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Irrigation Water-meter. \\
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Synopsis: \
An inexpensive, easily erectile and robust irrigation water-meter was designed to measure
raw irrigation water containing high concentrations of organic and abrasive matter such as
leaves, twigs, algae, sand, silt and mud. The 80 mm water-meter described here, is capable
of measuring flow from as low as 5 m3 /h to as high as 130 m3 /h.

The meter has only a slight restriction in the flow path which forms a venturi, making it vir-
tually clog proof. The absence of any moving parts in the main flow stream (which can be
worn out by abrasive matter like sand, mud or siit) results in a very durable meter.

The meter has a bypass circuit in which a small, inexpensive household flow meter is
installed to measure the water flow in the main passage. To protect this small flow-meter
against abrasive and organic matter,”a smalil filter, (using a screen element), is installed
before it. The only maintenance raquired is the regular flushing of this small filter and the
thorough cleaning of the filter elemerit at reguiar intervals.

LS i
The maintenance can easily be carried out by either cpening an integral flush tap on the fi.-
ter, or in the event of a thcrough cleaning, the closing of a valve to dismantle the filter in

order to gain access to the filter element. This can be done without disrupting the water sup-
ply in the main passage.

Construction of this meter requires the minimum tools and skills; welding, drilling and some
plumbing experiencae. All the materials and compcnents are readily available over the

counter; only the smail household flew meter and the filter is specified for reasons of per-
formance, durability and ease of use.

This meter is highly cost effective when compared with commercial meters. It is designed
to be far more durable in dirty water which represents a very hostile environment in which
it has to operate (abrasive rmatter which causes rapid wear and organic matter which caus-
es clogging). It is virtually clog proof and requires minimal maintenance which is facilitated

by the built-in qualities which make maintenance possible without disrupting the water sup-
ply. | | :
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1 introduction :
The measuring of raw irrigation water (i.e. unfiltered and thus containing anything from mud and siit
‘to twigs and leaves), is a common problem. There is virtually no irrigation scaeme worldwide where
prablems do not occur with the fair distribution of water according to the allocated quotas. However,

this problem can be solved easily if the supply to each user in the scheme can be measured accu-
“rately.

The problemn is generally worsened by the fact that mechan:cal flow meters become moperatwe
- due to. objects blocking the mechanical movement of impellers and other devices, or it becomes
wcm through the abrasive action of the mud and silt, affecting or severely-impairing its accuracy

ver a penod of time. The subsequent maintenance reqwrements are frequent cleanmg as well as
-penodlc rebundlng and cahbratlon at high cost.

.‘iContrary to this, electronic flow meters (with no mechanical, moving parts) require electricity sup-

~ ply of some kind. Due to the remote location of irrigation schemes and the wide spacing of such
- flow meters, this is usually not available. Furthermcre, the use of solar power for elecironic flow
__..meters is extremely costly and the solar panels are vulnerable to vandalism, theft and hail damage.

This flow meter works through the application of basic hydraulic principles with one or two addi-
tional components to facilitate maintenance. 5

i
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2 Method of constructlon

. This meter can easily be conskructed in any workshop with welding and drilling facilities. All the
material and components are standard items used for water distribution and are therefcre easily

obtainable. The water-meter is inexpensive, robust and it compares favourably with meters that are
commercially availale.

2.1 Working principie

This raw irrigation water-meter operates cn the principie that, when water flows through a restric-
tion in the pipe, a prassure reduction occurs at that point (the venturi effect). If a bypass is con-
nected between the point of restriction and the supply, some of the water will flow througn the
bypass. The amcunt of flow in the bypass is procortional to the amecunt of flow in the main pipe. By
measuring the flow in the bypeass, the flow in the main supply can be deduced.

The advantage of measurirg the flow in the b
stricted, therefore ailowir 1g an easy passage
the flow meter (or any other component used)
full bore flow meters installed in the main strez
the flow in the main stream.

ypass. is that the flow in the main stream is left unre-
for foreign cbjects. Another advantage is the size of
in the bypass: it needs ‘0 be small iIn ccmparniseon to
m, since the flow in the bypass is only a fraction of

...._u__,

2.2 The practical application of the princigple

In the application of this principle. a small. inexpensive household flow meter is installed in the
bypass passage. This creates an 2asier cassz2gs for foreign matter in the main stream by allcwing
it to follow the path of lgast resistance. and thus protecting the smaller flow meter against most of
the foreign matter. A small amount of impurities will, however, flow into the bypass in which the
stnall filter is placed to catch this matter before it can damage the flow meter.




