1 AVERAG NG ORI FI CE PRI MARY FLOW ELEMENT FI ELD OF THE | NVENTI ON [ 0001] The
present invention relates generally to a process flow device that includes
a self-averaging orifice plate type of primary flow el ement for neasuring,
by a differential pressure process, the volunetric rate of fluid flow at a
point in a fluid carrying conduit where the velocity profile of the fluid
Is asymmetric with respect to the longiftudinal axis of the conduit.
BACKGROUND OF THE | NVENTION [0002] Orifice plate flow neters having a
single centered opening in a plate constriction that is disposed
dianetrically within a fluid-carrying pipe, wth differential pressure
measur enment neans on the upstream and downstream sides of the
constriction, have been in existence for a long period of tinme. Wile the
accuracy of such devices is good for long runs of pipe, orifice plate flow
neters suffer the AVERAGINGORIFIGEP RY Fl-oW EMEMENTEced i n short
pi pe runs that follow a flow di sturbance created by upstream appar at us,
such as an el bow, expander, reducer, valve or other discontinuity. For

neasurenment accuracy wth ang@ip e THRYRVENTORter, a long straight run

of pipe (in excess of ten diameters i sone rnstances) upstream of the
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velocity profile to the orifice plate, wth the highest fluid velocity
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the Case fluid.is@sYn¥metric with respect to the longitudinal axis of the conduit.

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.
[0003] To reduce the asymmetry of the velocity profile created by an

upstream fitting, the commonly used apparatus is a flow straightener, of the
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type disclosed in U S. Patent No. 5,596,152 or apparatus simlar to the
flow conditioner described in U S. Patent No. 3, 733, 898. A nore conpl ex
apparatus, enploying a plurality of elongated openings arranged in a
predeterm ned pattern in a transversely disposed plate within the fluid-
conducting pipe, together wwth a conputer to deal with the necessary
algorithns, is disclosed in U S. Patent2 No. 5,295,397. Yet another device
for reducing the adverse neasuring effects of a distorted velocity profile

is knownhyge tiselasezziongtSr Paterd. Ndhb 5%@1)52 aneppaEtisusinglardotthe flow fi ce
on both sides of the orifice plate and r% means of a plurality of
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the flow neter's positioning in the pipe. [0006] A correspondi ng objective
of the inokerinderandially dispaedatt pregsureweansing ports, averages pressuresneans f or
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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.
[0006] A corresponding objective of the invention is to provide a primary
flow element where the means for interrupting the fluid flow is a differential
pressure orifice plate that achieves an averaging of the differential
pressures across the plate, despite velocity profile distortion of the fluid
presented fo the primary flow element, and without the added piezometer

and its computer, flow straightening or flow conditioning apparatus.
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and its conputer, flow straightening or flow conditioning apparatus. Case
171.5050 3 [0007] Other and further objects, features and advant ages of
the invention will becone apparent fromthe follow ng description of
enbodi nents of the invention, taken in conjunction with the acconpanyi ng
drawi ngs. SUMVARY OF THE | NVENTI ON [ 0008] The successful operation of
traditional orifice plate flow neters i based on Bernoulli's theorem

whi ch states that along any one streanline in a noving fluid, the total
ener gy pef000¥]t rGiheriandiurticmsbjeb, fgaturds amel @tﬂvarithgeeqifethéi al energy,
t he pressure e_nerg){ and the kinetic energy of the fluid. Thus, when fluid
passes t hinyeglionneilldiegaree appaienbfrom ihe fellpwingeddesciipdiont e  vel ocity of

the fluid throygh the_grifice increases. This incre in fluid velocity
causes. t HETRAMETH PE 415 Va4 ke CORIMRGHRN OV JoRSCPBIRAMENG  he
orifice p&iﬁé\lﬁ sg I ncrease, while sinultaneously decreasing the static
pressure of H fluid at that sanme point. By sensing the static pressure on
t he upstream and downstream si des of the orifice plate, the decrease of
static pressure on the downstreamside results in a neasurenent of the

