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FI ELD OF THE | NVENTI ON [ 0001] The present invention relates generally to a
process fwows/8®msi ce that includes a self-averagi ng orifi ®eeTplsas/esssype of
primary flow elenent for nmeasuring, by a differential pressure process,
the volunetric rate of fluid flow at point in a fluid carrying conduit
where the velocity profile of the fluid is asymmetric with respect to the

| ongi t udi nal axis Qf | THE | ON [ 0002]
Oifice plate fl OM%‘K‘%‘?@%E&F'QEF o] nﬁe:q)wj in a plate
constriction that is disposed dianetrically wwthin a fluid- carrying pipe,
with differential pressure neasurenent neans on the upstream and
downstream si des of the congigligioPTHRANGENEIONN existence for a |ong
period of time. Wile the accuracy of such devices is good for |ong runs
of pipe, [G001] ce pThtepresewt imventopuldigtes ddeedilisaty anp agsessf flgoor
performance when placed in short pipe runs that follow a flow di sturbance
creat ed dgvigesthatamchppes at salf-asecaging odficel plate typpaofiprimamdtiosv, val ve
or other discontinuity. For nmeasurenment accuracy with an orifice plate

f1 ow netelement dogmaasalriid, by éndifejsiniial (pressute ps0eess etheli aneters in
sone instances) .upstre of . the flow neter is.required in order to present
a fully ¥e %ﬁ&raaeyﬁﬁglwcfé@wv@? acheytgR fiuid B PRGE Whefe, with
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skews thﬁ)nd{ﬁjd%ﬁiaF Ux R Bf ithé’cé%i?.r essures neasured at the orifice flow

nmet er

BACKGROUND OF THE INVENTION

[0002] Orifice plate flow meters having a single centered opening
in a plate constriction that is disposed diametrically within a fluid-
carrying pipe, with differential pressure measurement means on the
upstream and downstream sides of the constriction, have been in
existence for a long period of time. While the accuracy of such
devices is good for long runs of pipe, orifice plate flow meters suffer
the disadvantage of poor performance when placed in short pipe runs
that follow a flow disturbance created by upstream apparatus, such as
an elbow, expander, reducer, valve or other discontinuity. For
measurement accuracy with an orifice plate flow meter, a long straight
run of pipe (in excess of ten diameters in some instances) upstream of
the flow meter is required in order to present a fully developed
symmetrical velocity profile to the orifice plate, with the highest fluid
velocity occurring coaxially with the center of the orifice plate
constriction. When an upstream pipe fitting or other device skews the
velocity profile, the pressures measured at the orifice flow meter

pressure taps is in error.



pressure taps is in error. WO 03/087734 PCT/ US03/ 05464 2 [0003] To reduce
the asymmetry of the velocity profile created by an upstreamfitting, the
comonl y wead/ospparatus is a flow straightener, of the tyo#/uozei4esed in
U.S. Patent No. 5,596,152 or apparatus simlar to the flow conditioner
described in U S Patent No. 3, 733, $98. A nore conpl ex apparatus,
enploying a plurality of elongated openings arranged in a predeterm ned

. . s arranged in a rrined
oget ner 0093 5 CTRsREIck e BRVRIBIAL R thedidobiy nidiyF, cRRedlny® »' e
the. aavaraipsirean fIRBRE; HAS comprnied BRpl Bels TR 1271 S lcnown as

the pi ezotraigitetiend of ThestygrPHistieseday (5.8, Patethttg. o 6biscesongpot h  sides
of the orifice plate and, by nmeans of a plurality of <circunferentially

di sposedappessusesistiei togtipeficy corditipesr messsibealin &.6urRhtehe Nigst r eam
and downstream sides of the orifice. A though not shown with an orifice
plate fl3w/3.e898 B sxweecemplgpanpparatver egiplgyisenagluralityestri bed
generally in U S, Patent No. 5,279, 155. 0004] Fl ow strai ghteners,

