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BI-DIRECTIONAL OSCILLATING JET FLOWMETER This invention
relates to improvements in flow measurement devices, and in particular to
a bidirectional flowmeter for use in flow measurement. 5 BACKGROUND

WEGHSIEYIRVENTION Flowmeters are well known. One partieUEiGBaoesobo797

flowmeter is the fluidic oscillator flowmeter which is especially suited to the
measurement 10 of the flowrate of gases and liquids, particularly for
domestic gaBhRESEIQHNLOSETISUATINGY/ICES Farannaerpadely
reported. Examples of such fluidic oscillator flowmeters can be found in
both the academic and patent literature, for example those by Bauer in US
Patent 4244230 or Herzl in US Patent 4550614. Such devices as shown
schiéniaticgilyrine Blepigurenprypieatiyicansibt of meetucetsetiondd), and
ich-G jet: I ing.int iffuser.section (3) which has
e chsaor Ao (8 10y o e S R bk
channels (6),(7) respectively associated with the first and second walls
whiehemablesemeetiadeifiopiabgfed back to the exit of the reducer
section. 20 The mechanism for the flow measurement in a fluidic oscillator
of this type has been described by several authors and is well understood.
Byowneans-ofihe Geandasifectdhe | y @itaches, Il. or the
ther. Flow from the jet is then_gjl}%p%dc%%g fé%gef_j@ba}l%?k c é%}%\%?%%lg il
%&éﬁa@é@%ﬁﬁﬁﬁé’?ﬁ’ﬁ?ﬁ%‘é‘? Walehy Wisdte i otiscdttacHedmprbuement

teedbackofiondestgasseparatinghubble.pebyesnthe iehand he %EEU%‘EH

Wa!tl and forces t%e %t away from the wall towards the other diffuser wall.
R ESTtRIRIE 1ar et sy 585udauc Pepe et i XrarEricadb clivaamite of
bvchwiddislichesiatithen fidachesto the etheswall anddhe 06e88emic and

30 e{Beﬂs. The jeI: thus osci%lates frorg one side of the fluidic oscillator to
patent literature, 1or example those by Bauer in US Patent 4244230 or

Herzl in US Patent 4550614. Such devices as shown schematically in
Figure 1 typically consist of a reducer section (1) which creates a jet of
fluid (2} feeding into a diffuser section (3) which has first and second
diffuser walls (4),(5) and first and second feedback channels (6),(7)
respectively associated with the first and second walls which enable some

of the jet flow to be fed back to the exit of the reducer sectiorn.

The mechanism for the flow measurement in a fluidic oscillator of this
type has been described by several authors and is well understood. By
means of the Coanda effect the jet paturally attaches to one wall or the
other. Flow from the jet is then supplied to the feedback channel
associated with the diffuser wall to which the flow is attached and the
feedback flow feeds a separation bubble between the jet and the diffuser
wall and forces the jet away from the wall towards the other diffuser
wall. A spliiter (8) or target may be used to speed the transition between.
the two walls. The jet then attaches to the other wall and the process
repeats. The jet thus oscillates from one side of the fluidic oscillator to

the other. The flow is measured by measuring the frequency of oscillation
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the other. The flow is measured by measuring the frequency of oscillation
2 of the jet. This can be undertaken by the measurement of periodic
variations in pressure or velocity at various points within the diffuser

WEMBN & dback channels or exit of the fluidic oscillator. FECHURBENHHGL 797

fluids for example it is possible to employ inductive sensing techniques 5
for the measurement of the velocity variations as identified by Sanderson
and Heritage in European Patent 0381344. The various methods of
medbardmient bisthesse fsctuaderisiare kyowiretonhose semed of therdstic
Tpigabisushdluidic-ossliajorsrben ussdfor damestic.gas and waler 40
flow measurement have oscillation frequencies’in the range 0. BHZ'HO

2602 Asediiste ditH e serising ienfigiféaiend trepldtromadighial
praeesEint.ciralts whish:amplify apd.condifiondhesig 'L%k%%%t&lﬁi s
digital signal whose frequency corresponds to the frequency of oscillation

EPHHETIRARS YSNRRbOTTHIS ditfieal i gitaias emerrsetinmbfingitay signdersn
pracassing gircuitrguwlpseJumetion istmeonyerythe fraguancyintg & o
flowrate or totalised flow. The methods of signal processing and of digital

PR HE rR KRENN O THEEO e RiE I HOIRE MitiPrre RESRGy D Rel.

