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BACKGROUND OF THE | NVENTI ON Date of Filing PF14: 31 Januarv 2008atepifilingPRld:
ENOO | ~VII M ~I NI The process industry enpl oys process vari able t Parapary 2004 o
to nmonitor process variabl es associated with substances such as solids,
slurries, liquids, vapors, and gases in chem cal, pulp, petroleum

phar maceuti cal, food and other processing plants. Process vari abl i
pressure, tenperature, flow, |evel, turbidity, density, cOncentrzH@EM\ﬂmm 1“““\
chem cal conposition ' id flowt trer
provi des an out put remg@WQﬁﬁbﬁﬁﬁ%@@ﬁﬁﬁ’m% . The flow *166166"
transmtter output can be comuyp CRURENVAMET PROBIOCESS control loop to a
control room or the output can be comruni cated to another proc ) '
such that the process can be nonitored and control |l ed. Measuri nam‘m mlmmmn“l
of fluid flowin a confin RO HE W E@f nternal geonet of
the conduit and applying eéiAé By ﬂfrf\&\r/‘ﬁNtr differenti al p(‘lfr%mslsure

inthe flowing fluid, is knowmn. The geonetry of the conduit is
traditionally ctrﬁ{réged b:%/, | teri n]%ﬁt he cross ,section of the conduit, such as
with a venturi niediroces m?ystph@_l KBPROCE Verele tRasRisELpmeRitos PracsH

al tering d%ﬁ&ﬁes%k%@c;iét%%l%ﬁth%fubﬁthﬁ‘&s gl]luﬁitz%zsoﬁc'lis, PurdE i HE‘Q;aE{:JS?@dL%EES or the

li ke. An averaging pitot tube generally incluides a shaped y that
slightly i rnpedemical,upulpf Ipstwolsinmhiphatireesaratiufdod @nk otheri pratéssingoplasne
averaging pjtot tubes is. a relatively |ower si 0 noti&%ﬁ rati.o Ln the

al J
di f ferent i aiFOfiSesEiARIeH JNGIUME | PSSV s SHPCrayFs dloW, n{ Ve fi%t depsity,
(differenti alonSdn@BEoh,ecRERASA LatEpdiRC and TIkdt Boperties OW bFRRSTHutE Fow S t he
i nstant aneous devi ation froman average pressure reading fromone data
poi nt to arfsmp@itier Prevides g8 QJHPIEr @@aé@? itt ag sqisedpreasse flwypdlayt. The fllovent i al
pressure s .ori gjnat I I t S S t he ream
Facing o dapnf SR &5, b bubTRRH ok BAEE ARG Tod 1d 4RS!
general | y avomher disswstpueam bé demafunidaeedpiot miothenlyeocess datviee Ghict-tHat nlge PF 14:
31 January 2004 -2 di,ffergﬁ%i al pressure transmtters and data
acqui si t i orPreSess earsbemoBitered ghrc ®Sophi sticated and responsive, they
have al so becomevan:eing RS ithicVsr NRid2Ngwainea IDAfRAE O bPThoGRGRE Yy the
noi se generated by the pressure sensing unit. Accordingly, the 'nofse
char act er i Sihiecsal ofeogheftifye o€ rthe adonduié sand eppleingi Ay algoiithes thathe beeowed a nore
i nportant f or..i.n their.selecti.on and.operati.on. Thu there i .need to
provi de an cﬁ%?%@cﬂﬁﬁ‘f%’t”eﬁ?%“% E@gﬂ r%lgg%‘ﬁg'i ﬁée 5%({}“%9 ﬂg en°é>“§H‘ il?Tpr oved
signal to neidigodaflyi chanSdViARfelily TEclobl/EdEHoN ™I ddndtiNiichl asPivedhsalr e
measuring probe with an inproved signal to noise ratjo . is provided. The
probe i ncl utFEBIrbmeterI by the sartionwptpheeondyg of adlnw altgingedayire; supias an
aperture hayd i At d I i i palireonponent . The width of the
i mpact apera‘%% I?%twsdglagca?glglgﬁig pgtgg%ug)ggk ?ﬁélrll&‘t he width of an interior
portion of a firAnh avbeging pitat ibe gdnergblycbdudgs mehapedyideff tody ftbat eslightly

provided with gt lLe one, non-1i ct .aperture to neasure.a sec pressure
Buch that " diieape iR HioprRaERe SRR ofC Fimitfifh aBeoTEE Yt R e

non- i npact $pIface Rwer RREPRSAISMrtBR) B HESRRUETHOMNuRF ddbiboRR hES Fi gs.
1 and 2 are di agrammatic views of a gr ocess neasurenent systemillustrating
t he envi r ontheise ofn Bwtreatartof ¢ dfferondali prgasyrs Bvasyring, deyiges suchs o edlgw! ock

di agr am of : 7 [ i

per apect | vebuRTiA, e iseiEo S ol tont b ol plRsad AR ope
apertures ofatapomirboaionert Thd néikegdnevated inanpitdtitgbe $pe of diffaraginl pessurenal

view taking along.liines 3-3 of Fig. 4. The curv%d ) )
sensor Originates in the impact gressure sensors on the upstream facing side of the

pitot tube and in the non-impact pressure ports generally on the downstream side of .

the pitot tube.



