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Description Fluid Fl ow Appar at us

Technical Field The present invention relates to fluid flow
apparatus and, in particular, 5 to fluid flowreters, fluid m xers and
fluid dispersing devices. Backgroulnd Art U S. patents
4,638,672, 4,812,049 and 5, 363, 699 disclose fluid flowreters and fluid
di spersing and m xi ng devices which are characterized by a uni que
static fluid fl ow di spl acenment nenbeDewdtiptioni s nounted 10 symetrically
within a conduit and which is effective to linearize fluid flow t hr ough
the conduit within a region defi AdddBdoWetPparaits di spl acenent nenber and

the interior surface of the conduit and to flatten the velocity profile of
fluid flowin the conduit both upstream and downstream fromthe

di spl acenent ,meger. The apparatus insures reliable nmeasurenent of
fluid flow c elds within the conduit and al so provi des for

honbgeneous bl endirfg dndins [ G ' and/or .fluids
containing particula gnﬁfftne?ﬂ& fRfhtes to mqg.lé)\&ﬁg qﬂieth#j%l%?’dquag\}ﬁ%%rer s and
m xers ar e5 madfuidnfiowmertry ritied niikers and fhegidspersag devademar k " V- CONE" by

McCroneter. Inc. of Hemet, California, which is the owner of the above
patents and the assignee of the present 20 invention. The fluid
fl ow di spl acgggtof™REr in the V-CONE devices is conprised of two
frustuns, usu%‘?gléy—mm‘ral, joined at their |arger ends and nount ed

coaxi ally in an i bdSvpatemb 47638, 62 t4, ©12, 049 s d|Bi68,695hEsdisdastas ar e

nount ed substantially normal. to the axis of the section and the direction

of 25 fluid FPYWeHRY D fhiq Aspersigeangmaiingsdayings ethiely Areetharassdrizpdityvar di y

from the a unique static fluid flow displacement member which is mounted

10 symmetrically within a conduit and which is effective to linearize fluid flow
through the conduit within a region defined between the displacement member
and the interior surface of the conduit and to flatten the velocity profile of
fluid flow in the conduit both upstream and downstream from the displacement
member. The apparatus insures reliable measurement of fluid flow conditions

15 within the conduit and also provides for homogeneous blending and dispersing
of diverse fluids and/or fluids containing particulate matter.

The unique fluid flowmeters and mixers are made and sold under the
registered trademark "V-CONE" by McCrometer, Inc. of Hemet, California,
which is the owner of the above patents and the assignee of the present

20 invention.

The fluid flow displacement member in the V-CONE devices is
comprised of two frustums, usually conical, joined at their larger ends and
mounted coaxially in an individualized section of conduit. The frustums are

mounted substantially normal to the axis of the section and the direction of

25 fluid flow and with their peripheries spaced symmetrically inwardly from the
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interior surface of the conduit section. Dependi ng upon the dTmansq ons of

t he di spl acenent nenber relative to_i_he size of the conduit section,
t he di spl acenent nenber is effective™to linearize fluid flow over a
pr edet er m ned range of flow rates through the section. 5 The
di spl acenent nenber is nmade by joining two frustuns together at their
| ar ger ends, iusuat byrfapg afghe corpuitTysetion.udlepandiag upep the dinensipst ekthm

direction is gustonmarjly joined, e. b | ding, . at iLts upstream and

smal ler éiﬁscﬁa[cgmgniﬂr%glngé rfﬁ%ﬁ)"g t\ﬂkgﬂ’% ﬁlzéfmed%mgmt&ﬁgwnt ﬁ%fpdi spl acenent
menber to it YisplacefRMNEkIBNS! eI lihER18 TN ol @e@@?ﬁé@&é&'ﬂﬁiﬁ;@dﬂ' ng is
taken or through 10 which a secondary fluid is introduced for mxing with a

primary fl ui dangeooii igw rates thyouglyFet s¢etieondui t . The pipe or tube is bent

outver 0 319, 2 A IASHAN memvek B AL by O AR e B U031 Lo

to the wall qfeit RRe&GORMYI hsu%ﬁ?tb'y%eldinfsa’ﬂﬁ% FARMANERE! i) (BEiyRRaRS he means
Cc

for nmounting the displacenent” ménber oaxially wi Thin the section.
Because of t hereceequisr@wstomasily goinedteagi,dly welidimgngt itsrupsifeant andesrodllearhe

" V- CONE" t d.m is, .quite | i ive., Furth i) th
mounting pi peraro AU PE scleeh etfbus s Ba bR PR amept BEBhend Fonber . i ¢
i's in a RR\Nkir&m fitel HdrAFbies e algresutevebditi Gs fakeyvol RiBughe region

where the 20 velocity of the fluid flowis intended to be |inearized.
Al so, as pPesdrich g scomslaryufeidds intreduged faremiXirgwithar pramaryi flsidaffewiogat ed

flow sensing devices is required for each.of the various sizesg of
flowmters  DOHREARCqsh ! Hispies B gk than Qe apttupdc iecige,
respective rangea1Qf the cordudvéctAbiLpstredR from the displidmetthhb@béhe " V- CONE"
meters and mxers have heretofore served the needs of 1 ndustry
effectivel y ditd ppd briubetib yoingd ehavevealdad, wp tthe waldef pheeaahduit sectomept ance and
commerci al success, there is, as, al ways, room for : ]I mpr overren}t).
and convenienily serve’s as the means for mounting the displacément member
15 coaxially within the section.
Because of the requirements for material joining, manufacture of the
"V-CONE" meters and mixers is quite labor intensive. Further, since the
mounting pipe or tube is located upstream from the displacement member, it is
in a position to introduce anomalies in fluid flow into the region where the
20 velocity of the fluid flow is intended to be linearized.
Also, as presently constructed, a separate flowmeter and its associated
flow sensing devices is required for each of the various sizes of flowmeters
needed for linearizing and measuring fluid flows over respective ranges of
flow rates.
25 Thus, while the "V-CONE" meters and mixers have heretofore served
the needs of industry effectively and efficiently and have met with widespread
acceptance and commercial success, there is, as always, room for

improvement.
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Di scl osure of the Invention The object of the inventionis to
i nprove in several respects upon the -3- devices disclosed in the above
|isted patents and the comrercial enbodi nents of the "V-CONE"
flowreters and fluid m xing and di spersing devices. 5 In a first

respect, itnk n .o gct the invention to provide fluid fl ow devi ces
of the typegéségggn &Jﬁg Iny li)Hnot require material joining, e.g., that

el i mi nate the ne®he bbjecwef tierigvantidhds toimhprovetmpsveddl rkipeedlyponanalr i ng one
conponent or part_to anqther conponent or part. ) I'n, anot her
aspect, it #eviess disjesse 1Bsthe pROVE ABER BN andeRppuBercial embadimpmict ure of

t he describ 1) w. i : . : material s than
her et of ore eglr?e ? (galg|Eblﬂg.al\ﬁl“§&§ ahd ml&ﬁkﬁggﬁo&ﬁ%&z{%%‘??esit is an obj ect
of the inyentionld @ firsorespet,fit isi zh objectf dfahe denenges wprdvide flxmensiescri bed
wherein the fluid fl ow di spl acenent menber is renpvably and replaceably
nmount ed i n €9vaces SHdhe typsedeserdhedsthat dmpotregsirgmaeiadiieipinge rgnthatenber can
be renoved . L ep. . Qr e | ff tdispl.acenent nenbers

i n order toagggg%gg}%gd %!rf\?glrﬁén ar@‘(’%ri %tgerarr?gﬁrﬁs gfrtgﬁdlbg%%ﬁpﬁgéﬁges of fluid
fl ow t hr ougtorhpeheaootpart 16 @séthe@contponehi or pay., a single section of
conduit, i.e., a single neter body, can be used with a variety of

