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AND M XER HAVI NG REMOVABLE AND REPLACABLE

DI SPLACEMENT MEMBER Fi el d of the Invention The present

i nvention relates to fluid flom1apparatus ‘and, in
paVPRH602702 t o fluid flow meters, fluid m xemSTASHN04025900
fluid dlsper5|ng devi ces. Badkground of the Invention
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5,814,738 disclose fluid ow nmeters an
di spersi ng AMP BERLAGCARLE QISPLACEMENEMEMBER eri zed
by a wunique static fluid flow displacement nenber
which is mounted symetrically within a conduit and

v ctive to linearize fluid flow through the
conduit within a region defined between the
di-spl acenent nenber and the interior surface of the
conduit and to flatten the velocity profile of fluid
flow i n tHe poseduntenbat telagsd feidflowrggpatann sid, apparfioutsm) to fluid
the di spl acenent nenber. The apparatus ensures
fioe medyb, dluidaixarsane Atidafispeistgdietib@w conditions wi thin
the conduit and'al so provi des for honogeneous bl endi ng
and di spersing of diverse fluids and/or fluids ‘
containing particulate matter. The unique fluid flow
Baekivatund afdle liveégion are made and sol d under the
regi stered trademark "V-CONE" by McCroneter, Inc. of
Hemet, California, which is the owner: of the above
patents and the assignee of the present” invention. The

fluid fl ansdpagdaoRRRAGIZBID S 212104b 8305 69NMAISEILER disclose
is conprised of two frustuns, “usual 1y conical, joined

fldid fidve infetdr bAE FluRNGSpeRA W%ﬁq @RAXdshi¥h lal Bfhracterized by a
i ndi vidualized section o condU| The frustuns are
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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 providc;srfoi:' 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, usuvally conical, joined at their larger ends and mounted coaxially in an
individualized section of conduit.. The frusturns are mounted substantially normal to the axis

of the section and the direction of fluid flow and with their peripheries spaced symmetrically



2 innard fromthe interior surface of the conduit

section; Depending upon the dinensions of the
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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 flsids and
different ranges of fluid flow through the conduit section. In this way, a single section of
conduit, i.c., 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



through the wall of the conduit section or neter body
so that no neasurenent taps or other 3 holes or
passages are required in the displacenent nenber.
However, it has since been discovered that for sone
fluids, especially high velocity gases, neasurenent of
the pressure at the downstream side of the

di spl acement nmenber by a tap in the conduit wall is
not as accurate as the downstream measurenents
obtained with the earlier odi nents of the V-CONE
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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 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, 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



deflecting the fluid to flow through a regi on defined
bet ween the periphery of said displacenent nenber 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 downstreamdirection, said displacenent

menber having a substantially axial passage
therethrough mating with saizd portion of said tube
such that fluid communication is established between
the exterior of said conduit section and a | ocation 3a
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between said portion of said tube and said displacement member.

A third aspect of the present invention provides fluid flow apparatus.
comprising, in combination, a conduit including a removeable and replaceable conduit
section having a peripheral wall with an interior surface 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 upstréam end and a downstream

end, said displacement member being of smaller size than said section and having .



conprising a measurenment tap communi cating between an
area external of the conduit and an area within the
conduit located at or adjacent the axis of the conduit

at or adjacent the downstream end of the displacenent
menber, and cooperative neans for attachably and
detachably coupling the displacenent nenber with said
portion of said tube; said cooperative neans being
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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-



bet ween said portion of said tube and said

di spl acenent nenber. In accordance with a preferred

enbodi nent of the knvention, a pipe or tuhe:extending
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substantial |y axial bore or passage therethrough

PETeYs thigads haprencpiqndl slot typh equsukconinkas, dile pRvided eyt 48 Sabsolutely
is in fluid communication with the axis of the _
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preferred enbodi ment, the end portion of the pipe or
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are provided with co-operable neans for detacha
- seming sygtehie di spl acenent nmenber to the end portion of
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oper abl e- sERbpdimgnivefiths presgnt iakentianymaneodde BPNR! M&w meter and
several known for s, such_ as mating - screwthr eagls,
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the invention i ncorerrJor at eg?de%vﬁﬂd%% © éheeclﬂﬁnﬂﬁn ?ﬂit’%ﬁg‘_" apparent
: , _ © fion it d . _

PP o Teatohatl skl in et MEAEHABE dhBlG ety gonsideredin

fluid flow neter an m X1 ng devic
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providing for t T essure neasurenents at
optimal locations in the conduit. These and ot her
obj ects and advantages of the invention will becone

tioh 8F OPRE _%f reasonabl e skill in the an from
description, as considered in

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

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



conjunction wth the acconpanying draw ngs. Brief
Description of the Drawings FIG 1 is a |ongitudinal
cross section of-.a first enbodi ment of the. invention;