frequency of oscillation to the flowrate of such 20 devices and the low

wrate performance is dependent on the geometry of the fluidic oscillator
T et TR B0y Yt 8 b GO eerist twes

these ¢
Sntrancesithediuidiaasciattintin exaguelecafsughaenditioning isgiven
nderson and Furmidge in European Patent 0868652, 25 Currently
ﬁ?ﬁ? ic bé%sl (z;)légtﬁgw%%ﬂt]e{?sl%osnﬁilﬁsr%] a%elf HIXG SUEFE RIS amGesianal
psHsiely iriondtslireblion. dmsittations vdetel thewds theupossiiibeef o
LeYSLs .f% S yérifn these would not be measured accurately and it is
préfera 1‘% %iwat tgese%?&ﬁgnﬂoﬁ?élggp SPe‘%’e% egef%%qgﬁnf?gv\ﬁf rbagan
#heindieidin depilativ wiids rigrhgigpglicatibes feis isto digital signal
processing circuitry whose function is to convert the frequency into a
flowrate or totalised flow. The methods of signal processing and of digital

processing are known to those versed in the art.

The linearity of the frequency of oscillation to the flowrate of such
devices and the low flowrate performance is dependent on the geometry -
of the fluidic oscillator and both these can be improved by using a
conditioning element at the enirance of the fluidic oscillator. An example
of such conditioning is given by Sanderson and Furmidge in European
Paient 0868652.

Currently fluidic oscillator flowmeters only measure flow over the whole
range accurately in one direction. In situations where there is the
possibility of reverse flows occurring these would not be measured
accurately and it is preferable that these flows should be prevented from

flowing through the meter. In domestic water metering applications this is



3 achieved by the installation of non-return valve downstream of the meter
so that no flow can occur in the reverse direction. DESCRIPTION OF THE
INVENTION According to an aspect the invention, there is provided a
bi-directional flowmeter comprising a first fluidic oscillator device arranged
to measure the flow of fluid in a first direction and a second fluidic
oscillator device arranged to measure the flow of fluid in a second
direction opposite to the first direction, in which the first and second
oscillator devices are connected togéther in series between an inlet port
and an outlet port of the flowmeter between which the fluid to be

measured can flow, and in which the first and second oscillator devices
e T e e T G SR e oy

the imetiside @fdhethereThedwieegeiator devices may be provided
within a single body. Alternatively, they may be provided in separate

bodies which are connected in series with each other. The first and

secentkostilatondevieesmayperbirdirectional and defined by a single

body which consists of a plurality of flow passages that are symmetrically
reflected about an axis whereby the performance of the bidirectional fluidic

osciliatards thesamedn bath the fanvardpad reverse dirgctions. fihe @dsi
may comprise a central axis which lies in a plane that separates the two
SKENRESFaeRvEses eoirdeidS 185EtIaNe dfrdreraricthéy Aepwe the

idgticakindesigning Redermanss Fmbodiments otine:ipyeRiQR Md¥hged
therefore provide an asymmetric bidirectional flow meter in which the body

O ARFSRVET AR HeynithBttiddnstroraeid HIgAtien AORISLEiTBEH e dieedivn
ferwarcamd reverse dieslirns argsanakie of Reingndsed oL metering it

with a different overall metering performance for forward and reverse

fisivecemas. JoeB L 786 Pe T B 00/ 0800 e TRt hdngseedneh the
ergillatprdeyices mayhe goRnegted,paak g hackiby which-ws,meam thal;

the inlet side for one is connected to the inlet side to )
devices are connected back to back such that the inlet side for one is connected

to the inlet side of the other.

The two oscillator devices may be provided within a single body. Alternatively,
they may be provided in separate bodies which are connected in series with each

other.

The first and second oscillator devices may be bi-directional and defined by a
single body which consists of a plurality of flow passages that are
symmetrically reflected about an axis whereby the performance of the
bidirectional fluidic oscillator is the same in both the forward and reverse
directions. The axis may comprise a central axis which lies in a plane that

separates the two oscillator devices.

Of course, 1n at least one arrangement they not be identical in design or
performance. Embodiments of the invention may therefore provide an
asymmetric bidirectional flow meter in which the body consists of an
asymmetrical structure in which fluidic oscillator devices in forward and reverse
directions are capable of being used for metering but with a different overall

metering performance for forward and reverse flows.
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the other or such that the outlet side of one is connected to the outlet side
of the other. By inlet side we mean the side of the oscillator from which 5
fluid must enter for the oscillator to measure flow before exiting at the

wautleksidese.g, the side closest the reducer. Any flow in the};dg e
direction, e.g. entering at the outlet side, will not be measure ﬁéf%ﬁi%%{)goomw
false or unreliable measurement. 20 Each oscillator device may include
a measurement means adapted to prd’vide an output signal indicative of

