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fl'owneters, . and i-h particul ar 't o fl owret ers whi ¢ch operate on the

principle of nmeasuring the frequency or period 5

vortex street set up in a noving fluid. BRI EF

SUMVARY OF THE | NVENTI ON

i nvention relates to a vortex f1 ownetler for measuring fluid flow,

whi ch fl ownret er

i ncl udes a conduit having a wall surrounding a bore
which carries the fluid along a bore axis. A pivoting 10 menber extends

froma hole in the wall into the H/ORTEXNFLOWMETERAl pin having

10

BACKGROUND OF THE INVENTION

"This invention relates to flowmeters, and in partiéular to
flowmeters which operate on the principle of measuring the frequency or period
of vortices in a Karman vortex street set up in a moving fluid.

BRIEF SUMMARY O INVENTION
A first aspect of the present invention relates to a vortex
ﬂowmetet for meaéuring ﬂmd flow, which flowmeter includes a conduit having
a wall surrounding a bore which carries the fluid along a bore axis. A pivoting
member extends from a hole in the wall into the bore, and a torsional pin having

'~ at least one pin end attached to the wall couples to-the pivoting member. The

15

20

25

torsional pin has a pin axis substantially parallel to the bore axis to permit
pivotal motion of the pivoting member about the pin axis. The flowmeter
includes sensing means coupled to thg pivoting member for sensing its motion,
in order fo provide an output indicative of the flow. The torsional pin provides
a resltoring force tending to force the pivoting member back to its equilibrium
position. Also, the pin reduces undesired motion of the pivoting member about
axes perpendicular to the pin axis, while permitting motion about the pin axis.

In a preferred embodiment, the flowmeter also includes a
diaphragm or other region of reduced stiffness which covers or seals the wall
hole. By arranging the torsional pin to reinforce the diaphragm, the pin enhances
the measurement capability of the flowmeter by reducing effects of fluctuating
and static line pressure on the diaphragm.

In another preferred embodiment, the conduit is eliminated and

replaced by a member, such as a seating ring, adapted to mate with a port in a

. conduit. The resulting flow device inserts into a conduit port in either a

removable or permanent fashion. .
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at | east one pin end attached to the wall couples to the pivoting nmenber.
The torsional pin has a pin axis substantially parallel to the bore
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nent fashion..
According to this aspect of the invention, the wall, diaphragm, and pivoting

member are integrally formed from a material so as to present an unbroken
overall surface to the fluid and to reduce crevices or gaps in which portions of
the fluid can lodge. In a preferred embodiment, the sensing means detachably
connects to a post which in turn connects to the pivoting means through the
diaphragm, the post being integrally formed with the other flowmeter
components. '

Another aspect of the present invention relates to a vortex

ﬂowgnéter for measuring fluid flow, the flowmeter comprising a conduit having

a wall surrounding a bore for carrying the .ﬂuid, the wall having a wall region |

of reduced stiffness, preferably a diaphragm, formed therein. A body disposed
in the bore has an upstream extremity, a downstream extremity, and an
intermediate portion connecting the upstream and downstream extremities. In a

preferred embodiment, the intermediate portion includes a body region of -

* reduced stiffness which is preferably a thinned area. "One of the extremities,
preferably the downstream extremity, has a first end connected to the wall
region. The body region flexes to promote motion of at least a portion of the
downstream extremity resulting from disturbances within the fluid induced by
fluid flow around the body. The flowmeter further includes scnéing means
coupled to the downstream extremity for sensing the motion and providing an
output as a function thereof and thereby also as a function of the flow. In

another preferred embodiment, the downstream extremity has a second end
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-2- ' Anot her aspect of the invention relates to a
vortex flowreter for measuring fluid flow, in which a conduit has a
wal | surrounding a bore for | carrying the fluid, the wall having a
regi on of reduced stiffness, preferably a di aphragm forned therein
A pivoting nenber disposed in the bore connects 5 to the di aphragm and
sensi ng neans couples to the pivoting nenber}To sense pi votal notion

thereof and to provide an output as a function of the deflections.

connected to the conduit wall, and the body includes a second thinned area
disposed between the first and second ends of the downstream extremity, the
second thinned area also flexing to promote the motion. In still another
preferred embédiment, the sensing means preferentially senses lateral motion
5  rather than longitudinal motion, and removably attaches to a post extending from
the wall region away from the bore, the post transmitting the motion to the
sensing means. '
BRIEF DESCRIPTION OF THE DRAWINGS
FIGS. 1a and 1b are partial cut-away views of flowmeters in
10 accordance with the present invention;
_ FIG. Ic is a cross-sectional view of a pivoting member and some
neighboring parts taken along line 1c-1c of FIG. 1b; | |
FIG. 2a is a view of the torsional pin of FIG. 1b with neighboring
parts, viewed from above;
15 FIG. 2b is an overhead view of a torsional pin with nexghbonng
parts wherein the pivoting member is a complete shedding bar;
FIGS. 3a-3d are cross-sectional views of torsional pin and region
of reduced stiffness arrangements useable with the invention; |
FIGS. 4a and 4b are partial cut-away views of further flowmeters
20  in accordance with the present invention; _
FIG. 5a is a partial cut-away view of still another flowmeter in
accordance with the present invention;
FIG. 5b is a cross-sectional view along line 5b-5b in FIG, 5a; |
FIGS. 6a and 6b are views of a flow module in accordance with
25  the present invention;
FIG. 7a is a cross-sectional view of the shedding bar of FIG. 1b,
taken along line 7a-7a;