di spl acenent nmenBefROthe BeGdnitosiak Obiest poths invepiondo aseprgmedaicand a 20
broad range_of ro . I In a third respect,
it is anﬂgbfngr(l:lfffa%tg %ﬂ%ﬁ}end\%g%ﬁegﬁﬂ%%&%gg‘%est%%m a bré)lag%rl eeHeht nenber at a
| ocat i on dowhstiaRafhh heredibe dicgladesmpt nenber thereby to elimnate

fl ow di sturbances within the region between the neter body and the

di spl acement nenbep se@ndresngei, dhisoin ehisstfbbsdnveniien guptevidestividgi on i nsures

a much noregquni form stable fluj lLow,.. apd. in turn, nmuch nor e
stable, rel ?%ﬁl gvgﬁﬁ%ggﬁeué'gggg%ggégveﬂ%%&be iid flow dr‘sma}cﬁmgmf ourth respect,
it is an obinegbedls tchRvabiveamdi repiat@bpr avuged fih @ condiBaseti®M@Nthat aPS
through the wall of the conduit section or neter body so that no

nmeasur eneht 2ivep §isplacemprtr mpBberscayr bepresrayge and replacediyr erf phmoke
different displacement members in order to accommodate different fluids and

different ranges of fluid flow through the conduit section. In this way, a
single section of conduit, i.e., a single meter body, can be used with a variety
of displacement members to accommodate various liquids and gases and a

20 broad range of flows through the meter body.

In a third respect, it is an object of the invention to support the
displacerﬁent member at a location downstream from the displacement member
thereby to eliminate flow disturbances within the region between the meter
body and the displacement member. Elimination of disturbances in such

25 region insures a much more uniform and stable fluid flow, and in turn, much
more stable, reliable and accurate measurements.

In a fourth respect, it is an object of the invention to provide flow
measurement taps through the wall of the conduit section or meter body so

that no measurement taps or other holes or passages are required in the
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di spl acene %égélisonger as was previously required. Attai nnentlﬂ%];‘m%gﬁfogmabj ect
contributes to and faC| litates attai nrreg{t of the other objects, and
provides fluid flow apparatus that is relatively easy to manuf acture and
very reliable in operation. 5 In yet another respect, it is an
obj ect of the invention to provide fluid fl ow devices in which there
are no st agndisplacarems munolernas waes graviasly wequired. Agiagmesns of thik @8jear e

conpelled to fl ow snoot nd cont.i nuou ht devi wi t hout
f1 ow st agnat FYHIIOUERS © "“?‘Jnyafﬁ’rtﬁeq RS ttﬁgo gg:gsofmq Reovices ngéQII ces in
sani tary ethB@aﬁ%&s thatis reﬂaﬂvé}y%@h@nﬂamre%ﬁd&éry P&abRy e 10

sanitation is p nount ese and ot her objects and advant ages
of the inventpomiar.e attai ned by virtue of a particular node of

construction of the fl ui ow devi.ce ently pref
o bodi mont S0t i By Aotes St LS ARibEE of s nBRERRGR ProRE i {he
acconpanyi ngﬂg\rg P:Q? in whidh Refedre %Ss%%nﬁﬁt' 2820k ithiR&hSdaVi&9snd
Fig. 1is a si evation of a fluid f1ow displacenent nmenber for the

preferred enbhdicrefibidefars h@npdiﬁérmlﬂnw smoothly and Corﬁngouszy thgoaghr gigr
el evati on of the di ﬁgl afcr‘eman i g gf‘ rt| cal
| ongi t udi nal 9844 VHROY %Wé@ﬁa%ﬁ%“ s GBS B'hm(%rﬁﬁp%lfr}?& €5 et‘ﬁsg 8r body f or

the preferr e@eﬁﬁ@%qg'sgﬁmry Céﬁ'wi:r&%nérﬁél & | (Pfﬂareas and under coh#ifionéwhered I ear

el evation of the neter boddy; and Fig. 51is a vertical

| ongi t udi A8l sswetiomms pdrambentpr ef err ed errbodl ment of the i nvention
installed in a pipeline an u ed f uset measur.e uid flow,
i.e., for use ag iﬁ?ﬁeLﬂ”& gt ?'.;V\Sﬂ:@ ‘g nd a Van tg?hgd%ef“on are aitained by

PCT/ US98/ 078¢fe of a particular mode of construction of the fluid flow devices, the
presently preferred embodiment of which will now be described in conjunction

with the accompanying drawings.

15 Brief Description of the Drawings

Fig. 1 is a side elevation of a fluid flow displacement member for the
preferred embodiment of the invention,;

Fig. 2 is a rear elevation of the displacement member;

Fig. 3 is a vertical longitudinal section of a conduit section comprising

20 the meter body for the preferred embodiment of the invention;

Fig. 4 is a rear elevation of the meter body; and

Fig. 5 is a vertical longitudinal section of the preferred embodiment of
the invention installed in a pipeline and equipped for use to measure fluid

flow, i.e., for use as a fluid flowmeter.



-5- " . Best. Mbde for Carrying Qut the Invention The foll ow ng
i s a.det amwees/sbescri ption of a preferred enbodi nent of a  PCT/U8987874

fl ommeter presently contenplated by the inventors to be the best node of
carrying out the invention. Mdifications and changes therein will becone

5 apparent to persons of reasonable skill in the art as the description
pr oceeds. Referring first to Fig. 5, the fluid flowreter of the
invention, indi de . ) t1 is adapted to be installed in a

pi peline or ich is depicted as being

conprised of pi peﬁ@%lr@@&g% ahfevmrég descrlﬂiﬁ)'ntdfrlg fekanraesmbdbintent b4 r ends.
The flowneter 10 is conprised of a neter 10 body 20 and a fluid flow

di spl acenent fld&l floemtCermyessns C@Uampéﬂw@bwmqﬂnﬁemhé to be thpdgyt mpdeofret er
body 20 conprises, in essence e or . .condui adapted to
e bol ted or ctrrk AL EEaR- oM Pad nd eingRL nE R il beporpe
exanpl e, bgt g@%ﬁ'eﬁtr@ eﬁ I@rﬂg%ﬁ réﬁo@afbré b1l ihth6 het 2k @R BERAPASE btRREds2. The

ody 1

nmet er s preferably of the so-called wafer design and is sinply
confined 15 bet \B@éerrmgeﬁrfsﬂ @nigigs 51 theafidid dbowreeted ob theainiventiop, andiepted wi t h
t he pi pe sections ns. of. ci urrferetrall ced. bolts 16
(only one sh&ﬁﬁ*ﬁralé‘klabrré Hddaptegﬁ%f’%%sﬁa L?ﬁom ARBY H&n‘?‘fe%@?’ﬁé i%h% °¥1 anges.
The body sec ABpic RS MR ingdQIRpNed I ROt chohL 12 8aviE ch i n

use conpri se%bgdhﬁg?/tht&gsls %d corsrstrr%ggtergpaecontr nuatcr on of ?hegpath of
fluid flow Z(BOIIinlgrﬁlnnghs 14 hae thimpendsi riEhel Qowster ridli is abmgribgd vhe naaterow, t he

i v ngs. 19naopy BB apsens Hov diseledngh foviGeld i3 cliSalft wifhis 1R
cylindrical gpd, t hgBgegr ggd)' 80 ‘d@h&ﬁhkéﬁ i BQUAER a sectié] oﬁbif@Ydfr cofhuit he sane

internal cross section and size as the pipe sections
Longi t udi nal lagampdiaetle pokssor ethtaypise Eztuwtﬂba@eaxtmrdemmds af pipet fiorough 25