It is important that the filter is flushed and cleaned from time to time to prevent it from becoming
blocked which will make the meter inoperative. To ease the reguiar cleaning 2nd flushing of tha fil-
ter, a filter with a flusih tap has been chasen.

For a thorough cleaning of the filter, it is necessary to dismantle the filter and remove the filter ele-
ment. A ball type valve is installed in front of the filter and a non-return valve behind the filter which

will prevent water from flowing from the dismantled filter, V‘m:le this maintenance is carried out,
water in the main passage is uninterrupted

2.3 Materials and components required
The following materials and components are required to construct the water-meter.

EU 'm=-ﬂw-.r mmwm:mmm
1 80 mm galvanized steel pipe PR & fe
2 cast iron 80 - 685 mm reducing sockets (female-female) '
1 65 mm barrel nippie
1 . 25 mm AMIAD*® piastic fiter with a 500 micron nylon screen element
1 25 mm flap type brass non-retumn vaives
1 20 mm ARAD+ househoid water-meter

The pipe fittings on this water-mster, are as follcws:

“Quanity | Siings (¢ . P
2 25 mm sceke's {weidsd to the 80 mm and 65 mm pioes)
1 2% mm long bend (femsale-mzle)
1 20 mm long bend {ferzle-mzle)
1 2% mm barre! nipple
2 , 28 - 20 mm gzivanizsc r2zuzing bushes
3

* Please refer to paragraph 4 1.2 for cetalls
+ Please refer to paragraph 4.1.1 for dstails

— e b a

# Please refer to the end paragraph of 3.1 for installiation dstails.

2.4 Construction of the water-meter

Following the pictures and step by step instructions below carefully, one will e able to construct
the water-meter with ease.
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Fig. 1: Construction of the venturi Fig. 2: Completed venturi

“Fig. 1 and Fig. 2: -
1..Weld a 25 mm socket onto the 65 mm barrel nipple.

- 2. Fit two 80 - 85 mm reducing sockets to both ends of the 65 mm barrel nipple, using Teflon
(P.T.F.E.) tape to seal the joints.

3. Drill the barrel nipple through the 25 mm socket wﬂh a 30 mm dniil.
4. File away the resulting burr from drilling the barrel nipple.

Fig. 3: Venturi with B0 mm steel pipe connected
Fig. 3:

Fit the 1 m length of steel pipe to one end of the reducing socket. ( Remember to seal all joints

thoroughly with Teflon tape as it will be practically impossible to disassemble the unit in
order to redo it if any of the joints should leak.)

Fig. 4: Exploded diagram of the meter: assembling the bypass circuit and weld the
25 mm to the 80 mm pipe




Fig. 4:
‘The bypass components are assembled in the following order (from left to right):

1. Start from the 25 mm socket weldad onto the barrel nipple. (Please note that the arrows

indicating the direction of flow un the components shouid all point towards the venturi or
restriction). Install the components in the following order:

25 - 20 mm reducing socket on the 25 mm sockst (welded to the nipple).
20 mm bend,

1
2
3 20 mm household flow meter
4 20 - 25 mm reducing seocket
5 25 mm ncn-return vaive
.6 25 mm AMIAD filter
=7 25 mm valve (ball type)
8 25 mm barrel nipple,
9 25 mm long benc
10 25 mm socket.

2. The whole assembiy shculd be positioned in such a way that the 25 mm socket touches the

80 mm steel pipe (it might be necessary to shorten the 25 mm socket to reach this objective).
- “Neld the socket to the steel pipe.

Very important

Give special attention to the position of the non-return valve to ensure that it operates cor-
rectly in this application: the valve should be installed in such a way that it is in a position
where the flap will normally open fully on its own accord under gravity. See paragraph 3.1

for the recommendations about the pesition in which the meter should be installed to oper-
ate correctly.
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Fig. 5: The household flow meter is removed from the bypass circuit

Fig. 5:

Remove the household flow meter from the bypass cirzuit. (Its connections are designed to facili-

tate such removal with easz) by undoing the nuts and sliding the household flow meter out. Take
care to retain the sealing rings.




spot weld

Fig. 6: All the bypass circuit components removed as a unit to drill the pipe
through the 25 mm socket.

Fig. 6:

1. Remove the rest of the bypass circuit componenls by undoing it, as a unit, from the freshly
welded 25 mm socket

2. The 1 m length of the 80 mm pipe is drilled through the 25 mm socket with a 30 mm crill in
the same way as the barrel nipple (remember to deburr this hole too).

