WO 02/ 063250 PCT/ GB02/ 00493 FLOWETER The present invention relates to
non- mechanical flow neters, in a preferred enbodinent to an

el ect r omeyyoaR2i063266 ow neter, in particular to a flow neter pomicmniob43 5 but
not exclusively, designed for commercial and network nonitoring
applications, and a nethod of installing the sanme. Bulk flow neters
nonitor large flows of water for water systens nmanagenent and commerci al
billing purposes. An exanple of a bulk flow nmeter is our H4000 10

(HELI X(r) 4000) Wl tmann-type neter in which a rotor rotates in a measuring
chanber receiving a flow of water FLOMWMETERI ns supply and a revol ution
counter counts the nunber of revolutions of the rotor to provide a

measur enent of the volune of water passing through the nmeter. The H4000

neter is iTHEHPESEH .rh@hw@ferrefdté@q@dnmécﬁ@mo@m%ﬂ@mbr@am Bopidiemsd of a
supply pipe so that the 15 flow of water in the p &tflows directly through
r

t he net er .engRdimenbto arcelectomagnetiy fiowameter, r”éP%rrtllCt-:l @2 HewnegtebRImafiYow'
meters. Toth%'t Ekélﬁ%.ﬁg@%%@ﬂé&?&r &rﬁr‘i’uer&&aé&& h&%ol?‘k“ﬁ{b%%ﬁ ag@ﬁ!: ﬁ’dr{%g the

rotor, Pl Fegrst 1S Tenovab av ng

flanged ergisl @mﬂl&odedirtsmmrh@thmsmmsuppl y to enable a new pre-calibrated
mechani sm of the sane type to be easily and quickly 20 installed in the
body. Such "nechanical" flow neters are subject to wear of the noving part

or parts Cﬁulk?ﬂ%w HElers mcﬁ'ﬁ%r b fidISr Wate? Wattefﬂ%yé‘%e ﬁﬁ%)ﬁa@émbh?and

neasur enent of the anmount ter passing throu net er
det er i or ataemrivershe nbitialg fJUmOSﬁst eAs exa'-.rmallesof 25bt|zik0ﬁ|ﬂw tme@anagm,lrblyMOOO

suspen d a, - the service, life of

St nel 1 PR @Bl iRt e LB Sef LR Eomesiinis
nechani calche@fler rEO¥RNRY a flo@HF witePlrem tWetrihlhg%WﬁpS/l &d B P8VEI08RGM Sounter
flowreters is that they tend to be bul ky 30 devices, requiring substantlal

st ruct ur escosinth thes namsled of sawe!tipRg of dhé $otaRdo msavideeAuneasysrIent @ th
meacur od. PSRl bathind IRIEKIS it TR PSRRI s h?%@ﬁﬁs&ﬂers
In between flanged upstream and downstream portions of a supply p:pe so that the
15 flow of water in the pipe flows directly through the meter. Such flow meters are
typically referred to as “through-flow” meters. To facilitate maintenance, the
measuring mechanism, including the rotor, measuring chamber and register, is
removable from a body having flanged ends connected to the mains supply to
enable a new pre-calibrated mechanism of the same type to be easily and quickly
20 installed in the body.

Such “mechanical’ flow meters are subject to wear of the moving part or parts of the
meter. Any wear tends to cause the accuracy of the measurement of the amount
of water passing through the meter to deteriorate. Mechanical flow meters are also
25 prone to damage by suspended solids. As a result, the service life of such meters

can be relatively short.

Electromagnetic meters do not suffer the problems of mechanical wear. However,
one problem with known electromagnetic flowmeters is that they tend to be bulky
30 devices, requiring substantial structures such as field generating coils and
measurement apparatus attached to the exterior of the conduit in which the flow is

to be measured. This can limit the applicability of electromagnetic flow meters in

SUBSTITUTE SHEET (RULE 26)



SUBSTI TUTE SHEET (RULE 26) WO 02/ 063250 PCT/ GB02/ 00493 -2 applications
where space is at a premum for lower flowrates. In addition,

mai nt enarwe fc2he fl ow neters can be a nmaj or undert aki ng PCTEER20049G
removal of a substantial section of pipe work with associated coils and
meter equi pnent. Furthernore, generatipg a uniformmagnetic field across a
substantial conduit may 5 require |arg€ anounts of power and may be

difficult to achieve. In at least its pr_eferfpgd enbogi manis t he Ba sent
i nvent i on applitatians Y416/ SAASSeiSaAtl @ BISBIUMD 195) loMer rates. ¢ iny afdiione y |

Lhe present. i RYERLEAR R ASh dsteRlodi BS bREBANRAS fakin@ WollBAG refiUAI & ed as

an insert P rt1on INto an i n-si using connécted 1A a flow |ine.
An el ect r gupeReitiat section naft pipeoperiamath bgsaoeiatedopoity andnaagter equinneent.

across a _measurenent duct, and._ detecti ”ﬁ vol t age ing ce li n \ﬁat er
' owi ng | frurRenaage. Sanviats AugiPmEEcsRte fetiarrea s0BrEngel Buthl ey ar e
to the é“e'rﬁéﬁiéén’z?%gta[ﬂ‘ﬁf’a%?%f bWeraRg méWbégﬁﬁ&HPfo-ae?ﬁeﬁé?e meter has no

novi ng par ected by suspende solids, its service life could
be in excess of 20 years. Electromagnetic flow neters also tend to have a

31 et rormghat et 1ssaieHTe SPEogEaans fitpies it e Rid ssakeda §vs thesg and

applicati QRndlhroBfrf 98/ 49528, the contents of which are incorporated
herein by reference. Replacenent of mechanical through-flow neters with
el ectromagnetic through-flow neters of the type described in W98/ 49528

and thLR o fist bR B8 §eRef, repidh ifyiibs 5B doclionfadr I, SRRHEETD,
meter, i ngbpfiididean Inseader rditiondntoean esitwholsingradnisected i ioweling.

install the néw el ectromagnetic flow neter. By configuring the
el ectromagnetic flow neter as an insert for a housing already connected to

Cal| andiE e RaSE B BRI by hRinto SRS ackas 30 0
| onger | aghédxurement doctagnetietectihga volthge induced in water flowing in the duct, the
15 magnitude of the induced voltage being related to the velocity of the water flowing
in the duct. As the meter has no moving parts and is unaffected by suspended
solids, its service life could be in excess of 20 years. Electromagnetic flow meters
also tend to have a greater measuring range than mechanical flow meters. Such an
electromagnetic flow meter is described in our International patent application no

20 WO 98/49528, the contents of which are incorporated herein by reference.

Replacement of mechanical through-flow meters with electromagnetic through-flow

meters of the type described in W098/49528 has not hitherto been contemplated,

since it could be a time consuming, and thus costly exercise to remove the entire
25 mechanical through-flow meter, including the flanged body connected to the mains’

~ supply, and install the new electromagnetic flow meter.