According to this aspect of the invention, the wall, diaphragm and

menber are integrally fornmed froma naterial so as to
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as a first

FIGS. 1la and 11b are cross-sectional views of still another

shedding bar shape useable with the present invention.
DETAILED DESCRIPTION OF THE PREFERRED EMBODIMENTS

In FIG. 1a, flowmeter 10 includes a conduit 12 having a wall 14
surrounding a bore 16. Bore 16 carries a fluid, which can be a liquid or a gas,
generally along a directed bore axis 18. As is known in the art, a Karman vortex
street results when a fluid flows around an obstruction, provided the Reyﬁolds
number of the flow is in a specified range. In FIG. 1a, shedding bar 20 is the
vort;:x-generating obstruction. Fluctuating fluidic pressures act on pivoting
member 22, which extends from a hole 24 formed in wall 14 into bore 16, and

" on other portions of shedding bar 20, such that pivoting member 22 moves in

response to the fluctuating pressures. According to an aspect of the invention,
a torsional pin 26 is disposed in hole 24 and coupled to pivoting member 22.
One or, preferably, both pin ends 26a,26a are fixedly attached to wall 14, and
a pin axis 27 is substantially parallel to bore axis 18. With this arrangement,

portions of pin 26 between fixed pin ends 26a,26a twist about pin axis 27 as '

shown by double arrow 30 in response to pivotal motion of pivoting member 22
about pin axis 27, shown by double arrow 32. Since pin ends 26a,26a are fixed
to conduit wall 14, pin 26 provides a force tending to restore pivoting member
22 to its equilbrium position. Such restoring force tends to increase the natural

frequency of vibration of pivoting member 22, which is advantageous to ensure

connectetl to the wall regi on.
The body region flexes to pFIﬂSJt Hanand dab oire atrodsesactional wiewsi of) anf altemsate .
downstream extrem,t
fluid floftt
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coupled to the downstreamextremty for sensing the notion and providing an

output as a function thereof and thereby also as a function of the flow

ahot her preferred enbodi nent, the downstreamextremty has a second end

- 3- connected to the conduit wall,

t hi nned area

di sposed between the first and second ends of the

and the body includes a second
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downstreamextremty, the second thinmed area also flexing to pronote
the notion. In still another preferred enbodi nent, the sensing neans
preferentially senses lateral notion
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that the natural frequency of pivoting member 22 is higher than the highest
voﬁex frequency to be encountered during operation. Pin 26 also functions to
reduce undesired motion of pivoting member 22 parallel to bore axis 18, which
motion is normally caused by local mechanical vibration or other influences not
indicative of the fluid flow. By reducing such motion, noise and spurious signals
are thus reduced in the instrument. Moreover, pin 26 permits flow-indicative

motion of pivoting member 22 transverse to the flow, shown at double arrow 32.

~ Sensing means 34, coupled to pivoting member 22 preferably by attachment to

a post 28, senses the motion of pivoting member 22 and provides an output at
36 indicative of the motion and therefore also of the flow, since the frequency
of the motion is a function of the volumetric flow rate. Post 28 pivots about pin
axis 27, moving predominantly along double arrows 38, due to the above
described influence of pin 26 and pivoting member 22.

In FIG. 1a, hole 24 is preferably sealed by known means such as
a cover or cap, not shown, to reduce or prevent fluid leakage from bore 16
through hole 24 to the environment around conduit 12. Also, shedding bar 20
preferably has a general shape or outline predominantly as described in U.S.
patent 4,464,939, assigned to the same assignee as the present application and
incorporated herein by reference.

FIG. 1b shows a flowmeter 10a similar to flowmeter 10 except
that tiowmeter 10a includes a region of reduced stiffness, shown in FIG. 1b as
diaphragm 40, extending across hole 24. Diaphragm 40 thus borders on blind

hole 24a, and preferably fluidically isolates hole 24a from bore 16. By isolating. -

sensing means 34 or other flowmeter components from the measured fluid,
flowmeter 10a can measure benign as well as harsh fluids such as acids.

In addition to the beneficial functions of torsional pin 26
mentioned in connection with FIG. 1a, pin 26 can benefit flowmeter 10a further
when used to reinforce diaphragm 40. First, by reinforcing diaphragm 40, pin



5 rat her than |ongitudinal notion, and renovably attaches to a post

extending from the wall region away fromthe bore, the post
transmtting the notion to the sensi ng neans.

