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Bl - DI RECTI ONAL OSCI LLATI NG JET FLOWETER Thi s
invention relates to inprovenents in flow neasurenent

waelemsaerse and in particular to a bidirecti onal PCT/GB2008/000797

floweter for use in flow nmeasurenent. BACKGROUND TO
THE | NVENTI ON Fl oweters are well known. One

Pt By BECHOUBE BE A Ay Feofpeted! =t

nmeasur enent of the flowate of gases and |iquids,
particularly for domestic gas and water purposes. Such
devi ces have been w dely reported. Exanples of such
This thiventer irkladdsoto frhpruvetenss taflolwe nfeasuncdment et ices hend
acadenm ¢ and tent, literature, for exappl e those by
ghpaculpr g tigpaliHenTisicr faryse i (AW preRsFement.
4550614. Such devi ces as shown schematically in Figure
1 typically consist of a reducer section (1) which
BALIK GRQAUND T6D THHI INVYENTIE¥NI ng into a diffuser
section (3) which has first and second diffuser walls
(4) ,(5) and first and second feedback channels (6),

i/ V. [ i e fir ond
EENPABER St ohsl BRERE, 08 byl Py B A00RERETTE e
floidih eseiliatoroflotvinectee dibdelr isseqiectilly Filicedras figineaydrement
the fl ow measgrement in a fluidic oscillator of this

ol phe flosvigte 9T ggAses | a9y ligyidse R HPulaghn 6p%s damestie gas| pnd
%Qf&?rg‘fﬁgges Bgu Wikt AR F?&P%dﬁféf ?%}?‘ortt&? fb‘ ples of

natural Py attac esto one wa
vk fleldi¢ sstillarorstlippinieterst cart be foerdhadioth the raehdemm and

associ at ed vvlth the diffuser wall to which the flowis

RAIERIC e 2 g, (Al erapladhosa by Bausrsim e datenti d#4230 or
?szﬁl fn ?‘%‘ \@Ea%htt 2354) 4 agg%ﬁ Qfev?c{ tét@ esh %l %cf?e tlcally in

orces rom OV\BI‘

Eigﬁﬁ'mﬂefypi@dlly cénﬁpd of faeﬂ’ed(18ér @écticﬁf gt w[’(&)h bﬁbat@eéi jétoof

spee the transition between two walls. The je

Bigh (@t fosdhes 1819 ?h‘é‘fﬁlsﬁérse%‘l)li (ahowhlﬁb sofiggisand ‘second
d1ffuser 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 section.

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 naturally 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
feedbac;k 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 splitter (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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repeats. The jet thus oscillates fromone side of the
fluidic oscillator to the other. The flow is neasured

whyooseases i ng the frequency of oscillationof tPer/GBR008/000797

This can be undertaken by the neasurement of periodic

variations in pressure or velocity at various points

wi thin the di ffuser section?2 feedback channels or exit
dIC osci | | at or.  For ducting fluids_ for

he, fl
%éé st (g f;%sl?eol"éldﬁstagwlw “the g teas EmEeDf s pf periodic
{:ﬁ@a{tmxfwﬁ% Jr9§su§"@eorrr%@ﬁ}é‘i tvaﬁt)us gt%lﬂf%' QGHiY the diffuser
variations as identif |ed Sanderson and Heritage I n
fagtiope feedPacke chaf@d e 4L xifT bﬁ'etheaﬂunium opmilhtds Hofr conducting

enent qQf these f|lyctuations are known to ose,
AR Sl 4 IS SRruinle horragidn Adietive SBetiPel Bebrigues

whehe %ﬁ@&u?é}heﬁt‘){i?%ﬁé %ﬂﬁﬁgamlamgrasf 4dem1ﬁea~w Sfdkrson
have oscillation frequencieés in the range O.
@80 Hderitags ot aletbpeiat h Pateat s@3li3g . t €hé nvameu:t hmethods eof

el ectronic nal roceSS|n circuits which
BREUEERaNt Pgﬂg ‘E‘it@ﬁé‘?nst éi“é’él‘tnetoaﬂ’cﬂsﬁuvteéﬁe%sn?ng%l art.
whose frequency corresponds to the frequency of
oscillation of the fluidic oscillator. This digital
‘Fypinally i ssch Hémidie dsciltatordi whemlussd doaldomestiesgasngnd water
ircuitry whose functi.gn |sogo conyert the frequenc¥1
r 25Hz to