By configuring the electromagnetic flow meter as an insert for a housing already
connected to a mains supply, this can enable an insert for a mechanical meter to
30 be easily and quickly replaced to transform the meter into a more accurate and

longer lasting electromagnetic flow meter.



WO 02/ 063250 PCT/ GB02/ 00493 -3 The insert preferably conprises a flow
nmeasur enment duct, neans for generating a nagnetic field across the duct,
and neanswbDar/oa®s0 vi ng a neasurenent of the rate of fl owpafi/dBoriodsos hr ough
t he duct fromthe voltage induced by the magnetic field in fluid fl ow ng
through the duct. 5 In one preferred enbodi nent, the insert conprises neans
for diverting part of the flow of qui'§'avvay fromthe duct. This can
enabl e the anount of fluid flowing through the duct to be restricted to an
anount wi fThiennser pretesably egmpaisge adtow meaguresnentiduch meaps fargRnefatinged 1 | ui d

bei ng diverted .a fr t t ,: | |

conpri ses rg%gm%tgs\'\ﬁé/lgﬁg? atﬂﬁeqqt&’ﬁpélp %‘?Egéw %%%ﬁ?%%%%?ggpgggﬁgﬁ% S
about t he iy off iR thsugh thel ductifonirttd vgltddecinduzed by theenagnetacheld iser t
so as to fit inside the housing. Preferably, said one insert is shaped to
provi de sdiuitl lowingathrougletherdiifitel . This can 15 enable the duct, generating
neans, gerivi ng neans and said at | east one channel to be provided by a
single Ynsert. Preferably, the or each channel is defined at |east in part
by the extigionelpreferedembbdimdret, thesiesert compmiseameansplor idjvertieg partuifaoe ur e

f the i t. Pref ly, the i toi 0 shaped ovid i r, of
sai d §h52%§kofg@€a§{a§3ro§mms it or0 enabiaalc ehun o iR dosfnd tBRboh anne
pref er abl & BB toTRSreRtfRE ff Qﬁﬁfmddﬁ't fhithROhbiresafUtfhgaraflhy OF SR thetcd UivItet
e duc y ha I d a

porti on. typl ca S a convergent inlét portion and a

di ver gent thewulledf the fluidrbeing divedted awayrfrom the duct dBeefetably. dpadivertingt ween
el ectrodes for detecting the voltage jnduced in fluid flow r t he
duct, 10 raesin aHRGRER S 167 b SheIganEhC AE P ma GrHnReLpfRiedBY, BkEHES T
can assi sty it i Gh& MHIMcAN8id ihinthizird theksizdbPthe orcdudh inbémBelasto fa rate
which is proportional to the rate of flow of fluid through the duct, so
that the fihsideteabousimgnt is proportional to the rate of flow of fluid

t hrough the neter, and can al so enable the flow of fluid | eaving the duct
to reconbine with the flow of fluid fromeach channel wi th m ninmum

t ur bul encepraedr@py, said one insert is shaped to provide said at least one channel. This can
15 enable the duct, generating means, deriving means and said at least one channel

to be provided by a single insert.

Preferably, the or each channel is defined at least in part by the external surface of
the insert. This can simplify the manufacture of the insert. Preferably, the insert is
20 shaped to provide a pair of said channels extending about respective sides thereof.
The or each channel preferably cbmprises a convergentinlet portion and a divergent
outlet portion. As the duct typically has a convergent inlet portion and a divergent
outlet portion, in order primarily to reduce the spacing between electrodes for
detecting the voltage induced in fluid flowing through the duct, it is advantageous to
25 shape each channel in a similar manner. This can assist in maintaining the flow of
fluid through each channel at a rafe which is proportional to the rate of flow of fluid
through the duct, so that the flow measurement is proportional to the rate of flow of
fluid through the meter, and can also enable the flow of fluid leaving the duct to
recombine with the flow of fluid from each channel with minimum turbulence before

30 flowing from the housing.

in another preferred embodiment, the meter comprises an additional insert for



30 flowing fromthe housing. In another preferred enbodi ment, the neter
conprises an additional insert for WO 02/063250 PCT/ GB02/ 00493 -4

channel | iwg o2tve3266 ow of fluid into the duct. This can enalvica/d¢sie/opdat h of
the duct to have a different shape to that of the inlet. The additional

I nsert preferably conprises a sleeve pgying a convergent cross-section in
order to channel the flow of fluid into  the duct. 5 The present invention

extends to,an _el.ectro neti c, f|l ow neter—as afore | O | sjng a
nousi ng conaBeelas he Fom Y e Methler, 18R AT LBl pf et
housi ng. . HavEhedifierent BHaps RfthaedTthe hst. FReiadbiRionalinsédprdfatdlly 66mpHsed With
an outlet thereof. The duct is preferably co-axial with the inlet and

out | et. Tlaeslpevsbavingmeanviesgenticesspsestiond’ orderde kbanae! thadlow ofiftu to

el ect romaqrr‘let i § flow neter as aforenentioned, conprising replacing a
cartridge i?\gf“ “I ed in a housing 15 connected in a flowline with said
insert r inserts In a further aspect, the invention provides a cartridge
insertable into a flow conduit, the cartridge. having a through bore

defining d helm@ﬁ@%ﬁé@‘éﬁjﬁlonaﬁi‘@ﬁf-’k&t@ﬁnrﬁjeCtFﬁ!a?&nqttS’rﬂ%@§Eﬁri3$g?‘f@lem@’3pnﬁﬂui din
the throu : I, Ciatd ; i : ;

el cct r omagRTs T S heitif 8RFHEHEA o3P Bobifte, e ihekit BEIE] irispri@f jn said
gener at i nghoeigs for generating a magnetic field across a fluid passing

t hrough the through bore; and sensing el ectrodes for sensing a potenti al
devel oped in a fluid passing through the through bore. 25 In this way,

rat hers g haheitiusttigreferiblyias'diieTBlIsstantialLS- itk ah odfieliR¥icdd Tie

repl ace a sect it Wt _flow net'er, an el ectromagnetic flow
met er caduct dgeefesablyi agpaxiabwith txeinieidandoutlethe conduit wi t hout
substantially increasing the '
The present invention also provides a method of installing an electromagnetic flow
meter as aforementioned, comprising replacing a cartridge installed in a housing

15 connected in a flow line with said insert or inserts

Ina furthér aspect, the invention provides a cartridge insertable into a flow
conduit, the cartridge having a through bore defining a flow passage, and metering
means for measuring flow of fluid in the through bore.

20 )
In a preferred application, the meter is an electromagnetic flowmeter and the
metering means comprises field generating means for generating a magnetic field
across a fluid passing through the through bore; and sensing electrodes for sensing
a potential developed in a fluid passing through the through bore.

