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PROBE BACKGROUND OF THE INVENTION The process industry employs Progess. Q&tgﬁ ,
transmitters to monitor process variables associated with substances such as smé,—%ids,
vapors, and gases in chemical, pulp, petroleum, pharmaceutical, food and other processing piants.
Process variables include pressure, temperature, flowlevel, turbidity, density, concentration, chemical
composition and other properti r SSLST}IUid floy_transmitter pﬁ%ﬁé n output related to a sensed
process fluid flow. The flow tram%%%%}bj I&ﬁ '%L,F gg%ﬁm#l&tep %ﬁocess control loop to a
control room, or the output can be commugieAls0 RERIERTEPROBESS device such that the process can
be monitored and controlled. Measuring the rate of fluid flow in a confined conduit by modifying the
internal geometry of the conduit and applying an algorithm to the measured differential pressure in the
flowing fluid, is known. The geometrg ACKGRDUNDIDRraHiEQNAFNTEDNed by altering the cross section
of the conduit, such as with a venturi meter, or by the insertion into the conduit of a flow altering device
such as an orifice plate, or an averaging pitot tube or the like. An averaging pitot tube generally includes
a shaped bluff body thatheliglodgssrimaiedey duiol dasyprwitbss Ve atde daitstiter brutatwnof seomesaveraging
pitot tubes is a relatjyely lower signal to nojse ratio in the cLiﬁ‘erentiaI ressure data being sensed.
"Noise" in the oA 57 el BT FUDS IR St AR UG LTS S P T  RI AESs the
instantaneous devieti@ni fabmpatpaymstag eypne shaenaadiitg frdood nend athgo protessimgfhglantde noise

generated in a %8%:%? ev%‘é%%éd{ﬁahe é'agr%fr%yr?emperature, flow, level, turbidity, density,

concentration, chemical composition and other properties. A process fluid flow
transmitter provides an output related to a sensed process fluid flow. The flow
transmitter output can be communicated over a process control loop to a control
room, or the output can be communicated to another process device such that the
process can be monitored and controlled.

Measuring the rate of fluid flow in a confined conduit by modifying the
internal geometry of the conduit and applying an agorithm to the measured
differential pressure in the flowing fluid, is known. The geometry of the conduit is
traditionally changed by altering the cross section of the conduit, such as with a
venturi meter, or by the insertion into the conduit of a flow altering device such as an
orifice plate, or an averaging pitot tube or the like.

An averaging pitot tube generaly includes a shaped bluff body that dightly
impedes fluid flow within the conduit. One limitation of some averaging pitot tubes is
arelatively lower signal to noise ratio in the differentia pressure data being sensed.
“Noise” in the context of a differential pressure measuring device, such as a flow
transmitter, is the instantaneous deviation from an average pressure reading from one
data point to another. The noise generated in a pitot tube type of differential pressure
sensor originates in the impact pressure sensors on the upstream facing side of the
pitot tube and in the non-impact pressure ports generaly on the downstream side of

the pitot tube.



sensor originates in the impact pressure 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. R |"f‘&%{ﬂ§@§@§3t 13
Nov 02 -2- As differential pressure transmitters and data acquisition systems hav%%mw
sophisticated and responsive, they have also become more sensitive to and are increasingly influenced
by the noise generated by the pressure sensing unit. Accordingly, the noise characteristics of differential
pressure sensing devices have become a more imporéant factor in their selection and operation. Thus,
there is a need to provide an improved differential préSsure sensing device having an improved signal to
noise ratio. SUMMARW© FdiFifehtia Epf&4Qie Atdifferensial preissisie raeqgidiing psphiermstthareimproved
signal to noise ratio is provided, The prqbe includes.an impact surface with at least one elongated impact
aperture having KRR IS SR A ASBE (Cr BN aF o R DI M RS Blected to be
less than the widitil ef@mitrteiogortidnentedfiingt thienoise witiraiae Brahe pfessoneisepsicigsunface is
provided with at |east pne non-impact aperture to measyre a second pressure such that differential
bressure betweA o THYAd e TR s AT FUrs L LOPLA T GE FESLH i e BRve
DESCRIPTION Ke€oiitdla MBS igetct anthe rase edidgnamunadiation T hiis) treredsamesaisurement
system illustrating the environment of e .ﬁodime ts of the invention, Fi .3%%51 system block diagram of
process meas iS5 5 4E0 AL S i BFESH S SO Ui RPN bl

body illustratingigngaict mpesteates of an embodiment of the invention.