1AV omgasyrsient raye pRRibption frequsRciefne tae HoBEe of
POCHA ARERESER! WL ARE s%‘hsﬁil gﬂeEﬁ’lln]qHE QHERS LAY ?fé{cﬁré)lﬁf‘é) Wknal

to those versed in the art>” The llinearity o
pnoeepsmg;)clnfulﬁsstMatamphfyoand]e:ohtlﬂimame ofigiicto create a

evi d t he I ow fl ow ate formance i s dependent
‘%ﬁ“ﬁ Wé‘PF? WUFH%Y £PtHeapPendss 'ir}rugaftr%queam Hopirillation
; {
%ﬁ‘ﬁ%ﬁ%ﬁ%ﬁ% ol RS0 Pl it oL 0Pt KANIRY ERREF Dhenat

moceisiny edroditry owhmgs |fsngmnems iy Sander she faeguiency into a
tgurmd ge in_Eur ean Patenﬁﬂiﬂi68652 Currently fluidic
FAtP ¥ P LHISERALABr Lhe amerhodnatipigntl BipcsyEnsiang airdidal

BrRRORIAL Y RV tbnBRCvESER S tiflare! N ST UALT ONS where
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 entrance of the fluidic oscillator. An example
of such conditioning is given by Sanderson and Furmidge in European

Patent 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
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possibility of reverse flows occurring these would not
be neasured accurately and it is preferable that these

w0 b@sg1ehoul d be prevented from fl ow ng t hr oughCT/582008/000797

meter. In donmestic water netering applications this
i’ sachieved by the installation of non-return valve
dovvnstream of the meter so that no flow can occur in
%gg rev dlre tion. DESCRI PTI ON OF THE .| NVENTI ON

Byash zgt ® stpilpeon o6 A THEn VAVEI RS A iod dbe aneter
Pduﬂalt %Cﬁb@&% SdAPRYRE rERIR bfileBdoR first fluidic
osci | I'at or vice arranged to neasure the fl ow of
fluid in a first direction and a second fluidic

deyic [ neasure the flow of

ﬁ%&@ﬁﬁ@gégﬁ Fé%ﬁ%ﬁiﬁﬂposi te to the first
direction and in which the two oscillators devices are
connected together in series between an inlet port and
Aocardidgttopar tficst tfyect | thenmeheentbat weeividdsi ah Bikdrectional
fluid to be neasured can,f,l ow. _The two oscill ator

devmeder srppHeing biirgetuific spillates fAgyiee votapged to measure
o 800 ! {18lcVin 8 s HEORGN RHAY] S8l BRRALAL AR N Rce
|1 C eac

are connected In series w
ériran;gedamdmemadheﬁmw lofitfhiid de\w sesndwrlyrdeeion oppos1te to the
dlrectlonal and defined by a single body which
fébﬁﬁsﬁl%%w@f agd pin, vech ythes ty o‘chlé%@ésgé@Vtoﬁét argr gonnected

ﬁg@?ﬁ“in‘:%eﬂé rg%{ e dnahRidt g{kta?h& Me&?ﬁ’é/t ?torofI the

or mance o d| rection urdic oscill
ﬂdmn&&rrebatmbmtdhlbln ehé fiuih tsl bandedsayvel s&n fokect i ons.
The axis may conprise a central axis which lies in a
pl ane that separates the two oscillator devices. O

|%éjent| ca(% sditfiot e@é\}lcg@qﬂ Bl Wﬁe&rRS%h&Ot bsef%%le body

I'n design or for nce he T nvent
Altermtiotly, prioasi dmwn basypmtiedc:ubl separgret ibodads fvlrlﬁwh are
nmeter in which the body consists of an asymetri cal
conngeted B seresiVigh ep¢tyPthes. oscil | ator devices in

forward and reverse

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, in at least one arrangement they not be identical in design or
performance. The invention may therefore provide an asymmetric bi-
directional 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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directions are capable of being used for netering but
wth a different overall netering performance for

wo eoosarde@nd reverse flows . The first and secopcI/GB2008/000797

oscill ator devices may be connected back to back by
which we nean that the inlet side for one is connected
tothe inlet side to the othér or such that the outl et

: ' .th let sid f th
STHEO 90 S PERIENGS 0505 SO b g ack oy

oslich| weé anednr that whé efilef kidieFoPsk 18 HGhe i ;
OE‘Ci yeat or to measure flow gef ore1 exi%thf}%%az;%%ﬁemlet side to
dae |08kersprygucks that the euglptside|of st ist dumneetbdcer theAtlet side

f i i recti . g. enteri t th
roH b SHRASAPGESLA oy i e b, whic

(fhuid| iak entee sfour @EESHCilldtBr 16 nd RLAET fold ekfin§
second, oscillator encountered by a fl o‘ﬁv’@gfe ?’Ileufjéﬁ%llg at the