the wall of the body 20 at | gcatiagns a rposes to scri bed.
As shown in pycgmplg éﬁwegn the, Hanges d (Bcrt I‘FStrGPeg FﬁBe 5%59“%251' gﬁﬁr’%‘ieﬂed,
o ne oo el Y pAnl A SOdhILSRt i LR EIINE,
| ongi t udi nal ,befvasénahe fladg@ar Buatdecenxdred br akially hEgpedewith el pipetsedionsnt , t here
are 12 by means of circumferentially spaced bolts 16 (only one shown) extending
between and interconnecting the flanges.
The body section 20 has an internal bore or through hole 22 which in
use comprises a part of, and constitutes a continuation of the path of fluid flow
20 through, the pipe line 12. As indicated by the arrow, the direction of fluid
flow is from left to right as viewed in the drawings. The pipe line 12 and
conduit section 20 are usually cylindrical and the bore 22 is usually, though
not always, of the same internal cross section and size as the pipe sections 12.
Longitudinally spaced pressure taps 24 and 26 extend radially through
25 the wall of the body 20 at locations and for purposes to be described.
As shown in Fig. 3 and 4, the interior wall of the body 20 is provided,
at the rearward or doxxrnstream end thereof, with a plurality of
circumferentially spaced, rearwardly open recesses or grooves 28 of limited

longitudinal, radial and arcuate extent. In the preferred embodiment, there are
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dianetrically opposed grooves in the rearward end portion of the neter

body. Referring to Figs. 1 Qﬂd 2, the displacenent device 40 is
conpri sed of a flow conditioning portion or displacenment nmenber 42 and
a supporting or 5 nmounting portion or nenber 44. The fl ow
conditioning or displacenent nenber 42 is conprised of a body, usually
cyl i ndri cal fwoudiashetrigalyaopnsjsest grooapsineths deafvarkerd poition; afehe meker at edge
46 and two %ngsitely facing, usually conical, sloped walls 48 and 50

whi ch face, ‘pectively, in the upstream and downstream directions in the

10 meter body 20 refétrinhit6 [Figsaesndsy,nmetdidplaknygni divadedd( BVentbrisBe ofixi s of
t he body. Except as hereinafter described, the flow conditioning nenber

42 has asften cpaditigning @ogtigreofiyRlpecanent memher &2 afdi o IPRAHINRGICt i ons i n
essential Ly the. S n the fl ow displacenent nenbers utilized
in the "\/ESC&\(IF:’mtmg pog@{/ﬁ?g@e&@éﬁ ?Ig'bl e from McCroneter, Inc. and those

descri‘bed in pat giesfioh cdndiBSnifiy or ddspiitemOriOmembersdBaIon@ftisel e adi scl osur es
of which are i ncorporated herein as though here set forth in full.

As descri bedoiy, wsnellycylondrisat.eipish base maebernsyerse liagieteiner digensicee t han
the bore 22 in,the conduit 20.and.is _nmunt.ed c iall it hioh t.he, bore
normal - ebSereTuERLEYY SREGTER b ler PR e At e "B AEPAT o 48 and
50 spaced 20igy B! fdspeitividtyl IneHeChrfstredth tahe doRinSiré derectidhRan uedir f ace of
the wall of the conduit. - The larger and contiguous ends of the sl oped

wal | s ar @0 ofmet¢rebeslyrdd and whichdapardyshegiacallydingerd rmevagd thehaxis of thect ure a

har eri pheral .edge 4 t.h l.ane .of ~which.l.ies normal to, the
ool Pen b Boh Rt Heorsitetis des B AW cBgrkb Bhe JRGHREr A0 e
downst r eam Wedehidif, aRbaRkafISERA chatRRRIskcd MPRRMENodsOindessediaRPiiL , O

substantially a point, at ifs upstreamend. The wall is forned at an
angl e i n t heame demnerf af therflew displagemeiignerabers aititibesuiin e "deGOMNE" to t he

PLE qer ol Sk BEoRTLERSERL $H0%d oS RS S ERLS Dol Lo
][relognt | gg&%o f‘é&hﬁémazggﬁtm%g@gﬁd Bef3kooot e @idaestss bwhchhird the range of
incorporated herein as though here set forth in full.
As described in the prior patents, the member 42 is of smaller size than
the bore 22 in the conduit 20 and is mounted coaxially within the bore normal
to the direction of fluid flow and with the sloped walls 48 and 50 spaced
20 symimetrically inward from the interior or inner surface of the wall of the
conduit.. The larger and contiguous ends of the sloped walls are of the same
size and shape and define at their juncture a sharp peripheral edge 46, the
plane of which lies normal to the direction of fluid flow. The upstream wall
48 is longer than the downstream wall 50 and preferably tapers inwardly to a
25 point, or substantially a point, at its upstream end. The wall is formed at an
angle in the order of from about 39 degrees to about 75 degrees to the plane
defined by the peripheral edge 46, a preferred angle being in the order of

about 67.5 degrees. The angle of the downstream wall 50 relative to the plane

defined by the edge 46 is within the range of from about 15° to about 30°, a
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preferred angle being in the order of about 26 degrees. The beta ratio of
t he menber 42 relative to the inner7dianeter of the conduit 20 is
preferably in the order of fromabout 0.4 up to about 0.94.

As fluid enters the inlet or upstreamend of the conduit 20, the fluid is

5 di spl aced qr ] r 48 of e, menber into an
annul ar regi 60 o’f%(#)rgg I‘rég)se gé\/’ér@e %gcge&eogg%]ﬁkgw% g%e?ecﬂq%ﬁﬁtla rﬁ?%é’?%ﬁt’o a

m ni mum bRl 2! REative a0 eheonbN@iaRRidriTah@ boRRA2H &- préfeatill Yh dhd hen
flows into an annul ar I’g%l on of pro%esm vely increasing area as

defined by t Redegffsam akayt 0.4 upalol abogt OR¢. a consequence, the fluid flowis

stabilized and condi i - h. nd . downst,r fromthe nmenber

42. In particul ar ?gltﬂ%ﬁ%glg%g%%@e? o?%%lgtgrgagﬁe@ tof&g (Eodld}lﬁ?@]arﬂ?eza]u’ldl Hid flow
in the regkodispRiceden dehecieeppeie dtamd wall 48 dieheVelnbef 49 hgoGendui t 20 and
to flatten the velocity profile of fluid flowin the conduit both

upst r eam and ABBUASZEENPT ProBTasHEClH | dspreasiagemss isectivanl areey tosa minimum

predeterm neg_r I rates. sequent| the flow profile both 15
upst r eam andggﬁ%\?aﬁg% g%rrﬁg i"%"'eﬁ%{ﬂ e%al?% By gg ; n@}fynqlé‘firtﬁ‘?fhh?wéﬁtalalw centered
within the cemsllid reg@idofprogrdsavals iActeass aith iadldelin&PBy Nk ald OW

di anet er irrespective of flowrate. so, the flurd or?lw s and any

solid materi #a 50. Asipegasisequgnes, iberflgshflowds stabilizad ahtheonditionsd bRA i s

filled w an essentjally onpgeneous m.xture throughout substantially
s full 8o BB ERR T rvaleam SR HE Bieber el rstituin amersiyr g i n
addi tion, ef {seqtdcyiQe & 1i@PAriAR AR IRy [fiHeMRgion berwdthQfi Hen?gerwaear{dl uid as it

returns to free streamconditions in the conduit downstream fromthe
menber. The 8gigawpl péitheptandait 28dpd wdldtienabajvelocity profile of Wuid flotveindwnst r eam