BRI EF DESCRI PTI ON OF THE DRAW NGS FIGS. la and 1lb are
partial cut-away views of flowreters in 10 accordance wth the present

I nventi on; FIG 1c is a cross-sectional view of a

pi voti ng nenber and sone nei ghboring farts taken along line 1lc-1c of
FIG 1b; FIG 2a is a view of the torsional pin of FIG
1b with nei ghboring parts, viewed from above; 15

FIG 2b is an ovepbenlhn¢ésaneadliremehO¢aphlsiliey inRhdprékenbe BEEHBRPRGIIING pressure of
parts, wherein the pivoting nenber is a conplete she(jd[ng bar ;
FIGS. 3a-3d are cthestluid £ling prgssure, being thsr pressuzs ofthe flwid, iny herer k§gtefarenced to of

reduced stiffnessgarfan ' ' NLEQN: . .
FI GS. 4a and 4b thg %@E&gﬁgﬁﬁi%&%ﬁ%gilwgﬁl m?urdrpg%gr %‘ﬁoméﬁrsﬂ%‘ﬁmetef n
accordance with tithputafeDé used\ae atréifforcement. Nonzero values of line lpréssure prdducé!

partial cut-away view of stjll anqQther flowreter in . accordance with
the present i Rvenftfesses in and cause distortions of diaphragy 405 Lhanging- line: presywae

view along line SPsabshdly hihgesdhose stresses and distortions, giving rise to motion of

diaphragm 40, pivoting member 22, and post 28. Preferred sensing means 34,

discussed in more detail below, preferentially senses transverse motions of post

28 rather than longitudinal motions of post 28 along its length. With such

10  sensing means, benefits can be realized by making the effective area of both

halves of diaphragm 40 approximately equal (the halves being separated by pin

26), and by precisely positioning or centering the pivoting member on the

diaphragm, so that changes in line pressure cause predominantly longitudinal

rather than transverse pivotal motion of post 28. In practice, however, sensing

15 means 34 does, to some extent, sense motion of post 28 and the other members

due to changing line pressure. If the line pressure fluctuates in a periodic

fashion, caused for example by a mechanical pump in the flow stream, then the

corresponding motion of diaphragm 40, pivoting member 22, and post 28 can be

detected by sensing means 34 and erroneously interpreted as a flow signal. By

20 reinforcing diaphragm 40, pin 26 reduces the stresses and distortions due to line

pressure effects, thereby reducing the accompanying motion of the post and other
flowmeter components, and enhancing measurement capability. )

Second, by strengthening diaphragm 40 pin 26 raises the value of.

line pressure needed to rupture diaphragm 40, thereby permitting higher static

25  line pressure operation. Both pin ends 26a,26a are preferably attached directly

to conduit wall 14 for maxxmum strengthening and reixlforcgmént of diaphragm

40.



FIGS. 6a and 6b are views of a flow nodule in accordance with 25 the

present invention; FIG 7a is a cross-sectional view of
t he sheddi ng bar of FIG 1b, taken along line 7a-7a;

-4- FIG 7b is a cross-sectional view of a PRIOR ART
sheddi ng bar assenbl y; FIG 8is a

cross-sectional view taken along line 1lc-1c_in FIG 1b;

FIG. 1c depicts the vicinity of diaphragm 40 of FIG. 1b in cross-
section along line lé-lc, and ‘illustrates (in greatly exaggerated fashion) the
pivotal motion of member 22, the twisting of torsional pin 26, and the flexing
of diaphragm 40. Double arrow 32 indicates generally the motion of pivoting

5 member 22. Solid line and broken lines show the position of the patts at
maximum deflection in either direction. | '

The overhead view of FIG. 2a shows selected parts of flowmeter
10a as viewed from sensing means 34. Diaphragm 40 along with attached
pivoting member 22 advantageously form a rigid center diaphragm, having an

10 outer (diaphragm) diameter determined by diameter 42 of diaphragm 40, and an

inner (rigid center) diameter determined by effective diameter 44 of pivoting

member 22. In this context, in the case of a "center" made of the same

substance as the diaphragm, a rigid center is a center having a thickness

generally at least six times the diaphragm thickness. The pivoting member of

15  this and other embodiments preferably rigidly attaches to the diaphragm, thus

form.ing a rigid center diaphragm, so that forces acting on the pivoting member

are efficiently transmitted to the sensing means. In FIG. 2a, torsional pin ends
26a,26a are shown fixedly attached to conduit wall 14.

FIG. 2b shows a view similar to that of FIG. 2a, but wherein the

20  flowmeter differs somewhat from that of FIGS. 1a and 1b. In FIG. 2b, pivoting

member 20a is substantially a complete shedding bar, c.omprising upstream

extremity 104, intermediate portion 106, and downstream extremity 108.

