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conveying signals representative thereof to a transmtter which devel ops
and:transmts electrical signals representative of the fluid flow
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The present invention relates to pitot tube type flow meters for use in
confined conduits, such as pipes, and more particularly to a combined apparatus
for sensing the relevant pressures and the temperature of the flowing fluid and
conveying signals representative thereof to a transmitter which develops and
transmits electrical signals representative of the fluid flow variables, such as
rate, volume and mass.

BACKGROUND

Pitot tube flow sensors of the type disclosed in U.S. Patent No.
4,559,836 to Darrel F. Coleman et al. have been in use for many years in
differential pressure flow measurement systems to detect the average impact, or
high pressure, on the upstream facing side of the pitot tube and to detect low
fluid pressure on the downstream facing side of the tube. Traditionally, the
high and low fluid pressures have been used to derive an electrical signal
representative of fluid flow rate.

The fluid pressures sensed and conveyed by the pitot tube or other kind
of differential pressure sensor, such as an orifice plate, for example, are
conveyed to a pressure transducer through an interconnecting head, such as the
one shown by reference numeral 24 in the said °836 U.S. Patent, or by a valve
manifold, such as the one shown by reference numeral 17 in U.S. Patent No.
4,466,290 to Roger L. Frick. |

When it is desired to sense the temperature of the medium flowing in the
pipe, temperature sensing devices such as a Thermowell RTD (Resistive

Temperature Device) have been used, inserting the RTD into a protective
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hi gh and |l ow fluid pressures have been used to derive an electrical signal
representative of fluid flowrate. The fluid pressures sensed and conveyed
by.the pitot tube or other kind 20 of differential pressure sensor, such

as an orifice plate, for exanple, are conveyed to a pressure transducer

t hrough an | WO6¥Bfecti ng head, such as the one shown by rRETASIHEBEHuner al
24 in the said "836 U S. Patent, or by a valve manifold, such as the one

shown by ref e B2l dFndrhoWel”, Ratientis Nenmérsé® Gin28 R aRIse L
Frick. 25 eShS&ﬁV\ﬁgn it %‘s -ziheésr?lroed to selnsel the tenperature of the medium
flow ng in thempeRtureticheing aénsed. sensi ng devi ces such as a Thernowel | RTD

(Resistive Tenperature Device) have been used, .inserti ng the RTD into a
protective WO du/ o rontinued development of sophisticated flow measurement

PCT/US97! 09163§rstems for processing fluids it has become increasingly important to be able to

5 measure volume and masé of fluid, as well as rate. In order to do that, however,

temperature of the fluid must be known. Because intrusive measurement of the

various parameters of a fluid flowing in a pipe requires penetration of the pipe,

it is also important to sense the required parameters with a single instrument,
requiring only one intrusion into the pipe.

10 | It is therefore, the primary object of the present invention to provide a
single apparatus for sensing temperature in a fluid flowing in a confined
channel, as well as sensing the high and low pressures which have been
previously detected by a pitot tube type of flow sensor.

A second object of the invention is to provide a combination temperature

15 and pressure sensing device for fluid flowing in a pipe that will allow the
temperature sensing portion of the assembly to be removed and replaced
without having to also remove the primary pressure sensor from the pipe..

Another object of the present invention is to advantageously use the
available space inside of a prior art pitot tube to house a temperature sensing

20 device.

Other and further objects, features and advantages of the invention will
become apparent upon a reading of the detailed description of a preferred form
of the present invention.

DESCRIPTION OF THE DRAWINGS

25 Figure 1 is perspective view of a fluid flow measurement system in
which the elements of the present invention function.

Figure 2 is an enlarged cross sectional view taken along line 2-2 of

Figure 1.
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sheat h, such as a "Thernmowel|", which is imersed in the fluid whose
tenperature is being sensed. In the continued devel opnent of sophisticated
flow neasurement systens for processing fluids it has becone increasingly
i nportant to be able to 5 neasure volunme and nass of fluid, as well as
rate. In ordeW@¥/4¥¥% hat, however, tenperature of the fl ui dPRTUEI7HRISnown.
Because intrusive neasurenment of the various paraneters of a fluid fl ow ng

