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Foreword

ISO (the International Organization for Standardization) is a worldwide federation of national standards bodies
(ISO member bodies). The work of preparing International Standards is normally carried out through ISO
technical committees. Each member body interested in a subject for which a technical committee has been
established has the right to be represented on that committee. International organizations, governmental and
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Agricultural irrigation equipment — Sprinklers —

Part 3:
Characterization of distribution and test methods

IMAORTANT — For any given sprinkler, a wide range of nozzle configurations, operating

and adjustments generates at least a theoretical need for a correspondingly large -numb
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ing agencies and manufacturers may use interpolation techniques to reduce-the numb
runs, provided accuracy standards are met.

Scope

part of ISO 15886 specifies the conditions and methods used for'testing and characterizin
ibution patterns of sprinklers intended for agricultural irrigation® It deals both with indoor a
al and full grid tests and is organized to deal first with conditions common to all the tests ar
e unique to indoor and outdoor testing, respectively.

term sprinkler is used here in a broad, generic .sense, as defined in 1ISO 15886-1, with t
bring the wide variety of products classified in ISO© 15886-1. The specific performance me
ressed in this part of ISO 15886 include distribution uniformity, wetted radius and water j¢
ht: it is applicable to all irrigation sprinkler classifications for which uniformity of application, w

ufacturer. It does not address the specific performance testing required for sprinklers inteng
ction use under freezing conditions,\nor does it address the topic of drop spectrum measu
racterization and the related questions of soil compaction, spray drift, evaporative losses, ¢
icable to moving systems or sprinklers with a radius of throw of less than 1,0 m.

rder to use this part of IS©/15886 to evaluate irrigation coverage, all sprinklers must be ig
nged in a fixed repeating geometric pattern.

Normative-references

following ‘referenced documents are indispensable for the application of this document
rencesyonly the edition cited applies. For undated references, the latest edition of the
Limeht((including any amendments) applies.

L

conditions
r of tests.
r of actual

g the water
nd outdoor,
d then with

he intent of
asurements
bt trajectory
btted radius

water jet trajectory height evaluation @re required for the design objectives, as defiped by the

ed for frost
rement and
tc. It is not

entical and

For dated
referenced

IS

3

1960b-1, Agricultural irrigation equipment — Sprinkiers — Fart 1. DeTinition or terms and cias

Terms and definitions

ification

For the purposes of this document, the terms and definitions given in ISO 15886-1 and the following apply.

3.1

ambient temperature

tem

perature of the air surrounding a sprinkler test site

© I1SO 2004 — All rights reserved
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3.2

area of coverage
wetted area from a sprinkler operated as specified in the manufacturer's literature where water is deposited at
rates greater than or equal to the effective application rates

3.3

Christiansen's coefficient of uniformity

ucc

method of characterizing the uniformity of water application of sprinklers from full grid data that utilizes
arithmetic deviations

NOTE The concept was introduced in 1942 and has been widely accepted as a measure of how well designs,re

with 80 % cpnsidered as the minimum acceptable uniformity coefficient. The coefficient lacks physical significa
however. Full grid data can be developed by actual field testing or computer simulated from distribution curves.,See A
3.4

clean wate|

water procissed so as to contain suspended particles no larger than 200 mesh equivalent-(#4 microns) an
contain no glissolved chemicals known to have short-term effects on the sprinkler materials

3.5

collector

receptacle Wised for collecting irrigation water discharged by a sprinkler during a water distribution test

3.6

contour graphs

method of representing the area of coverage that shows a set of contour curves, each connecting locatior
a horizontal plane receiving water at the same application rate

NOTE The number of contour lines plotted needs to be large“enough to convey a visual impression of the phy
significance ¢f the data. The concept is useful in constructing area of coverage diagrams.