FIG 2 is an enlarged cross sectional viewof the

f W dosew2net er conpri sing the enbodi nent ofCFiU§2004/025900
FIG 3 is a perspect ive viewfof the di spl acenent

member % ;g{g tlg %rfecnrggsd s nal Ofievd Gt thiee an@:haﬁ’geable

and 5 a Pews“or component s of
di s Iacerre nber unting.f.or
digpiggeng perebess o€t i dHGHRAHANC o5 ETBER By Sgmeter and
second ephodi nent ot invention; FIG 7 is a
"@Bgi“f"b"ﬂﬁ atv"r'@ﬁ‘%@“?‘l‘f%“‘%‘&?’f‘?lﬂ’ﬁ"&f‘%ﬁ g. 6 encircled at
) B" and A ustratl ng the di spl acenent nenber nounti ng
Detailed iniion of bisfored Embodiments 5nq WD 2006/ 022702
PCT/ U82004/ 025900 5 FIGS. 8, 9 _and 10 are cros
sect i onaThgifellpwvipg is 19 detailed; éﬁsﬁmwge‘éfbl’% erred embodiments of the
di spl acenment nenbers for use in the sane conduit, or
inventiguipresernsty cogleaplatogniay thei IRYREIQSY to b the bsstmede of fgrrymsg out the
relative to the conduit different beta ratios.
inpentign, Medifisations pad ehenggs thereinayill dgcamarpprwlip persps of reasonable
followng is a detail ed description of preferred
skélirinabi avkastthe descriphion praseesdst i on present |y contenpl at ed
by the inventors to be the best node of carrying out ‘
the i nvE&afemiyg toWiglilf adlaid Bow meted of Hgrigestierh dgdidated gengrally at
- becone apparent to persons of reasonable skill in the
1 rig adapted e bel @stallegin @ pipoliccercaber fRid Bpwicopduiowhicly is depicted as
a fluid flow nmeter of the invention, indicated
bajegeomgkibed aftpipel@etians 12 daying tolting ﬂeng'en 34 all theidends. he flow meter
pi peline or other fluid flow conduit which is depicted
1B comprised of a meter body or conduit section 20 and a fluid flow displacement device

40 mounted coaxially within the body. The meter body 20 comprises, in essence, a section of
pipe or conduit adapted to be bolted or otherwise secured between two sections of pipe, for
__example, between the flanges 14 of the illustrated pipe secions 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 anj 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 armrow, the direction of fluid flow is from left to right as viewed in the
drawings. The pipeline 12 and cqnduit 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.
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di ameter or dinmension at edge 46 and two oppositely

" bdraa® mgthe uontiid 20 RO W HiiniedSdoaRRIly WathihihebréRétnaltohé Bffection of

face, respectively, in the upstreamand downstream
feid 1204 du@Rsthi the SRS A8 RS0 §ced i ntbtd@RE Inward from the interior

symmetrically inward
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



toward the axis of the body. Except as hereinafter

descri bed, the flow conditioning nenber 42 has
essentlally t he .same physical characteristics and
functions in essentially the same manner ‘as the flow
div¥QRrWeRIERt nenbers utilized in the "V- CONE" rgaisgws/025900
avai l able from MCroneter Idc. and those described in

o Byig B i bl 32 EpA o innd e oty 39 oy e from
g§#§4qggyg)g{@§ﬁncef as though here set forth in
es

cribed in the prior patents, the nenber

% and' ?ﬁbﬂ@t%@éﬂ?ai.hﬂ% SR & ﬁz i tg?ﬁddwg%f?%e fluid s
gl prS6ecR Bt PRt Wl 86 OF WRIePHeF S B anniar € =gonf

or i nner surf, of the wall of the C nd

I nterl acC
P e T ST SHRHTET R (Bie FHRMURY B 2 Bane of the

are of the sape s d shape and define at thei

P?‘lﬂ%&‘iﬂb e 465 HAP &“&ﬁﬂs lops i ag anmer w&l%ofpwraa@ssafdr increasing
which lies nornal to the direction of fluid flow The

argp a3 ﬂ%faw#?w*re daysiceqng Mgl 0. 1AshcqnsraugRsindyid dlow ifestapilized and
50 and eferably tapers inwardly to a small dianmeter

copditjoped gﬂbgp-w@atma@ﬁ downgiamfrqm rh§ meghsedl-alr pasticiag) the member
in the order from about 39 to about 75 to the plane

4isreffadiyelsy linaadzelyid Siewrin theaegjen iween the memberdd aaﬂ ghegvall of the
being in the order of about 67.5. The angle of the

condvi 3@ e i fatien tsoveledityirrefde ob fluiddlow inrthe gerfduii dgthpypstream and
the edge 46 is within the range of fromabout 15 to

downstreang fromathp displaceraent anegiber pedrragrange offlovorates:  Gensequently, the
about 26. The WD 2006/ 022702 PCT/ US2004! 025900 7 beta

flowprofile bothupstreanband dawvnstréam isvislatively flet, isymaetrigila mdally centered
of the conduit 20 may range from about 0.4 up to

withio the @nduit, and of 4 largd aad essestidlyeonstine mear flomp diameteminesspective of
of the conduit 20, the fluid is displaced or

fliole ritec iAdw, thy fiuide otifleitls eddanyadolid 4@itepifalstthareivend Bomdgenized so that
into an annul ar region of progressively decreasing
the cartuitI0ds fikebwith e asseitizll§ hGinogadsasati®araihrdugRo|salitantially its

~of ‘the peripheral edge 46.  The fluid then flows into

full Rro3 faeliadal fsegl on of progressively increasing
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 retum 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.



area as defined by the downstreamwall 50. As a
consequence, fluid flowis stabilized and conditioned

bot h upstream and downstream fromthe nmenber 42. In
pawbizeesioarrp2 t he menber 42 is effective to |i ngafiic&ozsenn
fluid flowin the region between the nmenber 42 and the

wal | of the conduié ZP anﬂ’to flatten the velocity ]
profile of fPUPHE PhiGPlaseablicmonning the wisplacemet meembenAg in the
owastream fromthe di spl acement nmenber over a range