T et o R MENCTR L LR Y S
et e PAgeStle i sopby s Rsepbpon ot 0 glglltgn "L
f requencylef fipsttcamednyd édwnsineameds exlarieipe dlas, yovnsticaanxidllgtcendrgdces or so-
cal l ed "noi S\%';thinat@xg cto?l lrli?,be}/ndf (?fc a{ lairéeagr?d Qsis Qt&a)flyac%%gtggtt r%egnn%ogvegliiar%geg
irrespective of flow rate. Also, the fluid or fluids and any solid materials
therein are homogenized so that the conduit 20 is filled with an essentially
homogeneous mixture throughout substantially its full cross sectional area.
20 The downstream wall 50 is, in addition, effective to optimize the return
velocity of the fluid as it returns to free stream conditions in the conduit
downstream from the member. The sharp peripheral edge 46 in conjunction
with the downstream wall 50 causes short vortices to be shed from the
peripheral edge in the downstream direction. These vortices are of small
25 amplitude and high frequency and thereby contribute to optimization of the
return velocity of the fluid flow. Vortices of small amplitude and high
frequency effectively eliminate extraneous downstream disturbances or so-
called "noise", and thereby facilitate highly accurate and reliable

measurements.
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For purpose of nounting the nmenber 42 coaxially within the bore 22,

t he di spl acenent nenber 42 is provi ded,_8_pur suant to the present invention,
with an integral nounting or support portion or nenber 44. Specifically,

t he menber 40 is provided at one end thereof with a plurality of
circunferentially 5 spaced radially outwardly extending praojections or
t ongues 52 of theé asgmspose of meuREing ke Bsmben 4 tcoaxially M@l%gﬁé’%ﬁggi ng as the

recesses or grqoves 28 in the ., . ar. b C I i 20. In the
preferred eﬁ%%alsﬁﬁﬁ?f{’eﬂtr{&elflg?{gﬁe‘é pr}g%ﬁé& @S %“ag‘g Bov?]gggé%fl %’ﬁé@ﬂ‘m or

downst r eam gpeh Qf iﬂt@%aﬂﬁi&ﬁtﬁnﬁ@r alppoargortion of af¥Ribes @d. Epetifically atet ri cal |y
opposed tongues which in effect forma rigid 10 cross bar at the downstream

end of the meerbear 4Dis previded ghemnendntheregf with a pluralpy of sirgppierertipdlycr oss bar
is located a shaqrt .distance .downstream f S 50 and is
uni ted ther SiP% YBQIaQY&‘F‘?’_ 4P & ndér%[ g}ﬁé%chrghégftongueﬁgggx e\g‘ér%lsdleon 54 may be
of differenty ,8gt0%nd Wcathdf &t ehée Bime bpa@hgadrdhe hegeeses oF groovesl28[ih aeement
menbers so as to properly |locate the displacenent nmenber 15 relative to

the measur enmettr bafysoRdonthidt seetiers2hi [n theeprgestadi arelpdiments UeioBRYES
oot o1 o e R TRTBR wl e P nd L BRRHE BalE 2

radi al exte e sane as and matc that of the

grooves 28 i&ﬁf?@eé‘%?%o*ﬂ%ﬂetri@@&ﬁﬂié@éﬂ lovgudshehidh spkffe@nenth anggiger 40 can
be conveni ent assenbled within the neter body 20 sinply bl%/i inserting the
B

20 sanme I0ntavossher dotiresdovezstueamdndfoftthe meswenidd), 8y isodho¥nAz Hed2causing the
of The: mot erb BBy niterft e s FRaee npor e B EE THBA eam pi pe
i 51 odgement B odl o] S0 A an e e ey 4 el at lve 1o the
bore The extension 54 may be of different lengths for different sizes and shapes of
displacement members so as to properly locate the displacement member
15 relative to the measurement taps 24 and 26 as will be described later herein.
As is shown by comparison of Figs. 2 and 4, the tongues 52 have a
radial extent and distal configuration the same as and matching that of the
grooves 28 in the meter body. Consequently, the displacement member 40 can
be conveniently assembled within the meter body 20 simply by inserting the
20 same into the downstream end of the conduit or bore 22 and causing the
tongues 52 to seat firmly and securely within the grooves 28. Upon assembly
of the meter body in the pipe line, the flange 14 of the downstream pipe
section 12 locks the tongues 52 in place in the grooves 28 and prohibits
dislodgement or dislocation of the displacement member 42 relative to the bore
25 22 of the meter body 20.
When assembled in the body 20, the peripheral edge 46 of the
displacement member is located intermediate the two pressure taps 24 and 26
so that the taps are located on opposite sides of the area or plane 46 at which
the fluid flow area is the smallest and the velocity of fluid flow is the greatest.

30 The taps communicate respectively with upstream and downstream areas in the



25 22 of, the neter body 20. When assenbl ed in the body 20, the

peri pher alw@¢dgso7¢6 of the di spl acenent nenber is | ocatpdraugésgrdi at e
the two pressure taps 24 and 26 so that the taps are | ocated on
opposite sides of the area or plane 46 ag which the fluid flow area is
the smallest and the velocity of fluid flowis the greatest. 30 The taps
communi cate respectively with upstream and downstream areas in the WO
98/ 50761

PCT/ US98/ 0781£gndu1t where the velocity profile of the fluid flow is relatively flag_linear and condui t
where the velpgid yTHfscgn'ai)l%s flg hﬁ\hgccfuﬂﬂfa Flob BaduFerh&li@l I VL Xa;{ h@ {ng%)ﬂésngsr and

stable. This enabl es high accurate tlow neasurenents via

nmeans of ocﬁ(nnnmnmrmaieﬂlulﬂIﬂﬂvdnfehmmmemaustmmasrttaudmctdrmmm atithotheconnect ed
with the t aps s illustrated sch rratlc |1y in Fig. 5. The apparatus of
the inventi of2PS5 awlﬁxﬁfralsé SFBer’E’ﬁgaHiéé%g:ﬂg ny i ﬁétaPE%FéWtsé%f th inyepiigm| y

reliabl e apd I The
Upst ream nBadly adestoThd Mgsuring B AGGUES 5&& Sy PAERISEK sble sigrel o on e

edge 46 and &apiaprixcelkotuacdmecycondui t di aneters, i.e., about two tinmes
the dianmeter of the bore 22, upstreamfromthe upstreamend of the 10
upst r eam sl oped wealihe UPSIream FReaFEemeat 12c%k INdh br ogated: whisr asmarermedi at el y

upstreamfm%‘eavfzkgnqﬂé e%gedmﬁdg oﬁrn }9@4{ 48nddR db4+&§}sr gr.ed, bé)gt gmgG 5. The

downst ream t ap ocat ed Ye"area weeh The and a

poi nt about RMSQbﬂdmrﬁet@ @nht Gbfe mmtreaﬁmdm@m piere@fioend d.»mtheartl cul ar,
t he di spl acenent nenber wi |l cause a vena contracta, i.e., an area of 15
cont r act edOf |uewreafrbslpa¢¢nwaH 480 e Afprgfeared) lgvatign ia ipphechrea ipmediately

ascertai nabl %Pﬁream ﬂ"’ﬁ{o%g@rﬁ%@ﬁ& Leap wE{?%t hfﬁ&gggtSQG éﬁng E ePr eferred

| ocation for eamtap IS Wwthrh ‘vena

contracta ocduwvastréddmespul®&may bertocsetd eambitt theakred baseel aeaddge™s, aring t he
differential between the neasured pressures, provide information from
whi ch 1 ow c®AHN @PIHSWR ¢amRit dinsmesess elownssearn froam trmeedg@t elbnpandeniand

measur ed by [ [ as _de |ct schematically in
Fig. 5. LI ﬁ%&%ﬂﬁéﬁbﬁé%%ﬁf %agﬁs Gneft 88 acdset oﬁ%ma;&?ncl udes
ei ther or 1b0tbn@dcted flow, td et DI @k IfRIDGoRest - ﬁﬁ@alcﬁw 6F aRBrthingbant aneous
flowrate indicator. If
distance downstream from the edge 46, and the preferred location for the
downstream tap is within the area where the vena contracta occurs. Pressure
measurements at these locations, and the differential between the measured
pressures, provide information from which flow conditions within the pipe line
20 can be determined and measured by appropriate instrumentation, as depicted
schematically in Fig. 5.
The measurement instrumentation customarily includes either or both of
a flow totalizing register and/or an instantaneous flow rate indicator. If
desired for exceptional accuracy, the taps 24 and 26 may be equipped with
25 solid state or electronic transducers for generating signals which are
transmitted to an appropriate processing unit such as a computer or
microprocessor. Such instrumentation is not illustrated in the drawings as the

same are conventional in the flow measurement industry. With the

components described, the overall system accuracy, i.e., the combined

sl
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desired for exceptional accuracy, the taps 24 and 26 may be equi pped wth