3.7

densogram

method of representing the area of coverage that utilizes the density of dot shading as directly proportion
the relative [application rates in the area oficoverage

3.8

distribution curve

graph of ag
line of the 4

3.9

plication rate (ordinate) versus distance (abscissa), measured along a particular section (leg
rea of coverage

distribution uniformity

DU
method of g
utilizes an 4

haracterizing the uniformity of water application of sprinklers from full grid data by a coefficient
rbitrary definition of the lower 25 % as the critical area

late,
nce,
2.2.

dto

sical

Al to

that

NOTE
of the definiti

3.10

on. See A.2.4.

effective application rate
application rate greater than or equal to 0,26 mm/h for sprinklers with flow rates exceeding 75 L/h and
0,13 mm/h for sprinklers with flow rates equal to or less than 75 L/h

3.1
flow rate

volume of water flowing through an irrigation component per unit of time

The concept has had some acceptance in agricultural crops, but continues to suffer from the arbitrary nature

© I1SO 2004 — Al rights reserved
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3.12

full grid collector arrays

number of collectors located at the intersection of a two-axis geometric grid pattern determined to give a
desired statistical result and represent the area of coverage

3.13

inlet connection

nominal pipe size designation for commercial purposes with no specific relationship to actual dimensions
except as may be defined by reference to a recognized standard

3.14

irriiation lateral
bramch supply line in an irrigation system on which water distribution devices such as sprayers, sprinklers and
emifters are mounted directly or by means of fittings, risers, or tubes

3.14
maximum working pressure

Pmax
maximum pressure at which a device will properly function hydraulically and eperate mechanically

can refer to

ment at the

es

NOTE Nozzle§/aré more accurately defined by their hydraulic properties.

3.20
part-circle.sprinkler
spripnklerwith an adjustable feature that enables it to irrigate any sector of a circular area or the erI\tire circular
areg

3.21

pop-up sprinkler

irrigation sprinkler designed for installation so that the sprinkler nozzle is below ground level when it is not
pressurized and above ground level when it is pressurized

3.22

pressure tap

precisely fabricated connection for communicating internal conduit pressures to an external
pressure-measuring device

NOTE Tap construction is shown, for example, in ISO 9644.

© 1SO 2004 — All rights reserved 3
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3.23

radial collector arrays method

number of collectors located only on the radial axis projected from the sprinkler centreline, used to
characterize the distribution curves

3.24

radius of throw

wetted radius

distance measured from a continuously operating sprinkler or sprayer centreline to the most remote point at
which the sprinkler or sprayer deposits water at a minimum rate of 0,26 mm/h, for a sprinkler or sprayer with a
discharge exceeding 75 L/h, or 0,13 mm/h, for a sprinkler or sprayer with a discharge equal to or less than

75 L/h, meg

3.25
range of w
all pressurg

3.26
scheduling
SC

method of
coefficient t

sured at any arc of coverage, except near the arc extremes for part-circle sprinklers or sprayer

brking pressure

s between P, and P 4,

coefficient

characterizing the uniformity of water application of sprinklers fromvfull grid data by a si
hat utilizes a definition of critical dry area

D

ngle

NOTE The concept, especially well suited to lawn and turf management, gives'a run-time multiplier based on crjtical
dry area turf quality management. See A.2.6.

3.27

sprinkler spacing

distance befween the sprinklers along an irrigation lateral and\between consecutive irrigation laterals

3.28

statistical yiniformity coefficient

UCsS

method of ¢haracterizing the uniformity of waterapplication of sprinklers from full grid data by one coeffigient
that utilizes|standard deviation as a measure ofdispersion in statistical theory

NOTE Although introduced in 1947, this coefficient fails to enjoy any wide base of acceptance. The method
presupposeq that the distribution data is hormally (Gaussian) distributed. See A.2.3.

3.29

test pressyre

pressure at|the inlet of a sprinkler declared by the manufacturer as the pressure to be used for test purposgs
3.30

trajectory

maximum height¥above a sprinkler or sprayer of the trajectory of the water stream discharged from|the

sprinkler n

eight
zle or sprayer operating at test pressure

3.31

water application rate
mean depth of water applied per unit time

3.32

wetted diameter
sum of the radii of throw on the same diameter

3.33

wind speed

speed of the wind at a test site averaged over the time required for a test of the distribution uniformity of a
sprinkler or sprayer

4 © 1SO 2004 — Al rights reserved
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3.34

working pressure
pressure shown in the manufacturer's catalogue literature at which the sprinkler is known to function
mechanically as designed

NOTE

4

41

Collectors

-3:2004(E)

Working pressure bears no relationship to hydraulic properties except as may be defined by the manufacturer.
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ollectors used for any single test shall be identical. Each shall be designed to minimize water
ut.

height of each collector shall be at least twice the maximum depth of the water eollected dur|

neter shall be from half the height to the same as the height, but shall not be'less than 85 mm.