SUMMARY OF THE INVENTION

A differential pressure measuring probe with an improved signal to noise ratio

is provided. The probe includes an impact surface with at least one elongated impact
aperture having a width and a longitudinal component. The width of the impact
aperture is selected to be less than the width of an interior portion of a first plenum
within the probe. A non-impact surface is provided with at least one non-impact
aperture to measure a second pressure such that differentia pressure between the

impact surface and the non-impact surface can be measured.

BRIEF DESCRIPTION OF THE DRAWINGS

Figs. 1 and 2 are diagrammatic views of a process measurement system

illustrating the environment of embodiments of the invention.

Fig. 3isasystem 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 afragmentary 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.



Fig. 5 is a cross sectional view taking along lines 3-3 of Fig. 4. The curved arrows show the general
dlrect.lon of fluid flow around the body. Fig. 6 IS afragmentary perspective Qf anpiijg&rlaec@,ﬁ)é)ng@g&?(
showing a form of the flat-face bluff body. Fig. 7 is a fragmentary perspective view of anqy1gF,, 0P
embodiment illustrating a substantially "V" shaped cross section for the flat-face bluff body. Replacement
Sheet: 13 Nov 02 -3- Fig. 8 is a fragmentary perspective view of another embodiment, illustrating a
substantially "U" shaped cross section for the flat-face bluff body. Figs. 9a - 9f are top plan views of bluff
body shapes with which the improved impact apertures of embodiments of the invention can be used.

Figs. 10 and 11 are cheigs 8f peesagneerersuscripecillustiatingftbrontisentiesticiion, of emaniraents of the
invention. DETAILED DESCRIPTION Although the invention will %ﬁﬂ? cribed with reference to specific
embodiments o?éﬂ?@@lﬁi@l pres %8%%8%68%@%&@ ' §§9Hythe art will recognize that
changes can be made gk 9a 2196 retaipvsltirouiedezirbingf froay thepepini tanwl-sao free diirevadention,
which are defined by the a eréc)fit'ed laims. Fig. 1 is a diagrammatic view of process control system 10
illustrating one ' %tp%’%ﬁgﬁs \Wi?ﬂdpéﬂ%g Qﬁ}BSHM%ﬁﬁ”oﬁﬁaQ‘?Mﬁion. Pressure measurement
system 12 is coupled teigentr0l sndnil4atenetatte dbfigpeesaltagecsnusr ciavanillgsigiagc e thupsigh process
control loop 16. L 0&16 (fn Lgiliﬁe an é?}ﬁﬁ‘rf()fn\ﬁa%ﬁ rotocol to communicate flow information between
measurement sgég oA GBS MEH ample, process control loop 16 operates in
accordance with a process industry standard protocol such as Highway Addressable Remote Transducer
DETAILED DESCRIPTION

Although the invention will be described with reference to specific

embodiments of differential pressure measuring probes, workers skilled in the art will
recognize that changes can be made in form and detail without departing from the
spirit and scope of the invention, which are defined by the appended claims.

Fig. 1 is a diagrammatic view of process control system 10 illustrating one
example of an environment of embodiments of the invention. Pressure measurement
system 12 is coupled to control room 14 (modelled as a voltage source and resistance)
through process control loop 16. Loop 16 can utilize any appropriate protocol to
communicate flow information between measurement system 12 and control room
14. For example, process control loop 16 operates in accordance with a process
industry standard protocol such as Highway Addressable Remote Transducer
(HART®), FOUNDATION™ Fieldbus or any other appropriate protocol.

Fig. 2 shows a cut away portion of a process fluid container such as a pipe, or
closed conduit, 18 into which is installed a differentia pressure measuring probe 20
of the averaging pitot tube type. Bluff body 22 diametrically spans the inside of pipe
18. The directional arrow 24 in Fig. 2 indicates the direction of fluid flow in pipe 18.
A fluid manifold 26 and flow transmitter 13 are shown mounted on the exterior end
of pitot tube 20. Transmitter 13 includes a pressure sensor 28 that is fludically

coupled to probe 20 through passageways 30 (shown in phantom in Fig. 2).



