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| NVENTI ON 1. FI ELD OF THE | NVENTI ON 5 ~ This invention rel ates
generally to floow neters, and nore particularly, to a flow neter which may
be connected in-line within a chemcally corrosive fluid flowcircuit in
either a |iquiwoor3gEaseous state, wherein the flow neter incl pépessinig
chemcally inert pressure sensors that are 10 contained within a

non-cont am nating body on opposite sides ol-a constriction and may be
I solated fromthe fluid flow ci rcw t~ I'l. DI SCUSSI ON OF THE RELATED ART -

Frequently, caustic flui h sensitive
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manuf act urers. The manuf acipACRGROVRAY . OF OPRE XBVIENTION 0Cess sem conduct or
waf ers using c sticFH,%_J_Li FH\'{ r'ﬁ@ngwilf acturing systens 20 have been
desi‘gned to reduce t o% a ﬁa# he sensitive materials by foreign
particles afd gener fhd@ vayensiomhrehresgenrraddyt fieefilows metierst hand
manufacturing more particularly, to a flow meter which may be connected

in-line within a chemically corrosive fluid flow circuit in
either a liquid or gaseous state, wherein the flow meter
includes two chemically inert pressure sensors that are
10 contained within a non-contaminating body on opposite sides
of a constriction and may be isolated from the fluid flow
circuit.
II. DISCUSSION OF THE RELATED ART
Frequently, caustic fluids are used in the processing

15 of sensitive materials. During the production of these
sensitive materials, the susceptibility to contamination is
a significant problem faced by manufacturers. The

manufacturers may, £for example, process semiconductor
. wafe;s using caustic fluids. Various manufacturing systems
20 have been designed to reduce the contamination of the
sensitive materials by foreign particles and generated

vapors. - .
The processing equipment used in the manufacturing
gystems include designs that attempt to eliminate all
25 sources of damaging contaminants. The processing of the
sensitive materials often involves the direct contact of
the sensitive materials with the caustic fluids. Hence, it
is critical that the caustic fluids are delivered to the
processing site in an uncontaminated state. Various
30 components of the processing equipment are commonly
designed to reduce the amount of particulate generated and
to isolate the processing chemicals from contaminating

) influences.

Liquid transporting systems carry the caustic
35 chemicals from supply tanks through pumping and regulating
stations and through the processing equipment itself. The
liguid chemical transport systems, which includes pipes,
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to the 5 such monitoring devices, cannot reliably stand up to the
corrosive environment for long periods of time. Hence, the
monitoring and sensing devices must incorporate substitute
materials or remain isolated from the caustic fluids.
The processing equipment commonly used in
10 semiconductor manufacturing has monitoring and sensing
devices, such as pressure sensors and flow meters. These
monitoring and sensing devices are connected in a closed
loop feedback relationship and are used in monitoring and
controlling the equipment. These monitoring and sensing
15 devices must ~also be designed to eliminate any
contamination which might be introduced. For example, a
turbine flow meter known in the art has moving parts that
wear out and become corrupted when exposed to the caustic
fluids. Further, these turbine flow meters tend to trap
20 fluid that contaminate subseguent process fluids. In
avoiding the use of turbine flow meters, the monitoring and
sensing devices may incorporate sensors. These devices
must also be designed to avoid the introduction of
particulate, unwanted ions, or vapors into the processing

25 steps.
The general use of pressure sensors in flow meters is

known in the art. For example a venturi, nozzle, orifice,
or weir meter may be used for measuring or controlling the
rate of flow. A differential sensor or pitot tube with
30 sensors may be used, however, both these arrangements
require small ports or capillaries that can easily plug or
trap contaminants. The prior art does not disclose a flow
meter which may be positioned in-line within a fluid flow
circuit carrying corrosive materials, and which does not
35 contaminate the processing fluids. Hence, a need exists
for a flow meter having non-contaminating pressure sensors
which may be positioned in-line within a fluid flow circuit



corrosive environnment for |long periods of time. Hence, the nonitoring and
sensing devices nust incorporate substitute materials or remain isolated
fromthe caustic fluids. The processi ng equi pnent comonl y used

i'n 10 . sem conduct or manufacturing has nonitoring and sensing devices, such
as pressure sensors and flow nmeters. These nonitoring and sensing devices
are connect ed wovaaes®sed | oop feedback relationship and are p&fiisdbasar
moni tori ng and controlling the equipnent. These nonitoring and sensing 15
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processing of the sensitive materials or other roducts and
also to personnel who may have to tend and maintain the
processing equipment. Hence, the chemical transport system
10 must be designed such that leakage is avoided.

An in-line mechanical fluid pressure responsive gauge
separated from the fluid flow by a protective membrane is
known in the art. The gauge is contained within a housing
having a cavity filled with a sensor fluid. The cavity is

15 formed adjacent the £fluid flow and separated by the
protective but  flexible membrane. The sensor fluid
contained within the cavity is typically a silicone oil.
A change in pressure within the fluid affects the silicone
0il pressure within the cavity. The o0il pressure is

20 detected by the mechanical pressure.responsive gauge.

The £luid within the cavity typically has large
coefficient of thermal expansion, which may cause a
significant deflection in the membrane. The large
deflection changes in the protective membrane increases the

25 1likelihood that the fluid within the cavity will leak into
the fluid flow, contaminating the flow circuit. Also, the
accuracy of the pressure gauge is negatively affected by
the large thermal expansions of the sensor fluid. Hence,
a need exists for an in-line pressure gauge that does not

30 1leak contaminating fluids into the fluid flow circuit.

) Also, a need exists for a pressure gauge, wherein the
accuracy is not affected by thermal changes within the
fluid flow circuit.

Collins et al., in U.S. Patent No. 5,316,035 (the '035

35 patent) describes the use of a capacitance proximity
monitoring device in corrosive atmosphere environments. In
one embodiment of the '035 patent, the capacitance



30 sensors may be used, however, both these arrangenents require snall
ports or capillaries that can easily plug or trap contam nants. The prior
art does not disclose a flow neter which nmay be positioned in-line within a
fluid flow circuit carrying corrosive materials, and which does not 35
contam nate the processing fluids. Hence, a need exists for a flow neter

havi ng non- cowoan#ss i Ng pressure sensors which may be positi .n-].1 ne
within a fluid flowcircuit WO 97/30333 pER 7' "°
PCT/ US97/ 00941 -3- carrying corrosive matarial. Al so, a need exists for a
flow nmeter, wherein the accuracy of- the flow neter is not affected by .
thermal changes within the fluid flow circuit. Mechanical processing
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used to determine the change of electrical characteristics
within the predetermined area as various fluids flow past
the predetermined area. Monitoring changes in the current
related to the sensing field when the liquid target media

"10 is present, versus air or gas in the piping when the liguid
target media is absent, thereby produces an indication of
the presence or absence of the target media. The complex
valving is used to control fluid flow and the possibility
exists that the fluid will leak and contaminate the

15 processing fluid flow. : .

None of the above identified prior art discloses or
even considers a device capable of determining the fluid
flow rate within the caustic chemical transport system of
chemical processing equipment. Further, none of the above

20 identified prior art discloses a device that determines
either or both the fluid flow rate and the pressure within
the fluid flow. Monitoring the fluid flow within the
chemical'transport system is useful for several reasons.
First, a change in flow within the system may be indicative

25 of leakage within the system. Second, the flow within the
transport system is regulated to avoid exceeding
predetermined safety limits. Third, a change in fluid flow
may indicate an obstruction or infiltration of contaminants
into the fluid flow circuit.

30 Therefore, a need exists for a non-contaminating fluid
flow meter which may be positioned in-line within a fluid
flow circuit carrying corrosive materials, wherein the flow
meter determines the rate of flow based upon a pressure
differential measurement taken in the fluid flow circuit,

35 wherein the determination of the rate of flow is not
adversely affected by thermal changes within the fluid flow
circuit. A need also exists for a flow meter that avoids



geparated fromthe fluid flow by a protective nenbrane is known in the art.
The gauge is contained within a housing having a cavity filled with a
sensoi fluid. The cavity is 15 fornmed adjacent the fluid flow and
Separated by the protective but flexible nenbrane. The sensor
fluid contained within the cavity is typically a silicone oil. A change in
pressure w t hiwoltisessd ui d affects the silicone oil pressure vedBusd7iotna:
cavity. The oil pressure is 20 detected by the nmechani cal pressure

responsi ve gauge. The fluid within the cavisty typically has | arge

coefficient of thernal expansion whi ch may cause a significant deflection
s in_the protective

in the menbrane. he ‘nge deflectiqn chanae
menbr ane i ncr eatBg P-Hér?éucﬂ- I‘P%(ﬁi}'tt"lﬁ‘ﬁaf:ﬁe PRURBCGRt APRE « HRE CERARRTS i | |
|l eak into the flintd thewfloentamcndti ng THee pregent r tnvent s caddiesses

accuracy of the ngésHéga?auge I's negatively affected by the | arge thermal
expansi ons of t e sensor tluid. Hence, a need exists for an in-line

pressure gauge that does not 30 SUMMARY OF(THE TNVENFIONUi ds into the fluid
flow circuits Al so, Pheecpurposestcaf fthe prpsestuinvemuimsn idhal®iprdvifle a
accuracy is not € b, e‘.ﬁi}al halgfR gV il Heh & of i cirguit.
Collins et al. ff&LLﬁéegE yhé@ b5é:316 O%SdM(t herint(t)e3%of ﬂaot“}erﬁ,‘y) culct
describes the’ E§én§P°§t’c’eﬁ)éE91%%&¥e BlBidss yhere the rate ot flow may -

be determined from a differential pressure measurement
taken within the flow circuit. The flow meter includes two

10 pressure sensors contained within a non-contaminating body,
wherein the pressure sensors are separated in the flow
circuit by a constricting member.

- The flow meter compensates for changes of temperature
within fluid flow circuit and provides a zeroing feature

15 which compensates for differences in pressure between the
two sensors when the fluid is at rest. In the preferred
embodiment, the components of the flow meter include a
housing, a cover, . an electrical connector, pressure
fittings, isclation membranes, sealing rings, two pressure

20 sensors, a circuit board and electronic circuitry, spacer
rings and hold down rings.

The flow meter's housing has a bore extending
therethrough, which forms a passage or conduit through
which fluids flow, when the housing is connected in-line in

25 a fluid flow circuit. Aligned and sealably connected to
the opposed open ends of the bore are pressure fittings.
The pressure fittings are constructed from a chemically
inert material and are readily available and known to those
skilled in the art.

30 The houging also has two pressure transducer receiving
cavities extending from an external surface thereof,
wherein each such cavity communicates independently with
the bore. In the preferred embodiment, the bore tapers to
a constricting region located between the two cavities.

35 The restr.;i.'cted region results in a pressure drop within the
bore across points adjacent the two cavities. This change
in pressure may be detected by pressure sensor transducers



ﬁDnitoring device in corrosive atnosphere environnments. |In one enbodi nent
of the '035 patent, the capacitance WO 97/ 30333