25 ‘
In this way, rather than building a bulky flow meter around a conduit or having to
replace a section of conduit with a flow meter, an electromagnetic flow meter
cartridge can simply be inserted into the conduit without substantially increasing the
dimensions of the conduit. Furthermore, because the through bore has smaller

30 dimensions than the conduit, the flow velocity through the flow meter is greater than

that in the conduit which can lead to improved measurement accuracy.



di rensions of the conduit. Furthernore, because the through bore has

smal | er 30 di nensions than the conduit, the flow velocity through the flow
neter i s Wo@awenst han that in the conduit which can | eadPpca/GBopnewed
measur enent accuracy. WO 02/ 063250 PCT/ GB02/ 00493 -5 The cartridge is
preferably provided in a fluid-proof hce)$15| ng. The housi ng may have

di mensi ons to occupy a conduit of predeterm ned standard di nensions. For
exanpl e, the exterior dimensions. of the housin be arranged 5 to fit
within a Jhemasriggeiis emeferably pravided g fiyid ﬁ@?‘g’éﬁ’\‘-"%'&@rdw t in which an

i nsertion hole has been bored. Mire preferably, the conduit is arranged to
be inserted into a conduit insertion housing conprising first and second
coupl i ng FaetHcusing maydriveldimgnsiohs to espapyta umddﬂoﬁmede@ammrwchbtdndm&lt ream
flow conduits and a_neter insertion orifice int cartridge

cont ai ni ngiraensigns. r@r&xaeme fheextgLior gynensions PﬁW Sépsgp@@yb Q{B%Went i on
provi dgs ﬁ,f{ i g{dn'agr&gﬁ fan festdMulat SRREH iconbilE ff Whith APinskeRtbn

conprising Tirst secon ing portions for 15 coupling with.
respecti vaolgisas baemdmcbdjomnst ream fl ow conduits and a neter insertion
orifice into which a cartridge containing a flow nmeter can be inserted; and
an insertable cartridge having a through bore defining a fl ow passage, and

met ering FRAESHERraBRAINE 'd&ﬂdﬁi‘t ®Vapfangbditg bé‘ indeetedinde! GNcheddt ind@rton

preferred applicati gﬁal s an el ectromagnetic flow neter. However, the
cartri dgehoasmgrdmlnyprmyg fiest apd decond opupling partiens fareauRling Wikhyresgactiveent |

such as. a nechani f | ow net |t I - In a
furt hetd aé’B'ét(E?athé’agﬂWEﬁt{??m f@%\%@}s%%?ﬁ%gggwg ﬁ@irﬂcﬁfcfe iftg W%\ﬁv et er
in a 25 copfdhé cohtdningiaitlv AR ¢4 bgingesteal | ing a housing in the
conduit, the housing having an opening arranged to receive a cartridge

containing a fl owneter; and installing a cartridge containing a flowreter

{0 the ho rf'ﬁggmgroﬁ%tg A EhBARSEYidEES AW Riktb g Rit R8hifiRirdy: | ownet er
a conduit insertion housing comprising first and second coupling portions for
15 coupling with respective upstream and downstream flow conduits and a meter
insertion orifice into which a cartridge containing a flow meter can be inserted; and
an insertable cartridge having a thro'ugh bore defining a flow passage, and

metering means for measuring flow of fluid in the through bore.

20 A preferred apblication is an electromagnetic flow meter. However, the cartridge
assembly may be used to contain other flow metering equipment, such as a

mechanical flow meter or an ultrasound or other flow meter.

In a further aspect, the invention prévides a method of installing a flow meter in a
25 conduit, the method comprising '
installing a housing in the conduit, the housing having an opening arranged
to receive a cartridge containing a flowmeter; and
installing a cartridge containing a flowmeter in the housing.

30 Inarelated aspect the invention provides a flowmeter for measuring the flow of fluid
in a conduit, the flowmeter comprising:
a metering body comprising a housing containing a non-mechanical



in a conduit, the floweter conprising: a netering body conprising a

housi ng contai ni ng a non-nmechani cal WO 02/ 063250 PCT/ GB02/ 00493 -6

f | owet erwarcasyé@ to nmeasure the flow of fluid around thecratBriong3body;
and nounting nmeans for nmounting the metering body in the path of fluid.
According to a preferred enbodi nent, the invention provides a flowreter for
5 neasuring the flow of fluid in a conduit, the flowreter conprising:. a

nmet eri ng body conprising a housi nﬂ containing field generating neans and
pot ent i al flsenstegarhrged tomeaswedhadiom eiflidareund he meterngRPdyn8nftet eri ng

body in the path of fluid. 10 Thys. b | bl
'ms de. the. condiURtng heans o8 e the FetRihdBoty I SaW EREECELY 1 he

fl ommeter can be greatly reduced. Preferably, the netering body is
streanm i ned and preferably also the netering . body is fl]uid- iV‘ﬂ'Htgf Ln a

preferred arradgeotsting tamprefered empogasnt, thednvppjionproyidgs af &kt i ng
means is arranged so.th he. axj : ' | Hosgantially parallel
to the %apﬁaéP%Pgdﬁ%ﬂ%wgék.ﬁuwg?ée(lr:g%%f’q’b.ﬁggﬁl}ﬁr{égﬁrs?%ng %fét he metering body
are chosen such m&eting bedy tbmpasihgahdusing ¢drtainmgfeidgenarating mesnstandbed by
the presence of the netering bod 20 or such that the netering body

def i nes t petemtial sensipgelacioggsialhses this means that the cross secti onal

surface of t henmngihb?ﬁewfbrwt@gabgpﬁéteﬁﬁ%%%tiﬁmé phthvof fan@! | er than

the conduit in e metering is to be nbunted, or |arge enough
(i.e. not much smaller than the internal section of the conduit) so that

Surfadd of 1 he Ty dbmaNRing Hernebts Sl Ride BREHEHKRT IhRds )

The flow wy ihehsi ' miwr ddn be grgtiyaedaded.hat the
met ering gﬁébg,gﬁ‘te{‘gﬁﬂé :@S@ﬁ%ﬁ'&fff}éﬁg&% ow |’i S sugst alfrsl,t lally |lam nar, at

| east in the vicinity of the nmetering body, so as to enable reliable

ligndet ﬁge %zng%(ggﬁéqalﬁ@e g‘:se(%ef?‘r(ijgv BOGALE RS inel BndBFe LB Me rmehéring
body is fluid-tight. In a preferred arrangement, the metering body is elongate, and
15 the mounting means is arranged so that the axis of elongation is substantially

parallel to the path of fluid flow.

‘Preferably, the dimensions of the metering body are chosen such that the

fluid flow is either substantially undisturbed by the presence of the metering body,

20 or éuch that the metering body defines the fluid flow. In most cases this means that
the cross sectional surface of the metering body should either be substantially
smaller than the conduit in which the metering body is to be mounted, or large
enough (i.e. not much smaller than the internal section of the conduit) so that the
fluid flow is defined by the (e.g. annular) gap between the internal surface of the

25 conduit and the external surface of the metering body. The flow will not be strictly
laminar, but it is preferred that the metering body is formed such that the flow is
substantially laminar, at least in the vicinity of the metering body, so as to enable

reliable measurements to be taken.

