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Introduction

The purpose of this International Standard is to spécify
characterizing the uniformity of water distribution ,of agricu
machines by measuring distribution and then computing a
uniformity.

This coefficient of uniformity may assist in-system design an
and for quantifying and verifying certaip-aspects of system
ance. The coefficient of uniformity ishonly one factor in e
system performance: application rates, run-off, amount of

pump performance, overall system management and wi
may, however, greatly affect the overall performance of an
tem.

a method of
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d/or selection,
field perform-
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nd conditions
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Agricultural irrigation equipment — Centre-pivot and
moving lateral irrigation machines with sprayer or

sprinkler nozzles — Determination of uniformity of

water distribution

1 Scqgpe

This Intprnational Standard specifies a method of
measurifhg uniformity of water distribution in the field
from ceptre-pivot and moving lateral agricultural irri-
gation machines equipped with sprayer or sprinkler
nozzles.|The method of computing the coefficient of
uniformity from the data produced is also laid down.

This Int¢rnational Standard applies to irrigation syss2
tems where the water application device is moresthan
1,6 m apove the soil surface and where thelwater
distributfon from successive devices overlaps:

This Intprnational Standard does not.apply to the
evaluatign of centre-pivot irrigation machines
equippedl with various corner apglication devices.

2 Deflinitions

For the [purposes~ofthis International Standard, the
following definitions apply.

21 ce tre-pivot: Automated irrigation machme

and supported by a number of self-propelled towers.
The water is supplied at the pivot point, flows out-
wards through the pipeline and is distributed by
sprayer or sprinkler nozzles located along the pipeline.

2.2 moving lateral: Automated irrigation machine
consisting of a pipeline supported by a number of
self-propelled towers. The entire unit moves in such
a way that the pipeline remains generally in a straight
line, traversing the field in a straight path, irrigating
basically a rectangular area. The water may be sup-
plied to the machine at any point along the pipeline

and is distributed* by individual spray
nozzles located-along the pipeline.

2.3 sprinkler package: Collection of
to the, outlets of either centre-pivot or
machines. The devices may consist

sprinklers, and may include piping, pr
control devices, and supporting plumbir
a specific machine and set of operating

2.4 endgun: Set of one or more spra
nozzles installed on the distal end(s) of
or a moving lateral machine to increas
area. The endgun(s) usually operate(s)
tion of the time to conform to system

2.5 test pressure: Pressure of the
moving lateral machines, as measurg
available outlet downstream of the el
the top of the inlet structure.

2.6 effective radius of centre-piy
Radius of the circular field area to be i
|s convent:onally calculated as the dist

er or sprinkler

devices fitted
moving lateral
bf sprayers or
pssure or flow
g designed for
parameters.

er or sprinkler
a centre-pivot
e the irrigated
for only a por-
boundaries.

Centre-pivot or
d at the first
bow or tee, at

yot machine:
rigated, which
ance from the

n the pipeline

plus 75 % of the wetted radlus of the terminal sprayer

or sprinkler.

NOTE 1

If an alternative effective radius is used, this

needs to be clearly stated in the test results.

2.7 effective length of moving lateral machine:
Dimension parallel to the pipeline of the area to be ir-
rigated, which is conventionally calculated as the dis-
tance between the two most distant sprayer or
sprinkler nozzles on the pipeline plus 75 % of the
wetted radius of each end sprayer or sprinkler.
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NOTES

2 If a portion of the area under the pipeline is used for the
water supply system, and not for crop production, that dis-
tance is not included in the effective length. In this case, the
effective length is the distance between the two most dis-
tant sprayer or sprinkler nozzles, plus 75 % of the wetted
radius of each nozzle, minus the distance used for the water

supply system.

3 If an alternative effective length is used, this needs to

be clearly stated

in the test results.

© 1SO

tween the sprayers or sprinklers. Collectors should be
moved to avoid wheel tracks. The location of the col-
lectors shall be recorded.

3.3 The collectors shall be located so that ob-
structions, such as the crop canopy, do not interfere
with the measurement of water application. When an
obstruction is higher than the elevation of the collec-
tor, but below the nozzle height, a horizontal unob-
structed distance of at least twice the height of the

obstructionshall bemaintained-enbeth-sides of the

2.8 wetted rladius: Distance measured from the

sprayer or spr
point at which

nkler centreline to the most remote
the application rate of the individual

nozzle declinep to approximately 0,25 mmj/h. The
wetted radius is based on tests that were conducted
when there was no wind.