PCT/U897/00941 -4- proximty device is described as being |ncorporated into
a functional apparatus, such as a piping systemincluding val ves and

coupl i ngs. The capacitance proximty device serves as a functional
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predetermned area. It is then used to determ ne the change of electrical

characteristics within the predeterm ned-g-ea as various fluids flow past-
the predetermned area. Mnitoring changes in the current related to the

sensing field when the liquid target media 10 is present, versus air or
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above identifi8emPPYdrisdisgueerdskeley- even considers a device capabl e of

determning the fluAgl isolation membrane, pressure sensor, sealing
members, spacer ring and hold down ring are contained
within each cavity of the housing. These components and
variations thereof are discussed in co-pending application
Serial Number 08/538,478, f£filed October 3, 1995, and
10 assigned to the same assigns as the present application,
the entire disclosure of which is incorporated herein by
reference.
A hybrid or fully integrated electronic circuit
disposed in the housing is operatively coupled to both
15 pressure sensor transducers and to an electrical connector
contained in the cover. The electronic circuit develops a
signal which is a measure of the rate of flow within the
flow circuit from information sensed by both pressure
sensors. Further, the electronic circuit may develop a
20 signal corresponding to one or the other of the downstream
or upstream static pressures within the fluid flow circuit,
such that the orientation of the flow meter within the flow
circuit is interchangeable and the direction of flow may be
indicated by comparing the sensed pressure from each
25 pressure sensor. When sensing the static pressures of
gases flowing through the flow circuit, a correction may be
made to the sensed pressures to correct for non-linearities
as a result of gas density differences.
This electronic circuit may also be used in
30 combination with temperature sensitive components to adjust
the pressure measurement associated with each cavity based
upon temperature changes within the flow circuit. Further,
a switch may be incorporated into the electronic circuit
that allows zeroing of the flow meter by the user.
35 The electronic circuit is coupled by electrical leads
to the electrical connector and power may be transmitted to
the electronic circuit through the electrical leads mating



flowrate within the caustic chenical transport system of chenical

processi ng equi pnent. Further, none of the above 20 identified prior art

dj scl oses a device that determ nes either or both the fluid flow rate and
the pressure within the fluid flow. Monitoring the fluid flow within the
chem cal transport systemis useful for several reasons. First, a change in
flow wi thin thegoesgbss nay be indicative 25 of | eakage w t hi pcicfigefioessrem
Second, the flow within the transport system is regulated to avoid
exceedi ng predeterm ned safety limts. Thi¥zk a change in fluid flow may

i ndi cate an obstruction or infiltration of contamnants into the fluid fiow
circuit. 30 Therefore, a need exists for a non-contamnating fluid
flow neter whi cRtiresheEPFRSCEPENREtRNAR| PREEFRZ Povwer) FugPlyow Eurther,
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af fect ed by t hertrnsgishgdsthirevgh additionad eledreiealiteads need al so :
exi sts for asflow metrar ah haltexn@itds embodlin€nt 30313 housing comprises two
PCT/ US97/ 00941 symmetric housing halves. Each housing half includes a
longitudinal bore and counter bore for receiving a
restriction member therein. In another embodiment, a
portion of the longitudinal bore disposed between the two
10 cavities has a third cavity which receives a removable
insert. The insert has a channel extending therethrough,
thereby forming a passage from one bore section to the
‘other. In yet another alternate embodiment, a bushing is
friction fit within the bore between the two cavities to
15 ‘thereby create the constriction. 1In a further alternate
embodiment, inert . sapphire pressure transducers are
positioned within respective cavities and in direct contact
with the fluid flow, thereby eliminating the isolation
membrane.
20 OBJECTS
It is accordingly a principal object of the present
invention to provide a non-contaminating flow meter adapted
to be connected in-line in a fluid flow circuit,
Another object of the present invention is to provide
25 a flow meter, wherein inert pressure sensor components of
the flow meter may be situated in direct contact with the
fluid £flow.
Yet another object of the present invention is to
provide a flow meter having isolation members that are in
30 direct contact with the associated pressure sensors, the
isolation members acting to isolate the sensors and
associated electronic circuitry from potentially corrosive
processing chemicals and precluding introduction of
contaminating substances into the processing fluids being

35 transported.
Still another object of the present invention is to

provide a flow meter, wherein a pressure of the flow



<5- the introduction of particulate, unwanted ions, or vapors into the flow
circuit. The present invention addresses these needs. SUMWARY OF THE

| NVENTI-ON 5 The purpose of the present invention is to provide a flow
feter that may be coupled in-line to a flowcircuit transporting corrosive
fluids, where the rate of flow may be determined froma differenti al

pressure neaswoomsgdataken within the flow circuit. The fl owpgg,hgg., bé)g! udes
two 10 pressure sensors contained within a non-contam nating body, erein

the pressure sensors are separated in thes-low circuit by a constricting -
menber. The flow nmeter conpensates for changes of tenperature within fl-uid
flow circuit and provides a zeroing feature 15 which conpensates for
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condui t throuQI'nitial pressure differences between the two pressure
sensor transducers when the flow rate is zero.

Yet another object of the present invention is to
provide a non-contaminating, chemically inert flow meter

10 that determines either the rate of flow or pressure within
the fluid flow circuit.

These and other objects, as well as these and other
features and advantages of the present invention will
become readily apparent to those skilled in the art from a

15 review of the following detailed description of the
preferred embodiment in conjunction with the accompanying
drawings and claims and in which like numerals in the
several views refer to corresponding parts.

. DESCRIPTION OF THE DRAWINGS

20 Figure 1 is a side elevational view of the flow meter
made in accordance with the present invention;

Figure 2 is a top plan view of the flow meter of the
type shown in Figure 1; '

Pigure 3 is a partial sectional side elevational view

25 of the flow meter of the type shown in Figure 1;

Figure 4 is an enlarged, partial sectional side
elevational view of an alternate embodiment of the Fflow
meter with the cover and electric circuit removed;

Figure 5 is an enlarged, partial sectional end

30 elevational view of an alternate embodiment of the flow
meter;

Figure 6 is an exploded view of the flow meter shown
in Figure 5;

Figure 7 is a side elevational view of an alternate

35 embodiment of a flow meter in accordance with the present

invention;
Figure 8 is a partial sectional side elevational view



which fluids flow, when the housing is connected in-line in 25 a fluid
flowcircuit. Aligned and seal ably connected to the opposed open ends of
the bore are pressure fittings. The pressure fittings are constructed from
a chenmically inert material and are readily avail able and known to those
skilled in the art. 30 The housi ng al so has two pressure transducer
recei ving cavivwoaasesst ending from an external surface thereof pepiisspssrcach
such cavity conmuni cates i ndependently with the bore. In the preferred
enbodi ment, the bore tapers to a constrictidng region |ocated between the
two cavities. 35 The restricted region results in a pressure drop W t hin

t he bore across B?Ints adj acent %he two cavi |es This change in pressure

may be detectedtB§ pric¥s Pet@enthr thRatyBScShovn ifp B¥Purm33 with the
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An isolation nenbrﬁh@ure p? e’s%u? d-ORs viewogFf; hjenthBe meten o rthe ng
and hol d dové rtyge asloweodhaFixguire 8, with the cover and electric circuit

removed;
Figure 10 is an enlarged sectional view of a
restriction member used in the embodiment of Figure 8;
Figure 11 is a partial sectional side elevational view
10 of another embodiment of a flow meter housing in accordance
with the present invention; and
Figures 12 and 13 together is a schematic diagram of
the electric circuit used in a flow meter in accordance
with the present invention.
15 DETAILED DESCRIPTION OF THE PREFERRED EMBODIMENT
Referring first to Figures 1 and 2, the flow meter is
generally identified by numeral 10. The flow meter 10
generally includes a housing or body 12, mounting fastener
slots 14, pressure inlet/outlet fittings 16 and 18, and a
20 cover 20. An electrical connector 22, of known
construction, may be removably attached in the cover 20.
The housing 12 and cover 20 are preferably manufactured
from a chemically-inert, non-contaminating polymer such as
polytetrafluoroethylene (PTFE). The cover 20 has bores 24
25 extending through it for mounting the cover 20 to the
housing 12 with appropriate screws (not shown). A suitable
gasket (not shown) is preferably positioned between the
cover and housing.to allow the cover 20 to be sealed to the
housing 12. Without any limitation intended, a gasket or
30 seal manufactured from a multi-layer fabric, sold under the
GOR-TEX® trademark by W.L. Gore & Assoc., Inc., allows
venting of an internal area of the housing 12 for true
atmospheric pressure reference, while restricting the flow
of liquids into the internal area of the housing 12.
35 Referring to Figures 3-6, the intermal construction of
the flow metexr 10 is shown. A longitudinal bore 26 extends
through the housing 12 forming a conduitr. Thus, when the



Wi thin each cavity of the housing. These conponents and vari ations thereof
are di scussed in co-pending application Serial Nunmber 08/538,478, filed
Cctober 3, 1995, and 10 assigned to the same assigns as the present
adppli.cation, the entire disclosure of which is incorporated herein by
reference. A hybrid or fully integrated electronic circuit disposed in the
housing is ORGG #ideysy Y coupled to both 15 pressure sensor tﬂ(ﬁ?ﬁﬁ%&'& fanq
to an. electrical connector contained in the cover. The electroniC Circuit
devel ops a signal which is a nmeasure of iy rate of flowwthin the flow-
circuit frominformation sensed by -both pressure sensors. Further, the-
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circuit my %yff%&§%18588551n 30 conbination with tenperature sensitive
conponents to adjustirst and second transversely extending cavities 28

and 30 extend all the way from an outer gsurface 32 of the
housing 12 to the bore 26. Those skilled in the art will
10 appreciate that cavities 28 and 30 may each extend into the
housing from a different sidewall of the housing. The two
cavities 28 and 30 are separated a predetermined distance
by dividing wall 34. The bore 26 also includes a
constriction or restriction 35 located between the two

15 cavities 28 and 30. Near the regionm within the housing
where each cavities 28 and 30 and bore 26 intersect, an
anmular lip 36 is formed. Bach 1lip 36 surrounds and

further defines the opening to each cavity 28 and 30 from
the bore 26. ' :

20 A thin flexible polymer disk or isolation membrane 38
is positioned on the lip 36 of each cavity 28 and 30.
Without limitation, the membrane is preferably constructed
to have a thickness in a range between .001 and .040
inches. The upper surface of membrane 38 is abraded so as

25 to create a pattern of grooves or channels. Preferably,
the flexible membrane 38 is manufactured from
tetrafluoroethylene fluorocarbon polymers. One - such
tetrafluoroethylene fluorocarbon polymer is sold under the
TEFLON® trademark by E.I. duPont Nemours.

30 The isolation membranes 38 may have a thin film forméd
on its surface, to act as a buffer to any caustic chemicals
leaking into the preésure transducer cavities. The thin
film may further act as an electric shield for capacitance
sensors, thereby obviating inaccuracy problems resulting

35 from changes in dielectric properties as fluids flow
through the flow meter. The thin f£ilm may for example be
a carbon powder and epoxy ink painted onto the isolation



t’he pressure neasurenent associated with each cavity based upon tenperature
changes within the flow circuit. Further, a swtch may be incorporated into
the electronic circuit that allows zeroing of the flow neter by the user.

35 : The electronic circuit is coupled by electrical |leads to the
el ectrical connector and power may be transmtted to the electronic circuit
t hrough the elwolohsgzad | eads nmati ng WO 97/ 30333 PCT/US97/00941

PCT/ US97/ 00941 -7- at the connector with an external power supply. Further,
an anal og out put such as a standard 4-20 fsiildianps signal proportional to-

t he cal cul at ed rate of row may he transmitted through additional -
| eads. an-alternate enbodi nent, the housing conprises
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fromone borse seRIténmativedlye the isolation membrane may be reinforced
with carbon fibers, therxeby increasing the elastic behavior
of the isoclation membrane 38, and reducing the cold flow
tendencies of the PTFE isolation membrane.

When the flow meter 10 is fully assembled, the annular

10 surface contact between each flexible membrane 38 and each
cavity's 1lip 36 is such that a hermetic seal is formed
therebetween. Various features of each 1lip 36 and
isolation membrane 38, without any limitation intended, may
be altered as described in the aforementioned co-pending

15 application Serial Number 08/538,478. _

Each pressure transducer 42 and 44 is held in place
within their respective cavities 28 and 30 by spacer ring
48 and externally threaded hold down ring 50. The
isolation membranes 38 and transducers 42 and 44 are sealed.

20 within the housing 12 by chemically inert o-ring seals 52
and 54. A redundant seal is created by the positioning of
o-rings 52 and 54. The seals 52 and 54 are readily
available and of known construction to those skilled in the
art. An additional spacer ring 56 (see Figure 4) may be

25 necessary, depending upon the dimensions of the pressure
transducer. .