pressure differential, dP,SUMMARY (e Tl INYNEIQN of the orifice plate
and the tream si de. The rate, of uid flow.g is proportional .to dP.
As earl i&b at ed® %V?WS%FFOB‘?'T%%O{)%@g&OF’?BW ’ﬁﬁ?eﬁlgt W Mgtarsiken t he
vel ocity Y : | t | i i e. pipe in
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constricting pipe plate. When traveling through the orifiCe, the highest
vel oci ty theuypotendial eaefdyiithetprassupe edergys antidheridisstic endrdy ef the flaid. acr oss
I ' he fl | t.
the plat eTIths,pvrvR\élnq’Fuié p%ssegvilhlrrglggeh tﬁc—? S6lréiﬁtce 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 simultanecusly 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 velocity
profile is symmetrical about the longitudinal axis of the pipe in which the
fluid is flowing. In such a case, the highest velocity fiuid is along the central
axis of the pipe, coaxial with the orifice of the constricting pipe plate. When
traveling through the orifice, the highest velocity fluid is the fluid that
produces the pressure differential across the plate to provide the flow rate
result.

[0009] However, if the velocity profile is skewed a lower velocity fluid will
pass through the orifice and the downstream static pressure will be a

reflection of that lower velocity fluid. The differential pressure thus
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[ 0009] However, if the velocity profile is skewed a | ower velocity fluid
wll pass through the orifice and the downstream static pressure will be a
reflection of that | ower velocity fluid. The differential pressure thus
Case 171.5050 4 produced across the constricting plate will not be a true
I ndication of the rate of fluid flow [0010] According to the present

I nvention, a constrictive plate, or flaew inpedance device, having a
plurality of variously positioned orifices is placed in a fluid-carrying

condui t wptdduwdend acrguseiheucanstaeting @labet willakeirbe artrad @ndipatior aftihad
downstream sides of the plate. Each of the plurality of orifices wll
conduct argieraf fifiddflew.t otal fluid flow within the conduit. According to

B [ t.h it f.the fluid th h f _th
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static prpggeden dNaichearngig condgit WsgrsististpressuRSAdasUrensitpaked wth
the upstream static pressure to provide an average differential pressure

for whatendhewssisan ancdowasireapt sias ebtheoplate machi i theoplufaldy ofl at e,
| ti : t t ki te.of fluid flowin th
bi po. [ ocarfiCet B EaRAGC adarhot i fasal Mty RfhiS éhe GB0EUH at'e 1 nto the
ge”t ral RBEBM?HQ 95 BB Bedrend, tWet\!rblpEthro'F‘ﬂ‘?é ﬁng Hﬁghgﬁ M
ownstream Statryc pressure neasuring ports I Sposed wW ] the ri ng,
provi des gdefificed Wl Irkiré¥sé Cand eh@ stats fluid Prestueeon theldownsireBhj city is

further enhanced when the annular ring is provided with a projecting stem
that is csipabdfehefconsiridiing pfajetthat eattadutiilié do @achadf theezaparate o ot her
Ly e will B& Sveraged within the fuld 10 provide an average downatrear
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, provides added
simplicity to the primary flow element. This simplicity is further enhanced
when the annular ring is provided with a projecting stem that is capable of
conducting the sensed differential pressure to other flow processing

accessories mounted on the stem.

DESCRIPTION OF THE DRAWINGS

[0012] Figure 1 is a perspective exploded view of an averaging orifice

primary flow element of the present invention positioned between two
opposing mounting flanges fixed to the ends of a fluid carrying conduit.

Dashed lines indicate the connection of accessory flow processing devices
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[0012] Figure 1 is a perspective exploded view of an averaging orifice
primary flow el enent of the present invention positioned between two
opposi ng mounting flanges fixed to the ends of a fluid carrying conduit.
Dashed lines indicate the connection of accessory flow processing devices
Case 171.5050 5 w th the upstream and downstream pressure ports di sposed
within the nounting flanges. [0013] Fisgure 1A is a fragnentary cross
sectional view of the piping and primary flow el ement of Figure 1,

i |1 ustratwitg thengste=smtaaid dewnstreaint pressune porte disguseld within the he pi pe
t hat woul d exi st shortly downstream of an elbow in the piping. [0014]