§ J‘ﬁ%\’ﬂ“f‘é{f ggter %%@qﬁ’é%ﬂ?‘if meaggement gk prisubtantialipeithe axis of the
upstream and downstreamis relatively flat,

%@ﬁ%ﬁfﬁ Uagr subistpngially ap Bier dvangtream dase of tthe displackment member, the
of. a large and essentially constant nean flow di aneter

Profored faptiadireeng of tye igientiae dnclydes @, mounging assentblyr 44 hipsiem of the
and any solid materials therein are honogeni zed so

displaemdng, memberkg; whichothe gpsticpineegd wi the displasermen ety is detachably
honpbgeneous m xture throughout substantially its ful

S¢MEds sectional area. The downstreamwall 50 is, in
addition, effective to optimze the return velocity

of the fl48shows in Figs.@-durthsassantily 6¢ catprisas pipa o tubo hide up of a
in the conduit downstream fromthe nenber. The sharp

tubslar pir@ragisleedry®t eendingdom thecoivastraaint fiove Freasteansit tap 26 radially

~wal | 50 causes short vortices to be shed fromthe

intre theonduit ansbiy ebiular ghide PponsG becass td iniceinheoshd JiNEs leeve 54 and
vortices are of small anplitude and high frequency and

exi¢rdinginjongdhe aiibofithe conduipin thé dewnsusard HirediioR. TRE pdife pin 56 is of a
velocity of the fluid flow. Vortices of snmall

leagth | eiqual cppemiindilg ho fireclgngh @y the ifsplatement YebbrTiDaheis splie, by
ext raneous downstream di sturbances or so-called

lohgibidimal slas) dntd fiair gbydraritass dtiids Abwnbiieginlevid AGRYAG Rtd4f ends of the
reliabl e nmeasurenents. WD 20061022702

foRCHUAIBRR0HVE 26 ANBrmaBthRAH GOUHAGRE Bpstfearh @Rk 38 SRPEYide pin bears an
nmounti ng the displacenent nmenber 42 in the condU|F

exsezndli thitadr 627t Bie BigslNcedfintVintehblet Q46 %aﬁiﬁlefﬁ?ﬂ}gg?ﬁaosgge 64 for

substantially at the axis of the conduit an

coRfpRLRE kdcaption dFihd RBIOANRBLNE AT %:gfélﬁag%[l) I dFﬁ 66 at its ypsiream end

di spl acenent nenber, the prefer , nment 0
Ot he di spl acemen? r?gar%g?&: g&\g\h"?gﬁ& anJp;éﬁg%m&g%ﬁfn g}"c‘? pmn.

DiftBRnd U PladGSIE rﬂﬁen{[)%gbﬁxﬁy lfusIfd @ﬁzﬂ:ﬁ%l}lldetachably 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 2 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 1o 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



secured. As shown in Figs. 2-5, the assenbly 44

conprises a pipe or tube nade up of a tubular stem or

sl eeve 54 extending fromthe downstream fl ow

measurenent tap 26 radially into the conduit and a

t sWutoas/ogwzde pin 56 secured to the inner endPOE/USHEH/0235900

sl eeve 54 and extending alokg the axis of the conduit

inathe st ream,direction. ' of! ' -
wrtﬂ] the alld(%\l:mae[ 1,')agspaécmhwulggt%heeI é/ighl%:zﬁl‘é%t%%nﬂ%{hfﬂ(}fcﬁg%%gm%t fember is

ength e I oXl
di spl acenent . mepber. .42 and, i s, split, b | ongi tudi nal, . .
wfy FRRTTHFRe GIP° Bidpnipanacge Sl itoof lose? P BRaRa it no
The downstream ends of . the four_quadrapts have an
PO AR (AR RTCRORSHES CAmHHSEPY G, B 1ot APH g, g dFor added
in _bears an _extern hr 2. Th | spl ace t
P jan. ‘E‘ﬁa%“%‘l‘h‘h&’f RS r%ﬁ@ﬁ%aﬂg%eéﬁgb&@ °P9°S‘r{ee hand.
conformabl e reception of the guide pin 56 and has an
i nt ernal Yonrfaghitatse seew; tthrepdiag r andy Witheading, wiapigy, thereof, the
threaded mati ng engagenent with the external thread 62
d@ﬂﬁ%ﬂ@@@@@rﬂﬁﬁ@ a iy ofiolast72dn ip dawrstiasn Wall kerarceptien of a tool
t hus be attachabl y/detachably and interchangeabl%
(ngbehommy hiving heainef ewrlrinuos a1 ng engasaneny fhereny, and the set screw 63
threading the sane onto and off of the quide pin 56.
higsor hep ekt Tl its dewnstipamalise dor Beepiipe abrachaxr wisingh gpotzshown)
sel f-1ocking type. Additionally, in the preferred
engapwbilerthereinof t he i nvention, the nounting assenbly
i ncludes a second or redundant securing system
nanel y, tThe uppiidam Bowumeaserameninidp 24 Jagilitateh aleigamninetign af one or
56 and an associ ated tubul ar set screw 68. The set
morer finid ilewy ndigpey qatreanp Somethenedgrodolithe displacement imember 42 and
screw thread 70 adj.acent its downstream end. The set :
the cloewstieam fhela picethrdnenb eapt 26, easieninicating til ¢he tnbidammbmbers 54, 56
thread 60 at the downstream end of the guide pin
antf68; Bagilinnest denhimariongifiosie opmobre(fitadi flaw candi®ona arially afihe conduit at
outwardly into | ocking engagenent WD 2006/ 022702
thPddwhii2afl 4408 25 A QispRcsthdnd nichberd. | of the passage
t hrough the di spl acenent nenber. The di spl acenent