.arrows show the general direction of fluid fl ow around the body. Fig. 6 is
a fragmentary perspective of another enbodi nent show ng a for mDafe of Fiting PF14:
flat-face bluff body. Fig. 7 is a fragnentary perspective view of3ldauanae04
enbodi ment illustrating a substantially "V' shaped cross section for the
flat-face bluff body. Date of Filing PF 14: 31 Januarv 2004 -3 Fig. 8 is
a fragnentary perspective view of another enbodinent, illustrating a
substantially "U' shaped cross section for the flat-face bluff body. Figs.
9a - 9f are top plan views of bluff bodél shapes with which the inproved

i npact apertures of enbodi nents of the™'nvention can be used. Figs. 10 and
11 are charts ofAspdERseHtRl VieSuse t i aljhhg Fa¥ell ugt.p.on of
enbodi ments of the inventi olﬁ. DETAIa!iIFErEI)%E%%%?P%%ﬂa%ﬁfsﬁ%gﬁ%[%@gi If}f%/‘}eenti on
will be debesamserrord sophistitaied ard rasporgiess ithdychavatabsdi esoms nodre dedditvectat i al

pressure I . [ ilded in th t will recognize that
changes cgﬁe%glreln%grg%ﬁ@ ? 3?%1&%358%25%%(Po%gﬁﬁ%%?te%g’ﬁgtﬁ? ipﬁeés‘frf’&ﬁ’l‘sc"?%uglﬁi rit
and scope @iccotdingly)theoise, chahicehisaceofl dfffca@diabyrdshige apRendadvietaiha®m Fi 9.
1is a di a%r ammati c vj ew of Pr ocess contrql system 10 illustrating one

exanpl e of DSPTRER MOFHIRRATART 1agips &y thelrielectien aikoparatian: Thws, tmre isanesd

measur enmen ; i u I . as a vol tage
source andtt(_)r Zﬁ%ﬁrﬁ%gﬂ@%ﬁgug fﬁg‘arr%%le?g&%l%ﬁtSregﬁﬂg]od(])eélcgfgl? aq’ﬁ%%gllgl pé%%eduti lize
any appr opsigagldopotseodtil. to conmunicate flow i nfornmati on between

measur enent system 12 and control room 14. For exanple, process control

| oop 16 operates in accordance with a process industry standard protocol
such as Hi ghway Addressabl eSRRMARY OFNIREQVENTABN . FOLTNDATI ONTM

Fi el dbus or any other appropriate protocol. Fig. Z shows a cut away portion
of a process fl ¢ diflermtial preysusqmpasising ppbsevitioan impreea! Kgmal 1o noisd Bationt o

which is i¢g i i.al r prabe 20 qof. the

aver agi ng gﬁs ]{n‘gltv idt%g'brghet r%é@fr&%dfe? aggﬁégé%g?{?n\gﬁgftggﬂyo ng pei?{gga[eﬁén}pﬁgti de of
pi pe 18. Thpertire davingnalwidthr amd 24longitddigal chmpviegat®e whkh difr @6 tikpacof
fluid flowin ipeﬁf'@%&f fl u"ed ﬂ%ni{qol d 26 and flow transmtter 13 are
shown mounfRIMER 1§ frlectsd: oy belessitgn she widihof anyatepior pawtignfia fiest pleguinnc| udes
a pressur e vagis Me gRbENAL ndRihpatdishahde i tS
passageways 30 (sehgwn in Bha}lt%m iSn F(% g.1 %&Pl&ﬁéﬁ%%&??@ %ﬁﬁg&éﬁ%ﬁgt 31
January 20@gerfye gp gneaguiesa gecopdt massbteo sichdihay diffaraiftiatiipidssarentdtaterpriessur e
measur enment . stem 12 jncludes flowtransmtter 13 and
differenti tgfls%cﬁtgg@c%én%eﬁgeslﬁorné'ﬁ%pr% %V %c%l?e MY enbodi nents, flow
transmtter 13 and probe 20 can be factory nmatched to provi de enhanced
accuracy, longevity and di agnostics for a particular differential flow
measur ement appl i cat i on BREELRBESGRIBIONOEITEHEDRAWINGS, ocess control | oop
such as | oop 16pgnd | §nfPaRt.e8iabR {GAl ' put
related to a di f?ée}’r entlilal pr eségr gﬁgéfwﬁpiﬁ ﬁgmﬁé\n‘g E?xﬁe&éﬁ%&ﬁ%%y%&

Tr ansni t t edllusatfig the environment of embodiments of the invention.