Cified.

catchment from a collector shall be quantified from a difect reading of mass, depth of
rmination, provided that the required accuracy standard is. met.

Collector ring orientation

openings of all collector rings shall be in a common horizontal plane, with a slope not excee
direction. The difference in height between anydwo adjacent collector rings shall not exceed 2

indoor testing, collector ring height is not-critical. For outdoor testing, the collector ring hei
cient to ensure that vegetation does.not'interfere with jet access to the collectors.

Installation of sprinklers under test

sprinkler selected fortesting shall be representative of general production capabilities — pa
es to speed of rotatien. New sprinklers shall be operated before the test for a period
onstrate that the ¢ime per revolution has stabilized to + 5 %.

nt the sprinkler-on a riser with nominal size designation the same as the sprinkler inlet connec
the riseryis fixed rigidly vertically, and that it does not vibrate sufficiently to cause a visual €
hkler operation, bend or deviate from the vertical during the test. The maximum allowable de
vertical'during the test shall not exceed 2°.

splashes in

ng the test,

not less than 150 mm. It shall have a circular opening with sharp edges free from defoqmities. The

rnative collector designs may be used, provided that their measuring.accuracy is not less than for those

volumetric

ding 2 % in
mm.

ght shall be

rticularly as
sufficient to

ion. Ensure
ffect on the
viation from

A 1 H H | lal lo ol t el 4l + pu | o H l + +lo ol £ HHNY 4l H
SL CTMPIPT TIoTT ol'fUUIU VT UoSTU U PJTUVIUT LT TTUUNTTU Triculiarmioar ot iyl n ariu Tatliidailc T 1o

standard pressure tap.

allation of a

Sprinkler nozzle height above the collectors should simulate the conditions under which the sprinkler is
normally used. For example, for turf sprinklers, the top of the sprinkler body should coincide with the top of the
collectors.

For agricultural sprinklers used under a variety of field conditions, the height of the principal sprinkler nozzle

above the openings of the collectors shall be 10 times the nominal diameter of the sprinkler connection, but
not less than 300 mm or at a height as specified by the manufacturer.

© I1SO 2004 — All rights reserved
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If the manufacturer specifies any special test-related conditions (e.g. testing at a minimum riser height or with
straightening vanes), these shall be observed if the items concerned are provided as standard equipment with

the sprinkle

r.

For a sprinkler not riser-mounted as described above, the test mounting shall be as specified by the
manufacturer.

For single-leg distribution patterns, a shelter may be used around the sprinkler to baffle jet action, provided

a)

operation,

b) the shs

the shq
and

c)

d) nojetg

If the testin

Iter is designed to allow air circulation to develop around the jets,

Iter provides a minimum sector for unrestricted jet operation of 45° centred on the collector raq

eflection or splash is directed into the collectors.

J agency uses an angle of less than 45° in relation to c), it shall demonstrate that the integrit

the results are not compromised.

6 Meas

6.1 Accl

The accurg
+ 3,0 %.

Application

The pressu

urement

racy

cy required for all measurements not specifically addressed in this part of ISO 15886 shal

depths within collectors shall be measured-with an accuracy of + 3,0 %.

re shall be measured with an accufacy of £ 1,0 %.

The flow rafe through the sprinkler shall be'measured with an accuracy of + 2,0 %.

The temper

ature shall be measured with an accuracy of + 0,5 °C.

Time shall he measured with/stop watches accurate to + 0,1 s.

6.2 Pressure measurement

The test prg
at least 20(
There shall

ssure_shall be measured at the height of the main nozzle. The location of the pressure tap sha
mm_Upstream of the sprinkler base. (See ISO 9644 for information on pressure tap construct
beno flow obstructions between the pressure tap and the sprinkler base.

6.3 Atmospheric measurements

the shelter is large enough and so constructed as to trap the jet and not let it interfere with the sprinkler's

ius,

y of

be

| be
on.)

Relative humidity and ambient temperature shall be measured at the start, midpoint and end of the test. For
indoor testing, changes in temperature and humidity during the test shall not exceed + 5,0 % pre-test ambient.