nmenber i heldiphcdtbtiiRhbends isteadily auidhablgw sl qeitdthstle from the
“that it wll not cone |oose during use and wi'l'l" not "~

gB@SEin 3600 GRbrchMgSBId Wil Bihet BiSPhRpeflONBRbireaNdiffeRM RS and/or

flurd fl ow neter. For added
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 ilustrated in Figs. 8, 9 and 10.

Thé 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




precaution, the screw thread pairs 62-66 and 60-70 are
preferably of opposite hand. To facilitate screw

t hreadi ng and unthreading rotation thereof.,..the

di P GEABI; nmenber 42 has a pair of holes 72 0inits _
dovvnstream Wl | for reception of a tool (not $NEFFI04/025900
having a pair of dowel pins for mati ng engagenent

£rb26e ntubg popiphédaseturatatene 6@d, ahbg welding XtotRCddinsitdant Bp 26a and
its downstream face for reception of a hex wench (not
sigevhin the igwgaebinadifeblsmeionterningte UP 3h RRANY tk@Ming guide 562, and a
measurenent tap 24 facilitates determ nati on of one or
displecefnent dleﬁ:bavwzawdtﬁabgmndm&hdlﬁam.ﬁ&ﬁmdtJilethed@ﬂedfﬁsa In this
of the displacenent nenber 42 and the downstream fl ow

erebodithetEiterdhangedbie SPIIObHER ThémMerd 4B 4B %ubdaeab and d
menbers 54, 56 andd&g facilitates determ nati gﬁ i etachable

from thé giilde 864 by iatquidkOunReIg ik Qﬂs%oﬂééta&eg%c Q{idl&fl@l generally at 80.

conduit "at the downstreamface of the displacene

BRogpefor thé devibeso kethbie %ﬁ%kl%ﬁc{i ﬁrﬁFi’gg.u | %g q"pz%r% the same as those -

attachabl e to and detachable fro

@ﬁdoyeatnepfggqnggﬁmlﬁammugg?%' di spl acenent nenbers of
er

di fferent sizes and/or ent confi gurati ons to

accomodatge FEASUEF BERRf A fdfh]wla,l %Y:% g(;!f #lg'ed 1"? ﬁF’I djsplacement

nmeter body 20 of dit rer ent eren

A AR R4 Q"S%?%bf’ B Bl ggpsonn
AR £ colrlio ﬁurﬁ%cfé o?rl?ag&act s RS WIER I SHRE" S6a releaseably
neas?é&lréﬁl?s % E?nﬁ??gt%‘? %‘n g If?ﬁog\#? é’iﬁs‘% g‘fela‘?%?cﬁmc“t member

d t th
S P ! O o s pegorse)
sﬁlhsg s sl@own m ] P7 1’:\ é(fs %8%%? ng@ﬁqqgwg%béhﬁébqnégné ! %lrllnd flow also

tudl n spac fl ow neasurenent taps 24a
hﬁ@%l‘fd’é?sdﬂg‘fdgmﬁ%f fﬁ“f‘)zsgoo 10 and 26a, a tube
or pipe 44a secured, at one end, as by welding, to the
dovvnst rea {%OVQE% detagh the displacement member from the guide, it is only

| necessary to push the dlsplacement mcmber in the upstream dxrectmn 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