30 Advantageously, in one embodiment, the mounting means comprises a
flange arranged to be clamped between adjacent flanges of conduit sections in a
pipeline. This provides a particularly compact and readily insertable arrangement.



fl ange arranged to be cl anped between adjacent flanges of conduit sections
in a pipeline. This provides a particularly conpact and readily insertable
arr angemew.02M328@/ 063250 PCT/ GB02/ 00493 -7 Preferably, the/gsrmodong body
is centrally nounted within the conduit. In a particularly preferred

I npl ementation, the nounting assenbly conprises a flange having neans for
axially aligning the netering body wth7he conduit. 5 Preferably, the

al i gnnent neans conprises at | east one projection, preferably a plurality

of projections prgferghyg the nesteags boty is cdriraty myourded svithin the ednduit. of t he
flange relative to the bolts. Thus, the exterior of the flange preferably
conprises a series of partial spiral sections, the nunber of spiral

oroferanl y at 1 BaperCubfy piterBt Mgkt Mo lRtingascatiofEeiRes.
bet ween t hg ﬂbﬂPbShaMidg trheamsXomaxiatly aligniag theahetpriggebody withathet bendiitnet er
between the bolts sp that a position exists V\gl cp t he ex&)ierl or .of ﬁhe

f1 ange 5es|?@f%@§’i%sthet%9“m“§@eqr}§ compLses:al,east pre Ryeiectpn Piefeiably a

di aneter c N L:g By A i I8t i may
e or ovi (BFAY of BRESIRYardtided td BhaRed WIRSIaRpPhbls of'rBldiio oMhel

bol t - engadiaige rfativedpdhe bolts., Thhs, thetextériar of thriflange pfeferdbly compeses a

|l ' I tion. | t hod t.  the.i ti |
Tethod of saeedRt RatiALePiRLsaioEe T raperarwaie! Seaie T iophid ey,
provi di ng ﬁ%%@%? GHSABING! BEitd ofot | BMRE 431,f Fﬂe‘?@*a'bweaﬁﬂ'@bét' MM tnigim@HNt i ng

20 flange to ich i's noUnted an internal owret er between the adj acent
secti ol odiameter Heinglgss than the diametenhetweentbeboits gnd themaxivawmn diameter

fl b N a. ' Ldge: ' d
direct |y 90 BRAab At e BierEEbeMeST g GBRs £ idl pRE b, W
condui t  angktsmemnsrcinediatdenrdsieagaimet téeboled. fhthepcass bha flargef fer meldrger
features of the present 1invention will now be descri bed WaXsp:Of exanpl e

, b
only, wit Hiaeedereperduit whieh suai RpEeYA [RI9EMMIBRISOf bl RIRlecH G 881 i s
a perspect Lye 458 éMgagl with bhi)% pRBBAMYNSH the'Hdlts "Befiveen the bolt-engaging

15 projections, the exterior should preferably have a generally circular section.

In a method aspect, the invention provides a method of installﬁng a flowmeter

in a pipeline, the method comprising:
providing adjacent separated portions of a pipeline and clamping a mounting
20 flange to which is mounted an internal flowmeter between the adjacent sections of

the flange.

As an alternative mounting arrangement, the flowmeter may be mounted in
a cartridge. The cartridge can be inserted directly into the conduit or into a housing

25 designed to take the conduit and connected with the remainder of the pipeline.

Preferred features of the present invention will now be described, by way of example

only, with reference to the accompanying drawings in which:

30 Figure 1 is a perspective view of an in-line mechanical flow meter;
Figures 2 to 5 are perspective views illustrating steps in the installation of a

first embodiment of an electromagnetic ﬂqw meter;



Figures 2 to 5 are perspective views illustrating steps in the installation
of a first enbodi nent of an el ectromagnetic flow neter; WO 02/ 063250

PCT/ GB02/W04286325@ Figure 6 illustrates a second enbodi ne®CTAIBAM00493

el ectromagnetic flow neter; Figure 7 is a perspective view of a third
enbodi ment; Figure 8 is a perspective view show ng detail of the
self-centring clanping flange; 5 Figw®&-9 is a plan view of the third
enbodi ment; Figure 10 is a sectional view of the third enbodi nent; and

Figure 11 is argflteillistrates aprebhy embiceliment ofrari eleetromalgaetiaflowindgter;i n
accordance with a fourth enbodi ment of the invention; Figure 12 is a front
view of the enbighraehis apenspgetiverviewf athid embedimeny section through B-B
of Figure 12; K qu i | - Bl nidg gur e
5 i an expl oBRrGifh 4 RelibesTyEyERE N Aop Heppr (s Ok obhiigping 941 F,
third andfipgeth ermbodinents; Figure 16 is a schematic perspective view of
an insertable cartridge in 15 accordance with the fifth enbodi nent of the

i nvent ion; Fi gligure® iS4 ﬁ'ag‘d’!‘fé’i’rﬁ’fm? thirg\gropo 'mse"é;_nbodi ment of Figure 16
showi ng inter Fﬁurgelg)aiblaséec!t_'lbﬂéfﬁe&%f}l@@%roﬁeﬁﬁ%ln@%tt BrQugh A-A of Figure
e r detalls; I g

17 showi ng int 0 ure 'S a section _t hrough B-B of Figure
17 il lustratingigurpet1 ng aobcheémati@ Perspentive \ieweofups tinsanakiadcartidgst iream of

cart 1] dgoateRsRaPATER TP RBA B SR RVen B Bur & 21 Shows a Si do vi ow
g ihpoﬁ oot iA?R) ]S’i:igd?s 1%%?1*@%%&& oftie/eMbalimercbf Fig gtr,e 22 shows a section
g o gure 21.
10 Figure 13 is a section through B-B of Figure 12; and
Figure 14 is a section through C-C of Figure 12;
Figure 15 is an exploded view showing internal detail of the metering body of
the third and fourth embodiments;
Figure 16 is a schematic perspective view of an insertable cartridge in
15 accordance with the fifth embodiment of the invention,;
Figure 17 is a schematic view of the embodiment of Figure 16 showing
interior details;
Figure 18 shows a section through A-A of Figure 17 showing interior details;
Figure 19 is a section through B-B of Figure 17 illustrating tapering of the
20 through bore upstream and downstream of the measuring location;
Figure 20 shows a perspective view of an insertable cartridge according to
a further embodiment;
Figure 21 shows a side view (in section) of the cartridge of Figure 20; and
Figure 22 shows a section through A-A of Figure 21.
25
Figure 1 is a perspective view of an example of a mechanical in-line flow meter. The
example is shown in Figure 1 is our H4000 (HELIX®4000) Woltmann-type meter in
which a rotor is rotated inside a measuring chamber by a flow of water received from
the mains supply and the number of revolutions of the rotor is counted to provide a

30 measurement of the volume of water flowing in the mains supply.

