FLU D FLOW METER AND M XER HAVI NG REMOVABLE AND

REPLACABLE DI SPLACEMENT MEMBER Fi el d of the Invention
wdbmoprzesent invention relates to fluid fl ow appBUSI008§025900

and, in particular, to fluid flow neters, fluid m xers

and fluid di ersin deV|ce Ba
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fluid dlsper5|ng an m Xi ng devi ces are
characterized by a unique static fluid flow
Fi kiaiég|acenent menber which is nounted symmetrically
1€ caidhnduit and which is effective to |inearize
fluid flow through the conduit within a region defined
bet ween t he di spl acenent nenber and the interior
surface of the conduit and to flatten the velocity
pr of i | Ehepresdnyindehtiomrelatest thdlued fidwiapparetus angsh pedicuando fluid
downstream from t he di spl acenent nenber. The appar at us
flow nediey) ffid hikdra bheflomatpessimidevidesf | ui d fl ow conditions
within the conduit and al so provides for honbgeneous
bl endi ng and di spersing of diverse fluids and/or
fluids containing particulate matter. The unique fluid
m xers are made and sold under the
Back ];(LU%\HO Geil Iﬁn’ mark "V-CONE" by McCroneter, Inc. of
Hernet , Californla, whi ch i s the owner. of the above
patents and the assignee of the present invention The
fluid flow displacene

i s confrs-deenss Nago 4f6r3§55t7&nﬁ 81%@6%4 {596%8?1? @afl 5 %‘i Faiydisclose

at their larger ends and nounted coaxially in an
fluid flowdi métesadridz 8dids dispérsing aind cwirdeg devitese whiohsaranaharactgrized by a
nount ed substantially normal to the axis of the
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conduit%@r\kfﬁi&h sy efeGReab lﬁﬂ%ﬁnﬁ@ﬂgiﬂ fowaatdu@h -thOeSRNEH Within a region
upon the di nensi ons of

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 ensures reliable measurement of fluid flow

conditions within the conduit and also provides“‘fo:fn homogeneous blending and dispersing of

diverse fluids and/or fluids containing particulate matter.

The unique fluid flow meters 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 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 fluid flow and with their peripheries spaced symmetrically



the di spl acenment nenber relative to the interna

di anmeter of the conduit, the displacenent nenber is
we@bdoen2i7oe to |inearize fluid flow over a rangecDiiSfob4e25900

rates through the section. 2n sonme enbodi nents, the
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the section. In the enbodi nents above described, a
throughewhich aeprédsuemeading antken or Heeughi whish af Jeoondgeh Hiridgis introduced
devices are required for each of the various sizes of
for mixigywethes prineegdhhid dlowing eaplhgly ithegcanihitme@bel pipegof tubiedis bent
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.accomodate different fluids and different ranges of
coaxigllyyyighip fhevieetiilough t he conduit section. In this way, a
single section of conduit, i.e., a single neter body,
can belnuthe ¢mtiodiments, abavetdgsaibedi & pépacaserélow materipadJtst agsociated
accommodat e various |iquids and gases and a broad
flow geasigg delictd amsretjhiralifdr ddok ofahervalioaysizes of flowmeters needed for

linearlizing and measuring fluid flows over respective ranges of flow rates.

Patent 5,814,738 discloses an embodiment of the V-CONE device wherein the
fluid flow displacement member is removeably and replaceably mounted in the downstream
end of the conduit section so that a given displacement member can be removed and replaced
by one or more 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 broad range of flows through the meter body.

The latter embodiment of the device also provides flow measurement taps

through the wall of the conduit section or meter body so that no measurement taps or other



The latter enbodi nent of the device al so provides flow
nmeasurenent taps through the wall of the conduit
weemb10Dr neter body so that no neasurenent REPESID4/025900
ot her hol es or passages are Yequired in the
di spl acenment ne it ha ce bee
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the conduit wall is not as accurate as the downstream
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t he VCONE device. Sunmary of the Invention The obj ect
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di scl osed in the above listed patents and the
CONECQMESr ci al enbodi ments of the V-CONE nmeters and fluid
m X1 ng and di spersing devices. It is in particular an
Summ obj Q &he i nvention to provide neans for
————?@%ﬁ%@%ﬁ%%—é%ﬁ repl aceabl y mounting di spl acenent
menbers in a conduit section for detachable connection
with ahee abisetniibe inveRtpp dhicnppigre gpor Higedaviegs disclosed in the
extends through the wall of the conduit and that
above distadupdtents asdihe kommessiplatmpedingygts efhtheugt-@NE meters and fluid
di spl acenent nenber so that the advantages of
mixing &l diggading déwicednd neasurenent at the axis of the
downstream face of the displacenent nenber are both
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the displacement member are both attained.

In accordance with a preferred embodiment of the invention, a pipe or tube
extending through and secured to the wall of the conduit includes a portion located
substantially on the axis of the conduit section and extending in the downstream direction. A
displacement member having a substantially axial bore or passage therethrough mates with
the pipe or tube such that the pipe or tube is in fluid communication with the axis of the
downstream face of the displacement member so that measurements can be taken from that
point via the pipe or tube externally of the conduit section.

In a preferred embodiment, the end portion of the pipe or tube and the
upstream end of the displacement member are provided with co-operable means for

detachably securing the displacement member to the end portion of the pipe. The co-



point via the pipe or tube externally of the conduit
section. In a preferred enbodi nent, the end portion of
WO bmep2ye2 or tube and the upstream end of the PCT/US2004/025900
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measurenents at optimal |ocations in the conduit.
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Drawings FIG 1 is a |longitudinal cross section of a
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enl arged cross sectional view of the fluid flow nmeter
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Brief Description of the Drawings

FIG. 1 is a longitudinal cross section of a first embodiment of the invention;

FIG. 2 is an enlarged cross sectional view of the fluid flow meter comprising
the embodiment of Fig.1;

FIG. 3 is a perspective view of the displacement member mounting for the
embodiment of FIG. 1;

FIGS. 4 and 5 are cross sectional views of components of the displacement
member mounting for the embodiment of Fig. 1;

FIG 6 is a longitudinal sectional view of a second embodiment of the
invention;