curved in the downstreamdirection to termnate in an

axi ally extendi ng guide 56a, and a displ acenent

menber 42a attachably and detachably nmounted on the

gui de 56a. In thi's enbodi ment, interchangé&able
divaploazenrmnat nmenbers 42a are attachabl e t o aneCrius2004/025900
detachable fromthe guide 58a by a quick
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.the central passage or bore 64a of the displac nt
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84 in the guide 56a_rel easeably receiving the pins,
PRAtred Wi ishemeigc WY (998 EFERIR eurstapisashely 2f e spacing of the
di spl acenent nenber. away fromthe guide so that the
_mgaspeemgnt 13y Ah) 26y2nddda #0as aud Big sparcingef thehsta adgs AP Ava from the
of the J slots, as showm in Fig. 7, to secure the_
mgasgrmsRciaR 26, 2arthcopmunirates wihdhe dpynsream dageaf by displacement
hol ds the pins in the termnus of the J-slots. To
‘meshey BYirtuga sapdardization apd praistanpice of gersnetiie gimslarfy and constants,
~guide, it is only necessary to push the displacenent ]
it frap e foniger hefnecasprsy todteshealthrand evasy meter 9L, 25 hes bspmidie case with
from the lower tenrinus of the J slots, to twist the
mgdesig lordermeiers and mixars.a short distance in the pernmitted
direction and to let the spring 86 separate the pins
from t he Figsi des? vand ihdllugate, hyppay ehdasamplet thaee) representative
slots. The sanme or a different displacenent nenber nay
dibplacateatohedbaro42l, hac gnd 424, inferded rgisagn 8 bendu of keiven diameter,
steps. Preferably, the guide includes a pair of
eagh ipadviding padiffdre) bita gatidB &ithin  #he rdohduit, aadadllspibeiding for the same
sealing the displacenent nenber to the guide. The
spaeihpofbbaa sdgetch M ahd 46bfréhh Sl ragpesBrtmaneirbRent4ad, 42a
to the guide pipe or tube 44, 44a is highly
advant agqhe fisplcén@ntefibet SFEFiRBNHesL fldtiRey largt diathelel b edge

~~~meters ‘and m xi ng devices; in that standardized

46%1?&#@6 bt H\@rRmQeRil iRRer ddtimch, 4Betd fafi6 df 6.85.pr oduce WO
20061022702 PCTI US20041025900

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 42¢ of Fig. 9 includes at its upstream end a cylindrical extension
49¢ of a length such that the overall length of the displacement member 42¢ is the same as

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

measurement tap as is the beta edge 46b.



11 conduit sections and neter bodies of various

standard di aneters and di spl acenent nenbers of

various standard:di anmeters, configurations. and beta

I 2ol hpat neters and mixers meeting individual _
specifications can be quickly,and econom cal | yFCT/US2004/025900
assenbl ed from standard, in-stock, off-the-shelve
--conponent Fhe dishiacentdne meen g2dratiSudied B Bigl 10 Nab a relatively small -
conponents are produced with geometric simlarity and
diendien etacdps 4Ghproviding GHithas a tRRIuR BAGE Bnfnddtameter, a beta ratio of

measurenent taps 24, 26 and 24a, 26a, and the spacing

0ds. thembiatam @dgent 48 ovdRl IEAATb hE disgIRRSLHSHEMer bAPthE Spacing of
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the B¢th 28@MRéth the MBARRMenGMp Vihé Hiéﬁl_al&ﬁleﬁtt AR Y 2aatak QD itts upstream

and nmai ntenance of geonetric simlarity and constants,
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meter or nixer, as has been the case w

dﬁbﬁ@&n&ﬁhﬁﬁﬁm@nd m xers. Figs. 8 9 and 10 illustrate,
by way of exanple, three representative displacenent
Cone . oY e pdaend SR wlPLliP chhs. and i
<A it QoML 4 MR ol i, i
ik 5uifchy IRGbleRAb 27" SEPRE ke RESHEATE Mk BB 40050 pertorm

di splracement nmenmber of S nas a [ )
ARG Sl B on Al 0Pl %656 i oo of e
j -Fi.g. d 6¢c of .
BRSBTSt of s 35506 Ro2S85ieCRs Sher ipiremen

i nner dianeter, a beta ratio of 0.55. The snull er

laneter of the edge 46¢ results in shortening of the
upstream 48c .in conparison to the wall

| 0 eq wal | ) ] ‘
48b. To nHInfISPIACSTISN SICTBSh ARQUAHNEPT SHRPOSd §¥stes Off the ipvention

t respective asprenment tap, ,.the displacenent :
f"ﬁ’gﬁ%‘éﬁ °°?1‘§%“"HF aﬂ%?“@ CPme%%Pegp the device {1pay # Hesinbetaratip to anothe
tN%%Iindri?al extension 49c of a length such that the

&FU Pr remgt Hrsbransh f dlavp ratesciontiber padistifferantcrangest gf flow rates.
“osa s that of displacenment nenber42b; and the beta
S%"&gg’aﬁbdh? 81zg aa«é’erdcqnﬁeu@a% eH-stlensagies.oeh thy displacement member

asurenment tap as is the beta edge 46b.
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
Fhe conduit. Changes in the size and/or configuration of the displacement member changes
the type and ranges of flows to which the system is rwponsiv;a. 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



WD 2006/ 022702 PCT/ US200- 1/ 025900 12 The di spl acenent
menber 42d illustrated in Fig. 10 has a relatively

smal | dianmeter. beta edge 46d providing within a

conduit of the sdnme inner dianeter, a betarratio of