NOTE 4  For th

e purpose of the test, the wetted radius

of the sprayer of sprinkler may be estimated from manu-

facturer's catalog
operating in the

2.9 applied ¢
caught in each
water that evg
collector, divide

2.10 collector:

discharged by
test for distribu

2.11 client:
whom the test

2.12 tester:
conducts the t4

ue data or by observation of the machine
ield.

epth, d,: Adjusted volume of water
collector plus the average amount of
porated while the water was in the
d by the area of the collector opening.

Receptacle into which the water
the sprinkler is deposited during the
tion uniformity.

Person, persons or organizationfor
is to be performed.

Person, persons or organization who
st.

3 Test conditions and)equipment

3.1 All collec
and shaped sug

ors used for a test shall be identical
h that{water does not splash in or out.
eollector shall be symmetrical and

The lip of the

tTr—oToT

collector rows (figure3, case A). For systems with
nozzles that operate below the crop caropy height, a
horizontal unobstructed distance of at {east 1,35 times
the wetted radius of the nozzle shall be malintained
on each side of the collector rows)(figure 3, cgse B).

3.4 The entrance portion of the collectors ghall be
level. When wind velecities during the test|are ex-
pected to exceed 2 mjs, the entrance of theg collec-
tors should be no“more than 0,3 m above thg ground
or crop canop¥{ The discharge height of the|sprayer
or sprinkler shall be at least 1 m above the dlevation
of the collector. The height of the sprayer or gprinkler
nozzles~and the entrance to the collectors ghall be
recorded.

3.5 Wind velocity during the test period shall be
measured with a rotating anemometer or equivalent
device.

3.5.1 The wind direction, relative to the ling of col-
lectors, shall be determined with a vane indidating at
least eight points of the compass.

3.5.2 The wind velocity measuring equipmgnt shall
be located at a height of 2 m and within 200 m of the
test site, in a location that is representativd of the
wind conditions at the test site.

3.5.3 The anemometer shall have a threshold vel-
ocity which does not exceed 0.3 m/s and be lcapable

without depressions. The height of the collectors shall
be at least 120 mm. The entrance diameter of the
collector shall be one-half to one times its height, but
not less than 60 mm.

3.2 The collectors shall be spaced uniformly along
two or more straight lines perpendicular to the direc-
tion of travel of the machine. The collector spacing
within each line shall not be more than 3 m for
sprayers and 5 m for sprinklers (see figures 1 and 2
for collector layout detail). The distance between the
collectors shall not be a multiple of the distance be-

of measuring the actual velocity within + 10 %.

3.5.4 The accuracy of the test procedure begins to
decrease when the wind velocity exceeds 1 m/s. The
test should not be used as a valid measure of the
uniformity or performance of the sprinkler package if
the wind velocity exceeds 3 m/s. To test at wind vel-
ocities greater than 3 m/s, the client and tester must
understand the limitations of the test results. The
wind velocity and direction prevailing at the time of
the test shall be measured and recorded at intervals
not longer than 15 min.
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3.6 It is recommended that the test be conducted
during periods that minimize the effect of evaporation,
such as at night or during early daylight hours. Dry
bulb temperature and either wet bulb temperature,
relative humidity or dew point temperature shall be
measured upwind of the machine and recorded near
the beginning and end of the test. The time of day for
the measurement shall be recorded.

3.6.1 To minimize the effect of evaporation from
collectors during the test, the volume of water in each

ISO 11545:1995(E)

4.1.2 The pressure of the water supplied to the ma-
chine shall be adjusted and maintained during the test
to within + 5 % of a test pressure mutually agreed
upon by the client and tester. The pressure measure-
ment device shall be capable of accurate measure-
ment to within + 2 % of the test pressure. The test
pressure shall be recorded.

4.1.3 The machine shall be operated at a speed
which will deliver an average depth of application of
not less than 15 mm unless specified otherwise by

collectot shall be measured and recorded as soon as
possible] after the collector is no longer within the
range of the water pattern. If the volume caught in
each collector is to be adjusted for evaporation loss,
the timg that each collector contains water, i.e. from
the timg the collector is first within the range of the
water pattern until the collector volume is measured,
shall be |estimated.

3.6.2 If an adjustment is made on the collected data
to account for evaporation from the collectors, a
minimurn of three control collectors containing the
anticipafed catch shall be placed at the test site and
monitoréd to determine the rate of evaporation.
These dontrol collectors shall be located where the
microclipnate is essentially unaffected by the oper-
ation of|the machine. This is normally upwind of the
test areq. The time of day when control collectors are
measurgd shall be recorded.