FIG. 7 is a sectional view of the portion of Fig. 6 encircled at “B” and

illustrating the displacement member mounting for the embodiment of Fig. 6; and

‘as mating -



menber nounting for the enbodinent of Fig. 1; FIG6 is
a |longitudi nal sectional view of a second enbodi nent
wo@booshze70nvention; FIG 7 is a sectional view BET/URE04/025900

portion of Fig. 6 encircledd at "B" and illustrating

the di spl acement nenber nounting for the enbodi nent of
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of three interchangeabl e displacenent nenbers for use
displademenhmesbers foonstuintthe same oontlyitt er edndsisiaf equahémer diameter, and

di aneter, and each having relative to the conduit

each h@k’ﬁﬁ% fil&1Ve th @leondbit FferddebétalrebsDescri ption of
Preferred Enbodi ments The following is a detail ed

Detanafeéssrcﬁ?&a@@fm%feareswgo‘aﬁnaﬂpod! ments of the invention
presently contenplated by the inventors to be the best
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' the invention, indicated generally at 10, is adapted
inventiop. MModifieatioms aad Fhpngepihgeein wall becomeapparenttogpersapsyof reasonable

conduit which is depicted as being conprised of pipe
skill irsthe bt @am sheldesérgptiongpréaseds. ng f | anges 14 at their ends.

The flow neter 10 is conprised of a neter body or

condui Refs@fg t61Fi 201, anthia flowinetef bdwedheaition cieichted generally at

device 40 nmounted coaxially within the body. The neter

10, is Q@ﬁ%@& BOMREISE S aipipedins WP Gther FuSE ElbWOdbn@hit WK RN depicted as
conduit adapted to be bolted or otherw se secured
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e illustrate sectl ons

. heter bo I llystrated, by wa exanpl. I s.of the .
10 s SGPrgies Bt sesres boer GROuAeoFon Bard SdBig PrcHiEean: doviee
the fl angles 14 and centered or axially aligned with _

40 mopmied pogréallyewithip ke hoyp T hgungier kody 20comiprissse Ht §saincy, a section of
spaced bolts 16 (only one shown) extendi ng between and
pipe ocr ooniuitt ddaptet e be bolted or otherwise secured between two sections of pipe, for

example, between the flanges 14 of the illustrated pipe sections 12. The meter body
illustrated, by way of example, is of the so called wafer design and is simply confined
between the flanges 14 and centered or axially aligned with the pipe sections 12 by means of
circumferentially spaced bolts 16 (only one shown) extending between and connecting the
flanges. However, the conduit section 20 may be of any suitable pipe configuration, such as
a flanged section or weld end section, etc.

The 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 through the pipeline 12. As
indicated by the arrow, the direction of fluid flow is from left to right as viewed in the
drawings. The pipeline 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.



fl anges. However, the conduit section 20 may be of any
sui tabl e pi pe configuration, such as a flanged section
wmeooeetatoend section, etc. The section 20 has BIT/US2004/025900
internal bore or through hdle 22 which in use
conprises a part of, and constitutes a contipuation of
the pakengindmally $pacednilow: Bigatrement pﬁaB%IZi“n%“‘QQ. gdend: radially
indicated by the arrow, the direction of fluid flowis
throughrtivnbddyf20 at dooatigis andSorpurpests inbe descdbedni ngs. The
pi peline 12 and conduit section 20 are usually
cyl i ndréfeaingapdigha ddrX tidisslacesnemk dyvicd HO igdonm@ised of a flow
al ways, of the same internal cross section and size as
conditidAthgPRBorSSdis e mbAr kBt Ardidiad dupp&RBE Rduhl AW
measurenent taps 24 and 26 extend radially through the
body 0 ' and .f or b j )
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Ref erring I gs. spl acenent ce 4
is copprjsed.of a flow conditionin ortion or
usually ffeiealathicn basomelps tant cxsePBFE DofimsBiinr cgdeerand two
flow conditioning or displacenent nmenber 42 is _ .
opposigelirsisgiserllia comen), slapeshvplls ¢§1and iU which fags. apspeetively, in the
maj or transverse di aneter or dinension at edge 46 and
upstream@nd dpwsstteaimydifeztiomgin thsmater podyoaridowhich sdpepssnmetirically inward
48 and 50 which face, respectively, in the upstream

toward@thd BoVersthe bady. dExept hohareinaftéthdesoftied thedthyw asrditidting member
taper symetrically inward toward the axis of the

42 ha®E¥ntidNC RiRl safie sRlaDN@hdrBete RS fanBSnctidns ih|eR¥¥ntially the same
condi ti oni ng nenber 42 has essentially the sane
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utilized i he V- " Vi ce vali r

MeCrijueiet fig: and hese deseriiengn o §ebdeine 8% 4 8887 Wl e, 5.363.699
Nos. 4,638,672, 4,812,049, 5,363,699 and 5, 814, 738,

and 5.8 kb7, ke disclpayescel Whirk Areineonpatadrdisiein &y tRisFaics, agthough here
reference, as though here set forth in full. As

set forttemdnllbed in the prior patents, the nenber 42 is of a
small er size than the bore 22 in the conduit 20 and is
mount eds @esxibad liry thei grivr patehs, thermembernd istod atsiealler size than the

di rection of
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 symmetrically 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 small diameter at its
upstream end. The wall is formed at an angle in the order from about 39° to about 75° to the
plane defined by the peripheral edge 46, a preferred angle being in the order of about 67.5°.

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 preferred angle being in the order of about 26°. The



fluid flow and with the sl oped walls 48 and 50 spaced
symmetrically inward fromthe interior or inner
waabazeonf the wall of the conduit. The | ar gePCENS2004/025900

conti guous ends of the sloped walls are of the sane
si ze, and shape and,defiﬂe,at their juncture a ha%P

beta ratiorofjie membst & relative nd %F%ﬁéd’é‘fn%iog q qauduit 30 mgy fagge from
the direction of fluid flow The upstreamwall 48 is

about 0.4npdo abeii®.%%e downstream wal |l 50 and preferably
tapers inwardly to a small dianeter at its upstream
end. TAe fwad lenteds filoy frdet ai upstreanglkesd iof thbecondaier20f ntienfluid is
about 39 to about 75 to the plane defined by the

displa®R@ brEleated 89 dRe #Pstre@mPw el a8IsFdhéfhdeP 82 Mtoian dnh€lar region of
order of about 67.5. The angle of the downstream wal
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. . preferr l.e. being in.the order of .about 26. . . :
periphbiE e . o i 131 PiE Tt Sropifes o P bokiespinglyincreasing
di aneter of the conduit 20 may range from about 0.4 up
area ag getinpgty teglownaeam wal Wt B @ QOREEGUANGS: flgid gt gtapilized and
end of the conduit 20, the fluid is displaced or

conditihmt dotheupsiygamn land dpwnstecam fxain| thet grepfber A ke pigiculap the member
into an annul ar region of progressively decreasing