N @ pipe requires peRRl nafsl Prdlh debiforl Rdew idf the geirmatyi fipr doRsdr oD thense
the required parameters with a single instrument, requiring only one
i ntrusi on i nt optdsentpinventidr) including thei pipe tistoewbich, thereonthined presspicetnd of

the present invention to provide a single at us. sensin enperature
in a fluid fl oMmMPErRNIeSANSAL ¢lﬁ@enféﬁafhwgi=f}°‘§§*pﬁéf=|m °§‘£h%%%rfa°‘t“ﬂ8& AP and

| ow pressures which hav en_previously detected by a pitot tube type of
fl ow.sensor. A%‘Bﬂmgerb‘g?@ilf sgx?sof.he invention is to provide a conbination
tenperaturesl5 andppneedys Gn R FicRoftBY ntifold of the peesthinvaigtionshowige

that will allow the
‘ the riser and the terminal housing on one side of the manifold and the
receptacle for one of the pressure valves on the end shown. The opposite end is
a mirror image of the end shown.
Figure 5 is a cross sectional view taken along lines 5-5 of Figure 4.

10 Figure 6 is a side view of the preferred form of temperature sensor.

DETAILED DESCRIPTION OF THE INVENTION

Figure 1 illustrates a typical flow measurement system 2 to which the
com-bination of the present invention is applied. The primary portion of the

15 system comprises a pitot tube type of differential pressure flow sensor 4 (of the
type described in the above referred to U.S. Patent No. 4,559,836), which is
inserted diametrically into a pipe 6 catrying fluid. ‘The mounting hardware,
which forms no part of the present invention, is shown generally by reference
numeral 8. The proximal end of the pitot tube terminates in a manifold head 10

20 where the high and low pressure fluids are conveyed though interior channels
of the manifold to a pressure transducer 12 mounted directly to the manifold 10.

As shown in Figure 5, the interior fluid conducting conduits 11 and 13 in the
manifold pass respectively through a pair of shut off valves which are disposed

in threaded receptacles 14 and 16 of the manifold. One valve 18, of the two, is

25 shown in Figure 1. A third, equalizing valve 20, positioned in receptacle 22 in
the manifold, is opened to interconnect the high and low pressure conduits 11

and 13 to equalize the fluid pressure in the manifold for the purpose of
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tenperature sensing portion of the assenbly to be renoved and repl aced

w thout having to also renove the primary pressure sensor fromthe pipe.
Anat her obj ect of the present invention is to advantageously use the
avaid abl e space inside of a prior art pitot tube to house a tenperature
sensing 20 wWwowsasy?e Xt her and further objects, features andecivssmosiges of

the invention will becone apparent upon a reading of the detailed
description of .a preferred formof. ' s} PEaS el OF
THE DRAW NGS %gfa%“g the ﬁ‘"‘ﬁﬂ?g L W&"%Eﬁ?%%ﬁ?‘?‘;\yem\%\g@vadk 9@?‘?’ d % Fé-w

nmeasur enment : [ leaibldved vikietHR Preseat investigi.esent i nvention functi on.
Figure 2 is Z‘ﬁﬁﬁelﬁ‘grcgneggg?%ssﬁgect i ong{ view taken along line 2-2 of Figure
1. 2 Attached to the pressure transducer 12 is the so-called differential

pressure transmitter 24, but which, in the context of this invention, processes
s and transmits signals representative of the mass and volume of the fluid flowing
in the pipe 6, as well as differential ﬁressure and fluid flow rate.

Attached to one face of the manifold 10 is a riser 26 which supports a
housing 28, containing an electrical terminal (not shown). The terminal inside
the housing 28 interconnects the wiring 30 from a temperature sensing device

10 with other wiring (not shown) which conducts the temperature signal into the
differential pressure transmitter 24 for use in determining the mass and/or
volume of the fluid in the pipe 6.

The temperature sensing device 32 is preferably a resistive temperature
device, such as the ARI and Weed RTD manufactured by Texas Thermowell,

15 Inc. Such a device comprises an elongated rigid resistive element 34 having
conductors 30 which convey the signal from the resistive element to a further
signal processing site. Referring now to Figures 1 and 2, the RTD temperature
sensor is seen in its installed position within a space in the pitot tube 4 between
the high and low pressure plenums 40 and 42.

