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Afurther drawback of the known mechanical me- ters is the lack of linearity
at low flow rates, such as This invention relates to a fluid flow meter for
arise in domestic use, mainly as a result of 'stiction' of measuring the
flow of liquids and operating on the flu-  the moving parts. idle
oscillator principle.                     5      An aim of the invention is
therefore to provide a It is well known that the frequency of oscillation
improved form of fluidic oscillatorflow meter capable of afluidic
oscillator is dependent (though not neces-  of handling averywide turn-down
range and requiring sarily linearly) on the quantity of flow through it.
This  minimum power. Another aim is to achieve adequate has been proposed
as a basis for flow measurement,  linearity over the full range without
requiring complex both of liquids and of gases. However it is by no   10
correction circuits or look-up tables. meansastraightforward matter,
especially where the     According tothe Invention there is provided ame-
measurement is to be accurate within one or two per  ter for measuring the
flow of electrically conducting centovera wide range, and where the
pressure of the  liquids and capable of operating as a domestic water fluid
may vary substantially. An example of a fluidic  supply meter comprising a
feedback fluidic oscillator oscillator Is shown in EP-A-0251627 but this
docu-  15  of the kind having an inletjet, an entry channel, a split- ment
does not give any detailed guidance on how the  ter dividing flow from the
entry channel into first and oscillations within the oscillator can be
detected.  second main channels, a feedback channel leading One way of
detecting the oscillations has, in pre-  from each main channel to
respective opposing sides vious proposals, been by the use of pressure
sensors  of the entry channel wherein there is further provided or thermal
sensors. The pressure sensors may oper-  20   means comprising at least one
permanent magnet for ate electromagnetically, for example by responding to
producing a magnetic field across a channel in which the movement of a
captive ball oscillated in a channel  the flow varies at a frequency
dependent on the flow, or slot placed between the two fluid channels.     a
first pair of electrodes placed to detect the resultant A particular
problem arises in the metering of wa-  potential difference generated in
the liquid in a direc- terconsumption, where it may be required to maintain
25  tion transverse to the flow and to the magnetic field, the accuracy of
measurement over a turn-down ratio  and
meansformeasuringthefrequencyofthatpoten- of as much as 200 to 1. Whereas
in such a case the  tial difference and/orcounting the cycles of
oscillation velocity will change over a corresponding range of  of the
flow. 200 to 1, the pressure fluctuations to be sensed will,  The invention
has application in the metering of over the same range of flow, change by a
factor of  30  domestic water supplies, which involves large turn- 40,000
to 1. It is almost impossible to maintain any de-  down ratios and in which
the accuracy of measure- gree of accuracy over such a wide range of
pressure-  ment has to meet certain statutory requirements. sensing using a
single pressure sensor.            Other advantages of the invention for
this particular Accordingly it is desirable to sense the oscilla-  purpose
are low cost, no maintenance (since there tions not by means that respond
to pressure, but by   35  are no moving parts within the fluid flow) and
minimal some means in which the amplitude of the signal is  power
requirements. There is in fact no need for any dependent on the velocity,
rather than the pressure,  power for the sensor itself, since the e.m.f. is
gener- of the changes in fluid conditions, sothatthe dynamic  ated by the
electromagnetic inductive effect, so the range of the sensing signal is
only of the same order  only power required is that forwhatever means are
in- as that of the fluid flow.                    40  volved in amplifying
and handling the generated sig- It is known from e.g. FR-A-2448709, US-A-
nal. 3878715 and Patent Abstracts of Japan vol.9 no.253    According to a
further feature of the invention (P-395) (1976) and JP-A-60104222 and vol.9
no.64   there are at least two pairs of electrodes, and they (P-343) (1787)
orJP-A- 59198317 to use electromag-  can be connected in push-pull
effectively to double netic sensors in vortex flow meters.          45  the
signal, and by connecting them differentially er- Afurther drawback of the
known proposals is that  rors can be eliminated, for example due to changes
In they generally require external power forthe sensing  electrochemical
potentials on the electrodes due to means, at least where these means are
electric.    static pressure fluctuations. They may be in the main At the
same time there Is a strong incentive to re-  flow paths or the feedback
paths or both. place the existing mechanical water meters, which  so  The
fluidic oscillator may be of a generally known have wearing parts and are
open to corrosion as well  kind, although preferably the splitter is a
transverse as wear, and furthermore, with the increasing need  wall rather
than a knife-edge, as this is found to give for telemetry of the readings,
they require the fitting  better reliable oscillation over the wide range
of flows of separate electric detecting means such as reed  involved.