42 is effeot & wditichrdredluid flow, inttbe glonrberuwenahemenibet 4Z2aml thaevall of the
of the peripheral edge 46. The fluid then flows into

conduf"203HAUD FattE HeOvel &ityPproflleastSMg fdow MCthe @hdGt BStR dipSPeam and
defi ned by the downstreamwall 50. As a conseguence,

[ [

downsliehin bt UphEaRL oA e Atdq Ardy BT SRRLERERy. the
e r 42 is effective to linearize fluid flow.in.the

flow RGPt dpSkia TRCaERERm PRGN 0ol sy St i centerea

. conduit 20 and to flatten the velocity profjle of. .

withingthey conduitoapd of & lesecnd Fsrantiplby Fonspet F’éé‘hﬁﬁWcﬂ‘%‘B%ﬁ%’tﬂiﬁé%ﬁ?f“’e of
fromthe displacenent nenber over a range of flow

flow ratgt eilso,Gbefelienfliids anéeny selid matsrialsgheretnharg romogenized so that
and downstreamis relatively flat, symetri cal

the coaduiald is fildudt witle dn \essehtiallyt ienagenehustmixane tlabughouasdatantially its
and essentially constant nean flow di aneter

full crbdsisesipat ivge of flow rate. Also, the fluid or fluids
and any solid materials therein are honobgeni zed so

that 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 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.



the conduit 20 is filled wwth an essentially
honogeneous m xture throughout substantially its ful
weems®serti onal area. The downstream wal | 50 PGI/US2004/025900
addition, effective to optifm ze the return velocity of
the fluid as it returns o free stregmconditions in _ .
the ¢ uPltl‘Peﬁ?Mth@a?ﬁaPtyomof‘ﬂ%“%wé*}%a‘rs?mﬁ‘ﬁ’éené HagTpber 42 in the
peri pheral edge 46 in conjunction with the downstream
conduigedtio®r eraierewdy RBrvith/Bew ingessuremenicat o sebstanyigdly Riethe axis of the
peri pheral edge in the downstream direction. These
conduit aintli atew aubetanfialBmad theadgristraale facd ohitigh disploereeraymembler, the
thereby contribute to optimi zation of the return

preferté@! @bddymét dfh@e fihvbn€loh lifdMude¥od oufing®hssei®ly 44 upstream of the
anpl i tude and high frequency effectively elimnate

di splacfe)fl]ieti'lf1 e e a gc?wgﬁ:h rtﬁéipgsg%e?ﬁlu&ﬁa&ctﬁé ﬁ&@la@&h&ﬂl hé&flber d’s detachably

nol se reby Itate hig accurate an
Securereliable measur enent s. For pur poses of repl aceably
ﬂbunting t he di spl acenent nenber 42 in the conduit
section or neter bady 20 wth flow neasurement at or
subst aftt SRAWRINSfies: Hed4RF asSsMbPHEt cUPRILCS 2 RIS Oftuksrmade up of a
substantially at the downstream face of the
tubulari st ercdepratS4rextending frote thy downstieamdidyo dicapement tap @6 radially
i nvention includes a nounting assenbly 44 upstream of
into tHehepndiis phd cembalar gewtbarin 56 ssburedh to hiee inpst ewdof @rdsledve 54 and
t he di spl acenent nenber is detachably secured. As

extendBPNBng theFx@Sof the Sonduifién BRSRWHsheAd dFETION JBB gAide fif 56 is of a
or tube made up of a tubular stemor sleeve 5

engt AU IER AT, S0 G CEBD SN ARAPUATRS . B0, o, by
tongie el fftn iy R gL R SR @ B aoPEseRaiRnd, Ths Wil pstream ends of the
downstream directijon. The g&ide pin 56 is of a |l engt

four quadrants Agye aRihEmal $hreasl ohand dhgppstigame gd ofi g g ?bears an

menber 42 and is split, by longitudinal slits, into
externflo threafl £3r ankhe §8placernens mombet hesraneaxial thyough passage 64 for
downst ream ends of the four quadrants have an interna
conforntabkatcéflioand thdrguidp pir B anchas af itdrealghiedé 6pian itoepstseam end
an
for screw threaded mating engagement with the external thread 62 on the guide pin.
Different displacement members may thus be attachably/detachably and interchangeably
secured to the mounting assembly 44 simply by threading the same onto and off of the guide
pin 56. For safety sake, the threads 62-66 are preferably of a self-locking type.

Additionally, in the preferred embodiment of the invention, the mounting
assembly includes a second or redundant securing system, namely, the split downstream end
58 of the guide pin 56 and an associated tubular set screw 68. The set screw has a tapered
upstream end and an external screw thread 70 adjacent its downstream end. The set screw is

adapted to be threaded into the internal thread 60 at the downstream end of the guide pin

whereupon the four guide pin quadrants 58 are biased outwardly into locking engagement



external thread 62. The displ acenent nenber has an
axi al through passage 64 for conformabl e reception of

w0 bwegra7oe pin 56 and has an internal thread GBCEUS100£025900
upstream end for screw threaded mati ng engagenment wth

.. the external thread, 6 n the guide pin, D fferent .
with the S At raRISaRO BRIED e opHOGNAY Tl n b SrsaBeaBrsBRgber s
and interchangeably secured to the nounting assenbly
thus sepprey affineddy thergeidelipiigsa Wat Banll nohcemgreossfduriag useand will not

gui de pin 56. For safety sake, the threads 62-66 are
pose Priekar abkyuipineat kehted | domkistreprh Vipan tAeldiuid dived Inyeter. n For added
the preferred enbodi mrent of the invention, the

precautfoHthE B&te RIBRAP pYird GTC66!HRB6R 76 afeGrefefibly SippeatH hand.
securing system nanely, the split downstream end 58

of the gu'f%ﬁlitaﬂen sefevANthréHirfES SR aﬁn‘ﬁgeﬁd‘ﬂ? | taiSi thereof, the
screw 68. e set screw has "a tapered upstream end and