th&Heetjoermydolasaitlationinh thefiyidescillations in the oscillator when
ORAIA%NG dniits "narmal’ direction, i.e.?Iuﬁ%%ﬁ?nﬁ%@ﬁﬁf?im%‘ikt&‘i’@%k by
%Iet.g@@zse Signars iy Bleh skketrrotas itabierpraedSSing AeVIEe ;4o to
e rnives: thiesfloly rate A5:anddirection of flow from the two )
signals. 4g,its simplest form this could be@%%@oﬁ%ﬁ%‘g bt ffosuty side
table which contains a i rite AR diRectivie infekedbbyithedwa-signals oy
provlienssaetorrafyr give roBciteate/ diy RHRR AURIGUe pair of outtgut signal
VEIRS ig@égsee%t. The /%r(gcegsor m%}é;:omprise a digital signar priéegsdfe
WO 2008/110766PCT/GB2008i680757 SFtremmedstrdientimennsravayse
CORSGHSE afr Brciemtivingenis ire am by 5@ Gy not be messured or give o

false or unreliable measurement,

In ..

the former case, it is the second oscillator encountered by a flow of
fluid on passing through the oscillators that gives a measurement of fiow
rate, in the later it will be first oscillator encountered by a flow of fluid

that gives the reading.

In the former case, the first oscillator encountered by the flow of fluid
may act as a flow conditioner to the fluid flow prior to its entering the
second oscillator and having its flow rate measured. This clearly works

for flow in both directions.

Each oscillator device may include 2 measurement means adapted to
provide an output signal indi_cati-ve of the frequency of oscillation of the
fluid osciliations in the oscillator when operating in its “normal”
direction, i.e. fluid flowing from its inlet to its ouflet, These signals ma

be passed to a suitable processing device which determines the flow rat:
and dirfaction of flow from the two siguals. In its simplest form this could
be achieved by use of g look up table which Contains a flow rate and
direction indexed by the two signals provided that for any given
flowrate/direction a unique pair of output signal values is present. The

Processor may comprise a digital signal processor
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or pressure sensor. It may provide an alternating output signal whose
frequency matches the frequency of oscillation. 5 In order for the direction
of flow to be determined, each oscillator device should provide an output

wignad Yigh has an amplitude and/or phase and/or frequency and/or

stability of frequency of oscillation that falls within a differentfaHG&Apepo797
operating in its normal direction (flow from inlet to outlet) than in the
reverse direction. 10 For example, tl5e device may produce an output
heying & {figgHeney, tepresenting the flow rate which lies within a first
range of frequencies fo%stk%ago#%ngf%ﬁ%r%‘f@ﬁ%i%iﬁ?ﬁ@% withidizesonic
g s A S
and the f%}:)w direction to bguung% |gﬂusécf]{ff’§i33termined. It is not essential
to all embodiments that the ranges do not overlap. All that is required is

thabthe dayieRPERLS i tput for any flow 20 rate within a
ormal range of operaﬁ}glnaoagn%gégf %?Ifegr%f‘ilt%?ﬁp&??éﬁv R85 TATom dpiice
%ﬁgigggl&%oﬁzﬁﬁzwgﬁmh mwmﬁ-?mdmﬁ&ﬁ@ﬁi%rf phase
ys &ean ig amplitudes or stabilities o
tis b A DIg DU HSEATINE BN TR o ol

o%%yatio %1} is possible to unambiguous
irectdn of IEWOT #H&TIHBe R gperating in its normal direction (flow from

inlet to outlet) then in the reverse direction.

For example, the device may produce an outpﬁt having a frequency
representing the flow rate which lies within a first range of frequencies
for ithe normal operation and which lies within a second range of
frequencies for the reverse operation, the two ranges not overlapping.
This allows the signals from both devices to be compared and the flow

direction to be unambiguously determined,

It is not essential to all embodiments thas the ranges do not overlap. All
that is required is that the device produces a given output for any flow
rate within a normal range of operation and a different ouiput for that
flow rate in the opposite direction such that when the outputs of both
devices are amalysed by means of their frequencies, amplitudes or
stabilities of oscillation it is possible to unambiguously determine the flow

rate and the direction of flow of the fluid.

In another alternative, for example, the devices may be arranged such that

there is no oscilfation for a device operating in the reverse mode

The two devices may be configured such that any reflection of fluid along
the joining axis is such that the pressure drop across the whole device ig

no greater than that across a single fluidic oscillator. This can be



In another alternative, for example, the devices may be arranged such
that there is no oscillation for a device operating in the reverse mode.