Torsional pin 26b has pin ends 26¢c,26¢ fixedly attached to conduit wall 14.

Pivoting member 20a has an effective diameter 44a, and diaphragm 40 has a

25  diaphragm diameter 42a. FIG. 2b also shows post 28. Alternately, to permit

greater motion of pivoting member 20a while maintaining a rigid connection to

diaphragm 40, portions of pivoting member 20a adjacent to diaphragm 40 and

extending beyond the perimeter of post 28 can be undercut. In such case, the



FI GS.. 9a, 9b, and 9c are views of a shedding bar with a cover 5 menber

useable with the present invention; FIGS. 10a and 10b
are cross-sectional views of an alternate sheddi ng bar shape useabl e
with the present invention; and FIGS. 1la and 11b are
cross-sectional views of still another sheddi ng bar shape useabl e
with the present invention. 10 DETAI LED DESCRI PTI ON OF THE PREFERRED
EVBODI MENTS In FIG 1a, -84 owreter 10 includes a conduit
12 having a wall 14 surrounding a bore 16. Bore 16 carries a fluid,
whi ch can be a liquid or a gas, generally along a directed bore axis

18. As is known i lidrheteraof the aigicicemer canrtaee a value betwestethe rdiahdtérsof\besn 28
fluid fl ows around obstr cti oI ds 15 nunmber of the

proyi ded t e er |
flowis in a speci“Fl Bmieé?{ 2 Ilg‘“ﬁetﬁ““ﬂg Is epp F‘?@ 8 attaghmegt ot the pivoting

vort ex-generat i ngggﬁ t C,
pi voti ng ﬁé%m\xhcq?%ph egzll‘;ed'inﬁts’f1|t fao&nlqhgié?o egg&‘é?ﬂlp% &10&1 &o%ﬁe %4
into bore 16, and least 50%af the tateralpwidth oﬂmequmhxgddemberbmd fDmaintain at digitd

pi voti ng nenbey 22 My &S | es to the flu uat| n essures.
According to agr; a SpRRACHOR. qrf*éefﬁwﬂm » megns the wi gd ng &n axis
di sposed in hol e u@@aﬁ@yﬂheqi W&cﬁﬁﬁt@&u@ Cne or,
preferably, both pin ds 26a, 2 are fixedly attached to wall 14, and

a pin axis 27 is substanti aIFlK}S.phﬁﬁ $lmWQrossmctmmkv1=Waéfsdmunotdﬂmphragm
arrangenent, and torsional pin configurations useable with the invention. In FIG. 3a,
diaphragm 40a has a shape which is flat, and is joined to pivoting member 22.
10  In FIG. 3b diaphragm 40b has a shape which is curved to conform to the
generally right circular cylindrical shape of bore 16. A curved diaphragm has
increased stiffness relative to a flat diaphragm, thereby reducing sensitivity of the
flowmeter for a given diaphragm thickness. For a given minimum sensitivity,
therefore, a flat diaphragm can have a greater thickness than a curved one, which
15  is generally beneficial if the diaphragm is to be integrally formed. Curved
diaphragms, on the other hand, improve flow characteristics of the fluid by
conforming to the curved shape of pipe surfaces, and can be easier to fabricate
than flat ones when using integral forming techniques. In FIG. 3c region of
reduced stiffness 40c completely fills the hole in wall 14. Further, region 40c
20  covers torsional pin 26d. Region 40c is composed of a substance having a
reduced intrinsic stiffness with respect to conduit wall 14 adjacent to region 40c.
Pin 26d is shown imbedded in region of reduced stiffness 40c, the pin being
composed of a substance having increased intrinsic stiffness with respect to
region 40c. Finally, FIG. 3d shows diaphragm 40d disposed near the outer
25  surface of conduit wall 14 rather than near the inner surface proximate the bore.
In such arrangement blind hole 24b is disposed on the same side of the region
of reduced stiffness as bore 16, in contrast to the hole arrangement in FIGS. 3a
and 3b.



portions of pin 26 between fixed pin ends 26a, 26a tw st about pin axis 27

as shown by double arrow 30 in response to pivotal

notion of pivoting

menber 22 25 about pin axis 27, shown by double arrow 32. Since pin ends
26a, 26a are fixed to conduit wall 14, pin 26 provides a force tending
to restore pivoting nenber 22 to its equilbrium position. Such
restoring force tends to increase the natur.sgl frequency of vibration