Fig. 3 is a system block diagram of process measurement system 12.

Fig. 4 is a fragmentary perspective view of a “T” shaped form bluff body
illustrating impact apertures of an embodiment of the invention.

Fig. 5 is a cross sectional view taking along lines 3-3 of Fig. 4. The curved
arrows show the general direction of fluid flow around the body.

Fig. 6 is a fragmentary perspective of another embodiment showing a form of
the flat-face bluff body.

Fig. 7 is a fragmentary perspective view of another embodiment illustrating a

substantially “V” shaped cross section for the flat-face bluff body.



. system 12 includes a | oop communi cator 32, pressure sensor 28, neasurenent
circuitry 34, and controller 36. Loop communicator 32 is coupl dasloéFifigg BF14:
process control |oop, such as loop 16, and is adapted to communi cHtlauemded
the process control |oop. Such comrunication can be in accordance with any
appropriate process industry standard protocol such as the protocols

di scussed above. Pressure sensor 28 includes first and second ports 38, 40
which are coupled to first and second plenuns 42, 44 respectively through

passageways 30. Sensor 28 can be any deyice that has an el ectri cal

characteristic that changes in responséto changes in applied pressure. For

exanpl e, sensor F28 sGga g Eishédlie RSP SLERIRE RAMDbdIGt GRRARIBRCce Of
whi ch changes in.zg?es‘&or%% tgﬁﬁg gf)ffe?enti al pressure appli egﬁﬁjél%lggien
ports 38, awestapially {'Udekaped gross sention fomthe dlat-fage blfiEbaddypai r of pressure

sensitive el enent c . n oupled to it.s, gwn pressure
sensitive el emeﬁés' %5? S%Igarrtéﬁﬁ f‘agmlr\?g\!&??f@ugt}olﬁg lgl(cl:)a ﬁf)l‘”tg“?lgcggﬁ’slgﬁjr%@dand is
conf i gur ed ilpaqrapsthies 6f striments bPthe ifwinéibe dartbe hedst to differenti al
pressure between, ports 38 and 40. Measurenent circuitry 34 can_ .be any

el ectronic circdigs yi0 h"a‘f 1daprepthaptis gl Bresiire asrsus s‘lf@‘ﬁdﬁuﬁ"@l&% e tnyise
differenti ?d&fi@féf‘énﬁbodfﬁ@n@%?fﬂ%‘iﬁverﬁ%ﬂ?ure”ent circuitry can be an

anal og-to-digital convertor, a capacltance-to-digital convertor or any

ot her appropriate circuitry. Controller 36 is coupled to neasurenent
circuitry 34 and | oop comuni ar -3 "ﬂzj;r 36 is adapted to provide
a process variable output to I8 U o ‘F‘@H@ whi ch output is rel ated

to the sensor OWIMsugR’ ¢l dReknB¥n Wit Be OdestlibddN vith Freddencdl td agpiRfr 2004
-5 neasurenent circul tr.i[ 34. Controller 36 can be a Programmable Gate Array
devi ce, ni erbedvesdsefdilferentighpressheermegspriagpiokes vekérs skilled irtbaght widop
comuni cat ; Sur n LI CULLE nd.contr.qgl | er, 36 .have been
descri bed \?méﬁq%%}zgg;%cﬁ%a(?%&i ér? icl%/e| %‘ég% 11%6‘%3&] g%(?d?t? ﬁivgalcogntd 8%%}‘3% T RSt t hey -
can be confspiitdnd saipe a$ therineentibppivhivhtarodeipé by thecappehdedradiad. G r cui t
(ASIC). Differentia ,Spressure rranageerrei]té(%rgobe 20 i s coupl ﬁd to transmtter
13 by passagewag}:ég3 is gripgrapmptic ¥eevy Of PErSHy codrol syt plilUlustsating: @re pl enum
42, while pRLiRGRh GoRBRheRtof dnsRRERY orfﬂ}(eain_%&ﬁ%ag@s g%eﬂagure@eﬁpl enurnt
is a passageway, a channel, a tube or the [ike into I C l'urd of a
particul ar systamaletie coupledbtoawatrobroom th (eadelldd as a veltagetsedrcanad tdsistangh) whi ch
the fluid i,s conducted zr onvg%ei. Fi 6staéﬁle.um 42 includes at | east one
el ongat ed itH9HEY PECESs GPUrAOR O 08?5{)05 uphEC B ARRTORTAE rRogoh B r om
the probe' sohfiRafiéats AolaiGorfttion REWEen3Meurd@dhs Qystd8. 122884 tbhol4BohiiCl udes
a |l ongi tudi nal_conponent that, in sone enbodi nents, can be | ong enough that
aperture 4g4ilior examplen Pregess spnyolalopgnkiy opgretss timacrdanacudithad paodess of