3. The bypass circuit can now be reassembled again in the reverse order in which it was disman-
tled after the second sccket was welded ta the 1 meter of 80 mm galvanised steel pipe. The flow
meter is now completed and can de tested to see if it works properly.

4. Once it is working satisfactorily, the two reducers and sarrel nipple should be spot weided to

prevent the components from turning during the installation which will result in damage to the
bypass circuit components.

3 Calibration procedure

The flow meter should be czlibrated as 's the case with all commercial flow meters. In the case
where the meters are used for instance by an irrigation board to register water consumption with
the purpcse of accounting, 't wouid be necessary to have his procedure done by a certified t¢
ing facility. If used for private purposes cnly, the calibraticn factors as they eppear in the technical
section (for the ARAD househoid flow meters) can be used. but remember, this is cnly an approx-
imated calibration factor.

To calibrate the flow meter the procedure invelves the use of anotner calibrated flow meter, or 3

flow meter of known accuracy, and some mathematics. The accurate flow meter is installed in

series with this home made flow meter. The aczurate flow mater should also preierably register vol-

ume and not flow rate. The volume of wzater which passas through the two flew meters zt different
flow rates (be sure tc use a flow rate of more than 5 m3/h for the test) over the same pericd of time,
will differ: tne known flow meter's reading will be different to that of the home made flow meter's
reading as registersd on the houszhold flow meter. By dividing the larger of the two readings by the

smaller reading, the result will be a figure called the calibration factor which will vary between 85
to 60.
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-All readings on the homemacde meter must be multiplied by this factor to detarmine the real vol-
- ume registered by the flow meter. The calibration factor could also be determined from the slope of
*a graph similar to the one in fig. 7.

;Tha calibration factor should be the same for all flow rates for one flow meter (the calibration fac-
to Jf different flow meters will differ slightly from each other. This is why every flow meter, home-
made or commerciaily bought, shouid be calibrated.

- 3.1 Considerations for installation
There are two considerations to be taken into account before any decision can be made about the
positicn of the flow meter in any irrigation system. The first ccnsideration to take into account is the

maximum flow rate which the meter must be able to measure. This usually influences the size of
the flow meter and the fricticn losses caused by that flow meter.

This particular flow meter is caoable of measuring flcw-rates from roughly 8 m3/h to flow rates as
high as 120 to 130 m3/h. Thase aras very hign flow-rates for an 80 mm diameter pipe as this will
cause high friction losses and it is therefore safe to say that the meter will measure almost any flow-
rate that will occur in an 8C mm pipe.Any flow meter causes a certain amount of pressure loss due
to the friction encountered oy the water flowing thrcugh the meter. It is therefore necessary to make
sure that there is encugh pressure to cvercome this pressure-loss at the maximum flow rate at
w' 1 the meter is to e used (refer to Fig. 8 below).

40

[Friction Loss (H) kPa

0 20 30 §J 50 fo0— 120 120
Filcw Rare (Q) m/h
Fig. 8: Friction losses of the assembled meter
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For example: the maxirmum flow ratz which is to be measured, 15 70 m3/. Starting st the2 Licnizoa

tal scale, iocate ire line for 70 m2/h and foilow the iine up to the point where it intersects with the
graph. Follow the horizontal line at this intersection and read the value on the vertical scale, in thi
case 10 kPa. Thus means that the mater will cause a pressure loss of 10 kPa in your system wher
the flow rate is 70 m3/h. One has to make provision for this, loss in your system.

TR o o . G e / ) : L .
The second consideration to take into account is that. like all flow meters, this meter must be
installed in a strzight seztion of the line, 1,6 meters away from a pump, valve, bend, or any othe:
obstruction which will cause turbulence in the line whilst the section of line downstream must be a
least 0,4 meters away from any bend, junction cr valve.

=) ¥ ouf - o

This flow meter is designed to be installed in a horizontal position. The orientation cf the bypass

.. -Circuit can be rotated round the main circuit into any position as long as it is remembered thaf
- the non-return valve must be installed in such a way that the valve will be fully open under

its own weight.

- 3.2 Maintenance management

All the maintenarnce can be done through a simple precedure. It is suggested that the meter and

its surrounding components should be protected against unautherised tarmpering and vandalis, vy
a locked enclosure.

