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Abstract

During a sprinkler “cross testing” project with tlieench the same sprinklers had a 1,5m
longer range according to our tests compared tsetlod the French. Many possibilities were
proposed as a reason for this difference.

At the end it seemed that it could be ascribedhéodifference in altitude between the two test
stations and a way had to be found to ascertairexlaet relation between altitude and the
range of a sprinkler.

A special mobile test bench was built and the stasts on the same sprinklers under the
same conditions, except altitude, were done atesirlabs in Silverton and the Hydraulic lab
of the University of Stellenbosch.

The test method, apparatus and instrumentationitbeg used are described in the paper as
well as some of the results that came out of tkesase.

| ntroduction

During a sprinkler “cross testing” project with tlk@ench it came out that for the same
sprinklers there was a 1,5m difference in theigeaas measured by our tests compared to the
tests of the French (Figure 1, [1]). This raisddteof concern on our side because with the
test facilities that the ILI Hydrolabs have it lmpossible to make such a large error. Many
possibilities were proposed as a reason for tHigrdnce. In the past it showed with the
Floppy sprinklers that it has something to do wiltle natural vortexes of the earth. The
Floppy sprinkler oscillates and turns at its ndttmr@quency. When the turning direction of
the Floppy was changed to anti-clockwise it hadrayér range in the northern hemisphere.
This was checked for sprinklers by modifying a skler to turn clockwise or anti-clockwise
at the same spee(lThis was important because the turning speeal gggrinkler also has an
effect on its range). Sprinklers though have ac#al’ turning speed and it was found that the
difference in the ranges that were measured wag almbut 10cm which also could be an
experimental error for that matter.

The real reason was never thought of and it onlgecéo my mind all of a sudden one day
that the altitude at which a test is done must sreething to do with it: for the French the
altitude is 186m and for the ILI Hydrolabs it is4B3n above sea level. To verify this a
special mobile test bench was built and the sasts s the same sprinklers under the same
conditions, except altitude, were done at ourltést in Silverton and the Hydraulic lab of the
University of Stellenbosch.
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Figure 1: Comparative test results in the Cemagetnce) report [1]

Factorsthat affect therange of a sprinkler

There are many factors that have an effect onahge of a sprinkler and to be able to verify
one factor only, all the rest have to be kept amistThese factors are the following:

* The nozzle size of the sprinkler

» The pressure at which it operates

* The height at which it is mounted

* The speed at which it rotates

* Whether it is standing upright or not

* And last but not least, the altitude at which ieogies. This factor wasever thought
of before!

Fortunately many of these factors can be eliminédety easily. If the same sprinkler is used
with the same nozzle size at the same height aachtgal at the same pressure in an upright
position, most of the factors are kept constanerEthe turning speed is then catered for and
thus the only variable that is left can be examinaohely the altitude at which it is operating.

This is all very easily said and done if one wdatsompare your own test results, but if you
want to compare it with the results of other téatisns over the world, all these factors come
into play again and it is necessary to know whatefiect of each of these factors are before
it will be possible to make comparisons. About nocwintries participated in the “cross
testing” program and my intention was to get atretabetween the altitude and the range of
a sprinkler and to see if the tests done by theratbuntries also fall in this relation. This
would be a very good check for this relation. Thiss achieved with the mobile test bench
that was built and the tests that were done atoRae{altitude 1345m, figure 2) and
Stellenbosch (altitude 118m, figure 2). The intenmegram Google Earth [2] was used to
measure these altitudes as well as the altituddseabdther tests stations that were used in the
comparison. Unfortunately most of the sprinklert teboratories in the world are at a low
altitude which means that most of the sprinkleadhat exists in the world is only applicable
for such conditions and it will be shown in the papvhat the implications of it are in
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practice. This also put a limitation on the numbktest laboratories that | could use for my
comparison.
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Figure 2: The Stellenbosch (left) and Pretoria kaght) where the tests were done [2]

In the “cross test” program all the participantseveupplied with the same model sprinkler
and equipped with the same nozzle size. All pgrdicts also had to test the sprinklers at the
same pressure. This eliminated two of the factbing fact that the same sprinklers, nozzles
and pressures were used also ensured that thagwspeed of the different sprinklers would
be the same. It is assumed that the sprinklersatated upright in the test benches and thus
the only factors that did vary between the paréinois were the mounting heights and the
altitudes at which the sprinklers were tested. ioainting heights could not be prescribed
because the participants had to test the sprinktenstical to the way they usually test
sprinklers and the mounting height is not the samethe different test benches of the
participants.