switches to produce an electric signal that can be fur-  55  Permanent
magnets generating a magnetic field ther handled. Such switches involve an
external pow-  or fields (thus involving no power supplies) may be er
supply and a separate electrical equipment box  moulded into the casing of
the oscillator during man- alongside and separate from the mechanical
meter.  ufacture. If the magnets are made of an electrically 2    
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material such as plastics-bonded for-  we mount permanent magnets in the
walls of the rite, theirfaces can form part of the walls of the chan-
channels to produce magnetic fields crossing the nels, thus keeping the
magnetic gaps as small as   paths of flow of the water. In the simplest
version it possible.                                          would be
sufficient to have a single field in a single According to a further aspect
of the invention,   5   channel, but in practice, for the reasons given
below, which may also be applied to fluidicflow meters using  there is more
than one. sensing means other than the electromagnetic           Magnets 8
and 9 form part of the walls of the means described above,, linearity,
particularly at  channels 3 and 4 respectively. Between them they very low
flows, Is improved by a modification of the  produce afield across both
channels and as the flow inlet nozzle such that instead of being of the
usual  10  of water switches from one channel to the other the rectangular
cross-section, it Is widened at the top or  change in velocity in the water
in each channel in turn bottom, or both (the terms top and bottom being de-
produces an e.m.f. perpendicular to the flow and to fined when thinking of
the plane of symmetry of the  the field, this e.m.f. being detected in the
channel 3 oscillator as vertical). The widening may be of a step-  by a
pair of electrodes 10 and in channel 4 by a pair like nature and give the
overall cross-section the pro-  15  of electrodes 11, the disposition
ofthese being shown file of a T or a [err], as will become clear later.
in Figure 3. An example of a fluidic oscillator flow meter suit-  It will
be appreciated that the voltages appearing able for metering domestic water
supplies is illustrat-  across the two pairs of electrodes will alternate
and ed in the accompanying drawings, in which:-        so if they are
connected in a push-pull circuit a signal Figure 1 is longitudinal section
through the meter  20  of double amplitude will be obtained. on its main
axis;                                  In the example illustrated we also
have further Figure 2 is a transverse section on the line A-A in  pairs of
magnets 12 and 13 producing fields across Figure 1;
the feedback loops 6 and 7 and the resulting e.m.f s Figure 3 is a
transverse section on the line B-B  are picked up by pairs of electrodes 14
and 15. These in Figure 1;                               25  may be used
instead of those In the main channel, i.e. Figure 4 is a transverse section
on the line C-C  it is not necessary to have both sets, but by providing in
Figure 1;                                    both and then measuring the
ratio of the magnitudes Figure 5 is a transverse section on the line D-D
of these two signals, it is possible to compensate, at in Figure 1, showing
a modification.           least to a first order, for non-linearities in
the meter Figure 6 is a graph of oscillator frequency against  30  factor
as a function of flowrate. flow, showing the results of calibration tests
and  The magnets may be of a known commercially illustrating the advantages
of the modification in  available kind, for example samarium-cobalt, but as
Figure 5.                                      these sintered magnets are
electrically conducting it The fluidic oscillator illustrated in Figure 1
is of a  is necessary to insulate them from the actual water basically
known kind, with body 1 containing an inlet  35  in the channels to prevent
them short-circuiting the jet2 of rectangularcross-section leading into a
pairof  e.m.f.s. generated. if the body 1 of the meter is of channels 3 and
4 separated by a splitter 5 which in  moulded plastics this is not
difficult, as the plastics this case is a flat wall transverse to the flow.
Feed-  material can be moulded around the magnets, but it back loops 6 and
7 from the main channels lead back  means that the magnetic gaps are wider
than neces- to opposite sides of the path of the fluid adjacent to  40
sary, making the fields that much weaker. We there- the inlet jet 1. As is
well-known, the flow of fluid will  fore prefer to use an electrically
insulating magnetic attach itself to the wall of one of the channels by the
material such as a plastics-bonded ferrite, and ex- Coanda effect, butthen
as a resultof the action of the  pose the magnets to the flow, making the
magnetic fluid fed back, it will switch across to the other wall,  gaps
equal to the width of the fluid channels. repeatedly switching back and
forth at a frequency   45  If a greater field strength is required than can
be dependent upon the rate of flow. This is a so-called  produced by
individual spaced magnets one could feedback oscillator. Another kind known
is a relaxa-  use semi-dosed magnetic circuits, i.e. horseshoe tion
oscillator, the operation of which is analogous to  magnets or externally
placed magnets with pole an electronic free-running flip-flop or relaxation
oscil-  shoes placed in the positions of the magnets shown lator, but the
present invention is applicable primarily  50  in the drawings. The whole
of the region between to a feedback oscillator, as the known relaxation os-
each main channel and the adjacent feedback loop cillators are less stable.