25 sol id sfcqégse9g1 €l ectronic transducers for generating si gghSsoghhssh are.
transmitted to an appropriate processing unit such as a conputer or

m croprocessor. Such instrunmentation is.not illustrated in the draw ngs as
t he same are conventional in the flbW measurenent i ndustry. Wth the
conponents described, the overall system accuracy, i.e., the conbined

WD 98/ 50761

PCTI US98/ 0783«uracy of the hydraulic, mechanical, electrical and/or electronic syQems, is

accuracy of i ical . electrical .and/or el ectranic
syst em;?/ i's 5% (gé%o&g’? bAg{ f}gfe.%]%} P?Ssédg?t@ﬂ?ag?rfoty gm%@/ i‘tﬁ@d&gf ET{YBrtal Iy
within plus p% &f hesegister &r Watfardrieadiagi ALk WownNhCREDzideRING. AS 1S

known, the totalizing register may provide a reading in gallons, cubic
feet, acre @@y Previes @ rawting in gallpns: ehic fept.sacam fet.deubicamgressrand sther

rinuce,  cubi res HsalogneBh, Sl e g frceor ifatdec 2 0O P
Because the gagipbaseaRois d;s@rfbﬁmei, Rubleerea i EdoRd RARIRI®IHda}tS
o

supported at a | ocation wnstream fromthe pressure taps 24 and 26, the 10
supporting elé#iASs or tongues 52 do not introduce any flow disturbances or

anonalies into thg reagi gon re the taps are |located. Fluid flow
measurenents are ?%ﬁ?g% ﬁ'ngag?pzac?eﬁlg_nrf{nﬁ e&%@’ﬁﬁ%@gegﬁ@@awtlg, whi ch
contributes sfulfbfl)gﬁ&f aﬁ@ldclﬁ_ﬁi_oﬂ @biwAdidahd Monﬁtth@?ir%é_sﬁr?é @R AGEAPACHOT Tl ow

measur enment s. _ he enpl oynent of radial pressure taps 24 and 26
in the coHdujupporting ederoeitpar KMgeed H2 datnes inttegdupe amy flawt distasginterora condui t

extending axially through . the displacenment er, for purposes of
measuri ng th@%ﬁ%’%ﬂ?’t@% reaHe Wgeregh P&a céﬁeggr%f“dtﬁ‘éwrrenber, and in
turn el im nahesutdigenyOhd @ich BIBLNAE Fluid en&hﬁf&rsofhezsﬁng}?orw, YWl | ow that
exi sted in such conduit. Consequently, the flow 20 er of the invention
can be util icatritfwes fustsurd thg reliahibtyf [strbility ahdhdostradyadf flow appl i cati ons
where cl eanliness and sanitation are of paranmount concern. In

particul ar, BYPHITIY ng di aphragm type pressure sensors in the two taps,

sani tary ropnditi ofge AhBlo3RRHI §Fradial pressure taps 24 and 26 in the conduit

section 20 eliminates the prior art need for a conduit extending axially through
the displacement member for purposes of measuring the pressure at the
downstream side of the member, and in turn eliminates the void and stagnate
area of zero fluid flow that existed in such conduit. Consequently, the flow

20 meter of the invention can be utilized for measuring fluid flow in industrial
applications where cleanliness and sanitation are of paramount concern. In
particular, by utilizing diaphragm type pressure sensors in the two taps,
sanitary conditions are assured.

Furthermore, employment of radial pressure taps accommodates

25 manufacture of the displacement member and its support structure as an
integral, unitary, solid component, which does not require any material
joining, such as welding. Also, the supporting system provided by the tongues
52 and grooves 28 eliminates any need for material joining, e.g., welding, of a
support to the member 40 and the wall of the conduit section 20.

30 Consequently, labor costs are significantly reduced.
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Furt hernore; enpl oynent of radial pressure taps accommodates 25 nmanufacture
of the diwplsaserwent nmenber and its support structure as anPCT/USOS10E04 al ,

unitary, solid conponent, which does not require any nateri al j 0i ni ng,
such as wel ding. Al so, the supporting system provided by the tongues 52
and grooves 28 elimnates any need for material joining, e.g., welding, of
a support to the nenber 40 and the wall of the conduit section 20. 30

goc%s Eggg/ny?%? 4| a%lrso,cx%gxtn?fagt{l?e gf %@Ir}cxflzrﬁ enrtﬁl(y asr ae (sjo ?Kf gc')dy permigs\ﬁ?g %gé g 761

Al'so, manuf §efuk Qs oF chbRenidREP abt ﬁx@yﬁﬁsl?' &Riried sORSBIe PO (e tphrpdie. He of

material s of construction not previously deenmed suitabl e for t he pur pose,
for exarephmpisl mastics sparpaniariy plastits hpiing nbegick pvopegtiesonshiask properti es

such as eflan, .Del rin and_.pol ytetrafl .aet hyl ene. _Additionally, use
of such 5 Tedoer Bt v pOHERROBBIKlSR R EEANGE Pt R ng of Lhe

di spl acemﬁntmaterialgr%f‘)@@ﬁsu%éti@n BeihiRY dasiRETRP ARMin pehElpaEdhafg costs still
further. The di splacenent nber m)%mtl ng o? support system of

t he i nventi anember aalaswenifaay icbinpateans, thersbemugtirtg costh il fukthennver si on of the
device froma fir io to another beta ratiogtor_from a first
I

t heta r at
range of flow rat@&e ‘Bﬁolﬁﬁwt IHEAOED MAYDHEE On SUPRATH SR Of (RR\invERIAD

Speci fi cal | yysot fAgisdi&ecARhieh ﬁﬂn%diaye&weeﬁm of theSdeice ﬁ&ﬁgﬂ?ﬁ%ﬁsz of the
di spl acenent nenber relative to the bore 22 in the conduit section 20

det er m nes trho begmothat bavg ratlveor frpmsa G stfringedst fowd rothe to athge and of flows
over which the displ ace t menber_is._effective to lineapize fluid
f1 ow t hr ddgHEEeny ’%&g%ggﬂ?Wéﬁst l‘ﬁé’eelif’éfﬁllt‘%tc%ﬁé% aﬁg)r%é:pn YRR i nterior 15

surface of the ‘fﬁ@pE aﬂélte%,hgf ﬁx@@%léwnﬁﬁﬂﬂ%ef R t%itﬁgﬁafbdé?'in the

configuration 6 e di spl acenent nenber changes the type and ranges
of flows to cohdwhsdchien 20 desgrstiren the bespunsiheaypdSofsfaqdennd yhe fayige enovi ng a
first displacenment nenbher .and repl aci r%g it wth a different,

di spl acenmentof Fosetver trach; ther dpplacemagg member is effective to linearize fluid

flow through the region between the displacement member and the interior

15 surface of the wall of the conduit. Changes in the size and/or configuration of
the displacement member changes the type and ranges of flows to which the
system is responsive. Consequently, by removing a first displacement member
and replacing it with a different displacement member, the system can be
rendered accurately responsive to different flow rates and different fluids.