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-Sl.ope, angl es, of.  the displacenent nenber relative to
itisiedteg e descrjted, i, as é‘bg‘f BRCGed St VATQHS Shigss gagangements and

'iﬁﬁﬁi o, the type of fluids and the range of flows over _
G &Y p@%@eﬁ‘i‘@ﬁ“ Wathod depatipg fropy the sceps of the invention as

linearlize fluid flow through the regi on between the
mﬁ#@gﬁ&ﬁ@ﬁ%ﬁ?dﬁﬁﬂﬂEP-and the interior surface of the

wal | of the conduit. Changes in the size and/or
configuration of the displacenent nenber changes the

type and ranges of flows to which the systemis
responsi ve. Consequently, by renoving a first

di spl acenment menber and replacing it with a different

di spl acenent nenber, the system can be rendered

‘accurat el'y responsive to different flowrates and ~
different fluids and fluid



m xtures. By virtue of the invention, this can be
acconpl i shed sinply and expeditiously by renoving the
section 20 fromthe pipeline, renoving the

di spl acenent nmenber fromthe WO 20061022702
PCTMdS20@447625900 13 gui de 56 or 56a and the gandbioorseso
section 20, replacing the displ acenent nenber with a

di fferent displacenent nenber, and returning the

section 20 to its place AMENERCGIAIME 12
ConsequentlTsgeivadnyr tiej Isteriatignele Burcey pee il sl 208% (Bin04.2005);
met er bodyriginglieledns kbt arp eplpcedi by amerded clyimsel 10 49 dy-20;ne
conduit section 20 and its associ ated sensors w ||
suffice for purposes of neasuring fluid flow over a
nunber of ranges of flow rates and a nunber of

different fluids, |iquids,*§tsesenand m xt ures

thereof. The objects of the invention have therefore

been shown-to be attained in a convenient, practical,
econom cal and facile manner. Wile presently

preferred enbodi nents of the invention have been

herein illustrated and described, it.is to be

appr eci at ed It hafludlowsprardisangedsing e aemkinggement s and

nmodi fications may be made therein w thout departing
fromthe scagendst inchding 4 yapqvpldnandgeplereqblereeriopyratipga peripheral
appe de%chains. 2006/ 022702 PCT/ US2004/ 025900, 14
Awr—i‘ﬁ@ew DAPYRCT ERE 0etPrssymeniriq fewstinensh oha e ey diggon, said

on 11. April 2005 1.04.2008); . orjgi clains 1-20
o ebufiliion 30is SR o dRe kdero b A cons a5 yhredin <0 and a
St AL eNEMm hg Fluid flow apparatus conprising, in
conbi nation,” a conduit including a renovabl e and

repl aceabl e, a8@ b QisPA%HBY RnB& th P;Ii‘cfgoﬂ{:l]uit s%h h?M:f%hn fHhtion to
interior surface for conveying fluird therethrough in a
gi ¥erirebibe6f fudNflows A €hstream end and 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,
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 replaceabiy 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;
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conduit section having relative to the direction of

fluid flow an upstreamend and a downstream end, a

fluid flow di spl acenent nenber in said conduit section
having in relation to the direction of fluid flow an
upswpeaanwend and downstream end, said di spl acenemb2004/025900
menber being of smaller sizedsthan said section and
havi ng bet ween the ends thereof sloped wall neans
form ng a periphery on said menber for deflecting the
fluid to flQuitspeee MeahOGidNocallg bided BRAVRSR of A tube and
peri phery of salg di spl acenent nenber and the interior
surshid@gpledfens@inggmb&ect i on, a tube extendi ng through the
wal | of said conduit section and having a portion
extendi ng substantially axially of said section in the
downstream direction, said displacenent nenber having

a substantiZal | y Jdwid8bw prresages schiertteineiaom ftsaid mbt comgprising a first
with said portion of said tube such that fluid

- corFRIFHTeBRNt (AR af Sheessteripl ¢ishiddobdtitneefon, tiiven wrerahegsurghent tap
said conduit section and a | ocation at or adjacent the
axicStepsingsthonstc B il of the sestdpe secaen vrstread efceisy I%PE?CWF‘@‘ member,

downst ream end of said di spl as nt e

c osi@ b oty TP S oA G s psieam and
| acenent nenber in said section

mher Sﬂgggﬁgg% %7 %gﬁen Qnenber may be renoved and

replaced by a different displacenent nenber to

accommodate a different range of flows through said

section; AMENDEDRSHAGY abﬁ%ﬁgsﬁet]-@}th WQIQQ%{n%&KQ fow sensing

PCT/ US2004/ 025900 15 sai d cooperative neans being

| oeabtiedcisdoeihiad @hh Saad chndar debtidn afd sashtah ahtl Behs@ithg tBdéwth a meter

di spl acenent nmenber. 2. Fluid fl ow apparatus as set

f obbdy, baid displacemtnt santetr beibe replangableiyrnglifferbitrdédplacement member

nmeasurenent tap at the exterior of said conduit

s e tvherohy, ditirent Suidevdniiffanmasoges wEfiowst agybe measured using a single meter

bady.

4, Fluid flow apparatus as set forth in claim 2, 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.
5. Fluid flow apparatus as set forth in claim 1 wherein said cooperative

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

member.
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extendi ng through the wall of the conduit section