3.6.3 Appropriate procedures for minimizing evap-
oration fnay be employed. These include“the use of
evaporation suppressants or specially\designed col-
lectors. [The methods used to suppress evaporation
including, if applicable, the type ef’suppressant, shall
be recorded.

3.7 THe test shall be ¢onducted in an area which
has eleyation differenCes that are within the design
specificgtions of ¢he sprinkler package. Elevation dif-
ference¢ shall=bé measured with an instrument
capable| of¢ 'measuring an elevation change of
+ 0,2 m| in-a 50 m distance. A sketch of the ground

the client.

4.1.4 The application depth, data shqll be recorded
by measuring the volume or fmass of Water caught in
the collectors. The measufring device shall be accurate
to + 3 % of the average _amount of wdter collected.

4.1.5 Any obviously incorrect data pdints caused by

such occurrences as leaking, tippea
other expldinable variances shall be e
the waterdistribution analysis. The nu
ated .observations shall not exceed 3
number of depth measurements. A

collectors or
iminated from
mber of elimin-
% of the total
| observations

shall be reported. The number of elifninated obser-

vations with the reasons for their elim
recorded.

4.1.6 Observations beyond the effe
length of the machine shall be elimir
analysis.

4.1.7 If the sprinkler package is desg
endgun, the test shall be performed w
operating. The number of sprayers
should remain constant during the test
test can also be performed with the 4
erating to evaluate the water distriby
conditions.

4.2 Centre-pivot

nation shall be

ctive radius or
ated from the

igned with an
ith the endgun
or sprinklers
If desired, the
ndgun not op-
tion for those

421 The collectors shall be located

long lines ex-

surface profile afong each [ine of collectors snould be
included with the test results unless the ground sur-
face is level.

4 Test procedures

4.1 General

4.1.1 Before testing a machine, the tester shall ver-
ify that the sprinkler package has been installed ac-
cording to the design specifications, unless specified
otherwise by the client.

tending radially from the pivot point. The distal ends
of the radial lines shall be no more than 50 m apart

(see figure 1 for collector layout detail).

4.2.2 The data from up to 20 % of the collectors on
the inner portion of the total length of the machine
can be eliminated from the water distribution analysis
if mutually agreed upon by the tester and the client.
Collectors need not be placed in the inner portion of
the centre-pivot if the intent of the test is to deter-
mine the water distribution with the inner portion of
the centre-pivot eliminated.
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4.3 Moving lateral

The collectors shall be located along lines parallel to
the pipeline. The lines of collectors shall extend

| af the machine and chall
across the effective length of the machine and shall

not be more than 50 m apart (see figure 2 for collector
layout detail).

© ISO
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C,e=100 [1 -4

=
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Cy,c is the Christiansen uniformity coefficient;

n is the number of coilectors used in the

5.1 The coefficient of uniformity for

t
y L
machine shall Ipe calculated using the modified for-
mula of Heermann and Heinl1l.

w
(@]
]

3

Cu=100 |1 —-———
2V
where
C,y is the Heermann and Hein uniformity co-
efficlent;
n is tHe number of collectors used in the

datalanalysis;

i is a humber assigned to identify a parnticu:
lar gollector, normally beginning with the
collector located nearest the pivolr point
(i=]) and ending with i = n-for the col-
lectqr furthest from the pivot'point;

V; is the volume (or alternafively the mass or
depth) of water collected in the ith collec-
tor;

S; is thg distance, of the ith collector from the
pivot point;

vV is the‘weighted average volume (mass or

data analysis;

Vi is the volume (or alternatively the fass or
depth) of water collectediin-the itH collec-
tor;

is the arithmetic. average o

(mass or depth)-caught by all cdllectors
used in the data analysis. It is computed
as:

[N VSN
erag f the polume

Y2 i=1

5.3 \Cy or Cy. whichever is appropriate, ghall be
cajculated for each line of collectors. A composite
uniformity coefficient shall be computed us|ng the
data from both lines of collectors.

5.4 If a machine with an endgun is tested, the pro-
cedure in 4.1.7 shall be used to measure the coef-
ficient of uniformity when the endgun is ¢n, and
optionally when it is off. The operation of the pndgun
shall be characterized by recording in A.1 the ap-
proximate area of the field that is irrigated while the
endgun operates and the area irrigated while the
endgun is turned off.