20 By virtue of the invention, this can be accomplished simply and expeditiously
by loosening and removing the bolts 16 that extend between the flanges 14,
removing the wafer section 20 from the pipe line, removing the displacement
member from the mounting grooves 28 and the conduit 20, replacing the
displacement member with a different displacement member, and returning the

25 section 20 to its place in the pipe line 12. Consequently, there is no need to
replace a given meter body with an entirely different meter body. One conduit
section 20 and it§ associated sensors will suffice for purposes of measuring
fluid flow over a number of ranges of flow rates and a number of different

fluids, both liquid and gas.

""’/.u:



rendered accurately responsive to different flow rates and different:- -
fluids. 20oByswigit ue of the invention, this can be acconpl pehedosgispl vy -and
expedi tiously by | oosening and renoving the bolts 16 that extend

bet ween the flanges 14, renmoving the wafer section 20 fromthe pipe

i ne, renmoving the dlsplacenent menber fromthe nounting grooves 28 and
the conduit 20, replacing the di spl acenent nenber with a different

di spl acenent nenher, and ret u({Ynl n the 25 section 20 to its place in the
pipe line 12. Cordlhiasy 3nd adyapiasessoine nyegtipp have theredpreahesnghgwoen net er

P00 ot e o SRk il cbfif fin Bralical *ConofR GAPAMIEL manncp ect ! ©F 20 and

its associ ated sensors wl purposes of measur fluid
fl ow over a nunbévhid apaefgesd efmbbdiawnt af d® AanehtRnMastdeen ﬁéreﬁh fferent
fluids, both. liquid and WO 98/ 50761

PCT/ US98/ 07&ustrated and desgr ed, it is to be appreciated that various changges,
The 201 echs raRfhoddant 308 firidaind BNSTY QRuIAKRS UREELCAGaRES ESROM o

be attained in a“convenient, practical, economca

VWi |l e a pr eflersoede efitidinvemionods delfimed by ethé appsenhedsctaﬁﬂﬂ herein

illustrated and described, it is to be appreciated that various changes, 5
rearrangenents and nodifications nmay be nade therein w thout departing from
the scope of the invention as defined by the appended cl ai ns. WO

98/ 50761

PCT/ US98/ 07874 -13- Cl ai nms



1. Flrui d -fl ow apparatus conprising, in conbination, a conduit including
a . renuyedsozéland repl aceabl e conduit section having a pRET/PHR810AE74wnal |
with an interior surface for conveying fluid therethrough in a given
di rectiﬂﬂm‘E’ai d 5 conduit section ham-ng relative to the direction of

fluid f H}!mnd and a _downstream end, a fluid
in said cond&laiMsecti on havi ng in relation to

flow di
the direction of "fI&id flow an upstream end and a downstream end,
sai d di spl acenent nmenber being of smaller size than said section and havi ng

10  between t he EndsflbWerppafans cpgsistdl, lin ¥BABMation T BendLiPREIVRRY ¥ On said
menber for deflecting the fluid to flow through a regi on defined between

t he perfieplosable and geplaceablsprondeirsertiondiying aperiphesali walbmidransur f ace of

said section, . ' I ; - I.ng effectjve.to supstantially
linearize t hne“e\Vg_f S%Iisf?dfdfc’? 088%86 9 h{éldgi?l gl{éﬁ“ég\?éhu%da ighvegtdlfegag?’ ¥idr egi on
over a predeisafiit BediondiFteOfeldtivens HddirédtoaUudThidifbws 86 ub&Feam end

sai d di spl acenent nmenber and said section having at one end thereof

cooper at | ve andamdowrstreaBngidabl y and repl aceabl y nounting sai d di spl acenent

and repl aced by & BFy SpURESREpRaL Beter hERITEO TR B BRteE T G 11 or ent

20 range OkjatibAU6 thddRetdidnseri fThid €M @M upstream endand a dbbdbigead eMg appar at us
as set forth in Claim1 wherein said cooperative nmeans conprises a

t ongue on orreidagidplaceynesteember thsengodthsmallst sizgithan said sefitiopl aademymg nenber

and sai d, _conduit sectiqn,, sai.d,arqaove, renpvabl .recei ving, said tongue
for re blrlifltj\?[r%el?n Fr?éﬁ%gfeaeoéi%%egc %%Wtea%ﬁsrg?ng %p%pher%gﬁfagiecti on.

WO 98/ 50761 member for deflecting the fluid to flow through a region defined between the

PCT/ US98/ 07874 -14-

Fluid flow appghetyusf sasd displatemeri memi@iraand the whieriern surfae @f(snidpﬁectlam,'ve
means s ocal£g,sds Lo SONDBELEAREN% & sudatlidl, P RIGSETRN (J5aRer and said
profile of the fluid in at least said region over a predetermined range of flows
15 through said section,
said displacement member and said section having at one end thereof
cooperative means for removably and replaceably mounting said displacement
member in said section, whereby said displacement member may be removed
and replaced by a different displacement member to accommodate a different

20  range of flows through said section.

2. Fluid flow apparatus as set forth in Claim 1 wherein said cooperative
means comprises a tongue on one and a groove in the other of said
displacement member and said conduit section, said groove removably
receiving said tongue for removably mounting said displacement member in

25  said section.



section. paratus as set forth in Caim1l wherein
sai d congiy 58,50561 Iﬁ B\mmjral ity of grooves in tpkeThiRbeEisos -

surface of said se downstream end t hereof, said

di spl acenent nenber has a plurallty of{ 4. outwardly extending t ongues on
its downstream end, said tongues natlng wth and being renovably

received in said grooves for nounting sald dlsplacenent menber in said
section at the downstream end thereof. Fluid flow apparatus as

set forth i3 O dilwdiflowapprIrMg af |sw0§térf§|%1m 1 wh%aﬁglda%@@éiaat/@d with said
C.Ondu' t Se%{xéaﬁlg n%fez)gatgf? rlﬂﬂ &é(%i'r{ég'g%xgeé’nﬁvgftsgldgi E@Lc%?ne tglen% g%nd §ﬁ d

di spl acene eingr e b eren acemnmen
menber whersekondi fferent fluids and different ranges of flows may be

measured using a single neter body. WO 98/ 50761

PCT/ US98/ 07874 -15- 6.
Fluid fl ow appar S a conduit for
conveyi ng uid lﬁﬁ{edr%(?\ﬁqgéér uQ%S éétgfl"\%‘g‘ﬁna‘ﬂr ec?:kgﬁerem i conduncondw t having

a peri pher akcivl haswi plaraiity ongeyoves isthiefiaeeior surface of said sedtién ui thef | ow
di spl acenent nenber 1n said conduit having in relation to 5 the direction
of fluid fldewnsiream§nd duaielngig HUFPACABRASDEBARS ka5 Pisally of  nmenber bei ng

of smaller s e .th ans

formng a ﬁé‘ zbrﬁé' @Rﬁ@é@@@ﬂ&%@?p gwggyétaﬁgc@l %g%?w%ﬁis “fgoWH‘ ow t hrough
a r egi;an weal Rabvaylytbei el inkART ¥rooleShir ndlingink asiar@iladdaigaer and the
interior surface of said conduit, said conduit havi ng relative to the

di recti on ohemberiid sag Seﬁﬂlwfafﬁeélpé@sﬁﬁ?ﬁém eedhere®dm sai d menber and an area
downstream from sai d menber, said sloped wall neans being effective to
substantially linearize fluid flowin at |east said region over a

predet eygm ed r gNgGR @éwfaFFyyamts g QetdfdrhainClaim 1 in€loaidiflovabshsimg flatten the
velocity profile of the d flowin said conduit in areas both

upst r eam armeag® st iagesin ith said SaNduiE senpion afsanstivetingetherewith a meter

body, said displacement member being replaceable by a different displacement
member whereby different fluids and different ranges of flows may be

measured using a single meter body.