Where the meters are uszed in an irrigation scheme. the scheme will usua'ly employ a water bailiff.
This person will have accéss to the meter enclosures keys and can therefore be employed to per-

form the simple maintenancs chores. A practical work procedure weuld be to unlock the enclosure,

gp on the filter to flush it. 2nd then read ana recor e readin =) ; meter wnile
open the tar the filter to fl t. and 5 d d the reading on the flow meter wnile

the filter is being flushed This will alicw enough time for the filter to be well flushed before the tap

is closed. The enclesure can now be lcckad again It 1s suggested that this precedure shcuid te
followed on a weskly basis.

element thorough'y instead of just flushing the filter. Onca2 the filter is reassembled. the valve must
be opensad to check if tha flow meter | 7l

be recorder before closing 2nd locking

_.
1))
(&}

One must not forget tha: the reacing on the housenoid flow meiar is registering oniy a perticn of
the total flow through th2 msier. Th2 readirg o1 the bousznold filcw meter thersicra has to te mui-
tiplied by = facter zallec the calibration factor to csterming the aciual velume of water ccnsumed
(please refer to paragrapn 3 for the orocedure te cstermine the calibraticn factor).

Remember that this flow meter registars the volume of water
reading on the small ho

remember that a cl ilter will cause the small hcusshold flow meter to register less than it
should. It is therefore imgarative that the fi!

tter Le flushed or cle
ister ccrrectly.

used. Do not ferget to multiply the
Jsehold meter with the calizration facior of that specific flow meter. Alsc
cec fi

i

or cleaned regularly if the meter s tc reg-

Before making any changes with regards to the choice of filter, housetiold flow meter or ven-

turi size, study the following sections carefully to understand the effect such changes could
have on the performance, durability and calibration factor of the meter.’




Technical Section
4 Technical design parameters and criteria

4.1 Bypass circuit element performance

The most critical performance of the meter is the minimum flow at which the meter wiil start regis-

tering. This parameter is determined by two opposing factors, namely the pressure differance over
-the venturi (formed by the reducers and the barrel nipple) and the friction losses due to the ele-

ments in the bypass circuit, The meter will start to register when the pressure difference accredit-

ed to the venturi surpasses the friction losses. The friction loss contribution of each element in the
‘ bypass circuit was also examined. :

411 Choice of the household flow meter

- There were three household flow meters available at the time of testing. The ARAD flow meter is
- imported from Israel whilst the other two are locally manufactured.

-
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Fig. 9: Friction losses of the different household flow meters

T-~ ARAD proved to have the lowast friction Icss (refer to Fig. 9 which shows the relative amount
0. ..icticn losses of the three tested meters). However, other considerations were aiso taken into
account before a choice was made berwean these meters. These inciuded the meter's ability to
handle abrasive maiter (which is tco small to be filtared out by the screen filter in the bypass cir-
cuit), the durability and legibility of the facs plate after prolonged us2, and the size of the glass cov-
ering the face plate (the lzrger the glass the more susceptible it is to breakage and vandalism).

The first household flow mater has gsars which run in the water for registering the volume and it is
susceptible to wear but hizd a verv small and robust glass covering for the registering mechanism.
The second meter suffered from the same drawpack as the first with regaras to the gears baing in
direct contact with the water, as well as the added deficiency that the face plate would become illeg-

ible with time (as z result of depcsits on the face plate originating from the turbid water precipitat-
ing when the water is not flowing),

The ARAD meter usas a mechanism which has no close- fitting parts in contact with the water. The

registering mechanism is separated frcm the water by a sealed comgartment with a magnet which
transfers the movemen: to the counter mechanism.
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The 80 mm flow meter started registering at 2 m3/h when using the ARAD heusehold flow meter.
The first household flow meter, wnen used,in the 80 mm flow meter, resuited in the 80 mm flow
meter starting to register at 5 m3/h and likewise, for the second housenold flow meter which result-
ed in the 80 mm flow meter starting to register at 3 m3/h. The ARAD flow meter therefore aiso gives
the lowest flow rate at which the 8C mm flow meter will start to register flow.

Although the face plate of the ARAD is large (undesirable), its durébility and performancs advan-
tages make it the best choica for this application. :

4.1.2 Choice of the filter

Other elements which contribute to the friction losses, are the filter and filter element. The AMIAD
filter was chosen because it had an integral flush tap. It aiso has the lowest friction loss of filters in
-that size since it uses a screen element instead of a ring element. An adced advantage of the

~screen filter is its tendency to a slow rise in pressure loss when it starts to clog in comparison to
ring filters.