bl uff body ; Gadurie f i OS: d - t I

i npact aperl{'71 %?Sggig carfﬁt %g&%e&gg]r % glglgﬁ“??i tAéﬂrae\S/S%lﬁlge 2& Wi %h?gdﬁgfh%&e

| ongi t udi naHARTR)H FERINDAFION™ thheldbusher any dtier afuoprige ptotgrobvi des enhanced

noi se reduction ji.n e total pressure signal nd, t hus i ncreases.the signal
to noise ration %g' # Q@W?eaa%‘ﬁragvﬁﬁﬂoné%?tje%?mﬁ“?@“q ?Pdgql?%frﬂ‘d? B 2P dt h of
the slit talbRdlcBaduit, NBNnfwhithas ikkallet Gt diffefentidle Irlsdsa&wﬁbés@ri\g@gﬁ&bej 301is

connected. Slit widths ranging fromabout 0.76 mllineters (0.030 inches)
to about 6.Bhenveragieg pitet tube 2. Bhfhbedy 22 digmgtrioslly spasisehe ansidetof pipe

Addi ti onal | | i l.j ! ed,. spac f.om one
anot her 1 at B A et b i ARk GRikcoRha GERARAE R

non-i npact AudhfidaandoldsItaaellfléwdaransmjtee tl 3¢ laoven ABuntdd oni thp @kteristiefidice 50
i ncludes at | east one non-i npact apertyre 52 di sposed t onmruni ¢at
pressure fr nP‘tt‘Het“EB?rlOr Q'n%ﬁ%{‘r‘agﬁrr flgc‘é‘cw%ls Bl RERTTHIC4 eper égr'ﬁa‘ﬁf?ﬁ §P8’§é or 28.
The at | easgoudRa 1§ PRtk Takiou BhdstE a3 3034hobf iftlpRReaked Faadyconfi gured to
have a | ongi tudi nal conponent SimTar "'to the inpact aperture’48, or
aperture 52 can be shaped conventionally as a circular hole. If a second

pl eumis not Date of Filing PF 14: 31 Januar~r 2004 -6 needed, a pressure
tap can be provided, such as in the wall of pipe 18, such that non i npact
aperture 52 is disposed within pipe 18 to communi cate a non-inpact pressure
to port 40. For exanple, aperture 52 can be di sposed proximate the inside
wal | of pipe 18.




Figs. 4 and S respectively show fragnentary perspective and cross sectional
views of the bluff body portion 22 of the pitot tube 20. As il |Ratetof BiliegPF14
ecross section of bluff body 22 resenbles the letter "T", incl udi niJanupz2004
portion 54 having a blunt, substantially flat inpact surface 46 on the
"top" of the letter "T". The cross section of the body also illustrates the
stem portion 56 of letter "T", depending fromthe center of the bar 54 and
di sposed generally perpendicularly thereto. In the perspective view of the
bl uff body (Fig: 4) the so-called "sten% of the "T" is seen to be a v
longitudinally extending rib 56 that projects in a downstreamdirection
fromthe back simge 3fs o §i8tehd Block at@ehn of dfiftrentli presfuRemieaIretherdt9sterh’
shaped bl uff body in conjunction wth |ongitudinal inmpact slits provides

f avour abl e 12eSustem, 12 dnokgdes flaw itigperatites |13 tand diffiareptitleprepiugg megsrgmentapes
provi des sim,l n . S j i ' | so produce
noi se redu@%bggoaﬁgﬁééggggwgn%f%%‘;svgrr% 3&%&&% fagér)ga@%rlr(}s% %ega#%#af?oﬁgdy havi ng
the tradit inenicliedstoap@eidef enthancadnakcutacy C longevityf hiat diagabdstics fos ai pdrticilaat ed in
Fi gs. 9a9f. f}ﬁ(‘? th?nt\{ari ous enbodi nents. of _the i{;?\clenti orl, onventi onal

i npact apedifiFrential nflow ameaspremient ApPUCAtiony SYHIE b dt CAFRIFRRNAO Gt PFRSFES

el ongat ed iR 106p St isa5of B0 hitfishdaRedid LsthAihich TRRORAL varfitfe GlpROAt ed

i npact apertures, or slits 48, provide conmmunication between the total
pressure (irelptedtfo 4 |differentinlcprashure of lushdlopl thim pipe. 18 hEransmider 13r eSsure