A drain or conduit 40, shown in Pigures 5 and s, may
be formed extending through the housing wall 32 into each
cavity 28 and 30 between the redundant seals 52 and 54,

30 thereby draining the area between the redundant seals. 1In
this manner, the drain acts as a drainage, passageway or
outlet, in the event that fluids leak past seal 52 from the

- fluid flow circuit. A sensor 41 is positioned within the
drain 40 and is electrically connected (by leads not shown)

35 to the electric circuit 46. Those skilled in the art will
appreciate that a conductive sensor, capacitive sensor or
non-electric fiber optic sensor may equally be used to



ether. In yet another alternate enbodinent, a bushing is friction fit
within the bore between the two cavities to 15 thereby create the
constriction. In a further alternate enbodinment, inert sapphire
fressure transducers are positioned within respective cavities and in
direct contact with the fluid flow, thereby elimnating the isolation

_menbrane. 20 wo 9730333 OBJECTS It is accorgipgdoyodds
princi pal object of the present invention to provide a non-contam nati ng

flow nmeter adapted to be connected in-lifi@-in a fluid flow circuit. Another
obj ect ‘of the present invention is -to provide 25 a flow neter, wherein

inert pressure sensor conponents of the flow neter may be situated in
di rect contact®s®3$ the Pregende &f Hluidgnbenehe oifain 4. t thhen derid
invention is thegkd\pabt ard @ireet seabavihg fholdtactivarde ithd hngde 1 0
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circuit 46 from the damaging affects of the caustic fluids.
The redundant seal also further isolates the fluid flow,
thereby reducing the potential contamination of the fluids.
10 Additionally, a tube (not shown) may be connected to the
drain 40, to thereby carry away the caustic fluids to a
non-contaminating area.
Referring again to Figures 3 and 4, the pressure
gsensors 42 and 44 are positioned on top of the associated
15 flexible isolation membrane 38. Each' pressure sensor may
be of a capacitance type or piezoelectric type known to
those skilled in the art.  The base of each pressure sensor
is in direct contact with the membrane 38 and may be either
in pressure contact with or bonded to the membrane by an
20 adhesive, thermal welding or by other known means. The
‘base may have a carbon film formed thereon, to act as an
additional shield against potential leakage and further to
act as electric shield.
In one embodiment, an alumina ceramic pressure sensor
25 may be used, wherein the alumina ceramic pressure sensor
comprises a thin, generally compliant ceramic sheet having
an insulating spacer ring sandwiched between a thicker,
non-compliant ceramic sheet. The first thin ceramic sheet
or diaphragm is approximately .005 to .050 inches in
30 thickness with a typical thickness of .020 inches. The
' thicker ceramic sheet has a thickness range between .100 to
.200 inches. The spacer ring may be constructed of a
suitable material such as a glass, polymer or alternatively
the ceramic sheets may be brazed together. The opposed
35 faces of ceramic disks are metalized by metals such as
gold, nickel or chrome to create plates of a capacitor. A
similar capacitive pressure transducer is described by Bell



zprovide a flow neter, wherein a pressure of the flow WO 97/ 30333

PCT/ US97/ 00941 circuit is nmeasured non-intrusively at two i ndependent
points within the flow circuit to thereby determne the rate of flow w thin
‘the flowcircuit. A further object of the present inventionis to 5

provi de a non-contam nating flow neter that conpensates for initial
pressure.dif fyepomsdss bet ween the two pressure sensor transduREESIMMMl1t he
flowrate is zero. Yet another object of the present invention is to

provi de a non-contam nating, chemcally-f3ert flow nmeter. 10 t hat
determnes either the rate of flow-or pressure within the fluid flow
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5 be eliminated if the pressure sensor used is of the
sapphire capacitive pressure -transducer type. A sapphire
. transducer is inert, and 1is resistant to wear when
subjected to caustic fluids. Having a sapphire sensor in
direct communication with the fluid flow, further enhances

10 the pressure measurements of each transducer.

Referring next to Figures 7-9, an alternate embodiment
of the flow meter's housing 12 is shown. The housing 12 is
split into two sections or halves 58 and 60, wherein the
downstream section 58 has a cavity 62 and longitudinal bore

15 66, and upstream section 60 has a cavity 64 and
| longitudinal bore 68 formed therein. The longitudinal
bores 66 and 68 of each section 58 and 60 respectively,
‘have respective counter bores 70 and 72. The two sections
.58 and 60 are aligned and engaged, such that the counter
20 bores 70 and 72 are aligned, thereby forming a hollow
cavity in which a restriction member 74 is inserted (see
Figures 8 and 9). The restriction member 74 has a central
opening 76 extending therethrough (see Figure 10), which is

aligned with the longitudinal bores 66 and 68. The
25 restrictions central opening 76 is smaller in diameter than
either section's longitudinal bores 66 and 68. The

restriction member 74 is sealably engaged with each housing

section's bore 66 and 68 by chemically inert sealing o-

rings known in the art. Without any limitation intended,

30 the restriction member 74 and associated sealing rings are
preferably constructed of polytetrafluoroethylene.

Referring now to Figure 11, yet another alternate

embodiment of the housing 12 is shown. In this embodiment,

a third cavity 78 extends from a bottom outer surface of

35 the housing 12 and into communication with the bore 26.

The third cavity 78 is formed midway between the first and

second cavities 28 and 30. A replaceable insert or piug



20 Figure 1 is a side elevational view of the flow neter nmade in
accordance with the present invention; Figure 2 is a top plan view of the
flow nmeter of the type shown in Figure 1; Figure 3 is a partial sectional
si de .el evational view 25 of the flow neter of the type shown in Figure 1;
Figure 4 is an enlarged, partial sectional side elevational view of an

al ternate enbwgionsesss of the flow neter with the cover and. el pefikergesdacui t.
renoved; Figure 5 is an enlarged, partial sectional end 30 elevational ’
view of an alternate enbodi ment of the fdpav neter; Figure 6 is an expl oded
view of the flow neter shown in Figure 5; Figure 7 is a side élevational
view of an alternate 35 enbodi.nment of a flow neter in accordance with the
present invent8®nis Finperted RAd Semked Mitdds tdgakhirdecavitmt7®nal The ew

WD 97/30333  plug 80 has an opening or channel 82 (nBETERSRY Q04 Hig t he
flow meter of E}?&réé}?ﬁo@%‘i‘“‘%ﬂ&e’ihg%% %h%@lt %‘5 is aligned with the
longitudinal bore 26, thereby forming a passage from one
5 bore section to the other. It is contemplated that the
third cavity 78 may extend from a top outer surface of the
housing 12. In this arrangement, once the cover 20 is
sealed to the housing 12, external access to the third
cavity 78 would be limited.

10 The diameter of the channel 82 is less than the
diameter of either bore section 26, thereby creating the -
constriction or restricted region. The plug 80 engages

with the third cavity 78, by chemically inert o-rings 84
known in the art. Without any limitation intended, the
15 plug 74 and sealing rings B84 are constructed of
polytetrafluoroethylene, wherein the sealing rings 84 seal
the plug 74 within the third cavity 78. The plug may
alternatively be constructed of sapphire, a material
resistant to wear from the fluid flow.
20 In another alternate embodiment the constriction 35 is
' formed by a bushing that is friction fit between the
cavities 28 and 30. Of course, the bushing includes a bore
of smaller cross-section than longitudinal bore 26, which
interconnects the remaining bore sections. Those skilled
25 in the art will appreciate that the constriction 35 may be
created by a variety of forms including those discussed
above. The constriction may be constructed of sapphire,
thereby extending the longevity of the flow meter. Those
skilled in the art will appreciate that sapphire is an
30 inert substance, highly resistant to wear from caustic
flowing fluids.

Those skilled in the art will appreciate that the
cavities and housings of each embodiment are dimensioned to
universally accept the same pressure fittings 16 and 18,

35 cover 20, isolation membrane 38, pressure sensors 42 and
44, electronic circuit 46, spacer ring 48, and hold down
ring 50. Also, each embodiment has a constricting area of



pT essure transducer, electronic circuit, isolation nenbrane hold down ring,
spacer ring and seals renoved for clarity; Figure 9 is a top plan view of
the fl'ow meter of the 5 type shown in Figure 8, with the cover and electric
circuit renoved; Figure 10 is an enlarged sectional view of a restriction

menber used in the enbodi nent of Figure 8, Figure 11 is a partial sectional
side el evati onmbowsoasa 10 of anot her enbodi nent of a flow nmetwfriispedsag | n.

accordance with the present invention; and Figures 12 and 13 together is a

schematic diagramof the electric circuit-1®ed in a flow nmeter in
accordance with the present invention. 15 DETAI LED DESCRI PTI ON OF-TEE

PREFERRED EMBCDI MENT Referring first to Figyres 1 and 2, the flow neter is
general |y ident VF‘F@H”%;F‘?HWF‘%F"?B.beWQI MEPEPT 15CG8hE+RT | SaVHeigRles a

housi ng or bodytd2crestat a npgrésshmnaropl asthé, fhuidsilewith£idudd ethe

fittings 16 andpi8rr88€ign 20 cover 20. An electrical connector 22,

of known constructign ma,%l be re_m)vablly_ attacheq in the cover 20, The
housi ng 12 and cover ROFPEL DrFEM R} It tact urelf fftFonic circuit

chemi cal | y-i%er mpdada- cé6t abs naposigivvlegnenboveh tle potetakial Iprysmide | ene
(PTFE). The cOVghaRQah@srdOifSard £P akkt &1k ML VAY idouf g™t the

cover 20 to the , .
conductive surfaces of the ceramic pressure transducers 42
and 44. The electronic circuit module 46 is also connected
by suitable leads (not shown) to internal contacts of the

10 connector 22 (Figure 1). In the preferred embodiment the
electrical connector 22 is made of a chemically inert
material and preferably may be of a type available from
Pneumatico, part number po3rsd-00004-24,

Referring to Figures 12 and 13, there is shown an

15 electrical circuit schematic diagram of the electronic
circuit module 46. The electronic circuit is used to
convert the pressure readings from the two pressure
transducers 42 and 44 to a 4-20 mA analog representation of
flow or, alternatively, a pressure reading of the

20 downstream pressure transducer 44. The raw analog signal
from the upstream transducer 42 is supplied to input
terminal 102 and, likewise, the raw analog transducer
output signal from the downstream transducer 44 is supplied
to the input terminal 104. Terminals 106 and 108 are power

25 input terminals and terminals 110 and 112 are connected to
the ground bus 114 (see Figure 12).

Connected between the +5 volt power bus 116 and the
ground bus 114 is an analog temperature compensation chip
118 which may preferably comprise a type LM 45 device

30 available from National Semiconductor, Inc. The
temperature compensation chip 118 has its Vv' terminal
connected by conductor 120 to the +5v bus 116 and its v
input connected through a semiconductor diode 122 to the
ground bus 114. The diode 122 provides an offset, so that

35 the signal proportional to temperature produced om output
terminal 124 of the temperature compensation chip 118 can
go below 0°C, i.e., assuming a negative value.



shousing 12 with appropriate screws (not shown). A suitable gasket (not
shown) is preferably positioned between the cover and housing to allow the
cover 20 to be sealed to the housing 12. Wthout any limtation intended, a
cgasket or 30 - seal manufactured froma multi-layer fabric, sold under the
GOR-TEX[ err] trademark by WL. Gore & ASSCC., Inc., allows venting of an

internal areqy®ésdofe housing 12 for true atnnspherlc pr essurgeThtofb@ece, .
Wwhile restricting the flow of liquids into the internal area of the housing
12. 35 Referring to Figures 3-6, the-internal construction of the -

flow neter 10 is shown. A |ongitudinal bore 26 extends through the housing
12 formng a conduit. Thus, when the WO 97/ 30333
PCT/ US97/ 00941 - 10The| vay reansor] giguaks precuerdi oo | inmut iterminalie 4081 ow
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extendi ng gavichiipS138. The chip 126 may preferably comprise an AD7714
integrated circuit chip supplied by Analog Devices
Corporation. Those wishing details of the mode of
operation of that integrated circuit are referred to the
data sheets available from Analog Devices Corporation.

10 The sigma delta A/D converter 126 includes a digital
filtering capability for the analog pressure inputs where
the cut off frequency of the low pass filter is a
programmable quantity set by the software executed in the
microprocessor chip 128. Without 1limitation, the

15 microprocessor 128 may comprise a type PIC 16C73 integrated
circuit available from Microchip Technology Corporation.
The resistive voltage divider including resistors 130 and
132, which are connected between the positive bus 116 and
the ground bus 114, provide voltage compensation when the

20 preésure data is being linearized.

The A/D chip 126 provides its serial output data
stream on line 134 to a data input terminal 136 on the
microprocessor 128. The serial data from the A/D converter
chip 126 is clocked out, under control of timing signals

25 provided by a crystal controlled clock circuit indicated
generally by numeral 138. This clock circuit 138 also
provides timing pulses over line 140 to the clock input
terminal 142 of the microprocessor chip 128 for controlling
its timing.