20 As seen in Figure 3, the manifold 10, in addition to the valves and
conduits already mentioned, contains a bore 35 which traverses through the
body of the manifold. The bore 35 is sized and positioned in the manifold to
act as a conduit through which the rigid resistive element 34 of the RTD
temperature sensor 32 is passed during its insertion into, or retraction from, the

25  pitot tube 4. When the rigid portion 34 of the temperature sensor is fully
inserted into the pitot tube, the temperature sensor conductors 30 are then

trained through a transverse duct 42 in the manifold 10, which duct is in
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Figure 3 is a cross sectional view of the primary fl ow sensor of the
pregsent invention, including the pipe into which the conbi ned pressure and
tenperature sensor elenents are inserted and the manifold head nounted on
the proximal e¥@%4#89%he sensor. 5 Figure 4 is an end PCENSeH0914de
mani fol d of the present invention showing the riser and the term nal

housi ng on Onecélinﬂﬁmr‘aéatibflgwi@ﬁ‘mg R FBNATh Bordiretind afd Rinl BFouzhahefriseh o

pressure val ves on the end shown. The opposite end is a mrror inage of the
end shown. Fi gbeeohndctedtodhetesminat in thediousing?8t aken al ong |ines 5-5 of
Figure 4. 10 Figure 6 is_ a side view of the preferred form of

tenperature sensor. OneTend_pb thi=bore B¥| i@]\PfQﬁdeilEWitN\ﬁENﬂaQile ghlagged and
H us‘t rates a typl o re]::clep S 3 %ﬁr?iftof WRGEM GiahRetl! Hher e temperature

5 sensor 32 is in position in the pitot tube and the manifold, a threaded collar 41
on the proximal end of the elongated resistive portion 34 of the temperature
sensor is threaded into the small receptacle 38 for the purpose of mounting and
securing the temperature sensor. After the temperature sensor is thus secured, a
threaded sealing plug 43 is screwed into the larger outer receptacle 36 after

10 which the pressure transducer 12 can be attached to the manifold, as it is shown

to be in Figurel.
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conbi nati on of the prespnt invention—i-s—a p| i ed. The pr| mary portion of the
15 systemconprises a pitot tube t differential pressure flow sensor
4 (of the type descri bedum“u lu Mﬁerred to U.S. Patent No.

4,559, 836), which is ins ly into a pipe 6 carrying fluid.
The mount i ngwoandswas e, whi ch’ forms no part of the present |FCFAUSST/A8164 i S
shown general Iy by reference nuneral d of the pitot tube
termnates in & mani fold head 10 20 {FH%eSHBRT HASIBEEMY | ow pressure fluids
are conveyed though interior channel § of tlngpmagmfol d §o a pressure
transducer 12 nmounygdcdanget!y to the—mentftotd—+6—As—shown in Figure 5,
the interior f|UId conducting conduits 11 and 13 I n the manifol d pass

respective] y 1.hr ouybemsinmprobeiasssmbly §ira Jow vesasuiement systera COREISHE;
threaded receptacles 14 and 1

6 of the.man ve 1 t wo,
is 25 shown i n F| gur e ajtubulag h?‘%ﬂ a pagtion PéWﬁﬁ‘ﬁ\)?}t?wt?g ord%e???%r%{,ihﬁn
receptacl e 22 he mani f.o d | I RRe t | ow
pressure c'bnd 'ﬂ”%ﬂ‘ feé‘{(}‘?ngéu&ﬁu z€ F%déh?f‘hgd pres%?eﬂblgxr%eggraﬁgﬁl fold
for the pufposRnfihs3means exposing the respective plenums to the high and low fluid

5 pressures in the flow, respectively;
6 manifold means attached to that portion of the tubular body which
7  js disposed outside of the fluid flow, and having, '
8 valved passages for conveying the said high and low fluid
9 pressures through the manifold,
10 terminal means carried by said manifold for interconnecting
11 electrical components,
12 a duct for carrying electrical conductors, and
13 electrically responsive temperature sensing means disposed
14  within the tubular body and having connecting means which are directed

15 through the manifold’s duct for connection with the terminal means.

1 2. The combination of claim 1 wherein the manifold means further includes
2 abore traversing the manifold and aligned with the interior of the tubular body
3 through which bore the temperature sensing means may be passed in the
4 process of inserting or removing the temperature sensing means from the

5  tubular body.