of the flow flyi.d conducted fromthe.pl enum42 to rt 38 of essure
sensor 28 W ?‘%“n I?I lgﬁjuﬁ?saﬁsﬁﬂof)t ggmipynicalor &p(%%s(ﬁuﬁeos?s%'i ?r?a|“i’“t%§“r8f“e§{)aced
apart circuwihitg=r, bid esntrdilee3el it configuration provides a reduction in

t he noi se associ ated with the neasurenent of the high fluid pressure,

provi ded that tHeoop qommugioaier 33 it prupdagbleyioraopracess septrell leapnsuch gsdeeier to

achieve th 0] re i t P h d t a um,lif sel f ..
For exanpl Zl,éji %&Fhlg gﬁ%{t&?ﬂmt ﬁgﬁgﬁl&dléaé%egégg 6&;8) w??%sls ng?xrggtg ?%(ﬁ)gsgh%%c hes)
wi de and t hentrh@ticpioasanrbe ifilactatdameduich amgagprepriate poc8ssAndudhyt samfard=i | | ng
PF14: 31 January, 2004 7 mllineters, (0.125) inches wide, a satisfactory
rati o woul PreterRksuchas e PIPRENS ASLsseheP¥ie ratio are exenpl ary only and
shoul d not be t ageEuaSsenSHiTY Bkiudss ffst hhd¥ebbiiDpor¥Vig, 80 RficieaBRBipRAto Of the
invention utilizes a plurali t¥ of longitudinally aligned and | ongl tudinally
ori ented (virshandessperd plenums 42 Hraspedtively ghionih gassagrytdys 30. SensopL@itan body)
i npact slits that are,l.ateral central ly.di . I of
the bl urf BEAPCGeae 5B e SuRA it R SREEE il Bp B Sy BeE
exanpl e, ong #pplitd pressuit.NBors¢dagipid) tseaddr 28tdan tend capacitieagidssak seheorhthelf f
body is effective to_acconplish high pressure_noi sel reducti og.%@ lurality
of non-al i gigacitance ob s shanges dp respansedo e differsatialpressieApete %l so
provide noi Sg.r egugtd af. 1A dPLidRlskAshr U8 BRI fldifle £!dalr OPPRIBUE dehGtivar e

l ongitudinally oriented wll also provide noise reduction. Further, the
slits can badepests sudrhat eanh pleauimnip scupleditofitsoevit preprucs/segsitisie elgwentige

i ndi cation of a ecific type. of,fluid flow profile., .such.as m_nar, and
turbul ent flow @%P’f‘ﬁ%‘?e%tt(%{ﬁ%}“,trys%‘{'ts ouplgd Fo %eﬁﬁorgg Y 3 8%‘%%5%%%&%8%1(1& it
posi ti on ony tsBok @S relatddageleastCld HifRtentinl paksupé @tiied FREPESANHr40M a
specific aperture can be_ wei ghted based upon posjtion. However,

| ongi t udi naMeasuremeritGitsHitef 3‘? gan B apy Glselpmgsircyitiyithatcagmreyide giyiablpat i s
di anmetri c, I t ' . L1 it e [

condui 1, | s ElSRRA S STRREAI eactle Rof BRRRHC, Medshdchl MCEF LA bEEn,

mai nt ai ned. anyeli-td-digithl ecdnoditoents aapaditanca-towdigitalorcoavatashenn anp fithgs.  6- 8.
In each, one or nore, inpact slits having a |ongitudi nal conponent is a
comon f eat Eﬂfg?prﬂ%cﬁ?‘i‘qﬁﬁry di fference between the alternative enbodi nents
and the enbodi meghnAeR&G IPREANN B hivadl@néitaReuidly 34 hdibbp tomatiicator
Different designs result in variation of the shape and size of the fluid

st agnati on 3andant®lkeci6 da adaptade tpaprovisigl ar prosesh oeriddei guipwt te hioopl uf f
body generally depends.,on,several.fa r.s  LNci suring

envi r onnent ?O'ﬁﬂ%‘ﬂ&ggo,élzbwhlecgé)#%ﬂuéfs r@%ée{a,tgtﬂkees(ééfg%;& ga%gp;ogfdetrdrﬁg fluid, the
range of fluid flowrates or the size of the conduit carrying the fluid,
anong others. Fig. 6 depicts a basic formof a bluff body 22a, having no
reattachment extension or projecting rib. A body 70 is provided with a flat
i npact surface 72 having at |east one narrow i npact slit 48a that conducts
the high pressure fluid into Date of Filine PF14: 31 January 2004