Fi gures 2mopirtingdIarges.e pl an views of three different configurations of

U ewe ar SRR Fibite, PAGEH Haantiuaor Pl Spotiotial S atene SIRIRG. 208 ok ng
X _ ; ; . L _ . 33

oF i gar PSR figh Qieiert o FRUTE L MR reblESEAALGS BlgEl, ordifie

portion obf theofiuid iR-the[fiPé thaFivouldekist shorthedsnesticaen of anw slbowig

enbodi ment of the present invention wherein the averaging orifice primary
fl ow el eré¥&tpipng.ntegral ly incorporated internediate the ends of an

o T et Sy s SR RS g S e
el L e e

I(;?(S L ?/ieng_iﬁoaﬁubh.- THY¥RWwS hes takeh fronfa poeHios edwhstiearh dfiReasifeEb! v of
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 ring with a
projecting pressure communicating stem that mounts a valve-carrying
manifold.
[0018] Figure 6 is a fragmentary perspective view of the Figure 5
embodiment of the present invention, as supported between opposing
mounting flanges on the ends of a fluid carrying conduit.
[0019] Figure 7 is an exploded view of the assembly of Figure 6.
[0020] Figure 8 is a prospective view of a modified form of the annular
mounting ring of Figure 5 wherein the annular ring supports a pitot tube
type of primary flow element instead of the averaging orifice plate, as

shown in Figure 5.

DETAILED DESCRIPTION
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[0020] Figure 8 is a prospective view of a nodified formof the annul ar
mounting ring of Figure 5 wherein the annular ring supports a pitot tube
type of primary flow el enent instead of the averaging orifice plate, as
shown in Figure 5. DETAI LED DESCRI PTI ON Case 171.5050 6 [0021] A
sinplified version of the present invention is show in Figures 1 and 1A
An averaging orifice primary flow elenm#ht 2 is positioned between two
opposi ng mounting flanges 4 and 6 fixed to the ends of a fluid-carrying
condui t 8[0021] beA simplified bersidnwif¢he proeertinyentipnds ahoven ih Figwrkevied.
Each of the nounting flanges contain a radially extendin% pressure sensing
port 10 afBditA: A aveiaging esfise\primanhBom elementaisgositionsd hetweemd are

i vel d h ' 6 I ifold 18
and i nt o b 0BT Rt Benget Yend st touha pRad ot BT EgnuBen: st e
sensed di EhRYAR fist BéW%ﬁ%lBéW‘Q%ér‘éeth%%élé 1Y il 7 ig Skewagsm tied by
transmtter tog a processing unit (not shomnf. P ] e primary flow

el enent 2Eaghssf thBanwouhting ifizimgesZcorstaimairadialiy extendidgppradsiire demeimg f our
apertures 22 symetrically arranged around the center of the plate 2. The

center of PeAEIQ pod B thalreommanicate; with dee fluith 8awing irx the pipavant arge )
I I tudi nal nterl i f I pe 8., The, pl ate s retained i | ace by
{ he s ancwleansaivERecalfetted raliR Sorduls ot tindvave Bt and 4,
th [ : ' f a : side o
the 11 ow AN a Hrefeitrasduod: fo PPAT bichiodiisiofid fhaf rEBERIEHR 2 08 7
order to $enséd differeptinpprésyurefbgtieeh thiedpbss Ulnand NatisfitavemitiicPbgh each

aperture%“[0023éﬁ£i8ures 2A and 2B illustrate additional enbodinents of the
primary flranseliéerdd tom proasssingueitdnet ahowngr eased plurality of apertures

[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 piate 2 is positioned

coaxially with the longitudinal centerline of the pipe 8. The plate 2 is

retained in place by the sandwiching pressure of flanges 4 and 6. As

shown in Figures 3 and 4, the circumferential edges 24 of the apertures 22

on the downstream side of the flow element plate 2 are preferably, but not

necessarily, chamfered in order to facilitate expansion of the fluid column

that flows through each aperture.