30 The microprocessor 128 is programmed o compute the
instantaneous pressure differences being p.:ked up by the
upstream and downstream transducers 42 and 44 and to
perform any necessary zeroing adjustments and scaling. A
switch 143 is connected to the microprocessor 128. When

35 switch 143 is switched to the on position, the difference
in pressure between the two sensors 42 and 44 is
calculated. This value is then stored. Typically, the



and 30 extend all the way froman outer surface 32 of the housing 12 to the
bore 26. Those skilled in the art will 10 appreciate that cavities 28 and
30 may each extend into the housing froma different sidewall of the

housi ng. The tWwo cavities 28 and 30 are separated a predeterm ned di stance
by dividing wall 34. The bore 26 also includes a constriction or
restriction 3WQUAdd bet ween the two 15 cavities 28 and 3G@cydendessne
region within the housing where each cavities 28 and 30 and bore 26
intersect, an annular lip 36 is formed. =1Bach |lip 36 surrounds and further
defines the opening to each cavity 28 and 30 fromthe bore 26. 20 - A

thin flexible polynmer., disk.or. isolatio rane 38 J s positioned,on the
lip 36 of each%t?g%i‘ﬂllgff A58, oﬂ"f‘gﬁgjﬁi ?%ﬁeff (ﬂ?,de[ RerBPEfieifsnO
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difference is above or below preestablished high/low
limits. If the pressure difference is above or below the
10 pre-established high/low limits, an alarm is activated.
When the pressure difference is within the preestablished
limits, the rate of flow is computed.
It is known that, in steady-state flow, the flow rate
is the same at any point. The flow rate (I) may be
15  expressed as I, = pvA. Where p represents the density of
the fluid, v represents the velocity of the fluid, ang A .
represents the area through which the fluid travels. Using
the continuity equation A,v;=A,v,, the rate of flow within
the flow meter 10 may be found to be equal to a constant
20 multiplied by the JFF?E. The microprocessor 128 thus
computes the rate of flow from the data received from the
two pressure sensors. Those skilled in the art will
recognize that with laminar flow, the rate of flow
approximates more closely a constant multiplied by P. - Pp..
25 Hence, a low flow limit could be built into the systen,
such that if the "Reynolds number" is below a certain
threshold, the flow meter identify the flow rate as zero.
Figure 13 illustrates the circuitry used to convert
the rate of flow computed by the microprocessor 128 into an
30 analog signal falling in the range of from 4mA to 20mA for
use by existing analog control systems. That is to say,
the digital value of flow computed by the microprocessor
128 is converted to an analog signal whose current
amplitude is directly proportional to the computed flow
35 value and is in the range between 4mA and 20mA.
In addition to providing an analog current in the
4mA to 20mA range indicative of flow, the system may also



|-eaki ng into the pressure transducer cavities. The thin filmmy further
act as an electric shield for capacitance sensors, thereby obviating

i naccuracy problenms resulting 35 from changes in dielectric properties
as- fluids fl.ow through the flow neter. The thin filmmay for exanple be a
carbon powder and epoxy ink painted onto the isolation WO 97/ 30333

PCT/ US97/ 0094opaptssane 38 or a thin film of carbon may be -Si‘&)?ﬁ?? ded
into the isolation nmenbrane. The coated di sk nmenbrane 38 is preferably '

nmol ded, since spraying or manufacturing byssone other process may |eave
pi nhol e paths therein. 5 Alternatively, the isolation nmenbrane may be -
reinforced with carbon fibers, thereby increasing the elastic behavior. of
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co-pending  oyryent signal proportional to flow becomes available
acrogs thé output terminals 144 and 146, and the 4ma - 20ma
current signal proportional to pressure becomes available
across the output terminals 148 and 150.
10 Referring back to Figure 12, the microprocessor 128
provides a clocking signal on line 152 which connects to a
corresponding line 152 in Figure 13. Likewise, first and
second data output lines 154 and 156, respectively, coming
from the microprocessor 128 connect to the corresponding
15 1lines 154 and 156 at the left hand side of the schematic
Figure 13: Signals for determining which of the two
channels in Figure 13 is to be operative is also provided
by way of a digital to analog converter chip select signal
emanating from the microprocessor 128 on line 158. This
20 signal is provided to an opto isolator circuit 160 and. 162
whose output goes to the “chip select” terminal on either
the digital-to-analog (D/A) converter chip 164 or the
digital-to-analog chip 166. In each case, the D/A
converters 164 and 166 may comprise a 12 bit device, such
25 as a type MAXS538 D/A converter chip available from Maxim
Corporation.

As can be seen from Figure 13, the clock signals on
line 152, as well as the data signals on lines 154 and 156,
are also optically isolated via opto couplers 168, 170,

30 172, and 174 with the resulting signals being applied to
the respective D/A converters.

The circuitry to the right of the vertical-line 17¢
functions to convert the analog signal output, from either
the digital to analog converter 164 or the digital to

35 analog converter 166, to a current signal in the range of
from 4mA to 20mA depending upon the amplitude of the
voltage output from the D/A converters 164 and 166. As can



15 application Serial Nunmber 08/538,478. Each pressure transducer 42 and
44 is held in place within their respective cavities 28 and 30 by spacer
ring 48 and externally threaded hold down ring 50. The isolation
nmenbr anes 38 and transducers 42 and 44 are sealed 20 w thin the housing 12
by chemcally inert o-ring seals 52 and 54. A redundant seal is created by
t he positioni Rgo9#30333 i Ngs 52 and 54. The seal s 52 and 54 agErn$Hadedsy
avai | abl e and of known construction to those skilled in the art. An

addi tional spacer ring 56 (see Figure 4) +xg- be 25 necessary, depending
upon the dinmensions of the pressure -transducer. A drain or conduit 40, -

shown in Figures 5 and 6, may be forned ext ezdi ng t hrough t he housing wall
32 into each cabft§eew® de RpRUCWEER™ FEer BARNESRYESEST 160 imrauplesd
t her eby drai ni nghtbeghr aa rdestiveer the tedwheamonsdavertihg thparegnem the

drain act | nage. et o hat fluids
ok past seal  RESFIAGL BESIREEEV Y. DubePloyklelif SUGN {iflece 4
within the drai foRRegHRA| toePEeRRAcAPEy cIRReONERUELPE &dies oraraltional 35

to the el ectsi camplifiidr 480 iEhesanekitedetloi the heatos teMddtiroaieD IcFCizatFapt hat
a_conductive SefsPice GARAGIS LYE BERSOFeLlst¥l 96qChRUCIBEPEr OPtic sensor
may equal ly be usedpto .

A voltage reference for the FET device 182 and for the
D/A converter 164 is obtained by means of series comnected
diodes 188 and 190 which are connected in series across the

10 positive voltage bus 192 and the ground bus 194. 1In that
the voltage to current converter circuitry associated with
the D/A converter 166 .illustrated to the right of the
vertical line 176 is substantially identical to what has
already been described in association with the D/A

15 -converter 164, it is deemed unnecessary to repeat that
description. :

The output lines 196 and 198 shown coming from the
microprocessor 128 in Figure 12, are applied via
corresponding numbered 1lines in Figure 13 to an opto

20 coupler 200. The output from the opto coupler 200
indicates that power is present on lines 144 and 146 and
also on lines 148 and 150.

Referring back to Figure 12, the microprocessor chip
128 has associated with it a RS232 serial port indicated

25 generally by numeral 202. As such, the flow meter device
of the present invention is capable of communicating with
a variety of peripheral devices including a further central
processing unit (not shown). The electronic circuit 46 may
also adjust the pressure and flow output as the temperature

30 within the flow circuit changes by including a thermistor
or like component therein. Bach pressure transducer is
corrected for temperature independently. One means of
temperature compensation is disclosed in U.S. patent

4,598,381.

35 In use, the user couples the flow meter 10 into a
fluid flow circuit through pressure fittings 16 and 18. As
fluid flows through the flow circuit, the pressure adjacent
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sense the presence of fluids in the drain 40. Wien fluid | eaks past the
first: seal, the fluid activates the sensor 41, thereby transmtting a
signal to the-electric circuit 46 which subsequently sets off an alarm 5
The redundant sealing arrangenent helps prevent exposure of the

pressure traggslepRssy 42 and 44 and electric circuit 46 fromgaﬁjg;@,f@ I ng
affects of the caustic fluids. The redundant seal also further 1So a?fes t he

fluid flow, thereby reducing the potenti-gh-contam nation of the fluids. 10
Additionally, a tube (not shown) may be connected fo the draih 40, to -

t hereby carry away the caustic.fluids to a non-contaninating area.
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other known n%%ﬂ%Strégmepressure increases or decreases above or below
predetermined limits, or the processing equipment is turned
off.

Those skilled in the art will recognize that the flow

10 rate may be calibrated so that minimum desired output
values are associated with minimum pressure and maximum
desired output pressures are associated with maximum
pressure. For example, a pressure gsensor intended to

" measure 0 to 100 psig (pounds per square inch gauge) can be

15 calibrated to read 4mA (milliamps) at 0 psig and 20maA at
100 psig. -

By providing the inert Teflon isolation membrane in
intimate contact with the pressure sensors, the working
fluid does not contact the surfaces of the sensor which

20 could lead to contamination. The sealing arrangements
disclosed, ensures that the working fluid does not enter
the cavities of the housing 12 and adversely affect the
electronic circuitry 46.

This invention has been described herein in

25 considerable detail in order to comply with the patent
statutes and to provide those skilled in the art with the
information needed to apply the novel principles and to
construct and use such specialized components as are
required. However, it is to be undexrstood that the

30 invention can be carried out by specifically different
devices, and that various modifications, both as to the
equipment details and operating procedures, can be
accomplished without departing from the scope of the

invention itself.
35
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base rray”‘ﬁé'\Té'a carbon filmformed thereon, to act as an additional shield

agai nst p “ﬂ“mﬁﬁwmtnd further to act as electric shield. I'n one
errbodi'menx mc pressure sensor 25 may be used, wherein the
aFum na ceranitc pre% sut e sensor conprises a thin, generally conpliant

ceram c sheet having an insul ating spacemgr dd between a
thi cker, non- cevpd#s8is ceram c sheet. {The foz_Eg:ﬁ‘ﬁE@g nam ¢ drqAisofbosasr
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di aphragm is approxi mately .005 to .056—+re Bi ckness with a
typi cal thickness of .020 inches. The thi-cker ceram c sheet has a

t hi ckness range between . 100 to .200-i nches. The spacer ring may be -
constructed of a suitable material such as _a_gl ass, polyner or
alternatively the ceram c sheets may be together. The opposed 35
faces of ceranic disks ara nhémid:am(y Hyeret £lwid Fllowase et hdapitddelcPbe

chrone to creat ecamrb&}qg 3168091 {}27a A SdTIchal £208E1E] VEorRS ESSULS,

transducer is descri
PCT/ US97/ 00941 -‘B3- & Pusilﬂg Uhgvipg; ¢t &’nﬁ‘iuﬂ%a%t fere 90t pa efiyst

Q her capaci 6i ve pregaedeteraisedcersssisadtaonal tdren éatentlfg through
said housing forming a fluid flow conduit, wherein an
inlet end and an outlet end of the conduit are adapted
for comnnection, in-line, to the fluid flow circuit,
said housing further having first and second spaced

10 apart cavities each extending transversely from an
external surface of said housing into the longitudinal
bore of said housing, the longitudinal bore having a
constriction disposed between said first and second
cavities, the constriction having a second bore being

15 of a second cross-sectional area that is less than the
first predetermined cross-sectional area;

(b) first means for sensing a change in pressure within
the flow circuit, said first means for sensing being
contained within said first cavity; -

20 {c) second means for sensing a change in pressure within
the flow circuit, said second means for sensing being'
contained within said second cavity;

(d) means for constraining the first and second means for
sensing in a fixed position within the cavities of the

25 housing; and
(e) an electronic circuit contained within the housing and

coupled to the first and second means for sensing a

change in pressure within the flow circuit, whereby

the electronic circuit produces a control signal
30 proportional tc the pressure within the bore.

2. The fluid flow meter as recited in c¢laim 1,
wherein the electronic circuit further produces a signal
proportional to a rate of fluid flow within the bore.

3. The fluid flow meter as recited in claim 2,

35 wherein the electronic circuit further includes a means for
adjusting the control signal to compensate for a pressure
differential present when the rate of flow is zero.
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-in the '496 ﬁatent are avallable and known in the art. It is contenplated

t hat t ll! ﬂ "“ﬂmtne 38 could 5 be elininated if the pressure
sensor ¥

apphire capacitive pressure -transducer type. A

Sapphl re transducer’is inert, and is when subjected to
caustic fluids. Having a sapphire senkBISiSHEET k&% BEBMuni cation with the

fluid flow Wworezhesss enhances 10 the pressuBREPLAGELIr enents opcRasmoncs
transducer. Referring next to Figures 7-9, an arternare enbodi nent of the
flow meter's housing 12 is shown. The he28+ng 12 is split into two sections
or halves 58 and 60, wherein the downstream section 58 has a’'cavity 62 and
| ongi tudi nal bore 15 66, and, upstream section 60 has a_ cavity 64
and | ongi tudinal bdre 6B8¢ offBddt HehOM nmetexn, @8 FrAiteR ni Isdede 65, and 68
of each secti wheb@imrcheb@onsspixtionelof, thaviongitmddhal ebeseNehpPoses 70

and 72. The gmge;ﬁg.gﬁ,pé\sm';%&nd 60 are al igned and engaged, such that the
counter 20 bores 70 and /2 _are_all t hereby form ng a hollow cavity

in which a restricPion TRGbHEILFE | ns’Eﬁ"’ceé‘ﬂ pEedemifglesim gidim) .1.The
restricti & mEubthe¥ 4 cbaprhsimnt aalctxemnamgﬂarxexterﬁmsgmlger,ﬁgrmw (see

Flgure 10) . ubhelihoa e did dhosdnohiigd nala MU &Sa O aNG 08  The

25 restrlctlons central _openi ng I s_snal

section's | OREPFHRALR ¢t Boﬂé’é‘g%d&ﬁé%é’m’e ?ﬁe said housing, each

membrane having first and second opposed major surfaces,
said first major surface being exposed to fluid flow:.ng in

10 the fluid flow conduit.
6. The fluid flow meter as recited in claim 1,
wherein a drain extends transversely from the external
surface of said housing into at least one of said first and

. second spaced apart cavities.

i5 . 7. The fluid flow meter as recited in claim 6,
wherein said drain further comprises a sensor positioned
within said drain for sensing the presence of fluids within
said drain.