OREEt $ide- he dugther pidleoelopest ather eedukiet. Ainyefloa in the reverse
RBRS ] rate, in the later it will be
fir sjt%gggl' | gétgilklg\rl]\%o@ﬁtdé’ﬂ@& SHP: av i 88t be measuged eatgive a

Gilse ortuneeligisldimeasukéméhie fornmer case, the first
oscill ator encountered by the flow of fluid may act as

a flow conditioner to the fluid flow prior to its

t g1 e Cc cill at.or d having its flow
B e AR, AR Bl B ob P Rnlersit buch o of
tlivic oni passingFarbugh Ghé |o§éiﬂﬁtcﬂ§\fh§t?§%¥ d Hfélayt%n?ené of flow

measyrenent neans adapted to provide an output si
Fafti tathe datsr 1t mallfbegogneseilittoosocbmbiahbfa Flos of fluid

{Hayiggvegs&blﬂgggf;n%gs in the oscillator when operating in

I'ts™ nornal ction, i.e. fluid flowing fromits
inlet toits outlet. These signals nmay be passed to a

ﬁ’gi tabl.e processing device which determnes the flow
! De foranen caseri e Grstfasoillaton enedentemal by amal Bow &M fluid

j, npl t d he. achi eved by use of
g o St e B G e i B ot tsiondeninete
seade edelljatbhantivRavihgnal foRr Pt A80addBl. T95s AMar Y& ks

for flow in both directions.

Each oscillator device may include a measurement means adapted to
provide an output signal indicative of the frequency of oscillation of the
fluid oscillations in the oscillator when operating in its “normal”
direction, i.e. fluid flowing from its inlet to its outlet. These signals may
be passed to a suitable processing device which determines the flow rate
and direction of flow from the two signals. In its simplest form this could
be achieved by use of a 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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waele@stial7eési gnal

flowate/direction a unique pair of output signal
values is present. The processor may conprise a
processor. The neasurenent nmeanBCT&B2008/000797

conprise an inductive sensor, an ultrasonic or
pressure sensor. It may provide an alternating output
si gnal whose frequency matcles the frequency of
ﬁEcillation. In order for the direction of flow to be

£ SRGASHEIRe IR 2BS £1Y] SABPridRgn dBAUHER setsosy PR AsOnic

t | \ [ / h

O e Sy oo P BT e IE oipR A3l whose

frequércyt matchehdbe fedqusney dhoscidadohf erent range when

operating in its normal direction (flowfrominlet to

outlet) than in the reverse direction. For exanple,

B6r i of &R REBH G BHPLUL PRI Aoh 'REHERSY device

representing the flowrate whic i'es Wi thin atirs

stande povideequensipas dignalt waictomanl aropenipgiituds @tior phase
second range of frequencies for

vvh'chegiesvvithina 1ICI €

%'HQO? vequsncy pand/or offabilie qf\bragyppes afopscllatipathandalls
. L . . St

Ton 8 itttk tingy MR prer AR B R RHETAARARE @ from

iddtaproubd) tHan instheatevesseatitdcaiont 0 al | enbodi nent s

that the ranges do not overlap. Al that is required

is that the device produces a given output for any

fid oW e Wit Di I rati d
P arapfe o fodel SE pEANOE 8] SREEEHAOBLA dfguency
mtpresehiiog theciowhedte whidioh tihs wikhputasfiedt Rolgh sefreg@sncies
@re anal ysed g¥ means of their frequencies, anplitudes

f theapiarmal e ePeationc japfl ahih jlies Svighigsiapisecensl range of

L0 LN I r.at.e t .
R RS S o FEmt {peion o LD oI A% overtapping.
'Bitis exlleats vieg stgralexXeom| mthtdewiclevic bs dmypdred adddngedlow
quuch_that there s no oscillation for a device

pration; togbs Hugmbiguoyslysdetpgm@edThe two devi ces may be

configured such that any reflection of fluid al ong

It is not essential to all embodiments that 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 output for that
flow rate in the opposite direction such that when the outputs of both
devices are analysed 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 oscillation 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 is

no greater than that across a single fluidic oscillator. This can be
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w@emghe76d ui di c oscill ator.

the joining axis is such that the pressure drop across
the whol e device is no greater than that across a

providing a fluidic oscillator in which a single jet
Is present i.e. a design which is reflected around the
entrance to a conventional @&scillator rather than

bei.n fl ected about . i.he exjt of t eosmllator
Pt By witutfing o Hudifl Gseifletorotn e dowREls ks present
f b Uiadii6siBACHNIA 9% SeflBYied O;H‘&ﬁﬁa el e SiTRad 280 tzi“:‘conventmnal

pressure drop across the whole device I's no greate
osealhatohatather éban sbedngglefletiedi dbeutoslod Ielxatt @f . tlﬁaobcﬂlator.
J;S,tui ?i c oscilla {@}ﬁ deV| ce nmay conprise ducer.

