- conduit by nodifying .

Date of Filing PF14: 27 August 2004 NO-SE REDUCI NG DI FFERENTI AL- PRESSURE -
MEASUREMENT PROBE . BACKGROUND OF THE | NVENTI ON The progggsef Hildusiiiy '
enpl oys process variable transmtters:to nonitor .Process all.aRbEH :
associ ated. wth substances such as solids, slurries, |IqUI‘g'§-g—V'5r75'r s, ‘and
gases m.chem cal, purr, petroleum pharmaceutical, food and other '

- processing. plants. Process variabl es:iincl ude pressure, tenperature, flow,
|l evel, turbidity,. density, concentration, chenical conposition and othér

properties. A proc fluid £l aw t sSmi-tt nqv tput related ..to
a sensed process fﬁé&éh‘ﬁ&pq@&ﬁﬁwbq ﬁﬁ%ﬁg “can be
conmmuni cat ed over a. process control Ioop to a controI room or. the output
can be communicated-to. anothﬁﬂigsqggg ‘B h that the process: can be
moni tored and control l.ed. Measuring th rateo luid.flowin a confined -
. the. |nternal=oeonetry of the_ conduit ‘and applying -
an algorithm to, theiB’wA el L GNEX S : NEENAIEN in the flowing fluid, .
i's known.. The geonetry of the condU|t is tradltlonally changed by al teri:ng.

e oo prBhe e Ubbloy e a1 f) ) ce
Doy at | ybrdibd BERHAG Rk el itk 8inARcks i ADsPIBE a%%’g‘g%qt‘flﬁd&t Pow -
I DA T L oM MRS
| data. bei gglg-eﬁ&%%‘esstnﬁobfa‘ﬁts' nPrth?:%s§ %fdbtlesjfmélud%t%sguré: ﬂeﬁiﬂaéi'gtﬁlre,

: _ﬂew level turb1d1ty, dens1ty, corxcentratmn ehemleal composﬂmn and -

- other properttes A process ﬂuld ﬂew t:ransrmtter provzdes an output related '
- ._to a sensed process ﬂuxd ﬂow The ﬂow transm1tter output can be._-'_ R
commumcated over a process eentrel loop toa eontrol room, or the output._'_:-_'_ L |
_ can be. commumcated to another prcucess dev1ee such that the proeess can be R

| _momtored and eont:rolled

| | Measering the-rate"'-of -ﬂu’id‘ ﬂ:ow in'a confﬁled conduit bly'modif}?i.ng L
| _.'the mternal geometry of the con(hut and applytng an' algorithm. to- the
o measured d1fferent1al pressure in the ﬂowmg ﬂuld is known ‘The geometry .
of the condutt is tradltlonally ehanged by altenng the Cross sectlon of the.: -
| conduit, such as with a venturt meter, O by the 1nsertlon mto the -condmt-of
a flow altermg dev1ee sueh asa ortﬁee plate or an. averagmg p1tot tube or
the like. I | R

_ An averagmg pltClt tube generally mcludes a shaped bluff body that ) |
sltghtly rmpedes ﬂuld ﬂew w1thm the eondutt 0ne Iumtat:ton of SOmE o
' averagmg pttot tubes 1s a relat:wely lower 51gna1 te noise. ratlo in the._ o

. d1ﬂ'erent1al pressure data bemg sensed “Norse in the context of a



27 August 2004 2 differential pressure measuring d'evr"'ce such - as a flow

transnitter , is the. instantaneous deviation from an ] 8951 ure - o
reading fromone data point to another. The noise gene _ 7 & t ot tube
type of differential pressure sensor:originates in the pr £ 4*3 on

the upstream facing side of ‘the pitot tube and in the |ow pressure ports on
- the domnstreant side of the pitot tube2 As differential pressure

transmtt. and data _acqursrtron systens_ have: beconme nore sophrstrcated.
and resp 1t1a] hepesuune Mwu@deewmmhsama flowe trsnitteat ds the -
|ncrea5|ng| |anuen ed, by the noise generated by  the pressure sensi ng -

uni t. AcdBF@nkgepust. evmeesefressrmrzrasmge psessure dedingedtoml oneedature
sensi ng devi ces have be Qme.a nore i rtant factor in their selection and
oper at i oPOINtTER Anothes: ¢ The noisscgeneraped in de pibot tubprtgpedoﬂeifferanta]ar
pressure sensing . devrce W th an.inproved signal noi se ratio. SUNNARY

OF THE | RWESSHTONSCRSET f9laginatesain rﬁhes enpectrrpawureqamm whe hupstréamr oved

si gnal Noi s 0 IS provid The ‘probe includes a substantrally flat
' Iongi tud%ﬂ aszpissersqt gsnftheéowrm’essweqwm ourthd downstesstia a donme
- reIatrv gh, pre rernthe inpacting fluid proxrmate one oOr’ rmre '
"| rrpact ‘af H‘Eéf&?ﬁ ffﬂtet me of . hi gh. pressure-:. provides an . increased- '

- St agnati on. area on t he inmpact: surface to qurckly provide a nore accurate |

: neasur ement of pressure. A non |rrpact ‘surface is, provided with non- inpact
ff?ﬁ:it3[??e£gn€¥%rﬁ§%seyeﬂep act@ﬁﬂﬁssure ‘iUﬂﬂ;zgggzéhagbagéa;nﬁ;;g?:
- surface g e, Gahehabe b RRtiT S S0 PG, "they Rave also become
'_._more sensxtlve te and are. mcreasmgly mﬂuenced by the noise generated by -
the pressure sensmg unit | Accerdmgly, the ‘noise charactenstrcs of.. |
- differential pressure sensmg devices have beceme a mere important. factcr
- in thelr- selectlen and eperatton Thus there rs a need to pr0v1de an B
1mproved dlfferentral pressure sensrng devrce Wlth an 1mproved sngnal te .Z'

. no1se ratie

A d1fferent1a1 pressure measurmg prebe w1th an 1mpr0ved mgnal to. a f |
' noise ratio is . prevxded “The prcbe 1ncludes a substantlally flat .:
.'leng1tud1nally extendmg 1mpact surface that is conﬁgured to create a deme o
'_ of relatrvely high pressure in the rmpactmg ﬂuld prcmma.te one or mere_ Y
..1mpact apertures. ."[he_.qqm_e_._ Uf blgh. pressure -pr.f-“ﬂ ides an increased T
_'._staguation area on the i-mpee:t r.-surfaEe 10 'quie‘k'l-y' prev.id'e a moreaecurate L
- -_’measurement of pressure A nen-lmpact surface is prevrded w1th non-:: L
jmpaet apertures to measure 2 non—zmpact pressure at a stagnatlon pelnt )
'.such that d1fferent1al pressure between the 1mpact surface and the non-
_ 1mpact surface can be calculated - '

BRIEF DESCRIPTlON GF THE DRAWH\TGS




Date of Filing PF14 27 August 2004 3 F| gs e and 2 are d| agrarrmatlc

views . of a process neasurement . system | I I ustratl ng the enV| r onment of
embodi nents of the invention.. Fi g,_ 3:is. a system bl ock Date o5 Fil P_‘Lt_he
process neasurenent -system Flg 4 is a fragnentary perspegds v‘ V2L 2L
"T" shaped form bl uff body of an enbodi ment of the invention. Wwith a _
~portion cut away to better reveal the total. construction: Flg 5is a.

cross sectional, view taken along lines 3-3 . of Fig. 4. The curved arrows

show. the geneFigs.dit and Grard didgrachrhhtips viewaung 4 Iﬁog‘ggj&y éﬂsgr?r%leﬂg a

_ fragrrent ary pers ective of. another ermbodi nent showi ng a rmo
. flat - f aceSHitenyil tmg ﬂae@nﬁromnmrefaomibotlm ‘gjv%ﬁ e
" anot her enbodi pent_ -illustrating:a substantiall Y. Vshape ross- sect | on for
_the flat-face Bigf¥is BEystem H@?{&agrmna)fﬁhamﬁé@rMeﬁﬁi@H%ﬁt Mhew of -
anot her. enbod#,rreéi i I | ustrating a.substantiall'y: shape ross sect | on .
for the flat-, ¥Heet b3 afl agﬁwtarm Pperspective viewi @lgaa'ﬂﬂ'agh ad %ﬁfblb

- fl ow ng algocg)tld@q{l he dlfferentlal ‘pressure neasur enment probe shape. of FI g 4 _
Fig. i A1 egibgsimanirad ther wventionewith agortibhneut ¥whyal Baee |
“-_characterlstl of prlor art: pitot tube type of differential” pressure .
 measur i ngreVS?-gé'@ alcsonsimction _probe: disclosed m U Patent .No. 4,559, 83G"
_Figure 11 is a.ch “of pressure: versus.tine illustrating the inproved -~ .
~ noi se. charact gﬁc@ crgss ﬁ%lwlﬁlf\eﬁehtahm :ﬂﬂﬂgsl;mm B@Slfr‘Fl@ 40r C{Ih% of t he .
present - invention. E
- curve aITOWS. show the general dtreetron of ﬂurd ﬂow around the body. o

o Flg 6i isa fragmentary perspeetrve of another embodrment showmg. a' o
form of the flat-face bluffbody. S
. Frg 7 is a fragmentary perSpectlve view. of another embodrment:. o
o lllustratmg a substantrally "V" shaped cross seot1on for the ﬂatqfa.ee bluff |
 body. . | | | .
'_ Frg 8 is-a fragrnentary perspectrve vrew of another ernbodrment _

o 111ustrat1ng a substantrally "U" shaped cross sectron for the ﬂat-faee bluff :
body. o o . -
Frg 9 is a dragrammatrc vrew of ﬂurd ﬂowmg around the chfferentral