may be formed by a magnet. In a typical case the frequency may vary over a
In the feedback loops the line joining the electro- range of 0.15 to 30 Hz
for a flow range from .15 litres  des is in the middle of the flow path,
but in the main a minute to 30 litres per minute, assuming the dimen-  55
channels it is as close as possible to the wall, as sions and
characteristics are such as to produce 60  shown in Figure 3. The voltage
generated in the feed- cycles for every litre of water that passes.
back loop, tends to be smaller than that generated in To achieve the
sensing according to the invention  the main channel because although there
Is a stron- 3    
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the main jet resulting from a shorter  per second. Ideally the points
should lie on a single flux path, the velocity of the main jet is
significantly  horizontal line. The graph reveals that with a jet 3mm
higher than the velocity of fluid in the feedback loop.  wide, at
leastforflows greater than 0.05 litres persec- Shorting of the induced
signal in the main jet means  ond, the pulse rate per litre is within 2% of
a mean fig- that the e.m.f.s. generated in the main jet are typically   5
ure of 68.165, but at lower flow rates it falls off badly greater than
those induced in the feedback loop only  to around 57 pulses per litre at a
flow rate of around by a factor 2.
0.0035 litres per second. It must be remembered here In the example
illustrated there are also electo-  that we are concerned solely with the
frequency of des 16 and magnetic fields produced by magnets 17   the
fluidic oscillator, and this has nothing to do with and 18 in the exit path
for the fluid. The central mag-   10  the manner in which it is detected,
whether it be alec- net 18 forms a divider that keeps the two paths still
tromagnetic (such as described earlier) or one of the separate at this
point. However this is only a possible  known ways. alternativetothesensors
in the main channels and/or     Figure 5 shows a possible way which has
been feedback loops, and it is generally not necessary to  found to improve
the linearity of response, in partic- provide all three sets of electrodes
simultaneously.  15  ular at low flow rates. Instead of the inlet jet being
of Indeed, as indicated earlier, a single field and a single  plain
rectangular cross-section, it is broadened out at pair of electrodes is
sufficient to put the invention into  the top and bottom to form an I
section; it may be suf- practice.
ficient to broaden it only at one end. At the same time As will be seen in
Figures 2 and 3 the signals from  its width may be decreased. Figure 6
shows the sub- the two feedback loops are fed to the inverting and   20
stantial improvementobtained with ajetwhich is2mm non-inverting inputs of a
differential amplifier, effec-  wide but has lateral slots top and bottom
in the man- tively connecting them in push-pull, and those from  nershown
in Figure 5. The response is linearto within the main channels are
connected to another opera-   2% down to .004 litres per second and to
within 5% tional amplifier. The outputs from these amplifiers  right down
to 0.003 litres per second. may be combined in whatever appears to be the
best  25  The reason for this improvement is not at present way, for
example the ratio between them is a signal  fully understood, but it is
believed thatatlowflowrates which is independent of many external factors.
the paths on the top and bottom of the jet provide a The further processing
of the signals need not   source of additional flow to that in the feedback
loop concern us here; suffice it to say the we obtain sig-  to cause the
jet to switch. At higher flowrates the im- nals of as large initial
amplitude as possible (it is typ-  30   pedance of the paths on the top and
bottom of the jet ically of the order of 2 to 400 microvolts) and measure
to fluctuating flows are such that the path cannot pro- its frequency as an
indication of the rate offlow and/or  vide the additional flow. This
mechanism has the ef- we count the total number of cycles over a period to
fect of increasing the switching rate at low flows. give a measure of the
total flow. If the relationship be- tween the frequency and the rate of
flow is not suffi-  35 ciently linear over the required range the
instrument  Claims may be calibrated and the result of the calibration may
be used to programme a correction circuit, in ef-  1. Ameterformeasuring
the flow of electrically con- fect a series of look-up tables, through
which the sig-  ducting liquids and capable of operating as a do- nal is
passed to produce a final figure representing   40  mesticwatersupply
metercomprising afeedback fluid flow. This can be incorporated in a
microchip     fluidic oscillator of the kind having an inletjet (2), which
can be mounted in or on the casing of the in-     an entry channel, a
splitter (5) dividing flow from strument, and the whole instrument is
self-contained,   the entry channel into first and second main complete
with its electrical data-recording provisions.  channels (3,4), a feedback
channel leading from As the signal from the electrodes is generated by the
45  each main channel to respective opposing sides flow itself, no external
source of voltage is needed for  of the entry channel (2) characterised in
that this, and the only powersupply that is required is that  there is
further provided means (8,9,12,13, necessary for the signal-handling
circuits. This very   17,18) comprising at least one permanent mag- low
requirementcan be handled by a battery mounted      net for producing a
magnetic field across a chan- on the instrument and having a useful life
measured   50  nel, in which the flow varies at a frequency de- in years.