\
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calibrating the transmtter. Wile a three valve manifold is, shown, a five
valve mani fold can be enployed with the present invention. Attached to the
pressure transducer 12 is the so-called differential pressure transmitter
24, but whi chWATMBHR context of t HiTHIS SHERT iHAS, BERNCEesses FPCTAHRETANEsi t S
signals representative of the mass}and VREPL’K@EPf thejfluid flowng in the
pipe 6, as well as differential preésstre—anre—+reid— ow rate. Attached to
one face of the manifold 10 is a riser_26 whjch sypports a housjn ff21ﬁ

cont ai ni ng1an 3el ecThe cembinatignnef clais: 2 sWberain thepgugte 'W“P%@'eﬁ&' e
housi ng 28 interconnects the wiring 30, froma tenperature sensing device 10
with ot her 2wi FPRENCIISHS W“W?‘b‘ﬁ“é’%&%’%‘gt he tenperature signal into

t he differe_;ntial pressure transmtter 24 for use in determ ning the nmass
and/ or

1 4. The combination of claim 3 wherein the temperature sensing means is of
2 the resistive type and comprises a rigid elongated sensing probe disposed

3 within the tubular body between the high and low pressure plenums.

1 5. The combination of claim 4 wherein the rigid elongated sensing probe is

2 mounted for support in the bore of the manifold means.

1 6. The combination of claim 5 wherein the said plurality of electrical

2 conductors are disposed in the duct and are connected to the terminal means.

1 7. A pressure and temperature sensing probe assembly for a mass flow
2 measurement system comprising,

3 a tubular body, a portion of which is adapted for insertion into the fluid
4 flowing in a confined conduit, and having, within said body, a pair of separated
5 plenums, '

6 openings in said tubular body which expose the respective plenums to
7  high and low fluid pressures in the fluid flow,

8 electrically responsive temperature sensing means having an output and

o

disposed within the tubular body,
-—
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volune of the fluid in the pipe 6. The tenperature sensing device 32 is
preferably a resistive tenperature device, such as the ARl and Wed RTD

manuf act ured by Texas Thernowel |, 1 - i ce conprises an
el ongated rigid resistive elenment 3 Th vﬁ C s 30 which convey the
si gnal from MEow48%M0sti ve el enent tpb a f REPhAGEDsi gnal] procepesirogprmbics.

Referring nowto Figures 1 and 2, the RID tenperature sensor is seeninits
i nstal | ed position W hi . %S??'!n it BBidldnthubidRGorf wWRR ENESd blvguRisgh and
| ow pr essU’?e pl en %ﬂsﬁ%ﬁt{?ﬂ%dﬁ%’i‘ er1ihﬁldoéAs sle“télngﬁl F:Rgure 3,bt hg mani f ol d
10, in additifop doavehingy tev Baid pressares uthereiralto estdjeaste ohe csleddricalosigaalns a
bore 35 which traverses through the body of the manifold. The bore 35 is
si zed andxqoosiepresmathofuhedw&rr:mbptwseraﬁxesasﬂagben@lnwmm\m@h whi ch t he

i gid ISt I t 34 of the RTD t 32 i d
L ol bR APELAHLP T80 B e,

the rigi dlpor%g'g%?ug,é a?lﬁ ‘amé‘ﬁﬁﬁﬁﬁfgﬁ%‘ﬁ?@?@y%@g@% ginserted into the

pitot tube, t enperature se en

1 8 The combination of claim 7 and further including,

2 mounting means attached to the tubular body and including a traversing
3 bore aligned with the interior of the tubular body through which bore the
4 temperature sensing means may be passed in the process of inserting or

5 removing the temperature sensing means from the tubular body.

1 9. The combination of claim 8 wherein the temperature sensing means is of
2 the resistive type and comprises a rigid elongated sensing probe disposed

3 within the tubular body between the high and low pressure plenums.

—_—
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trained through a transverse duct 42 |n the nanlfold 10, which duct is in 4
WD 97748970 PCT/ US97/ 09164
conmuni cation with the riser 26. The conductors are run through the riser
to be connected to the termnal in the housing 28. One end of the bore 35
is provided wiWR9t4¥7r adi al | y enl arged and threaded recept a@Ca8aISE@IHAd 38,
of different dianeters. After the tenperature 5 sensor 32 is in position
in the pitot tube and the nmanifold, a threaded collar 41 on the proximal