upstream of said displacenent nenber, said taps
accomodat i ng neasurenent of fluid flowwthin the
conduit in areas upstreamand downstream of said

di spw(ggm?g qogenber. 3. Fluid flow apparatus 9&@@5004/025900
forth in claim2 including flpw sensing nean
associated with said conduit section and sald taps and
constituting therewith a neter body, said

di spl acenent nenber being replaceable by a different

di spl acenent nenber mhereby different quids and

di fferent rapges | ows

of
single meter bo%li}‘d f{li.’“' aIEP&H?t ?SIS f\/\%@fyﬁ A Whggeugsgtd cooperative
f orlLQmL Qo é}r?semir??ﬂgﬂgblﬁgr e%tenmg? %om%nsl%satl& a(ﬁ'fcif)n of said fube and

conmunit ca ream o

t heex%g’lgé 919&@?% ) a)gg\’pfgaﬁi &l%ﬁéeé{%t %hﬁ)é(r P Ihe u str%gm end

flurd flowi1s relati oW neasur enen

e afGed® ¥ RfalaRl tht @ovﬁ@ﬂréam AO MW sakQATINGRYh DY spitt a&mg&a%m end
interior of said conduit via said measurenent t aps.

Fl wind a kdrowthagapal @ldesdamd 8 @pefed thirdddédplgd tBichded imb ﬁicﬁﬁcﬂaw thread
sai d cooperative means conprises nmating screw threads
 on agdihgeaabiet theyein 6 eganding hibepliapd aiid exiersiph aseleiret] engagement
menber. AMENDED SHEET (ARTICLE 19) WO 2006/ 022702

PCM g0 ari@ opEOdigplacargengmerpbeni d f| ow apparatus as set
forth in claiml wherein said cooperative neans

conpri ses an axial tubular extension conprising said
portion of said fube and extending through the axial
passage in al d %‘P’Qﬂoﬁ’@@%ﬂt“q "ﬁ’é?ftf%‘g‘ i CEH g Frerginspid gagperative
end _there t 0. adj acent streamend th

ol R ot G ARGE B e e B BEeFRR e SR dptacement
scr, t hreaded pl ug

¢ S Fafist Qg iy oﬁt“%g%ﬂr%%%ﬁf t eadabl o

therein for expanding the split end of said extension
into | ocked engagenent w th the interior of the

di spl acenmeng, menbghid flow apparatus as set forth in claim 7 wherein the screw
threads between said tapered plug and said extension and between said displacement

member and said extension are of opposite hands.

9. Fluid flow apparatus as set forth in claim I wherein said

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

10. 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,
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7. Fluid flow apparatus as set forth in claim®6

wherein said cooperative neans further conprises

mating screw threads within the upstream end of the

di spl acenent nmenber and on the contiguous portion of

t hewe gloeid2aroz ext ensi on. 8. Fluid fl ow appar at usCiass28825900
forth in claim7 wherein thelsdcrew threads between

sai d taper ezgﬂtﬁél H%b g{%&g%g’jegtarﬁg(tb%p %I s cona%lt Pxet YE& relauon% the

di spl acenent ension are
op ﬁm@hdne)f leiddisw af updtitamh ehdfah@WdaRREdaR! 48, saif nktiberlbRing Bf smaller

|n cl sal oo erative. means conpri ses
G Rk ﬂﬁ}ﬁma%? SBMHEEE fAmLg SrifRbpry o grid member for
Fl dbﬂictfﬂgQME RRP & fRfakiiroG P rekiBh Befined By & Faiighedyl 0? Baid Aisplacement
flurd therethrough in a given

condu canvey
?SﬂﬂL%QWHmEHWHEP%mHﬁV1H@ a peripheral wall with

an i nt eri ora fbw AGGrenNEN e&ﬂ%&&@ﬁﬂa@ﬁl 0 32id\dnduit and
2006/ 022702 PCT/ US2004/ 025900 uid f

di SPEEEREngvihepe: Withn e sudEdram oﬁthwlmﬁacmenr wpraleron
to the diregbé eRedingfththdd il QW @f]sa%péc}nﬁﬁﬁgﬁdelﬁgucﬁﬁ?a Bortion

downstream end, said nenber bein Sl ze

t hewending i theslopstican ﬁmecﬁ@rxﬁubﬁgangaﬂapwimé s4id eradiis f or mi ng
a peripheryg,a %sﬁﬁéeqleﬁfmﬁ)g elia ng 2 g%galgg &Ie 'stg!r‘l?llafbt1 1af]1$/( We through

to flow through™ a region periphe
s atnd being pitaghedlyeant detashatihe eoupleditotshid poribe pf seid teher iaaﬁebecnhd said

g§¥} gg? Srent extendln th

h eagi WE?P Sglgﬁadﬁ‘ %:ag n %ﬁ’ng’ co r?%ru “h an a%fi ex{e gf the
ar eadwii andian atela @nﬂ:mﬁﬂucmdmpbbat@iaamoﬁdﬁchm tlmh aaqn;l ofalﬁfmnﬂmt at or
ne ext n hro h the of said
co%%%%?ﬂédg &Pﬁﬁ1ﬁﬂhe&ﬁ% e Q?éﬁ@lng in the

downst r eam odo;reamtm Means ﬁb&ttﬁjhﬁblﬁhﬂdyde&x]haalﬁ SpuHng Siad dlsplacement
cond nt nenber having a passage
_sd%?@%ﬁ??% (G”gypgﬁ#augﬁeretbrough and bei ng

at t achabl y saiddosjRiagedabiny &gt eQveS@idill fidn 7Rai@tube and

sal% e, said tube and said
dlSp acement member

117 Fluid flow apparatis as set forth in claim 10 wherein said
cooperative means comprises mating screw threads on said portion of said tube and said

displacement member.

12. Fluid flow apparatus as set forth in claim 10 wherein said
cooperative means ‘comprises an axial tubular extension comprising said portion of

said tube and
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passage conprising a nmeasurenent tap communi cating

bet ween an area external of the conduit and an area
within the conduit |ocated at or adjacent the axis of

the conduit at or adjacent the downstream end of the

di spicamesentoxrenber, and cooperative means f @Eros2004/0 25900
attachably and detachably cougling the displacenent
menber with said portion of said tube; said