8. The fluid flow meter as recited in claim 4,

20 wherein said removable insert is manufactured from
sapphire. ]

9. The fluid flow meter as recited in claim 1,
wherein the first and second means for sensing each
comprise a sapphire capacitive sensor.

25 10. The fluid flow meter as recited in claim 1,
wherein the electronic circuit includes a means for
adjusting the control signal to compensate for fluctuations
in temperature within the flow circuit.

11. A chemically inert fluid flow meter adapted to be

30 connected in-line with a flui flow circuit, comprising:
(a) a housing having a longitudinal bore of a first

predetermined cross-sectional area extending through
said housing forming a fluid flow conduit, wherein an
inlet end and an outlet end of the conduit are adapted

35 for connection, in-line, to the fluid flow circuit,

said housing further having first and second spaced
apart cavities each extending transversely from an
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restrigGtd A4 S seal ably engaged with each housing section's bore
66 andﬂm E!Iﬁ !ﬂ I nert sealing o- rings known in the art. Wthout
any i " , 30 the restriTrTo ] T4—3nd associ at ed

i1t SHeFl HAB BEEN,

) I
seal i ng ri ngs—are—preferably construct é g&;‘% or oet hyl ene.
Referring now to Figure 11, yet anothef alt EERmbodijrent of the housing

12 is shown. |wotshisgsenbodi nent,. a third cavity /8 extends frsfi/gsimpdam
outer surface of 35 the housing 12 and into conmunication with the bore
26. The third cavity 78 is formed m dway be3ween the first and second
cavities 28 and 30. A replaceable insert or plug WO 97/ 30333

PCT/ US97/ 00941 -14- 80 is inserted and se Igd wthin the third cavity 78.
The plug 80 has an ofEHFFRRLPUCHARRPE E?Z“%n PUEHRMRES tBRdiLAGIitudinal

t her et hr ough, wh_er ei hoﬂaeofhamhélhcaﬂsjirs_:;,alt:il'@né.dn\yiitpdﬁ.hall boget harimg Hor e
26, thereby form ng a,R8s588E: dd Oéﬂé;m?se% BRI Ed 1) fﬂ-éé‘eaxgé h€leuond! 1S
y 78 out er °SuTT

contenplated that the third cavit S ace

( n&/ ,extir;'gl(,f roma t.op I
of the housing 12. faVi%ies afPEngGereticHiRtt haydngodepegondsbase beiing t he
housi ng 12, ®&xternal oficrewond thesdfsectional area that is less than the

first predetermined cross-sectional area;

(b} first means for sensing a change in pressure within
the flow circuit, said first means for sensing being
contained within said first cavity;

10 (c) second means for sensing a change in pressure within
the flow circuit, said second means for sensing being
contained within said second cavity;

(d) means for comstraining the first and second means for
sensing in a fixed position within the cavities of the

15 housing; and
(e} an electronic circuit contained within the housing and

coupled to the first and second means for sensing a’
change in pressure within the flow circuit, whereby
the electronic circuit produces an electrical signal

20 proportional to a rate of fluid flow within the bore.

12. The fluid flow meter as recited in claim 11,
wherein the comstriction of the longitudinal bore comprises
a removable insert.

13. The fluid flow meter as recited in claim 11,

25 wherein the housing comprises first and second housing
halves each including a longitudinal bore and a counter
bore for receiving a restriction member therein when the
first and second housing halves are juxtaposed with the
longitudinal bore of each housing half being aligned.

30 14. The fluid flow meter as recited in claim 11,
wherein said means for constraining comprises two spacers
and two hold down rings, wherein each hold down ring has
threads “formed on an external surface which mate with
threads formed on an internal surface of each cavity, said

35 spacexrs being positioned between said first and second
means for sensing and said hold down rings, whereby when
each hold down ring is screwed relative to the internal
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cavity 78 woul d be limited. 10 ~ The dianmeter of the channel 82 is

| ess t‘mlﬂm(l“‘m ‘S“Lof ei ther bore sect i on 26, thereby creating the
constr tedreglon : Ltg--80..engages With the third
Cavity *78,° by clenfcally inert o-ringps 64 &skfiniiAS-BERN |art. Wthout any
limtation intended, the 15 plug 74 ngs 84 are

constructed wbgp;géyget raf | uor oet hyl effEmiTE aI | ng seal

the plug 74 within the third cavity 78. The 7
constructed of sapphire, a nmaterial resiLsgant tﬁ&éﬁ&ﬁ |UI d rovv

20 I n" anot her al ternate enbodi ment the constBE%‘t 35 i$ fornmed by
a bushing that is friction fit between the cavities 28 and 30. O course,
t he bushi ng i seirface obhr@achfcavitiv.creagtodwishddwn timg bovegsesdthal bore

26, which int apgERNSES draRekCAFATHII T PeS5Edt QRS meE‘x%S%o%kbék%gn%S In
the art wll appre ate th gfgonstrlctlon SS%ecre
variety of forns i rudT’?ﬁ; glﬁ‘& PERERY 3/ FREIER% 180 Rdn f"ci’-?-onaﬂﬁy be
construct ed ofux&pphi riacludangbp coverdiadgrtird It@nmlatytaﬁhetdnetdlﬁueneter
Those ski ld edhbﬂsiﬂg apt ewehagp&eqaakent Bal thRPRYvR el ant D cb‘?_%f

ose

subst ance, # [ esi stant % romca stl flowi ng flulds
skilled in thégﬁ ¥dﬁ‘$l opr € ?'gﬁ%a?{lﬁ'at ?ﬂ £t°" 'elecerical ' connector
electrically coupled to the electron:.c circuit.
16. The fluid flow meter as recited in claim 11,
wherein said housing is manufactured from a chemically

10 inert polymer.

17. The fluid flow meter as recited in claim 16,
wherein said chemically inert polymer comprises
polytetrafluorocethylene.

18. The fluid flow meter as recited in claim 11,

15 wherein the first and second means for sensing each
comprise an alumina ceramic diaphragm capacitive sensor.

©19. The fluid flow meter as recited in claim 11,
wherein the first and second means for sensing each
comprise a sapphire capacitive sensor.

20 20. The fluid flow meter as recited in claim 11,
wherein the electronic circuit includes a wmeans for
adjusting the control signal to compensate for fluctuations
in temperature within the flow circuit.

21. The fluid flow meter as recited in claim 11,

25 wherein the electronic circuit further includes a means for
adjusting the control signal to compensate for a pressure
differential present when the rate of flow is zero.

22. The fluid flow meter as recited in claim 11,
further comprising a chemically inert flexible membrane

30 contained within each of said first and second cavities,
proximate the longitudinal bore of said housing, each
membrane having first and second opposed major surfaces,
said first major surface being exposed to fluid flowing in
the fluid flow conduit.

.35 23. The fluid flow meter as recited in c¢laim 11,
wherein a conduit extends transversely from the external
surface of said housing into at least one of said first and
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caV|t|es and housi ngs of each enbodi nent are dinensioned to universally
accept m ﬂﬂtw fittings 16 and 18, 35 cover 20, isolation
nenbran nsors 42 and 44, electronic circuit 46, spacer ring

48, and hoI down ri ng 50. Al so, each %@!‘E@?%}@B@@g#ag;; bggﬂg irSea of

WO 97/ 30333 p

varying constrwaexmmadet ween the sen rnﬁgkﬁc‘!ﬁ? cavilies t O peirRi¥oHorsa1
pressure drop as the fluid flow traverses the restriction. Referri ng again
to Figure 3, the electronic circuit 5 nodzée 46 is positioned above
the ceramc pressure transducers 42 and 44 and is electrically coupled-to
t he conductive surfaces of the ceram ¢ pressure transducers 42 and 44. The
el ectroni ¢ cir cEFECRBJTRECEHS FRETY §6VE5£ﬁ%ct ed by suitable | eads (not

shown) to internal cahtacthe ofluhd flowcowetect ;s 2Pe¢Fieir énlklaikh e

preferred embodjAEAd:d %1@ %haafelfmmte&n p2d skd gag Hodsghon el ly
inert material and, preferah % maét(f Lype avail r onl PnetmatTco,
part - number pos?gﬁng’éﬁf? yALOER( 8R4 rﬁj’r’td(?llgl 8Fe§e?32-"ﬁ§dt}1% PYeRence ©fhown
an fluids within said conduit.

25. The fluid flow meter as recited in claim 12,

wherein said removable insert is manufactured from
sapphire,
26. The fluid flow meter as recited in claim 15,
10 wherein a gasket is positioned in sealing relation between
said cover and said housing.
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15 electrical circuit schematic diagramof the electronic circuit nodul e
46. The electronic circuit is used to convert the pressure readings from
the two pressure transducers 42 and 44 to a 4-20 mA anal og representation
of flow or, alternatively, a pressure reading of the 20 downstream
pressure transducer 44. The raw anal og signal fromthe upstreamtransducer
42 i s suppli edwa9oraerput. term nal 102 and, |ikew se, the raw ®cThusg7/00941
transducer output signal fromthe downstreamtransducer 44 is supplied to
the input termnal 104. Terminals 106 and %?ﬁ are power 25 input terminals
and termnals 110 and 112 are connected to e ground bus 114 (see Figure
12). Connected between the +5 volt power bus 116 and the ground bus 114 is
an anal og tenperature conpensation chip 118 which may preferably conprise a
type LM 45 device 30 dyajp from National Sem conductor, lnc.

The tenperature conpengatlon chip 118 has its v[err] term nal connected by
conductor 120 to t i;ﬁﬂh A )]16 and its v[err] input connected through a
sem conduct or di odg=EE====gg ground bus 114. The di ode 122 provi des an
of fset, so that 35 & % proportional to tenperature produced on
output termnal 124 ]igsature conpensation chip 118 can go bel ow
O[err]C, i.e., aSsym At ' ve val ue.
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WD 97/ 30333 PCT/ US97/ 00941 -16- The
raw sensor signals produced on input termnals 102 and 104, together with
the tenperature conpensation signal produced at termnal 124 are
~individually applied to a four channel sigma delta type analog to digital
(A/D) converter 5 chip 126. The chip 126 may preferably conprise an
AD7714 i nt egr ajypdrsasasui t chip supplied by Anal og Devi ces Cor por/HS9780941
Those w shing details of the nopde of operation of that integrated-
circuit are referred to the data sheets avaigmgble from Anal og Devices
Cor poration. 10 The sigma delta A/ D converter 126 includes a digital
filtering capability for the anal og pressure inputs where the cut off
frequency of the |ow pass filter is a pr ogATTITEL, € guantity set by the
sof tware executed in the m croprocessor ch 8. W t hout

limtation, the 15 mcroprocessor 128 ,j r| se a type PIC 16C73
integrated circuit available fromM crochi T, I ogy Corporation. The
resistive voltage divider includinegresis ,;4 and 132, which are
connected between the positive bus 6 an he und bus 114, provide
vol t age conpensation when th&320 preYsur % é bei ng linearized.
a__ -
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The A/D chip 126 provides its serial output data streamon line 134 to a
data input termnal 136 on the m croprocessor 128. The serial data fromthe
Al D converter chip 126 is clocked out, under control of timng signals 25
provided by a crystal controlled clock circuit indicated generally by

nunmer al 138. This clock circuit 138 also provides timng pulses over line
140 to the clqghoha@ayf termnal 142 of the m.croprocessor chi PCI/ES700%41
controlling its timng. 30 The m croprocessor 128 is progranmed to

conput.e the instantaneous pressure dlfferen%gg bei ng picked up.by the
upstream and downstream transducers 42 and and to perform any necessary
zeroing adjustnents and scaling. A switch 143 is connected to the

m croprocessor 128. Wen 35 switch 143 is switched to the on position, the
difference in pressure between the two sensors 42 ang 44 is cal cul at ed.