© I1SO 2004 — Al rights reserved
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7 Test methods — Collector arrangement, spacing and number

7.1 Full-grid collector arrays

This method refers to the use of a square grid of collectors with a sprinkler located inside the grid. It is
especially useful in characterizing the impact of wind on sprinkler performance and characterizing sprinklers
that do not produce symmetrical areas of coverage.

The same collector spacing shall be used for both axes of the grid. Additional collectors may be located on the
downwind edge of the collector array if required to cover the anticipated wetted area. A minimum of 80

collgetors-—shalt-betocated-within-the-areaofcoverage————

Thel sprinkler shall be located midway between four adjacent collectors.

Alternatively, the sprinkler may be located at the intersection of the grid axis.

7.2| Radial collector arrays

Thig method refers to the use of collectors located along a radius or severatradii (usually 4, spacef at 90°) for
purposes of characterizing the sprinkler's water application rate as a function of radial distan¢e from the
sprinkler. It is especially useful for sprinklers with a symmetrical patterncand under no-wind conditigns.

Thel objective of the test is to develop an accurate relationship/between water application rate and radius. If
the [sprinkler is known to have discontinuities between combinations of nozzles, for example, sufficient
collgctors shall be used to adequately characterize these features. In all cases, a minimum of 140 collectors
sha|l be used on each radius.

Maximum spacing of collectors along the radius shalltbe in accordance with Table 1.

Table 1 — Maximum spacing.6f collectors — Radial collector arrays method

Dimensions in metres

Sprinkler radius Maximum ?ollector
of throw spacing
(centre to centre)
1,0t0 3,0 0,30
3,0t0 6,0 0,60
6,0t0 12,0 0,75
Over 12,0 1,00

The sprinkler shall be located one collector spacing from the first collector and on the same radius.

For muliiple-array fests, the wefted radius/diameter shall be the average of all of the arrays used.

8 Additional tests

8.1 Time of rotation

The sprinkler time of rotation shall be measured only while the sprinkler is rotating from its own drive
mechanism. It shall be measured at the beginning, midpoint and end of the test. In addition, at the midpoint in
the test, the time shall be measured through each quadrant. The quadrant locations shall be indexed to the
collector grid. The time shall be measured by an instrument capable of giving accuracy in accordance with
6.1.

© 1SO 2004 — All rights reserved 7
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8.2 Trajectory height

The measurement is taken from a horizontal plane through the main nozzle. As with the radius of throw,
occasional drops that achieve a greater height shall be ignored in favour of some general representation of
the top surface of the main jet. Care shall be taken to insure that the sprinkler riser meets the 2° tolerance on
verticality. The radial distance to the location of maximum trajectory height shall be noted. Both height and

radius measurements require an accuracy of £ 5 %.

9 Test operation

9.1 RotJtion of sprinkler riser

During the

of a revolufion (90°) about the axis three times at equal intervals of time. This rotation shall’be perfor

during the ¢

For sprinklg

The test pegriod shall begin after the sprinkler has run for a time period long“enough to establish st

conditions
start-up per

The test prg

vary by mofe than + 5,0 °C during the test.

eriods when the jet of the sprinklers is not passing over the collectors.

rs with special operating modes, riser rotation shall be accomplished so as not to bias the test.

e.g. all air is evacuated). This may be accomplished by shroudingythe sprinkler during unst
ods and removing the shroud to start the test.

ssure shall not vary by more than + 4 % during the test period and the water temperature shal

adial collector array test (7.2), the riser supporting the sprinkler shall be manually rotated a quarter

med

able
able

not

Care shall e taken in starting and stopping tests to avoid dire¢t deposition in collectors by under-pressure|jets
or unstable [rotational movement.

Care shall pe taken also to avoid subjecting collector,legs or portions of the grid to an unequal number of
sprinkler rofations or cycles.

For sprinkigrs with programmed variations in(operating characteristics, the duration of the test shall be |ong
enough to qubject all collectors to the samg, identical operational sequences.

9.2 Test|duration

A minimum|number of 30 passe€s,shall be made over all collectors. In general, test conditions not specifi¢ally
covered by [this part of ISO 15886 shall reflect first, the reality of how and where the product is to be used,|and
second, hgw the manufacturer defines the product performance testing. Considerations that fall in [this
category irfclude, for example, sprinkler height in relation to crop canopy, riser or drop tube lerigth,
configuratign or construction, and sprinkler orientation (supply flow up or down).