coopenditg thepupte thia sxiBleparsggd 0 Gaitl eithpbemantenerstal opalid ipsticam end
of said tube and said displacenent nenber if. Fluid

f | dherend ppeadiaccnsthadovasitearh opd thergof, seill gitensiv® havingrasplit demstieam end
cooperative neans, conprises nating screw threads on

sai®d parer Brrad i sidicd. pabe tapgied @‘Ef'f“gd Pl dptadedintorgpid screw thread

menber,. | uid flow, apparatu s.set forth in claim
0 At iafie rdh e s bt aEwismt SuatodiRedaniperment
tu ext ensi on,. ¢ rising said portion of said
tu&e““i*??ﬁ‘f\’ﬁ?éﬁ%é%% SRAPETE 19) WO 2006/ 022702
PCTOS2004/ 0 25900 18 extending through the axial

passage in said displacenent nmenber fromthe upstream

end thereof3to agdhRCRM dPpRatlOWNSE! 6M BNdiaflaneQherein said
said extension having a split downstreamend and a

. SCk6efaliveciéhnd furthéicdmpitds mamd sBrelvaRedd dvithhi B ERHeaR] $ of the
threaded into said screw thread and threadable

t héisglhcembgmeaibpandbmitje tdhagem gottica bfihofubdaietdiemidhensi on
into | ocked engagenent wth the interior of said

di spl acenent nmenber. 13. Fluid fl ow apparatus as set
forth in claim 12 wherein said cooperative neans
further conpti sestlwdtflongarseratayay pat dathsinvilaing 1§ visesin the screw
upstream end of,  the  dj spl acenent nenber and on the

co ?agfu g%igfeeﬁoﬁaﬂ BRetest PRt GBI Sfendgn anfk bejiyeeny spid displaggment

fl WLBRRE saé&&'l eﬁtegsslonsa?g off()f))protsipe hiaxl;]ds.C lal m 13 wherein the
Screw
15. Fluid flow apparatus comprising, in combination, a conduit including
.2 removeable and replaceable conduit scction having a peripheral wall with an interior
surface 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.
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t hreads between said tapered plug and said extension

and between said displacenent nenber and said

extension are of opposite hands. 15. Fluid fl ow
apparatus conprising, in conbination, a conduit

I ncvadiong270a renoveabl e and repl aceabl e condurtT/0s2004/025900
section having a peripheral Vall with an interior
surface for conveying fluids therethrough in a given

di recti on, s@bakxtodiggihtougtetdt wahoflh@yd canguit seeloathdieving a portion
the direction of fluid flow an upstreamend and a
dovirsisidingsnssiapiplly axially of @idrseesian titkgslownssrammdiregiiorber i n

said conduit section having in relation to the

di rection oftidqispiagemanbieEbeT dpdng o abstanidbagripl gassage therethrough

R S A BT B TRy 5 Sl
o SR8 SREH A8 T FRSA S B e B LB

re .C glezl | Mﬁfegm[cﬁ@o . 1 Ti .r
'diggﬁgggnegkaﬁgﬁger and t ejgﬁgggﬁgé%%ggyé%%q%? sai d
section. ANg iveHERdns( AR ctofeab®) MO %@Q@a@%%%ﬁng said
PCT/ OS2004/ 025900 19 a tube extending through the

- Wakisplakms@intbnbaria diid setat, WaerciBndidhiiglabgneat P&l @Rybe removed
extendi ng substantially axially of said section in the
dowristrleadibicd diffetit displacsaient nohindpl ta e@nmembdarsendiferern ampanaf flows
a substantially axial passage therethrough mating

wi tFpugihsaid sprdeti on of said tube such that fluid

communi cation i s established between the exterior of

sai d conduistid<eererate Beas Sengplosatsdoisivgen spid pariiencefiseiditphs and
axis(i f.said conduit section at or adjacent the
dovsHPESBHE S sai d di spl acement nenber, and
cooperative neans for renoveably and repl aceably
mounting said displacement nmenber in said section,

wher eby sai pﬁ.di S@IIL@&WE?%HE%S E@yi%ﬁh ﬁg@é{%gls z%ﬁ‘gﬁ:in said

repl aced by a different spl acenent ne

22%{6?3353%&&& Shbfis efdting *RIEmRhIS dPWR po'it'ﬂﬁl%gsld %lﬁ:ieq_nd said

displacement member.

17. Fluid flow apparatus as set forth in claim 15 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.

AMENDED SHEET (ARTICLE 19)



sai d cooperative neans being | ocated between said
portion of said tube and said displacenent nenber.

16. Fluid flow apparatus as set forth in claim15
wherein said cooperative neans conprises mating screw

t hr@aRgosepaal d portion of said tube and sai g11552004/025900
di spl acenent nenber. 17. Fluig fl ow apparatus as set
forth in claim15 wherein sai cooperative neans

conpri ses an axial tubular extension conprising said

~portion of gaid EURe RADLPXLEO NG THOHORIfNE 788k in said

passage in said displacenment nenber fromthe upstream
enobRefied nekil fdtheAsoRiptisd: RRLHALOMRSE thRAN VARG thd85s88kn end of the
said extension having a split downstreamend and a

S C rddsplatdueptntenitier Sid ot the behfigandpottich apl¢ ebulirkkeatad pl ug
threaded into 'said screw thread and threadabl e
therein for expanding the split end of said extension
into 1ocked engagenent with the displacenment nenber.
AVENDED SHEET ( ARTI CLE 19) W2006/ 022702

PCT/ US2004/ 025900 20 18. Fluid fl ow apparatus as set
forth in claim1l7 wherein said cooperative neans
further conprises mating screw threads within the
upstream end of the displacenent nenber and on the
conti guous portion of the tubular extension. AVENDED
SHEET ( ARTI CLE 19)

AMENDED SHEET (ARTICLE 19)