condi t i oRNgatednPRRRINGS#dangedbna Papdeteraningdepatiery infd ective to

ol ate 11 anavereety, difesy oty wRbHHes A AThA G P PRe o8 but “have
process a1 aoemteBRg Weal SRR M rREsRHRy bl CNR TRIORIsod ibre
fluid, agdsi pereasib. HEGSeIaNCeyELAMtRERBeYicd POPRddMSIHR tH1o! v, the
primary object of the present 1nvention Is
adverse measuring effects of a distorted velocity profile is known as
the piezometer ring. This appliance may surround the orifice on both
sides of the orifice plate and, by means of a plurality of
circumferentially disposed pressure sensing ports, averages pressures
around the upstream and downstream sides of the orifice. Although
not shown with an orifice plate flow meter, a piezometer type of
averaging sensor is described generally in U.S. Patent No. 5,279,155.
[0004] Flow straighteners, conditioners, computers and
piezometers are moderately effective to properly condition the velocity
profile for introduction to an orifice plate flowmeter, or average the
asymmetric velocity of the flow, but have the disadvantage of adding
separate and additional components to the process piping with the
attendant initial cost, pressure drop in the fluid, and increased
maintenance requirements.
[0005] Accordingly, the primary object of the present invention is
to provide a primary flow element that achieves the accuracy benefits
of the orifice plate type of flow meter, but is not restricted to long runs

of upstream piping prior to the flow meter’s positioning in the pipe.



to provide a primary flow el enment that achieves the accuracy benefits of
the orifice plate type of flow neter, but is not restricted to |ong runs
of upstreamopiogi’ag prior to the flow nmeter's positioning iPaTIUS3/pi4pL. WO
03/ 087734 PCT/ US03/ 05464 3 [00061 A correspondi ng objective of the
invention is to provide a, primry flpw el ement where the neans for
interrupting the fluid flowis a differential pressure orifice plate that

achi eves er agin g T at | e s . the,pl ate,
dospi t o WXTR8Y T ohoPofteshBResY bR Hr M TR Rl B A By or  mar y
flow el | ' : NG (o} Foan, fil OW
strai ghﬁgﬁﬁaéygﬁmw\’gwﬁ g@ﬁé’?ﬁ%ﬁﬁﬂ%%ﬁ%ﬁ% gtﬁﬁgﬁfetrg%;gt)?b %h%eﬂagﬁﬁom rl% her

obj ect s, a idéffersegappresianiiiies prété fieat bahmsoanvwdragﬁfqm tpepar ent
fromthe foll ow ng description o enbodi ments of the invention, taken in
conj unctdidferential pressarepapeons tige gl ats, ndrss piBUMIRRtOprofife didokgbeN

[ 00081 The successful operation of traditional orifice plate flow neters

i s basedobth@dhnduprnesesteddordra phintarystlaveslemantapodgwithouwnthe st rean i ne
in a nmving flyid, the total ener per_unit mass is constant, being made
up of th%d‘g%@é%??%rlneéﬁé ,'tﬁH‘é)rﬁgg@%rurféo\é’nﬁ?rgyg'&ﬁ‘?d‘“?%é“ tPweti c energy of
the flui hus.. when flujid passes through the orifice 1in a constricting
pi pe pl ac? ’?JFWJ"OQ%%H’?@?%H?- the fluid through the orifice increases. This
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si mul t aneQepiiord OAl SRSt diel &S el FoRY ?ﬁéﬁbﬂo%inph@e%%ﬁoﬁtoﬁ hat same

point. By sensing the static pressure on the upstieam a
embodiments of the invention, taken in conjunction with the

accompanying drawings.

SUMMARY OF THE INVENTION

[0008] The successful operation of traditional orifice plate flow
meters is based on Bernoulli’s theorem which states that along any one
streamline in a moving fluid, the total energy per unit mass is constant,
being made up of the potential energy, the pressure energy and the
kinetic energy of the fluid. Thus, when fluid passes through the orifice
in a constricting pipe plate, the velocity of the fluid through the orifice
increases. This increase in fluid velocity causes the dynamic pressure
of the fluid immediately downstream of the orifice plate to increase,
while simultaneously decreasing the static pressure of the fluid at that
same point. By sensing the static pressure on the upstream and
downstream sides of the orifice plate, the decrease of static pressure
on the downstream side results in a measurement of the pressure

differential, dP, between the upstream side of the orifice plate and the
downstream side. The rate of fluid flow q is proportional to vdP . As

earlier stated, prior art orifice plate flow meters work well when the



downstream sides of the orifice plate, the decrease of static pressure on
the downstream side results in a neasurenent of the pressure differential,
dP, bet wewp oBlog778pst ream side of the orifice plate and t h@CTdmasmeisseam
side. The rate of fluid flowq is proportional to rd--P. As earlier
stated, prior art orifice plate flow ngters work well when the WO 03/087734
PCT/ US03/ 05464 4 velocity profile is symetrical about the | ongitudinal
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[ 0009] However, if the velocity profile is skewed a | ower velocity fluid

wi | | passonstrictiig thipe grlate.caVaed tragetingngiroagh Bicabriticer ehsuiighest! | be a
reflection of that |ower velocity fluid. The differential pressure thus

pr oducedvelociss flukd i dhetfiuidt ihay picduceas the poesdreadifferentialdicrasson of
the rate of fluid flow , [001Q] According to the present invention, a

const ri cti& Pl3fieat previde theyflowda@iadesdlivi ce, having a plurality of
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indication of the rate of fluid flow.

