Fluid Flow Meter This invention relates to fluid flow neters, such as axi al
fl ow nechanical fluid flow neters. By "nechanical"” we nean a flow neter

whi ch haswe 20mwvi2egyspart, the novenent of which is utili set/GRon/mFea@sur e of
the flow The noving part may be a rotor, the rotation of which is
proportional to the fluid flowr dﬂt %hrowlﬁgethe meter. The invention has
particul ar rel evance to precisi uieL Eloyy devi ces utilising inductive
sensing of the rotor novenent. The invention also relates to the
characteristics of the rotor, such as the buoyancy characteristics. Flow
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Preferahébuowdydharggﬁemgt.cgl owrate is less than the rated range of flow

rate of the fluid flow nmeter, but preferably, nore than 25% or 33% or 50%
r 1959 of said rated range. Pref erably, the flow conditions at the |eading

edge of Fibtiecorilifibnitlgaiteg ar e i nproved as conpared to not having a ring.
Preferably, under said Tange of operating conditions, the flow conditions
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sheg Ups%td ro%or whereln tﬁe rnc'\g is adapted to condition the fluid flow at the leading edge of

the rotor blade over a range of operating conditions. By providing a ring the accuracy

and flow measuring range may be improved as compared to the accuracy and flow

measuring range of an equivalent meter without a ring.

20 Preferably, said range of operating conditions is a range of flow rate. Preferably, said
range of flow rate is less than the rated range of flow rate of the fluid flow meter, but

preferably, more than 25% or 33% or 50% or 75% of said rated range.

Preferably, the flow conditions at the leading edge of the rotor blade are improved as

25 compared to not having a ring.

Preferably, under said range of operating conditions, the flow conditions are improved in

comparison with not providing a ring upstream of the rotor blade.

30 Preferably, under said range of operating conditions, the ring is adapted to smooth flow,
for example by breaking down larger scale vortices (e.g. in comparison to smaller scale

vorticity related to turbulent flow) shed upstream of the ring.

Preferably, under at least part of said range of operating conditions, the ring is adapted

35 toinduce substantially turbulent flow at the leading edge of the rotor blade.



Preferably, under at |east part of said range of operating conditions, the
ring is adapted to induce substantially turbulent flow at the | eadi ng edge
of the rovonotwadasPreferably, the radius of the ring i ecomB2iosde3n or der
to maximse the inprovenment in flow conditions at the | eading edge of the

rotor blade. Preferably, the radius of the ring is greater than the radius
of the rotor hub. Mire preferably, the radius of said ring is greater than
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radi us of the rotor hub by between 35% and 55% of the distance fromthe hub

of the rotor to the neans defining the flow path, preferably between 40%
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Pref er Zlﬂt‘&é QES/ ﬁ?éfﬂl '5195‘?18@ glty%}h ng fromthe rotor hub is optinised
to maximse the inprovenent in flow conditions at the |eading edge of the
rotaor bl ade. Preferably, the axial distance of the _ring fromthe rotor hub
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di stance of said ring fromsaid rotor hub is between 1.0 mm an nm

mor e prigdterrigiejaie bamaeni05e ant Mde, maermigleyally Ab¥e preferably 2.0 nm
Preferably, the | eading edge of the ring is thinner than the trailing edge
of the ring. Preferably, the | eading edge of the ring is tapered. Mre
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means defining the flow path, preferably between 70% and 80%, more preferably 75%.

Preferably, the ring is positioned centrally within said fluid flow path.

20 Preferably, the axial distance of the ring from the rotor hub is optimised to maximise the

improvement in flow conditions at the leading edge of the rotor blade.
Preferably, the axial distance of the ring from the rotor hub is between 10% and 30% of
the chord length of the ring, more preferably between 15% and 25%, yet more preferably

25  20%.

Preferably, the axial distance of said ring from said rotor hub is between 1.0 mm and 3.0

mm, more preferably between 1.5 mm and 2.5 mm, yet more preferably 2.0 mm.
30 Preferably, the leading edge of the ring is thinner than the trailing edge of the ring.

Preferably, the leading edge of the ring is tapered. More preferably, the leading edge of

the ring is sharp.



Preferably, the ring is further adapted to throttle the fluid flow at the
rotor blade. Preferably, the ring is further adapted to i nduce turbul ent

f | ow dowwonesm2edsst he rotor. More preferably, turbul entecirlaBroissossduced at
the exit of the flow neter. By inducing turbulent flow the pressure and
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rotor. rhgaekdum@.to a further aspect of the present invention, there |s
provi ded a nmet hod of substantially optimsing the accuracy and fl ow range
of a fluid flow neter, conprising: positioning a ring upstreamfrom and
adj acerpotdtanid. thesAEpYIct Hetird i Sidfoddiow path: and adjusting the
characteristics and position of said ring to substantially optim se the
accé@racy and flom1range Preferably, the characteristics conprise at |east
one of pRgBl e AU AP AL AAY 1b M EHBIRS pub B bile FBF fabigngth and the
ring's cross ape referably, e position conprisSes at |east

t he axi al dlstance fron1the rotor. Sensor assenbly According to a further

aspect t he present. inventi ere i s oVi dafludflo met r
conpr | SR AuoE T s Adptied Rariup SRRrh fow Yarsieamt ng el «
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at | east one |nduct| ve sensor; wherein said at | east one sensor

podPti dHwlendflawdhe PeessHe aflkead losses gerss e flaw medgrigay H%Iﬂ%qqcx‘?é sensors

t he re5|stance to rotation of the rotor is reduced, and therefore the life
of the flow neter is increased as it uses |ess power than a conventi onal
met er . Fﬂfﬁ&@ff@blmh@, rinchis furiber adeaeteddenirieadspagtiallyegieve theptreisiriaadipg Dn

i nduct iy 51 nsors. Mre preferably, said sensors are positioned

equi ang arl'y from each other about said shaft.Preferably, the rotor is
arranged so that the target does not cause any i nbal ance, and either that

can.be achi by, havi n Iuallt ftar uianularlya d/ or
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Prefer EéMbStanhBlEy bptirgieing meeacmsadyi anetdowrahe of hafidid dad- ifn@&& comprising:
positioning a ring upstream from, and adjacent to, a rotor within a fluid flow path; and
adjusting the characteristics and position of said ring to substantially optimise the

accuracy and flow range.

20
Preferably, the characteristics comprise at least one of: the ring radius, the ring
thickness, the ring chord length; and the ring’s cross-sectional shape.
Preferably, the position comprises at least the axial distance from the rotor.

25

Sensor assembly

According to a further aspect of the present invention, there is provided a fluid flow

meter, comprising: means for defining a fluid flow path; a rotor positioned in said fluid

flow path; an inductive target on the shaft of said rotor; and at least one inductive
30 sensor; wherein said at least one sensor is positioned adjacent said inductive target. By

utilising inductive sensors the resistance to rotation of the rotor is reduced, and therefore

the life of the flow meter is increased as it uses less power than a conventional meter.

Preferably, the flow meter comprises at least 2, preferably 3 inductive sensors. More

35 preferably, said sensors are positioned equiangularly from each other about said shaft.