. .an_external rew t.hr 70, adj acent its d st ream

aisplaiheRt FRaMEE ¢ By bt 6F Bilay (2 B HE SR RpRathieT Re§RTneor a ool
internal thread 60 at the downstream end of the guide

(not shawp)\heng ddsr qfiflowebpins dof manng wga&%mrﬁmegﬂssar@rtge set screw 68
bi ased outwardly into | ocking engagenmentwi th the wal

has a diex t Yoeked akls sy s tdommaigennm Hecediospleerpiine mf arbabayrendthénot shown)
di spl acenent nenber is thus securely affixed to the

engagepbledthereim so that it will not come | oose during use
and will not pose a threat to equi pnent | ocated

downst TR lipétreaf FIB® fnkabucbrhdr®Waprl efacilikds @slélatnation of one or
precaution, the screw thread pairs 62-66 and 60-70 are

f - j Ta s st
more ?Elr% f%ﬁkal)ﬁ{dlﬁgnsa\%%ﬁ?%ﬂlagrm% eddd 4626 ke cgsg)?c}c%%gﬁ’\fnember 42 and

eadi ng an Ing rotation ther

o oA SRR 16 28 e B A s 1. 6
o B2 SRR B e 5 A SRRLRETR o

its downstream face for reception of a hex wench (not
the dowmetrgam Eacg afjdgislisplachmenti membgreét2upst r eam f | ow

nmeasurenent tap 24 facilitates determ nation of one or

nor e fThe displacamnend melinibeod? it pemtlil g anachabletd laed detgehabl from the

of the displacenent nmenber 42 and
guide pin 56 and interchangeable with other displacement members of different sizes and/or
different configurations to accommodate measurement of fluid flow through the meter body
20 of different fluids and different flow rates and to facilitate use in the meter body of
displacement members having different beta ratios, for example, the three different
displacement members illustrated in Figs. 8, 9 and 10.

The two measurement taps 24 and 26 are connected with suitable flow

measurement instrumentation 27 known in the art in order to provide a read out of the flow
characteristics desired to be determined.

Referring to Figs. 6 and 7, a second embodiment of the invention is shown as

comprising a pipe section 20a having longitudinally spaced radial flow measurement taps 24a



t he downstream fl ow neasurenment tap 26, communi cati ng
via the tubular nenbers 54, 56 and 68, facilitates
walztenra7omt i on of one or nore fluid fl ow condi RQDUS2004/025900
axially of the conduit at tthe downstream face of the
di spl. acenent nmenber 42. The di spl gcenent nber 42 is
and 26jaea HbPT RRCAURABIEY & SRR AN IOAERDES OIhF BRENYiGARdap 262 and
in 56 and interchangeable w th other displacenent
curvecﬁmrﬁ@r@vmstrqamfdeﬁe@mn & yesmingird/ioan @xiptly egtpnding guide 56a, and a
configurations to accommodate neasurenent of fluid
displaddntent tnienche 42 hetaokedbey abddigta2Babdy nebunfeelr emtthd iguidd SS6andin this
different flowrates and to facilitate use in the

embodiBERY ikedHareatsle N pMeRRA MERIBBRT MRahaéi faicklbid @ @id detachable
beta ratios, for exanple, the three different

from e SR ECSITN aTERASPERIg EEhptt RS indicaRd T flentfly at 80
i table.flow neasurenent, i nstrunentation Known in '
Excepf s B 0etick O wlFeRes PR Ha M PELE Bl G arq g fpmelas those
characteristics desired to be determ ned. Referring to
emplopedia Figs. drywith the added s fidnBodi ment of the invention is
shown as conprising a pipe section 20a havin
| ongi t Tk denitey 8@ samprisesaalipkurality ol pisa8 s tq Hygsdisplacement
24aand 26a, a tube or pipe 44a secured at one end, as
membby and kgliending traditlhe igtovhs tcepiazh pamge 6@ bord @lar ofethei displacement
the downstreamdirection to termnate in an axially

memb@ﬁ,(taeﬁ&iré%?mﬁkﬁﬁg%uﬁﬁ@s ofdyéhetlick Nl sloRMBNtin TRERAIde456 releaseably
attachably and detachably nounted on the guide 56a. In

. i rhodi n . c i .
receiv e B B o A ey it PP s TR EREA Emember
6a a . gui ¢k canne ui ck disconnect. device .

away (0% S0 s R Sl Srp iR PR s sompgpus of the
reference nunmerals enployed in Figs. 6 and 7 are_th

slots, athowasiniigsh ey dif Sﬁplﬁ?‘a%‘?m P%%n%ftt‘i’]t %@Jlgﬂdgti"‘? flow also
suffix "a". The device 80 conprises a plurality of

holds thie pinsan thectetmiaus efghe hslads- spl acenent menber and

extending radially into the central passage or bore
64a of To hemdve pt aleankthe displacement member from the guide, it is only

necessary to push the displacement member in the upstream direction to unseat the pins from
the lower terminus of the J slots, to twist the displacement member a short distance in the
permitted direction and to let the spring 86 separate the pins from the guides via the open
upper ends of the J slots. The same or a different displacement member may be attached to
the guide by reversing the recited steps.

Preferably, the guide includes a pair of axially spaced O-rings 88 or similar
seals for sealing the displacement member to the guide.

The detachable mounting of the displacement member 42, 42a to the guide
pipe or tube 44, 44a is highly advantageous in terms of the manufacture of fluid flow meters

and mixing devices, in that standardized manufacturing procedures can be utilized to produce



menber, a correspondi ng nunber of bayonet or J slots

84 in the guide 56a rel easeably receiving the pins,
w@oe/a2239m i ng 86 wWithin the bore 64a biasi ng tPEI/US2004/025900

displacenent nenber away frnbom the guide so that the

- 'COﬂdUl(BiSCCttWQS 3&@ b%glses g I(ygﬁa%ﬁstt%%a} @;atarlgggrssgtc{ﬁhép%?eénen% ‘members -
di spl acenment menber to the guide. Fluid flow al so

of varjpys gdandaed giametaryy ¢andigpeatignn @ad Jeta Faiiog-s| ek meteys and mixers
renmove or detach the displacenent nmenber fromthe

meetinguihdiejduil spesifioationswes bs sjaickl t admgehornivell vl asspindiedrfeont standard,
menber in the upstreamdirection to unseat the pins

in-stodk @Ff-thB.ghd| @S mbEeNtstished fthdnBeidg MadeSo dr@ert WARtcontp@dnents are
dlsplacenent menber a short distance in the permtted