. pressure measurement probe shape of Fig. 4. o
~ Fig. 10 s a chart of pressure versus tune 111ustrat1ng typrcal norse_-: -
o eharaetenstrcs of pnor art pttot tube type of drfferenttal pressure measurrng..f :.'-:

o probe, such as the probe drsclosed in U S Patent No. 4, 559, 836 |

. | | Frgure 1 isa chart of pressure versus tlme 111ustrat1ng the 1mproved:: e
| ) norse characterrstros of the dlﬁeren;ttal pressure measurmg probe of the

o -present mventron

Although the 1nventron erl be descnbed W1th reference. to specrﬁc-_. o

'embodrments of drfferentral pressure measurrng probes workers skrlled in - f |



" DETAI LED DESCRI PTI ON ‘Al t hough t:he i nvention w'll- be dESCI’I bed Wi t h
~:reference.-to. specific enbodi nents: of differentlal pressur.e neasurlng
probes, workers skilled in Dat e of Fiting PF14: 27 AuguMMe art

wi Il recogni ze that changes can be nade in formand detail [ ABBEt2004

departing fromthe spl r|t and scope of the invention, which are def i ned by
t he appended cI aims: Fig. . 1is a.di agraimratlc , view of a process control

system 10 Iu :[ratl ng one exanple of an environnent for enbodi nents: of - .

the invefl é@%@@@zﬁﬁbﬂjﬁb&ms eys benmadeiin frHPhad ddan o‘mtpo’lu room 14
(rrodeI_I_ ed_ hlqng ‘'source. and re5|stance) t-hr ough :process ‘con F Ioop _
1. Loop 18 dha spirip pnd picopecofthet inantion, ooliElNA&AHE] é&‘%y

i nformati betwe nmeasur-enent system 12 and control room 14,

- exanpl e, %%@@MN‘EF Ioop 16: operates in accordance with a: process.

Jindustry sta ard prot cf) such as Hi ghway Addressabl e denote Transducer
(HART(r)) FOUN O t8) %mmaﬁcowsmyoﬁtmanmm agUTitale Sygfe@ﬁow Fi'g'
2 shows . m%i@% gyéjbortlon rocess fluid container such”as pt- pe
. closed. ¢ 1§ - E16 (S agmp hq s dinSywiitommentdi fof eeatbddimepnessp ﬂ;z
. measuri an'l?eﬁﬁﬁ Oﬂgs t he averagi-ng ot tube: type.. The bluff, body 2 of

. probe 20 0; SIS W%m%wmmh Emselmhplhdfwﬂcctﬁfrtﬂﬁﬁohi“lqm ion

Lo ARl S s vy oo 24
| In’g.nl 1|‘: blgd fs! ni&aﬁ %% tgg &115zeecta|n§)/naplglfﬂpyel€e %rbtc?(xvnlltro E:ggugugteca%e? ﬂowf _l UId
o mformatron between measurement system ]2 a.nd control room 14.  For ; o
. example process eontrol loop 16 operates in aeeordanee w1th a pmcess'.'_ -_,.”i
o mdustry sta.ndard protocol sueh as Hrghway Addressable Remote
- Transducer (HART@), FOUNDATIGNT M F 1eldbus orany. other approprlate _. D
- protoeol ' . :
~ Fig 2 shows a cut aWﬂY Portmn of a proeess ﬂutd contamer sueh asa o -
) :-__plpe or elosed condutt 18 into whleh 1s mstaHed d dlﬁ'erentlal Pressure_.f'
: _measurmg probe 20 of the averagmg pltot tube type The bluff body 22 of_.;
| '_ probe 20 is construeted in aecerdance wrth an embodlmeut of the mventton ) a |
| :'that WIH be deserlbed in gl‘eater detall Iater in.the spec:tﬁcatlon Bluff body i |
22 dlametrtcally spaus the 1nsxde of pipe 18. The dlreettonal a.rrow 24in L
- Fig. 2 indicates the dtrectlon of fluid ﬂow in the plpe 18 A ﬂwd rnamfold.:“; _. o
N 26 and flow transmttter 13 are shown mounted on’ the exterror end of pltot'_'_” o
- __tube 200 T ransnntter 13 meludes a pressure sensor 28 that is ﬂuldly eoupled - o
. to probe 20 through pessageways 30 (shown in phantom in Fig. 2).- “
| Fig.3isa SYStem bloek dlagram of dlfferenuel pressure measurement. | | -
| SYStEm 12 System 12 mcludes ﬂow transmltter 13 a.nd differential ) pressure-

x measurement probe 20 System 12 1s eoupleable to a proeess eontrol Ioop_

. | such a8 loop 16 and is adapted to commumcate a process vanable output



".26and row transmtter 13 are’ shown rmunted on the exterror end of pr cot
“tube 20." Transmitter 13 .includes a pressure sensor 28 thit is fl ur dIy '
~coupled to probe 20 t hr ough passageways 30 (shown in phar®s f'- HLIf

3 is a systemblock diagram of differential pressure neasur 6p2HEUEs

System 12 .includes .flow transmtter 13 and differential pressure S .

rrea'sUrement probe 20, . Systém 12 is cdupl eable to a process control | oop

such as. ojgp%ﬂl% &#r : ted Date:of Filing PF14: 27 August. 2004 5

related t&° @ & f@rantlp osetsneeorf flinidi flofyt evithivi Hipien] 81 prm,m

' _Transmtt% f;ﬁs(yof system 12 i-ncl udes a: | oop conmuni-cator 32, pr. 8 ure :

sensor 28; Starenbat nedudas ar loop Bommndiceot 133 | Bessfre 'sﬁ

comuni cator 32 |s C.oup.l eable to a process control Ioop,' suc a32I800p 16,
.and i's’ abEASUEPNEnteRaIC ¢ catbeantrbber 36r ocess control loop: Such
conmmuni cati on gan be in_ accordance with anE/ appropriate process industry .

st andar d pr ot obSPPSRIATHINICAINE 35 bt oowplealt stuaspocenoentBl Qééyrgmﬁensor

_ i ncl.udes fi,rst eco d rnlets 38, 40 .which are " coupl ed to first.
and secon?lsi Llré ailgl 154@&’* Wd@mlmwawupgh thpainegeyeyatroddoopensor 28

© . can. a$% devi ce. that ‘has an.. e ectrical characteristic that cha ges in.
'response 1& Iqa@dbﬁrlélsgt;l@@‘daﬂoe Wdhaapyeapf_aepmrte qﬁo@ be a
capacitive, sor pacr tance of . which changes: i'n response to .
‘the diff |l{pl’ %ﬁgl ﬂeﬁeﬂwmmlsdlsctmﬁed abewe. 40, |f desired,
sensor 28 can ncl ude a pai ressure sensitive el enents such t hat each :
plenumis u%teéaut%stlt@ BQ% @S%andraeceod ipleteedl, 40oplsichearnt

-'crrcurtry 34 |3 (four.}l 9 to sensor 28 and is configured to
. “ecupled: 10 "hrst and” second plenums 42, 44 respectively through

passageways 30 Sensor 28 can be any. dev1ce that has an electncal' S
: .-.'charaeterrsttc that changes in: response to changes in applted pressure For.
- example sensor 28 can be a capacrtlve pressure sensor the capacrtance of T
_.-Which changes in resPonse to the drfferentral pressure applled between ports | .'
38, and 40, If desn:ed sensor 28 can 1nclude a palr of pressure: senmtwe: .
-_e]ernents such that each plenum is coupled to its own pressure sen51twe | _' B
element Y | o
Measurement CII‘CllltTy 34 18 coupled to sensor 28 and is conﬁgured. to ) :
provide a sensor output related to: the dlfferentral pressure that exxsts : L
: between ports 38 and 40.. Measurement crrcmtry 34 can be any eleetromc E o
'cucurtry that can proVIde a suttable srgnal related to. drff‘erenttal pressure ”
F or example measurement crrcurtry r;:an be an aﬂalog-t(l-dlgrtal conv ert er, a.:.'." R

' capac1tance-to-d1g1tal converter or any other approprtate c1rcu1try

Controller 36 s coupled to measurement cxremtry 34 and loop
'commumcator 32, Controller 36 is adapted to prov1de a process varrable .
| output to loop commmucator 32 wh1eh output 1s related to the SEnsor output T

".prov1ded by measurement clrcuttry 34 Controller 36 can be a



provi de a sensor output related to: the.differential pressure that exists.-

bet ween ports 38 and 40,. Measurenent. circuitry 34 can %e an'.,eI ectronic-
circuitry that can provi de a suitabl e:signal related. ale of diling RF i 4
s pressure. For exanple, measurement circuitry can be an anglégﬂﬂr_(!ﬂ&grtal
converter a. capacrtance to-.digital converter or. any other appropriate
circuitry, Controller 3.6.is coupl ed t'dd nmeasurenent circuitry 34 and | oop.