In the past tests were done to find the relatignbletween the mounting height and the range
of a sprinkler. The result is shown in figure 3.
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Figure 3: Sprinkler mounting height and range reteghip
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This result was used to adjust the ranges of diib&lr labs where the mounting heights
differed from that of our test bench.

Another factor appeared out of thin air when thengpers were tested on the mobile test
bench and those results compared with the tesltsesuthe permanent solid state test bench
of our test lab. These results are shown in figure
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Figure 4: Comparison of the sprinkler test resoftshe mobile and permanent test benches

According to the mobile test bench the sprinkleaseheven a longer range! This result was
very puzzling until it was found what the reasontfmat was. In figure 5 it can be seen that
the mobile test bench is mainly made out of pladtie result is that there is a high degree of
flexibility in the construction of the test benchdait was observed that when the water from
the sprinkler was projected into the air that thedd” of the test bench would momentarily

bend backwards. When the water of the sprinklemgted into the air the sprinkler is thus

not upright but bended backwards. As a result af the water is emitted at a larger vertical
angle and in the process the range is increase@duBe of the fact that this error is a constant
though, the tests that are done with the mobileltesch can be compared directly with each
other, but when they are compared with the resfltsther test benches a correction must
first be made according to figure 4.

Figure 5: Construction of the mobile test bench

2009 Test and Measurement Conference



The mobiletest bench

In figure 6 the components of the mobile test becah be seen. It consists mainly of two
parts: the test vessel and the instrumentation td$tevessel is made up of the sprinkler cover
on top (at such a height that the sprinkler is niediat a height of 1m above the rain gauges),
the control valves with the pressure sensor and fiieeter (figure 5), the water reservoir basis
and the pump which is protected by a filter atimiet. Under the instrumentation fall the
three digital panel meters (pressure, flow rate mads), mass sensor, timer and seventy rain
gauges.

Figure 6: Components of the mobile sprinkler tesidhn

The pressure gauge indicates the pressure at whechprinkler is operating and is adjusted
with the control valves to the exact test pressigeded, the flow meter measures the flow
rate through the sprinkler and its reading is cbdated at the end of the test with the water
that was measured by the rain gauges to checkctheacy of the test. The timer is used to
let the test run for exactly two hours (see tesicedure later on). The pump supplies the
pressure (300 kPa) and flow rate for the sprinfdéout 1500 I/h).

Water is supplied via a hose pipe from a tap. mske top of the reservoir a ball valve is
installed to maintain a constant water level intdr&k which is necessary for the pump to be
able to supply a constant pressure to the sprirtkierughout the duration of a test. The
excess water that is released by the sprinkledéngie cover circulates back to the reservoir
via the four “pipe legs” of the sprinkler cover €tsprinkler is mounted on the centre pipe).
Facing the rain gauges a narrow slit (about 1cneyisgl made in the sprinkler cover where
the water that is measured in the rain gauges. exits

While the standard tapered rain gauge is good dndog field evaluations of irrigation
systems the calibrations on these gauges are npotweurate. Differences of up to 20% have
been found between different makes of these gaddescalibrations are also not very fine
as can be seen in figure 7. For the purpose afetbearch that we wanted to do more accurate
readings were necessary. Also for the ease ofrrgalle rain gauges and opposed to getting
the readings from the calibrations of the gaugealtmmnative reading method was sought. It
was also found that water droplets would clinghe sides of the rain gauges after a test as
can be seen in figure 8.

2009 Test and Measurement Conference



3 g |
Figure 7: The calibrations on rain gauges are rof fine or accurate

If a reading would be taken from the calibratiofishe gauges it would not have accounted
for those amounts of water although it is watet tixas caught by the rain gauge.
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Figure 8: Water droplets clinging to the side @& thin gauge

Keeping all this in mind it was thus decided to gtethe rain gauges after the mass meter
was “zeroed” with an empty rain gauge. The massmitat was used measures to the
nearest 10g but it was calibrated electronicallgisplay directly the number of millimetres
of “rain” in it. A number of empty rain gauges wéereeighed” on it, but no difference could
be picked up in this way between the gauges anst accepted that for this purpose their
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masses are all equal so that whatever is displagabde meter would only be the water that is
in the gauge.