produédzhr &th 'h%ébnﬂalrﬁgce s?mh?ﬁ Ui SeRdin gccg‘n@taﬁﬁga;,[léﬁ east J'llu@ §Ba8§1g of the

fromt svia the open upper ends of

A measuBemegi z}gg @Cﬁ? 02’43 29&'1 rtﬁéq té]e/a% g&@&]{e‘ r[)%Fa edT%r%e f467%¥om the

he gurd he T 8¢
steps. P fera t he |de des a )
measugemenf (3p éi #oad %ECPFH@@“%@" Wlté Wrﬁ o Wn%fsaﬁ?a%wt thedlisplggement
t he di spl acenent nenber to the guide. The detachabl e
membeip it ViFge of sterdardipalisinand maintenansd of gepmetro similgrifyiend constants,
gui de pi pe or tube 44, 44a is highly advantageous in
it maytnerlomgeo be nbeessaan tof tastteacteast eviekyumetef bomixeet asrhas begh the case with
m xi ng devices, in that standardi zed manufacturing
made 'R FIEES af@mhikasutilized to produceconduit sections
and nmeter bodies of various standard dianeters and

di spl aﬁg&fﬁ@t geRleis BlustAL gyswﬁga@m&%?teartﬁ;eer fopresentative
configurations and beta ratios so that neters and

displa&;ing(e%ﬁ ?’n}eggo%} | A% 499 aX(IJl g?dﬁ | int2R&S %fo{or g@% {HOQ %o d&e 48 a,given diameter,

& ‘€conon cal y asse ron1s
t ock, e-shel ve _conponents rath the in
each BiRaEos ST BEh TEGIOHGN CLE AP GAUCILPIRAInE Tor the same
geonetric simlarity and certain constants, such as

SPacmgI@é therhebd asdge 3Fb146s and 464 fromethe resapaliveaneasgemeat 2R,

26a, and the spacing of the beta edge 46, 46a fromthe

nmeas ur Emedisplhcamednd medgwr bh&ig. édmmﬂnremnvelsl lwﬁhharhqer beta edge

downstream face of the displacenent
46b providing, for a certain conduit inner diameter, a beta ratio of 0.45.

The displacement member of Fig. 9 has an edge 46¢ of intermediate diameter
providing, in a conduit of the same inner diameter, a beta ratio of 0.55. The smaller diameter
of the edge 46¢ results in shortening of the upstream sloped wall 48c in comparison to the
wall 48b. To maintain uniform spacing of the edge 46¢ from the respective measurement tap,
the displacement member 42c of Fig. 9 includes at its upstream end a cylindrical extension
49c of a length such that the overall length of the displacement member 42c is the same as

that of displacement member 42b, and the beta edge 46c is spaced the same distance from the

measurement tap as is the beta edge 46b.



menber. By virtue of standardi zati on and mai nt enance
of geonetric simlarity and constants, it may no

wo ongez27be necessary to test each and every TERET/USI004/025900
m xer, as has been the cas#2with nade to order neters
and m xers. Figs. 8 9 and 10 illustrate, by way of,

- exanpl Ehe displascperrmemberatid, dlugirated de diigni0 ryli'éﬁ@eliekatwe])’ small -
42b, 42c and 42d, intended for use in a conduit of a

diamegi beta edgad®d proyidiarwithincd¢ahidniy of theti saferimmdr dosneten; atbe@ ratio of

within the conduit, and all providing for the sane

0.65. TBaRAiA@ircfonbiak: the baerell I gdber, thé B pREEM&HR thdnitteMahdl the spacing of
respecti ve neasurenent tap. The di spl acenent nenber of

the begd.r %i\ﬁe QR hE o8l @l hdif tip, 1R R pALanET SheRSdras 20488 agﬁp upstream

|§|ng, ror a certal% con%ﬁit I nner di aneter,
beta rati o of. 0. he di spl acepent er. of ,Fi 9

end a SR s 890 of AsbecPB TR el SRR bisf, ase g i, Fie- 0

. . a conduit of the same inner dianeter, a beta ratio of

displagemaent mpmbeE g | er di aneter of the edge 46¢ results in
shorteni ng of the upstream sl oped wall 48c in .
conpar Bgonaintrining grametrieg pimitpsityrané tegrtainupeistangs, and practicing
spaci ng of the edge 46¢c fromthe respective

standandiasdi rreaerfidctirage, proeeddiesplaacergnt metenmberdy420 afid Fitg. asSociated
includes at its upstreamend a cylindrical extension

measuféier®f ingtrdB&@itdons 0% hednhaé ddhﬁte@Vt@r aifferdn@ N@irposet dnll€to perform
di spl acenent nmenber 42c is the sanme as that of

differdh SRhAFHIEH 45 Bihte? ¢lectiRd £b8 %x%ngﬁ, RAIEnARE the other of the
spaced the sa I stance fromthe asurenent tap as

. 2.8 the a_e 6p.The disp t er .

aisplapsingrl pdibdls TR 10 ek &0 P8 R erd SBiars Hiler g
beta edge 46d providing within a conduit of the sane

membef§ner di ameter, a beta ratio of 0.65. To maintain
constant the overall length of the displacenent nenber
and t h&he phsplasgment meanbsetmoOWHHE oF GHPRMe ShEeBuple tendnvention
tap, the displacenent nenber 42d has at its upstream

facilitatad canveyiennaind qaick entearsion of 4i8ddoficegfremt 2 firdtehetrt tativhteranother
the extension 49c of the Fig. 9 displacenent nenber.

beta ratio or from a first range of flow rates to other and different ranges of flow rates.

tspelzricement

Specifically, the size and/or configuration, e.g., slope angles, of the displacement member
relative to the bore 22 in the section 20 determines the beta ratio, the type of fluids and the
range of flows over which the displacement member is effective to linearlize fluid flow
through the region between the displacement member and the interior 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 and fluid
mixtures. By virtue of the invention, this can be accomplished simply and expeditiously by

removing the section 20 from the pipeline, removing the displacement member from the