The test d

collectors i
accounted f

Iration”"shall be long enough to generally allow the requirement for reading accuracy of

the
ons

accordance with 6.1 to be met for a minimum of 80 % of the collectors. The water applicat

sprinkler flow calibration.

10 Test|

ocation specifications

10.1 Indoor testing — Test building

the

In order to meet the assumption that test-building conditions represent no-wind conditions, there shall be no
ventilating structures (doors, windows, etc.) that permit bulk air movement at velocities exceeding 0,10 m/s. In
general, the building shall be of a size to permit unconfined jet development of the largest jet for which it is
designed.

© I1SO 2004 — Al rights reserved
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ISO 15886-

test building's design shall meet the following criteria:

floor slope as required to provide surface drainage not to exceed 1,0 % (collector ring inlet su
be in a common horizontal plane);

minimum length equal to 125 % of the maximum sprinkler wetted radius of throw;

3:2004(E)

rfaces must

minimum width equal to 60 % of the sprinkler radius of throw measured at the actual radius of throw;

minimum clear ceiling height equal to 125 % of the maximum trajectory height anticipated;

10.

10.3

The
slop
airb
SO &

The

wingl patterns. There shall be a minimum clear area

a)

b)

-
4

10.

Relative humidity and ambient temperature measurements shall be taken during the test at

inte

Win
spri

The
locq

Win
beg
sha

no structural column or truss members of the building that mechanically interfere with the
collectors.

P Outdoor site

.1 Test area

test area where collectors are positioned shall be graded evenly in a-herizontal plane with
e of 2,0 % in any direction. The surface shall be free of obstacles\that could block the m
brne spray. Surface roughness, including vegetative cover, shall nat\exceed 100 mm to 150 m
s to not interfere with spray droplet access to collectors.

re shall be no trees, buildings, or other obstruction in the vicinity of the test site that could alte
upwind of the test site equal to six times the height.ef'any wind break for each 0,45 m/s of win

to a maximum of 30 times the height for winds of:2,24 m/s or greater, and

downwind of the test site equal to five times the height of any downwind windbreak.

.2 Measurement of atmospheric conditions

fvals that give a minimum of-$Q‘readings during the duration of the test.

d speed and direction-measuring instruments shall be set at a height corresponding to th
hkler trajectory height.+10 %. The actual height used shall be measured and recorded on the ¢

sensing equipment shall be located a maximum distance of 45 m from the edge of the wette
tion shall be selected as most representative of the test site exposure.

d speediand direction shall be continuously recorded or else measurements shall be tg
nning,and end of the test and at regular time intervals not to exceed 10 % of the test period.
| be recorded to the nearest 0,2 m/s and directions to the nearest 10°. Direction shall be refere

et near the

8 maximum
ovement of
m in height,

the normal

d speed, up

equal time
B maximum
ata sheets.
d area. The
ken at the

Wind speed
nced to one

of t

nnnnnnnnnnnnnnnn of tha oall aor—ainalaldaat $ Havaiahbl

tor areang Iaov it 1 A—RA-mdHRR-HR—S A
T PTTICTIPOT AT S O i~ CoOnT o artay iayout— T O SmigreiCg—tCotST T oA T o anowaore

vind speed

vV

shall be 0,4 m/s. For four-leg tests, the average allowable wind speed shall not exceed 1,3 m/s and in no case
shall the maximum allowable wind speed exceed 2,2 m/s.

11

Characterizing distribution

11.1 General

This clause refers to developing the results from the full grid test procedure so as to effectively characterize
the sprinkler performance. The objective for specific characterizations is determined by the sprinkler design
objectives as defined by the manufacturer.

© I1SO 2004 — All rights reserved
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11.2 Appl

ication pattern coverage and uniformity

At least one of the following four methods for calculating pattern uniformity shall be used, with reference to

Annex A:
a)
b)

c)

Christiansen uniformity coefficient (UCC) — see A.2.2;
Statistical coefficient of uniformity (UCS) — see A.2.3;

Distribution uniformity (DU) — see A.2.4;

d)
The method

Patterns of
or contour g

Schedlltling coefficient (SC) — see A.2.6.

best suited to the design objectives of the sprinkler shall be selected.

coverage may be shown giving geometrically accurate representations augmenteddy densogr
raphs, if required, to compare the actual performance to the design objectives.