. conmuni cator 32. troI |l er -3 6 I's adapt ed to provide a process var| able .
out put. toff @H'da’Z e\tmecmtosrtpmbesserrgi- I‘t%[gp f-.lﬁ out. put'
6 can - of :

provi.ded rreasurerrent ci‘rcuitry.: 3 4. Cont rol I er

Filing PF?& Cer7 August 2004 6 programrabl e gate array device,’
M croprocessor or-any ot her appropriate device: Al though loop communi cator
2 32,. neasurenent ci rcurtry 34 and controll er 3 have been described.with
- respect to |nd&\; duaI duI es, it~ contenpl ated that they can be conbr ned

such as on an ﬂPSS@BlIﬂuﬁlbatmt &, amezhsOrement dlﬁﬁhﬁ%r A ential
| y. passagevvays

-pr_e'ssu.re neas f] ngg £ Be 20, i-s ,coupled to transmtter

30: " Thus, %‘?aatF ollais 36¢ have, bgen 2 seabed \wthmespectmoemdwﬂﬁlalwhbﬂﬁldsoﬁf if0 of
sensor 28 | S co g*e%([d 10 a. sec d plenum 44 A plenunt is a passageway, a- .
channel - SPGBl that thel canths ewmbined such as om.an pepplication Splarfcter or -

pressure.pis_ dir ed tted and through which fluid pressure is
conmuni cal“ésgfaé%fﬁ@ {)Efbgf&nsmtted "The.. bluff body .22. includes a

first plenum gﬁtg itudi nal'ly. extendi ng j mpact surface 46 with at. Ieast_'
one inpact apertufe (ﬂrgiﬁbgﬁ ?Q§Uf@@$ﬁﬁ@f@b¢é’-ﬂflsu¢mtﬂcd§numsmmﬁ he,. =

| mpact Suﬁ Cyep%tgsagter\]r\rra)}lJ 930 hlehl.l)sl eﬁ‘é‘r?‘ 38 of sensor 28 is coupled to a ﬁrst-
| plenum 42 while pcrt 40 of sensor 28 is coupled to a second plenum 44 A 5. o
| plenum isa passageway, a cha.nnel a tube or the lrke mto whrch ﬂuxd of a-._'-.. -
: parttcular character or- pressure is dtrected or. adnntted and through whlch :
| _ﬂu1d pressure is commumcated conveyed or transm1tted | .
| The bluff body 22 mcludes a ﬂrst plenum 42 a longrtudmally_ g
- extendmg unpact surface 46 wrth at least cne 1mpaet aperture 48 d15posed to.._ B
= -._.commumcate fluid pressure from the unpact surface 46 through the plenum;
| '_ '42 and condults 30 to port 38 ef sensor 28 In varrous dlfferent-__._:\ .
- embodtments the 1mpact surface 46 may ‘have a. wrdth rangmg between: R
- about 12.7 mrlluneters (0 50 mches) to abcut SO 8 mtllrmeters (2 00 - :
| inches), As shown in Frgs 2 4 and 5 substantrally all of i rmpact surface 46?- -
- s normal to the upstream dtrectton of ﬂuld flow whreh is mdwated by arrow ) .: .
24, Ascan be seen ﬁom Flgs 2 and 4: 8 the at least one 1mpac1: aperture
- 48 can have any approprlate w1dth For example aperture 48 can have a .
. W1dth between about 0. 762 mtllrmeters (O 030 mches) and about 6.35 |
- mrlhmeters (0 250 mches) A ratlo of plenum wuith to aperture Wrdthfl.f-_'-:;:?.. ..
| ";_'.;'greater than about 8 1 appears to prowde beneﬁcw,l rcsults Aperture 48 can._. |
) : take the form of a longrtudmally extendmg sht or any other shape rncludmg :



42 and conduits 30. to port 38 of sensor - 28, In vari ous, drfferent
enbodi ments, the inpact surface 46. nay have a : w dth- an ﬁ b
about 12.7 nillimeters (0.50 inches) to about 50.8 milli 7 gt - '
inches). As shown in Fi gs; 2, 4 and 5, substantially all of=4 20 rface.
- 46 is normal to the upstréamdirection. of fluid flow whi ¢h is indi cat ed by
~ carrow 24. As can be seen fromFigs.: 27and 4 - 8, the at |east one inpact -
~aperture 48 c e ~appropriate width. 'For exanpl e, aperture 48 can -
" have a . v ¥a etooaweinpenmgreueren(epeeﬁe PIowidds enlaRRpt 6. 35.

mllineters (O: 50 |nche ).. Aratio of pLenumwi dth to aperture W -
great er ‘tHEACd l-}fm%nlﬂ éﬂmaﬁtt@rpswmlnghdnﬂhﬂcﬂmk incesaset The AR ﬂ”e 48
can take the. for ongi tudinally extending .slit or any: othér shape,
incl udi ngtOD&Péseorf 0| Pﬁgthpmasumneergeystennm henhe $litads tugedal it Cig cul ar
or oval apeni i A.slit, penr ng -provi des enhanced noi se reducti on in.:the:
i npact - F‘&%"r#g far ghe widHyof the Sﬂdﬂeb%ééﬁﬂmmﬂgmﬂtem@r widsle ofethico of the

neasurene \m n
~thesi Hbofi hel wiheh il bormannigtion. oA pliealityt efsiitsvedrbeised 1t S
B an be used. that are€ spaced from

_ atron urality of slits '
= one anmlf’-f:%fi éP%t‘FQ%?TCB? 9rsngnetier rlatﬂreﬁy.cer tlmgltsﬂlrmllly Flun'tlerﬂﬂl be ‘used
for the am a as well- as circul ar openi ngs.. Second pI enum 44
incl udes%ﬁé\ggﬁrl %ﬂ!ﬁ?ﬁ%ﬁ%@@%@ﬂ&&@ncﬁma&wuw @mtilar:epéﬁm@urface 50 :
i ncl udes. %-:A Z’t nun 4n‘5 ft aperture 52" " di'sposed 'to comunicate .
pressure from e c"z’ F @Ilam’r!—)‘m@ﬂgt‘nsmfﬂcﬁ056ospaeeﬂ (ﬁfomensor 28

As can 8, . a,variety of geometries can be used '
with: @’S’%%ﬁﬁﬁﬁcgf%?hﬁrﬁ% A0 Bieludes,ai ast/onwnqn-lmpacnapemmm f@nt .
-l east O”ﬁrﬁlesteﬁeto é&?ltmtfnniea eeﬁf)ersgurep henu ﬁ%n-rﬁpzlté surface v1a plenum |

4 te port 40 of sensor 28 As ean. be seen in ths 2 and 4 - 8 a varrety of..

’ f.én'

N '_ geometrres can be used w1th embodlments of the mventron Generally, wrth::-
each embodlment at leest one of: the f'u'st and second plenums 42, 44 15};'_:. e |
- shaped to create a ﬂuld stagnatron pomt at the at lea.st one non-tmpact’_l H
-aperture 52. If a seeend plenum 1s net needed, a pressure tap can” be.j .
E prev1decl in the wall ef plpe 18 such that nen-lmpaet aperture 521 is dtspesed'i.---:f-.
: wrthm plpe 18 to commumcate a nen-nnpact pressure to pert 40 Fer':_'.' :
- -exa;mple, aperture 52 can be drsposed prexrmate an 1nsrde wa]l of ptpe 18 S
'_ ___Add1trenelly, ﬂow transmrtter 13 end prebe 20 can be. faetery matehed te
) .prowde enhanced aecuraey, lengewty and d1agnestres for a PaI’tlcular_g S
o .d1fferent1a1 ﬂew measurement apphcatlon | | :
| | Flgs 4 and 5. respectwely show fragmentary perspeetwe and cross - S
.'sectlonal views. of the bluff bedy pernen 22 of the prtot tube 20 Asi .
111ustra.ted a Cross sectren ef the hlutf bedy resembles the letter "T“ _\
B 1nclud1ng a bar portmn 54 ha.vrng a blunt substantlally flat 1rnpact surface __ : _
- :.46 on the "top" of the letter “T " The Cross seetron of the body alse .
B | 1llnstrates the stem portren 56 of letter “T " dependmg from the center of

a.slit is used, it i nportant for: the’ wdth. of



different

‘shaped to create a fluid stagnation point at the :a |east one. non |npact
aperture 52. If a secondfplenuntis-not needed, a pressurg tap an be” L
provided in the .wall of pipe 18 : such. that non-inpact =Apef+8R&IsX:|s
~di sposed” mnthln pi pe 18 to.:communicate a non-inpact pressuPEs B8rt For
exanpl e, aperture 52 .can be dlsposed proxi mate an inside wall of plpe 18.
Addltlonally flow transm tter 13 and probe 20 can be factory mat ched to.
prOV|de eﬂapnﬁeddﬁﬁcur CY.. IongeV|ty and dlagnostlcs for a particular

a@hﬂ ly ope sculér] Cthérdtéspe% \ﬂgéy show.