This value is then stored. Typically, the mm 97/

3
PCT/ US97/ 00041 -17- user will activate sw&gh 14 to SEE;/ﬂshe when there
is no fluid flow. Any difference in presstie du \ng_n | ui d
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floww Il be stored in the mcroprocessor. The user then de-activates the
switch 143. During fluid flow, the stored 5 value is subtracted fromthe
difference in pressures, thereby performng the zeroing adjustnment. A test
is al so made to determ ne whether the thus scal ed pressure difference is
above or bel ow preestablished high/lowlimts. If the pressure difference
i's above or b%&ﬁédgg 10 pre-established high/low limts, ancigssiobsal
activated. Wen e pressure difference is within the preestablished
limts, the rate of flowis conputed. It is _known that, in steady-state
flow, the flowrate is the same at any poiﬁﬂ. The flowrate (1) may be
15 expressed as I[err] = pvA. \Were [err] represents the density of the
fluid, v represents the velocity of the fluid, and A represents the area
t hrough which the fluid travels. Using the continuity equation
Alerr]=Alerr]v[err], the rate of floww thin the flow neter
to be equal to a constant 20 nultiplied by the [err]ey ‘
128 thus conputes the rate of flow fromthe data recefved
pressure sensors. Those skilled in the art will recdgnif
|l am nar flow, the rate of flow approxi mates nore cl osel YA ggnst ant
multiplied by Plerr] - p[err]. 25 Hence, a IﬂWI

into the system such that if the "Reynol @ nuymber—a

N
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threshold, the flow neter identify the flowrate as zero. Figure 13
i4{lustrates the circuitry used to convert the rate of flow conputed by the
m croprocessor 128 into an 30 analog signal falling in the range of from
2A to 20mA for. use by existing anal og control systens. That is to say, the
digital value of flow conputed by the m croprocessor 128 is converted to an
anal og si gnal g@p rrent anplitude is directly proporti onalpctrausoirensst
conput ed fl ow value and is in the range between 4mA and 20MA. In .
addition to providing an analog current in the 4mA to 20mA range indicative
of flow, the system may al so WO 97/ 3033gy7 '
PCT/ US97/ 00941 -18- be used to provide a 4 mA-20 mA current signal
proportional to the pressure sensed by the downstream transducer 44 or
upstream transducer 42. More particularly, as seen in Figure 13, the
circuitry is partitioned into substantially 5 identical upper and |ower
channel s where the 4mA to 20mA current signal proportional to flow becones
avai |l abl e across the output termnals 144 and 146, and the 4mA - 20mA
current signal proportional toegpressure beconmes avail able

i%f

=

ig.1

&N

12

Fig.11




across the output termnals 148 and 150. 10 Referring back to Figure
12, the mcroprocessor 128 provides a clocking signal on line 152 which
connecfis to a corresponding line 152 in Figure 13. Likew se, first and
second data output |ines 154 and 156, respectively, coning fromthe
- m croprocessor 128 conriect to the corresponding 15 lines 154 and 156 at
the left hand swgersbss he schematic Figure 13. Signal s for setesoiédsid
whi ch of the two channels in Figure 13 is to be operative is also provided
by way of a digital to anal og converter chip ?glect signal emanating from -
the m croprocessor 128 on |line 158. -This 20 ignal is provided to an opto
I solator circuit 160 and 162 whose output goes to the "chip select”
. terminal on either the digital-to-analog (D)A) converter chip 164 or the
digital-to-analog chip 166. ki =EQFN of@3Exe the DA converters 164

and 166 may conprise a 12 bit deviexs ajchiE I ® a type MAX538 D/ A
tfo

- converter chip avail able from Maxi r hor As can be seen from Figure
13, the clock signals on line 152, | he data signals on lines 154
e i

~and 156, are also opti y isolat , otcotpters 168, 170, 30 172,
and 174 with the resul signals b¢i g appl §ed to the respective DA
converters. The circuitref to the right OL thegxgrtical-line 176
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functions .to convert the anal og signal out put, fromeither the digital to
anal og converter 164 or the digital to 35 anal og converter 166, to a
current signal in the range of from4mA to 20mA dependi ng upon the
anplitude of the voltage output fromthe D/A converters 164 and 166. As can
WO 97/ 30333 PCT/ US97/ 00941 -19 -
be seen, the owbyhkedssom the D/ A converter 164 is coupl ed thr BOTNS/00941
resistor 178 to the non-inverting input of an operational anplifier 180.
The inverting input thereof is connected to ground 194. The output of the
operational 5 anplifier 180 is connected to7yhe gate el ectrode of a PET
device 182 as are bias resistors 184 and 186. A voltage reference for the
FET device 182 and for the D/A converter 164 is obtained by neans of series
connect ed di odes 188 and 190 which are connected in series across the 10
positive voltage bus 192 and the ground_bus 194.. In that the vol tagg to
current conv@ter circuitry associated W th the ¥ A converter 166 =

illustrated the right of t vertica ne=f1'7'6'|s substguatlally e
,L.Le.a.d-ﬂgbeen—descr'
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15 converter 164, it is deened unnecessary to repeat tm.r i t/
out put _|ines— }Qﬁ—amd"IgS show F [1 Cr Opr OCEan .'Bn
12, are a respono{lv ﬁg’%ﬁ | ne's. in Fig

coupl em!\‘ﬁm mmm t put om t ¢ pler 200 indicates th
power §i [1nes 144 and 146 and also on lines 148 and 150.
Referring back to Figure 12, the mc*r%){e)l

rocessor chip 128 has associ ate

091

BRR 1998

at

d

with it a RS232 serial port. indi Cat‘fﬁéﬁ@& general |y by numeral 202. As

such, the flow neter device of the i nvention is capabl e of

communi cati g W WheranyiédilyGhert ﬁglgmwmaﬁéﬁh? plEY 68 conteted inlfinéwith 'a' fifd

central procCessing un|t not s ectronic circuit 46 may als
adj ust flova eirpuit; ischudingind fI ow output as the tenperature 30 wthin the

circuit changes by,inclu “therm,stor ,or ke o t herei n.

p][ etss t:& y jnert, ‘P‘? MQ?WM{’R‘@ T:;jgﬁ? fﬁf °ﬁ =
ofz tenpera é‘dl?&éd H,,& At %e,ﬁ

I r? use, thewlf?er coupl es %eﬂ‘??@\"v meter 1 rf.‘l;)nto g flcﬁl dwf low circuit

0
flow
Each
B neans

t hrough pr einbetend rid dn outiet él afithie ¢ahduitaré adapted foo cennedtion irling do thefvid |

circuit, thﬁoglrglsaﬁlt[e 3 %gl%g further having first and second spaced apart cavities each

extending transversely from an external surface of said housing into the longitudinal bore

ofsmdhousng,thelpng:mdmplbomhmngawnsmmd:sposedbaweensmdﬁramd

.10 second cavities, the constriction having a second bore being of a second cross-sectional
OB area that is less than the first predetermined cross-sectional area; |
(b) . first means for sensing a first pressure within the flow circuit, said first means for sensing
being contsined within said first cavity; |
(©) seeondnmsforsensngaswouﬂpresmmthntheﬂowmangsmdsecondmeansfor
15 sensing being contained within said second cavity;
) ._ means for constraining the first and second means for sensing in a fixed position within
~ the cavities of the housing; and
© anelectromccnrthcontmnedwuhmthehousmgandcoupledtotheﬁrstandsecond
means for sensmg, wherein the electronic circuit receives signals proportional to the

20 sensedﬁrstandsecondpresmreswuhmthebore_
3

N 2. __./- Theﬂmdﬂowmeterasrecttedmclanml wherein the electronic circuit further -

_ producesaslgnalpropomonaltoarateofﬂmdﬂowmthmthebore
3. The fluid flow meter as recited in claim 2, wherein the electronic circuit further
_ mhdesamumibrad;ushngﬂwwntolmgnﬂtowmpmsﬂeforaprme&ﬁerenﬁdmesem
©25  .when the rate of flow is zero. . _
| 4 The fluid flow meter as recited in claim 1, wherein the constriction of the
longutudmal bore comprises a removable insert.
5. The fluid flow meter as recited in claim 1, ﬁarthercompnsmgachenucally inert
~ flexible membrane contained within each of said first and second cavities, proximate the
30 longjtudinal bore of said housing, each membrane having first and second opposed major surfaces,
saldﬁrstmajorsurfacebemg exposed to fluid ﬂowmgmtheﬂmd flow conduit.
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of the two cavities is detected j % AS IBEENi{r cui t eeéjl %FR 1998

kate of ”mnmm ﬂmd from ted Qressur
pressure sure na

n used- Fromthe determ nati on
of 5 the*flowlrat'e, ®*an*alarmis act| t_ed if the-flowrate or downstream
pressure increases or decr eases above or bel ow predetermned limts, or the

processi ng %qw pnﬁﬂ!t lgar#gy g Cg%}%.‘ g@'ﬂfﬁalﬁ{( ’I W“’mé nize

that the fl ow 10 ed so m ni mum CFEESI red out put

val ues fﬂfnetlmnﬂtseﬁfaw oftsald mmmmwmmmnmmaw
pressures are associated with maximum pressure. For exanple, a pressure

sensor CAYitighded to measure 0 to 100 psig (pounds per square inch gauge) can

g; ;?ovfglln f?\g%@‘?f%%wa@ a%r ane 1n |Wﬁ&%‘gon#§ ?égvs&th

t hg pr q§gsder Posifioned withih B&id\dedilf forcsehsing thegpesencedf flids withinshid drainf aces of

t he sensor which 20 could [ead to contam nation. The seal i
arrangement 8. The fluid flow meter as recited in claim 4, wherein said remo vagle insert is
manufactured from sapphire.

9, The fluid flow meter as recited in claim 1, wherem the first and second means for
sensing each comprise a sapphire sensor. ‘ '

10 10.  The fluid flow meter as recited in claim 1, wherein the electronic circuit includes
7~ a means for adjusting the control signal' to compensate for fluctuations in temperature within the
o flow circuit. | '

11. - A chemically inert fluid flow meter adapted to be connected in-line with a fluid
flow circuit, including: '

15 (@) a chemically inert housing having a longitudinal bore of a first predetermined cross-
sectional area extending through said housing forming a fluid flow conduit, wherein an |
inlet end and an outlet end of the conduit are adapted for connection, in-line, to the fluid
flow circuit, said housing further having first and second spaced apart cavities each
actendingu'ansvelselyﬁ'oman'extemal surface of said housing into the longitudinal bore |

?*\20 ' ofsmdlwusng,ﬂwlmgmdmﬂborehawngawnsmmondwposedbetweensmdﬁrstmd
"5‘
s second cavities, the constriction having a second bore being of a second cross-sectional

areuthatlslessthantheﬁrstpredetetmmedcross-secuonalarea,
®) mummmamwmmmmeﬂowmgwdﬁ:ammformg
. bemgcontmnedmthmsaldﬁrstcavnty,
25  (c) secondmeansforsensngaseeondpmmwnhntheﬂowwangsmdsecondmmsfor
sensing being contained within said second cavnty,
(d) means for constraining the first and second means for sensmgmaﬁxedposmon within
the cavmes of the housmg; and
(9  an electronic circuit contained within the housing and coupled to the first and second

39 e m 'smmngwhmntheglmcwwﬂ.rmmmgndsWOMOmlmthe
REH‘ACEMEI\T t and second pressures within the bore and thereafter produces an electrical
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Ezlihsclhosed egsur es that the worklng fI_w_dJ_d s_pot  ent £GTI1USa9‘Z /eggfgll']-
i n\?en?rzhwllrﬁﬁﬁﬁfﬂﬁﬁglrl bgd-' % e ek p‘*ufo . ng: EM&a&@JﬁPR 1998

order to pat ent | u* ST aht-te=-poVi HeHIOHEES KA BREN
the art with“the |nformat|on net€ded apply the nove pri rPEEFM\GE

construct and use such specialized conponents as are-

Spect {1 cal | T PrEpaRtl 128 e b Buif o i I T

the equi pregid sbebid pfessiirés. oper at i ng procedures, can be acconplished w thout
departing fromthe scope of the invention itself. -21- CLAIMS 1. A

chemical Iy 12ert The fluid flosmetercas regitest injclaim 12, D@m%"?’ﬁm‘i"ﬁ@ afithe o
oot nnaindl 0k ottt § plBlopb et o057 o6Y LOSt | onal ar Sa axt sa ng
thy ough sai g310uhe fuili oW métePas'rbited irf e K19 Wlorein thythsusing Comprises first and
second housing halves each including a longltudmal bore and a counter bore for receiving a
restriction member therein when the first and second housmg halves are juxtaposed with the
longitudinal bore of each housing half being aligned.
14, Theﬂuidﬂowmeterasrecitedinclaimll,whereinsaidmeansforqonstaining
10 mmpﬁsestWospacasmﬂMolmlddovﬁnﬁhggwhuanblddomdnghﬁStheadsfomed
»~ - onan external surface which mate with threads formed on an internal surface of each cavity, said
- spacers being positioned between said first and second means for sensing and said hold down
nngs,wha'ebywheneachholddownnnglsscrewedrelauvetottmnta'nalmrfaoeofeachcav:ty,
_ ewhholddommgmmtheassomﬂedspawagmnstmempecuvemmsforsenmng _
15 15. ~ The fiuid flow meter as recited in claim 11, and further including a cover adapted
tobeattachedtothehoumgmcovelmgrelauontothecavmes,thecovermcludmgachemlcally
inert electrical connector electrically coupled to the electronic circuit.
16.  The fluid flow meter as recited in claim 11, whemnsudhmmglsmamﬁctured
from a chemically ineft polymer.
20 " 17, The fuid flow meter as recited in claim 16, wheremsaldchemlcallymertpolymer'
U compnsespolytetraﬂuoroethylene
18.  The fluid flow meter as recited in claim 11, wherein the first and second means for
sensmgeachcompnseanalunnnaoeramlcdmphragmsemor
19 Theﬂmdﬂowmeteasrecﬂedmdmmll,whuuntheﬁrstmdseodnd'mmsfof
25 sensing each comprise a sapphire sensor. _
' 20. Theﬂmdﬂowmeterasreatedmclanmll wherein the electronic circuit includes
ameansforadpshngtheerolsgnﬂ&wmpmsﬂeforﬂuﬂuahommtemp«amummmthe
flow circuit. :
21. Theﬂmdﬂowmeterasremtedmclmmll wherelntheelectromccnmntﬁmher.
30 nwhdesamwmforadmmngthemmlmgnﬂtowmpmueforapmmdlﬂ'emmﬂmesem

and t

when the rate of flow is zero. REPLACEMENT SHEET
BT —————— .