of pivoting nenber 22, which is advantageous to ensure

- 5- that the natural frequency of pivoting nmenber 22 is higher than
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of sensing means 34 to sense the motion of pivoting member 22. As an
example, sensing means can employ known optical techniques to detect
deflections of pin 26, post 28, or diaphragm 40 caused by the motion of pivoting
member 22. In a preferred embodiment, flowmeters 10 and 10a include post 28
extending from torsional pin 26 or diaphragm 40, and sensing means 34 is a
removeable or replaceable module coupling to post 28 and utilizing piezoelectric
discs or crystals. This preferred sensing means includes an axially flexible
diaphragm transmitting side-to-side (lateral) motions of post 28 to the
piezoelectric crystals, but flexing so as to suppress transmission of motions along
the length of post 28 to the piezoelectric crystals. The preferred sensing means
is described in U.S. Pat. No. 4,926,695, assigned to the same assignee as the
present application and herein incorporated by reference. The ability of the
sensing means to preferentially sense lateral rather than longitudinal motion is
important to ensure that the flowmeter will operate satisfactorily under nonideal
operating conditions. Also, it is important that the preferred sensing means does
not press against, load, or otherwise restrict dlaphragm 40, thereby to pemnt

" diaphragm 40 to freely flex.

FIG. 4a shows a flowmeter 10b similar to the flowmeter of FIG.
la, with conduit wall 14a surrounding bore 16a, and having pivoting member
22b coupled to torsional pin 26. FIG. 4b shows a flowmeter 10c similar to the
flowmeter of FIG. 4a, but additionally having a diaphragm 40e extending across
the hole in conduit wall 14a. Diaphragm 40e acts as a region of reduced
stiffness within conduit wall 14a.

FIG. 5a shows, in par_tial éut-away view, a further embodiment
10d of a flowmeter utilizing the torsional pin of the present invention. Fluid
flows generally along directed bore axis 18 around a portion of obstruction 42

| disposed in bore 16b, referred to as a shedding bar portion, setting up a Karman



reduce undesired notion of pivoting nmenber 22 parallel to bore axis 18,

whi ch notion is normally caused by | ocal nechanical vibration or
ot her influences not 5 i ndicative of the fluid flow By reducing such
notion, noise and spurious signals are thus reduced in the

i nstrunment. Moreover, pin 26 permts flowindicative noti on of

pi voting nmenber 22 transverse to the flow, ﬁ own at doubl e arrow 32.
Sensi ng nmeans 34, coupled to pivoting nenber¥22 preferably by attachnment to
a post 28, senses the notion of pivoting nenber 22 and provides an out put

at 10 36 indicative of the nmotion and therefore also of the flow, since
the frequency vortex street inothe Jffuid.s Qbstustion 9, eeupled to dotsional pin #4 and

rate. Post 28 pi v u [ 7 e nant o}
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seal ed by known neans such as 15 a_cover or_cap, not shown, to reduce or

prevent fluid | ealPigls ot bandsabaut agis 49 (showmindtIGh Sh) proximate dtstother endi Tdanent
around condU|t 12 I I [
shape or outli ne 5?%%%%”5%@?‘ scrgﬁ‘ua j?z#e%ugg@aﬁﬁg Hnéggfe@lgﬁnrgo , 939,

assigned to the samhaseiagrmdjtﬁnﬁﬁﬁlmmﬁtspnphergaécmummhgl 14hb Thepln
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1 ownbter 10a oi mepds stebemeb ey shoched legrondit wall kgl sp |t Rvepetep 104
includes a regi onpQfefii& HGF theSordidaP effects 3¢\he pih, [distusdell piSviously. Sensing

means 34 senses motion of obstruction 42 via post 46 and provides output 36 as
10  a function of such deflections. Flowmeter 10d also preferably includes
diaphragm 52 extending across seating ring 50 such that pin 44 reinforces the
diaphrggm. | '

A flow module comprising obstruction 42, pin 44, and seating ring
50 can serve as a flowmeter when coupled to sensing means 34 and inserted into

15  conduit 14b. Such a flow module, also preferably including diaphragm 52 and -
post 46, inserts into and mates with port 54 of conduit wall 14b, To hold the
flow module in place, other known methods besides welding can be used to
secure seating ring SO to conduit 14b, such as braﬁng, cementing, solvent
bonding, press-fitting, screwing, and so on. '

20 + FIG. 5b shows a partially broken away sectional view taken along
line 5b,5b of FIG. Sa. To enhance pivotal motion, obstruction 42 can be
undercut at a first end 53a where it couples to seating ring 50, and at a second
end 53b where it couples to a lower séating member 56. Weld joint 57a,57a -
secures obstruction 42 to lower seating member 56, and weld joint 57b,57b

25  secures member 56 to conduit wall 14b. End 53a preferably has a circular cross-
sectional shape having a diameter not less than a diameter of post 46. As
discussed in connection with FIGS. 2a and 2b, the undercut should be such as
to maintain a rigid connection between obstruction 42 and diaphragm 52. End



di aphyr agm 40, extendi ng across hole 24. D aphragm 40 thus borders on blind
hol e 24a, and preferably fluidically isolates hole 24a from bore 16. By

i sol ati ng sensing neans 34 or other flowreter conponents fromthe
measured fluid, 25 flowreter 10a can neasure benign as well as harsh
fluids such as acids. In addition to the beneficial
functions of torsional pin 26 mentiongg. in connection with FIG 1a,
pin 26 can benefit flowneter 10a further when used to reinforce

di aphragm 40. First, by reinforcing diaphragm 40, pin

53b preferably has a cross-sectional shape which is elongated parallel to bore

axis 18. The undercut portions of obstruction 42 are disposed outside of bore

_ 16b so that they do not significantly affect the fluid flow. However, obstruction