(HART(r)), FOUNDATIONTM Fieldbus or any other appropriate protocol. Fig. 2 shows a cut away portion
of a process fluid container such as a pipe, or closed conduit, 18 into which is mﬁ |Sg e%ffg{@tlal

pressure measuring probe 20 of the averaging pitot tube type. Bluff body 22 dia
inside of pipe 18. The directional arrow 24 in Fig. 2 indicates the direction of fluid flow in pp_eIS‘ A fluid
manifold 26 and flow transmitter 13 are shown mounted on the exterior end of pitot tube 20. Transmitter
13 includes a pressure sensor 28 that is fludically couRIed to probe 20 through passageways 30 (shown
in phantom in Fig. 2). Replacement Sheet: 13 Nov 02~=4- Fig. 3 is a system block diagram of differential
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circuitry 34, and controller 36.

Loop communicator 32 is coupleable to a process control loop, such as loop
16, and is adapted to communicate upon the process control loop. Such
communication can be in accordance with any appropriate process industry standard
protocol such as the protocols discussed above.

Pressure sensor 28 includes first and second ports 38, 40 which are coupled to
first and second plenums 42, 44 respectively through passageways 30. Sensor 28 can
be any device that has an electrical characteristic that changes in response to changes
in applied pressure. For example, sensor 28 can be a capacitive pressure sensor the
capacitance of which changes in response to the differential pressure applied between
ports 38, and 40. If desired, sensor 28 can include a pair of pressure sensitive
elements such that each plenum is coupled to its own pressure sensitive element.

Measurement circuitry 34 is coupled to sensor 28 and is configured to provide
a sensor output related at least to differential pressure between ports 38 and 40.
Measurement circuitry 34 can be any electronic circuitry that can provide a suitable
signa related to differential pressure. For example, measurement circuitry can be an
analog-to-digital convertor, a capacitance-to-digital convertor or any other
appropriate circuitry.

Controller 36 is coupled to measurement circuitry 34 and loop communicator
32. Controller 36 is adapted to provide a process variable output to loop

communicator 32, which output is related to the sensor output provided by



in applied pressure. For example, sensor 28 can be a capacitive pressure sensor the capacitance of
which changes in response to the differential pressure applied between ports 38R g\cé%erlu gé’{_ed,
sensor 28 can include a pair of pressure sensitive elements such that each plenamnri ,its own
pressure sensitive element. Measurement circuitry 34 is coupled to sensor 28 and is configured to provide
a sensor output related at least to differential pressureghetween ports 38 and 40. Measurement circuitry

34 can be any electronic circuitry.that ca rovjjie suitalﬂg signal reﬁ\ﬁ to_ differential pressure. For
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channel, a tube or the like into which fluid of a particular character or pressure is

directed or admitted and through which the fluid is conducted or conveyed.

First plenum 42 includes at least one elongated impact aperture 48 and is

disposed to communicate pressure from the probe's impact surface 46 to port 38 of

sensor 28. Aperture 48 includes a longitudinal component that, in some embodiments,

can be long enough that aperture 48 will be substantially aligned with the longitudinal

axis of bluff body 22. As can be seen from Figs 2 and 4 — 8, the at least one impact

aperture 48 can take the form of a dit having a width and a longitudinal component

greater than the width. Such dlit provides enhanced noise reduction in the total

pressure signal, and thus increases the signa to noise ration of the measurement

system. It is important for the width of the dit to be less than an interior width of the

plenum to which it is connected. Slit widths ranging from about 0.76 millimeters

(0.030 inches) to about 6.35 millimeters (0.250 inches) provide suitable results.

Additionally, a plurality of dlits can be used that can be spaced from one another

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 longitudina component similar to the impact aperture 48, or

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



disposed to communicate pressure from the probe's impact surface 46 to port 38 of sensor 28. Aperture
48 includes a longitudinal component that, in some embodiments, can be long epy % h&tt g&t_ure 48
will be substantially aligned with the longitudinal axis of bluff body 22. As can bes%n‘#ﬁcﬂ\%ﬁz and 4 -
8, the at least one impact aperture 48 can take the form of a slit having a width and a longitudina
component greater than the width. Such slit provides-gnhanced noise reduction in the total pressure

signal, and thus increases the signal to noise ration of the measurement system. It js jmportant for the
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ongitacinally. SEh eRaHEAATER AR R 1SR DR SR Do DAL PR 46
Non-impact surfgge 50 includes at least one non-impact aperture 52 disposed to communicate pressure
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of the bar 54 and disposed generally perpendicularly thereto. In the perspective view

of the bluff body (Fig. 4) the so-called “stem” of the “T” is seen to be alongitudinally

extending rib 56 that projects in a downstream direction from the back side of the flat

faced bar 54. While the use of the “T” shaped bluff body in conjunction with

longitudinal impact dlits provides favourable results, using such impact dlits with