Buoyancy bal anced rotor (including nethod of manufacturing sane) Accordi ng
to a yet further aspect of the present invention, there is provided a rotor
for a fl uwo2bioomazsmter that is neutrally buoyant and/ or pbalGBrombsadseut t he
axis of the rotor shaft. Preferably, the rotor is buoyancy bal anced. As
used herein, bal anced buoyancy preferably connotes a state whereby when an
object is placed in a fluid it remains static in any orientation. By

provi dimgferathiyiotaneorialaanegdd kettRat thaetanft Woas hoblaliée ahy mbamhes, aid | ow
rates can be inproved. In a particularly preferred enbodinment the rotor is
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with sa rotor. eferably, the rotor is stafi Iy anced. Preferably,
thedrotor is dynamically bal anced (preferably when in the fluid). The

i”Ve”ti%fe‘?ﬁ%lggﬂgit%rgefsogﬁgtﬂsc)giti{c)b&h‘#"gﬂ‘?ﬁ@Ehéf{‘&‘?&-‘f’a%ati ng the rotor as

af oresa rther aspect of the present invention
there is provided a nethod for manufacturing a bal anced buoyancy rotor for

a fluidflow neter, ¢ rising.,. rotati the rotor, preferably in the
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nass; aAstordihd & aa@dfutthedbspEdTRY itthg prsdiedlt IMERLGRG trdiid providddr £1@oafdr,  the
rotor i s,d¥nam' cally bal anced. The i1 nvention extends to a fluid flow nmeter
i nd8r pdiuid TRy RelestiBrt ivaneyterily Pucyant aae/or dstanged | apayt the @xtsaplyihe el

w th mypgkpl e 1 nductive targetsAccording to a yet further aspect of the

present invention there is provided a sensor assenbly for a fluid flow
meter, conprising: an inductive target wheel with a plurality of inductive
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meter at low rates can be improved. In a particularly preferred embodiment the rotor is
balanced such that it remains in any orientation when placed in the fluid. The rotor may

have balanced buoyancy in all 6 degrees of freedom associated with said rotor.

20  Preferably, the rotor is statically balanced. Preferably, the rotor is dynamically balanced

(preferably when in the fluid).
The invention extends to a fluid flow meter incorporating the rotor as aforesaid.

25  According to a still further aspect of the present invention there is provided a method for
manufacturing a balanced buoyancy rotor for a fluid flow meter, comprising: rotating the
rotor, preferably in the fluid; determining the correct position to either add mass or to
remove mass; and either adding or removing said mass accordingly.

30 Preferably, the rotor is dynamically balanced.

The invention extends to a fluid flow meter incorporating a rotor manufactured as

aforesaid.

35 Inductive target wheel with multiple inductive targets



nunber of inductive sensors. Preferably, the nunber of inductive targets on
the target wheel is 4, 8, 12 or nore. Preferably, the nunber of inductive
sensors iwoo10lines4gnventi on extends to a fluid fl ow net ecTigRorpBso@si ng t he
sensor assenbly as aforesaid. Apparat us and net hod features may be

i nterchanged as approprjate, and rav d i ndependent one of

anot herASANG eyl THBhesadha T PTERENt HVAHENGROTEAl> BEViSH! § 88788 of her
aspect Sas@farribhﬁfd ravmna rﬂ@w,me'@r aéammgarynl intiectRenhidgeainherl with 2pplLEdligubRr |

met hod aspects ma ied to apparatus aspects, and vice versa. The

i nvent |'6¢P%Vﬁltar86 EEB@G of MG hp WDWO@FO@%M@SW\? philyiéflavence to
t he acconpanyi ng dravu ngs, wherein: Figure 1 is a section through a
perspective view of a flow neter; Figure 2 is plan view of a flow neter,
anddi ndireteralgly a theussasorofisganally fsuétbeﬁ cagpdeesid etrality Ri)fgimudusti\@ sansog, 5
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sectio positi 'S a section
throughaflowneter at position C—C Flgure6|sadetalled view of a
regi st ection at ure ] etailed
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Fi gur esnnsdref defuativedgendoesvs of the sensor assenbly; Figure 9 is a graph
showi ng the performance of a neter with and without a flow ring; Figure 10
is19 graph showi ng the performance of a meter with varying flow ring

di amet qﬂ‘refé:élﬂyrtﬁe%rﬂb%r%f Fﬁ%@ctr\ﬁaotra?g%%‘bﬁtthé’fér@ét it td AW, 4 2fdrawprbhr ough a
flow neter; Figure 12 is a section through a flow neter utilising a worm

drive to output the rotation of the rotor; Figure 13 is a section through a

Flow masafe i) theiHithde? dF Hul¥f e &BFSis'® output the

15 The invention extends to a fluid flow meter incorporating the sensor assembly as

aforesaid.

Apparatus and method features may be interchanged as appropriate, and may be
provided independently one of another. Any feature in one aspect of the invention may
20 be applied to other aspects of the invention, in any appropriate combination. In

particular, method aspects may be applied to apparatus aspects, and vice versa.

The invention will be described, merely by way of example, with reference to the
accompanying drawings, wherein:

25
Figure 1 is a section through a perspective view of a flow meter;
Figure 2 is plan view of a flow meter, and indicates a number of cross sections detailed
in Figures 3,4 and 5
Figure 3 is a section through a flow meter, at position A-A;

30  Figure 4 is a section through a flow meter, at position B-B;
Figure 5 is a section through a flow meter, at position C-C;
Figure 6 is a detailed view of a register connection at point E as shown in Figure 4;
Figure 7 is a detailed view of a part of the sensor assembly at point D as shown in
Figure 4;

35  Figures 8 are detailed views of the sensor assembly;



rotation of the rotor; Figures 14 are various rotor targets; and Figure 15
shows a cut-away of a flow nmeter utilising inductive targets with nmultiple
i nduct i vewbangeiss4sReferring to Figure 1, the section t rcowsotonsodssow
nmeter shows the various features that conprise the flow nmeter 100.
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housed t he neter neasuring asse insert 108. The neter measuring

assenbl §joRsr 6 al@%Dcf%rﬁﬁ%t@BoraOF V)‘Pd‘ﬂu'ﬁlfb)w freughsa flowdReifbl y 112, a flow
condi t1rapiror2isascllibn ttofigh 80 eRlr ¢hRkikg BSuAIASE clibUAR 1 sa5@oend

piece (the tail) 8 for l'ocating the rotor using bearings (for exanple,
neeél e thesetorigs), and various ribs 119 for mai nt aining the first and second

end pi g4 &re"‘ﬁi%gé 2y &?zﬁloﬂ‘aﬁgw@ng %ty uf‘rl%?‘n clivd %%8&?% 8?(?@@&@ gr

pi eces a € ri uch he Totor axis an
axi s arretatlonraxﬁtrdaemcal The rotor corrprl ses a shaft a rotor hub and rotor

bl ades. I:The rat or hub is. s nt| glly t he sane di arret er as the end pieces.
The out'dPUESd; ﬁeyaaouw&r iron or another simlar material, is

provi defgire @5 rshioge @fcuf>taa/a9|acsfda diowe Asdton atitkthg Hiuctive t&Qetsl Whth rﬂaah‘niple150,
200, 250 and 300mm (equival ent to the connecting pipe size). However, the

i nd8rt Méeetive EE- provided in three different sizes. In order for the
insert to be useable over the entire range the inlet and outlet of the
outer housing varies from bei nghdl ver gent/ convergent sections (as shown in

Fi gur e Refermadediatrgdntheisadiogdhtougbdhe Bew metar §fmwés theswasiogs feaipstthein of
the fl y n o] 112
conpri ?e&%’sgﬁ@gﬂ\?e”%ﬁ%;é%@body@Eﬁééggﬁeﬁﬁn@d @q%dh%@?\s;azgg%yngor S
around throeighottor shaft at approxi nat el y 120 interval s. The ASIC
sl ication specific integrated circuit) used to condition the sensor
8 prior to
The flow meter 100 comprises an outer casing 102 that has a flanged inlet connection

104 and a flanged outlet connection 106. Within the outer casing 102 is housed the
meter measuring assembly insert 108. The meter measuring assembly insert 108
comprises a rotor 110, a sensor assembly 112, a flow conditioning ring 114, a first end
20 piece (the nose) 116 and a second end piece (the tail) 118 for locating the rotor using
bearings (for example, needle bearings), and various ribs 119 for maintaining the first
and second end pieces within the measuring assembly 108. The first and second end
pieces are held by the ribs such that the rotor axis and the flow meter axis are
coincidental. The rotor comprises a shaft, a rotor hub and rotor blades. The rotor hub is

25 substantially the same diameter as the end pieces.