fragment arg{&ers&ectlve pa_& ]!% sectional Views o the bluff “bo _

porti on 2BCBPECH pilevt o bAdy (iFlig @ﬁhatsed:alk(bvgtgﬁl"sgpm@wofist he

bl uff ~body Ps‘ﬁenbl e§ the |letter . - including a bar portion .54 havi ng

bl unt, ‘su O iathycextending o t ppojectoii a0flo T B
AL 1041 4 Jongitudy teading elb 56 tho ol Rtk er

The cross,secti on. of also. illustrates. the stem portion 56 of | -

~ letter- ' + pdire g%%@m ths‘itﬁfcgrﬁld‘hé‘ f thflat fasedbarcShf Fil | ng PF. 14- 27 August

' 2004 t he bar. f gnd di s osed: eneraII perpendicularly thereto 1n the. -_ :
. Perspective v To\QIEET (tg %‘P&W @d@g@&l-é»mplsewatso ofilthedlovst prdssafe t he " T

|S'seento be a |t dlnl xtending rib 56 that rojects in a ... _'
“downst realf’?teéﬁ'rl@@t?%ag‘? ¢R I%‘a&t% tﬁh‘d’éd‘[b?(lt/W) ﬁfﬂuﬁdm; Bajr af8howm or der -

measur enent ;. ‘t he

. to'increas t 0- NOi' S rat 0:of "the | ow pressure.

ratio of mgﬁﬂa? ShO0E] e Rrogtes Syrmnbonans hoth Tkt Jomsttn st 4.
'shoul d be gy eat Ifg(fiﬁbozgt ane aIf 144). and | ess than. about one and
one hal f @‘i‘é?‘a f fragReotane Ghappenrs to pmwdedheta@mmtmgeous

- results. Th'el'-fl rst. and second pI enums 42 and: 44 are d| sposed aI ong the e
| engt h resu tS : : R '

: The ﬁrst and second plenums 42 and 44 are. dlsposed along the length; o
B of and mthm the bluff body a.nd extend mto the portton of the pltDt tube 20_ L
- that pro_] ects outSIde of ﬂutd-carrymg conduit 18 to ﬂow transm,ttter 13. E
o Flg 2 shows the bluff body 22 ortented w1thm ﬂuld-earrymg condtut_-__. . -

18 so that the blunt ﬂat 11npact surfaee 46 faces the ﬂuld ﬂow &ont and 1s 5_ o

B perpendteular to- the dtrectlon of ﬂutd ﬂow 24 Such onentauon prov:des a
- relatively large dome of h1gh pressure extendmg across surface 46 and thus_.'__ B
: creates a. more effechve 11‘npact stagnatton zone The prOJeetlng r1b 56 IS |
generally paralle] to the dlrectlon of ﬂutd ﬂow in the eondutt 18, B
The normal plurahty ot crrcular hlgh pressure conduetmg apertttres 1n__"'
B '_the upstream faelng surfaee of a bluff body of a tradlttonal averagmg pttot'_- .'
_. tube are replaced m the embocllmen:ts shown in the drawmgs w1th one or- '_ L
'.':_.':-.more narrow Sllt opemngs each tmsmoned centrally W1dthw1se of bar o o o
' .':portlon 54 and. extendlng Iong1tudmelly substantlally the entrre length of___'
| 'bluff body 22, The shts prowcle commumeanon between the h1gh pressurei. S :
- _'(1mpaet) flu1d m oondutt 18 and plenum 42 thus conductmg the 1mpact
'- _pressure of ‘the ﬂowmg ﬂutd mto pienum 42 and to port 38 of pressure'._ o '

- sensor 28 w1th1n ﬂow transmltter 13 As opposed to a plurahty of spaced



“of and within the bluff body and extend into the portion of the picot tube

20 ‘that. projects outside of fluid-carrying conduit. 18 o flow transmtter
13.: Fig. 2 shows the bluff body 22 oriented w thin fl uisEa3MRGISSnduit.
18 so. that the blunt, flat inpact surface 46, faces the f|&AUEusiZ804 f r ont
and is perpendicular to the direction of fluid flow 24. “Such ori entatron
provides a relatively.large dome of hBgh pressure extending. across surface
46, and thus creates a nore effective:inpact stagnation zone. The prOJ ectr ng
rib 56 i sAPATGaRean agerpines) thet slitccartfegututiontpronidds 4 FuitHer f‘égi’u‘f d?}
conduit” 18 The normal ‘pluraljty.. of. circular high pressure. d |ng .
apertures enﬂolﬂmeﬂsﬁ%%lﬂt@hrwﬂhcthﬁg measurement af tthef highodyief rﬁ'eﬁd]lﬁg' tional
aver.agi ng %c& n@l ube_ are replaced; i.n the enbodi nents shown.in _
dr awi ngs, PAIW ed abrthenmeo“haht aorees tasoﬂm"nenggr t@ ag hvhhe ﬁh@”ﬁ? &ent: raI | y '
wi dt hwi se of bar’ port i-on. 54 and extending: longitudinally.. subst%nt [ aI | - y
the enti rIélel‘lBﬁ'gt Angprdep|toftachiodsy tire noistheeddtion, nhedldeshemldtca
bet ween t hi gh pressure (Cinpact) fluidin condurt 18 and pl enum 42 thus -
conduct i etﬁ numppself.  JFes stnample, tifetlid alitngn theuberi fiice R eOTEM2 and
to port 381 presz(;jr sensor_28 within flow transmtter 13. As opposed.to a
plurali tyﬂtl lr% Jﬁ@elmﬁlee) widg and pleturaugids 200milimerers tfocizepl ar- -
- apertures, hhe slit confrgguratron provi des a further reductionin, ‘the.
noi se asdBENgs b teh St aﬁmul’%ﬁbm’mdﬂ ‘exist.hi Ghesd dichepsiamsupad. ther ovi ded. o
that the narrow slit serves as_the entry to a w der and |arger .plenum 1n:
order . -t aHErrewxemplarnonkeand shouldnot bartaksn as sisticdveor lanitigs  the
pIenumrtseIf or exanple,. f the.slit in the bar facersO762 mIIrrreters
(0: 030 inches eeoemeafé wel issdizectediinte secend plenuas44 in mitetstubede, -
satrsfactz%r rati,o woul d. exi st. These. dinmensions and-the ratio-are -

exenpl ar dhf@ﬂl%oo%&ﬂ dAER Wﬂmaﬁpeﬁ‘étﬁt& c5t2i, ver oa]temla‘tltvel}g a
longitudinally extendmg slit, located behmd bar 54 ef the bluff body 22 As

; shown in. Fig. 5, bar pomon 54 of bluff bedy 22 creates sheddmg vert1ces m_ -
| _'_the fluid flowing around edges 58 and 60 of the la.teral extremities of bar 54 o -
R o iproducmg stagnatlon of the ﬂu1d in the area adj aeent the back sxde 50 of the. S
bar 54 and around th.e lateral s:des ef prejectlng r1b 56 The mam ﬁmctton."
- of the 1ib. 56 of the “T" shaped embed1ment is to extend ina. downstream_ o
‘ | dn'ectlon the pelnt ef reattaehment ef the ﬂuxd vertlces that are created by_ -
 the lateral edges 58 and 60 ef the ﬂat faced bar 54 Defernng reattachment' ._ o
| _ef the vortrees mcreases the size of the stagnatlon zene thus reducmg the:_- L
residual noise in the low pressure component of the dlfferenttal pressu:re_i__' |
measurement _ S _ o _
Sharp corners en the upstree.m lateral edges 58 and 60 of the bar 54-'._-.' _. o
“will produce sheddmg VOI‘thBS around the bar, hewever Vlolent or abrupt.._ ' .:
vertlces are less demrable for product.len ef ﬂtud stagnatzon resultmg- _. o
'_qutescence than vortlees preduced by smeether rounded lateral edges of the
-bluff bodys ﬂllld preﬁle Whlle speelﬁe reundness speexﬁcatlons must:._ '.
B depend on the s1ze of the bluff body Whlch in turn depends on the size of