~-g_ first plenum 42a, through the bluff body, and into the exterior portion
of the pitot tube and on into the flow transmitter. Confined sp2ateofFilingPHld
the interior of the body comunicate with the non-inpact aperturedljamaryzol4
conduct the |ow pressure fluid through the body, into, the exterior part of
the pitot tube, and into the flow transmtter. The provision of the inpact
slit 48a in the face of the bluff body achieves a simlar increase in
signal -to-noise ration in the high pressure neasurenent as found in the "T"
shaped enbodi nent of qu 4 and 5. Fig.7 illustrates a "V' shaped forn1of
a bl uff boBgaswemenhsireyitey 34. a@omr@éléa%aan bo etlrogragumnbic Giatef Avrey deyise,r eam

and is pro ng narrow slit 48b and a first
pl enum 42bml%€g§to\k¢§sgrér?gg‘g*Hﬁg{%fr&ynab%&%&body 22c of the present invention

is showmn in Fig. 8. The primary dlfference between this formof the bluff

body and that of 758 i s that gs 74c and 76c¢c ,are positioned
per pendi cul ar | y Ao $1té OSQC%QP‘HBC% Fhdngsgirenignt cirquitey A and sertgellaiBé havi ng

a lateral gaRsBechiekérfidtwimt résﬁé&rfpllﬁcﬁviﬁbﬁ hEAE, it 1lsrc0nﬁhﬂ§atec9ﬂ1a?fthe re top
pl an views of various bluff body configurations in act slits are

useful . Fi g2 belgpmbined @lcbh*a|0nSlnd’ﬁppfbllc@tgmﬁwmfe:rlstmgrawdw@lrmhlt (FSSIl(}ail ng t he

noi se reductlon nts of the O illustr

sanpl e pressure Cﬁ’er%ﬁa fpre ok fngrrlaegﬁn?egk pb? %(ﬁ}s ¢ gesdu eff@?ﬁmlﬁF’oEé:

accor dance padsagevidys 3pr This, poit.-38F{Gensbt 28lik bedpiat RSfidt ﬁl@ﬁﬁlne%@m%%ﬁ chart
rreasured frﬁma pro mcorg{gratl ng an inpact slit as shown in Figs. 2 and

4 - 48 ofrsenser ﬁ§g§ coyp} ﬁwaffcor&ip@iﬁ@éna‘m é mir:@énrésdwm@aeway,
differenti eharREE SSHbE FRASHLE TROLw KR G 570 £l RRGHD Quethe @ peAIPLE 11

Fig. 10, inpact noise (represente stan of‘? of the
i npact pr eésmteddmdmiaddblydthnmlmmmma figid it coptlestedrvejonwagedabout 6. 50%
i i an i.npact noi se of about

while test results, s . Fi 1Jf %ﬂ#ﬂlcat
o r6os his | npist RSPUR HLitsiftes it d6 onn serdhted Bomct 8P A
pressure ndis Wﬁ@seﬂﬂd%hirﬂhihlédt@ﬁ‘re@urg 961 TR prob€ s Bnb Rt safftaée 46 t@gxﬁ'3%

about 10.64% (for enbodi nents of the invention). Such noise reduction
provi des f &MmsquR%ddreriaed 48 instudena ngitndiaalaomposentribiatcia soore wibadithéms.ent i al

eSS K LR AR I B S5035: Py, o

claim 16, wakigrofibluff h&d}am |1€§Sdn b&‘l&mfmﬂﬁﬁ@p}ﬁﬁ&ﬂe— 8,nBé delRastadnel igpatt @ pair
of longitudinal slits. The probe _of claim.3 wherei n_t he | ongi t udi nal

slits are PRYBIGAEfag ;5‘?4‘@6183 g?féﬂ pf a 5lit haying ardthomde lengitadinglommnonenthe _
| ongi t udi Ngleatdri thin Qﬁce wiihdi Sudhl B! dr¥vidPReRthndB P Hbise Rduddifh (9{1 claim
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laterally, or longitudinally.

Second plenum 44 includes a non-impact surface 50 spaced from impact
surface 46. Non-impact surface 50 includes at least one non-impact aperture 52
disposed to communicate pressure from the non-impact surface via plenum 44 to port
40 of sensor 28. The at least one non-impact aperture 52 can be elongated and
configured to have a longitudinal component similar to the impact aperture 48, or

aperture 52 can be shaped conventionally as a circular hole. If a second plenum is not