By mai ntaining geonetric simlarity and certain
constants, and practicing standardi zed manufacturi ng
w@emeoetnes, a single neter body 20 and its asBODUS1084025900
neasurenent i nstrument ation327 can be adapted to
: i ffe rposes. and to performdifferent functions .
suide (6" oo 56 pod L CRRICTIURT 20 (e S5pIRGERSTY, MeEer with a
other of the di spl acenment menbers illustrated in Figs
differeg diyplagemerny membereind wiuBNEdRe 8rction 2Ot PlaenBehe pipeline 12.
The di spl acenent nenber nounting or support system of
Consetjtimtliyntheret is an need id ieplate s goenmesterdwidy avith gruenticely different meter
conversion of the device froma first beta ratio to

body. ariehesndagt sectigh 20 akid firs0f8sacihted Sdensor galIOfuffitor ligdses of
to other and different ranges of flow rates.

measuﬁftg hutd ﬁ§+r|&0er Emp ﬁﬁgys% floW fated Wha bl iihbef ofdifferent fluids,
pe an the di spl acenment nenber relative to
the sectlon 20 determ nes the beta
hqﬂds§?“%angﬂg%?“%e‘%? fluids and the range of flows over
whi ch e dISp| nent ne ffectiv .
| nearﬂ11 & EOFS A the GRYCPHPD @YF th%e??rggltean Ferfabe Hiined in a
di spl acement nmenber and the interior surface of the
convepgnt, pgctigdhecenpoighkanddagilegeannen t he si ze and/ or
configuration of the displacenent nenber changes the
type awhileaprgestlpfpréfeoed cnbodimetts ohghs ysteation dave been herein
responsi ve. Consequently, by removing a first
illustrate® Rh@Gesmkibtd, e D es bargpreeiteaCihag variousl dhiangesdrdatan gottients and
di spl acenent nenber, the system can be rendered

modif%ﬁﬁbt{saitn@%' Yoe 'BEROMR IS v&tlfl’lom b gy frt)hpmerébﬁé o?rt‘lqe 1nvent10n as
Ifferen f|UIdS and fluid nlxtures By virtue

an be acconplished sinply and

dEfmedb %Qﬂ Jt‘p Sﬂ%ﬁd Cl%i/n%r enmovi ng tg section 28 %lr om t he
plpellne, renmovi ng the di splacement nmenber from
t hegui de 56 or 56a and the conduit section 20,
repl aci ng the displacenent nenber with a different
di spl acenent nenber, and returning the section 20 to
its place in the pipeline 12. Consequently, there is
no need to replace a given neter body with an entirely
di fferent neter body. One conduit section 20 and its
associ ated sensors will suffice for purposes of



measuring fluid fl ow over a nunber of ranges of flow
rates and a nunber of different fluids, |iquids, gases
w@oen22eour es t hereof. The objects of the i nverdT/U82004/025900
have t herefore been shown tlé be attained in a
Eﬂiﬂﬁﬁiﬁiggﬁgg%ﬁfragtiCal’ econom.cal and facile manner.
i 1Ty preferred enbodi nents of the invention
have been herein illustrated and described, it is to
be appreciated that various changes, rearrangenents
and nodifications nmay be nade therein w thout
departi.ng fFloid flone appaspias edmpiiang, ay eembioations def i ned
by the appended clains. WHAT IS CLAIMED IS: 1. Fluid
fl ow appandiitmcludingrd sinngyablenandakpiaoeabicosection davidgliat peripheral
i ncludi ng a renovabl e and repl aceabl e section having a
wall Wi R eftefior@irfac¥ifbi céifvel M efibi@rtherefhr@fh o4 V@cin, said
fluid therethrough in a given direction, said conduit
conduft &L S H}@l\ﬁ'gngal tRJea{o' tdﬂeétﬂ)‘ﬁ g tRatd 'R %fn. gﬁéﬁegmf LWVand a
an upstream’end. and a downstream end, a flui ow
do &is&#ggenent menber in said conduit section having in
WIS BN to the direction of fluid flow an upstream
end and downstream end, said di spl acement nenper beinp,
of smaf flaid v displgement;rperales in 831d SARAWLSFETYN Prvingidfelation to
the ends thereof sloped wall neans form ng a periphery
the dirgatigrapidfluid fisey af gpstpam| engltdnd lommetredny enid.tseidf displacement member
t hrough a regi on defined between the periphery of said
being &f splatiee siea tthare sdié rseaivd iddehavihg betwees thé @ads dferepdiistbped wall
section, a tube extending through the wall of said

meansCRRAHIgta S@PphbSorRdd hRWibeE fet deakétingthe XN flgv through a region
substantially axially of said section in the

st SRS, i 3 RAERIE TG B of s
section, '

a tube extending through the wall of said conduit section and having a portion
extending substantially axially of said section in the downstream direction,

said displacement member having a substantially axial passage therethrough
mating with said portion of said tube such that fluid communication is established between
the exterior of said conduit section and a location at or adjacent the axis of said conduit
section at or adjacent to the downstream end of said displacement member, and

cooperative means for removeably 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 range of flows

through said section.



mating with said portion of said tube such that fluid
communi cation is established between the exterior of
wa2106/0z200xui t section and a | ocation at or adjBCEUS$20041€5900

axis of said conduit sectioh at or adjacent to the
downst ream end of said displac nt nber, and | )
cooper4ti v lhlﬁiaﬁewacppaﬁaam&b?%woﬂggbﬁa@mp yaid cooperative
mount i n% sai d di spl acenent nenber in said section

means,ip kacatgy bsyegn ghid pottiomrnas saidivebeand saisl/disdageaient mgmberd
repl aced by a different displacenent nenber to
accommodate a different range of flows through said
section.2. Fluid flow apparatus as set forth in claim

1 whergin sgjuth SOWRBpAhY B BB AR InT1AiRCRLE| thRd dRIsing a first
said portion of said tube and sai d displ acenent

r id.. np. S f or, [ '
measifEfp At B0 bt B HRLAIALIBRrE t £ St EmEleBlcent tap
xterior of said.conduit.section, and secand
extendips, Trpdhefie VAll, O THCRRTH SEFIULURERR LA diblaggment member,
.. conduit section upstream of said displacenent nenber, :
said taps peronypRdating Meapdeme M Pt Ak o wmarn B qongugin Jregy upstream an
within the conduit in areas upstream and downstream of
downsiighm offisgig|disptasementreerpest. 4. Fluid fl ow apparatus as
set forth in claim3 including fl ow sensing neans
associated with said conduit section and said taps and
constituting therewith a neter body, said displacenent

menber 4 bei npluid PloRC SspalRuPNs SetioftheinedhintlBSiptRAMIEMSwW sensing
nmenber whereby different fluids and different ranges

means%?sa%ééﬁ%@ WIVQR CRRRHedidtSidaGatt %‘p@ ahé cfﬁ?stti%tin%?ﬂée’rewﬁh a meter

ow apparatus as set forth'in claim 3,

d f i ' [ W th, an [
body, /K HSRTR: e e PORe SRk by, Argietdts e Rebmember
the velocjty profile of fluid flowis relatively flat
whereQy, diffaregyy %i%ﬂ}deﬁlféfﬁienma%s xRy hERYpe meased  utie p fingle meter

communi cating with the interior of said conduit via
body.sai d measurenment taps.