15 . -sai d dl,ﬂl,m ﬂmuuﬂﬂﬂmr conprising a unitary menber having no

areas of w@wsmi J sai d di spl acenent npgbgisogsdrsal d
condui't havi ng cooperative neans for nounting said displacenent nenber

in said conduit w thout permanently 5 j oining said displacenent nmenber
to said conduit, 20 t he apparatus being constructed and assenbl ed
w t hout material joining 7. Fluid flow apparatus as set forth in
Claim6 including flow measur enent taps extendi ng through the wall of
sai d conduif. andFluid ﬂowmmmsmmgsmgesp@@menw th the upst ream and

downstream ar eas, whey ! vgl ac file is re veI | at . 25
8. Fluid flowW S%Yba?t Olrjsc or()i\sey?n ﬁ?@rtb%%tkﬁo&%}% gweﬂrd”i?ﬁ phragm
pressure sensans hhlingal seriphasl veMewith halsterior surface, WO 98/ 50761

PCT/ US98/ 07874 - 16- 9.

Fluid flow apparflbatﬂulaé1 Hewglisplacement memberimiad whedudi havieg dl cﬂliﬁ;ﬂnat@errent

menber | r thi n, sai cond .downst r eam of
sai d maaiuggﬁ@ g"? gf hlvl\}r%idtﬁ)&g &@%%@%&%%"W&E tFaé m of said
cooper at i vensmuit bdisg @@mﬁllwzdom'aﬁrsafﬁ%o@ﬂﬂlt dhs wlhgrsc@e@fwam hh'e@'nsf | ow t hat
5 may be caused by said cooperative nounting neans. . Fluid

f | ow appar doosingonpetighieny Onlshldcmnmbﬁafqrmﬂectmg the fluid to ﬁowotthmugih 4 or
ey . e AR B P T SE P unt Tog fL,
di spl aceneny, fBMBEEail Rohdie sﬁm@Bﬂdhuhawmggrela@wé @b atd @iﬂectti%njcﬁ fdifpe direction
of fluid flow an upstreamend and a downstream end, said nmenber bei ng
of smal l&r fiow entamemupsiiedmcisoniisatd mambhnendgn sre@Mn&abAmrfaansald

member, said sloped wall means being effective to substantially linearize fluid

flow in at least said region over a predetermined range of flows through said

conduit and to flatten the velocity profile of the fluid flow in said conduit in

areas both upstream and downstream from said displacement member,

15 said displacement member comprising a unitary member having no
areas of physical joinder,
said displacement member and said conduit having cooperative means
for mounting said displacement member in said conduit without permanently

joining said displacement member to said conduit,

20 the apparatus being constructed and assembled without material joining.

7. Fluid flow apparatus as set forth in Claim 6 including flow
measurement taps extending through the wall of said conduit and
communicating respectively with the upstream and downstream areas where

the velocity profile is relatively flat.

25 3. Fluid flow apparatus as set forth in Claim 7 including diaphragm

pressure sensors in said measurement taps.



form ng a periphery H%Ht’ﬂ’ﬁgﬂﬂ@ﬂﬂl’)r deflecting the fluid to flaw through
a regi | hed, y of said displ acenent r.and the
interior gv@awgﬁﬂ‘ ace ofc said conduit, said conduit havi ng ﬁ%ﬁ@éﬁpo t he
direction of fluid 15 flow an area upstream from said nenber and an area
downstream from sai d menber, said sloped wall neans being effective to
substantially linearize fluid flowin at | east said region over a
predeterm ned range of flows through said conduit and to flatten the
vel ocity prdtil e Ionid flowdpparewsias ssafadthcion@laint 7 whereinnsaid daplabahéntupst r eam
and downstream{rom sai i spl acenent nenber,. and 20 . means

nount i ng sairaeraf)e pr é‘é%‘??gerg?atrfgsn‘ioewn%g%i“@l%ng‘ﬁﬁug&éﬁ‘g Gopduit downgfgeam Of eam end
within sai d sanddididhed dealticay daURBRRARM 1k MMchAfliream of TgEbSr wher eby
fluid flow may be neasured upstream from said nounting nmeans prior to
t he occur r erf@ep&ratighinoyhurg msamscandopridn @i ahyfdigurbiahet ofvflyidoow that caused by
said m)ur%i gg MBANS ced by said WD 98/.50761 .

PCT/ US98/ 07 %’ ause Yy sai cooperatwe mountmg means. -17- 11.
Fluid fl ow apparatus as set forth in Caim10 including a pair of

measur enent taps extending through the wall of said conduit, one of said

t aps cdruniBaidi fiep wipparatul ¢ompeiaingn in hembipstiorgsam area in the conduit
where the velocit%fgrofile. of low, i.s relatively flat and the

f.luid ) !
ot her conmuni cat ingPPdBIt T, £oTvEying %@ghqrﬁ&f%h%\ﬁw&‘f'?réQ’r’f?c‘&’rneéalﬂn t he

condui t whergndllen¥8hOs! de¥ipR&dl Whk with an %t%rfi(gﬂgugfaté,ow Is relatively flat,
and fl ow neasurenent neans external to sal conduit communicating with

the interior of safldddtowddisplacemertanemberaimumahemiduit havingapgelation o 12.

Fluid flow ratus set fqorth in Claim110 wherein said npunting 10 neans
conpris cgﬁ%&r%‘i%&f@ﬂg{%ﬁa& 4pgre@BheRf tndam owRstaIE erfarssid eam end

of said di S%é}ﬂ%mingn@ﬂ"@ﬁille?@fzertﬁiﬂ)yav?ﬁk%ncg{/ﬁdax{delgivgxfgggpgéﬁ FRHd g said

di spl acenent nenber i'n said condult, ere sal cenment nehber may
be renmpved domningpl pecipiietyyomsaid nfeententfod sfdcang nenfluidenifiow tigoagis @modat e
different f lrgéigr? dg quddg))]j ftt%rge?}phgglngfe ssaido Eis{;faggrﬁer}tr}rrxgrggeq a%%itge ?&Qggrl b
surface of said conduit, said conduit having relative to the direction of fluid
15 flow an area upstream from said member and an area downstream from said
member, said sloped wall means being effective to substantially linearize fluid
flow in at least said region over a predetermined range of flows through said
conduit and to flatten the velocity profile of fluid flow in said conduit
in areas both upstream and downstream from said displacement member, and
20 means mounting said displacement member solely adjacent its
downstream end within said conduit at a location downstream from said
member whereby fluid flow may be measured upstream from said mounting

means prior to the occurrence of any disturbance of fluid flow that may be

caused by said mounting means.



g(SJnduil'?: WOFJS?S:Q%?ILgg“lﬂfmnmlmﬂmﬂmgt i Lgr Lgv: zggaﬁi lTpg?r\(,amd%Tg’ﬁg&’Z%“da

downst r eam end and“a ‘pl dfrakity of circunferentially spaced grooves in
the interior surface of sai d sectdign at the downstream end t hereof,
sai d di spl acenent nmenber has a plurality of outwardly extending

t ongues of equal nunmber and spacing on its 20 downstream end, said

o TP, a3y FhAtt SURNHIY OGN 80 ihdluing a SRLEE 9T 00131 '

removably a replac i Spl'acenen er in said

section at thasdemest apaexending hieroagh the wall of sdid.condinh,Ubkk &1 Q¥d apear at us as
set forth in Caim212 wherein said _displacenent menber conprises a

unitary nenSemoiEGaHEE YGthheaschin e yPsEeam jartanadhe aprepuwswhersithe cooper at i ve
nmeans det achahl : j: i.sql t i i . _..conduit
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wher eby the vappde aketsin Sie Qonsistrewst etrea il tiRscoRidbit &heré tHeOWHlod Bt HoFidd
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PCT/ US98/ 078F fluid flow is relatively flat, and flow measurement means external togsaid 15.