e iIEF R gy WRStEeamy png, dopingirgagg ot § FFfillgters may
BrdnlebRAN sBEF QD B i
wal es ang first and Iglle%cs:goiﬁg ?116&51 ﬁ{}g n(r?e(;e}?joég 44H3Eis no
gregsechaw ¢hat asesca atrede Wuidictdseilfatoist and second
wal I s which enable sonme of the jet flow to be fed back
to the exit of the reducer section The skilled person
whdd ANBIETRERHOIIIRN NG Ofyddara S Gwhi
one arr angeognent pr ovi desq%é}lgstgmrﬂ}gst%l tgng{%‘%‘{%i %ﬁééﬁ)% which
geaick | ater offlgfl fisetlingnimas wr diffusenrseteby whidh hay fiksdand
and rse flows. This design of f|oweter will work

Feond RHEE wallgang gt prdsecriogrbiok Bamelrsspectively

&‘é‘@ﬂﬁierd' SRk el Qfl@rs@c&tﬂe “%mn@hfdhe§nﬁﬂ@n§dnflé eoq the jet
within this patent should be seen as exenp
fhordl tole fealt leavk Gostheaxitr eSthei retlecert sectioa part | cuI ar
geonetries identified within this description. The
skilled person will understand that the invention wll
’FﬁH KkﬂY'eHEptﬁ's% YR AREFRS uREGSERT Qt ‘h‘?\@%ﬁoﬂuﬁsatt ﬁast one

di scrim forward and reverse f processi ng
&rem‘rgenmmﬁaqarbdﬂhsla‘ bigldreatibhalnfluidis opaillettir whish dfl]ﬂ)&neasure

seen as ars _only and the patent is not
ﬁﬂégfﬁf? iR %‘?‘n%ft"ﬁéd &aﬁtfﬁﬁeﬂssrﬂwsscmﬁ st Rf flormetes will

WQ&”WJH ef v fde tpzﬁmg% gF rdbpﬁei'é}ﬁ ﬁlﬂ%-[c C?):sc VRS Ege qx]&?ﬁs and
now be described, by way exanp e onl

thﬂtﬁcﬁdw‘rﬂm geometries identified within this patent should be seen as

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

identified within this description.

The skilled person will understand that 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.

Thi s can beachi eveRCTgB2008/000797
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of the present invention with reference to and as
illustrated in the acconpanyi ng draw ngs of which:

wor@ane7é6 i s a schematic representati on of a pPCDGBag0B/000797

fluidic oscillator for use in neasuring a flow of
fluid; Figure 2 is a schematic representation of a
first enbodi ment of a bi diréctional fluidic

Ll Lat for use in neasuring flow of fluid in
g@%@r@%nﬂﬁﬂ%‘#at | east one aspect of the invention;
and Figure 3 is a schematic representation of a first
enbodi nent of a bidirectional fluidic oscillator for

There wilteasu biendesctibadpobyfway dfiaxaaqpie oddynceavsvientbodiments

| east one aspect qQf the invention. DETAILED .
PESBRI PITOR! OV PREPERESDERHERIEN TS 3% 1Bugkaipd in the

8&?12?&" I M fofni-ne flow section of the
%re rﬂégn%r?g%\m r%g\r/}&t o?itca bi -directional flow neter
100 in accordance with the present invention. The flow

neter conprises a single unjtary body, for exanple of
blge L %aiaeg}a,u%efﬁp Fentaton AL 2 pras agfllyidigobcillator for

: t tﬁefz-efinetv\ofluidic osci |l | at or
gg@?@g@%@%&ﬁ%& lél\gifce 9, 10 conprises of a

reducer section which creates a jet of fluid feeding
into a_djffuser section which has first and second