[0023] Figures 2A and 2B illustrate additional embodiments of the

primary flow element in which there are an increased plurality of apertures

22A and 22B clustered around the center of primary flow element plates 2A

and 2B. While the invention will be described with respect 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
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22A and 22B clustered around the center of primary flow el enent plates 2A
and 2B. Wiile the invention will be described with respect to the four
aperture enbodi ment of Figure 2, it is understood that four apertures in
the primary flow elenent plate is only one of many possi bl e configurations
of apertures. One particular configuration and nunber of apertures may be
nore appropriate to a given fluid, fluid profile and pi ping characteristics
t han anot her. However, the principal of operation is the same, regardl ess

of the nuubeonfpguﬂaimmmbanp@nftummrstmmtelnmtedtbyetlmnastran@mslgafth ires The
nunber Case 171.5050 7 or configuration of apertures is not linmted by the

i |1 ustratihdaygbi2Bi gures 2 through 2B. [0024] It is seen from Fi gure 1A
that th f the fl . I, t 22
-t he colilFic: Y8 sl ropt :Fggt?ﬂésmﬁam?qmgelﬁtm%%é eppreehing’ °°

h t:
sPor o g e BB o S TGSl s B P00,

pressur e pgibtity &f ehe Flpgd BpproSeiihgitde leiiveﬂpfaum&;ﬁé r%uréshzx FHeseainstial

i npact the velocity of the fluid that passes through t he respective pairs
of aper tdiffeseness ictoidivelgrity will Inot @mﬂ)emﬂuam&sm $tat|t:|p1reasweesemesd sensed

by the do tream port aus he vel CI fl t hra each of
the aperPYit Pr%$5l€§cwp'%§0r°% é@sﬁr@@é@ Si plﬁt?;ﬂsg@ﬁy ,W’hl%és%t atic
pressure | -' of the
fluid vel g@b?&%fehroug ea(‘;ﬂ?hﬂﬁ{ ﬁat%&g@%ﬁbﬁo@l{i :ﬂﬁ?%éé%?/%?t \}ég’gé'\/\?pﬁl n the
fluid anda%?ﬂuré@éﬁétdc%@mm@ﬂﬁSMII%fFEﬁ%Tthé%té\ﬂlé fluREpESsUR@ sepsBHagLthest at i C
pressure th a plurality of apertures positioned around the center of the
plate 2, dewnatream port ‘e&an&aoauseﬂhefmlocmoef fluckthregghleaaih ohthe gures 2

and 5, the static pressure be aver even when the fluid profile
is nons PGS (OT G5t PES @P@éftlﬁﬁésW”Egeﬂ{lffﬁkﬁﬂtd theestatieoressure ond i s

the downstream side of the plate 2 that is a function of the fluid velocity
through each of the apertures will be averaged within the fluid and the
downstream pressure port 12 will sense that averaged static pressure.
With a plurality of apertures positioned around the center of the plate 2,
such as, for example, the four apertures 22 shown in Figures 2 and 5, the
static pressure will be averaged, even when the fluid profile is
nonsymmetrical about two pipe axes, as it would be when the fluid is
swirling.

[0025] A modified form of a four-aperture primary flow element plate 30
is shown in Figure 5, integrally formed with the annular ring, or wafer, 32
that is insertable between the flanges 34 and 36 attached 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.
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swirling. [0025] A nodified formof a four-aperture primary flow el enent
plate 30 is shown in Figure 5, integrally forned with the annular ring, or
wafer, 32 that is insertable between the flanges 34 and 36 attached to the
ends of two sections of a fluid-carrying pipe 40. Upstream and downstream
pressure sensing ports 35 and 37 are | ocated on each side of the flow

el enent plate 30, as seen in Figure 6. 8The pressure sensing ports 35 and

37 connect through conduits 39 and 41 in the stem45 to conduits 46 and 47

in the ma[0026]d IFhe WadelBRus encaendiadirimgnivhose sideidibnmstepted in  Figures
6 and 7, illustrating the total flow neter assenbly inserted_between pipe
sections tadespands te te inside dingsder pbine Huid-carryingueipestulbe. flatse

171.5050 8 [0026] ,The .wafer,.32 i l. ' wh i nsi di.amet er
correspo n@Len{L%mtziﬂE]@t? H@I ’gg)qeﬁr' m@%cgé]sqaﬂgeupﬁéic{ﬁegg@g ﬁﬂﬁgtéﬁ}%@i@qﬁﬁg fe | ow
I ' . e : i oy edqui -
i orant T o Rottede of i BtePa Aa8s o né MR RRG! 30 THESNAR I8 el or s
nount ed bgioigRed hstweaapkalicg4Skatedd 8 antgd thattiatdriwes: Withithiehsipeidirl end
flanges 34 and 36. A sem-circular positioning ring 50 functions to
posi ti on flanges 8duand Bhe Awesni-agrcular positiondie ringl & unktionselo positiphpe
fl . _Pgsitioni f_t . 32 | hi eved l.aci it into the
Cr adl e T oRHE SEHYE (S WHIELAPIP Tt PraRENIAGS B HRaNdbaling TENgeShanks of t he
fastenin : ' : ' ' t he
aer ag: ngpggit@é%ég’f gﬁ%@ﬁg?ﬁ%%{%&%ﬁéﬁ?ﬁ%%hgﬁ tr E]'éﬁglae [C\?\ngélhg ft‘:)he%gount I ng