end of the elongated resistive portion 3 t he tenperature sensor is
threaded into the small receptacle 3 ose of nmounting and
securing the tenperature sensor. hesfenp re sensor is thus
secured, a threaded sealing pl S c_e%% Tnto\\he |arger outer
receptacle 36 after e
- /..‘ ﬂ
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10 which the pressure transducer 12 can be attached to the manifold, as it
Is shown to be in Figure 1. 5 VWVE CLAIM 1. A sensi ng probe assenbly
for..a fl ow nmeasurenent system conprising, 2 a tubul ar body, a
portion of which is adapted for insertion into the 3 fluid flowing in a
confined conduWOS7489® havi ng within said body separated 4 [HOINTII6EANS
exposi ng the respective plenuns to the high and low fluid 5 pressures in

the flow, respectively; 6 mani f ol d neans attached to that
portion of the tubular body which 7 is disposed outside of the fluid flow,
and having, 8 val ved passages for conveying the said high and
|l ow fluid
) S
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9 pressures through the manifold, 10 term nal neans carried by
said hanifold for interconnecting |1 electrical conponents, 12

a duct for carrying electrical conductors, and 1 3 electrically
responsi ve tenperature sensing neans disposed 1 4 within the tubul ar body
and havi ng contfR4¥H§ neans which are directed 15 through PEBUSTINMI6| d' S
duct for connection wth the termnal nmeans. 1 2. The conbi nati on of
claim1 wherein the manifold nmeans further includes 2 a bore traversing
the manifold and aligned with the interior of the tubular body 3 through
whi ch bore the tenperature sensing neans nmay be passed in the 4 process of
I nserting or renoving the tenperature sensing neans fromthe 5 tubul ar
body. 6

-l FIG .4




1.,)3/‘ . The conbi nat kin of claim2 wherein the duct for carrying %3@&%(0@ .

2 conductors is in c Mﬂlﬂ”’ the bore. 3 1 4. The con‘qifaéi on
it %l 88nsi ng means is of 2 the resistrve

of claim3 wherein t
type and conprises a rigid el ongated sensing probe disposed 3 within the
t ubul ar body bet\@ﬁ;y&%@ gh and | ow pressure plenuns. 4 1 5. The

€

conmbi nati on of cl . rein the rigid el ongated sensing probe is 2
Combi nat | onaf  orarsasng PRLSeRbly R S e o ompris S
conductogs are di sposeactubuldrbodsys pottivh of whicinisedaptid for timsertien imtodhe
means. 3 1 7. A pressure and tenperature sensing probe assenmbly for a nmass
flow 3 fluid flowing in a confined conduit, and having within said body” separated
4 plenums, means exposing the respective plenums to the high and low fluid
5 pressures in the flow, respectively;
6 manifold means attached to that portion of the tubular body which
7  is disposed outside of the fluid flow, and having, _
8 valved passages for conveying the said high and low fluid
9  pressures through the manifold,
10 : terminal means carried by said manifold for interconnecting
11 electrical components,
12 a duct for carrying electrical conductors, and
13 electrically responsive temperature sensing means disposed
14  within the tubular body and having connecting means which are directed

15 through the manifold’s duct for connection with the terminal means.

1 2. The combination of claim 1 wherein the manifold means further includes
2 abore traversing the manifold and aligned with the interior of the tubular body
3 through which bore the temperature sensing means may be passed in the

4 process of inserting or removing the temperature sensing means from the
5 tubular body.
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‘2 mEasurenent systemTOMPrising, 3 a tubul ar body, a portion of
whi ch is adapted mothefluid4flovm'nginaconfined
conduit, and havi mw ﬂ)‘“mm ody, a pair of separated 5 plenuns, 6

openings in said odysmhrch expose the respective plenuns to 7 high

and low fluid pressures in the fluid flow, 8 electrically responsive
tenper pt use SeMHengombaRAicAAUE RN 20uthentinathe: Suctdforpoarying electricabe
t ubul ar body, 10 pressure transducer nmeans in fluid communication

with the sanduqstbmwlsrmcbmmummatlamm&rﬂllerhyr@-he fluid pressures therein to at
| east one electrical signal 12 representative of the difference between
the saBd high and | ow pressures, 13 a transmtter responsive to the
el ectrical signal fromthe pressure

1 4. The combination of claim 3 wherein the temperature sensing means is of
2 the resistive type and comprises a rigid elongated sensing probe disposed

3 within the tubular body between the high and low pressure plenums.

| The combination of claim 4 wherein the rigid elongated sensing probe is

2 mounted for support in the bore of the manifold means.