42 is shaped such that small gaps, shown exaggerated at 58, remain between

5  obstruction 42 and conduit wall 14b, thereby to allow pivotal motion of

obstruction 42. Pivoting members shown in other embodiments can also include

an undercut region or regions to promote pivotal motion.

Also shown in FIG. 5b is a portion of a preferred sensing means

34a, including motion transmitting tube 34b and axially flexible diaphragm 34c.

10  Axially flexible diaphragm 34c is rigid in the lateral direction, efficiently

transmitting forces to piezoelectric crystals (not shown), and weak in the axial

direction so that vertical motions of post 46 are largeiy absorbed by flexing of

the axially flexible diaphragm 34c. The sensing means does not press against or

. restrict diaphragm 52, allowing the diaphragm 52 to freely flex. _

15 FIG. 6a shows a partial cross-sectional side view of a removeable

flow module 55 in accordance with the invention. FIG. 6b shows a view along

line 6b,6b. Flow module S5 is similar to flowmeter 10a of FIG. 1b, except that

flow module 55 preferably does not include a conduit portion but rather inserts

into a port 60 of an exxstmg conduit or pipe 62. Flow module 55 comprises

20  seating ring 64, diaphragm 40, torsional pin 26 having pin ends 26a,26a fixedly

attached to seating ring 64, shedding bar 20 of which pivoting member 22 is at

least a portion, and preferably also module end 66 and post 28. The flow
module is preferably integrally formed from a material to reduce cost. Upon

insertion of flow module 55 into port 60, seating member 64 mates with port 60

25  and is secured to conduit 62 by screws 68a,68b,68c,68d. O-ring 70 effectively

seals port 60 to-prcvent fluid leakage out of conduit 62. Stff ring clip 72, or

other stiff attachment means, holds module end 66 firmly to conduit 62. In place

of shedding bar 20 with pivoting member 22, flow module 55 can include other



26 enhances neasurenent capability in the presence of changing line

pressure of the fluid (line pressure being the pressure of the fluid
in bore 16 referenced to t he environnment outside wall 14) when
conpared with a simlar flowreter Wi thout pin 26 used as a

rei nforcenent. Nonzero values of |ine pressure produce 5 stresses in and
cause distortions of diaphragm 40. Changlnglhine pressure accordingly
changes those stresses and distortions,. givifAg rise to notion of

di aphragm 40, pivoting nember 22, and post 28. Preferred sensing neans 34,

di scussed in nore detail below, prefer senses transverse notions of
post 28 r at REANgSHERLS Bk shedding %ﬁ%#&bﬁg‘hcﬂw%@gt‘“ e5128h §F1G- Ha).a1gt h.

With such 10 SCRaibheT g 1O s S0 BEIAEYODL B bBlinkliEn 40

effective area of gm 4 app equa

(the hal ves being (Eﬁﬁariataxl Sb). [Sensing meanQB) provites layflpa-didicative quqmtBﬁcasl ng
or centering the pivot di aphragm so that changes in

| ine pressure caud®P ﬁ?@ﬂghﬂﬁ§ﬁ§%9%§&hlﬁﬁﬂﬁruu rat her than transverse
Do a4 oL %0 oSt 26, 18 b8 o R BB o iEion i
due to changi ng I iartersmnabpmr the pnﬂ it preferabip dispesed .onea $itleiof thetdispliragm away
27 ne i il St L o 1
nmenber 22, and post 28 can R@other aspettedfah E&s&bﬁ iSRnEbN GedRAthE udé of R Ytail"
erroneously interpreted as a flow Signal.
portion of the shedding bar as a v1brat1ng or p1vot1ng member. Turning again
10 . to FIG. 1b, shedding bar 20 comprises generally upstream extremity 104a,
intermediate portion 106a, and downstream 'extremity 108a. Downstream
.extremity 108a includes pivoting member 22, the motion of which is sensed to
provide output 36. Using the downstream extremity (or a portion thereof) as the
pivoting member takes advantage of the fact that one edge--the trailing edge--is
15  already free to pivotally deflect since it is unattached except possibly at conduit
wall 14. Additionally, the thinned area at 110, part of intermediate portion
106a, permits greater freedom of movement of the other edge--the leading edge--
of pivoting member 22 by bending or flexing. For efficient pivotal motion, the
| pivoting member is preferably a relatively stiff, rod-like structure, it is exposed
20  to the flowing fluid, and .it rigidly attaches to the dxaphragm formed in the
conduit wall,
FIG. 7a shows a cross-sectional view, taken along line 7a-7a of
FIG. 1b, of shedding bar 20 -which includes downstream extremity pivoting
member 22, thinned area 110, and upstream extremity 104a. The fluid moves
25  in the general direction shown by arrow 111. Broken circle 116 shows the
' location of diaphragm 40. Disturbances induced by fluid flow around shedding
bar 20 produce alternating differential pressure across shedding bar 20. Arrows