11.3 Geng¢rating performance measurements from radial arrays

This part g
preferred o
satisfy ques
grid metho
general fiel

Computer-g
identified as
pattern. Th
mathematiqg
This equati
pattern.

ﬂ

f 1ISO 15886 recognizes that the full grid method of characterizing sprinkler performanc
er the radial arrays method. If the testing agency decides to use the radial arrays method it 4
tions of accuracy when compared to the full grid method. If wind“is a factor in design, only the
can be used. Wind is a factor by definition when the manufacturer warrants the sprinkle
use.

enerated full grid patterns may be developed from.radial array data provided that the results

based on simulated data and the sprinkler can be demonstrated to have a generally symmet
e radial array data is analyzed using a curve fit routine. The curve fit routine identifig
al equation that gives water deposition as afunction of radius from the sprinkler axis of rota
bn is used to calculate the deposition at. the grid line intersections thereby simulating a full
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ISO 15886-

Annex A
(informative)

Determining sprinkler pattern uniformity

A.1 Objectives

Tes

A.4 Methods for characterizing uniformity of distribution

A.2

This

dist

sing
free
to b

Oth
of t

use|wilbbe evaluated by the same procedure in accordance with this part of ISO 15886.

ling for sprinkler performance is usually carried out to meet at least one of the following objecti

To provide a characterization of current levels of performance from which to judge thie.efficacy
in design or operating conditions. This is useful primarily to product engineers. Sprinkler meg
hydraulic changes can be valued for their potential contribution to product impraovement.

To provide data useful to manufacturers in the development of product-specifications and g
literature. These data are used by system designers in designing-system components,
irrigation schedules, economic comparisons and product comparisons:

To provide certified standards of performance that characterize{specific products. These dat
in the development of specifications in contract documentshand ensure that products will
required design levels.

To provide a standard for evaluating system field péerformance. This allows designers, en
growers to evaluate existing installations in an “as:=built” context and is useful in determining
not construction meets contract requirements and acceptance test conditions. It is also usefu
system performance. Auditing studies are conimonly used as a basis for improving applicatio
and efficiency.

L1 General

part of ISO 15886 (recognizes that there is no one best method for characterizing u
ibution. The diversity of intended uses, and the associated requirements for each use, preclu
le standard for characterizing uniformity of distribution. The testing agency, manufacturers an
to use the procedure most appropriate for the intended use. Four methods are presented; at
e used.

br metheds and calculating procedures may also be used as long as their logic is defensible in

3:2004(E)

es.

of changes
hanical and

erformance
forecasting

h are useful
perform at

jineers and
whether or
| in auditing
n uniformity

hiformity of
e setting a
d users are
least one is

the context
r a specific

Te intended sprinkler use. This latitude in procedures presupposes that all sprinklers suited fq

In some situations, the geometry of the test pattern grid will not correspond directly to the pattern grid being
characterized, and in these cases interpolation of catchment values shall be made. Interpolation procedures
shall be used that do not unreasonably bias the results.

A.2.2 UCC

Christiansenl?! developed his uniformity coefficient (scientific notation, UCC) in 1942 to study sprinkler
irrigation. UCC is one of the most common indicators of sprinkler uniformity, predominantly for historical
reasons:
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UCC:100><(1—2j
m

where
UCC is Christiansen's coefficient of uniformity;

m is the average value,

where
n is the number of values in the array being analyzed for uniformity;

x; is the individual value in the array of values being analyzed for uniformity;

D is the average absolute deviation, equal to the average of individual absolute deviations,
1 n

_ZDi

i1

where

D; is the individual absolute deviation, equal te\the absolute difference between x; and m,

A.2.3 UC$
The statistigal coefficient of uniformity (seientific notation, UCS) was first proposed by Wilcox and Swailgs in

1947031, Thdy preferred it to UCC becalisé of the utility of the standard deviation as a measure of dispersign in
statistical tHeory. It has also been called the Wilcox-Swailes coefficient:

UCS:100><(1—ij

m
where

UCS ip the statistical coefficient of uniformity;

m is the average value,
1 n
P
i

where

n is the number of values in the array being analyzed for uniformity;

x; is the individual value in the array of values being analyzed for uniformity;
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