pendent on the flow, a first pair of electrodes However, the use of
correction circuits is undesir-  (10,11,14,15,16) placed to detect the
resultant able and it is better, if possible, to achieve linearity
potential difference generated in the liquid in di- overthe desired
rangedirectlybythe inherentdesign.      rection transverse to the flow and
to the magnetic Figure 6 is a graph of calibration tests in which the   55
field, and means for measuring the frequency of number of pulses or cycles
per litre of flow is plotted  that potential difference and/or counting the
cy- against the rate of flow. The horizontal scale is loga-  cles of
oscillation of the flow. rithmic covering from 0.001 litres per second to 1
litre 4    
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main jet resulting from a shorter  per second. Ideally the points should
lie on a single flux path, the velocity of the main jet is significantly
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Ameteraccording to claim 1 characterised in that   einer Richtung quer zu
dem Strom und zu dem the electrodes (10,11,16) are placed in one of the
Magnetfeld erzeugt wird und Mittel vorgesehen main channels.
sind zum Messen der Frequenz der Potentialdif- ferenz und/oder zum Zahlen
der Schwingungszy- 3. A meter according to claim 1 characterised in that
5  klen des Stroms. the electrodes (14,15) are placed In at least one of
the feedback channels.                      2. Mef~gerAt nach Anspruch 1,
dadurch gekenn- zeichnet, dal die Elektroden (10, 11, 16) in einem 4. A
meter according to any one of claims 1 to 3      der Hauptkanale angeordnet
sind. characterised in that a second pair of electrodes  10 is placed in a
second of the channels which sec-  3. MeBgerat nach Anspruch 1, dadurch
gekenn- ond channel also has a magnetic field across it.   zeichnet, dal
die Elektroden (14, 15) In minde- stens einem der ROckkopplungskanale
angeord- 5. Ameter according to claim 4 characterised in that  net sind.
thefirstand second pairs of electrodes detectthe   15 potential differences
in channels in which the  4. Me~gerit nach irgendeinem derAnspruche 1- 3
flow changes in opposite senses and the pairs of  dadurch gekennzeichnet,
dal ein zweites Paar electrodes are connected In a push-pull circuit.  von
Elektroden in elnem zweiten der Kanale an- geordnet ist, wobei der zwelte
Kanal ebenfalls 6. A meter according to any one of claims 1 to 5   20  quer
zu sich ein Magneffeld aufweist. characterised in that the magnet is
embedded in the walls of the casing of the meter and is elec-  5. Meagerat
nach Anspruch 4, dadurch gekenn- trically insulated from fluid flowing In
any one of  zeichnet, daB das erste und das zweite Paarvon the channels.
Elektroden die Potentialdifferenzen in Kanalen 25      erfassen, in welchen
sich der Strom gegensinnig 7. A meter according to any one of claims 1-5
char-   andert, und daI die Paare von Elektroden in acterised in that the
magnet is formed of electri-  Form einer Gegentaktschaltung
verschaltetsind. cally non-conducting material and forms part of one of the
channels.                           6. MefgerAt nach Irgendelnem
derAnsprulche 1 - 5, 30      dadurch gekennzeichnet, daS der Magnet in den
8. A meter according to any one of claims 1 to 7      Wanden des Gehauses
des MeagerAtes einge- characterised in thatthecross-section ofthe inlet
bettet und elektrlsch von dem in irgendeinem der jet is generally
rectangular and is broadened out  Kanale str6menden Fluid isollert ist.
laterally at least on one end to form a T-shaped or I-shaped cross-section.