Higurgs érisnal $eheatdicr rerrpsetifia Bng Hiest cyRBRdigea | 8 bi-
&gﬁp@&%;’%ddﬁs%%ﬂ%&d f\gp Pﬁé h& %%zfshr gg REOBE fiyid in

enabl e sone e | et ow e fed bac
hecdriign@xwithaft led oredaspect sfethiel ipRentae;hardevi ce is
al so provided with a sensor (not shown) that neasures

the rate of oscillation and produces a suitabl e output

' | 2 Thi . | . an i i Ly
PR 3 o137 HRREle SaRORIR! o B ehbodtndsERME b o
Qiredfomdl e fredice oisedlator Sofi @Se SiacChnddiatink dicy ot efihidd in
at one end_of the body passes through one device
BegBiangsay ity lesst suighasppet 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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whowg/1vdteq viewi ng figure 2 wll

second and then finally exiting the body. For
conveni ence of description, the leftnost entry to the
be cal | ed t heP¢TGBR008/000797

and the rightnost the outlet. Fluid can flow either

way - frominlet to outlet or vice versa. The geonetry

of the flow nmeter shown in RBgure 2 is symetric about

ﬂ’{:}ﬁ ane 1 dr awn throiJ%h t he centre.of t he gggly. Thi s
ElaﬁB?C b eeRveasional padevil bearradilieuaders bpud gerson

dikfifer i thedf$i gn and geonetry. Each oscillator device

, 10 is therefore identical and will provide the sane

performance characteristics but they are connected
this we nean that the inlets of the

ck.to b
6 ke ap %Yrsrf‘eon@sﬁwgclpe@preqwc@naw Hlssideantening at one
Bl UG the Bl Hgoﬁasseg%ltb %jh {gﬁié Cdé:gf ko f5,8 r%:?s’sm]go tlllrough the

fitted wth sing nea
@S@mdl and then finellp exsing tiebody NByr dehﬁ@he@é& bf d8tdrdptfon,
locity. Typically it wll

‘}f&her ressur %&0{; q\,/}’le

il itests Bna e thyebodit pihesotierds ieseareilhbasiled the
T w n of the
coﬁ%ﬁﬁ‘fg’%f e Pl oy STRAL o oRRPAES el ¢ e gt
fo ontleedr vice verght i.e. first thr ough fluidic

oscillator 10 and then through fluidic oscillator 9.
When the flowis in this direction fromleft to right

trhe @early ¥ Ghe Ry AUt TROGR ihSrAMED o NAl b8 e about o

fluidic oscillator 9 Is con ure its

phnell dode dfrough! thd cemré @$ thi@b@ﬂy bFdighéd hef BE BME Base,
%othe pri % evice of Figure 1) whilst fluidic
QWFY§Tatdgf the egl%éﬁpi@wgépr.lﬁ desigieyrd geomstiy.

Fluidic oscillator 9 will oscillate with the nornal
range of frequencies for such a fluidic oscillator

Bhill oscillavidideviescd | [1at ir thkBeford lidestesd]| ind1Qdill provide the
osmls%te or if it oscillates at all will do sowith a

TaRg pereymassh Piggaeristicy buf fiept prsnoemestesbback to back. By
{hi & M4EREYn HatOFe! Tl bP 6 Dscitlators 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-
directional 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 the prior art

device of Figure 1) whilst fluidic oscillator 10 is configured in its
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enabl es any reverse node oscillation of the fluidic
oscillator 10 to be distinguished fromthe forward

woreae/10566 | | ati on frequency of fluidic oscill ap@r/G82008/000797

The sensing neans within fluidic oscillator 9 wll
detect the normal range of frequencies whilst the
sensing neans in fluidic osdIlator 10 vviII detect no-
osci |l ation g pscillations with a ran

fervéﬁqfemﬂd@s W&l}%psgﬁla‘fqrt%d@%l @?CIEP@bWFtbt@‘edTormal range of
gﬂé&ﬁff@s\’ £6f sQ8E 14 h‘ﬁgd@rbswm r%@%eﬁuicﬁc l?)%C]tllator 10 will

erm ned t hat fIU| COSCI ["at or I'S oper a
kaeall@rltbtmmtdlamd)rt ifait dshHldtésiadiatl @sitidol 8¢ erithl @ ﬂréquency,

ng.in reverse node, The conplete fluidic
gBelifudsy of gperfa i Siabilifga st geduancyuphisculitiog which

Edapi el 3 ?Sﬁzlvlel"s%tn o?d}iﬁu%'(}ow angHH%aB (glg%riago ito be

forwar reverse f
dllhungmushed i fromf cﬁhesn ﬁdrgfiat‘d tmotlef bsdillation i fredudneyoughfluidic
gudl c oscillator 9 and then through fluidic
1%P5%r 10. When the flows is in this direction
fromright to left the geonetry of the conplete
fluidic oscillator is such that the fluidic oscillator
The sensing apns edithin fluklié oseidliacoro® widlr drabcmmendﬁnal range

oi;éﬁ_ratl on whi lst oscillator 9 is configured in i
gauenGigywhilgt thegseusyecmepss én f&edw psciliater Ilpa‘{"’él detect

r n
I Ll Bp, SRRl LARELETFUER.! O SURIGRLe o
alﬂp!atluldys nat smbdilﬂyl af dre)quelnfcyl of Q)Séillalu@heﬁ/hiﬁh 2hhblek it be
uenci es, anplitudes of