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

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

having the traditional shapes of diamond, circular, flare, etc., asillustrated 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 dlits 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 dit configuration provides a reduction in the noise

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

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

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

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



of bluff body 22 resembles the letter "T", including a bar portion 54 having a blunt, substantially flat
impact surface 46 on the "top" of the letter "T". The cross section of the body aIsQ ill g%g%ﬁe stem
portion 56 of letter "T", depending from the center of the bar 54 and disposed g cularly
thereto. In the perspective view of the bluff body (Fig. 4) the so-called "stem" of the "T" iSSeento be a
longitudinally extending rib 56 that projects in a downgtream direction from the back side of the flat faced

bar 54. While the use of the "T" shaped bluff body in conjunction with |ongitudipal impact slits provides
favourable resu ﬁ@“ @ﬁg@ggﬁ%ﬁpﬂ%@’% ao%ﬂtéﬁf B‘FH#%&@{PSWQH@ %&&iﬂ%‘?ﬁﬁgﬁ%%%tages.
Thus, the slit coasdrthesier avitle alasrplatues yairEsHRalLI Henbadureiagessaili peesdingtintegration in a

bluff body having the traditional shapes of diamond, circular, flare, etc., as illustrated in Figs. 9a 9f. In the
various embodiments of the invention, conventional impact apertures in the impact surface are replaced
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longitudinally oriented would aso provide noise reduction. A plurality of parallel dlit
openings that are longitudinally oriented will also provide noise reduction. Further,
the dlits can be positioned on the impact surface to provide an average indication of a
specific type of fluid flow profile, such as laminar and turbulent flow. Further still,
dit length can be varied based upon dlit 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 it 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 dlits is to be maintained.
Additional embodiments of the invention are shown in Figs. 6-8. In each, one
or more impact dits 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 abasic form of a bluff body 22a, having no reattachment
extension or projecting rib. A body 70 is provided with aflat impact surface 72

having at least one narrow impact dlit 48athat conducts the high pressure fluid into



and the ratio are exemplary only and should not be taken as restrictive or limiting. While one embodiment
of the invention utilizes a plurality of longitudinally aligned and longitudinally orie&t ﬁja@éﬂ% ct to the
diametric spanning length of the bluff body) impact slits that are laterally centrall £ impact
face of the bluff body (Fig.2), other configurations are also contemplated. For example, 6ne Siit, running
substantially the entire length of the bluff body is effecgve to accomplish high pressure noise reduction. A

plurality of non-aligned slit openipgs that ar ngitudinally oriented would also provide noise reduction. A
plurality of paraﬁggsiﬁe%lﬂ@rﬁ%@ﬁl@%ﬁ%ﬁé\}&B%‘f&rl i%ﬁ‘f’e@%\ﬁﬁtﬁﬁ% BP&U%%&E?&E&&EE% Further,
the slits can be pasitanetbomenedmpegisuitacecorpimxidgamnaverage thdipadaoobn tisperity type of
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Figs. 6-8. In eadhcrease 01 Kigre itopriteslits hravinghe ogliprdisalecovsggnrendis asdaumadn fibature. The
primary differeng ,,l%[w%réé%g qﬁlternat'\;ﬁ.em%odi nts and the embodiment described above is the
shape of the bluff b i IW&EFQ‘# 134 riation of the shape and size of the fluid stagnation
zones. Selection of theFptidLdstr desa OW dssageddiotine dil afblhudtipasnezblhadegentlat daced\meral factors
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a bluff body 22aglinaasbgand eedittstcpiaant diensimiher @rofeelingritbofAbbilyf 7bodypravidgdgth a flat
Impact surface {)%eﬁent invention is shown in Fig. 8. The primary difference between this form of the
bluff body and that of Fig. 7 is that legs 74c and 76c are positioned perpendicularly to
the back side of the bar 54c, 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 dits 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 dit
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.