5. Fluid flow apparatus as set forth in claim 3, the second one of said taps
communicating with an area in the conduit upstream of the displacement member where the
velocity profile of fluid flow is relatively flat, and flow measurement means external to said

conduit communicating with the interior of said conduit via said measurement taps.

6. Fluid flow apparatus as set forth in claims 2 wherein said cooperative
means comprises mating screw threads on said portion of said tube and said displacement

member.



6. Fluid flow apparatus as set forth in clains 2
wherein said cooperative neans conprises nmating screw
w0 bweazksoon said portion of said tube and sai dPCT/US2004/025900
di spl acement member. 7. Fluid flow apparatus as set
forth in claim]l wherein said peratlve nmeans
conpri bes afiuiskflay apppaius as skt éﬁﬁg‘ B flaghh rYhersip saigcqoperative
portion of said tube and extending through the axia
meanspe@BPIIREs | an gaiall tdhwpl axtensiont camphisingf saidn poriéonuPftspiglatnbe and
end thereof to adjacent the downstream end thereof,
extendigy Chréxdhethei Hilalhpiséage iA sajd displdesmmsit meanbed rfdorAnke apstream end
screw thread in said end, and a tapered threaded plug

theredc by &Rstemt the HQwﬁﬁféﬂrrﬁ&ﬁQHéﬁe&F @ﬁg eﬁt@ﬁ‘s&ﬁ" h&AHE R kRittdo/MSiréhm end

for éxpanding the split end of said extension into

and a 8\%%%@?1@ %?SH% rrg A/Mdt zgtab%%d .t%?{édﬁlu%&hr&%}?d into sa1d | sorew thread

I Spl acenen paratus as
inclaim?7 mherel aid. c i ve
and iR KAteTRPT e g SR B4,OF AR Saienioe ﬁ?tﬂq?‘ﬂ‘&d engagement
upstream end_of the displacenent nenber and on the
with t@dﬁt@@ﬂ@ﬁ@eﬁchéme@fm@h@rt ubul ar extension. 9. Fluid
fl ow apparatus as set forth in claim8 wherein the
screw t hreads between said tapered plug and said
ext ensi on and between sai d di spl acenent nenber and

sai d e&tensFuid Ao dpbaappRasiseefdranidsclaih®7 wheweid shidawoperative
apparatus as set forth in claim2 wherein said

meansCRARST &rhprReiRRRtg GORM thRds HithR ihe fp’iir@a{m 3Rd oPtH2 displacement
qgui ck connect/dlsconnect 11. Fluid flow apparatus

membglloz{ml ddntsthg Gontl oGO PHiDRbE (R ’tutﬁ'll:g‘%gagﬂkltonf or conveying

&ret ough 1'n a grven direction, said conduit
havi ng a peri pheral wall mnth an interior surface, a
fluid flow di spl acenent nenber in said conduit having
inrelation_to the direction of fluid flow an upstrea
end an® a dBWisHlpwappaiates a8 setforB A SRS Whersn ﬁﬁfwrthreads

between said tapered plug and said extension and between said displacement member and

said extension are of opposite hands.

10.  Fluid flow apparatus as set forth in claim 2 wherein said cooperative

means comprises a mating slot and pin quick connect/disconnect.

11.  Fluid flow apparatus comprising, in combination,

a conduit for conveying fluid therethrough in a given direction, said conduit
having a peripheral wall with an interior surface,

a fluid flow displacement member in said conduit having in relation to the
direction of fluid flow an upstream end and a downstream end, said member being of smaller

size than said conduit and having sloped wall means forming a periphery on said member for



size than said conduit and having sloped wall neans
formng a periphery on said nmenber fordeflecting the
wo baobd22702 f | ow t hrough a regi on defined by- thBCT/US2004/025900

peri phery of said displacenent nmenber and the interior

surface of said conduit a flow neasurenent tap ., .
deflecting R§dig 1@ AloduErouHE TRgIan ‘éﬂf"’ég%é{ the, ﬁﬁﬁ?her)éﬁg said displacement

communi cating with an area within the conduit upstream
memberf andhilee iditesiol aedanerof sardgbeduit a t ube ext endi ng t hr ough

the wall of said conduit and including a portion

ext endi MPpw Andabrefhen &dpr eatending ebioughn theibedlianf isald yonduit and

axially of said conduit, said displacenent nenber

commh,mtng APRS 528 SihHPHE 258 d A Llp‘étr@éifh af th¥ dﬁéib@ic@ﬁlgﬁt(}ﬁ&ﬁber
d being attachably and detachably coupled to sa

port ' of tlﬂ)fe éﬁéﬁjdl %ou%?'t {vﬂﬁ’eofaﬁijd §9r%cﬂntp?@ts?1%ﬁjdmg a portion
conprising a nea rene ap communi catl ng between —an
rea external of the conduit hin the
extendligfhafic Soviareatt diecdor Sy dpunp Pl gtse8sPrifik "condui
at or adjacent the downstream end of the displacenent
nenbersaiigplagraprt samber hping a Passags subsikanally axially therethrough
det achably coupling the displacenent nenber with said
and being dttashatdf asdiddtathebdy cdpledrjowsatl portian ap paid athes said tehst and said
forth in claim 11l wherein said cooperative neans is
passageOcdhbinpe b Waetsusameht oy icommunicasiag thetwdpa andreaaéxternal of the
di spl acenment nmenber 13. Fluid fl ow apparatus as set

conduft @l Bini e Wath the oD@ fdchted it Gr GARB&: 3hd YGis PEIRS conduit at or
conprises mating screw threads on said portion of said

adjacems d@?qstﬁﬁhfjerfy o%nheaeg g&s&tm 3 ﬁ% ﬁ]aﬂ Fluid flow

as set In c erein said

ESﬁSffé‘%okfér%gg? 5t fronahf e eBienanty Copuiing it eement

t hrough the axi al passage in said displacenent menber
member With $2id pofsion A spAd¥RE- t her eof to adj acent the
downstream end thereof, said extension having a split
downst r eam endand a screw thread in said end, and a
tapered threaded plug threaded into said screw thread
12.  Fluid flow apparatus as set forth in claim 11 wherein said cooperative

means is located between said portion of said tube and said displacement member

13.  Fluid flow apparatus as set forth in claim 11 wherein said cooperative
means comprises mating screw threads on said portion of said tube and said displacement

member.