-.'The non |rrpact fI u|d |s d| rected |nto second pI enum 44 in: p tot tube
“through. one or nore domnstreant apertures 52, or alter tdﬁﬁﬁ PE
~longitudinally extending slit, |ocated behind bar 54 Of;g%ﬁi@ﬁ%ﬁ%;ﬁéﬁ
shown in Fig. 5, bar portion 54 of bluff ‘body 22 creates s tices
in the fluid flow ng around,. -edges 58 and 60 of the: lateral extremties
- of bar 54, prodUC|ng stagnatlon of ‘thlPe fluid i:n the area adjacent the back
'side.50 of the bar 54 and around the | ateral. sides of projectiing rib 56 The
mai n . f undhe dinidoeatryingicondss, df mayebe Baids theatefbreatbdafibady isizdd foxaend, -
a downstream directiaon, the point of reattachnment of- the fluid vort|ces
that are 2x-éamadiey lnclh)edleuneteamrpe,g tsading adge6Comers havirg at ra‘cﬁggd)fbar
Deferring reattachnent of the vortices increases: the size of the
. st agnat iabeut z‘lnﬂé nullemeteredtlt@l thé/3% efaniunth) cwi be siitables | ow. . pr essure
corrponent of t glfferentlal pressure. measurenment. Sharp corners on the
upstream | ater bysimpacintacesol the thlﬂeﬁ'bbmdﬁ, wgethét witlodhe eoshdddi ng

vortices around the bar hovve% r violent or abrupt vortices are less

desi rabl datef eﬁgéﬁiué‘f‘i’@%ﬁ%f?v eed sﬁ@lglteﬂd\bnclnm'aoteu‘zat@s aud eslosddingt han

vortices produceg by snoot round .l,ateral edges of the. bluff . body S
fluid prooriges eﬂrS@u g @pesedriceatn dhe ﬂunnngdﬂnahd on the
size. of phe bluff g?lch turn depends on the size of Pate of -
Filing PP Ough Om‘ mgabm lna'entlouuutllt:eeaamnmpmmface thatay be’

sai d that.. -for, abl uff bod si zed for a 254 cm(ten. i nch): di anet.er- pi pe, -
| eadi ng é\t%}%ld dBnf 1@%;9 lflr’&erglﬁ a@nattieret:b Tilat ,41ttdﬁ appatént thateas (| /64
to 1/3-1.0f aflnc{H can be suita The, bl unt act fad of the bl-uff- -
body, tol@PREt 146 Hial PﬂS‘érﬁ%@ewa @Dantba@@el oﬂeteserfaaaeenalsem.d

flow cha act er,i stj.cs.and :shed . _
l:: used. ~ For example as 1gﬂﬁy convex surface Weuld suﬂice as well asa o

- moderately undulatmg, roughened or scaIIOped surface A concave surfaeef_;
- would preserve the ﬂutd ﬂow charactertstlcs and 1ts lateral edges wouldf
. .prowde the requ151te ﬂow separatten Aceordmgly, for purposes of the: o
'-descrtptlon of the 1nventlon and the accompanytng clatms "ﬂat" rneans a
.surface havmg a convex; ot upstream facing, dewatton from a nommal ﬂat. o
surfaee of not more than O 134 tlmes the W1dth of the bluff body (D 134 x:. o
‘W) or having an un11m1ted concave dev1atton ﬁ'om a nommal flat surface l _
Addmonal embodtments of the mventton are shown in Fi 1gs 6-8 Inﬁ_‘.
'each the blunt flat 1mpact face havmg one or more narrow high pressure-;..
fluid admxttmg Sllt openings 1s a common feature The prtmary dlfference': : e
- between the altematwe embodtments and: the embodlment desenbed above o
| s the shape and posmon of the. downstream dependmg extensrons of the bar -
.tha‘t provtde delay 1n the reattachment of the vorttces thferent demgns of |
' --..the dewnstream extensxon result m vartatron of the shape and s1ze of the _ _.
- ﬂuld stagnatlon zenes Selectton of the parttcular form or desugn of the-:-- |
- _bluff bodys extensron member tnay depend on several factors mmdent to

' the measurmg env1ronment such as, for example cost the character of the



_'vortlces that provr de the noi se reducr ng qu| escence in the flowr ng fI ui d
Al t hough one enbodi ment of the invention utilizes an |m;Bl<t:t0 rf. :that 3_'
woul d, in ordinary : parlance, be. considered "flat", i ‘n‘ﬂﬁfﬂ! .that -
an inpact face that departs.. sonmewhat Fromthe nom nal ot ¥ace can
al so be used. For exanplte, a slightly convex surface would suffice, as. wel |
. 'as a - m)derately undul ating, roughenedlor ' scalloped . surface. A.concave
surface. \go d preserve the - fluid. flow characterlstlcs and. its lateral. -
edges V\ptﬂlel ;She\meee oft Hgid dlpw sitas bfdheme&tthemomﬁprc@mgh thef or
purpose qf, the. descrlptron of -the invention and the acconpanylng cl ai s,
Mflat” mafhill a&m@lﬂﬁﬁ@és havi ng a conveéx; or upstream facing,  deviation from
~a nomi nal . fIatF]i stg(f ce of -not .nore than 0.13.4 tines the: width of the
bl uf f: body (0f184 ee}cterarmmegfcem wil anbludfl Tty 2, desreaha\dﬁ fhema -

noni nal fIataa rface. Additional,  enbodi nents of the invention are shown- i n.

Figs. 6-&eaif eehestenem or em_]ectmgtnh mfabodyate: ihprovigednaitbr g flate narrow
hi gh pressure fluid agmtting slit -openings is.. a common-feature. The - -
primary AMPAst faciagowr 72rléa\engeatnleest/enemmwmitts4smehau bendudtedi nent’
. descri be%g glrlgﬁ i's the sh pe a d posrtlon of the. downstream dependi ng
~ extensio rrepsre flagd woolirsieplesiny 424, ﬁhmu@ntha&:ﬂmﬁhbodﬁ ahé
vortices. {ferent demgns of t he downst r eam ext ensi-on result in variation
“of the sh‘é‘iS‘e hen gxterior %Offtheumtfstte@@aamd)mmuﬁesﬂeeetmnsnnttepﬂ& he

- partlcul or' desi,gn of the bl uff body' s _ext ensi on nmember- may depend-
on- sever | qfﬁ’tqra),sgaces ﬁg?dghtth$ dnteriy abiberbedy éawmmunmmte wmlrlhnoas for.

-exanpl e, - cost, - th racter the, Date of. Filing PF14: 27 August 2004
1 flui an?ﬁfeapg‘ﬁﬂﬁesog { Iaa-ﬁocthw tﬁsée%presrsere ﬂzeddhreuﬁl thadboidy, car ryi ng

the fl ui. ot hers: . 6. de cts a, .basic formof a bl uff bod 22a
one havi 10 @'re exterior part ef ﬂle pitot & e and 1nte ﬂew transrmtter 13 The_ .y

. stagnatton zone created by the sheddmg verttees is- smaller than that created - '.
o by the “T“ shaped embedtment shown in Frgs 2 a.nd 4- 5, but nevertheless-.._
| provrdes tmprevement m the redu.ctlon of resrdual netse in the low pressureg-. o
| _measurement The prev1sron of 1mpaet shts 48a n the face of the bluff body'\'
achieves a smxlar mcrease in. stgnal-to—nelse ratle in the hlgh pressure -
measurement as found i in the " shaped embodlment | o | o
- Fig. 7 1llustrates a "V" shaped ferm of a bluff bedy 22b havmg a ﬂat; | |
- faced bar pertmn 34b that faees upstream and is prewded with the same one o
or more leng1tud1nally extendmg tmpact sllts 48band a first plenum 42b “
- The downstream extensmn for defernng reattaehment ef ﬂmd vorhees takes R
| -'the form of a pau' of pmjeetmg nbs er legs 74 and 76 dependmg frem the. - .'
- lateral extremttles of the baek srde ef the bar 34b and dwergmg outwardly L
__ 1nte the stream of ﬂewmg ﬂmd As between the bar edges 78 and 80 and e
the out51de lateral edges 82 and 84 of the legs 74 and 76 the Iateral edges of -
I the legs (the lateral edges ot the ﬂmd preﬁle ef the body) create the greatest ;
amount of separauon of the ﬂllld beundary layer producmg a zone of fluid :

| o quxescence between the legs The wrdth L1 of’ the bar 34b should be less '




;reattachnent exten5|on or prOJectlng r|b A body 70 |s prOV|ded mnth a fIat
I npact facing surface 72 having at. | east. one narrow sl i 48 -that conducts
the. high pressure fluid into first plenum 42a, through - ! Fb fdy,
and. into the exterior portioon of the pitot tube and on i UEhsho04
transnttter 13: - Confined spaces -44a in the interior. of the body _
conmuni cate wi th non inpact apertures %2a and conduct the Iou/pressure o
i'nto the. exterior part of the pitot tube, and.

fluidt hr?H&h . the- body,

into flowtedhRenedpak tqaotaiheadﬂ‘st[aggnﬁtnhentcztaheleffeebagi by m}ﬂg@ l?tﬁﬁi*ﬁ*‘ ng -

: vortlces S srra%ll than that created. by the "T" shaped e t
Figs. t - Qn-zm urek tlon 0
Flgs. o alp ry SRSt BRaricnon-immmnat depesturs o520 1d2abds (iPAHE! | o0 O