5.5 A graph shall be prepared showing the polume
(mass or depth) of water caught in each cpllector
versus the distance from the pivot point or alpng the
lateral together with the positions of the towegrs and

depth) of water caught. It is computed as:
n
2V
_ =
V=-"F—
DS

i=1

5.2 The coefficient of uniformity for a moving lateral
machine shall be calculated using the Christiansen
formulal2l.

sprayers. or sprinklers. Data from each line of collec-
tors shall be plotted separately.

6 Evaluation

6.1 The calculated coefficient of uniformity shall be
used as an indication of sprinkler package perform-
ance with respect to the field, environment, and
pressure conditions and variations prevailing during
the test. The coefficient of uniformity of a new
sprinkler package can be used for comparison of dif-
ferent types of sprinkler packages and as a reference
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for similar machines that have been used for a period
of time.

6.2 |If the coefficient of uniformity for an installed
machine deviates substantially from the value speci-
fied in the initial design, other investigations shall be
conducted to determine the cause. A coefficient of
uniformity smaller than the design value may indicate
worn, broken or malfunctioning water application de-
vices.

ISO 11545:1995(E)

applied is 10 % higher or lower than the average
depth should be investigated to determine the cause
of variation.

7 Reporting of test results

The data measured for this test shall be recorded on
forms similar to the standard data presentation forms
in A.1 and A.2, and the test summary form shown in
A.3. Special arrangements between the client and the
tester shall be explained. Justification of data incon-

6.3 Thg graph of the depth applied along the lateral
can helg identify problems in the operation of the
machinel Locations along the lateral where the depth

Centre-pivot lateral —

Pivot point

sistencies shall be indicated on the data forms. Ad-
ditional data not required by (thi§ International
Standard should be included with“the|test results if
the data will help characterizé-uniformify.

Maximum spacing
(3 m for sprayers and
S5 m for sprinklers)

/

50 m max.

ith collector

Figute 1 — Collector layout for determining water distribution of centre-pivot irrigation /machines
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Maximum spacing
(3 m for sprayers and
Moving lateral S m for sprinklers)

S50 m max.

ith collector

Figure 2 —| Collector layout for determining water distribution of moving-lateral irrigation machines

Case A: Nozzle above crop canopy: { = 2h Case B: Nozzle below crop canopy: { = 1,25 r

/—‘ Pipeline —\
Nozzle — l /‘ Obstruction {crop) —j\

/— Collector

2272777
POSSHNNN /
2277077
EONNANN

2Ll

r, = Wetted radliys

h = Height of obstruction

Figure 3 — Guidelines for placement of collectors when there are obstructions, such as a crop, during test
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Annex A
(normative)

Data sheets and test report forms

A.1 Field and machine data sheet

tification:
of test:

Test ider
Location

Maching description

Manufacfurer/model:
Number
Distance
Lateral I
segme
Diamete
segme
Type of s
Endgun:
— end
— end
Nominal
Height o

between pivot and end tower:
ngth
nt 1:
of lateral pipe
nt 1:

.............................. mm
approximate area irrigated with
gun off:
gun on:
height of nozzle space above ground:
collector above ground:

Test pres
Machine

— cen
mo
— tim
tim

speed
tre-pivot end tower:
ing lateral:
br setting:

Climate [conditions, at beginning and end of test:

Bry-bulb temp.
Beginninp: oo e
End:

Average:

Df BOWV TS, e S

SEegMENt 2: i 24

segment 20 mm
PrINKIEr PACKAGE. ...ciiiiiiiii e e

PI CYClE AUIALION: ..o e et

segment 3: .

segment 3:

Relative humidity or dew point temp.

% or °C
% or °C
% or °C

Evaporation from control collectors

Collector No.: 1

Initial volume: ml
Time of day measured: ...
Final volume: ml
Loss: ml
Elapsed time: h
Lossrate, . e, mi/h

2 3
............................ ml . mb
............................ Ml . ML
............................ ml . ML
.............................. h o e
......................... mi/h oMl
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Field layout:
Show lateral location during test.

—_—

Centre-pivot Moving Lateral
Wind informatiom:
Plot wind vectgr for each wind measurement.
Agreed maximiyim wind velocity for teSt ... NG ... mfs
Mean wind veldeity dUMNG TEST: ..ot A ) ... m/s

Lateral elevatjon:
Plot the approximate relative elevation of the lateral ddring the test on the graph.

50
45
40
35
30
25
20
15
10

)

0

Difference in field)elevation, m

Entrance End
Distance along lateral, m
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