vinl et. end _and an outlet end of the caonduit. .are-adapted c | ?hl
in-line, to the fluid TTow ci rcu'rn-ussaEEH'hlﬁﬁsBEEﬁl f urt her

second sp w es .ea¢h extfegp{ngtransyersely I1998
surface oﬂm mﬂmlusumnmto t hé=depg-tudtmmat—b0re of sai d housing, the

| ongi t udi nal %Porle Mavisng*a constriction di sposed between said first and
second cavities, the constriction havedg a second boré being of a second
cross-sectional area that is less than the first predeterm ned

cross-secti @al Fhefluid flow meterag recited insclaio 15 dusthes somprising @ chemically inetti t hi n |

(17t GRple, emtraid cloralyhd iR Bl OF HE Rl dod el iR, %Sown%%ﬂlfﬁ;d
f1 ow Cidngithdinal batelbfesid dth nepibraRhaviig e anilsecod Gpposed iiajol surfisce

second caV|ty (d) means for constraining the first and second rreans for
sensi ngaif rﬁrstmmmxrfapo exposed to fluid flowing inithe Buidiflovneondwitsi ng; and (e)

A sccond dans TRERRY RtF g et il L St BBl ol rhlinblily' |

si gnal frop fHeQixtérhalahrface oM WRidSIRURRE ifitorat leadtShessragiddirsy @deccrl spatdd dpathe

bore. 2. ~ The fluid flow nmeter as recited in claim1, wherein the
el ectrmues;l rcuit further produces a signal proportional to a rate of

% . R ey ol R i 1 i
the Coratebaaucﬁva Bétsof ﬁom WithirPsaid éoriuRt fo S Senkifig thef présenté offluids wamtsamhen

the rate of flowis zero. 4. The fluid flow nmeter as recited in claiml,
wher ei rconduit. constrl ctlon of the Iong|tud| nal bore conprises ‘a renovabl e

Iﬁ?)i}?”Sl ng a?che mé‘lﬁg% aﬁ%‘{ ﬂhﬁgrli%' gﬁ%%{%ﬁre C
said flmﬁgmpﬁmtles pI’OXI mate the
26.  The fluid flow meter as recited in claim 15, wherein a gasket is positioned in
sealing relation between said cover and said housing.
15 27. Achemiqallyinertﬂuidﬂowmeteudaptedtobeconnectedin-linewithaﬂnﬁd
flow circuit, including:
(@  a chemically inert housing having a longitudinal bore of a first predetermined cross-
secﬁondareaa«eﬁdingthrwghsaidhwdngformingaﬂ:ﬁdﬂowwndﬁt_whereinm
inlet end and an outlet end of the conduit are adapted for connection to the fluid flow

20 ' circuit, said housing further having first and second spaced apart cavities each extending
C} mwerselyﬁomananmdmrfaoeofsaidhousingmmelmgimdinﬂbomofsaid

housing, the longjtudinal bore having a constriction disposed between said first and second
cavities, the constriction having a second bore being of a second cross-sectional area that
 is less than the first predetermined cross-sectional area;

25 () a chemically inert flexible membrane contained within each of said first and second
cavities, proximate the longitudinal bore of said housing, thereby isolating an interior of
saidﬁrstmdseeondcaviﬁesﬁomﬂuidﬂow&ngmmeﬂ:ﬁdﬂowwndtﬁgeachmembrm
luwngﬁMandsewndopposedmormrﬁces,sudﬁrstmqormrfacebangamosedm

~ fluid flowing in the fluid flow conduit.
30 () 'ﬂrstmeansformngaﬁrstpresmrethhmtheﬂowmrcmt, said first means for sensing
being contained within said first cavity; |REPLACEMENT SHEET|
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) -
. longitudi nal bore of said housing, each. menbrane havi ngmw&gﬂsﬁ@ﬂighl
I o conctl 1 e PEAUS D6 hbR 1008

#1 owin w conddit. R
fluid f Ml j H ted i nle na a d-ai-r—ext-ends
transv ternal surface of sai d houclTri‘ﬁS|51rtEETeHAS BBEEN |one of

said first and second spaced apart caePties. 7. The fRFJPIQJ\O"IDOW mejer as

recited in claim6, wherein said dral n further conprT™SEs~—aSensol
pos.tumed wecons means for sansing a seqor nd pressure;within the floye gireuit; said jseqond mgansfor sai d

dr ai n. . The fL r eci te |n cIa|m4 wherein said :
rem)vabl e i TEAS18 @M&%ﬂa H'i . The fluid flow neter
as recigyed inieafi$ fdrSohstraihifig Ehefirstgnd decoid ﬁ%s%ﬁﬁiﬁnmaiﬁxé@poﬁmwnﬂme%h

conprise a sapphire sensor. 10. The fluid flow neter as recited in claim
1, wherein nhmcmtmmfdmhomcmd i ncl udes a neans for adjusting the

?F svrg:(pihfgg%lel# 1sate f1(l)r fl *@ aﬁll oRs |n‘ teﬁ%t%fﬁﬁwﬁl n té’h
connected i %édnﬂ?o%n?, fd/lwr th@‘éle%trbﬁh!'circmt?é“de%ﬁ@mlé malhfdtheal | y

i nert housi ng havi ng a l'ongi tudi nal bore of a first predeterm ned cross-
sectional a mmmmmmmm thereaftes produces an glectsisaldui t |

wherein an in end %gﬁl nm?qu?f@d w?tiunttnebgr%nﬂwg ﬁl%‘oanqag[s%gsed%st

connect i on, q
andseeondpressures.

10 28.  The flow meter as recited in claim 27, wherein the first cavity further comprises

C'\ a first seal member positioned to sealably engage said flexible membrane to said housing and a

' second seal member aligned to sealably engage said first means for sensing to said housing,
 wherein said housing further has a drain channel extending from the first cavity of said housing
to the outer surfiace of said housing between said first and second seal members.

15 29.  The flow meter as recited in claim 27, wherein the second cavity further comprises
a first seal member mﬁﬁoned to sealably engage said ﬂe:dblemembraheto said housing and a
second seal member aligned to sealably engage said second means for sensing to said housing,
 wherein said housing further has a drain channel extending from the second cavity of said housing
to the outer surface of said housing between said first and second seal members. |

20 30,  The fluid flow meter as recited in claim 27, wherein said means for constraining

O comprises two spacers and two hold down rings, wherein each hold down ring has threads formed
on an extemal surface which mate with threads formed on an internal surface of each first and
second cavity, said spacers being positioned between said first and second means for sensing and
said hold down rings, whereby when each hold down ring s screwed relative to the internal "

25 surface of each cavity, eachholddownnngpressestheassocnatedspaceragmnsttherespecuve

means for sensing.
31. Thepresmrcmsducermoduleasreatedmclumﬂ whemnsaldhoumg_

ﬁxrtherhasaventextendmgﬁ'omtheputersurfaceofsmdhousmgmtoeachcmtyofsmd

housing.
REPLACEMENT SHEET| e re
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h 18]
£ f10w- , ' i-ng further having firs @Q&rg@‘@ﬁﬂgamﬁaﬁe@ ﬁb%dtzg

. cavities ' transversely from an {Q@J;q)sur;fgag@i%f.t%ﬂ%?d """
housi nH!II tﬁm 'Hmwi nal bore of said houst o \h £
havi ng wClisOmedi sposed between said f m‘;}d&’seq% e@ﬁtv.itd)ims@d{..he&
that is less than the first predetermnne rogs-secti ona &4, \4{-19- ALf.i r st
-means for sensing a first pressure vvi‘ﬂﬂ‘ﬁ"ghe fm"‘ﬁcﬂf'cﬁ@@i"f‘}(fi ST
means for sensing a second pressure wthin the flowcircuit, said second
means f or flowrpitcng ibelpdiag:cont ai ned within said second cavity; (d)  neans
cont ai ned wi t hiséctiohsl dned etending nhroagh aidisbuting fonming iarflilid fiswdl cenduitpovhemeinngn f or
sensing, wherein the el ectroni ircuit.receives.signals proportiogngl .io
the sensed fi ré”?"tﬁﬁga‘?&wﬂaﬁéé@F&g“ t@ch}agtpfgf% mn i %ﬂ&sg‘"& '
within the bore determned fromthe sensed first and nd pressures. 12.
The fluid fl owextending transvessely fioth anrexternal snrfade ofishid housing into the lengitudingl bore f
second housi ng séuand eavieaCthe comstrivion baving Hioordbdte teingsTaecotd cRossductiohal bor e
for receiving a . -

~(b)  first means for sensing a first pressure within the ﬂow_ckaﬁg said first means for.sensing
being contained within said first cavity; ' ~

™ REPLACEMENT SHEETS |
L i) - gAgd dinghEtbre
constriction having a second bore bei ng2df a § &Foss-'sectional area
means for sensiing bey &fenieiy Merofhid by nfere? addpted!td e comiétiel in-fite with & Fuend
for constraini ' . ens| ' 2 ition
w thin ¢ nGBoayRreataly it K58 5AR8 s ogand boR G Bty pleetitf e
produces an el ggby Lif@it, said hémkingS fupther hﬁhﬁ%?dn@%@éonhosgg%dgaé Qlavities! leflct | oW
t he | ongi t udi nal._bore . [ . bl e ins 1 The i 0
meter ac reci ¢ SRR RO R RS 5o RA hised bt el e "
area that is less than the first predetermined cross-sectional area; o
(c) _se'condmeansforsensingaseoondpmmwithintheﬂowcirwit,saidsqcondmémsfor

~ sensing being contained within said second cavity,

(d)  means for constraining the first and second means for sensing in a fixed position within
the cavities of the housing; and '

(6)  an electronic circuit contained within the housing and coupled to the first and second
means for sensing, wherein the electronic circuit receives signals proportional to the
sensed first and second pressures within the Bore. |
2. The fluid flow meter as recited in claim 1, wherein the electronic circuit further

_ produces a signal proportional to a rate of fluid flow within the bore. \

3. The fluid flow meter as recited in claim 2, wherein the electronic circuit further
includes a means for adjusting the control signal to compensate for a pressure differential present
when the rate of flow is zero. '

4.  The fluid flow meter as recited in claim 1, .wherein the constriction of the
longiti.idinal bore comprises a removable insert.