0, Wt fre
%é%@liﬂ&f‘.tgﬁ  gpids a%ﬂl]ratt?/r FISFQREGRIERE y0 G0 WATS| mode japd that
[ a exe S ti of
e O L0 G BB i L S T Ceomplete
ﬂimdmosiclﬂadﬁ' wit Itlhdrafdre méasene anttywedte fdsuigFiwidic oscillator
IIato 10.. The sensing neans within fluidic
%s Uoi;’e edigaied age Buvaradlowr mal range of
frequenC|es whil st the sensing neans in fluidic
oscillator 9 will detect no oscillation oroscillations

Ini thh ravemagdowimbdethecfiowes inahplditestion formsdi gy ol et i.e.
f?zfst 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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frequency of oscillation which enables it be

determned that fluidic oscillator 10 is operating in
wo orosatdesrode and that the fluidic oscillator BCT/€B2008/000797

operating in reverse node. The conplete fluidic

oscillator will therefore @‘sure a flowate using

fluidic oscillator 10. This be indicated as a

revel I he, f C.. osc:| | | h

og&?l ?gng a\g]\(‘)\éht % NG& %aﬁfe éf’{ﬁ@h Ci€s, '?In%eg %% tab1hty of

@fea]]maﬁ&yer oistoseﬂmfont Rehith ue@hmep slcl bé aaaéﬁnﬁﬁda mniat9 fluidic
be identical when operated in the forward

@s¢idaiqrok0 iTRBeatingdnt ioswert wnde abithasyhe Elwidic oscillator 9
gre fl | | at:
B SBAR AR o glind RO TPhRL S efl uotfl bty win

herefdreagieasir@ent sfivivirhtet hgnﬁhﬂ\aﬁhanoscﬂﬁﬂbr CB). This will be
performance. Wen used in the forward direction

" indireed agskrevesteoflovd acts as a flow conditioner to
fluidic oscillator 9 and in the reverse direction
fluidic oscillator 9 acts as a flow conditioner to

Sindeditte ghdicl at@ratbe. hathspmhastryt ABoef flRCtplade 11 shown in
inproving the linearity of the fluidic oscillator

Ehgirtace es@hftrawemae@ afhehen Eladdist oscikletoas dide and oy will be
‘i:&'ﬁql{l %at /HEn ertaFEed Itl?é f&&%x’&e%%%{%r? ¢ %h%tlse%é) en%ang%ravard

0SCl | Oow perrtor nce

ayd theeefiee &Emete@fstlas &V eeS @Bmiplldte df1Gidas Ciskl1BiteF flowmeter
upstreamof the fluidic oscillator used in the forward
mﬂrle@t iidgnticebc b8 forward app| ieversel fipwi megswemeatomill then

dé]g %{ﬂi%aff epf"?h‘taggé direction has only one reducer

pressure drop across the fluidic
OSC|IIator is conparable to that across a conventiona
single fluidic oscillator. An alternative enbodi nent

d¥hamased i@ithecﬁqrwgl diregtigncfluidéc 1asgilbato2d@ aass sisoarflow
' Qn(ﬁh%ﬁ%,xe t% dnt:hI sibgﬁ%? dé nenrht V\ﬁief lré"ve?*se direction fluidic

sciTlTators and
oscillator 9 acts 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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are configured in such a way that in the normal flow
direction, left toright, the fluidic oscillator 13 is

wop@salEges i n its normal node and the fluidi c oOBRCI/GBai08/000797

12 is operated in its reverse node. Under these

ci rcunstances the sensing neans in oscillator 13 w |

sense the normal range of ftkquencies for the fluidic
osc:|IIator and the sens ng means in fluidic _ oscillator

righty; the flyidie| gsciliaier Qperatadli i itgrnoyeral) medeownd the
Ches, d r il of

HERRE SISANERC12%s Raled SR, 18] S @R} el Under, dhese

dgihatm§thnéadi theoseisihatmeank3in sseiflatat { Bgwilh sehse filns wakshal

node ang t he f|UIdIC oscil|ator_12 is operating in
tia@%%r%fe reguencissifer \ihe (tlyidic, psgillatpraang ébmeasmgomearﬁn in