35  7. Meggerfit nach irgendeinem derAnsprfuche 1-5, dadurch
gekennzeichnet, daB der Magnet aus elektrisch nicht-lelbtnden Material
gebildet ist Patentansprilche                                      und
einen Tell elnes der Kanile bildet. K>    1. MeoBgerfit zum Messen des
Stroms elektrisch lei-  40  8. Melgerit nach irgendeinem der Ansprflche
1-7, tender Flussigkeiten und ein betreibbar als       dadurch
gekennzeichnet, daol der Querschnitt Haushalts-Wasserzihler, umfassend:
einen          der Eingangsdflse etwa rechteckig ist und sich
Ruckkopplungs-Fluldoszilator der Art, die elne    seitlich zumindest an
elnem Ende aufweitet, um EinlaBdflse (2), einen Eintrittskanal, einen Auf-
einen T-f8rmigen oder einen l-formigen Quer- spalter(5), der den Strom von
dem Eintrittskanal  45  schnitt zu bilden. In einen ersten und einen
zwelten Hauptkanal (3,4) auftelit, und einen von jedem Hauptkanal zu
entsprechenden gegenuberliegenden Selten des   Revendicatlons
Eintrittskanals (2) fflhrenden Rrickkopplungska- nal aufwelst, dadurch
gekennzeichnet, dag wel-  5o  1. Appareil de mesure servant A mesurer
l6coule- terhin mindestens einen Permanentmagneten         ment de liquldes
electriquement conducteurs et aufweisende Mittel (8, 9, 12, 13, 17, 18)
vorgese-  aptebfonctionneren tantque compteurd'eau do- hen sind, um ein
Magnetfeld fberelnem Kanal zu    mestique, comprenant un oscillateur
flulique A erzeugen, in welchen der Strom mit einer von      r6actlon du
type comportant une tuyere d'entrhe dem Strom abhangigen Frequenz varliert,
wobei  55  (2), un canal d'entr6e, un diviseur (5) divisant ein erstes Paar
von Elektroden (10, 11, 14, 15,   Iecoulement provenant du canal dentree
pour 16) angeord net ist, um die sich ergebende Poten-  l'introduire dens
des premier et second canaux tialdifferenz zu erfassen, die In der
FlfIssigkeit in  principaux (3,4), un canal de r6actbon raccordant    9
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chaque canal principal A des cotes oppos6e res- pectifs du canal d'entre
(2), caract6rlse on ce qu'il eat en outre pr6vu des moyens (8,9,
12,13,17,18) comprenant au molns un aimant permanent pour produire un champ
magn6tique   5 en travers d'un canal, dans lequel le flux varile A uno
frequence dependant de l'ecoulement, un premier couple d'electrodes
(10,11,14,15, 18) dispo6see de maniere A detecter la difference de
potentiel r6sultante produite dana le liquide dans   lo une direction
transversale A l'ecoulement et au champ magnetique, et des moyens pour
mesurer la frNquence de cette difference de potentiel et/ou compler lea
cycles d'oscillation du flux. 15 2. Apparell de mesure selon la
revendication 1, ca- racterise en ce qua lea 6lecrodes (10,11,16) sont
placees dana l'un des canaux principaux. 3. Apparell de measure salon la
revendication 1, ca-  20 racteris en ce que lea electrodes (14,15) sont
plac6es dana au moins l'un des canaux de r6ao- tion. 4. Apparell de mesure
selon l'une quelconque des   25 revendications 1 A 3, caracterise en ce
qu'un se- cond couple d'6lectrodes eat plac6 dans un se- cond des canaux,
en travers duquel eat egale- ment applique un champ magn6tique. 30 5.
Apparell de mesure solon la revendication 4, ca- racterise en ce qua lea
premier et second couples d'6lectrodes d6tectent lea differences de poten-
tiel dana des canaux, dans lesquels Is flux vare en des sens oppoe6s, et
lea couples d'6lectrodes   35 sont raccordes de manlere A former un circuit
push-pull. 6. Appareil de mesure solon l'une quelconque des revendications
I a 5, caract6ris6 en co quo l'ai-  40 mant eat enchiss6 dana lea parois du
bottier de l'appareil de mesure et eat isole electriquement vis-a-vis du
fluida circulant dans l'un quelconque des canaux. 45 7. Apparell de mesure
solon l'une quelconque des revendications I A 5,caracteris6 en co qua l'ai-
mant eat realise en un matiriau non conducteur et fait partie de l'un des
canaux. 50 8. Apparell de mesure selon l'une quelconque des revendications
1 a 7, caracterise en ca quo la sec- tion transversale de la tuyere
d'entr6e eat de for- me g6n6rale rectangulaire at s'6largit laterale- ment
A au moins une extremit6 de maniere A for-  55 merune section transversale
en forme de T ou de 1. 6    


