPEED - MAXIMUM «¢ce.e.ss.. 18 km/h
MINIMUM '..lil."l.... ka/h
.AVERAGE .4.......... 13 km/h
AVE.RAGE APPLIED DEPTH . . ,’._".v. .-o,.- . 8_.3 m
AVERAGE APPLICATION RATE +.e%ees 51.9 mm/h

UNIFORMITY COEFFICIENT (ucc) ... 79.0% R
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