1{1&‘1@1& Y&l %forf 19wl d@&lg* QBnddf f&sgma'n?gf&ogg(ﬁilgpénsl Yhose

|ch he fl ¢ osci T 1At of I's operated in
ﬁré@xmﬁemal ampﬂdmdandot Ismbﬁmyl df dregmenty af arscilllitiom enable it

operated in its reverse no Under these
t6i bectefsrmitedsthah Q%@ﬁéwﬁalfw%ﬁ% If RPEAIng) B gy farvagd mode

SED B (EINOLIBIIIANGS Af obERASNG] 63,5k ABAo! | il Syin

ator an e sensi ng nean [ 'uidic oscil
itigntifibd asdeswhid flens e Imchosevdrkatiomn dtmcﬁ)sm Ithé dloivo nefrom

whose frequencies lLitudes, or stabili
Hghigtehely 1B Wgsc@i Fhea%rf%ﬁ%ml@tortl% & @ee@é@%ﬂﬁq it gpormal

G@é a'hgethg Jﬂhmézo ﬁh! rafyﬁs aﬁ?ﬂaf‘edoﬂggﬁtﬂeogrser}nb&é Ulnder

orwar and Ic oscitlato i'S opératl ni
thesee rcheumstienced hihe mﬂshng deedrsf mersaHlefteNelQS@vilill Q¥nse the
O her enbodi ments of the bi-directional fluidic
gl gange oy freniepips sipge dhg rflqw%ﬁswﬂ@tcgeaﬂétw pansing

Iﬂgénssxﬁnﬂt{tﬂlﬁhqggﬂfat§l{qel§ eWiI‘ia def?:?‘lgt s@H?e V\ﬁ Cgs @ n or

geonetry o ul di ¢ oscl ors d
axeiltdtipnsatvhore ioequdnties, exaplitugesnab|sealfilityi d)Iforequency of
oscillator 10 or 13 to have a_performnce. down

qsgitéation sHablecd {hahe fiﬁtﬁrmlee%stéﬁﬂ Ithe dﬂulélt‘orosqélatqwl@ is
q&%&%ngi& fb mu@’agé gﬁdfﬂlg‘ﬁ?ﬁc tRc Fat&B%%U{seng&%g in

or war | ows ererore no
rréoamtmcdavaﬂeﬁs wlnmaﬁteﬁed @s raversa flow.

Other embodiments of the bi-directional fluidic oscillator may be
envisaged in which the geometry is not symmetric about the central 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.
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return valve. Alternatively the geonetries may differ
to enabl e better discrimmnation of the forward and

wo eopsnsiged | ows. CLAIMS 1. A bi-directional fl ownet/6B2008/000797

conprising a first fluidic oscillator device arranged
to measure the flow of fluid in a first direction and
a second fluidic oscillatorldevice arranged to neasure
the flow of fluid in a sqgeaﬂvg%rection opposite to
the first direction and i | the two oscillators
devi ces are connected together in series between an

inlet port and an outlet port of the flowreter between
whi chAt Hi-diragitionab fhewmetesucetipesing | owWirs?. flfidc oscillator

-.directional flowret |chthet
Jeiitt | SFedoln BSTR He Sotiod i antesingirackbpnd o
Secoherifidiclbs@RhioRRNvidd SMIBREE] 1P Incas@eMnt Bbw2of fluid in a
which the first and second oscill ator devices are
segondi daectionl appopite sto de aflrpt utisddtion efdf irowiak sthgeswo

metrically r ect ed.about gn axi s whereby

OHARES SRR et o dmtotbd pEFaED ig Yobiee ETEARR ah oig ipre
e doromred o t’)ff\/tﬁl%Sﬁo(i:'n'iéi@lt iSeert whitd the flyid g9 be
bi-directional flowreter of claim1l or 2 in H
mgeswedidandlew. devi ces define an asymmetri cal
structure in which fluidic oscillator devices in
forward and reverse directions are capabl e of being
psed T b'Ileti&'thﬁalbﬂwaﬂett& 8f GIafufneI ‘?Htwlﬁ\éﬁrtﬂleltwo osc111ator
nmet eri ng performance for forward and reverse fl 5.
dehdces angi proyidednwithin @\mglelbody any preceding cI a| min
which the first and second oscill ator devices are
connect ed back to back such that the inlet side for
pne | Bhé %M%bﬁanﬁmwglét&l 6f chiifler (@ 4 h}? wiiBR ftﬁe f}'i@and

-di recti onal | ometer of any one of clains
Seﬂommocshlllah@f ﬂmrlses aredideetioaldarak comnlpaise rofoheplmht;abé flow

connect such that the out
passages %hat are symmetrlj?:ally ref?ected about an axis whereby the

performance of the oscillators is the same in both the forward and reverse

directions.