The outer casing 102, made from cast iron or another similar material, is provided in a
range of standard dimensions 40, 50, 65, 80, 100, 125, 150, 200, 250 and 300mm
(equivalent to the connecting pipe size). However, the insert 108 is only provided in
30 three different sizes. In order for the insert to be useable over the entire range the inlet
and outlet of the outer housing varies from being divergent/convergent sections (as
shown in Figure 1) to convergent/divergent sections. In some cases a proportion of the

fluid flow may by-pass the measuring element.



sending it to the register is positioned in close proximty to the sensors.
The ASIC is positioned in close proximty so that the degradation in signal
fromthe wensmwy®2348 nm ni m sed, and hence the power requipCeraB10/Goseaduced.

The ASIC also contains the calibration data for the sensor assenbly, and so

the register can be anged at an nt g., if it be
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Thi s effectlvel reduces t he angul ar separati on between the sensors from

120 t o (BBPligEon ffé?leéf i6r @tqgﬁ%ﬁegag'&“'tt) Hesedelfsiconditiey Be sensopvaagnal | PricEnor
assenblééndﬁ% @tcﬁ Hd ReJistet [LhEaidnes: .nea@éb BRIxirfity t&%éiﬁ%ée%@&s@&

conprise 1, nmore sensors. The signal wres fromthe ASIC extend
thr 5ugrpqsﬁenbdd9 dose soximity 030 Myielimsl gegradatiauin signehdronettee sepgeisnip

£ ougi b NGkAP Bl nERS: BENB8NoARRENBUAL el By SHAIGIN 88 Bpeiiohied 1

the to € Sensor asse Fovide a sé € sensor
assenblo,allmiaﬁoprctata tiorethet Mrtmgrasaerpbslsandescptm edl6r am bescfm@eddatwiyng a
radi al seal, s th‘?as an o-ring or the like. A flange, or diaphragm is

ar r angdtf”' r%‘@nﬁ' &GS g sensor assembly so that the pressure plate

| ocates the sensor assenbl y In place, and so that the fluid pressure within
t he housi ng acts on the flange/ di aphragmto maintain the seal between the

pr d8surrlt %W‘%Ftvé'yaﬁﬂe {SRES Qe ATTHMRK §é’ﬁ{ﬂ'r§/5 W SelsHPbhre dneive sansarse tile

target GRANCE6t RomBtheloth& éloﬁé ithe a%idHfRAS IrbloPNEHiREMNGel2BdliGeL#He Of
the rotor shaft. In order to balance the rotor another netal foil strip 128

i s posiangoiedesaratien hejween dhasensnis fiam Jgpo& 68° enddherefaradneraasss ﬁwd on
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strip positioned rotationa speed
and di rseosorsrcanf cany@risedt, @ orgaoretsendetser m ned. Usi ng an i nductive sensor

i ngeases operational flow range and the accuracy of the flow neter as
coﬁéared to a mechanical or nagnetic neans for determ ning the rotational
speed ofhd Signalolipgs froethePRSED egieal thicdwhrte gRdars the Gehssryastetbly)cireglased

as the out of the meter housing through the top of the sensor assembly 112; the signal wires
are potted in the top of the sensor assembly to provide a seal. The top of the sensor
assembly 112 protrudes through a pressure plate 120 and is sealed using a radial seal,

20 such as an o-ring or the like. A flange, or diaphragm, is arranged around the top of the
sensor assembly so that the pressure plate locates the sensor assembly in place, and so

that the fluid pressure within the housing acts on the flange/diaphragm to maintain the

seal between the pressure plate and the sensor assembly.

25 The rotor 110 has an inductive target comprising a metal foil strip 126 positioned around
120° to 220° of the rotor shaft. In order to balance the rotor another metal foil strip 128
is positioned on the rotor shaft on the opposite side of the rotor and on the opposite side
of the shaft. By using three inductive sensors and a strip positioned around 120° to 220°
of the shaft, both the rotational speed and direction of the rotor can be determined.

30 Using an inductive sensor increases operational flow range and the accuracy of the flow
meter as compared to a mechanical or magnetic means for determining the rotational
speed of the rotor. The operational flow range and accuracy are increased as the
majority of the losses are due to back EMF, and these are very low relative to the losses
in an equivalent meter using mechanical or magnetic means for determining the

35 rotational speed of the rotor.



majority of the |osses are due to back EMF, and these are very low rel ative
to the losses in an equival ent neter using nmechanical or magnetic neans for
det er m niwg 20fver2emsat i onal speed of the rotor. The netal ptwidB2siwispe3ar e

| ocated on the shaft of the rotor, as opposed to the end face of the rotor
body, because the distance between the sensor and the netal foil is
critical for stable sensing and therefore accuracy. The rotor rotates on

bear i ngehd inetal @XPSEADPS ahs RBERIDERTHNEH Bt artﬁewtoha@s epsbsklaatihe BAYFadtsémy a
metal foil on the end face of the rotor would lead to a variable di stance
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rot or, anot terna y, a rrec ani cal system
such as a wormdrive, can be utilised to neasure the rotation of the rotor.
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flow volunme, and is protected fromthe environment by a cover or shroud.
The r otroaterigl. arranged to be neutrally buoyant, when in the nmeasuring fluid
such as water, and furthernore have bal anced buoyancy in all 6 degrees of
freedom The rotor is arranged to have both static bal ance and pref erably
dynam Alteahatively, asmathanitel| systsen.baiohgasvaemomdrivatam bs utibsed tst etsiangre i .
uring fl ui d

r ot in.,in any.pgsition n placed.in t
nd Say ki Slatinn BF B fphlo Pl 884e o docleile PraBetc f MeCusME diouPhc i ng
the foruss@a t@&emﬁeﬁﬂtlﬁmombat ofcthe iwdp@adrivieds tl@é edigest ant at constant fluid
flow. This
The measuring assembly and pressure plate are arranged to be a removable insert that
is capable of being retro-fitted into existing infrastructure, e.g. to replace an existing

20  mechanical measuring assembly.

A register 124 is provided above the pressure plate 120 to record the rotation of the rotor

and hence the flow volume, and is protected from the environment by a cover or shroud.