[0010] According to the present invention, a constrictive plate, or

flow impedance device, having a plurality of variously positioned

orifices is placed in a fluid-carrying conduit with static pressure

measurement taken on the upstream and downstream sides of the

plate. Each of the plurality of orifices will conduct a part of the total

fluid flow within the convduit. According to Bernoulli's theorem, the

velocity of the fluid through each of the orifices will increase, and the

static fluid pressure on the downstream side of the constricting plate

that is attributable to each of the separate orifices will be averaged

within the fluid to provide an average downstream static pressure. The

average downstream static pressure is compared with the upstream

static pressure to provide an average differential pressure for whatever

velocity profile is presented to the multiple orifice plate, resulting in an

accurate measurement of the rate of fluid flow in the pipe.

[0011] Integrally incorporating the multiple orifice plate into the

central opening of an annular ring with intermediate upstream and

downstream static pressure measuring ports disposed within the ring,



within the fluid to provide an average downstream static pressure. The
average downstream static pressure is conpared with the upstream static
pressure WO opievidde an average differential pressure for WRaESeR0s46vel ocity
profile is presented to the nultiple orifice plate, resulting in an
accurate neasurenent of the rate of flgid flowin the pipe. [00111
Integrally incorporating the nultiple orifice pI ate into the central
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This simplicity 1is er enhance ded with
a proj ecktew tIsdter® tAphbleSof abaRiLR thig @W@%ﬁ%bagdﬁmﬁe@%?%‘# Qéﬂirfeef&‘“t i al
pressure to other flow processing accessories nounted on tﬁe ste

DESCRI- PTb@hk OH o TiAEp roRA%E NESal 00420 ries guoanted dratipessdect i ve expl oded vi ew
of an averaging orifice primary flow el enent of the present invention
positioned between two opposing nounting flanges fixed to the ends of a
fluid carrying conduit._ Dashed |ines |nd|cate t he connection of accessory
fl ow processing deV|ces LEBE RIRI 1OM Ofe ",mn--ean1pressure ports

di sposed n nmount i.ng flan es 001 ure 1 _ Ais a fragnentary
Cross sewpggél vi SNdie :'Hé 9 pep? @C%mé JJ{Q '?W@Iaéhﬁqugmgl gure 1,

i f f.the fluid h
that -wouPliTieg, RS ABR BldiSol Brile pré&ietl 'B?{%%twtﬂ ReSpitifed,” 001 "
Fi gures 3et%e@ﬂﬁN%Bo Bﬁsmgaf’n Cﬁaﬁ se??@'df’ﬂccﬂﬁ@teno%om IO | ons of

the averaging orifice primary
carrying conduit. Dashed hnes lndtcate the connection of accessory

flow processing devices with the upsfream and downstream pressure
ports disposed within the mounting flanges.

[0013] Figure 1A is a fragmentary cross sectional view of the
piping and primary flow element of Figure 1, illustrating a
representative velocity profile of the fluid in the pipe that would exist
shortly downstream of an elbow in the piping.

[0014] Figures 2, 2A and 2B are plan views of three different
configurations of the averaging orifice primary flow element of the
present invention. The views are taken from a position downstream of

the orifice plate, looking upstream.

[0015] Figure 3 is a cross sectional view taken along lines 3-3 of
Figure 2A.

[0016] Figure 4 is an enlarged fragmentary detail of a portion of
Figure 3.

[0017] Figure 5 is a perspective view of the embodiment of the

present invention wherein the averaging orifice primary flow element is

integrally incorporated intermediate the ends of an annular mounting



present invention. The views are taken froma position downstreamof the
orifice plate, |ooking upstream [0015] Figure 3 is a cross sectional view
t aken al owg@ oBiosis4 3-3 of Figure 2A. [0016] Figure 4 is amcarnisas/go4
fragnentary detail of a portion of Figure 3. [0017] Figure 5is a
perspective view of the enbodi nent of ghe present invention wherein the
averaging orifice primary flow elenent is integrally incorporated

i nt er med r 1:n9.. VWO Q3/ 087734 PCT/ US03/ 05464 6
g w113 WidF a3fle g Ty BBHLE i tiPRiNG tind HAET faeiies 3

val ve-ca FRYih 18] Figure 6 is a fragrrent ary perspective view
of the Fi(lgﬁ}ré;a% rr%thgrr‘rgégpof the present invention, as supported between