-10 13. The nethod of claim 23, wherein total differential pressure noise
is less than 11 % of the calculated differential pressure. 15. DmteofFiling PFi4:
di fferential pressure neasurenent system coupl eable to a process Hlo/Anuary 2004
| oop and adapted to conmuni cate a process variable output related to a
differential pressure of a fluid flowwthin a fluid-carrying conduit, the
system conprising: a process pressure transmtter including: a |loop

communi cat or coupl eable to the process.gontrol |oop and:adapted for

communi cati on _upon the process control |oop; a pressure sensor having first

and second Nsedess a pEespyetap candhpsprorified suh ps in theywalbefipipel 18.csuchéhatmessur e
sensor and; i H}rﬁ'ﬁg ' 8. ted to djfferential
pressure belith:%géetr?gt e 15 ??Sé?{Sgﬁégg&@éﬁgﬁgﬁgéggéﬁ%ﬁlﬁ[cg{e%noélﬁlgl RO | er
coupl ed t o to pert#daBorcammpte, apertuné 52 yarabeldispaed paxinasnhinside avall dffpe
controller %dapt ed to provide a process variable output to the | oop

communi cat or’; the process variable output related to the sensor output; and
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yi ng conduit, the probe

surface and for tg acenent withinthe flurd-carrying
i ncl udi ng: vaews eksthe blufhbedshperting 2ewdithe pitotdehepl® Asollusteatéd, rstropr estarr e
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the aperture s ,less than the internal wdth of“t”he first plenum and
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exterior upstreamfacing inpact surface, at |least one aperture 1n the
upst r eam f dengifpdingb depad ity peovadasafavpurablagresults, using such impact slits with

other bluff body shapes provides similar advantages. Thus, the slit construction will

also produce noise reduction advantages and pressure integration in a bluff body

having the traditional shapes of diamond, circular, flare, etc., as illustrated in Figs. 9a-

of.

In the various embodiments of the invention, conventional impact apertures in

the impact surface are replaced with one or more elongated impact apertures having a

longitudinal component. The elongated impact apertures, or slits 48, provide

communication between the total pressure (impact) fluid in conduit 18 and plenum

42. The impact pressure of the flowing fluid is conducted from the plenum 42 to port

38 of pressure sensor 28 within flow transmitter 13. As opposed to a plurality of

spaced apart circular apertures, the slit configuration provides a reduction in the noise

associated with the measurement of the high fluid pressure, provided that the slit

serves as the entry to a wider plenum. In order to achieve the noise reduction, the slit

should not act as the plenum itself. For example, if the slit in the bar face is 0.8

millimeters (0.031 inches) wide and the high pressure fluid conducting plenum is 3.2



fluid communication between the flowng fluid in the conduit and the first
interior cavity, said at Least one aperture having a w dth and RateofFiling PF14:
l.ongi tudi nal conponent, where the extent of the |ongitudinal conﬁgdéﬁﬂiﬁgﬁ
greater than the width. 17. The differential pressure sensing probe of
claim16 and further conprising: at |east a second internal cavity in the
bl uff body, at |east one exterior non-inpact surface, and at |east one
aperture in the non-inpact surface estahllishing fluid communication between
the fluid flowing in the conduit and the second internal cavity. 18. A
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specific type of fluid flow profile, such as laminar and turbulent flow. Further still,
slit length can be varied based upon slit position on the impact surface such that
impact pressure sampled from a specific aperture can be weighted based upon
position.

However, longitudinal orientation of the slit openings, that is orientation that
is diametric, or close to diametric, with respect to the fluid carrying conduit, is
important if the integrating function of the slits is to be maintained.

Additional embodiments of the invention are shown in Figs. 6-8. In each, one
or more impact slits having a longitudinal component is a common feature. The
primary difference between the alternative embodiments and the embodiment
described above is the shape of the bluff body. Different designs result in variation of
the shape and size of the fluid stagnation zones. Selection of the particular form or
design of the bluff body generally depends on several factors incident to the
measuring environment, such as, for example, cost, the‘ character of the ﬂuid, the
range of fluid flow rates or the size of the conduit carrying the fluid, among others.

Fig. 6 depicts a basic form of a bluff body 22a, having no reattachment
extension or projecting rib. A body 70 is provided with a flat impact surface 72

having at least one narrow impact slit 48a that conducts the high pressure fluid into



pressure of the fluid flowing in the conduit and the second fluid pressure
I's the static pressure of the fluid flowing in the conduit. 23 Dagpf Filing PF14:
flowreter of claim 18 where the at least one fluid conducting apedslgpuary2004
faces upstream 24. A nethod of neasuring differential fluid pressure in a
conduit carrying fluid froman upstream | ocation to a downstream | ocation

conprising, admtting flowing fluid to a fluid conducting plenumthrough a
| ongi tudi nally dom nant slit in an upst8eam facing surface of a bluff body
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the back side of the bar S4c, forming a structure having a lateral cross section that
resembles the letter “U”.