25 The rotor is arranged to be neutrally buoyant, when in the measuring fluid such as water,
and furthermore have balanced buoyancy in all 6 degrees of freedom. The rotor is
arranged to have both static balance and preferably dynamic balance; static balance
being when the rotor is not rotating, i.e. the rotor will remain in any position when placed
in the measuring fluid, and dynamic balance being when the rotor is rotating, i.e. when

30 rotating the forces exerted on the rotor bearings are constant at constant fluid flow. This
enables the meter to operate over a very large range of flow rates (for example, from the
equivalent of 1.5 rpm to 4000 rpm), with appropriate accuracy throughout the entire
range. The geometry of the rotor core is designed to enable the neutral buoyancy, and
the core is made from a different material to that of the rotor. The neutral buoyancy and

35 balanced buoyancy is desirable at low flow rates to enable the rotor to rotate at a



enabl es the neter to operate over a very large range of flow rates (for
exanple, fromthe equivalent of 1.5 rpmto 4000 rpm), wth appropriate
accuracy wbnouwghess the entire range. The geonetry of treTIaH2010/060668 i S
designed to enabl e the neutral buoyancy, and the core is nade from a

di fferent rial .to that of the.rotor utr buoyanc al anced
buoy ancPPBIRICSPEShi rokder o PRt b Sy BEI T RAENSeTned & BPSiasTs ot S a
aconsi FientatsPineddeouidrdwveie rotor i s dynam cal ly bal anced, and is
desirable at high flowrates in order to reduce wear. In order to

conpensate for any defects in the noulding process the rotor is bal anced
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the correct position to eit mass, e.Jg. steel pins (heat staked
i nt & t rafter manufécie, e ptpceeasrmﬂ@lweatr@ta‘tlag th@ rojor wm@r@tamwoind thgicetrect n
order t nt. al | . Y. n view
of 't e T amorifiel gBY 2R o iR nE TR saleeP i e RN L RE,

Each i mdmoae edaterial ss.gewheon awoitl déstsliisardsetb inmaintainail substantially telqual
reference to the respective acconpanying figures. Referring to Figure 3,
showi nd®8&¢¥-i on A-A (a similar cross-sectional viewto that shown in Figure
1) , additional details can be seen. The radial seal 300, as descri bed
abaove, can be seen sealing the top of the sensor assenbly with the pressure

pl dPe. MigUgRIshOWHa Rlan ylew ?fgthﬁrﬂot"h@ewlé@om pdisakes BEshCesBPPaig A

addi ti onag-g5 Al i . bewkanditaRdf dra8g8s&icaPRiasindRldsadint BStalRISW AP at e.
Furthermore, an o-ring or the like 306 is used to seal the pressure plate

to the r@fﬁr@mcec@éhﬁgesplecmﬁ ageompeayesiosnres-308 and 310 are used to connect

the outer casing to the external piping. The pressure plate and neasuring

assenbly are connected together, to formthe insert, using bolt 312. This

enabl eRdaging tndagurech sdnbwtrfgesemon A-At(a alméarmjoss-sera@nagwewrte toairshewtnor 314
sed t co he s

fr afi ¢ i Flae T ot dERaRLeAEET BRpH g e MR §PaR A0 Rodrigbebel B
the sedjantie yeavedetingems tapudfane Ts@néchaatsséhibwlthh the pressure plate. In addition,
an o-ring or the like 302 can be seen providing additional sealing between the
flange/diaphragm 304 and the pressure plate. Furthermore, an o-ring or the like 306 is
used to seal the pressure plate to the outer casing. Finally, the gaskets 308 and 310 are

20 used to connect the outer casing to the external piping.

The pressure plate and measuring assembly are connected together, to form the insert,

using bolt 312. This enables easy insertion of the unit into the outer casing.

25 The connector 314 is used to connect the sensor assembly to the register so that the

output from the ASIC may be recorded.

Referring to Figure 4, showing section B-B, the section view perpendicular to that shown
in Figures 1 and 2 can be seen. In addition, two detailed views D and E are indicated,
30 and these detailed views are shown in Figures 5, and 6 and 7 respectively. The register
124 is shown in addition to the shroud 400 covering the register display. In addition, the

bolt 402 securing the register to the pressure plate is also shown.

As described above, the sensor assembly 112 is in the form of a horseshoe and is

35 located around the rotor shaft. This enables the sensor assembly to be inserted around



in Figures 1 and 2 can be seen. In addition, two detailed views D and E are
i ndi cated, and these detailed views are shown in Figures 5, and 6 and 7
respect i webyoiofinessgsegi ster 124 is shown in addition to trhecawmuds60
covering the register display. In addition, the bolt 402 securing the

regi st to the pressure plate al so sho As descri bed abov

Censor e it ass e B o Rnd TS SRS el BSes B Ve Ddhd t he
rotor shgfdamdddss Asa ﬂxswtcbﬁduﬁelﬁlﬁgrrun35§@@bwbtwrdqaure@wek@dd%rr@&mme
rotor shaft easily durlng manuf acture, and i f needs be when the neter |s in

situ, iendre periphery of fagrigiupatimihe sRNSOT GRFLBAYI RAUSINORPTAIRY ai RO PEFhgn
[ equi T el An@thERIbATRHTLEINERhGhdef i€ ibHefinbhRe The pRY *és%@ﬁqbﬁﬁnsor

assenbl y "housing contains a portion of the ring, and therefore conplé€
theorinP8ahen it is inserted into the neasuring asserrbly 108.
Alternatively, the sensor assenbly is in the formof an annular ring

| ocated around the rotor shaft, and this alternative provides additional
space tAltdroatavely, tine sersdrassesehsisris .thédormerbaplaanutanirbigrieyatbe areund thed in
relative | 1 The fl ow condj.tionin 14, descri bed above,
can be TSIk TR o T SamELHs BRI PhPTI s PeTEaba Baor SIS by
var i ousFdridxampitd thid heayysireediream idtvesasnarinetgs.on the ring can be

si qni ficant and so a substantial nunber of ribs are required. In addition

ocating the ring, the ribs (or spokes) act to straighten the fluid

f | ow. R hbRIcEditforiry (Piﬂgd*l 14,080edchBed | dief lcaw Refs@el ihNgethil. OVrhdmioRges on
the rotor. In addition, e ring acts to reduce the thrust [oading on the

rot or dlsnnriﬁlgnwggrmgfls twatest iaplane f@yé@rtqusglusw%rﬁpsfwdéomc faices aetingof t he
rotor. ke
traili ng eéar hﬂghda% Bg%g@rﬁflfc%ﬂ% hgaggecggc%u 1on o'fall %ﬁﬁ{ubs%? Cﬁqﬂ% gjegutg de of
t he ri ragjdnt@nptaﬂ@datleg thé rlhgtthe riblsqar ﬁmNes) atigorstragghiten tb‘@sﬂuld ﬂmd The ringat it
Ioca d, just,.u r h and has a.radius ter an the
2B B I EHBRRR TR R BAGet Heane R pdaof WSty BisEREh: kB3R (he
ring i saotsle@lrégudeothat &mlushelbwﬁ@ dHthearsto6aleing highe flolv Staasc By foFedtinghiewhub of
the rotor to the t| egtge bl ades (since the rotor blades are sized to

j ust fﬁtre%ﬁLtrﬁ@FPacsHB P Pioe

The ring is chamfered from a thinner leading edge to a thicker trailing edge which aids in

20  the reduction of thrust loading. The outside of the ring is parallel with the flow path.

The ring is positioned so that it is located just upstream of the rotor, and has a radius
greater than the radius of the rotor hub. In order to condition the flow appropriately the
ring is ideally located between 40% and 60% of the distance from the hub of the rotor to
25 the tip of the blades (since the rotor blades are sized to just fit within the bore of the
measuring element, the position of the flow ring can also be defined using the radius of
the element bore, and will result in similar ratios), preferably between 45% and 55%,

more preferably 53%.
30 Axially, the ring is located between 1.0 mm and 3.0 mm, preferably between 1.5 mm and
2.5 mm, more preferably 2.0 mm from the rotor blade. This provides the optimal flow

conditioning while allowing any small debris to pass through the meter.