The two devices may be configured such that any reflection of fluid along
30 the joining axis is such that the pressure drop across the whole device
IS no greater than that across a single fluidic oscillator. This can be 6
achieved by providing a fluidic oscillator in which a single jet is present i.e.
a design which is reflected around the entrance to a conventional
oscillator rather than being reflected gbout the exit of the oscillator.
Therefore the jets of the upstream and downstream fluidic oscillators may
connected such that thefglressure drop across the whole device is no

Gréasrdranaratidre SsTa i ResIliRIR de STiG AeHRs fIurdis Gsetatdre 2

device maycampniseal radusersectigaivbich.craatesdiel obfivig deesding
into a djffuser section which has first and second diffuser walls and first

i siphdoeedba R RHE Mite R feeh Lt vsR Lrieh cidtia Skl the firkt ahthe

speapshvallg V\dmhz@r@ale game obdbigetiowdp kefee-hackienth@axite
of the reducer sectio (t?FS #H:{Td person will therefore understand that

EHIBBUTEREs BHHS i Gt 6t Bhe i h JeftenEhRASESa e le
bidirectioniahfluidic oscnlator which will measure accurately both forward
and reverse flows. This design of flowmeter will work with a wide range of
different fluidic oscillator geometries and therefore the geometries
idaritifleddweithsnithis>paterit shouldbe seenas-dxemplanscaniyhaviddieates a
tentJs. tricted to t artlcul eqom s identified W|th|
B B e P R T B i er
maémtmd Withtwork m@hrai\nméh@kgemﬁmbtewngswdh mwegt@l with the

dsgriminale, foraail A0 USSR ONs. TRARPRSSSIIIREIANES, o e

s patent e seen as xemp ars on y an
S&I‘e@ﬁﬁh@ﬁ@ﬂwégfrﬁﬁ@wm the particular discrimination measures |dent|f|ed
in the description. 7 LIST OF FIGURES

The skilled person will therefore understand that embodiments of the invention
in at least one arrangement provides a bidirectional fluidic oscillator which will
measure accurately both forward and reverse flows. This design of flowmeter

will work with a wide range of different fluidic oscillator geometries and

exemplars only and the patent is not restricted to the particular geometries

identified within this description.

The skilled person will understand that embodiments of the invention will work
with a wide range of processing techniques to discriminate forward and reverse
flows. The processing techniques identified within this patent should be seen as
exemplars only and the patent is not restricted to the particular discrimination

measures identified in the description.
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There will now be described, by way of example only, two embodiments of
the present invention with reference to and as illustrated in the 5
accompanying drawings of which: Figure 1 is a schematic representation

wef avgviap @t fluidic oscillator for use in measuring a flow of fikeydg: Righkeror

2 is a schematic representation of a first embodiment of a bidirectional
fluidic oscillator for use in measuring flow of fluid in accordance with at
least one aspect of the invention; and Figure 3 is a schematic
regeesantangn ofiadi st embodiment of a bil5directional fluidic oscillator
for use in measuring flow of fluid in accordance with at least one aspect of
the invention, DETAILED DESCRIPTION OF PREFERED

EMBQHIENTS R0Jiguie < showsa sehematicolaniyien,of the J1eWents
sglpti%n of the preferred_.embodiment of a bi-directional flow meter 100 in

alcdrdands \with e Pra8BntiileffcH 7R fiowiwetel cdtipiaed nghe
uitay eogyn fotexdmple Ofqtagiic material, which contains a set of flow
passages that together define two fluidic oscillator devices 9, 100. Each
device 9, 10 25 comprises of a reducer section which creates a jet of fluid
fE&img ihto a diffesesisectipresdiichibasfirstandrsgeondidiffuseinvalls for
irs cond.feedhack.channels respectively associated with the
ﬁ{gsgt gﬁuﬁ}‘ggsgf)%e % ?%’Vh?%ﬂﬁé%ga’bm some of the jet flow to be fed back to
the exit of the reducer section. Each device is also provided with a sensor

@ 0 30t gasur rate. of oscillation and produces a .
sq%;%l!}e %It?t)spu% El%tﬁ% WO%%%%?%%%%&?T% gﬁboeé‘f‘(% 78 Plig bi-
&Mtqgﬁoﬂéﬁt@naﬁw@ml lhex rezadilyinnderstooc by fAqversdn gkiltedin
IR Ml ce with at least one aspect of the invention; and

Figure 3 is a schematic representation of a first embodiment of a bi-
directional fluidic oscillator for use in measuring flow of fluid in

accordance with at least one aspect of the invention.
DETAILED DESCRIPTION OF PREFERED EMBODIMENTS