4. The bi-directional flowmeter of claim 1 or 2 in which the two
oscillator 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 different overall metering performance for

forward and reverse flows.

5. The bi-directional flowmeter of any preceding claim in which the
first and second oscillator devices are connected back to back such that

the inlet side for one is connected to the inlet side to the other
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side of one is connected to the inlet side of the
other. 7. The bi-directional flowreter of claim5 in

wabkioshiazke oscillator first encountered by theP€T/6B2@B/000797

fluid on passing through the flow neters acts as a
flow conditioner to the fluid flow prior to its
entering the other oscillatd. 8. The bi-directional

I di I which e
Geol T T0S 0L ool HERIROE: O Hotuont R ST ahdo £t i dhich
R RFQVAdde s@dnAUS RY atdlr mcésn@etﬁ@éﬂn\ée% e sdctﬁef}{ adlife Qﬂ‘uﬂet

oscillation of fluid fl ow ng through e oscillator at
$idaoff omkan copaected rig the inltet sideoafnthk "otiém ect i on, i . e.
fluid flowng fromits inlet to its outlet. 9. The
bi -directional flowreter of claim8 in which the

PEas UTREBILYi R BB HaICABRMES o £ BlaliM B! & Wh@c}?' ?ﬁbs ?_f]clll%r first
ultrasoni c sensor or a pressure Sensor.

¢ricodnteged ibynthe flpwwoie flaid @ucpﬁsslmlggthlrougi ﬂnemf]&vso m@ensnacts
whi ch each oscil | ator, devi.ce row des an out si gna
Phid cﬂOWa§°5‘gl%’é) Fiteuthe 3&%‘?&1 r%ﬂ’éﬁﬁylt%\r?d"/t an th8"Sther
Sdcabiihity of the frequency of oscillation that falls
within a different range when operating in its normal
direction (flow frominlet to outlet) than in the
ever I rect di rectignal _f| opwe

Ffe Bi-afieklifRilatwae g0t AT cePLag e b hich Sach
wcgm{se&ieaibeowﬁauaessIagﬁféasmméﬁg lﬁeﬂsagﬁhlbt'e%{ &f provide an
frequency of oscillation representing t ow IP
aipethsighelsindicdtive af the siteraneseilbdtido of)jdiknd ifbsying through

|itudes or stahility of, frequenc fog, he por nal
BRI pDleR] Mida b orhbiner e SPRRely UResgy Te. fluid
ﬂ‘b\bﬁig]“f 8BS RS ¢kt KRGS fRiesf r equenci es, anplitudes or
|

stability of frequency of oscillati onfor the reverse
operation, the two ranges not overl appi ng such t hat

he signals.fram h devi ces fan pe cogP%r and the
1 ow ot B frgﬁu?{s& ownieter o ciaim o in whic e measuremernt
means comprises an inductive sensor,an ultrasonic sensor or a pressure

Sensor..

10.  The bi-directional flowmeter according to claim 8 or 9 in which
each oscillator device provides an output signal which has an amplitude
and/or frequeﬁcy and/or stability of the frequency of oscillation that falls
within a different range when operating in its normal direction (flow from

inlet to outlet) than in the reverse direction.

11. The bi-directional flowmeter of any one of claims 8,9 or 10 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 flow rates and which lies within a second

range of frequencies, amplitudes or stability of frequency of oscillation
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unanbi guously determ ned. 12. The bi-directional
floweter of claim1ll in which the devices are

wa@eeoangges such that there is no oscillation foPCEGB2008/000797

devi ce operating in the reverse node. 13. The

bi -directional flowreter of any preceding claimin

whi ch the two devices are coedafigured such that any
reflection of fluid along the joining axis is such
forathe h@vqys@sm@r%aﬂmoﬁleabvwgngmnmh@rverldpmn@esm@l tloat the

reafer than.that. across.,a single.fl oscil | at or

% na ff éro %mhr gg}”lc%afal} eqan ngl pﬂg‘é’e‘a’irﬁ‘alon to be
gh@hBiduousty edesnrfdf | ui d| c osci |l ator device

conprises a reducer section which creates a jet of

f|UId feeding into a diffuser section which has first

f t d .
FReandor Rrdtred 5] Afumtielat, Sakd i i olER Hhe pyices are
hirafifeRUcH QN ghaval iSSnms%nla@nﬁlbm 2088vieé ddeatli®s in the
flowto be fed back to the exit of the reducer

sexsrsomode.

13.  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 oscillator.

14.  The bi-directional flowmeter of any preceding claim in which each
fluidic oscillator device comprises 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.