The chord length of the ring (with respect to the flow direction) is approximately 10 to 20

35 mm, perhaps 10 or 12 to 15 mm. A substantially narrower ring does not provide
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measuring elenment, the position of the flowring can also be defined using
the radius of the elenment bore, and will result in simlar ratios),

pr ef er ablwohketmeesns45% and 55% nore preferably 53% AxipalrigB2otonsosssng i s
| ocat ed between 1.0 nmand 3.0 nm preferably between 1.5 mmand 2.5 nm

Condi L 1eEHER e coaMhinobhdjs iRt BLARRurCS Bb0 i Sthetetidy widsr ' The

chord |rﬁ‘f@§ﬁl§b 8bed A6t ddedialely EdhditeBetlovo the flow direction) is
approximately 10 to 20 nm perhaps 10 or 12 to 15 mm A substantially

narrower ring does not provideadequate flow conditioning, and is difficult

to manyfapherg, th\éﬁHngsf%je%%%H%tdpﬂHué{e Wetfiw bﬁlﬂtl&4§%nQQﬁéref6?E ASGHLRL el Y
condition the flow In general, the rin te5| gnhed to optimse the flow
%@Nmﬂ

conéi tutba@,erfamlartdeem@teemniﬁpmpgéedw eraviidieout mptogw eorshiiondtgneg-ed t o
a flow nmeter without a flow conditioning ring. A vortex is shed fromthe
divergent inlet section of the outer casing that reduces the accuracy of
t he netAewortéx iid shed fimm she takergent amdi sedivadof theeoutemgasieg shdtaebdueskthep t he

vor o A00c2S BERY 5% BTTEN oL SOREARE SHOPHATHEL Lol B Bl

a substwaitek @inbysouprolidesaf hesnoiee prédirings eubdtbagtaly nifersh fiew Genthd iaers are
improved such that the performance, in ternms of accuracy and precision, is

nﬁpovéﬂad%‘évqra?naén'ﬁf?a'ﬁﬂéf‘% Phdowgatest i Bherodising 9 substpytialy gifean deW wher e

t he ringeRGhs rb®r @ia%%%ut% fldW @bh&iBEnd BRe WRPASEd istich @RSt tHaaPerkdimanab e range
of flowrate of the fluid flow neter, but nore than 25% or 33% or 50% or

75% of tees phacsyracyrans. pragigion; @n@nprgwedor al ternatively, under at |east some
of the range of operating conditions (which range may or may not overl ap
with the range over which the vortex shedding is interrupted), the ring may
trip thend camgrenf dpemtohgf damditions pspeaifimally flowf ratesgd wheoavthe Hiog aptsotoi lhealy a

sufst anti.a or edge of  t tor bI ades Thus
nd3: i Blarel Mg P tsdhat s B e 20 an st ek T nel Biets; ol
sensor radiettiin 5% bra38 % af 60 9Byr 75% aff treniatgd ranlge. gr aph t he I [ nearl zation
process is easier, and so a nore
Additionally, or alternatively, under at least some of the range of operating conditions
(which range may or may not overlap with the range over which the vortex shedding is
20 interrupted), the ring may trip the laminar fluid flow into turbulent fluid flow, thus providing

a substantially uniform flow at the leading edge of the rotor blades.

Thus, the ring can be optimized to “flatten” the graph of the non-corrected sensor output
vs flow rate. By “flattening” the graph the linearization process is easier, and so a more

25 accurate meter is produced over a wider range of flow rates.

Referring to Figure 5, showing detail D as indicated in Figure 4, the radial seal 300 (an
o-ring) can be seen. The potting compound 500 is used to seal the connector 502 from
the sensor assembly ASIC and the connector 504 to the register within the top of the

30  sensor assembly.

Referring to Figures 6 and 7, showing detail E as indicated in Figure 4, the bolt 402 and
washer 600 is used to connect the register to the pressure plate. The bayonet fitting 700
is also used in the connection of the register to the pressure plate.

35
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accurate nmeter is produced over a wider range of flowrates. Referring to
Figure 5, showing detail D as indicated in Figure 4, the radial seal 300
(an o-ri ngp 20em2bmsseen. The potting conpound 500 i s usedTieB28s@lsodeie

connect or 502 fromthe sensor asserrbly ASI C and the connector 504 to the

reglste hi n t e top of the se or asse Referring to ur 6 and

7o s houP e dr pr EediSlr imsk BE aiefn o STAER. Tercistinc B B RSHRe 600
i's Usedefr@tél%mﬁﬁj ik dr 60brSiheddditont tdea IR)'dé$§l$b%beabemeamﬁné3ﬂY@th@¥ tHant t i ng
700 is also used In the connectjon of the register to the pressure

pl at e. QPROYGdigRIaYs Instaitanequshigy miherdaan tqt@'rﬂ%arhtsg@t%@ytwtwhﬁ Gag
tel em?ttfé/pr%(nd%'?&"prb&é@%.t@onrtr%ﬁgﬂ)@&ah&ﬁ ead of or in addition to a | ocal

di splay, or a nechanical rather than el ectronic display. |Instantaneous flow
rather than total flow (integrated) outputs also can be provided for

pr ocesqzlgj%%rg)ﬁcgp%m xah Q03¢ 1dl BHBP a? %ﬁgwaﬂg' eﬁzgﬁéfste%?é Qﬁ—gﬁ%ﬂﬁ%t

assenbl'y oe "arrangenen OW ri ng
802 at t&thed the pdreobthesiow dsg 80B|aftaahed shthenseriBoe asserelelyiane showne Tensor s

804 ar g sho OSI tioned 0 _about the hors & r assenply. ures 9
and 10 i MOHERE EETS BAnRRURIAN PREUPNSt FEon g Oart 6 ORESPBeBaTh. as
can be ®eemblyn Figure 9, the accuracy of the neter is inproved throughout

the majority of the operating envel ope (indicated by the dashed box).
Fi d@re 10 shows the optimsation of the flowring dianeter for a specific

S0MM netiglires ABark N0 RBORARE difaet Hahtigking!tRE ABWATRS ®lthih Ahe HBG REIFMAL| @ et er
is approximately 111% of the rotor hub dianmeter.” Figures 11 show a CFD

r epr esdi@ sganon Fegure e the aedutacy @ihe mezi@rgﬁ impeoved dhvoreheyt thg majerity ohihehout

the fl erétn% erﬁb\‘z?el i rlﬂﬁceﬁgﬁrﬁg the %E%V%A‘b he\:lée% fb gﬁ&v\é h‘%s?ﬁﬁﬁgaﬁ&{&l tled

at the rotor I'S'S uctronint ow velocity
i n thisharfesy rlhg &dmeterofnr a hpeaiid GONtny metef.i | As @aprbe Iseen gherbdileading s
seen .in area

culS: anir Pl g BmaRnSfuk s Eeglfnalell 1 P o iRt FaliBierne
turbulent flow induced in this area will reduce the total |osses (pressure
and heaf-gl%ures 11 show a CFD representation of the liquid flow through the flow meter with and
without the flow ring. As can be seen in area A, the fluid flow has been throttled at the
rotor by the ring, this is shown as a reduction in the flow velocity in this area. In addition,
20  the velocity profile over the rotor blade is more uniform. As can be seen in area B, the
velocity profile is substantially flattened, which is evidence of a turbulent flow; the
turbulent flow induced in this area will reduce the total losses (pressure and head)

across the flow meter.