Thetest method

At first the three sprinklers that were used in Brench tests were tested in Pretoria on the
mobile test bench. The data from these tests wareaged and compared with their averaged
data when they were tested on our standard teshb@ine same data that was given to the
French). For the French tests they were to bedext@50, 350 and 450 kPa. Unfortunately

the mobile test bench can only supply a maximunsquee of 300 kPa and therefore the

sprinklers were tested at 200, 250 and 300 kPat.ofhe pressure of 250 kPa is thus a

common factor between the two test benches andtbalgata from these tests were used for
comparative purposes in this study. The resultthese tests are shown in figure 4 on page
four of this document. There are a number of remsghy three tests are used. Usually a

manufacturer specifies a working pressure for ankjar. To see if this is the best pressure

we usually also do tests at 20% less and 20% nhawre this pressure and together with the

specified pressure the sprinklers are thus tedtélor@e pressures and the software that was
developed to process the test data was writtert¢onramodate three sets of test data at the
same time. In this study the three pressures @sge the opportunity to see whether the same
tendency occurs at other pressures than the “chpsessure.

After the Pretoria tests the mobile test bench mased to Stellenbosch and the same tests
were repeated there. Figure 9 shows the compabsbween the Pretoria tests and the
Stellenbosch tests and it is important to keep imdnthat all test conditions were the same in

the two places except for the fact that they amatled at altitudes of 1345 and 118 m

respectively.
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Figure 9: Difference in sprinkler range at 118 4845 m altitudes

In figure 9 the sprinkler has a higher average ipi&tion rate in Stellenbosch than in
Pretoria. The reason for that is that the flow cdtéhe sprinkler is the same in both places. If
the area below the graphs is extended®38@und the sprinkler it is also theoretically dqua
to the flow rate of the sprinkler and this is comgmhwith the reading of the flow meter
during the test and if the test is done corredtse two values should be very close to each
other. In Pretoria the wetted area is larger tmaBtellenbosch because of the longer range
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and for the “volumes” of water to be the same ithbmases the average precipitation rate in
Pretoria must be lower.

The taking and processing of measurements

During a test we usually let a test run until a imwm precipitation rate of 0,5 mm/h can
effectively be measured. In an effort to reach #md to make the measuring errors smaller a
digital timer is connected to the pump of the mehdst bench and the test is left to run for
exactly two hours. After that the rain gauges ameighed” on an electronic mass meter
(strain gauge type) which is calibrated to giveadout of the number of mm of “rain” in the
gauge, starting with the gauge nearest to the ldprind continuing till the last gauge that
contains a visible amount of water. These measureage divided by two to get a number
that represents the precipitation rate in mm/(co@)hand at the same time halving the
measurement error.

The range of a sprinkler is defined as that distdnem the sprinkler where the precipitation

rate equals 0,3 mm/h. The common practise is te th& last two measurements at the far
end from the sprinkler and to interpolate (or gxtlate) the distance where the precipitation
rate equals 0,3 m/h. We found that this can leati¢ationable errors because in a sprinkler
test those two readings are actually very uncedaigan be seen in figure 10. We therefore
take the last five (or even more) readings at titead the graphs and do linear curve fittings
on them and from the equation of the fitting theipon of 3,0 mm/h can be calculated.
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Figure 10: Finding the point of 0,3 mm/h with cufittng equations

Table 1: Comparing the calculated ranges (at 0,3hhaf the different tests

Test bench Pretoria Stellenbosch/France* Difference
Mobile test bench 15,99 m 14,33 m 1,66 m
Mobile test bench

compensated (fig. 4 15,24 m 13,58 m 1,66 m
Permanent test bench 15,25 m *13.62 m 1,51 m

The test data from three other countries were &tju®r the height of their sprinklers, their
measured ranges calculated, their altitude measutbdsoogle Earth and these results were
plotted with the South African measurements andekalt can be seen in figure 11.
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Figure 11: The South African results plotted togethith the results from other countries

It was comforting to see that the results fromdttesr countries also fell closely on the curve
that was established in South Africa which prodfat tthe altitude do has an effect on the
range of a sprinkler and that we have succeedéddmg out what the relation between the
two factors is.