. Tests were conducted with both a 20 mm and 25 mm AMIAD filter using an 80 - 65 mm venturi,
and the calibration curve for the flow ratic between the bypass and the main circuit was measured.
The reason for choosing the 25 mm filter over the 20 mm filter is the fact that the 25 mm filter has
almost three times the filtaring capacity of the 20 mm filter, resulting in longer periods between ti

mandatory cleaning of the filter. The friction loss of the filter can be seen in F'g. 8, where it is com-

pared to the friction loss of the three flow meters. It is clear from Fig. 8 that the filter has a much
smaller friction loss than the chosen flow meter.
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Fig. 10: Friction losses of the ﬁlter with different filter elements

Fig. 10 shows the effect of varying the filter element fineness, and clearly indicates thzat the fine-
ness of the filter has a vary smail influsnce on the friction loss due to the fireness of tha filter ele-
ment. (Adding the element naturally increases the friction loss considerably but it must be
stressed that the flow meter should never be used without a filter element). The finer the ele-
ment the more protection it provides to the small household flow meter at the expense of becom-
ing blocked much quicker, requiring shaorer intervals between flushing or cleaning of the element.
Since the maximum flow rate thraugh the filter will not exceed 2 m2/h, whicrh corresponds to a flow
rate of 120 m3/h (a very high rate for ar 80 mm diameter pipe), it can be seen in Fig. ¢ hat the fil-

ter with its element will contricute very little to the friction loss in the bypass circuit (in comparison
with the household flow meter).




4.2 Choesing a venturi size

The choice of venturi size is mainly influenced ty the flew rate at which the meter will start regis-
tering flow and the calibration facter. The friction loss, which is accredited to the ventun, deter-
mines the meter's overall friction loss. With the standard reducers, two verturi sizes can be cre-
ated: 80 -85 mm and 80 - 50 mm. With a2 venturi of 80 - E5mm, the flow ratio between the main
circuit and the bypass came to 80:1, but with the 80 - 50 mm venturi it came to 40:1 (using a 20
mm filter). When the fiiter was replaced by a 25 mm filter, the ratio in the first instance increased to
60 1, the ratio for the 80 - 50 mm venturi was not tested as it was felt that the ratio of 40:1 was too
low resulting in the filter clogging too quickly, requiring too frequent maintenznce of the filter,

-5 Conclusions

-The choice of the components in the bypass circuit is a determining factor in the performance and
_durability of the flow meter. The lower the friction Icsses of the components in the bypass circuit,

the lower the flow rate at which the meter will start registering flow. The venturi size on the other
--‘hand will also determine the lowest flow rate at which the meter will start registering flow and the
- calibration factor: a smalier venturi will increase the flow meter's overall frction loss, increasing

pumping costs which could lead to the possibility of requiring larger pumps to compensate for these
friction losses. It alsc changses the calibration factcr as well as the frequency of the filter mainte-

-

ne e

The final 80 mm flow meter was c'»nsign-=d with a 80 - 85 mm venturi (carrel nipples back to back),
using a 25 mm AMIAD filter with 2 150 micren filter and a2 20 mm ARAD flow meter. The AMIAD fil-
ter was chosen for its scresn filter element which has z slower rise in fricticn loss as it starts get-
ting blocked and the integral flushing tap which simplifies the construction of the flow meter while
at the same time contributing toward the ease of maintenance.

The maintenance reguired to flush or clean the fiiter is simplified by the ball type valve, non-return

valve and the integra! fiush tap on the filtar. Closing a single ball type vaive is all that is needed to

disassemble the filter for cleaning resulting in no cssru;:tion of water supply while maintenance is
carried out.

The ARAD householc flow meter wa
it started registering flow, and its durabilit
nism. Although its large face plate mzakes it m

- 1Do

s chesen for this application for the lowest fiow rate at which
e to the magnetic coupling to 'ts ragistering mecha-

it miore vulrsrable {6 damage or vandalism, the first two
ct. acteristics far outweign the disadvantage of the iarge face plate

The carerul choice of components rasulted in the fargest venturitot
ers (80 - 85 mm) to give excellent fiow rate registar
flow meter. This alsc resul's In less wate

longer periods betwaen filter maintanzn

be reglized with standard reduc-
\g and low overall fricticn Icsses fer the 280 mm
t its

a"

o the bypass circuit wihuch in tum results in
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7 Trade Names

The following registered trade names of producis were used during the experimental phase of this
design:

AMIAD
ARAD

Kent

Castle Brass