opposi ng[00W8t i ngFidiredess anfidinenesryohens active: wwydmﬁh Eliet [0019]
Figure 7 is an expl odded wgw of the asg(e)ér%lfof Figure 6 (f Sg'“i EI gure 8

is a proepdmdiveent efvthé parelsedltfmednf:onmatsfsadimortadrbétafr/eéﬁtﬁﬁpdtﬂngl ng of
Figure 5 wherein the annular ring supports a pitot tube type of primary

fl ow el eEHNtiNGtflanpes Oﬂh’EhGaeBdagﬁ)fng fbwidf careying aoeduits shown in Figure 5.
DETAI LED, éﬁ? | PTI g\IJlOO%J, A SI lified version of the present invention
i s shownl i gur 69UreaAds Arpexp, %Né@r\ln@ B?ﬁ*ialséénwwn@ﬂ]—lguf@v\ﬁel enent 2

ends’of LOOPRT 4. cal i tad s AhRrEs B tes Yercal amarktcr oRRere thRe
vel oci tyaRhafdr §olidthg ¥ReEds FRaGe 8 whkselPHIY aﬂ%ulérarr}%es GSPs s Ln,a

pitot tube type of primary flow element instead of the averaging orifice

plate, as shown in Figure 5.

DETAILED DESCRIPTION

[0021] A simplified version of the present invention is shown in
Figures 1 and 1A. An averaging orifice primary flow element 2 is
positioned between two opposing mounting flanges 4 and 6 fixed to
the ends of a fluid-carrying conduit 8 just below an elbow 9 where the
velocity profile 7 is skewed. Each of the mounting flanges contain a
radially extending pressure sensing port 10 and 12 that communicate
with the fluid flowing in the pipe and are respectively connected
through conduits 14 and 16 to a valve manifold 18 and into a pressure
transducer 19. An electrical signal that represents the sensed
differential pressure between the ports 10 and 12 is transmitted by
transmitter 20 to a processing unit (not shown).

[0022] The primary flow element 2, also shown in figure 2,
comprises a circular plate having four apertures 22 symmetrically
arranged around the center of the plate 2. The center of the flow
element plate 2 is positioned coaxially with the longitudinal centerline

of the pipe 8. The plate 2 is retained in place by the sandwiching



radi ally extendi ng pressure sensing port 10 and 12 that comrunicate wth
the fluid flowng in the pipe and are respectively connected through
condui ts WO oang7736 to a valve manifold 18 and into a pres®arasoyoansducer
19. An electrical signal that represents the sensed differential pressure
between the ports 10 and 12 is transntted by transmtter 20 to a
processing unit (not shown). [0022] The primary flow el enent 2, also shown

ymmot v igeryre STTARED 3 0 %S%b%“@?”ﬁvﬁiﬁﬁ@%?ﬁg? & center of the
cent or LR SflRliedde 9% b BIELIGRIG 22 h ihel dow RN RE

sandw Canﬂwé/@ow/e@&%m pleté lisaﬁé PPéfkably, PbEs pot hetfeddapinges 4 and 6. As

shown in Figures 3 and 4, the circunf erent’i al edges 24 of t he apertures 22
on the divrafereanirsorder o fabrithtooexphasin oplthedl@idacelymafteaabl y, but not
necessarily, chanfered in order to facilitate expansion of the fluid

col um tftaivs throught éaclugipesticte. apert ure. [0023] Fi gures 2A and 2B
illustrate additional enmbodi nents of the y flow el ement in which

there arl®@0Z3} ncr dd9uEED M AN ?Bo'li|US§@éﬁtQﬂ@HOD@Aeﬂh@0dﬁB‘3m%9{éh@d ar ound

th ter of fl | lates 2A and 2 t
il e isery Blavg bmertein, SUEORondRe ¥ dnerased BhGUPRSRT of i gure

% on NGRS 20 A e R T
o oo B SRS DEAPSUIE TR HRTE | MPCRCIBER (97, 97,
princi paespect to the four aperture embodiment of Figure 2, it is understood

that four apertures in the primary flow element plate is only one of

many possible configurations of apertures. One particular configuration

and number of apertures may be more appropriate to a given fluid, fluid

profile and piping characteristics than another. However, the principal

of operation is the same, regardless of the number or location of

apertures in the constricting plate. The number or configuration of

apertures is not limited by the illustrations of Figures 2 through 2B.