ring waf epy #e afteérioh of €98 divigt 5C ahtysaxtirg 18 $hadksl oMiid fadtBRirg BARE tter
nmounting nanifold 18 being directly attached to the stem 45, “several

i mpor t ant Sadivtanthegestesigroavds ef the rivgst i nportantly, the differential

Pressure s Wit The Sveraging orinde piats 30 bemg Mtedrally constructed
with the mounting ring wafer 32 and the conduit carrying stem 45 and with
the transmitter mounting manifold 18 being directly attached to the stem 45,
several important advantages are achieved. Most importanily, the
differential pressure generating mechanism, the pressure sensing ports,
the manifold and the transmitter components are incorporated into a single
unit that is 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.
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the manifold and the transmtter conponents are incorporated into a single
unit that is easily insertable between the flanges of pipe sections. In
addition, the differential pressure generating nechani sm may conprise
types of primary flow el enments other than orifice plates. For exanple, as
shown in Figure 8, an averaging pitot tube 70, such as that disclosed in
U. S. Patent No. 6,321,166 Bl, nay be diGanetrically di sposed across the
opening of the ring wafer 32, with its high and | ow pressure conducti ng
conduits connected to the conduits TLAIMAS/2 housed in the stem 45. Case
171.5050 9 CLAIMS Wat is clainmed is: 1 1. An averaging differential
pressure YYhatdplaimsd isasuring 2 el ement for insertion between sections

of a fluid cargying,conduit, 3 ri-sing, 4 first and second annul ar
mount i ‘g flangis haﬁpr@’%ﬁgmw?i@l péséﬂf%ibﬂl@’%@{r QW AR NGt er i or
openi rgYs QNN BetfRahes @%b : | nsl.Aei+Cr oss section
of thggco%%ﬁ?m'?rrg'ﬁanargnf ow | rrp%dancr?ag %gﬁ@'ﬂg\?ﬁﬁ@"@%ﬁ% point, said
means 3 8 deinpgisthiggposed between the first and second annul ar nounting

flanges, 9 where the center point is coaxial with the |ongitudinal axes of
the irkerior fistapdsecpndannuarimengtnag flangesdhaving avcunaferentiall a

Phe. oént wp isis StRCeR M ipterici- SPRaRas (hat sorpepbRRpR TR SROBIAR 19 1
ol i m e BB O i cord it L™ P ounting 11 anges are each
integrral |y forplesanslov Bhpetanes miéats hatihg'a\dehder 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 interior
10 openings of the flanges, and said means having
11 a plurality of circular apertures eccentrically disposed with respect to

12 the center point of the impedance means.

1 2. The apparatus of ciaim 1 where the flow impedance means is
2 aflat plate.

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

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

4  the interior opening in the ring and parallel o the sides of the ring.

1 4, The apparatus of claim 1 and further including,

2 first and second pressure conducting bores radially disposed in the
3 first and second flanges for establishing fluid communication between the
4 respective interior openings in the flanges and the circumferential outside
5 surfaces of the flanges.
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3 flat parallel sides and where the flat plate is disposed transversely
across 4 the interior opening in the ring and parallel to the sides of the
ring. 1 4. The apparatus of claim1l and further including, 2 first and
second pressure conducting bores radially disposed in the 3 first and
second flanges for establishing fluid communi cati on between the 4
respective interior openings in the fl40ges and the circunferential outside
5 surfaces of the flanges. Case 171.5050 10 1 5. The apparatus of claim3
and further inbludifibe d@pparatis ofhdiaecdasthdofivetheurincladirdyct i ng bor es
radial |y disposed in the 3 annular ring on opposite sides of the flat
plate21 6. ThErd@hsr secendpressurs ®nhicting bores rasiallyudisposeddn tbeongat ed
nount ing em.radially extendi. fr t circunferential outside surface
of th anﬁhﬂmﬂfﬂ%oarﬁ’d’m’éﬁﬁrﬁdag?Pﬁﬁ]%@? piat?econd conduits |ongitudinally
t her et hrough that conmunicate with the 5 respective first and second
pressure conducting bores. 1 7. The apparatus of claiml where the circul ar
apertures have6. 2 ophespraratusofiteieng aal fgdg@,in@ngiﬁ whi ch is bevel ed.
1 8. An averaging differential pressure flow neter for determning 2 the
vol um& ri c rat ah&longated moswting stem radinly extentling frarartbei sing, 3 an