5. The fluid flow meter as recited in claim 1, further comprising a chemically inert
flexible membrane c_ontaihed within each of said first and second cavities, proximate the
longitudinal bore of said housing, each membrane haﬁing ﬁrst and second opposed major surfaces,

| said first major surface being exposed to fluid flowing in the fluid flow conduit. |
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“restriction nenber therein V\,hen the first and second housi ng hal ves are

] uxt apos udlnal bore of each housing half being aligned.
14. zmwumumu’lmﬂl as recited in claim 11, wherein said neans for
constral nl*ngccohpr'fs t'wo spacers and tg_ hol d down rings, wherein each
hol.d down ring has threads forned on an “éxternal surface which mate with
threads formedgon a ¢ fac Lng
positioned bet Ween g‘gkgl ﬁf?@t Eé & g%ﬁ’é "ﬁé%ﬁslc%rb}e}sheang@#%ﬁﬁal dgﬁ%?d
down ri ng&puuﬁ)emﬁema!\bmﬁceaﬂhm&hbakx@m 4tileast one of saidfistandeskadnd\spaded apire -
I ntenal surface of each cavity, each hold down ring presses the associ ated
spacer ag&?"ﬁéﬁs the respective neans for sensing. 15. The fluid fl ow neter
as recited in gl ai Mrid fuidAdw bR rebiftd i i, WhERUAaiCHAR iR thet Sorfiftises a
attached to the housing in covering relation fo the cavities, the cover

i ncl udi ng senserpositioned yithinesaid m@rmmﬂmmmpf&nétwmgxdﬂrwwpl ed to
the electronicgecircyyt.o 1 The fluid fl.0 recit ¢
wherein said h8US| nﬁf&“@ﬂﬁ?aﬂlfﬁf@ﬁrﬁ'%%w@ﬁ% g?%'} Taﬁa;e&%g%ﬁ'fw%?n

The fl ui dnfahWotﬁSap’pﬁQétEd in claim16, wherein said chemcally i nert

. polymer conprises pol ytetrafl uoroethyl The fluid flow neter_ as
recited in claPm 11%%9*(4%@'85%35\% cWhereinthe firstagd second megnsfhe h

conprise g&s@ggégéq ﬁ‘% m sensor. 19, The fluid fl ow neter as
recited inc %’ﬁ%er Irst and second neans for sensing each
conpri se a sappi re'l‘heﬂmdﬂowaﬁeterasTﬂeettddlmcldnfl adlermttheebs_&mmtcmﬂmuhxd:k aim
11, mhereln t he, el ect.ropi c circuit, includes s.for, ustin

control sf eﬁf”b”ﬁ'ffhﬂ%%&?@’?‘&fg"ﬂ W&"&?F’?%ﬁ?“ﬁ"ﬁ’é fea‘bgm\%}r ﬁ?‘h‘"‘tth

fl ow ci  Chotv-cirddit. The fluid flow meter as reci ted inclaim 11, wherein

the electronic circuit further includes a neans for adjusti n the_ control
‘signal to comékaté?@“@%%ﬂ?‘éﬂﬂﬂﬂm mbmnect ine with a fluid

 flow circuit, including: _
(8  a chemically inert housing having a longitudinal bore of a first predetermined cross-

sectional area extending through said housing forming a fluid flow conduit, wherein an
inlet end .and anoutlet end of the conduit_ are adapted for connection; in-line, to the fluid
flow circuit, said housing further having first and second spaced apart cavities each
extending transversely from an external surface of said housing into the longitudinal bore
of said housing, the longitudinal bore having a constriction disposed between said first and
second cavities, the constriction having a second bore béihg of a second cross-sectional
area that is less than the ﬁrst predetermined cross-sectional area: ,

(b) first means for sensing a first pressure within the flow circuit, said first means for sensing
being contained within said first cavity;

(c) second means for sensing a second pressure within the flow circuit, said second means for
sensing being contained within said second cavity;

(d)  ‘means for constraining the first and second means for sensing in a fixed position within

~the cavities of the housing; and

(e) an electronic circuit contained within the housing and coupled to the first and second
means for sensing, wherein the electronic circuit receives signals proportional to the
sensed first and second pressures within the bore-and thereafter produces an electrical

14 AUG 1998
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wheh the+ate—of f1TOW IS zero. T-24- 22. The fluid flow meter as
recited ther conprising a chemcally inert flexible

menbr a ﬂiﬁﬂ “E!m i\ {mrn each of said first and second cavities, proxinmte
t he Io boy e ©of said housi ng each nmenbrane having first and second
opposed naj or surfaces, said first majee3surface being exposed to fluid
flowwng in the fluid flow conduit. 23. The fluid flow neter as recited in

claim 11, wher$gml propestienal to amateafdsidiflowrithin the byrefdeterminbd fromttbe seabedsfitsf ace
of said hou3| n t one of said first and second spaced apart
b Rl S thes iR}

cavities. ow neter as recited in claim23, wherein said

conduit f urt het2. conplie flaid flove anelerCs FRited MSEHHMPDLS iviief2iE theonBirkdtiGbel the
conduit for se(glpig% the presence of fluids within said conduit. 25. The
Fluid fl e CompLises arempysbleingert. wher ein said renovable insert is

manuf act ured f{pPm SPREMG Ryw mbrer as éﬁi"g Wﬁ%ﬁ% aim
15, wherein a gasket is p05|t|onedrwn seal I'ng relation e%@g’?ﬁpﬁ/

and said second gm@?halveshavzﬂlmnhdaiglqlongmdinai bere aind hmuﬂt&tWre&‘damadngQ be

connect ed dne w,.th,.a f.Iu i rcuit,, ingludin (a) chem cal |l y
i nert hou§Stﬁl ﬂ%\ﬂeﬁge k‘f&i aﬂs‘oﬁ"fdgseﬁ‘f“daf"’ﬁ% ?é mieh thes. T
sectlonalloﬂgxﬁmmkbﬁedféwhm%ﬁbglhalﬁﬁéxﬁhh@iéd ng formng a fl uid flow conduit,
wherein an inlet end aﬂgld an outlet end of the conduit are adapted for

connect i on to e fYheiflpid flowymeter as recited in claim 11, wherein said means for constraining
compm two spacers and two hold down rings, wherein each hold down nnghasthreads formed

on an external surface which mate with threads formed on an internal surface of each_cavnty, said
spacers being positioned between said first and second means for sensing and said hold down
rings, whereby when each hold down ring is screwed relative to the internal surface of each cavity,
each hold down ring presses the associated spacer against the respective means for sensing. .

15.  Thefluid flow meter as recited in claim 11, and fiirther including a cover adapted :
to be attached to the housing in covering relation to the cavities, the cover including a chemically

- inert electrical connector electrically coupled to the electronic circuit.

16.  The fluid flow meter as recited in claim 11, wherein said housing is manufactured
from a chemically inert polymer.

17.  The fluid flow meter as recited in claim 16 wherem said chemu:ally inert polymer
compnses polytetrafluoroethylene. :

18.  The fluid flow meter as recited in claim 11, wherein the first and second means for
sensing each comprise an alumina ceramic diaphragm sensor.

19.  The fluid flow meter as recited i in claim 11 wherein the first and second means for
sensing each comprise a sapphire sensor.

.. 20.  The fluid flow meter as recited in claim 11, wherein the electronic circuit includes

a means for adjusting the control signal to compensate for fluctuations in temperature within the
flow circuit. ,

21.  The fluid flow meter as recited in clmm 11, whetem the electronic circuit further
inchides a means for adjusting the control sxgnal to compensate for a pressure differential present

when the rate of flow is zero.
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~ci.rcuit urther having first and second spaced apart cavities

each exte |y froman external surface of said housing into
t he | ongi mt“@ﬂﬂ‘ﬁwg g sai d housing the |ongitudinal bore having a
constri ct poseds bet ween said first and second cavities, the

.constriction having a second bore being ~#t~a second Cross- sectional area

that is less thant redet erni ned cross-sectional .are b, . a
chenmically inertfl gﬁl"rﬂ"@sﬁi@ﬁﬂ}e&ﬁﬁé‘* E‘i‘]ﬁ?‘g‘i“r? - ferther eormprising aséj ﬂ"gcl"'il?’é‘le"and
second cavidiifle  mEhbRiAdTRbMainBE wilitD ehdhdbNddid BRE Gnd Seconll taligies | preximahe iRhY

isolating an interior of said first and second cavities fromfluid flow ng

in the fl dp@glmrimbb@@mf@mﬂ housingheach membraae having At 4nd senond eapesed aaler

maj or surf f t Jlid flowing in
the f1ui d o BRbsirbof belBeosiitc AAEASHLER SERRE Oy Buddt" | 01\ T

wi thin the flowexi rcflhetﬂmdsﬂmdméﬂar&treciﬁdh&ﬁmﬂl Maﬁrag:oh&hngumuahmrkely
wthin said first cavit cond for ensi a second
pressure M W@“‘PIISB&“& ‘Pfc,‘ﬁé?iwuéﬁé H't%é@ 'ﬁg’g ’Hgs%mm
cont ai ned uikfatn said second cavity; (e) means for constral ning the first

~and second neans for sensing in a fixed position within the cavities of the
housi ng; and (f24. ﬁheeﬂuetﬂommﬁammmdmdwnﬂhwhﬁdnmdMndmﬂfaﬂimwgmg%ﬁnd

coupled to first and sec sSin vvhereb rQi C
Creurt r ot Repsdf RosnRt MR ARR Rt aiend P of AleguiRy S
pressures gdndbn the bore and thereafter produces an el ectrical signal

proportional to a rate of fluid flow wi,thin the bore determ ned {romthe
sensed first 25. The fluid flow meter as recited in claim 12, wherem said removable insert is

manufactured from sapphire.

26.  The fluid flow meter as recnted in claim 15, wherein a gasket is positioned in
sealing relation between sald cover and said housing.

27. A chemically inert fluid flow meter adapted to be connected in-line with a fluid
flow circuit, including: | | _

(@  a chemically inert housing having a longitudinal bore of a first predetermined croes-
sectional area extending through said heusing forming a fluid flow conduit, wherein an
inlet end and an outlet end of the conduit are adapted for conneéﬁox_x to the fluid flow
circuit, said housing further havitig first and second spaced apart cavities each extending
transversely from an external surface of said housing into the longitudinal bore of said
housing, the longitudinal bore having a constriction disposed between sid first and second
cavities, the constriction having a second bore being of a second cross-sectional area that
is less than the first predetermined cross-sectlonal area;

) a chemically inert flexible membrane contained within each of said first and second
cavities, proximate the longitudinal bore of said housing, thereby jsolating an interior of

" said first and second cavities from fluid flowing in the fluid flow conduit, each membrane
having first and second opposed major surfaces, said first major surface being exposed to
fluid flowing in the fluid flow conduit. |

(c) first means for sensing a first pressure within the flow circuit, said first means for sensing
being contained within said first cavity,

REPLACEMENT SHERT
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‘and second pressures The flow neter as recited in claim27, wherein
the fi rs l“m ﬂ“ﬂ mt‘mllcormrl ses a first seal menber positioned to

seal abl y i bl e menbrane to said housing and a second seal
menber al i*gnéd to Seal ably engage said fissst neans for sensing to said
housi ng, wherein said housing further has a drain channel extending from
the first ghvityecoid Mmadnd firQeriing@ sefbnld/prestivd Withirsthé fieww Riredit, S4d Second frieRss for
between said first and second seal nenbers. 29. The flow nmetér as recited
in claim27, whéngingbemg cortaned within said seeqndieavityconpri ses a first seal

menber posphi on I ing
rener DOSKd! BN IS Rl PSRRI S poafid I
sensing to sai dtﬂemnagofthhhomngaﬂdd housi ng further has a drain channel

extendi ng fyomthe second cavrt sa ouSi th out r surface of
ot ousi 1 heth EleREORh e bontaines SLB e bosne tg g eeand

flow meter as rgghdebristnsilgdi Whek %Mu&&é&&tmwﬁa&mww%

conprises two spacers and two hol d down in wherein each hold down ring has

threads formed ssmsechfistaed sesond pressures within therbarecandithereafter peaducesanrebestrgal an
oS oned. ber vEE pEpattely K74 ot ShARERN RR b bore st RO BB By
positioned bet

down rings, wheambsecoibpressafds. hol d down. ring'is screwed relative to the -

i nternal .surface of each cavity, each hoI d dovvn rin resses the assocl ated
spacer against #he r?@?)g%%e"n’éd’ﬁ@tqddﬂ ﬁ?egmw

transducer QM‘I"? &éa@’@ﬁ an{) [ as
a vent exteﬁng fromefﬁ% outer surfdce o sal ou3| néﬁ%ﬁ?éﬁg%ﬁ%ﬁdb

sai d housi sepond seal member aligned to sealably engage said first means for sensmg to said housing,
' wherein said housing further has a drain channel extending from the first cavity of said housing
to the outer surface of said housing between said first and second seal members.
29. °  The flow meter as recited in claim 27, wherein the second cavity further comprises
a first seal member positioned to sealably engage seid flexible membrane to ssid housing and a

second seal member aligned to sea.lably engage said second means for sensmg to said housing,
wherein said housing further has a drain channe! extendmg from the second cav:ty of said housing
to the outer surface of said housing between said first and second seal members.
30.. The fluid flow meter as recited in claim 27, wherein said means for constraining _
comprises two spacers and two hold down rings, wherein each hold down ring has threads formed
_on an external surface which mate with threads formed on an internal surface of each first and
" second cavity, said spacers being positioned between said first and second means for sensing and
- said hold down rings, whereby when each hold down ring is screwed relative to the internal
surface of each cavity, each hold down ring presses the associated spacer agamst the respective
means for sensing.
31.  The pressure transducer module as recited in ciaim 27, wherein said housing
further has a vent extending from the outer surface of said housing into each cavity of said

housing.
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(57) Abstract

| (54) Title: FLOW METER WITHIN CAUSTIC FLUIDS HAVING NON-CONTAMINATING BODY

]

A non-contaminating fow meter (10) having an isolation member (38). The flow meter includes two pressure sensor transducers (42,
44), located on opposite sides of 2 restriction (35) in a conduit. Each of the pressure transducers is isolated by an isolation member (38)
from exposure to fluids flowing through the conduit. The flow meter is placed in line with the fluid flow line carrying corrosive materials. |
The flow rate is determined by calculating the square root of the difference between the two pressure sensors. ‘The flow meter compensates
for changes in temperature within the fluid flow line and activates an alarm if the pressure or flow rate within the flow line exceeds or falls

below a threshold level.
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