Figure 2 shows a schematic plan view of the flow section of the preferred
embodiment of a bi-directional flow meter 100 in accordance with the
present invention. The flow meter comprises a single unitary body, for
example of plastic material, which contains a set of flow passages that
together define two fluidic oscillator devices 9, 106. Each device 9, 10
comprises of a reducer section which creates a jet of fluid feeding into a
diffuser section which has first and second diffuser walls and first and
second feedback channels respectively associated with the first and second
walls which enable some of the jet flow to be fed back to the exit of the
reducer section. Each device is also provided with a sensor (not shown)

that measures the rate of oscillation and produces a suitable output signal.
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The devices 9, 10 are connected in series such that fluid entering at one 5
end of the body passes through one device before passing through the
second and then finally exiting the body. For convenience of description,

wibedkefrmoss entry to the body when viewing figure 2 will be gattedtheiniato

and the rightmost the outlet. Fluid can flow either way - from inlet to outlet
or vice versa. 10 The geometry of the flow meter shown in Figure 2 is
symmetric about a plane 11 drawn thﬁ)ugh the centre of the body. This

nebcsnoisbedhis caseshawavamandiinededeen couldllerin esionand,
gsekoi@e&rfyf/%l %geEach oscillator device 9, 10 is therefore identical ahd §
provu?e e saﬁ‘Fé“performance characteristics but they are connected
back to back. By this we mean that the inlets of the two oscillators are

cennected (the ends nearest the reducer section). 20Each fluidic oscillator
A i LoE e e 6 teBuri i GhcHoPr T Bang

9,101s itted with sensing mea
nsadneintay deict pscitatibneigheither pressy r&%%emyn%ymggygﬂlt the

' ' | e, ultrasonic or pressure sensor. 25 The normal or
o T e B A S IR BB e o AR
i$hRHEREhesT owtis frontfiefbedyighbée. diest thyotigh A plic.asaiiaton 0 apd
thewithreugh fluidic osgillator 9. When the flowis in this direction from left
to rigtht the ge_gfr%%try of %ﬁé ﬁé?\i/\lleﬁﬁe%ﬁ% &ien i ?ﬁ%‘%iﬂ&yo‘écqﬂ%ﬁ@l%
dorfiglae iy ies ferivard or

The geometry of the flow meter shown in Figure 2 is symmetric about a
plane 11 drawn through the centre of the body. This need not be the case,

however, and the devices could differ in design and geometry.

Hach oscillator device 9, 10 is therefore identical and will provide the
same performance characieristics but they are connected back to back. By
this we mean that the inlets of the two oscillators are connected (the ends

nearest the reducer section).

Each fluidic oscillator 9, 10 is fitted with sensing means for detecting the
oscillation. The sensing means may detect oscillations in either pressure
or velocity. Typically it will comprise a inductive, ultrasonic or pressure

Sensor,

The normal or forward flow mode of operation of the complete bi-
directicnal flow meter is when the flow is from left to right i.e, first
through fluidic oscillator 10 and then through fluidic oscillator 9. When
the flow is in this direction from left to right the geometry of the flow
meter is such that the fluidic oscillator 9 is configured in its forward or
normal mode of operation (as described with reference to ithe prior art

device of Figure 1) whilst fluidic oscillator 10 is configured in iis
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30 normal mode of operation (as described with reference to the prior art
device of Figure 1) whilst fluidic oscillator 10 is configured in its 9 reverse
mode. Fluidic oscillator 9 will oscillate with the normal range of

wiegugneias for such a fluidic oscillator whilst fluidic oscillatop A0l deigativg

not oscillate or if it oscillates at all will do so with a frequency, amplitude of
oscillation or stability of frequency of oscillation which 5 enables any
reverse mode oscillation of the fluidicoscillator 10 to be distinguished from

the iRpward aeods,catiliatian freAuensy Q)fsg#ﬁiﬁa ety 2, The sensing .
means within fluidic oscillator 9 will detect the normal range of

THECHHEREIES WiilStHe Sheifly meatiptammbidsoStilidior AG:ilideteet will
aseillafion obesgilations ithadange.of requensias §8#ﬂ€zﬁﬁ‘&%§%§%§&i
a

stability of fr quengly of oscillation which enables it be determine

e 8L dto P I Y ¥ alin gt iNare nisaausnathak thesiilagien which

eseiliEtoraty iswpesatingde rexgisameds: Tihe somalets 45fvidic 4 1o e
%cgll?torén/ill t erefor@ mvgasure a flowrate using fluidic oscillator 9. This
will berthaicated 8 a' iSriard fitty. e e PaGRIdETTOViTRTGHE thHe MoVl i dir
eidipgatién form right to left i.e. first through fluidic oscillator 9 and then
through fluidic oscillator 10. 20 When the flows is in this direction from
right to left the geometry of the complete fluidic oscillator is such that the

flllidliccostiiator10 iwicbinfiGuiedbin its farsar wrinasmal MRAE-OFAPSatian

I T A e
BcilParoHaiinat fuidiescillations with a range of frequencies and/or
amplitudes or stability of frequency of oscillation which enables it be
determined that fluidic oscillator 9 is operating in forward mode and that
the fluidic oscillator 10 is operating in reverse mode. The complete
fluidic oscillator will therefore measure a flowrate using fluidic oscillator