The meter includes a body 10 having co-axial flanged end portions 12, 14 for



Figure 1 is a perspective view of an exanple of a nmechanical in-line flow
neter. The exanple is shown in Figure 1 is our HA4000 (HELI X(r)4000)

Wl t mann-wope/osaser in which a rotor is rotated inside apogasgmiong3chanber
by a flow of water received from the mains supply and the nunber of
revolutions of the rotor is counted to provide a 30 neasurenent of the

vol unme of water flowng in the mains supply. The neter includes a body 10
having -co-axial flanged end portions 12, 14 for WO 02/063250 . )
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I's housed inside an insert 16 insertable into the 5 0 e ter.
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el ect r omagisiri 4t the endfties servicenifétinge obthe metes witbobltavimgito discorrgedt the
present invention will now be described with reference to Figures 2 to 5.
First, w tedydOdrendaesoaing stBPi gure 2, insert 16 is renmoved fromthe body
10 of the nechanical flow nmeter. Referring nowto Figure 3, in this first

enbodi nent the insert 14 is replaced by three inserts 18, 20 and 22 of an
el ect r omagetinstafiation ofereelecttémagsetic flag metepacassding te pdifstarabegdiaentof duct

Cube 6 ofppesst Menfian iy Bpwhearaaey wIERIERTE RS o et er
seepage under pressure. The tube has a substantially rectangul ar

cross-section at its inlet 26 and outlet 28 ends bl ended by contraction
(conver gi iripst, avith reférence againdiovag dierd) inssst 16 ismemaevesromitae Redy 00T ti on

f 20 rect | - ion. i ch , £ i d
Chrough + fearal fiog PRl el RIS, s fikt pfodime B ihoch
uni form f '1QWsﬁéE!:aaicg§ By trpeginddies 1826 amed2iof apoetetvomagnetic flangmetdr. f | ui d

flowrates int uct” with m ni num vari ation lfrB tére §ressure of the fluid
| eavi ntp t hesertitd camprises auflowsmeasysemenbaugh bt THELUCH g4igayaprises a non-

magnetic, non-conducting, non-permeable tube eg of a plastics material treated to
render it impervious to water seepage under pressure. The tube has a substantially
rectangular cross-section at its inlet 26 and outlet 28 ends blended by contraction
(converging) and diffusion (diverging) portions to an intermediate portion of
20 rectangular cross-section through which the rate of flow of fluid through the meter
is determined. The duct 24 is shaped to achieve a uniform flow profile through the -
intermediate portion for a range of fluid flow rates in the duct with minimum variation
in the pressure of the fluid leaving the duct at the outlet. A pair of electrode housings
are provided in the duct, one electrode being disposed in each electrode housing so
25 thatthe eléctrodes are disposed orthogonally across the direction of flow of fluid in

said flow tube and orthogonal also to magnetic field.

Insert 18 also comprises means for generating a magnetic field across the duct. In
this embodiment the generating means comprises first and second pole pieces for
30 directing an alternating magnetic field across the measurement duct. Each pole
piece is surrounded by an excitation coil 30 for generating the magnetic field in the
pole pieces, with a return path 32 for the magnetic flux being provided between the



are provided in the duct, one el ectrode being disposed in each el ectrode
housing so 25 that the el ectrodes are di sposed orthogonally across the

di recti orwofo2iéxse of fluid in said fl ow tube and ort hogomalr/GBo:00496
magnetic field. Insert 18 al so conprises neans for generating a nagnetic
field across the duct. In this enbodi ment the generating neans conprises
first and second pole pieces for 30 dit@cting an alternating magnetic
field across the neasurenent duct. Each pole piece is surrounded by an
exci t at i oruppsriangDiofver ppénpieaes ng the magnetic field in the pole pieces,
with a return path 32 for the magnetic flux being provided between the WO
02/ 063250 PCT/ GB02/ 00493 -10- upper and | ower pole pieces Insert 18
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duct 24, iWexag/48628.nThbeakimgd®iay inclodempdisplays| eeve is inserted into the
inlet 42 in order to channel fluid flowng fromthe inlet into 15 the duct.
A simf@r insert 22 in the formof a divergent sleeve is inserted into the

| f 2 1n ! " :
outlet o rég g@g@ﬁﬁﬁ%@;ﬁhﬁeﬁ}eﬁ]ﬁﬁé ldh@t sHARS 8l différeheshapeiag thapst thee

duct to t e el ectromagnetic flow neter, as shown in
Figure 4 finlkett42 blethel Bangesd 80d ppftiemd223f theebadys#d.t eth predes torehannekfluigngd

outl et respectivel f ot flanged portions 12, ..14 0 d sert
o Lot R o b 7 BB BOH 28 b an I 48E i P8 orkrodr
sleeve is inserted into the inlet 42 in order to channel! fluid flowing from the inlet into
15 the duct. A similar insert 22 in the form of a divergent sleeve is inserted into the

outlet of flanged portion 14 in order to channel fluid flowing from the duct to the

outlet.

To install the electromagnetic flow meter, as shown in Figure 4 first the sleeves 20
20 and 22 are inserted into the inlet and outlet respectively of the flanged portions 12,
14 of the body 10. Insert 18 is then inserted into the body so that the duct 24 is co-
axial with the inlet and outlet, the resultant electromagnetic flow meter being shown
in Figure 5. The measurement of the rate of flow. of fluid through the duct 24 is
proportional to the rate of flow of fluid in the mains supply, and so the circuitry of the
25 meter can be calibrated so that the display indicates the volume of fluid passing

through the meter.

Figure 6 illustrates a second embodiment of an electromagnetic flow meter
according to the present invention. The second embodiment is similar to the first
30 embodiment, in that an insert 50 comprising a flow measurement duct 24,
generating means, deriving means and a diéplay 52 is inserted into the body 10.
However, in this second embodiment the insert is in the form of a cartridge 50



axial with the inlet and outlet, the resultant electromagnetic flow neter
being showmn in Figure 5. The nmeasurenent of the rate of flowof fluid

t hrough twe odwei2s@4 is proportional to the rate of flow ecTidRI2B0498 t he
mai ns supply, and so the circuitry of the 25 neter can be calibrated so
that the display indicates the volune of fluid passing through the neter.
Figure 6 illustrates a second enbodi nedfl -of an el ectronagnetic flow neter
according to the present invention. The second enbodinent is sinmlar_to the
first 30hensiaditherfliow meashezmeant ducicgeneyating meansi ard defivied meassr dvent

duct 24, generati . halRh Nt
the body TEnMispest e Horking R ALEE i e T catel kBB &, 1
of a Ca”Hbﬁ%‘%ﬁé%mrﬂglQgﬁﬁi%éﬂoﬁ’éiﬁﬁéﬁﬂﬂhﬂﬂ@_sasisJottheueeim@igbhso.f!lnvvzhis |
measur enent duct, generating neans and deri vi m nim se costs,