A fluid flowreter [iSj. iy I.natd gn .. .. _a conduit for
conveyi ng ffﬁ?‘%&t %Ogl%ggﬂlrc %ﬂlh wi“hqgggﬁﬂgﬂéﬁr élj: rédcf ?rgillil,lt Vslaisﬁld MCasUreOE Y ui t
having a pekdpgheral wall with an interior surface and having in relation
to the direction of fluid flow an upstreamdirection and a downstream

di rection, a fluid displacenment nenber in said conduit
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and taperi nd?i ned B RED aepamphact PR Qe 36 UkeeiR Pt a ¢ o' "
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direction and tapering inwardly toward the axis of said conduit, . sai d
sl oped wal | epdpf sodglispdaasmegt mepwer fraienoyably 2ind raplatrablyamguntig saihg a 10

peri pheral ed at _the juncture, of eir larger, ends, the second sl oped
a1 7o gRp s el R hHR st Sindily aheisd Shle SHRprhell RGN han ¢ he
first slopeg@eWehbved and replaced by a different displacement member to accommodate

different fluids and different ranges of flows through said conduit.

15 13.  Fluid flow apparatus as set forth in Claim 10 wherein said conduit
includes a removable section having an upstream end and a downstream end
and a plurality of circumferentially spaced grooves in the interior surface of
said section at the downstream end thereof, said displacement member has a
plurality of outwardly extending tongues of equal number and spacing on its

20 downstream end, said tongues mating with and being removably received in
said grooves for removably and replaceably mounting said displacement

member in said section at the downstream end thereof.

14.  Fluid flow apparatus as set forth in Claim 12 wherein said displacement

member comprises a unitary member having no areas of physical joinder and
25  said cooperative means detachably mounts said displacement member in said

conduit without permanently joining said displacement member to said conduit,

whereby the apparatus is constructed and assembled without material joining.
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di rection of ftuid f1 oW ahd With said sloped wall portions and

peri pheral edge spaced 15 symetric %S_Iy inward fromthe interior surface
of said conduit, sai d di splacenent nenber deflecting the fluid
to flow through a region bet ween the periphery of the displacenent
menber and the interior surface of. ~ the conduit and being effective to
li nearize fbui d 4 floid flewmaiesd cpagrisiRgaktcambination,f | atten the vel ocity

file of fluid flowi it.h d
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extendi ng tHiduHORRVidiea Wetiphedsl WiIe wadndinterio? shffeccs@BPhaving irRgdtiopam from
sai d edge where the vel omt;g/ profile of the fluid is relatively flat,
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and  to the digectior oA dlugt dewaneunsiisam dienstipmgnd Ardsipktreate divattioref t he
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profil e?of the 11018 G first and

second pr esgsuUrgriiePSaciacin the apbtichnd directinnaid @perafg itnmrdl\l/ub\dard the Ppressure
differential between the upstream and downstream sides of said edge

for the purpesésaidfcondus and agconfignansfseeand Hopsdgwialt pertionrfdeing inithehout
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PCT/ US98/ Ozfﬁa%loped wall portions forming a periphery on said member and defining 49-
16. Afluid flowreter as set forth in aim 15 wherein the first pressure

tap i s W0ocatepheniltddgn ahthegjupeiutreoivdeir lazged endiy¢hasagond loped mall about two
cecond  porionbal bR AT HER e bl OB hardhe SRRl cage and
a | ocationpghpmt said displadeRnCRRABES bélha MBIk dRWRRY igamdfdopaugal d edge.
17. Afluid flowreter as set forth in Claim16 wherein said first sl oped
wal | porti entht hp planesafseidaprriphetay edge substinially nomnted toplest dicenmodiafect i on and
sai d fluid flow and with said sloped wall portions and peripheral edge spaced
15 symmetrically inward from the interior surface of said conduit,
said displacement member deflecting the fluid to flow through a region
between the periphery of the displacement member and the interior surface of
the conduit and being effective to linearize fluid flow in said region and to
flatten the velocity profile of fluid flow in areas within the conduit both
20 upstream and downstream from the displacement member,
a first pressure tap extending through the wall of the conduit in the area
upstream from said edge where the velocity profile of the fluid is relatively
flat, and
a second pressure tap extending through the wall of the conduit in the
25 area downstream from said edge where the velocity profile of the fluid is
relatively flat, _
said first and second pressure taps facilitating determination of the fluid
pressure differential between the upstream and downstream sides of said edge

for the purposes of measuring fluid flow through the conduit without requiring

30 a pressure tap within said displacement member.
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sai d di spl acenment menber’ produces a vena contracta in the fluid flow
downstream from sai d edge and s&9$d second pressure tap is located in
the area where the vena contracta occurs. 19. Afluid
flowreter as set forth in Caim1l5 wherein said first sloped wal |

portion has; g s! aphuanaemefer b o BRAUL AR5 lyieeififu First Pt L0 the

pl ane of peri pheral edge, said secon ope portion has a
sl ope angl etacphsﬂocmmd within an abmﬁ»ttv%tmesard] edge aabaulbcﬁﬂ;[nearb“oht twot he pl ane of

the peri pher al and the be he di spl acenent nenber
relatively F%'ldt“l‘feaq?rﬁﬁ'éFS WRAEAT r‘Eﬁl Sfiﬁlep’f,sbﬁlém?q Wag golz:'txon and the sgroOngr der of

from about reésdfg tﬁﬁ%s@@ﬁ%&d Qidlth an area betweenZstd %[%%a%ﬁd% Q)cg P qufr as set

forth in d I ncl udi ng neans for y an aceably
nmount i ng5 saiwb dowjuitadienerts denisereamniremi sdxd edge. conduit, said

di spl acenent nenber bei ng renovabl e and repl aceable by a

di spl acenent nenber of different size and/or different configuration to

accommodat ey gll 11 ar fits fibwheRr 309 tofih 3h Wlkind hewegélﬁ% hiQrepide conduit
and to facilitate use I n sal con ?acemen menber s
provi di ng divkflgroerdn tap2fs subktemtéallyabiaopoint in the upstream direction and said

first pressure tap is located in the area immediately upstream from said point.

18. A fluid flowmeter as set forth in Claim 16 wherein said displacement
10 member produces a vena contracta in the fluid flow downstream from said
edge and said second pressure tap is located in the area where the vena

contracta occurs.

19. A fluid flowmeter as set forth in Claim 15 wherein said first sloped
wall portion has a slope angle of from about 39° to about 75° to the plane of
15 the peripheral edge, said second sloped wall portion has a slope angle of from
about 15° to about 30° to the plane of the peripheral edge, and the beta ratio
of the displacement member relatively to the inner surface of the conduit is in

the order of from about 0.4 up to about 0.94.

20. A fluid flowmeter as set forth in Claim 19, including means for

20 removably and replaceably mounting said displacement member in said
conduit, said displacement member being removable and replaceable by a
displacement member of different size and/or different configuration to
accommodate different fluids and different flow rates through the conduit and
to facilitate use in said conduit of displacement members providing different

25 beta ratios.