[0024] It is seen from Figure 1A that the velocity of the fluid

approaching the upper pair of apertures 22 in the constricting plate 2 is

less than the velocity of the fluid approaching the lower pair of

apertures 22. These initial differences in fluid velocity will not only

influence the static pressure sensed by the pressure port 10 on the

upstream side of the plate 2, they will also impact the velocity of the

fluid that passes through the respective pairs of apertures and

accordingly, will affect the static fluid pressure sensed by the

downstream port 12. Because the velocity of fluid through each of the

apertures, or each pair of apertures, will be different, the static

pressure on the downstream side of the plate 2 that is a function of



of operation is the sanme, regardl ess of the nunber or |ocation of
apertures in the constricting plate. The nunber or configuration of
apertureswD381734 i mted by the illustrations of Figures 2CrhrSosieiac£B.
[0024] It is seen fromFigure 1 Athat the velocity of the fluid
approaching the upper pair of aperturgs 22 in the constricting plate 2 is
| ess than the velocity of the fluid approaching the |ower pair of

P uendbectuiaVEREN M Elg ] bl BRTS ddbrtypeonlfboakdidisd i Y
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fluid that passes through t respective pairs of apertures an

accor di ngh¥ic pidssudé f eatith RepRiralitye off |dpettupriegssosieioyfRits acbdavd tthe
downstream port 12. Because the velocity of fluid through each of the

apert ur esnter ofatie phite 2f saphrasries, exarbldethdi féer aperturbe 22 at i c
pressure on the downstream side of the plate 2 that is a function of WO
03/ 0877 Fhareny ioiguoeg 62 agd bhéhe|ataticvelessury wilk begrhveragrdofe viee
apertures will be averaged within the fluid and the downstream pressure
port 12 When Sentlinid pseTils i Rgasynameticalaleultwo wiRe axesy @Saiti ty of

t i ti d d t.h f the pl , h as,
Zizﬁpfé?vsvpﬁﬁébgh?v%‘ie&%%?#ﬁgdkes@ﬁﬁhﬁﬁi o F gurbs 2 and & Cthe static
ressur e ' il ' [ I
Pressur Gatidd) be AshERtlea U g oK RIAEH Tl cIBRRHTTEL L] cal
”Pd'f'egolé%@c?fs @%’fg;ﬁeﬁg{;hkﬁ%ﬁﬁté@%ﬂyﬂdm& SURAtthePhAhBIa?Gihg, Shown in

Fi gure I ntegra wth the annular ring, or wafer, 32 ?’hat S

e adoqarea 0 aaeeiad i ohs gy o3 ah a0(atheds
to the ends of two sections of a fluid-carrying pipe 40. Upstream and
downstream pressure sensing ports 35 and 37 are located on each side
of the flow element plate 30, as seen in Figure 6. The pressure
sensing ports 35 and 37 connect through conduits 39 and 41 in the
stem 45 to conduits 46 and 47 in the manifold 18. The Figure 5
embodiment is also illustrated in Figures 6 and 7, illustrating the total
flow meter assembly inserted between pipe sections that carry the
fluid whose flow rate is to be measured.

[0026] The wafer 32 is an annular ring whose inside diameter
corresponds to the inside diameter of the fluid-carrying pipe 40. The
flow element plate 30 is positioned across the ring opening
substantially equi-distant from each of the lateral sides of the wafer
ring 32. The wafer is mounted between two gaskets 48 and 49 that
interface with the pipe end flanges 34 and 36. A semi-circular
positioning ring 50 functions to position and secure the wafer 32 in its
proper place between the pipe flanges. Positioning of the wafer 32 is

achieved by placing it into the cradle formed by the interior of the ring



downstream pressure sensing ports 35 and 37 are | ocated on each side of
the flow el enent plate 30, as seen in Figure 6. The pressure sensing ports
35 and 37womnfers4 t hr ough conduits 39 and 41 in the stempP¢F/usos/ecanduits 46
and 47 in the manifold 18. The Figure 5 enbodinent is also illustrated in
Figures 6 and 7, illustrating the tota flow neter assenbly inserted

bet ween pi pe sections that carry the fluid whose flowrate is to be

s o ST, Y Shar s g Il MRPBRAAR BB
el ement O%L%PSQf tﬁepﬁﬁdtl oned across the ring opening substantially
equi -di stant from eac f the lateral sides of the wafer ring 32. The

waf er Igoumqt ed baftiveeRetavragiiglozifitd ?nﬂe"@otﬂb’lhg infégrdligce with the