114 represent differential pressure forces 'acting on portions of the shedding bar



20 rei nforcing di aphragm 40, pin 26 reduces the stresses and distortions

due to line

pressure effects, thereby reduci ng the acconpanyi ng

notion of the post and ot her fl owmmet er conponents, and enhanci ng
measur enent capability. Second, by strengthening

di aphragm 40 pin 26 rai ses the val ue of | i ne pressure needed to
rupture di aphragm 40, thereby permtting hi gger static 25 | i ne pressure
operation. Both pin ends 26a, 26a are preferably attached directly to

conduit wal l
40.

14 for

10

15

20

25

at an instant in time, which forces contribute to the moti_oz_of pivoting member
22.

Utilization of downstream extremity pivoting member 22 with
thinned area 110 has the advantage of increased surface area over which the
differential pressure forces contributing to the motion act, when compared to a
similar size prior art shedding bar assembly 20c of FIG. 7b. In that figure,
arrows 114a show forces due to differential pressure which contribute to the
motion of sensing beam 118, acting primarily at the intermediate portion of
shedding bar assembly 20c. Prior art assembly 20¢ iS disclosed in U.S. Pat. No.
4,926,695, mentioned above. In FIG. 7a, forces at 114 act on pivoting member
22 and on thinned area 110, producing a bending moment 120 about axis 122,
perpendicular to the plane of FIG. 7a. The use of a relatively large surface area
of shedding bar assembly 20 enables thinned area 110 to be thicker than sensing
diaphragm 124 of FIG. 7b for a given measurement sensitivity. This is
particularly advantageous when shedding bar assembly 20 is integrally cast from
a metal because known casting methods can reliably and at a reasonable cost
produce parts only if the thickness of such parts exceeds a given minimum
thickness. For
typical metals, flowmeter sizes, and sensitivity requirements the thickness of
thinned area 110 is greater than such minimum thickness, enabling integral cast
construction, while the thickness of prior art sensing diaphragm 124 is less than
such minimum thickness, requiring individual machining of parts. If desired, the

maxi mum strengt heni ng and reinforcenent of di aphragm

natural frequency of pivoting member 22 can be specified by adjusting or setting

the thickness of thinned area 110, the frequency increasing with increasing
thickness. _

By utilizing downstream extremity pivoting member 22 shedding
bar 20 has the additional advantage over shedding bar assembly 20c of
compatibility with a larger diameter diaphragm as shown by outline 116,



FI G :1c depicts the vicinity of diaphragm40 of FIG 1b in cross-

section along line 1lc-1c, and illustrates (in greatly exaggerated fashion)

t he pi votal notion of nenber 22, the twi sting of torsional pin 26,
and the flexing of di aphragm 40. Doubl e arrow 32 indicates generally
the notion of pivoting 5 nmenber 22. Solild-1ine and broken lines show the
position of the parts at _ maxi mum defl ection in either direction.

The overhead view of FIG 2a shows sel ected parts of flowneter 10a as

vi ewed from sensicomparednwitBAdiaphiragr rauglined 01 51lfon gsseimbly 20t.acUse of a larger

pi voti ng nmenber 22 advapt ggeously forma rigid centeyr, di aphragm _having an
10  outer (di aptfHamer F&%ﬁ’%f’e tsean increased, diaphragm thickness whilg maimaising 40,
and an | NG iakd ifhpRARE A BIIRT Bl 46 WATHAE ly/ Godieaet er
44 of pivoting e& rren%gr Eg‘e I’Fll tﬁf‘; COI?I'[ ext, | tg eﬁﬁigg&g@%%@eﬁt er"
made of the sane diaphragnssfos thersameasasphedistuagedringonneation giith andntegrallycast
center having_a thickpess generally at least six tinmes the diaphragm
t hi ckness. The pit Hpe @reﬁéllr%'er of 15 this and other enbodi nents preferably

rigidly attaches to the di qrﬁ?ﬁﬁgafgaiﬁtvﬁ&_1b,shgiﬁﬂdggg?réféabﬁagsﬁgh&ﬁdes

di aphragm so that forces acting On the pivoting e
ef ficiently tranghinhedaresd12 lae pad of idownsteeans exttemifyl (8a2aAs shovai, ameds 1i2n

ends 26, 26a%dalrl(a psx'gtoerva\a,?)l-y]c rin)égtqloyfogﬁ ta%‘if‘-?l?a ; fga%ﬂg.u% avc\%LJs&jfiAt')hd view
taken along line 1c-1c appears in FIG. 8. There, arrows 126 similar to arrows
10 114 of FIG. 7a show forces due to differential pressure which contribute to the
motion of pivoting member 22, such forces producing bending moment 128
about pin axis 27. Thinned area 112 flexes to promote pivoting of pivoting
member 22 about axis 27. As with area 110, the thickness of area 112 can be
adjusted or set to ensure a sufficiently high natural frequency of pivoting
15  member 22, while still ensuring adequate deflection measurable by sensing means