-reS|duaI P se & E ﬁ&ﬁnzfsure measurenent.: - The provision

|rrpact sl e§1 Ehft 16\@Hdlﬂﬁlﬂ1ﬂmmﬂwate \arthlsw@ﬁdaﬂghmﬂsaMBncr ease .
oin 5|gnﬁii ég no\ Sefrn&?tf) in the high :pressure neasurement. as found in =~ -
the " 5 e

85 0 convey uber laveprassure” ﬂateaedtﬁeogresshr@ bl uf f
body 22b a fIat faced bar portlon 34b 't hat - faces upstream-and.is -
provi ded *sane one or nore longitudinally. extending inpact sti ts
48b. and a- f| rs_ num 42h. The .doy stream extension for deferring. - L
reattachnment of CL4€ @éslttoa‘l& uft’i@d}b%cc:fftheppresent uwfﬁitﬁﬁ{ g ri bS .

or legs 74 l-ateral extremties. of .-the back -

o de of (HOWE, ﬂeﬁtﬁ' SR S8SeliY Aiiseney Bawosh hes Sormcot ahe Ilatt . -
IR e G S TN TR ‘attttafﬁ?zf o
cines o patgshbu g el aa% B s et e
BRI A gl it i v shediibi Ezsof |
. the tot a'thQ'uHstretaﬁ%dg@‘s %wa?’td %c of the bar 54, stmﬂarly to the actlon seen
~in the embodiment shown n. ths 2 and 4 -5, The stagnatlon zone 1s |
: created between the ]egs 74c and. 760 of the bluff body 22c A pluraltty of |
o longltudmally spaced apart non~1mpact apertures 52c are Iocated on the. |
3 baek side of the bar 540 mtenorly of the legs 74c and 76¢ and oommuntcate B
. wrth 1nterror spaces or plenums 44o in the body of the legs to convey the:. :
' low pressure ﬂurd to port 40 of pressure sensor 281 111 ﬂow transmttter 13 |
| ~ Fig. 9isa d1agrammattc view ef fluid ﬂowmg around the dtfferenttal
pressure measurement probe shape of th 4. As shown in Fzg 9 the-_-'_'."- o
- substanttally ﬂat 1mpaet surface ereates a dome of hlgh pressure in the ﬂutd'f
proxtmate the 1mpact surface :
. | Frgure 101s an exemplary chart showmg the noise oharactertstlcs of a
| prior art chfferentlal pressure measurement probe such as the one 111ustrated o
in'U.S. Patent No 4, 559 836 Prgure ll isa sumlar chart to that of Frgure |
- lO however Figure 11 111ustrates the nmse charactenstrcs of the drfferenual o
| .'pressure measurement probe of the present mven’aen that meorporates both: !

the substantrally flat i rmpact surfaee, and the longttudmally extendmg sht

shown i n



| ongi tudi nal Iy spaced apart non-inpact apertures 52b are. |ocated.on the:
interior sides of the legs 7.45:76 and conmunicate with ]Qjecond pl enum; 44b
in the body of the Legs to convey the | ow pressure fl uid: sure
“transducer. Another enmbodinent of a bluff body 22c of the p?-éééﬁ&__fl_éventl on.
is shown: in Fig, 8.. he primary difference between this formof ‘the. bl uff
- body and that of Fig, "7is that legs 788 ‘and 76¢ "are positioned L

" per pendi cgﬂ]arly tq.the. ba i-de.. of the bar 54c,. foam ng a structure havi ng'

a |ateraP'gVEs¥ Bigs. %ﬁn&h‘it‘ Sesémbﬂ”mnﬁay Itl@eseeché;ﬁg r#f{f é{ﬁ? rﬁ{ ,shed
0

- from~ the érj'fﬁl reamﬁéﬁﬁs 78c and 80c of the. bar 54c,: ~action
“seen in [ Cilr% eyaatial pressures maasuremdni S}‘fsteﬁhfs §él’?i@@€& lﬂptﬁ ne-is
creat _ed bﬁ‘?ﬁ\gﬁﬁp t.he | egs 74}c1 ‘and: 76e of the, b ‘body 22c¢. plurality of

1 ongi t udi | ‘éeéEEP p§?~‘f’ ryHSe. fipdustiomprovides fob 2oickes é:ﬂé@faﬁgm of’” the

~ back si de f hl? (g n rIy of the legs 74c and 76

comuni cal. L aGGTHS ’rﬂ F"i‘%‘?ns(tf ergntigl eressured thim. pdienﬁﬂl(!%/ gﬁoﬁlaﬁ}é egs - to
convey t ré%\%@ essure fluid to port 40 of pressure senso 8 '
transmitter lé’emoFe SCRAERYk anmati ¢ view of fluid flow ng around the
differential pressure nmeasurement. . probe shape of Fig: 4. As shown. in F|g
9, the -substantially flat i npact ‘surface creates a dome: of.-hi gh pressure in

‘the fluid proximate the inpact surface. Figure 10.is an exenplary: chart
showi ng the noi se characterlstlcs of a prior art- dlfferentlal pressure -

~ measur enent probe, such. ‘as.the.one illustrated in US. Pat'ent No. ..
4,559,836. Figure: | 1is a simlar chart to that of Fi gure 10, however
Figure 11 illustrates the noise characteri stics of the dlfferentlal

'_ pressur e measurement probe of the present invention that ‘i ncor por at es bcth
t he substantially. flat inpact: surface and the I ongl t udi naI I y ext endr ng
sllt Dat e of Flllng PF14 B



27 August 2004 1 shown in. Fi gs. 2 and 4 - 8 As shown by these charts
appreciable naffs e reduction in a differential pressure neasurenent -

system is achieved by the present invention. Such noi sBateaf ¥k P prOV|des
for quicker calculation of an accurate indication of dlttégggggggzgﬁessure
. thus potentially providing: .Mre effective process. contro Filing
“PF14; U August 2004 14 1 A di fferentilgl pressure neasurenent system

coupl eable to a process control |oop.and adapted to communi cate a process

‘vari abl e output rel ated to a differential pressure of a fluid floww thin a.
flui d-carnyi ng it the. system conprising: a process pressure
a@ et

transmtter IRi‘@&)Slll'deasumﬁi@ﬂ he process - -
cont rol i @ﬁ%@ ted; for .connunlcatlonzﬁﬁon tﬂgth%SE%§JEOM$K@BSIoop
at Ieast one pr €2 gd to domimmiatesd %Ebé%&f}%&,g e inlets;
rreasurerregj Cdfﬁg{:ﬁt&%l cou f; t he. at Ieagt one- pr d E@ﬁbﬁi\d
configure ?o pr g\reg @dllpdtﬂowakrﬂhﬁﬂatﬂuw_{ﬁ@ﬁﬂil aI ressure.
bet ween -t 'S¢ Iﬁﬁﬁ second ‘pressure-inlets; a: con @154 &o.the -
measur enent CI I‘CL? Sk tahéjl'ﬁ’ﬁ@‘%‘s daressurec ak s 1&@? nm‘:ll'll)l | er_ aldapt ed. to _
provi de ': ’T@FFHE%@)? éarlé hf - output. to the. Ioop

process varrs plPUPIERGIC do . the tirecesnVnt)t RiK Eﬂﬂljr?éfps (alf rential
pressuredaﬁ&ﬁiﬁﬁ ﬂ} éll%rob adapt ed for placenent vutllt § carrying
condui t, the pro%% ) %P@%S&@Dﬂh‘b&d@@pcwmaggohgvéﬂ%ﬁs |rst pres'_su'r.e
.. I nl et, aﬂaﬁ%tﬁ‘l‘dt %dl Xec%’élcf”d' ng flat. inpact surfac .

’ pressure. inlets; measurement c1rcu1try coupled to. I
) |
e at least one pressure sensor and conﬁgured to provrde a sensor output |

related to dlfferentlal pressure between the first and second pressure mlets a -
| controller coupled to the measurement clrctutry and the loop cornmumcator . |
the ~controller adapted to provtde a process vanable output. to the Ioop R -
: commurucator the process varxable output related to the sensor output and S
| a dlfferentlal pressure measurement probe adapted for placement within the | |
| ﬂuld—carrymg conduit, the probe mcludrng a first plenum coupled to. the l
| ﬁrst pressure mlet a longltudmally extendmg flat impact surface, ‘with at
' least one 1mpact aperture dlsposed to comrnumcate pressure from the ﬂat B
unpact surface to the first pressure mlet a non—rrnpact surface spaced from |
_the 1mpact surface, the non-tmpact surface havrng a non—rmpact aperturej
.drsposed to commumcate pressure ﬂrorn the n_en-lmpact surfaee to the =

' second pressure inlet.