pi pe end flanges 34 and 36. A sem-circular positioning ring 50 functions
t 0 posi téc@mstandiexbouitlh theemmfrein@2irighwdfer 32 apel thnd aoededt eeryinde pi pe
flanges. Positioning of the wafer 32 is achieved by placing it into the
cradl e fstenedhpndneithhitbeitsansmittee mougting rmra/erzES keinusizyadbscs 9 50
and seating the shanks of the fastenjng bolts 55 into the outer grooves of

the ringattpobeditoiherste dvesgyiangl bhPertaat ndantageseanegachicygtal | y
constructed w th &he m)l,EBtidn ri n? fer 32 and tage conduli?t carrying stem
45 and WOStHHPAEaREY £h& dIFSIRD 'ﬁ‘g%ﬁ%%ﬁ%f& Y PNRK G hLUEM, t ached
to the s 4 | { apo i
i npor t aré 'I%;QSUF %g%gx:éﬁ @rp ed nrltirig ,afﬁ%?ﬁeas@ﬁérf@n%@ﬁgtﬁgﬁ rﬁggﬂéﬁgﬁﬁww&bts pressure
Sensi ng pey Fn%m@taﬁatfé%ﬂﬁt%' 8 s"i‘rﬁ‘glet gﬁittﬂiﬁrﬂwéatsﬂy iFREPQIE et vwiéh the
incorporated into a single unit that 1s easily’insertable between the

flanges of pipe sections. In addition, the differential pressure

generating mechanism may comprise types of primary flow elements

other than orifice plates. For example, as shown in Figure 8, an

averaging pitot tube 70, such as that disclosed in U.S. Patent No.

6,321,166 B1, may be diametrically disposed across the opening of

the ring wafer 32, with its high and low pressure conducting conduits

connected to the conduits 71 and 72 housed in the stem 45.



fl anges of pipe sections. In addition, the differential pressure

generating nechani sm may conprise types of primary flow el enents ot her

t han ori fwoaspsases. For exanple, as shown in Figure 8, amCTawes/eypbng pitot
tube 70, such as that disclosed in U S. Patent No. 6,321,166 Bl, may be

di anetrical ly disposed across the opephng of the ring wafer 32, with its
hi gh and | ow pressure conducting condurts connected to the conduits 71 and
72 housed in the stem45. WO 03/08%é$§”ﬁgF/U803/05464 10 CLAIM5 What is
claimed is: 1, 1. An averaging diff | pressure primary flow measuring
2 eIenenpvﬁéyqsugéﬁhbhqg:betmeen sections of a fluid carrying conduit, 3
conprising, 4 first and second annul ar nounting flanges havi ng

circynferentipl Sapuieedrisd difeeenfadotdd<RireBri 1SR ﬁ{@ag espond
in shape and 6 size to tﬁ%li%silde cposspsecﬂrogé%?‘%?ge con uit,u(r:@{g{ol aner

f 1 ow2i npeldanare forainsentivhnigetveentsyctitaisndf asHuill BaARsng &driuig di sposed
between the first and second annul ar nounting flanges, 9 where the center
poi N3 i scemgxisihgmi t h the | ongi tudi nal axes of the 10. interior openings of
the flanges, and said neans having 11 a plurality of circular apertures
eccedt ri cal | yigitsHyd sgcpnchannylardyeseting flapgesdm dngpeiraumierenidal
irrpegance neans. 2. The agggarat us of C'gﬁi m 1l where the fl ow i npedance

meand® 20{$Ide Slug a(fﬁsajfgg’d ip MOTRPCANIGT A0BE COf"IPANH I #HEPE aMe first and
secopd 230l de MRALIABE! 809%5h BrSrlbb6HGh! ¥ formed as a single annular
7 planer flow impedance means having a center point, said means
8 being disposed between the first and second annular mounting flanges,
9 where the center point is coaxial with the longitudinal axes of the
10. interior openings of the flanges, and said means having
11 a plurality of circular apertures eccentrically disposed with

12 respect to the center point of the impedance means.

1 2. The apparatus of claim 1 where the flow impedance means

2 is a flat plate.

1 3. The apparatus of claim 2 where the first and second

2 annular mounting flanges are integrally formed as a single annular ring
3 having flat parallel sides and where the flat plate is disposed

4 transversely across the interior opening in the ring and parallel to the
5

sides of the ring.