9. This will be indicated as a forward flow.

In the reverse flow mode the flow is in the direction form right to left i.e.
first through fluidic oscillator 9 and then through fluidic oscillator 10.
When the flows is in this direction from right to left the geometry of the
complete fluidic oscillator is such that the fluidic oscillator 10 is
configured in its forward or normal mode of operation whilst oscillator 9
is configured in its reverse mode. Fluidic oscillator 10 will oscillate with
the normal range of frequencies for such a fluidic oscillator whilst fluidic
oscillator 9 will ideally not oscillate or if it oscillates at all will do so
with a range of frequencies, amplitudes of oscillation or stability of
frequency of oscillation which enables any reverse mode oscillation of the
fluidic oscillator 9 to be distinguished from the forward mode oscillation
frequency of fluidic oscillator 10. The sensing means within fluidic
oscillator 10 will detect the normal range of frequencies whilst the

sensing means in fluidic oscillator 9 will detect no oscillation or
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25 oscillator 9 will ideally not oscillate or if it oscillates at all will do so with
a range of frequencies, amplitudes of oscillation or stability of frequency of
oscillation which enables any reverse mode oscillation of the fluidic
waszillatan®4o be distinguished from the forward mode oscillgfi@icrag0s/000707
frequency of fluidic oscillator 10. The sensing means within fluidic
30oscillator 10 will detect the normal yange of frequencies whilst the
sensing means in fluidic oscillator 9 will detect no oscillation or 10

oegifiatinewithitirangenidrecfueheiprramplitudesianstabily efability of

CCOHEEC 0 oDt A TORT R s (i RETCR ode Ss

oscillator 109s operating in forward Mo
opfsiakingrin Geiserpenatoge i Ther sembletel fuidit wacileiquwil Stherefors: o
meagyre.a flowrate using fluidic osciljator 10. This will be indicated as a .

reveel%e ﬂaow.‘QSinceftheq uidlfiggoﬁseciIl(zzlt:léf3 hggns?\?rﬁﬁ%e\{t\frﬁ)}l q Iguf)ﬁ?éi e Hi
sHstarerigarsiZene dhemasterissicsgof tindiftuicicitisciltatods Thanch@wille

- heqidQ identicalwhen.opgrated in the forward direction. Therefore the
forward and reverse characteristics of the complete fluidic oscillator

flowmeter will be identical. The forward and reverse flow measurements

withthe plaaye a-identigal performange  A5When,used [Jfgf?%g Bf%%%&,’% i

direction fluidic oscillator 10 acts as a flow conditioner idic osc

HaTHetHe FBSerarantseitirndicss dinbe coseilatera fld wohditiontr te
fluidinoscilatar $emis hasihe gifectaf MREaWRg e EALN:of 108, arq

fluidic oscillator characteristic without the need of a separate flow

BBS RROER S Gl isH$R 0t the complete fluidic oscillator flowmeter

will be identical. The forward and reverse flow measurements will then

have an identical performance.

When used in the forward direction fluidic oscillator 10 acts as a flow
conditioner to fluidic oscillator 9 and in the reverse direction fluidic
oscillator 9 acis as a flow conditioner to fluidic oscillator 10. This has the
effect of improving the linearity of the fluidic oscillator characteristic
without the need of a separate flow conditioner on the inlet to the
complete fluidic oscillator. The low flow performance is also enhanced by
the presence of a reversed fluidic oscillator upstream of the fluidic

oscillator used in the forward direction.

Because the complete fluidic oscillator when operated in either direction
has only one reducer and one diffuser the pressure drop across the fluidic

oscillator is comparable to that across a conventional single fluidic

oscillator.

An alternative embodiment of the bi-directional fluidic oscillator 200 is
shown in Figure 3. In this embodiment two fluidic oscillators 12 and 13

are configured in such a way that in the normal flow direction, left to
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by the presence of a reversed fluidic oscillator upstream of the fluidic

oscillator used in the forward direction. Because the complete fluidic
vasailgiorswhen operated in either direction 25 has only one er and

one diffuser the pressure drop across the fluidic oscillator isgf%d#%%%g?ﬁ@%w]