the worKki emﬁwrimenbﬂhaex@lrmlt&twfiﬁgrcétthg Cart?d@grgﬂgﬁie gﬁ%@%ﬁ:&aem, witfoiRest i c
ebodi 1Bl SuBes she RN D RIS o8 edIfaT BROLEME dits J4ysbithat

wth the éniﬂ%ﬁ BRtheStis @€ Auilf frérahd aslst 4D entdretinetacténe tecretnaigdabolut  t he
duct 24, so’that only part of the flowof fluid fromthe inlet 42 enjers

the duct theifloweofifiridindwertel awae froppihedust  anditawards Jae cutiet falangssn t he
duct and t ds, t let i ' by 6,
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each chanR& rrses a c portion and a divergent
out | et popbitRih arlda divergert oatletmmtionf In bperation; bstidf thelflewoéfiuidgntaringe

ter is diverted f the duct. 24 he ch 60 that t
Aountl0 ofhg meter 18 ANEHEHGWANWBASE OUFLRA DU LR TR RPra thet s Agpuht °
measuring of ﬁ&gr%é\gérriryﬁe e §iﬁrem%?1ttd9€t i@%f}hiﬁﬁfe Rored YSE &R IHngdaAgE iof tegent

portions, rmariTy to reduce-the spacing between el ectrodes for
det ect i ngmidier. vAb tthe duthilas accdnvefderitdandf diveigegt partionghin ewled peimarjly tg s

advant ageous to shape.each channel ,6Q in a sinj.l LS, &an
B e e b BonTes S orBlph FeRa SaElhdie, NGB BRuce I g
whi ch i s ﬁ{,f&ww&@{ tHedddiEit ihdvatitagés ©f sHdpd sadthelearyiel 60an dusimilad, so
that the oW neasurenent 1s proportional to the rate of flow of fluid
t hr ougts t reanmer eThisaean assist in maintaining the flow of fluid through each channel at a
rate which is proportional to the rate of flow of fluid through the duct 24, so that the
flow measurement is proportional to the rate of flow of fluid through the meter, and
can also enable the flow of fluid leaving the duct 24 to recombine with the flow of
fluid from each channel 60 with minimum turbulence before flowing from the outlet
20 of the body 10. As in the first embodiment, the circuitry of the meter can be

calibrated so that the display indicates the volume of fluid passing through the

meter.

As described above, the present invention enables a mechanical flow meter to be
25 easily and quickly replaced by an electromagnetic flow meter. In comparison to a
mechanical flow meter, an electromagnetic flow meter is not subject to wear and is
unaffected by suspended solids, and thus has a greater service lifetime. Another
advantage of the present invention is that there is no need to replace the body 10
in order to install the electromagnetic flow meter. Accordingly, installation of the
30 electromagnetic flow meter is facilitated, as there is no need to disconnect the body
from the mains supply. In addition, the initial investment in the body 10 of the
mechanical meter and its installation is maintained, as the body 10 is not discarded.



can also enable the flow of fluid | eaving the duct 24 to reconbine with the
flow of fluid fromeach channel 60 with m nimum turbul ence before fl ow ng
fromthe wotkes3220 of the body 10. As in the first enbodi mERIGBRI0@193
circuitry of the nmeter can be calibrated so that the display indicates the
vol une of fluid passing through the neter. As described above, the present
i nventi on enabl es a mechanical flow metlér to be 25 easil y and qui ckly

repl aced by an el ectronmagnetic flow neter. In conparison to a mechani cal
f1 ow met ein theralve; refenenpechasbeenmadette @ H400hmeghapicat meternBaWeNRE 1t s
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supply.. I'n addiitio T | tment in the body 10 of the
nechaniscafnst‘?&ggrdraér;tgewgeildrysa:t%crlna%|Bé§§'i s mai ntai ned, as the body 10 is not
di scarded. WD 02/ 063250 PCT/ GB02/00493 -12 In the above, reference has
been made to a H4000 mechani cal neter. Howefiq%, Lt . wil If be c@ggreci at gd
that the TesmMaHze heapoye, Anelactiomaghptic-low metss isGanfioufRdas aamser ar
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previ 0“S|§1é g&?)afrbﬁijafn%iné@@pﬁfy?h an insert of a nechanical flow neter to
be adapted 1 or use wwth an insert of an el ectromagnetic flow neter

W t hput having to disconnect the body froma mains supply. Referring now
Loy S Son: SRS BB, FEDD, i POHARSHnbiche o e 0
shown) . Thi setering'Bogydad odnitding fiehe genertihglcails andeensing electrddes (hdP
15 shown). This is suspended within the bore 120 of a mounting member 122
comprising a flange by means of 3 symmetrically disposed struts 126. The flange
has four protrusions 128a, 128b, 128c, 128d which extend in a generally spiral
fashion from a relatively small radius over a relatively large radius whereby, on
rotation of the flange, a portion of the projections can be brought into contact with

20 mounting bolts.

The wiring for the field generating coil and the sensing electrodes is carried
to the exterior through a passage in one or more of the mounting struts 126 and is
connected to a conventional flowmeter control apparatus.

25 .
Referring to Figures 11 to 14, a fourth embodiment is shown.

In the fourth embodiment, a similar “inside-out” flowmeter is used. However,

the mounting assembly for this comprises a cartridge 101" which, in this

30 embodiment, is formed of an upstream housing 101a and a downstream housing
101b. This defines a through bore 144, having an inlet 130 and an outlet 132. A
flowmeter metering body 140 is suspended within through bore. A sealing ring, not



conprising a flange by neans of 3 symmetrically disposed struts 126. The
flange has four protrusions 128a, 128b, 128c, 128d which extend in a

gener al | ywepiwed2so f ashi on froma relatively small radi us ecercE2nedati vel y
| arge radi us whereby, on rotation of the flange, a. portion of the

proj ections can be brought into contact with 20 nounting bolts. The wiring
for the field generating coil and the-dl8nsing electrodes is carried to the
exterior through a passage in one or nore of the nounting struts 126 and is
connect ed shewa, say\berhoonizd Hetweersthertwodousinlg pmptiensailbe floasnatef metering t o
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' earth reference when the mounting means does not earth the fluid (for example in
'15 the case of a cartridge made of plastics material; a particularly advantageous
construction comprises a plastics metering body and an earthing electrode mounted
substantially centrally within the fluid). An iron circuit 206 is provided defining coil
spaces 208 in which field generating coils are wound (for sake of clarity, the coils

themselves are not shown in Figure 15).