S LA TS Mo TR SRRRP AR Gl i ' e
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to the | orgipastivedirstahd secohdepressuré@copaasting borasd 8 di sk having a
plurality of circular apertures eccentrically disposed with 9 respect to

the center point of the disk.
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 disposed with

© 00 N D b~ oW N

respect to the center point of the disk.

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

a supporting arm extending radially from the annulus, said arm
including first and second interiorly disposed fluid transporting conduits that
extend into the annulus, and

first and second pressure sensing ports communicating with the

o G A W N

interior opening of the annulus on respective opposite sides of the disk.

. Case 171.5050




1 9. The apparatus of claim8 and further including, 2 a supporting arm
extending radially fromthe annulus, said arm3 including first and second
interiorly disposed fluid transporting conduits that 4 extend into the
annulus, and 5 first and second pressure sensing ports comunicating with
the 6 interior opening of the annulus on respective opposite sides of the
di sk. Case 171.5050 11 1 10. The appafddtus of claim9 where the plurality
of circular 2 apertures is four, conprising first and second pairs of
apertures that are 3 bilaterally disposed with respect to the disk center
point, and where a line 4 connecting the centers of the apertures defines
a squdre. 1 1110TheThpmaRArAtISE! claiingg whatertberplurality ohcireylass circul ar 2
apert bei di sposed.in triangular 3

ot t o a7 BRI LR EompEid Bt e SeCind bells SRR el a8 o m o

wher e 4 hebﬂl%t\é??lh} HbéP%%eﬂi WﬁH'ré&p@cﬂBg'thiU(Fi%ﬁ de?ﬁ%l; pﬁ&m,cmg&ﬁéra@a fihest and

second palrs of “aperftures that are ater di sposed wth respect to

t he disk cemtectimpthe centkre ofithelapetturperdefinessaacearér om t he center point
of the disk and where a line 5 connecting the centers of the apertures
defines a pentagon. 1 13. The apparatus of claim9 where the plurality of

efines a 13- . . f 4
centort poi nt ol 13 TG 2R AHRILHRTE S Wircke Beruiibh gl RBCEEn: crs. of the
aper t y esy Qi) Aasi rée,h%iagg?ee %R%ﬁurggﬁr%?rygaﬁ#ooifn &ltﬁérgﬁﬁlﬁa\“’“er e the

circular apertures have posing Circu edges, e of which is

bevel &d. Patiérn dArsurabtiasy ebokergjoint of thePdiskere the circul ar apertures have
2 opposing circunferential edges, one of which is bevel ed.

1 12.  The apparatus of claim @ where the plurality of circular
apertures is five, comprising first and second pairs of apertures that are

2

3 Dbilaterally disposed with respect to the disk center point and a single
4 aperture spaced from the center point of the disk and where a line

5

connecting the centers of the apertures defines a pentagon.

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

2 apertures is six, said apertures being spaced apart from the center point of
3 the disk and where a line connecting the centers of the apertures defines a
4 hexagon.

1 14. The apparatus of claim 8 where the circular apertures have

2 opposing circumferential edges, one of which is beveled.

1 15. The apparatus of claim 9 where the circular apertures have

2 opposing circumferential edges, one of which is beveled.