that across a conventional single fluidic oscillator. An alternative

embodiment of the bi-directional fluidit oscillator 200 is 30shown in Figure

3+ padhig.engdiment two fluidic oscillators 12 and 13 are configured in

sug% away ;hatiin the r%r%alg&f)v% d?ﬁ)eegt?é%c}llé?t & ﬁ’%?‘l}[,%%gﬁuﬂﬂé the

déeiflitorosgilintperatedin ipenaredalimode anddhe fluidigcosaillator 12 ise

QRRfAtedRJLS reve these circumstances the sensing
means in oscillﬁaér Eié??wil sgnnesl{%Q étjk?egl n%%cr:r%f{g%ngr;@o‘f’?ﬁecfﬁaﬁ%ié%efd?‘otﬁ&ai

fidithe Sdciitatbieants thboseibsirpidéars il St tuidici odeillataribg wikkiseally
senaecnssosailation qriasgiliafionsyhose I 09%§ﬁ§;1€%%aorggig}%#§sﬁ %%1?858
u

gtability of frequency of oscillation enable it to be determiné
CERSHTYS idnptatety inrieiabilir e nbeamd thef foidit asoil atertl? is
operatngHmieverseMade; T his:will identifi rd.flow. In th

rev, %%;—:' flﬁw. ﬁ%irectio,,n the f?gw i_sifrom 1%t rli%%ﬁggl%%ﬁnw tlsc\ﬁé%%aﬁﬁigllgd@
BEGiIfABr 1Y H SEFREN e HoroRaTHbE ARd evemeidivodscillattid 3!
openafedinsttorevameinedanUndes these sbcumsiancas iessnsing, o,

means i cillatar.12 will sense the normal range of frequencies for the
¥ﬁ§§‘|c§82§ Aty g%llécig?eﬁ%ﬁb%%%%ﬁ??ﬂd@id%é@ﬁ%@%imimwal
sengeand obeiltatidicossdibi aseilidions whese flequencies. amplifudes, QL
&;@@Ii%g freggen%y&f oscillation enable it to be determined that the
Hluidic oscilator 12 1s opefating i TE#8vitd olieandAuititiosemsaorhes
moupelatimgn céversgumodes This il ieniiied g raversa dowe 90,
gahadimenis of the bi-directiopal fluidic. oscjllator may be envisaged in
which the geol:i&llégtr;o %%%%€g§m%fet‘ﬁéi%b'§?ﬁﬁ% JEffI BRis WL RHRE the
Yudhisippoivhe wvdrigidiodecillatopsidiffer, Suchrshaenfiguratiogwaylder
sxampis.enahig fluidic osgillator 10 or 13 to have rformance down to
lower flowrates than f%idii% oaségffﬁrt%lr}%dcl)r fhe” ffidic” osctlfator 12 1
operating in ifs forward mode and fluidic oscillator 13 is operating in

reverse mode. This will identified as reverse flow,

Other embodiments of the bi-directional fluidic osciliator may be
envisaged in which the geometry is not symmetric about the ceniral axis
and which the geometry of the two fluidic oscillators differ. Such a
configuration would for example enable fluidic oscillator 10 or 13 to have
a performance down to lower flowrates than fluidic oscillator 9 or 12.
This would enable lower reverse flows to be measured than forward flows
and would therefore not require a domestic water flowmeter to have a
return valve. Alternatively the geometries may differ to enable better

discrimination of the forward and reverse flows.



25 This would enable lower reverse flows to be measured than forward
flows and would therefore not require a domestic water flowmeter to have
a return valve. Alternatively the geometries may differ to enable better
discrimination of the forward and reverse flows. 1") Claims 1. A
bi-directional flowmeter comprising Lfirst fluidic oscillator device arranged
Ciaimsto measure the flow of fluid in a first direction and a second fluidic
oscillator device arranged to measure the flow of fluid in a second
direction opposite to the first direction, in which the first and second
oscillator devices are connected together in series between an inlet port
1. Ant-girauiteepdivotiierfloometanbetveen which becliuidiobdice arranged to
measured can flow, and in which the first and second oscillator devices
measurgieciANCTtBdbacR fohaviesimhahdtvednlet sideiforoneis cranecieehided to
the inlet side of the other. 2. The bi-directional flowmeter of claim 1 in
measurg higfioMeiiibiBdeiRaeraRiEzcire provisite withinfiessitigletibodin RhEhethe first
bi-directional flowmeter of claim 1 or 2, in which the first and second
and secaag Rl RECERATerRAR diRE RS droseripruRsieeh flowiniet port and an

outlet gr?s??ﬂeithat are symmetrically reflected about an axis whereby the
PREROMTANREBF He LU S S i i BBt eRe FSIvaRa ARd.reveriewnich

: irecti 4. The bi-directional flowmeter of claim 1 or 2 in which the two
the § A . )
= st e B eI af AR P A MRt et sice fo

one is C%g@é%rtgqp{écﬁ%ﬁr}ﬁ%ﬁg eagﬁj_’ Jeverse directions are capable of being

used for metering a different overall metering performance for
forward and reverse flows. 5. The bi-directional flowmeter of any
preceding claim in which the oscillator first encountered by the flow of fluid

2. ok paissiRatbraugidhetiowmetars, a@%rﬁ‘%ﬁxi%RV‘{r‘Fé"}Wgoé‘géiﬁgtg?eaﬂe‘@i%es are

flow prior to its entering the other oscillator. 1
provided within a single body.