1 6. The combination of claim 5 wherein the said plurality of electrical

2 conductors are disposed in the duct and are connected to the terminal means.

t 7. A pressure and temperature sensing probe assembly for a mass flow
2 measurement system comprising, ,

3 a tubular body, a portion of which is adapted for insertion into the fluid
4 flowing in a confined conduit, and having, within said body, a pair of separated
5 plenums,

6 openings in said tubular body which expose the respective plenums to
7 high and low fluid pressures in the fluid flow,

8 electrically responsive temperature sensing means having an output and

9  disposed within the tubular body,

REPLACEMENT SHEET
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¥4 transducer and the tenperature sensing neans. 1 8.
The conbi nation of %ﬂgm‘g‘!@w&“ﬂm}ﬂnﬂ I ncl udi ng, 2 nount i ng neans
attached to the tubulidafe NG | rcl uding a traversing 3 bore aligned

with the interior of the tubular body through which bore the 4 tenperature

sensi ngjgmeans n%febﬁm@@fzﬁﬁdud:el‘ théansiindhed conimuniation wgitlhothessaid plamumsy t he
tenperature sensing neans fromthe tubular body. 6 1 9. The conbi nati on
of claim 8 fupecarivertihg thenflsiditpressusesn $hergimdanat leasprone elggriealssignal, e

type and conprises a rigid el ongated sensin obe di.sposed 3 wthin the
t ubul ar 12pociepERsetatiyerafdhe idgﬁfe@ﬁ_ee b%W%ﬂé&gP&rlﬂlgErﬂ?ﬁ@Bw&re?s“__fes’ 10. A
senst ngdo robe asgetr}‘gtllglm{ e ?es]ialoglsig/e "R he egi%g{ricsayséigﬂﬁlc%' ﬁ{en%ressure

14  transducer and to the output of the temperature sensing means.

1 8. The combination of claim 7 and further including,

2 mounting means attached to the tubular body and including a traversing
3 bore aligned with the interior of the tubular body through which bore the
4 temperature sensing means may be passed in the process of inserting or

5 removing the temperature sensing means from the tubular body.

1 9. The combination of claim 8 wherein the temperature sensing means is of
2  the resistive type and comprises a rigid elongated sensing probe disposed

3 within the tubular body between the high and low pressure plenums.

REPLACEMENT SHEET
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2 a body, a portion of which is adapted for insertion into a fluid
in a3 confined conduit, conprising a plurality of fluid conductors which

and 5 11T Vg&***’%ﬁ%@d&%ﬁ@%%&?‘mé‘%ﬁp Ry LBRafE, (e ©

tenperature of 6 the fluid. 1 The conbi nation of claim 10 wherein
t he bod¥ i ncl udesbady,udcatior of whmh rg adaptediifoh insestibh lintb aofldidions are
di sposed and further including a duct 3 within said tubular housing

wher ei nq at a e S S

i sposed.  forRngd et CEofiprising, 'Ry 4 Yluiag Eaﬁﬁ%ﬁgﬁgﬁ%ﬁcﬁ
tenperature sensor is 2 electrically responsive. 13. The conbination
of cl ai fis Tespactivelyxposed ichlighiang| lowi prgssuzes in the saldaﬂw:rdmanén d attached to
that portion of the body that is disposed outside of 3 the fluid

cont ai nng_condyj femﬁ&\aﬁrmsbplcgnt@vw%@baaymlg xlrr@fm\é%ﬁﬁgrﬁure ppssages

for conveying the said high and. | ow pressure ¥ oug
6 the fluid.

1 11. The combination of claim 10 wherein the body includes a tubular
2 housing in which the fluid conductors are disposed and further including a duct
3 within said tubular housing wherein at least a portion of the temperature

4  sensing means is disposed.

1 12.  The combination of claim 10 or 11 wherein the temperature sensor is

2 electrically responsive.

1 13. The combination of claims 10 or 11 and further including,

2 a manifold attached to that portion of the body that is disposed outside of
3 the fluid containing conduit, said manifold having a plurality of valved
4  passages for conveying the said high and low pressure fluid through the

5 manifold.