having at least one narrow impact slit 48a that conducts the high pressure fluid into Replacement Sheet:
13 Nov 02 -8- first plenum 42a, through the bluff body, and into the exterior portiqg faé'%%&'t[ e and
on into the flow transmitter. Confined spaces 44a in the interior of the body com ' '
non-impact apertures 52a and conduct the low pressure fluid through the body, into the exterior part of
the pitot tube, and into the flow transmitter. The provigion of the impact slit 48a in the face of the bluff
body achieves a similar increase in signal-to-noise ration in the high pressure measurement as found in
the "T" shaped embodiment of Figs. 4 and 5. Fig.7 illustrates a "V" shaped form of a bluff body 22b
having a flat facegHzer I80iox fEDhat faces upstream and is provided with longitudinally extending
narrow slit 48b and a first plenum 42b. Another embodiment of a bluff body 22c¢ of the present invention
is shown in Fig. 8. The primary difference between this form of the bluff body and that of Fig. 7 is that
legs 74c and 76g. are posititreastghey peodiouls]wwiterthe the ek [side arfdhedeat §fetdierming a structure
having a lateral cross section that resembles the letter "U". Figs. 9a-9f are top plan views of various bluff
body configuratf@ﬁ(@’ami[@ﬁrﬁﬂﬁ'& ﬁt@”&f@?ﬁ@ﬂ'tﬁigs. 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 pressyre measuyrement prpbe.in accordance wi%n the prior art. Fig. 11 illustrates a
sample pressuréeé-chart meig'ﬁﬂa o?ﬁfiaﬁ?br%’ewﬁ‘éfc%&?ﬂﬂa%w&m a {t§lﬂr‘%§1§f%[)0r§9 s.2and 4 - 8.
As shown in Figgpatf) 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

5. The probe of claim 3, wherein the longitudinal dlits 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 dlit.

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

positioned to measure an average flow of alaminar flow.

8. The probe of claim 16, wherein the at least one impact apertureis

positioned to measure an average flow of a turbulent flow.

0. The probe of claim 3, wherein the length of each impact apertureis

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

10. The probe of claim 16, wherein the at |east one impact spans
substantially the entire inside diameter of the conduit.



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 1] otal
differential pressure noise reduction from 11.79% (for the prior art) to a value of Or
embodiments of the invention). Such noise reduction provides for quicker calculation of anaccurate
indication of differential pressure, thus potentially providing more effective process control. Replacement
Sheet: 13 Nov 02 -9 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 spaggd apart. 5.7Heerpecisel af chdim323yheneiai theotanditteliaal $lippaatarlongisedisally
spaced apart. 6I Thﬁl rope of cl imﬂ}l'%‘?ﬁg *,P the'%f least one non-impact surface aperture includes at
least one Iongitu% %&@rﬂiﬁ@eﬁ o CE SHY HEFPL'E; wherein the at least one impact aperture
is positioned to measure an average flow of a laminar flow. 8. The probe of claim 16, wherein the at least
one impact aperture is positionec}ifménge@sure an avera(ﬂe flow of a turbulent flow. 9. The probe of claim

3, wherein the letigth of each ﬁ‘n‘ﬂ’ & tOFERS ﬁ@ﬁ'ﬁ%ﬁ‘é@%’%ﬁhé&%ﬂm‘é the impact
surface. 10. Thegnitrbe lgoplaant 1éapteeres tomailisasteonepiogEsst wprdaite solnptanteidiedneeatire inside

diameter of the 8ﬁpgrgrii[ﬁal pressure 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 the 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
adifferential pressure measurement probe adapted having a fluid
impact surface and for placement within the fluid-carrying
conduit, the probe including:
afirst plenum having means to couple to the first pressure
sensor port, the first plenum having an interna
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