20

It will be appreciated that modifications of detail may be made. In particular,
the mounting arrangements may be varied to suit a variety of conduits, the importént
principle being that the flowmeter is mounted within a conduit and that the fluid flows
around rather than through the flowmeter. For example, the metering body could
25 even be mounted in a conventional spool of pipeline, although this of course
diminishes the advantages of having a compact metering body. Metering body
dimensions of the order of a centimetre or two in diameter are possible and
considerable advantages are obtainable in the case of small metering bodies. The
metering body may be formed most advantageously from plastics material. The
30 principles may, however, be employed with much larger meters, for mounting in
pipelines up to a metre or even more in diameter. In the latter case, a considerable

saving may be made by obviating the need for a large spool in which the meter is



earth reference when the nounting neans does not earth the fluid (for
exanple in 15 the case of a cartridge nade of plastics material; a'

parti cul awby2ae2amt ageous construction conprises a pl ast iPc3/GBR®0498g body
and an earthing el ectrode nounted substantially centrally within the
fluid). An iron circuit 206 is provided defining coil spaces 208 in which
field generating' coils are wound (for- thke of clarity, the coils

t hensel ves are not shown in Figure 15). 20 It will be appreciated that
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312. Wthin the fluid proof housing is an iron circuit 320 having coils

322a, 322b. Al so mounted within the housing and ér ot r udi ngtrto make cont act

with 10 t Hehef field geneeatingsils gadslestrdesarerronspred P dhe geitral appREalys afn) et

orifice 3305aht eter in the normal way.

15
In certain cases, the metering through bore may have a square section and may be
larger. In certain applications, only a single coil may be provided to generate the

field.

20 A preferred embodiment is shown in Figures 20 to 22. These drawings show a
cartridge 401 similar to that illustrated in Fig. 11. The cartridge 401 has a bore 402
through which the fluid may flow. A bore 404 is provided in the cartridge (in Fig. 20
at a central position through the top wall of cartridge 401) for receiving a metering
housing 406 having an elongate body. A corresponding bore or recess 408 is

25 provided in the bottom wall of the cartridge, also for receiving the metering housing
406 (Figs. 21 and 22), so the metering body extends perpendicular to the direction
of flow through bore 402. The metering housing 406 can be of cylindrical section,
but is preferably, as shown at 410 in Fig. 20, of streamlined profile. The metering
housing may also be cylindrical on insertion into cartridge 401, and a wedge shaped

30 body orsimilar is attached to the cylindrical metering housing 406 after insertion into

the cartridge so as to form a composite structure having a streamlined section.



tapered outlet orifice 332 either side of nmetering through bore 334. The
field generating coils and el ectrodes are connected to the control

appar at uswofo02/068266 ow neter in the normal way. 15 In cert aiPCTEEHRH0498 he
netering through bore nmay have a square section and may be larger. In
certain applications, only a single cai{smy be provided to generate the
field. 20 A preferred enbodinent is shown in Figures 20 to 22. These
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for neas@riubgidianyflaim may ke incemratated: iR e @pisn framhich itds ngtdgrendent gs. 20
to 22, no netering duct is provided. The fluid flows around the netering
body. Each feature disclosed in the description, and/or the clains and
drawi ngs may be



10 provi ded independently or in any appropriate conbination. In particular
a feature of a subsidiary claimmy be incorporated in a claimfor which
it is notwoepesmtent. WO 02/ 063250 PCT/ GB02/ 00493 -16- C RCWEGED2/08493
flowreter for nmeasuring the flow of fluid in a conduit, the flowreter
conprising: 5 a netering body conpri si Ng_a housi ng containing a

non- mechani cal flowreter arranged to neasure the flow of fluid around the
metering body; and nounting nmeans for mounting the metering body in the
pat h of f lgids 5> A flowneter accordi ng to Aaim1l, wherein the nmetering
body contains field 10 generating neans for generating a magnetic field in
the fluid around the netering body and potenti al sensrjé]g’ eLec rodes for
sensi ng pot entA dlowmetec dar imeaswsing thed flowr olifldid: e aneRrayit ghe digwmetera

fl owreter according to any preceding claimwherein the netering body is 15
el ongat e P "Ipunt ed so that the axis of elongation is substantially
paral gl to the meidriagt bely obomptisifgf BoWoudingAcbhtaimiegea acaandcimgnical any
preceding Cl ai mwherein the nmeterin is fluid-tight,
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preceding C ai mwherein the nmetering body is centrally nounted within the
conduit. 7. A flowreter according . to an recedi ng .Cl ai erejn the
rount | ng 2 asedhBpymaieAcoIng thIGIRGE TUpBHY s TR0 BRrURPhtalnt g  he
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body and potential sensing electrodes for sensing potential induced in the fluid

around the metering body.

3. A flowmeter according to any preceding claim wherein the metering body is
15 elongate and is mounted so that the axis of elongation is substantially parallel to the

direction of fluid flow.

4. A flowmeter according to any preceding Claim wherein the metering body is
fluid-tight.

20
5. A flowmeter according to any preceding Claim wherein the mounting means

comprises a flange arranged to be clamped between adjacent flanges of conduit

sections in a pipeline.

25 6. A flowmeter according to any preceding Claim wherein the metering body is

centrally mounted within the conduit.

7. A flowmeter according to any preceding Claim wherein the mounting
assembly comprises a flange having means for axially aligning the metering body

30 with the conduit.

8. A flowmeter according to Claim 7 wherein the alignment means comprises



WO 02/ 063250 PCT/ GB02/00493 -17 at | east one projection arranged to engage
with clanmping bolts on rotation of the flange relative to the bolts. 9. A
met hod ofwonsied2so ng a fl owreter in a pipeline, the methoedcTwmyrioedng: 5
provi di ng adj acent separated portions of a pipeline and clanping a nounting
flange to which is mounted an internal non-nechanical flowreter between the
adj acent sections of the flange. 10. AR1&l-ectromagnetic flow neter
configured as an insert for insertion into an in- 10 situ housing connected
in a flow hteast bhe phojeetion aaangedito g rgage! withnclb®npindy &ioéts rort fotatiors of the
conprises a flow rreasurerrer]t duct, neans for generating a magnetic field
across t heflange relgiive tadhenRolisor deri vi ng a neasurenent of the rate.of flow
of fluid through the duct from 15 the voltage i nduced by the magnetic
field in fluid flow ng through the duct. 12. A neter according to Caim 11,
wherein the. i nsArmetfmmmﬁ isstallimgmﬂoneterdhwipélm, pize method Imenfnrismg)f fluid
' wherein t

f t he duct 3. A te .
i vertifg negnsuﬁodmjnge st SoRaTaiStA RS ARPSSE And Flandng acourting ¢ o
Caim 13, Oﬁ%@'té‘ mbﬁ' idmb @Rl AN MteMANRRh-rAsERASIEal AdWIMetdBefiden thed 15.