25  Figure 12 shows the flow meter using a worm drive to output the rotational speed of the
rotor. The measuring element 1200 houses the rotor 1202 located by the upstream rotor
support 1204 and the downstream rotor support 1206. The spindle assembly is adapted
to output the rotor rotational speed using a worm drive to the dry-side of the meter via
the diaphragm plug 1210, and is sealed by the o-ring 1212. A calibration vane is

30 indicated by 1214. The flow ring 1216, as described above, is adapted to improve the

accuracy of the flow meter.
Figure 13 shows an alternative view of the flow meter utilising inductive sensors to

measure the rotational speed of the rotor 1300. The rotor 1300 is located by the

35  upstream rotor support 1302.
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across the flow neter. Figure 12 shows the flow neter using a wormdrive to
output the rotational speed of the rotor. The neasuring el enent 1200 houses
t he rot orwd208/12exi8t ed by the upstreamrotor support 12@4¢TABR10MS0663
downstream rotor support 1206. The spindle assenbly is adapted to output
the rotor rotational speed using a wormdrive to the dry-side of the neter
via the diaphragm plug 1210, and is sealed by the o-ring 1212. A

cal i br tig@as Vianshdve varstions i thduttive iftgetThBedls a0 i d2@h A tbmuaplcdraastveed
above, is adapted to inprove the accuracy of the flow neter. Figure 13

shows dAr9sts el ARINAkEtive OIS, InHOYNSHRmUtBranuINdLPengPISRE ABEVRIY 8RS s to
Teasur utliSed Ikt AN metBRRaCh o Retbir06rab P endtlE drobiBEtrdniOBuiptr] ot ed

I
by the upstreamrotor support 1302. Figures show variations of inductive
t ar §et eMaswle ofl Aot 2 Hew Mgtenisraiownph & igurd i Mhera thegrenyentivnal meghanicele
t ar get -i oY I 1 i I - |y Ly sed
o ret rdriy AT bR afb g Py TEH LN, REISELBRIBP0 JrERatp: Uhke!
out put .1480 esamMuiltpleinductve darpewhabbesr sessexhbyihé indtictjue sebSorswhedy2eoft he

conventi,anal, nechani cal reqgis uni t  has n.r .aced b n i nductjve
Co0l ot R BRinTE SR SR oobnSd Tonurd ARRnATES MRS Brant COmARBERIC <
that are sEeis athuayivé hergendsiattilisit, SENSOISS ik 2hef revblugdn tdiahe @itputt hisse

posi tioned 120 aPart .around the inductive target. Conventionally a single

i ndlct in@V'E’%EQQEW tinke (pquctivedargsts theyreselpiion dS tingrepgrd|intRrepCEPN t iRethbut put .

By proviuiig dndrhbRl BN dusidvee, thamliiser bhRdUBRR! 1kdd8 used INFhieapBHtHen
proportion to the nunber of targets used. However, the nunmber of inductive

t ar get Sigrvetgrios the targed avheg!, talseeaghanduciive targehmusishe lergepeeugh teprevds a

| nduct ?c%%sfsf’efrﬂ%fg_ng}’iﬁttggﬁ}d[u%ﬁ\%es%%ﬂgi?w éd’ditﬁ’@?;@nr%ﬁcufslirfpg@%%tcﬁ\% sﬁ%’?@{hei n the

i nductive senso on, en usi ng Sensors nunber of
t ar get snumisdr ofotardsds anumil| rtat gleea ahulBplesdndesinece withhihss numiber obftargatsgtites t he
directi pn of the target eel cayl d .npt determ ped. | ncreasing the
unBer | BRofn i inbalig BhEs,p80H, Rt Bh BEefThEH Wt erg PEIEE S ce. of
t he netiedudiive thets BRAUIBEIcABes the daw flonaidie Pefdrraned ofrthiatridig duelho ef t he

ear-trai,n.
g reduction in gear-train drag by eliminating much of the gear-train.

The target wheel can be installed on a flow meter in situ, and thus any existing meter

20  with a spindle output can be upgraded to an inductive output.

Each feature disclosed in this specification (which term includes the claims) and/or
shown in the drawings may be incorporated in the invention independently of other
disclosed and/or illustrated features. In particular but without limitation the features of
25 any of the claims dependent from a particular independent claim may be introduced into

that independent claim in any combination.
It is of course to be understood that the invention is not intended to be restricted to the

details of the above embodiments which are described by way of example only, and

30  modifications of detail can be made within the scope of the invention.
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The target wheel can be installed on a flow neter in situ, and thus any
existing neter with a spindle output can be upgraded to an inductive

out put. Bxohofoeabaase di scl osed in this specification (werctlcReromsoess! udes
the clains) and/or shown in the drawi ngs nay be incorporated in the

i nvention independently of other disclosed and/or illustrated features. In
particular but without limtation the features of any of the clains
dependegiwithgom a particul ar i ndependent claimmy be introduced into that

i ndependent claimin any conbination. is of course to be understood that
the i nventi dhflyid 'ﬁlﬂ’thW’eﬁ"ﬂﬂ%‘é{'sﬂQQ lﬁrée%sfp? defindrg & Juidhiiowyeaty PSOSF Wikatabove

enbodi ment s I%‘é@b%eaﬁlé‘déj%%%ftlbﬁ ﬁ rpé’al&@lﬁlooﬁovﬁﬁéfﬁpbﬁd ANng pé’é"t%rfé‘%%ﬁs‘tr%éﬁ]‘ ons

of detail ca e made within the scope of e I nvention. d al ns A fl
fl ow neter, feonmnidsadigcenitarsaid mtord@merﬁlmn@earlmg (i atlaptesivopeantition theluid, vvlth

at least ongfl ade, QPR SAREH 10 S8 BabbWh £ WP o A Bkl

posi ti oned upstream he ring is
adapted to condition the fluid flow at the | eadi ng edge of the r ot or bI ade
over a fang erating con .2, Afluid flow.meter gccardin
daim& é“fgi“r‘? G MG IgAF©r 886?@3'{%% WBPE%%? 8&9&%&8?%@3&8 '2Prq e

| eadi ng edgdioaf c@dtﬁndr@talrthbl|@@tﬂn@\eegea)fnn@g@toabla@@%\@rlm@r@@nﬁldpe@atmg 3. A
fluid flow nmeter, according to Claiml1l or 2, wherein said range of operating
condi tions i®NditiPAige of flow rates. 4. A fluid flow meter accordi ng to
Claim 3, wherein said range of flowrate is less than the rated range of
flowrate of the fluid flow neter, but preferably, nore than 25% or 33% or
50% or 5% ok flyigi Bow aneler eaaerdingsto Rlaimui dri2, dmher@tnesalécr@ag@hqig)ne@atmga| m 2,

3 or 4 when Cq)ﬁ%pﬁggta gcﬁlf% y(\_ger ein, under said range of operating

condi tions, oW conditl one are |rrproved in conparison wth not
providing a ring upstreamof the rotor blade. 6. Afluid flow neter

aCCOI’dI‘{Ig t9 ﬂn% ﬁ)(;w tmhe 5800065 mgqocclilalm w e?erlr?'sald lrjarh%%rofsf?w rate is less
than the rated range of flow rate of the fluid flow meter, but preferably, more than
25% or 33% or 50% or 75% of said rated range.