3. The bi-directional flowmeter of claim 1 or 2, in which the first and second oscillgtor
devices are identical and comprise of a plurality of flow passages that are symmetricaliy
refiected about an axis whereby the performance of the oscillators is the same in both the

forward and reverse direction.

4, The bi-directional flowmeter of claim 1 or 2 in which the two osciliator devices define
an asymmetrical structure in which fluidic oscillator devices in forward and reverse directions
are capable of being used for metering but with a diferent overall metering performance for

forward and reverse flows.

5 The bi-directional fiowmeter of any preceding claim in which the oscillator first
encountered by the fiow of fluid on passing through the flow meters acts as a fiow

condttioner to the fiuid flow prior to its eniering the other oscillator.



6. The bi-directional flowmeter of any preceding claim in which each
oscillator device includes a measurement means adapted to provide an
output signal indicative of the rate of oscillation of fluid flowing through the
oscillator at least when operating in_its "normal” direction, i.e. fluid flowing
from its inlet to its outlet. 7. The bi-directional flowmeter of claim 6 in
6 Whichiteeniieast fawerdtenernerganpEiseseaBdAUSINESENSAl M ciliator device
_ ultrasonic sensor or a pressure sensor. 8. The bi-directional flowmeter
inciudes ecaiehnyreyelalimeos Zimapbicty eachidsailaiondevigaNiavigen aMs ine rate of
_output signal which has an amplitude and/or frequency and/or stability of
oscillatige flefuentgronasbiltation that dati avithin d-difierentrange-whenin it “normal”
.___operating in its normal direction (flow from inlet to outlet) than in the
directiopey grdligiHewtion rog thasi-tiréesenial flowmeter of any one of claims 6,
7 or 8 in which each device produces an output signal having a stability of
frequency of oscillation representing the flow rate which lies within a first
= n ei_gg‘rérg%uepﬁies, ame\l}i;[FLJdes or_stability of frequency for the normal
' operation for ron-2&FBF B AL A d WHIERNi e s 4 emeohaeangecofnprises
: les amplitudes or stability of frequency of oscillation for the
ol Indué@/%%%&%%é?&tf&?ﬁ% WO 1aRges hBIBvEmpPIEg such that the signals
from both devices can be compared and the flow direction to be
unambiguously determined. 10. The bi-directional flowmeter of claim 9
8. TRavieh S hat there is no oscillation for a .
device o%ee%?iag in the%e%%%ag%%%{%@ti éagfo?ssmtﬁée% &%Cheﬁgg!qgoﬁgav:ce
providesgeeatenshasighal w&ﬁsrﬁb@iBg'%‘éiﬂﬁdtg%'@&?rﬁé%um% b.iﬁfgg%?“&%ﬁ;ty of the
ui cilla

flowmeter of any preceding claim in which each ICO of device

frequencomiprisesaisadierr sastioniwhish sreatas ajetof fiuid feeding into a.
diffuser section which has first and second difﬁser walls aisndgfﬁ%%J1 ipld[ts normal

directiorséioontideadisatk ottt arespeetivelyrassasiagd with the first and
second walls which enable some of the jet flow to be fed back to the exit

of the reducer section.

ga. The bi-directional flowmeter of any one of claims 6, 7 or 8 in which each device
produces an output signal having a stability of frequency of oscillation representing the flow
rate which lies within a first range of frequencies, amplitudes or stability of frequency for the
normal operation for non-zero fiow rates and which lies within a second range of frequencies
amplitudes or stability of frequency of oscillation for the reverse operation, the two ranges
not overiapping such that the signals from both devices can be compared and the fiow

direction to be unambiguously determined.

10. The bi-directional flowmeter of claim 9 in which the devices are arranged such that

there is no oscillation for a device operating in the reverse mode.
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i1 The bi-directional flowmeter of any preceding claim in which the two devices are
configured such that any reflection of fluid along the joining axis is such that the pressure

drop across the whole device is no greater than that across a single fluidic osciliator,

12. The bi-dirsctional fiowmeter of any preceding claim in which each fiuidic oscillator
device comprises a reducar section which creates jet of fiuid feeding into a diffuser section
which has first and second diffuser walls and first and second feedback channeis espectively
associated with the first and second walls which enable some of the jet flow io be fed back to

the exit of the reducer section.