Practical implications

As was mentioned earlier that most sprinkler tegadn the world was generated at low
altitudes. If this data is to be used at highetuales it is not actually applicable any more and
non-optimum sprinkler systems will be designed. Exésting data can be theoretically

extended to higher levels according to the relatth@t was found, but it can lead to errors and
it would be better to have all sprinklers be tested higher altitude to see what their actual
performances are.

To illustrate this three case studies were perfdrme
The distribution pattern of sprinklers can be daddn three main categories. These are:
» Sprinklers with a triangular pattern where mosthe water is deposited close to the
sprinkler.
» Sprinklers with a flat or even pattern where mardess the same amount of water is
placed over the full range and
» Sprinklers with a “toed” pattern where most of thater is placed at the far end from
the sprinkler.

When testing a sprinkler the distribution pattenattis produced is used in a program that
simulates different square and triangular spacofgsgentical sprinklers. The dimensions of
these are in multiples of three because the quoakling pipes that are used in these systems
are made in multiples of three meters. This progwalinthen super impose the contribution
of each sprinkler on every square meter in thekoked the uniformity of these values is
calculated with two formulas: the Christiansen amifity coefficient (CU) and the
distribution uniformity coefficient (DU) and our ros in irrigation for these two values is
that the CU must be above 84% and the DU above 268tird condition is that the average
precipitation rate must be more than 3 mm/h. Thegam will select what are the widest
spacings that the sprinkler can be used at andcsthply with these conditions. In the
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following figures it will be shown what the effeat longer ranges for the three basic types of
sprinklers are when it comes to their optimum Spgi
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At 118 m:
Type of spacing: Rectangular Area
Maximum sprinkler spacing: 18 m 162 m?
Maximum lateral spacing: 9m
Average application rate: 3.2 mm/h
Maximum radius: 15.25 m
At 1345 m:
Type of spacing: Rectangular
Maximum sprinkler spacing: 18 m 216 m?
Maximum lateral spacing: 12m 33 %
Average application rate: 2.7 mm/h
Maximum radius: 16.75 m
Figure 12: Sprinkler with triangular pattern
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At 118 m:

Type of spacing: Triangular Area
Maximum sprinkler spacing: 18 m 135 m?
Maximum lateral spacing: 15 m

Average application rate: 7.5 mm/h

Maximum radius: 15.75 m

At 1345 m:

Type of spacing: Triangular

Maximum sprinkler spacing: 18 m 135 m?
Maximum lateral spacing: 15m 0%
Average application rate: 6.3 mm/h

Maximum radius: 17.25 m

Figure 13: Sprinkler with flat pattern
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At 118 m:

Type of spacing: Triangular Area
Maximum sprinkler spacing: 18 m 108 m?
Maximum lateral spacing: 12 m

Average application rate: 5.3 mm/h

Maximum radius: 16.00 m

At 1345 m:

Type of spacing: Triangular

Maximum sprinkler spacing: 18 m 135 m?
Maximum lateral spacing: 15 m 25 %
Average application rate: 4.4 mm/h

Maximum radius: 17.50 m

Figure 14: Sprinkler with “toed” pattern

In figure 12 it can be seen that the sprinklers lvarspaced wider resulting in an increase of
33% in the area that is covered and still givingaaeeptable watering uniformity. This
implies that a system that is 33% cheaper can & log a farmer while still getting the same
results. The same goes for figure 14 where therdedya is 25%.

Conclusion

With the mobile sprinkler test bench it was possibd establish a relation between the
altitude at which a sprinkler is used and its rangeould be confirmed that a sprinkler has a
longer range at higher altitudes with the resudtt tsprinklers can be spaced wider without
losing uniformity and which can result in noticeabkhvings on the cost of these systems.

References

1. Département Equipements pour 'Eau et 'Environnmémigation testing laboratories resylts
Laboratoire d’Essais des Matériels d’Irrigation {UE, Le Tholonet, Sept 2003.
2. Google Earth: http//earth.google.com.

2009 Test and Measurement Conference