5. A fluid flow meter according to Claim 2, 3 or 4 when dependent on Claim 2
wherein, under said range of operating conditions, the flow conditions are

improved in comparison with not providing a ring upstream of the rotor blade.

6. A fluid flow meter according to any of the preceding claims, wherein, under said

range of operating conditions, the ring is adapted to smooth flow.

7. A fluid flow meter according to any of the preceding claims, wherein, under at
least part of said range of operating conditions, the ring is adapted to induce

substantially turbulent flow at the leading edge of the rotor blade.
8. A fluid flow meter according to any of the preceding claims, wherein the radius of
the ring is optimised in order to maximise the improvement in flow conditions at

the leading edge of the rotor blade.

9. A fluid flow meter according to any of the preceding claims, wherein the radius of

the ring is greater than the radius of the rotor hub.
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range of operating conditions, the ring is adapted to snooth flow. 7. A
fluid flow neter according to any of the precedi ng clains, wherein, under
at | east weanvioR2zai d range of operating conditions, thecrigrroicgseaapted to
i nduce substantially turbulent flow at the | eading edge of the rotor bl ade.
8. Afluid flow neter according to any of the preceding clains, wherein the
radius of the ring is optimsed in order to nmaxi m se the inprovenent in

fl ow comdi tipnsidaowt h@tér%@bmgedg@a% d, km]errah Qlﬁe béoﬁ@@of Said Aingliglgebdtérow

meter according to any of the preceding cl ein the radius_of the
ring is gredd@p ”iehéﬁﬁj“fsh@f thedioty hyso ?Yl@em%‘r“%(?tﬁ%bmﬁ ¢f| the Hlistprse freter

accor di ng tQth@erfgthe"P'Bt%"rQ%'&mé hg dfigé/%garﬁ% g?éfé#ablynlgetw%eﬁr@% Shdtdwep the
0

radi us of the rotor et ween % of t'he distance fromthe hub
of the rotormere nrﬁf@rablp%éa the bl ades, preferably between 45% and 55% nore
preferably 53% 11. A fluid flow nmeter according to any of the preceding
clains, wherein the radius of the ring is greater than the radius of the
rotor hub byA ﬂlﬂidvﬁkemnmaféyoa@nddﬁ@/to(ﬁnwd)fehdipsecmdtr@ d’:laims Wh’erdsiutbhe)facﬁlhueofr ot or

to the nean deflnln t.he, f referab 40% and 50%

pref erably j'% 94 1ngJS gpeqer| h&nq}l‘v‘a @H%@E”&%%%“% ’hgéf ggé‘? ?Ifm)
means defi nithg ditanéd dwnpabd hufa Sﬂlﬂﬁé adtot ablthecmbaﬁ@rdeﬁﬁulngl !heSfI@W%atH,3 A
fluid flow meter according to m 12, wherein the radius of the ring is

bet ween 65%95?1&r%gy/?%tﬁ"’eteﬁé‘ortyaéf‘ﬁéod‘f’ RefE REGTeraRly #2% means defining the
flow path, preferably between 70% and 80% nore preferably 75% 14. A fluid
flow rreter according to any of the preceding clains, wherein the ring is
posi ti offed defitidailow mgtehiaacerding Pl 8iadﬂf11owfmeln thesneans dafining |toey fleet er

according t a‘?fWé qubeL ‘ﬁawgﬁlﬂ hgglr?%ﬁr—%o malwher ein the axial distance of the

rlngfromt rotor I'mse xi mse the inprovenment in flow
condi tions at t he Ieadl ng edge of the rotor bl ade.

13.  Afluid flow meter according to Claim 12, wherein the radius of the ring is between
65% and 85% of the radius of the cylindrical means defining the flow path,

preferably between 70% and 80%, more preferably 75%.

14. A fluid flow meter according to any of the preceding claims, wherein the ring is

positioned centrally within said fluid flow path.

15. A fluid flow meter according to any of the preceding claims, wherein the axial
distance of the ring from the rotor hub is optimised to maximise the improvement

in flow conditions at the leading edge of the rotor blade.

16. A fluid flow meter according to Claim 15, wherein the axial distance of the ring
from the rotor hub is between 10% and 30% of the chord length of the ring, more

preferably between 15% and 25%, yet more preferably 20%.
17. A fluid flow meter according to Claim 15 or 16, wherein the axial distance of said
ring from said rotor hub is between 1.0 mm and 3.0 mm, more preferably

between 1.5 mm and 2.5 mm, yet more preferably 2.0 mm.

18. A fluid flow meter according to any of the preceding claims, wherein the leading

edge of the ring is thinner than the trailing edge of the ring.
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16. Afluid flow nmeter according to Caim 15, wherein the axial distance of
the ring fromthe rotor hub is between 10% and 30% of the chord | ength of

t he ring,woaoe/meaBer ably between 15% and 25% vyet nor epprafBoalsys620% 17.
A fluid flow neter according to Claim15 or 16, wherein the axial distance
of said ring fromsaid rotor hub is between 1.0 nmand 3.0 nm nore
preferably between 1.5 mmand 2.5 nm vyet nore preferably 2.0 nm 18. A

fluid f1Qw netgd fRmE MetdrigtcbRimdYo Cfaithes, itRe6idi the |SddmdrBdgdVREtRI find ke
| eadi ng edge of the ring is thinner than the trailing edge of the ring.19.

A fluid flofPR®€dr according to O aim 18, wherein the |eading edge of the
ring is tapered. 20. A fluid flow neter according to Claim18 or 19,
wherein the | eading edge of the ring is sharp. 2 1. Afluid flow nmeter
accor didfy t A v fisw mederpacooeding do llaimMm®8 oiti®r mihgraindhe fegdinangdeslgbthef t he
ring is blthgi%% fluid flow meter according to aim2 1, wherein the
trailing edge~o P% ‘ring is square. 23. Afluid flow neter according to
any of the preceding clains, wherein the shape of the ring is noul dabl e.

24. A fluid flLo t di,. t f th di | ai , i
e Tyt S A0S SSRGSl e QR e B TG e
25. A fl ui d ddgewf s efig Rastaitdi ng to any of the preceding clains, wherein

the ring is further adapted to induce turbulent flow downstream of the
rotor. 26. Afluid flow nmeter according to Caim25, wherein turbulent flow

is induged & fhjpenidex ireté adddfdihg RWORREES1, wHereh theUtdlidd 8Mye 8t Bie rzfg}%r di ng

to any of the preceding clains, wherein the ring is further adapt to at
| east parti &dugre.el i eve the thrust | oading on said rotor. 28. A nethod of
substantially optim sing the accuracy and flow range of a fluid flow

23.  Afluid flow meter according to any of the preceding claims, wherein the shape of

the ring is mouldable.

24. A fluid flow meter according to any of the preceding claims, wherein the ring is

further adapted to throttle the fluid flow at the rotor blade.

25. A fluid flow meter according to any of the preceding claims, wherein the ring is

further adapted to induce turbulent flow downstream of the rotor.

26. A fluid flow meter according to Claim 25, wherein turbulent flow is induced at the

exit of the flow meter.

27. A fluid flow meter according to any of the preceding claims, wherein the ring is

further adapted to at least partially relieve the thrust loading on said rotor.