" 2 A d1fferent1a1 pressure measurmg probe adapted for dlametnc o

~ placement W1thm a ﬂurd-can'ymg eondutt compnsmg, a body havmg an
upstream facing 1mpact surfece and at least one downstream non-tmpact

S surface where the upstrearn facmg 1mpact surface is substantlally flat and |
-adapted to be drsposed | | |



| east one |npact aperture drsposed to connunrcate pressure fronrthe fIat _
‘impact surface to the first pressure inlet; a non-inpact_surface spaced from
t he inpact surface, the non-inpact surface having a non- ili ur e '
di sposed to communi cate pressure fromthe non-inpact surfaééiﬁﬁuﬁﬁﬂg_second
- pressure inlet. 2. A drfferentral pressure: measuring probe. adapted for
dianmetric -placenment within-a . fluid-t&arrying conduit, conprising, a body
‘having an upstreamfacing |npact -surface. and at | east one dommstreanr
non-i npact surface, mhere t he upstreanrfacrng i npact surface is :

subst ant.i al fl at a ama pted to be di sposed Date of Filing PFl4:

August 208%‘1@(115@-}15 Yot theudisection: of fHiidefiowoin ahef dandbifs avé tt(_l;lﬁ]
condui t; ﬂ (ieast one flyid pressure! transmtting pl enum Wi 1 e body,
and at | eHut EF%SH{f‘eH‘ﬂﬁgmlttlngwpbﬂem wethinithe barly, ahdcitigasrmash éﬂﬁi‘gce of
t he bOdng-aﬁégt¥Shln flujd, comunication between the fluid |ﬁ conduit

and the qanyilgcing émpack surfaos noff thm@oﬂyersstabli/smrigbﬂufdwe flat
upstreamfacr surface of the probe body creates .a refatively
qui escent! %FHH‘&HF% g’eeg riduid o1 theeopdutteand thahe leagoenefflgigi m 2

and furtrherr conpris & | east one non-inpact fluid pressure

transmtt ﬁ@SLHFe E@HF ng, Rlﬁﬁu%dwheﬁfﬂw dhel ﬂastupmﬁeamefhdilg rphde - at

~ .l east on n? t surface 1he body establrshrng fluid . nanrcatron
bet ween. YTHeE'F nProRe Muﬁfe%ﬁj a elativel e aptiesuent netagn aﬁaﬁcgrefal uid .

pressure in enum’ 4. The probe of claim3 V\/nere t he body
i ncl udes @Sﬁ%ﬁfﬂ t&# ﬂ ‘ﬁiﬁ ext endi ng and downst ream ext endi ng hollowrib .
portion having at |east .one. of the non-inpact surfaces .and containing
therernthe at | east. oneflurd ' : . S

3. The probe of clalm 2 and ﬁlrther eomprlsmg, at Ieast one non-lmpact
| __ ﬂuld pressure transmlttmg plenum thhm the body, and at least one openrng B
in the at Ieast one non-impact surface of the body establlshmg fluid _. )
. commumcatron between the ﬂurd mn ‘the conduit and the at Ieast one non- S

| 1mpact ﬂuld pressure tra;nsmxttmg plenum

4. The probe of clalm 3 where the body meludes a longltudmally'
- extending and downstream extendmg hollow rib portion having at least one
- of the non-impact surfaces and eontammg therem the at least one ﬂurd

pressure transmitting plenum

5. The probe of cla1m 2 where at least one of the downstream non- <

impact surfaces i is substantrally ﬂat and parallel to the flat upstream facing |

- impact surface.

6. The probe of clarrn 3 Where at least one of the downstream non- |
~impact surfaces i is substantrally flat and parallel to the flat upstream 1aemg .

| -_1mpact surface and where the at least one opening in the downstream



)

"'pressure transmtti ng pI enum 5 The probe of ‘claim 2 where at Ieast one of"""""'
t he downstream non-. inpact surfaces is substantially flat and parallel .

the flat upstreamfacing inpact surface. 6. The probe obatd diFiting Prgr e at
| east one of the downstream non- inpact surfaces is substa%éﬁggt_#.?t and
parallel to the.flat upstreamfacing .inpact surface and where the atr | east
one opening in the downstream Dat e of ; Hifl i ng PF14: 27 August 2004 16 surface
is in the said substantially flat non-inpact surface. 7. The probe of claim
3 where the body includes, a pair. of spaced apart downstream extending - '

~legs, eac owns m non-.inpact surface. ‘The probe of claim7 -
- wher e thelgll']g%gbggéﬁt'tg %\ﬂt%ﬁ@w [yaflpt noatittpact afifagendi ng wal | s and where

‘the at |east one non-inpact. flui d pressure transmtting. plenumis contained
within the walls and where the at | east one opening in the at | east one

non-i npacg, sur t body, n at | east one waII 9. The probe of-
claim?2 V\/Eere ?ﬁg%’r@BFe@e‘El b‘g’@q‘ﬂrtbeﬂm dy inchndss, quys égw sl ot
having a Heugilre ggp@ﬁ@&dhétp |tsé‘¥régth 10, A différ Ia FP%

“measuring probe adapt Sa€ aViig aidowrstidaui ﬁoﬁ@i e% %élg]?”du
conprising, a bluff body haV| ng a Wdth and a flat ‘upstr fI un d

i npact surface coext ensive. -vmth the width: of the. body, V\/nereby a _
| ocal i zedg pressure is created in the fluid across '

the width 'of “t epg‘tt’bﬁ% ?’@3 Wheéeihede@s areholiow and v%a%g,éug]ﬁact

surface, @hg ng,chanpel - in communication wth Yl east _
one openi ng ?glrlatr%ansmﬁ tatiﬁﬂga’mée ﬁdift Eﬁast dﬂmﬂdﬂﬂhﬁ?&trﬂuﬁi‘ﬁﬁégﬁﬁey of

t p

. epemng in the at Ieast one non-tmpaet surface ef the body 1s m at least one-
wall,

9. The prebe of clalm 2 where the at Ieast one openmg is” 3

lengttudmally extendmg slot havmg a Iength greater than 1ts W1dth

10. A dlfferentlal pressure measurm g prebe adapted for placement WIthm - |
a ﬂutd-carrymg cendult comprlsmg, a bluff bedy havmg a width and a ﬂat-.. |
upstream facing fluid impact surface coextenswe with the wxdth of the -
bedy, whereby a localized region of total ﬂutd pressure is created in the
_'ﬂutd across the Wldth of the bluff body, at least one opening . in the said
 impact surface, and a ﬂuld carrymg ehannel in cemmumcatlen with the at G

_least one epenmg for transmtttmg the sald total. fluid pressure extenorly of -

-~ the condtut



- Date of Filing PF14: 27 August 2004 17 12 The probe of cIarnth uhere -the*'
flat upstream facing inpact surface is adapted to be posbbf n@gpﬁ4
perpendicularly to the direction of fluid. flowin the dﬁidﬂg 4 A
met hod of neasuri ng differential pressure. in the f1 owi ng—ﬂ_&*d Wthin a
cl osed conduit as :a factor in determining the rate of fluid flowin the .
- conduit,. .conprising, creating an upstfkantzone of rel atively qui escent’
' stagnatron within the flow ng fluid proxi mte an. upstream facing bl uff
body surface that is flat across the width of the bluff body, and -where the
bl uff. body is positioned in the flow ng fluid so thpt .the flat surface is
per pendi ¢l ar IThedpsoles ed dlaim hi) drhﬁctﬁlonﬂat upstreamataciag, IMRACE SHTHES: We
total .pressure of the fluid at the flat. upstreaqkfacrng %i'@ﬁgﬁ of. t&t
bl uf f~ bodydaiphecd ugrbmipositianied perpaneticuledy to the diregtions of rihwid fogv 1n the-
communi cating. the total pressure to a pressure sensor through. a plenunrrn
the bl.ufdoddhdy that is rn_connunrcatron with the at | east one aperture in
the flat. face. 14. The nmethod of, claim .13 and further including,
creating a downstream zone. of relatively quiescent. fluid stagnati on

downstream of the flat upstream- facing surface of .the bl.uff,bo
det ecti ngl3.he Atmethodofswaseriag difterentialipresseifeln Ml@&#ﬂ(ﬂ%ﬁfhm a

R T S AR A O R g
B Pous! ngchtaptising ¢roatNE . WSS GRTEHR %ssssmsesuasssssu' s
e L gl o kb B8 ot Pl R
| facross the width of the bluff body, and where the bluff body is posrtloned in the

- flowing fluid so that the ﬂat surface is perpendlcu]ariy dlsposed to the dlreetmn_ |
.of fluid flow; deteetmg the total pressure of the ﬂuid at the flat upstream facmg . |
surface of the bluff body through at least one- aperture in. the flat surface and B
-commumcatmg the total pressure to a pressure. sensor through a plenum 1n the_

- bluff bocly that is in communrcatlon with the at least one aperture in the ﬂat .

face.

14, The rnethod of, claun 13 and further m_c].udtng, creating a downstream::_- -
- zone of relatively qurescent ﬂuld stagnatron downstream of the flat upstream' |

facing surface of the bluff body, detectmg the static pressure of the ﬂuld in the

downstream fluid stagnatron zone, and commumcatmg the statle pressure to a.

pressure sensor.