Figs. 9a-9f are top plan views of various bluff body configurations in which
impact slits are useful. |

Figs. 10-11 are charts of pressure versus time illustrating the noise reduction
of embodiments of the invention. Fig. 10 illustrates a sample pressure chart of a
differential pressure measurement probe in accordance with the prior art. Fig. 11
illustrates a sample pressure chart measured from a probe incorporating an impact slit
as shown in Figs. 2 and 4 — 8. As shown in Figs. 10 and 11, appreciable noise
reduction in a differential pressure measurement system can be achieved. For
example, in Fig. 10, impact noise (represented by 2 times the standard deviation of
the impact pressure divided by the average impact pressure) was about 6.50%, while
test results shown in Fig. 11 indicate an impact noise of about 4.76%. This impact
noise reduction contributes to a total differential pressure noise reduction from
11.79% (for the prior art) to a value of about 10.64% (for embodiments of the
invention). Such noise reduction provides for quicker calculation of an accurate
indication of differential pressure, thus potentially providing more effective process

control.
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WHAT IS CLAIMED IS:

3. The probe of claim 16, wherein the at least one impact aperture

includes at least a pair of longitudinal slits.

4. The probe of claim 3, wherein the longitudinal slits are laterally spaced
apart.
5. The probe of claim 3, wherein the longitudinal slits are longitudinally
spaced apart. -

| 6. The probe of claim 17, wherein the at least one non-impact surface

aperture includes at least one longitudinally extending slit.

7. The probe of claim 16, wherein the at least one impact aperture is

positioned to measure an average flow of a laminar flow.

i 8. The probe of claim 16, wherein the at least one impact aperture is

positioned to measure an average flow of a turbulent flow.

9. The probe of claim 3, wherein the length of each impact aperture is

based upon the position of the aperture on the impact surface.

10. The probe of claim 16, wherein the at least one impact spans

substantially the entire inside diameter of the conduit.
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15. A differential pressure measurement system coupleable to a process
control loop and adapted to communicate a process variable output related to a
differential préssure of a fluid flow within a fluid-carrying conduit, the system
comprising:
a process pressure transmitter including:
a loop communicator coupleable to the process control loop
and adapted for communication upon tle process control loop;
a pressure sensor having first and second pressure ports;
measurement circuitry coupled to the pressure sensor and
configured to provide a sensor output related to differential
pressure between the first and second pressure inlets; and
a controller coupled to the measurement circuitry and the loop
communicator, the controller adapted to provide a process
variable output to the loop communicator, the process variable
output related to the sensor output; and
a differential pressure measurement probe adapted having a fluid
impact surface and for placement within the fluid-carrying
conduit, the probe including:
a first plenum having means to couple to the first pressure
sensor port, the first plenum having an internal
width and including at least one longitudinal
aperture disposed to communicate fluid pressure
from the impact surface to the first pressure sensor
port, wherein the width of the aperture is less than

the internal width of the first plenum; and
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disposed therein to communicate fluid pressure

from the non-impact surface to the second pressure

sensor port.

16. A differential pressure sensing probe adapted for partial placement
within a conduit having fluid flowing therein from an upstream position to a
downstream position, the probe comprising;

a bluff body comprising at least a first interior cavity and an exterior
upstream facing impact surface,

at least one aperture in the upstream facing impact surface establishing
fluid communication between the flowing fluid in the conduit and the first
interior cavity, said at least one aperture having a width and a longitudinal

component, where the extent of the longitudinal component is greater than the
width.

17. The differential pressure sensing probe of claim 16 and further
comprising:

at least a second internal cavity in the bluff body,

at least one exterior non-impact surface, and

at least one aperture in the non-impact surface establishing fluid
communication between the fluid flowing in the conduit and the second internal

cavity.

18. A flowmeter for measuring the rate of fluid ﬂowing from an upstream
location to a downstream location in a conduit, comprising;
a differential pressure sensing probe having an upstream facing surface

and adapted to be disposed diametrically within the conduit,
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one fluid conducting aperture having a width and a longitudinal component

where the extent of the longitudinal component is greater than the width.

19. The flowmeter of claim 18 where the at least one fluid conducting

aperture is an elongated slit in the upstream facing surface of the sensing probe.

20. The flowmeter of claim 18 where the at least one fluid conducting
aperture is a plurality of longitudinally aligned and individually longitudinally

dominant slits in the upstream facing surface of the sensing probe.

21. The flowmeter of claim 18 and further including;
second fluid pressure conducting means interconnecting the sensing probe and the
pressure sensor means, said second conducting means including at least one fluid

conducting aperture.

22. The flowmeter of claim 21 where the first fluid pressure is the total
pressure of the fluid flowing in the conduit and the second fluid pressure is the static

pressure of the fluid flowing in the conduit.

23. The flowmeter of claim 18 where the at least one fluid conducting

aperture faces upstream.

24, A method of measuring differential fluid pressure in a conduit carrying
fluid from an upstream location to a downstream location comprising,
- admitting flowing fluid to a fluid conducting plenum through a

longitudinally dominant slit in an upstream facing surface of a bluff body
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sensing the static pressure of the fluid carried by the conduit, and

comparing the sensed static pressure with the gauged total pressure.