28. A method of substantially optimising the accuracy and flow range of a fluid flow
meter, comprising: positioning a ring upstream from, and adjacent to, a rotor
within a fluid flow path; and adjusting the characteristics and position of said ring

to substantially optimise the accuracy and flow range.
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meter, conprising: positioning a ring upstreamfrom and adjacent to, a
rotor wiwthin a fluid flow path; and adjusting the characteristics and
posi ti on wd 28m/d2348Ng to substantially optim se the accecamsardsbdeew
range. 29. The nethod according to Cl aim 28, wherein the characteristics

conpri at least _one of: .th in dius,. the ring thjickness, the ring
chord 1hot reingPReriipd o P AL W he dhpRtiess i iaT s gieast
accordi ng t @ &t MLBngradifls, WReif) thitkresBOomit i) cBOIPERGIBS adll theamly'st he
axial distance fromthe rotor. 3 1. Afluid flow nmeter, conprising: means
for defini ngresF$8AlIAN2IHAPBat h; a rotor positioned in said fluid flow path;
at |l east one inductive target on the shaft of said rotor; and at |east one
i nductive sensor; wherein said at | east one sensor is positioned adjacent
sai d at30. eastheomethoddasepidirg taaktpemn 2830 2N wWhaigid the pasitien spmpdees i legst o

Caim3 1, f ar o ke Sl east 2, preferably 3 inductive sensors.
33. Afluid t#‘%%&g[r%@%;még@hpg}eﬁétd{b Cl aim 32, wherein said sensors are

positioned equi angularly from each other about said shaft. 34. Afluid flow

t i ng. f dains 3 1, 32 wherein th '
ot o o0 A niid faB"detr. SoliolRint: dhepts Bedmind & Bub.haR At tle
the rotor. 3FositiBnéd in Saililflow @Y pathaee adt Bge iluchivd Mrget orcahati dlgaRr

plurality of said targets, wherein said targets are disposed equi angularly
about the sHAMr. aB@ atAegstyPre INMBIHIKRSEPSHe VBIIPIRGSTIE &) IP%h 828 SeBRPIr ISsi ng a

plurality ofpafioflel AHRRES sAEl RLS Sl ifdl@ngahggedr € di sposed equidistantly
about the shaft. 37. Afluid flow neter according to any of Cains 34, 35

or 36, further conprising counter wei ghts adapted to counter bal ance the
wei ght sg g, at { oraa8-24A j o j 0 any
of otk 31 ek AEler MRSt MOR! clafl ot alrth SOl B K 2L BRAL N e
shaft end-f &ieddtivesensosr for a fluid flow nmeter that is neutrally buoyant

and/ or bal anced about the

33. A fluid flow meter according to Claim 32, wherein said sensors are positioned

equiangularly from each other about said shaft.
34. A fluid flow meter according to any of Claims 31, 32 or 33, wherein the rotor is
arranged so that the at least one target does not create any imbalance in the

rotor.

35. A fluid flow meter according to Claim 34, comprising a plurality of said targets,

wherein said targets are disposed equiangularly about the shaft.

36. A fluid flow meter according to Claim 34, comprising a plurality of said targets,

wherein said targets are disposed equidistantly about the shaft.

37. A fluid flow meter according to any of Claims 34, 35 or 36, further comprising

counter weights adapted to counter balance the weight of said at least one target.

38.  Afluid flow meter according to any of Claims 31 to 33, wherein said at least one

target is disposed in the shaft end-face.

17



axis of the rotor shaft. 40. A rotor according to Caim 39, wherein the
rotor i s buoyancy balanced. 4 1. A rotor according to Caim39 or 40
wher ei n twe 20mWae348s bal anced such that it remains in argT@Beri@iseon when
placed in the fluid. 42. Arotor according to Caim4 1 wherein the rotor

h bal d b i, Il 6, d d i d with i d
o o e PR i TR el BOGE 5738 el e o
i s statical lgkidatreesdr skft. A rotor according to any of Cains 39 to 43,

wherein the rotor is dynam cally bal anced, preferably when in the fluid.
45. Afluid flow neter incorporating a rotor according to any of Clains 39

to 44. A4S A\ FRONRSoFdRg TREIEATUWhBRIRIRARISS fubypgBelaraior for a fluid

flow meter, conprising: rotating the rotor, preferably in the fluid;
determ ning the correct position to either add nass or to renove nass; and

ei t her addi I [-N0; -SA| j . : C ikng to
Claim 4@,' vmr”érr(ge)t% a,? ﬁ%\éln@t tgr é!aﬂnﬁghﬁ@;\%%‘eﬂg*ﬁa@n?ﬁéﬁ |Sﬁ%§§i&&£§ ﬁ%]dﬁ{éagé{;r di ng
to C ai m 47, remlagrsen mng aridntatibowhies paceatiothaft@idr ding to any of Clains 39 to
44, 49. A fluid flow neter incorporating a rotor manufactured according to

any of Clains 46, 47 or 48. 50. A sensor assenbly for a fluid flow neter,
conpri s4ng: Aarotbndu@dramg thaTlgeh 4vhedreln th ratdp| Hasabalaycedf budydmney iivell 6
targets, the rotatigon of which is adapted to provide a neasure of fluid
flow 5 1. A JSOHRSSYOTILedRR) §5see@érdivitySeid reichi m 50, wherein the sensor
assenbly further conprises a plurality of inductive sensors, arranged such
that the plurality of inductive targets induce a signal in the sensors. 52.

A sensdi3.asderfploy apsertnd ig any of &lans B9 tghérewhereip thentader isf siatigitt i ve

balanced.

44. A rotor according to any of Claims 39 to 43, wherein the rotor is dynamically

balanced, preferably when in the fluid.

45.  Afluid flow meter incorporating a rotor according to any of Claims 39 to 44.

46. A method for manufacturing a balanced buoyancy rotor for a fluid flow meter,
comprising: rotating the rotor, preferably in the fluid; determining the correct
position to either add mass or to remove mass; and either adding or removing
said mass accordingly.

47. A method according to Claim 46, wherein the rotor is dynamically balanced.

48. A method according to Claim 47, wherein said rotor is a rotor according to any of
Claims 39 to 44.

49. A fluid flow meter incorporating a rotor manufactured according to any of Claims
46, 47 or 48.

50. A sensor assembly for a fluid flow meter, comprising: an inductive target wheel
with a plurality of inductive targets, the rotation of which is adapted to provide a

measure of fluid flow.
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targets of the target wheel is not a nultiple of the nunber of inductive
sensors. 53. A sensor assenbly according to Cdaim5 1 or 52, wherein the
nunber ofwonduei2e3se targets on the target wheel is 4, 8pcimwiosoas 54. A
sensor assenbly according to Claim5 1, 52 or 53, wherein the nunber of

I nductive sensors is 3. 55. Afluid flow nmeter incorporating a sensor
assenbly according to any of Clains 50 to 54. 56. A fluid flow neter as

izbst grﬁfgal |A/ sBeS R dbsERBh) h&RAding tth Cleheben&Releh fHedserdr hséemBIg fafthdr gur es
an .
comprises a plurality of inductive sensors, arranged such that the plurality of

inductive targets induce a signal in the sensors.

52. A sensor assembly according to Claim 51, wherein the number of inductive

targets of the target wheel is not a multiple of the number of inductive sensors.

53. A sensor assembly according to Claim 51 or 52, wherein the number of inductive

targets on the target wheel is 4, 8, 12 or more.

54. A sensor assembly according to Claim 51, 52 or 53, wherein the number of

inductive sensors is 3.

55. A fluid flow meter incorporating a sensor assembly according to any of Claims 50
to 54.

56. A fluid flow meter as substantially herein described with reference to Figures 1 to
13 or Figures 14 and 15.
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