REPLACEMENT SHEET
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5. manifold. 8 - A 1 14. The conbination of claim 13 wherein the

mani fol d i ncl udes a bore 2 .
t enperpt ung. semyer cambinatioRass i 13 whiRSn
removi ng the tenperature sensor fromwthin
conbi nat i

bore.

condui t,

body,

a portion of which is adapted

4

10

11

in the duct is in communication with 2

n of claim wher e
316‘6?&“%'& an 9Haﬁi‘*€"§brb9r%§wpﬁemr4t§fe sefser manhbe passed ivonf i ned

theret hrough and through which bore the
. > I g
S e T L

t he

2 t hrough a single opening in the wall thereof, for neasuring
the chir adlieepicdess of Inseréihg eorf idﬁhéi/iﬁ? Qhe TempBRbEeNsenS8F B dnt i iRhin%the

body.

15.  The combination of claim 14 wherein the duct is in communication with

the bore.

16. A therquynamic sensing probe for insertion into a confined conduit,
through a single opening in the wall thereof, for measuring the characteristics
of a fluid flowing therein, comprising,

a body, a portion of which is adapted for insertion through the opening
in the wall of the conduit and into contact with the fluid in the conduit, where
the body comprises a plurality of fluid conductors which are respectively
exposed to high pressure upstream of said body and low pressure downstream
of said body in the flowing fluid; and

an electrically responsive temperature sensor having an output and
carried by the body through the opening in the wall of the said conduit for

sensing the temperature of the fluid within the conduit.
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or insertion through the opening

a



5..in the wall of the conduit and into contact-wth the fluid in the
conduit, where 6 ' the body conprises a plurality of fluid conductors which

are reSPquvvelwhéconﬁﬁﬂaﬁ&mofaahhgmzﬁkpﬁﬁﬂk@cyﬁ@&@ﬁg?1of sai d body and | ow
pressure downstream 8 said body in the flow ng uid; and 9 an

electrically responsive te eratu:ﬂe aensor havi ng a,ghout Efm and 10 carried
by the Body  t hr 8uyssIure tipsdigeg in fluig comnpnigatioh wi yatiand seegndy 1
sensing the tenperature of the fluid within the conduit. 8 - B 1 17.

The condi ”ﬁdl@@oﬁtﬂu&b{%' for E6neettink Whé Rald pRERNIrES pr@entXherein to at Rafi @fesur e
transducer in fluid communication with said first and second 3 fluid

conduct ors .cqnvert the fluid es es sent t to at | east
one 4 “el Crt‘i‘E"al sngpe,fn5$prpwgé\@npgttﬁgeglgfer?q% E?Wegpe&’f ﬁﬂbq WEERUhe
fluid pressure

) 5 upstream of said body and the fluid pressure immediately downstream of said

6 body.

1 18. The combination of claim 17 and further comprising:
2 a transmitter responsive to the electrical signal from said pressure

3 transducer and to the output of the temperature sensor.

1 19. The apparatus of claim 16 wherein said temperature sensor is of the
2 resistive type and comprises a rigid elongated sensing probe disposed within

3 said body.
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5 upstream of said body and the fluid pressure i medi ately do%ggkgf
sai d 6 body. 1 18. The conbination of claim17 and further co | é

2 ¥ a transmitter responsive to the electrical signal from sal@g - -
pressure 3 transducer and to the output of the tenperature s 1

19. :Yhe appar at claim 16 wherein said tenperature sensor !
resistive type am'&rrpri ses &P GBS RIRO Ry ORHNTZAB r obe di
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(54) Title: FLOW METER PITOT TUBE WITH TEMMJRE SENSOR
(57) Abstract

A combined temperature and pressure sensing probe assembly for a flow measurement system comprising a tubular body, a portion
of which is adapted for insertion into fluid flowing in a confined conduit, such as a pipe. Within the tubular body are separated plenums
which are exposed respectively to high and low fluid pressures in the flow. A manifold block is attached to that portion of the tubular bow?y
which is disposed outside of the pipe containing the fluid flow. Along with valves and fluid conveying channels, the block is equipped with
a duct for carrying electrical conductors and also contains a traversing bore which is aligned with the tubular body and is in communication
with the conductor camrying duct. An electrically responsive temperature sensor is disposed within the tubular body and is mounted in the
aligned bore of the manifold. Conductors from the temperature sensor are directed from the manifold’s bore through the connecting duct
to a point exterior of the manifold.