1 4, The apparatus of claim 1 and further including,
2 first and second pressure conducting bores radially disposed in

3 the first and second flanges for establishing fluid communication



3 having flat parallel sides and where the flat plate is disposed 4
transversely across the interior opening in the ring and parallel to the 5
si des of wba3srig4 1 4. The apparatus of claim 1l and furt Rer/iSapdues ng, 2
first and second pressure conducting bores radially disposed in 3 the
first and second flanges for establishijng fluid communication WO 03/087734
PCT/ US03/ 05464 11 4 between the respective interior openings in the

fl j : ' ' § f £l . .
The apparal Eo 1y oRaet e THATr BUOER Ll ¢ 3o os Sl fheloona pr escure

condusti pEchafferentdl duk¥idd shdaedsidr thd fIRRgRRNUl ar ring on opposite sides
of the flat plate. 1 6. The apparatus of clarm5 and further including, 2

an elongated nounting stemradially extending fromthe 3 circunferenti al
outside surface of the annular ring and having first and 4 second conduits
| ongitudi nal | §. t heléehappgratusaof ctaimu8i arad duvihtdr inbkudibgr espective first
and second pressure conducting bores. 1 7. The apparatus of claim1l where
the cdrcul ar HpEhr 80HeseqRVE preseisoepnduetingupdraseradially etigpesedie of whi ch
IS bevelﬁg. 1 8. An averagin _diff&'ren%iﬁl i%J;es ure flow neter for 2

det erfri niigy ANAEIFLINNGeP P PRAFILE sides af dhe st PIRTE- circul ar conduit, 3
conprising, 4 an annulus where the central opening corresponds in shape and
5 size to the inside cross section of the circular conduit, 6 a disk,

congruient wi Bt NeTHENEPALrARRNNBIaIANE I IR GRRRRTing! PO Nt. said disk
bei ng di sposed within t central opening cornciden !

2 an elongated mounting stem radially extending from the

3 circumferential outside surface of the annular ring and having first and
4  second conduits longitudinally therethrough that communicate with the
5

respective first and second pressure conducting bores.

1 7. The apparatus of claim 1 where the circular apertures have

2 opposing circumferential edges, one of which is beveled.

—_—

8. An averaging differential pressure flow meter for
determining the volumetric rate of fluid flow in a circular conduit,
comprising,

an annulus where the central opening corresponds in shape and
size to the inside cross section of the circular conduit,

a disk, congruent with the central opening, and having a center
point, said disk being disposed within the central opening coincident
with a plane that is perpendicular to the longitudinal axis of the central

opening, said disk having a plurality of circular apertures eccentrically
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disposed with respect to the center point of the disk.

1 9. The apparatus of claim 8 and further including,



8 wth a plane that is perpendicular to the |longitudinal axis of the
central 9' opening, said disk having a plurality of circular apertures
eccent ri cablog/o87r84 di sposed with respect to the center poi mCTafsos/maedi sk. 1
9. The apparatus of claim8 and further including, W 03/087734

PCT/ US03/ 05464 12 2 a supporting armyextending radially fromthe annul us,
said arm 3 including first and second interiorly disposed fluid

i i 15 ' I d 5.fi d
second preselt %‘@?ﬁi?@g“%&??éxt‘é%ﬁﬁﬁﬁif?@[ﬁq%ﬂ%fﬁ%hiﬁn%ﬂ‘sm%ﬁf A bpeni ng of
of cloal n S PR E Al e RE Mo Rioth ceePsg LU Hensebrtiy coRudiat &g

firsy anthgapaethdoritostid appeilisr gadthat 3 are bilaterally disposed with
respect to the disk center point, and 4 where a |line connecting the centers

of tle apert uiirst ated iseeoral popssiee sensing porthe@appaudicasingf withatihe 9 where
the plurality of circular 2 apertures is three, said three apertures being
di sp&sedniteriar ppeaiaalafr thea apaies pnatfespedtiveeopposide sidestofothe Hiskdi sk. 1
12. The apparatus of claim9 where the plurality of circular 2 apertures

is five, conprising a conprising first and second pairs of 3 apertures that

il I di d with h | sk 4- i d
ol nolle aper tuld- spBcrRRaA AT SRt S Syhate She mErBiSior Sirghpranere a-
[ i : i 6 t .1 13.
The: Zopod SRy e FoifrbShihrRinb i SREfd KEEGnTRAPE B RORo R o™
si x, ai greaApRalcdtbAy NEPBYcAPATEH et ﬁdﬁﬁ@tyé’ﬁ(%%ﬂttéf pom®%riy of the disk

and where a |ine connecting the centers o
4 where a line connecting the centers of the apertures defines a square.

1 11. The apparatus of claim 9 where the plurality of circular
2 apertures is three, said three apertures being disposed in a triangular

3 pattern around the center point of the disk.

1 12. The apparatus of claim 9 where the plurality of circular
2 apertures is five, comprising a comprising first and second pairs of

3 apertures that are bilaterally disposed with respect to the disk center
4  point and a single aperture spaced from the center point of the disk
5 and where a line connecting the centers of the apertures defines a

6 pentagon.