A nmeter acc ng to A aim 14, wherein the or each channel is defined at

| east in padjacent sentiopstaf tmaflagge.f ace of the insert. 16. A neter according
to Claim14 or 15, wherein the insert is shaped to provide 30 a pair of
sai d channel s extendi ng about respective sides thereof. 17. A neter

accordi ng 49 _angne@ledtorhagnelit flow hetertonfigiRdidsartihs€adr iaH&ior int¥@n in-
02/ 063250 PCT/ GB02/ 00493 -18 conprises a convergent inlet portion and a

di ver géﬁt sitit hewsipgconpacted in a flow line.

11. A meter according to Claim 10, wherein the insert comprises a flow

measurement duct, means for generating a magnetic field across the duct, and

means for deriving a measurement of the rate of flow of fluid through the duct from
15 the voltage induced by the magnetic field in fluid flowing through the duct.

12. A meter according to Claim 11, wherein the insert comprises means for

diverting part of the flow of fluid away from the duct.

20 13. A meter according to Claim 12, wherein the diverting means comprises at

least one channel. -

14. A meter according to Claim 13, wherein said at least one channel extends
about the duct.

25
15. A meter according to Claim 14, wherein the or each channel is defined at
least in part by the external surface of the insert.

16. A meter according to Claim 14 or 15, wherein the insert is shaped to provide

30 a pair of said channels extending about respective sides thereof.

17. A meter according to any of Claims 13 to 16, wherein the or each channel



18. A meter according to Claim1ll1l, conprising an additional insert for
channelling fluid into the duct. 5 19. A neter according to C aim 18,
wher ei n swDd2a6ktse i onal insert conprises a sleeve havi ng PETGBWRG04Y8Nt
cross-section. 20. A nmeter according to any of Clains 10 to 19, conprising
a housing connected 10 in a flow line, said insert being inserted in said
housing. . 21. A nmeter according to C-dai8m 20, wherein the housing has an
inlet substantially co-axial with an outlet thereof. 15 22. A nethod of
i nstal | i ngopiprigeect comrygettiiniet bortiomedrat a ddvevgettrautieopartiorof  Clains 10 to
21, conprising replacing a cartridge installed in a housing connected in a
flowline with said insert or inserts. 23. A flowreter conprising a
cartridge jgnser j ; irhmridi j
b ough-bdfe. adt e sl QU8 birhoyiciiFaf BabiibRams it ity
for measufluiintd the diictf | uid in the through bore. 24. A flowreter according
to daim23 wherein the neter is an el ectromagnetic flowreter and the
non- nec¢hani cal netering neans conprises field generating 25 neans for
generati nggd MagpRhbCadddin Qi a8 WiefeiRassid BEdRiBhAHRReHOMPHsRLHE
bore; and sénsing e ectrodeg or sensing a potential developed in a fluid
passi ng shyevediavimg atdongergenb orass-segtion. f | ownet er according to Caim 23 or
24 wherein the cartridge is provided in 30 a fluid-proof housing. 26. A
fl ommeter according to any of Clains 23 to 25 wherein the housi ng has WO
02/ 063250 5GCT/ ERALIA8Srding @ Hy BT CTAIATRS! 0 10 195 Boimprisingartiblisingéonnected
predet erm ned standard dinensions. 27. A flowreter according to any of
C ai me1@3in a flow linhsaid inserdeaing insedgd in saidhousii®d to be inserted into a
conduit insertion housing conmprising first and second 5 coupling portions
for coupling with respective upstream and downstream fl ow

21. Ameteraccording to Claim 20, wherein the housing has an inlet substantially

co-axial with an outlet thereof.

15 22. A method of installing an electromagnetic flow meter according to any of
Claims 10 to 21, comprising replacing a cartridge installed in a housing connected

in a flow line with said insert or inserts.

23.  Aflowmeter comprising a cartridge insertable into a flow conduit, the cartridge
20 having a through bore defining a flow passage, and non-mechanical metering

means for measuring flow of fluid in the through bore.

24. A flowmeter according to Claim 23 wherein the meter is an electromagnetic
flowmeter and the non-mechanical metering means comprises field generating
25 means for generating a magnetic field across a fluid passing through the through
bore: and sensing electrodes for sensing a potential developed in a fluid passing

through the through bore.

25. A flowmeter according to Claim 23 or 24 wherein the cartridge is provided in

30 a fluid-proof housing.

26. A flowmeter according to any of Claims 23 to 25 wherein the housing has



conduits and a neter insertion orifice into which the cartridge can be
inserted. 28. Aflow netering kit conprising: a conduit insertion housing
conpri si ngofmex2sand second coupling portions for 10 COUPCITREBORI00493
respective upstream and downstream fl ow conduits and a neter insertion
orifice into which a cartridge containi a flow nmeter can be inserted; and
an insertable cartridge having a throught bore defining a fl ow passage, and

non- nechanj cal netering neans for asuring flow of fluid i.n the through
bor e. 15d2'©er1%!°ﬁ§tt%>&gw?¥ ?r?QPQPFiOng ‘%‘?Wﬁﬂ%‘?é%ﬂ‘{?f%d%ﬁ'aﬂf’??- t he met hod
conprising installing a housing in the conduit, the housing having an
opening arranged to receive a cartridge containing a flowreter; and

f

i nstal i n@Q7a cak flowmgter ancerdingnty anyohClaimisadd taRof whereindheicariridge is
housing. 20 30.. An.electro netic. fl r (1Sl | ting
coi | s and arx9ed tp He s |inf%g]cpmlwt ﬁ&gwgﬁh@“ﬁﬁ‘%”@‘?ﬁ%’?ﬂ%ﬂg%?P§ﬁ@t he
fi el d geneabiing doplids #idcodbiinge iy regRtsve Qipstreant andsdownstreamt flova
conduit, whereih the directing nmeans is not forned with a neasurepment
duct. 25 Zbnduits nodreemeterdnsertiantworifice yntasvhiely theneartiidas eanybednsasted. or as
illustrated in any of the acconpanying draw ngs. 32. A nethod of
installing an el ectronmagnetic flow neter substantially as herein described

wi th refergice A fowlhinetfingKitaothmising:awi ngs.
a conduit insertion housing comprising first and second coupling portions for
10 coupling with respective upstream and downstream flow conduits and a meter
insertion oriﬁce into which a cartridge containing a flow meter can be inserted; and
an insertable cartridge having a through bore defining a flow passage, and

non-mechanical metering means for measuring flow of fluid in the through bore.

15 29. A method of installing a flowmeter in a conduit, the method comprising
installing a housing in the conduit, the housing having an opening arranged
to receive a cartridge containing a flowmeter; and .
installing a cartridge containing a non-mechanical flowmeter in the housing.

20 30. An electromagnetic flowmeter comprising field generating coils and means
for directing fluid past the field generating coils, the field generating coils and
directing means being for insertioninto a conduit, wherein the directing means is not

formed with a measurement duct.

25 31. Aflowmeter substantially as any one herein described or as illustrated in any

of the accompanying drawings.

32. A method of installing an electromagnetic flow meter substantially as herein

described with reference to the accompanying drawings.