1 16. A differential pressure flow meter for determining the

2 volumetric rate of fluid flow in a circular conduit, comprising,
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1 16. A differential pressure flow neter for determning the 2 volunetric
rate of fluid flowin a circular conduit, conprising, Case 171.5050 12 3
an annulus having, 4 a circunferential 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 faci ng
surfaces, said 8 tube being disposed #2thin and dianetrically across the
central opening. 1 17. The conbi nati on of claim 21 where the pitot tube
type & fluid aB d@imiuseeeing,ncl udes, 3 at |east one total pressure port in
the upstream facing surface, 4 at | east one suction pressure port in the
downst4 eam f ac@ i chimfesential alitgisie sUffagel and suction pressure pl enuns

i t hi h b d.in.fluid ' ' i vel y. h
Lotal Tand st at AEeHRET obERing that boprasp SR i A S2BR0 e fdigs and
furthey '&‘Hs%déétﬂiorf?/fﬂ%es&ir&ﬂgr Eggepﬁ, ?ﬁaes radially disposed in the

annul us, respective connecte uid communi cation with the total
and st7atic pr eagitot tdbe hawing upstré@m dhd dowsineamofacirig sLifhoed Ssaidd
further including, 2 a supporting armextending radially fromthe annul us,
sai d & m Bibenkeing dighesediwithia anst dismetiically aargssithe eestral ppening.
transporting conduits that 4 extend into the annulus and connect in fluid
conmmuni cation with the first 5 and second bores in the annulus. 1 20. An

averagji ng ori fg € PTRE&obindtibhdY dBInS 21 RhePB R bitBE 1t type SPAMEEL i ¢
rate of fluid ow I n a condurt, conprising,
2 flow meter includes,
3 at least one total pressure port in the upstream facing surface,
4 at least one suction pressure port in the downstream facing surface,
5 and
6 total and suction pressure plenums within the tube connected in fluid
7 communication respectively to the total and static pressure ports.

1 18.  The combination of claim 17 and further including,

2 first and second bores radially disposed in the annulus, respectively
3 connected in fluid communication with the total and static pressure
4

plenums.

[V §

19. The combination of claim 18 and further including,

2 a supporting arm extending radially from the annulus, said arm

3 including first and second interiorly disposed fluid transporting conduits that
4 extend into the annulus and connect in fluid communication with the first

5 and second bores in the annulus.

1 20.  An averaging orifice plate fluid flow meter for measuring the

2 volumetric rate of fluid flow in a conduit, comprising,
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Case 171.5050 13 3 a conduit for carrying fluid froman upstreamto a
downstream 4 location, 5 planar flow i npedance neans di sposed transversely
across the 6 interior of the conduit, 7 at |east three circular apertures
in the i npedance nmeans 8 eccentrically disposed with respect to the

| ongi tudi nal axis of ‘the conduit, 9 first static pressure sensing neans

di sposed within the conduit 10 upstreanBof the flow i npedance neans and
proxi mate thereto, and 11 second static pressure sendi ng neans di sposed

wi th the conduatcontuitfomtsirndagnfloid frioen Bhawpstremaistoce dovarstreard proxi mat e
thereto. 13 14 21. A differential pressure flow neter for determ ning the
15 voldimelagationate of fluid flowin a circular fluid conducting conduit,

16 i sing, 17 I havi 18,. I ' t hat d

'n shdbe and sPADANIFRINPROPHES Means HispasmuliansHe LRt S a e

Ci rculfﬁr ﬁ’ﬁ@ﬁffi}gfﬂ'fg‘goﬁdﬂﬁf ot tube type of fluid 20 flow nmeter having a
at u

body t I nc es upstream and downstream facing 21 surfaces carried by
and mount ed di atigarst taddeyciecuilas apehires i tied impedande mMaané the annul us.

Case 171. 5050
8 eccentrically disposed with respect to the longitudinal axis of the conduit,
9 first static pressure sensing means disposed within the conduit
10 upstream of the flow impedance means and proximate thereto, and
11 second static pressure sending means disposed with the conduit
12 downsfream of the flow impedance means and proximate thereto.
13
14 21. Adifferential pressure flow meter for determining the
15  volumetric rate of fluid flow in a circular fluid conducting conduit,
16  comprising, |
17 an annulus having,
18 a central opening that corresponds in shape and size to the inside
19  fluid conducting section of the circular conduit, and a pitot tube type of fluid
20 flow meter having a body that includes upstream and downstream facing
21 surfaces carried by and mounted diametrically across the central opening

22 of the annulus.

Case 171.5050