Replacement Sheet: 13 Nov 02 -10 13. The method of claim 23, wherein total differential pressure noise

is less than 11 % of the calculated differential pressure. 15. A differential pressure m| a%%%%g%e%g system

coupleable to a process control loop and adapted to communicate a process vari ted to a
differential pressure of a fluid flow within a fluid-carrying conduit, the system comprising:7a process
pressure transmitter including: a loop communicator cgupleable to the process control loop and adapted
for communication upon the 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 pressurg hstiwepactherfisst apsbas ol ecisapie: Biftgeatwa controller coupled to
the measurement circuitry and the Ioctéffs.communifato[1 the cor]troller adg%%ed to provide a process

variable output to the loop communil P?m%:tp?ér AR AINGR %ﬁp‘lﬂer &4 %o the sensor output; and a

differential pressure measurement pgidpedanted ihavoopnantinicatipadtsestane and for placement within
the fluid-carrying conduit, the probe including: a first plenum having means to couple to the first pressure
the. . B TR RS, :

sensor port, the first plenum having Hﬁrﬁﬁf LAY AR SEFRL PFREYE gitudinal aperture

disposed to communicate fluid presssrgor 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;

abluff body comprising at least afirst 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;
adifferential pressure sensing probe having an upstream facing surface

and adapted to be disposed diametrically within the conduit,



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 Replacement Sheet: 13 Nov 02 -11 a o 1‘;58 cttgﬁrf ce

. : ) nen ,
spaced from the impact surface, the non-impact surface having at least one ape erein to
communicate fluid pressure from the non-impact surface to the second pressure sensorport. 16. A
differential pressure sensing probe adapted for partialyplacement 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 facingesanaciassfaneasidbisiaextietidrbpaintnedeatian, between the flowing fluid
in the conduit and the first int?.rior gﬁl'\ﬁy said at least one aperture having a width ziﬁd a Ionﬁitudinal
d

component, where the extent Jeth dﬁ’{SﬁH%ﬁf SN i@%%%tml?ﬁ PREINR GRS 1PN differential

pressure sensinggtiebaddihel piessbeaseador theans el driia ot easiganrepe nacl otingal ¢exdty in the bluff
body, atleastone Zmﬁior non-impact surface, and %t one aperture in the non-impact surface
[

establishing fluid"g GR%%H%%?W%ﬁ 'R ﬂﬁll@é)% Gﬁ'&r‘?ﬂqﬂ?@%cond internal

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 dit 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 pluraity of longitudinally aligned and individualy longitudinally
dominant dits 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 dlit in an upstream facing surface of a bluff body



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 gy ES; tf%ﬁi surface
and adapted to be disposed diametrically within the conduit, Replacement Sheet: ~fe-pressure
sensor means disposed exteriorly of the conduit, first fluid pressure conducting means interconnecting the
sensing probe and the pressure sensor means, said-fist conducting means including at least 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
;ond ucting fap?a‘rrﬁmejg iﬁnbetmg@mldgsﬂu@ tbﬁ;a@nﬁarm‘@qm me‘@cm@fftbrla,selnsing? Iprobe.dZO. I'Il'he
owmeter of claim 18 where the at least one fluid conducting. aperture is urality of longitudinally
aligned and individuallﬁ%?laﬁ r‘%ﬂ;'/c ngrﬂ%figl%filff'fﬁgaﬁb%?ﬁqggﬂadp urrace of the sensing probe.
21. The flowmeter of ctaimpbf ranthéusthesisciidinegsseeavichfthislgargpsiea pneligattlg 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 IQIEEH% éﬁ{% a
longitudinally dominant slit in an upstream facing surface of a bluff body Replace Nov 02
-13 inserted into the flowing fluid to gauge the total pressure of the fluid, sensing the stafic pressure of
the fluid carried by the conduit, and comparing the serged static pressure with the gauged total pressure.
ABSTRACT OF THE DISCLOSURE A differential pressure measuring probe with an improved signal to
noise ratio is provided. The probe includes an impact surface with at least one longitudinally extending
slit aperture communicating with a firsd BEenRXOVIDR D AsSafdise) pEobe. The width of the aperture is
selected to be less than that the width of the interior portion of a first plenum. A non-impact surface is
provided with non-impact apertures to measure a second pressure such that differential pressure
between the impact suxfaifecest shprasremasisindoselsawitie ameapuseed signal to noise ratio

is provided. The probe includes an impact surface with at least one longitudinaly

extending dlit aperture communicating with a first plenum within the body of the
probe. The width of the aperture is selected to be less than that the width of the
interior portion of a first plenum. A non-impact surface is provided with non-impact
apertures to measure a second pressure such that differential pressure between the

impact surface and the non-impact surface can be measured.