1 13. The apparatus of claim 9 where the plurality of circular

apertures is six, said apertures being spaced apart from the center

point of the disk and where a line connecting the centers of the
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apertures defines a hexagon.



4 apertures defines a hexagon. WO 03/087734 PCT/US03/05464 13 1 14. The
apparatus of claim8 where the circular apertures have 2 opposing

ci r cunf erwotos@g77edlges, one of which is beveled. 1, 15. Thecappsaseues of
claim9 where the circular apertures have 2 opposing circunferenti al
edges, one of which is beveled. 1 161 differential pressure flow neter
for determning the 2 volunetric rate of fluid flowin a circular conduit,

comprising, 3 gn ﬁgﬁ&*@@iﬁggg@;gf chaifh 8 WtFeCHRbIeLiAvh sedaradhbage, S 2

central opening t s 1n shape and size 10 i'nside Cross
secthon 7 I ST ud : i Vi ng upstream and
downgt rgyﬁqsﬁ??dfém’\?gges,l L‘és&gs%?ﬁ%t?gqﬁﬂ%q%?%éﬁ w thin and
dianetrically across the central 9 opening. 1 17. The conbination of claim
16 where the pitot-static tube 2 includes, 3 at |east one total pressure
port1in the udstr édme fappiangtissiof ataim A waherectss cocalaruapedurgs bayer e port
in the downstream facing 5 surface, and 6 total and ssuction pressure

pl enBms opipdsing tdiecumiberertimleed@es i one pifwinieh ddheyeledt i on respectively to
the total and static pressure ports. 1 18. The conbination of claim 17 and
further including, 2 first and second bores radially disposed in the

2?2?:123’ 43p; i@ﬁfé&\éﬁﬁ#&%ﬁﬂg?ﬁé&%drg 1‘flc|)\lljvi Pnect%mpiace%-h%ﬂwmjgt{het he total and

2 volumetric rate of fluid flow in a circular conduit, comprising,

3 an annulus having,

4 a circumferential outside surface,

5 a central opening that corresponds in shape and size to the inside
6 cross section of the circular conduit, and

7 a pitot tube having upstream and downstream facing surfaces,

8 said tube being disposed within and diametrically across the central

9 opening.

-—

17. The combination of claim 16 where the pitot-static tube
includes,

at least one total pressure port in the upstream facing surface,

at least one suction pressure port in the downstream facing
surface, and

total and ssuction pressure plenums within the tube connected in
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fluid communication respectively to the total and static pressure ports.
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18. The combination of claim 17 and further including,
first and second bores radially disposed in the annulus,

respectively connected in fluid communication with the total and static

AowN

pressure plenums.



WO 03/087734 PCT/ US03/05464 14 1 19. The conbination of claim18 and
further including, 2 a supporting armextending radially fromthe annul us,
said armwoimoB1rad ng first and second interiorly di sposedPCTuisd3/05464
transporting conduits 4 that extend into the annulus and connect in fluid
comuni cation with 5 the first and gegond bores in the annulus. 1 20. An
averaging orifice plate fluid flow neter for neasuring 2 the volunetric
rate of fluid flowin a conduit, conprising, 3 a conduit for carrying fluid
froman upstreamto a downstream 4 |ocation, 5 planar flow i npedance neans

di sppsed {r aRgyer Sply cphitaridiPof @14 A8 ahdofurthér itduirg, 7 at | east

three circular apertures int I npedance neans 8 eccentrically disposed

Wi t hyrespect g guppertingHriv@xtehding sadiblly feonPtisemduitius 18ait agh static
pressure sensing means disposed within the conduit 11 upstream of the flow
i npedandeciuelng fasd eprcbsecend inhenietyp, dispdsdad fhadddmanspatting gogskuise

sendi ng neans di sposed with the conduit 13 downstream of the flow

i mpedandbahexiendnatrtbe annelushan@éconnect in fluid communication with

5 the first and second bores in the annulus.

—

20. An averaging orifice plate fluid flow meter for measuring
the volumetric rate of fluid flow in a conduit, comprising,

a conduit for carrying fluid from an upstream to a downstream
location,

planar flow impedance means disposed transversely across the
interior of the conduit,

at least three circular apertures in the impedance means
eccentrically disposed with respect to the longitudinal axis of the

conduit,
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first static pressure sensing means disposed within the conduit
11  upstream of the flow impedance means and proximate thereto, and
12 second static pressure sending means disposed with the conduit

13 downstream of the flow impedance means and proximate thereto.