14.  Fluid flow apparatus as set forth in claim 11 wherein said cooperative
means comprises an axial tubular extension comprising said portion of said tube and
extending through the axial passage in said displacement member from the upstream end

thereof to adjacent the downstream end thereof, said extension having a split downstream end



and threadabl e therein for expanding the split end of
said extension into | ocked engagenent with the
wo adoen02002 of sai d di spl acement nenber. 15. Fl updr/iiEzmea/025900
apparatus as set forth in d8aim 14 wherein said
cooperative nmeans further conprises mating screw
~and a gqiew dersadyin $ai¢h eagheand pstapergdntiuprfiedplug threpdsd inje saidnicrew thread
menber and on the contiguous portion of the tubular
and theeetiahis therein 6@ exipandidg theospliappdiphisaid eaensen iftodedked mngagement
claim5 wherein the screw threads between said tapered
with tHe) iH@rianeF Rl displndepvnt plemdBe bet ween sai d di spl acenent
nmenber and sai d extension are of opposite hands. 17.
Fluid fl ow apparatus conprising, in conbination, a
conduit including a renoveabl e and repl aceabl e condui t
secti ojr. hawvin eripheral | 1 L. interqr. .
surf acfeB ‘fo rlhlggin@%‘g iaHB rhﬁulsj Pt ﬂ}é}rl \({e\% hfr?lgﬁ g ﬁ \thne?%n 3.5‘\‘/‘ &Roperative
di rection,. said . conduit segtio . havin reIat'vF to.the
means {PRACT GOFPTiSES Mating SePyvinEeAdy phinehfmue aghanflao the displacement
downstreamend, a fluid flow di splacenent nenber in
memberzng ondheientiggews pashomelthe gpbular esteasipbn to t he
direction of fluid flow an upstreamend and a
downstream end, said di spl acenent nenber being of
smal l er size than said section and havi ng between the

ends tfer eofluid ﬂmdehdus A Fot P IMT1aGn B5 WRErEMNAE YeroW threads
said nmenber for deflecting the fluid to flow through a

betwe%negdi@'ﬂa eFrfeélir] 88 RBIMRESERFONPEd PAGEY 94id Shdpthcement member and

I spla nber and the interior surface of sald

. ctio tendi ng through the wall of said
Smdeégﬁéoﬁa?egg%éﬁ%gﬁeg%’éﬁhavi ng a portion extending

substantially axially of said section in the
downstream direction, said di spl acenent nenber having a
substantially axial passage therethrough mating with _
sai d pbkti ofuiskflewjapparetbecemppiisipgar cempbingtion, a conduit including a
conmuni cation is established between the exterior of
removsatilel ambreplactatde conidoit sactebnahdvogad panphetal ovalladitta e niteri dresurface
axis of said conduit
for conveying fluids therethrough in a given direction, said conduit section having relative to
the direction of fluid flow an upstream end and a downstream end,

a fluid flow displacement member in said conduit section having in relation to
the direction of fluid flow an upstream end and a downstream end, said displacement member
being of smaller size than said section and having between the ends thereof sloped wall
means forming a periphery on said member for deflecting the fluid to flow through a region
defined between the periphery of said displacement member and the interior surface of said
section,

a tube extending through the wall of said conduit section and having a portion

extending substantially axially of said section in the downstream direction,



section at or adjacent the downstream end of said
di spl acenent nenber, and cooperative neans between the
walt@phzoenrent nenber and said portion of the tedBEUS204/025900
renoveably and repl aceabl y19ounting said displacenent
menber in said section, whereby said dlsplacene
menber Saghgisalacanen; daeabrl haxpigat sebstaptiallypripbpassege therethrough
di spl acenment menber to acconmpdate a different range
matingith| saidspartion of kaid avle swbttharfluid 8omAjunicdtién gnestablished between
apparatus as set forth in claim17 wherein said
the ex€RHP&f &hidveondaRNBCEEHTRId 3 a6cdtidhi 40 bradjLentt the eadsoOsaid conduit
said portion of said tube and sai d displ acenent

sectlom%ﬁjacéliﬁ thd ddt b AR Wn @ BP i @HidPlaBEm&R et Ainign ¢l ai m

wherei n said cooperatlve means conprises an axia

t UbU| a ﬁartaﬁog ans %R’f:%r? hg%lgﬂ%c%nfég{ ﬁlle&%erognds%llcgp{)rlﬁlgﬁ of the

and ex e axl assage

| ace nme romthe upst mendthe eof to
tube iR mdds% LA PRI HOY P ceart BRmBriSofind secton,

having a split downstreamend and a screw thread in
wherely paid gﬁalaceemwt ananass maybe Frmeqygd @ang rapdpced by adliderepy displacement
said screw thread and threadabl e therein for expanding
membtihie asgiminodate a diffegentaareetod ilomwsnthionglosdid edoidn.engagenent
with the displacenent nenber. 20. Fluid flow apparatus
as set forth in claim19 wherein said cooperative
means further conprises mating screw threads within

the upggr eapi‘uﬁf‘ﬂox‘?fap?zhﬁtug'ﬁ RéABAABAL1aRTHaIhR8H safd dddBerative
Contlguous portion O he tubul ar extensi on.

means comprises mating screw threads on said portion of said tube and said displacement

member.

19.  Fluid flow apparatus as set forth in claim 17 wherein said cooperative
means comprises an axial tubular extension comprising said portion of said tube and
extending through the axial passage in said displacement member from the upstream end
thereof to adjacent the downstream end thereof, said extension having a split downstream end
and a screw thread in said end, and a tapered threaded plug threaded into said screw thread
and threadable therein for expanding the split end of said extension into locked engagement

with the displacement member.

20.  Fluid flow apparatus as set forth in claim 19 wherein said cooperative
means further comprises mating screw threads within the upstream end of the displacement

member and on the contiguous portion of the tubular extension.