15. A drfferentxal pressure measurement probe: for diametric placement W1th1n' -

| a fluid- carrymg condult havmg a bluff body comprtsmg, a housmg havmg a
1ong1tud1nal extentand a w1dth definmg a fluid impact surface that i 1s |

“substantially flat there aeross the ﬂutd 1rnpaet surfaee adapted to face upstream . '_ |



“4g in the fluid flow for ‘Creati ng a “done of - hi gh Fruid pf essur e there | |
across, said. housing including, high: fluid pressure paadikiln s, and at

| east one aperture. providing fluid comunication betweenztdiguiizna4t
surface and the high fluid pressure conduit neans. 16. The uf-f body of

cl aim 15 where. the housing .includes, -fluid. non- inpact surface nmean. 17.
The bl uff body of claim 16 and further ¥cl udi ng, at |least one low fluid
pressure. plenum and at |east one aperture providing fluid. conmmunication.
between the fluid non-inpact surface nmeans and the. |low fluid pressure

| enum 18. The bl uff body of claim15 where t ousi'n cl udes :
Br oj ecti ng. therﬂﬁldtﬂmm,gfdrgcmatmgrmdblmt@ dashrﬁwég Hg%ﬁﬁeq‘?e?‘é“qsﬁesﬁdb |

depth aspect is oriented perpendicularly to,the fluid sur d |s
adapt ed tiayfagng $heladiveg ipighaftivid pressufe canduitmeans fand G{TE"%S} rﬁ%‘aen |

conduit and mhere the 1ongitudinal aspect of the r subs 7
~corr espoRgevidin hﬂuicblegmmdnm'tlonebcme%ih@ h@PﬁPhtS“ﬂbaﬁ (hgﬁ‘gcthléh ffhé
nmeans. 1 The. bl uff body of. claim17 where the housing |ncI udes a . .

- projecti r}ﬁ'essuﬁ comuinmeanagi t udi nal and depth aspects and where. the ri b

dept h aspect oriented perpendicularly to the fluid. inpact surface and-
s adapted to be di sposed parallel to the direction of quid flow:in. the -

~conduit and where the Iongrtudrnal f the.ribh s :
cor r esponds. toThdeluﬁrdeydﬁ)ftélalm é %ﬁ‘{ ﬁetwsf’t‘&t 'F' %Qc‘f&%urface |
means. Date of Filing 414: 27 August 2004 19 20. The bl uff body. of claim -

- 15 where jrhpath s].lrfadamapr essure conduit means corrprr ses a pI enumvmthr n.
t he housing and further |nclud|ng," ' _ _

| 17. The bluff body of clalm 16 and further mcludmg, at least one 1ow '
fluid pressure plenum and at Ieast one aperture prov1d1ng fluid
communication between the ﬂutd nen-lmpact surface means and the low

 fluid pressure plenum. '

18. The bluff bedy ef elatm 15 where the housmg 1ncludes a proj ectmg
rib having longitudinal and depth aspects and here the rib depth aspect is -

N oriented perpendlcularly to the fluid lmpact surface and is adapted to. be
disposed parallel to the dlrectmn of fluid flow in the conduit and where the o
 longitudinal aspect of the r1b substanually corresponds to the longltudmal B -'

“extent of the flat ﬂtnd 1mpact surface means.

19. The bluff body. of -cl-a'im' 17 '.\'xrh'et"e- the houSing -.i'ncludes a projecti'ng : |
- rib having Iongttudmal and depth aspects and where the 11b depth aspect is - |
onented perpendlcularly to the flu;d 1mpact surface and is adapted to be - |
d1spesed parallel to the dtrectlon of ﬂutd flow in the conduit and where the
| longltudtnal aspect of the r1b substanttally cerresponds to the long1tud1nal;_='_ |

o extent of the ﬂat ﬂu1d unpact surface means.



aperture neans in the . pIenuntdlsposed to fIU|dIy connunlcate mnth the atg-*
| east one. aperture providing fluid communication.. betﬁeengpge |EBaCt -
surface and the. thigh fluid pressure conduit means. ody .of
claim 17 where : the high fluid pressure conduit neans co@ﬁ#ﬁ&%&#&Lﬁienum
wi thin the housing and further including, aperture neans in.the plenum - -
di sposed to fluidly communicate with §Be at |east one aperture providing
ftuid communication between the inpact surface and the high fluid pressure

conduit neans. 22. The bluff body of claim17 where the at | east one | ow .
fluid pressure{_‘r ' Bl enum conprises a pair ..of: spaced.. apart. low fluid

pressure 2 en huff ooyl afoctaiie: b6 uwhsre dhel hilghr ﬁuidlglrem.t‘#éeﬂ@iﬂ ui d
~ non-inpact surface _neans diverge- angul ar.| outmerdly roma l'ine that ts.
‘per pendi §igaNs coMprases |m|piemmapaowthm ftheehousing. and. farthyst erltdingyeasuring
the rate of fluid flowin a_ conduit :and connunicating the data to a ~ .
“process -@partiee mew}, i trepplasiumy dlsposedf toeflend fyatommrinsicatee withshe aent
probe haV|m§ a bluff body for diametric’ placenent with the conduit; o
sai d- bodyeashaonagapentuie ﬁrnpuhngsﬂmdceommmcahunnbeWeerglttl'tedlmmacand vidth
extents; for creatin dome of. high fluid pressure -thereacross, a high
fluid préﬂléf@fiéaﬁ %hlﬁl/ﬂﬁ pmssureeeeduepms at |l east one inpact
'aperture means for. providing fluid communication between the Date of Filing ..
PF14: 27 August 2004 20 inpact surface and the. interior space of the high

~ fluid pressure_ple d ere the fluid inmpact surface is substantially
flat -acr§j ﬁbeehmb@ pfmqatmdih whgrectlae dughi flutk paesspreeyanduit he. at .
| east. one aperture neans.and adap, ted to face upstreamin the fluid conduit

subst ant 1§ ﬁemenlsaso & [Ty é?tiltﬂill@n the housings pod, ferthen’ lt‘ﬂ@hldlmgact -

surface. neans, 1 ea
| | aperture rneans n ‘ﬁre pfenum \ﬁlsposed to ﬂurdly communicate w1th the at o

least one aperl:ure provrdlng ﬂtud comrnumoatron between the - lmpact

: surface and the hrgh flu1d pressure CDI]dlllt means

| 22 The bluff body of clalm 17 Where the at least one low ﬂu1d pressuref.

- plenum compnses a parr of Spaced apart low ﬂurd pressure plenums- _-

.' attaehed to the housmg ancl where the respectwe ﬂuld non-1mpaet surface.. ”
means dwerge angularly outwardly from a lme that is perpendlcular to the -

~ fluid 1mpact surface means

_. 23 | A systern for- rneasurrng the ‘rate’ of ﬂuld ﬂow 1n a oondmt and..
_comrnumcatmg the data. to a process eontrol loop, compnsrng, a dszerentlal ' |
' pressure measurement probe havrng a bluﬂ’ body for drametnc placement' "
| “with the condurt sard body havmg, fluid- rmpar.,t surfaee means - havmg
- longltudmal and width extents for ereatmg a dome of hngh fluid. pressure :
._ thereacross a hlgh ﬂurd pressure plenum having an mtenor space, at least. -

one 1mpact aperture means for provtdmg ﬂuid commumcatmn between the



~fluid pressure plenumhaving : an interjor ‘space; at Ieast one ‘non- |npact
aperture means for providing,. fluid comunication between fluid non-'

i mpact surface and the interior space-of the at |east ot W ¥ pressure
pl enum a process transmtter, including, a pressure sensé+Rax /i rst and
second pressure inlet connected respectively to the high ; and .l ow pressure
pl enuns, neasurenent neans coupled tdlihe pressure sensor for providing. .an
el ectrical output related to the differential pressure between the first and
second pressure inlets, and a | oop comuni cator coupled to the neasurenent'
means for providing f|UId flowrate data to the. control |oop. = . co

-1mpact surface and the 1nter10r space ef the hlgh ﬂuu:l pressure plenum and S

- where the ﬂu1d 1mpact surfaee 18 substanually ﬂat aemss the extent of 1ts g

_ -Wtdth extendlng bllaterally beyond the at least one aperture means and
adapted to face. upstream in the ﬂ].lld condult substantlally nermal to the

| .dtrectron of ﬂu1d ﬂow ﬂmd nen-1mpact surface means at least one low |

'-'ﬂuxd pressure plenum havmg an- mterlor space, at least one non—lmpact_

- _aperture means for prevrdrng ﬂuld commumcauon between the fluid non-

impact surface and the mtener space of the at least one. low ﬂllld pressure:-__ L o

__.p1enurn a precess transnntter mcludmg, a pressure sensor havmg first and _. .

| seeond pressure mlet connected respectwely to the lngh and low pressure-_ :

__ _plenums measurement means ceupled to the pressure sensor- fer prov1dmg

an electrical eutput related to. the d1fferentlal pressure between the. first and o
_secend pressure 1nlets, | and a leep eemmumcater ceupled fo the-:'

. measurement means fer prov1d1ng ﬂuld flow rate data to the control loep