34, o
One or both of the thinned areas 110, 112, if desired, can be
eliminated and replaced by material which is not "thinned" but rather conforms
| to the shape of the unmodified shedding bar and which has reduced intrinsic
20  stiffness compared to neighboring parts, thereby having increased flexibility
similar to the thinned areas in order to promote motion of the pivoting member.
This approach is-advantageous because it minimally perturbs the relationship
between the vortex-shedding frequency and the flow rate, since that relationship
can change with modifications to the shape of the shedding bar outer surface

25  such as by introduction of thinned areas.

Alternately, reduced perturbation of the relationship between
vortex frequency and flow rate can be achieved by positioning a cover member

or members over at least a portion of the thinned area. FIGS. 9a, 9b, and 9¢c



FIG 2b shows a viewsimlar to that of FIG 2a, but wherein the 20
flowreter differs sonewhat fromthat of FIGS. la and 1b. In FIG 2b,

pi voti ng menber 20a is substantially a conpl ete sheddi ng bar,

conpri sing upstream extremty 104, internediate portion 106, and
downstream extremty 108. Torsional pin 26b has pin ends 26c, 26¢
fixedly attached to conduit wall 14. Ksvoting nenber 20a has an
effective diameter 44a, and di aphragm 40 has™a 25 di aphragm di aneter 42a.
FIG 2b also shows post 28. Alternately, to permt greater notion of

pi voting nenber 20a whi]le maintaining g rigid connection.to di aphr agm
40, portions of p Fﬁ’gﬁlen‘é%é?‘??@?‘ g?@}’%‘?%ﬂ’(e“{’ BSRrotiN el 10fsugh a saver member

extendi ng beyond bheigldd R} SHed@ingPR:E 12028 F86. 76, URERS pothes' & $6'WBILRSRer t De
member 74 in place. Cover member 74 substantially covers thinned area 112
such that downstream extremity 108a together with cover member 70 present a
5  substantially uniform outer surface to the fluid along the entire length of down-
stream extremity 108a. Gaps 78 between cover member 74 and neighboring
parts permit thinned areas 110 and 112 to flex to substantially the same degree
they could flex without the cover member, so as not to further restrict pivotal
motion of pivoting member 22. If -desired, a cover member can also cover
10  thinned area 110 such that intermetﬁate pdrtion 106a together with that cover
member similarly present a substantially uniform outer surface to the fluid along
its length, _
| FIG. la shows shedding bar 20 utilizing downstream extremity
pivoting member 22, as in FIG. 1b. FIG. 4a shows a shedding bar 20b, similar
15 to that of FIGS. la and 1b, which includes upstream extremity 104b,
intermediate portion 106b (including thinned area 110a), and downstream
extremity 108b (including thinned area 112a). In FIG. 4a, however, thinned
areas 112a and 110a attach directly to conduit wall 14a.
An alternative, though not preferred, embodiment of the invention
20  utilizes at least a portion of the upstream extremity. rather than the downstream
extremity as the pivoting member. The differentiﬂ pressure forces referred to
carlier are believed to be generally weaker at the upstream extremity than at the
downstream extremity, but may.nonetheless be sufficient when combined with '
the forces on the intermediate portion to yield a measurable motion of the
25  upstream extremity. Like the downstream extremity, the upstream extremity has
an unattached edge which is free to deflect. Since the shape of the upstream
extremity has a particularly strong influence on the vortex shedding behavior of
the device, incorporation of a thinned area in the upstream extremity to facilitate



dianeter of the rigid center can have a val ue between the di aneter of post

28 and di aneter 44a. |f undercutting is enployed at the attachnent of
the pivoting - menber to the diaphragm the lateral width of the

under cut portion should be at | east 50% of the lateral width of the
pi voting nenber end, to maintain arigid 5 connection. "Lateral w dth",
in Fig. 2b, neans the w dth neasured along_ﬁﬂ axi s i n the plane of
the figure but perpendicular to axis 27. FI GS. 3a-3d
show cross-sectional views of sonme nore di aphragm and torsional pin

configurations useable wi.th fthe inventian. In Fl : . di_gphragm 40a
has a shape whi chPivets] mation gt giporiop ﬁ}erréﬁ may ﬂawaq%/ ﬁégﬁé%@#at@?hlg e
FI G 3b di aphr agmygiix Jiﬁadig% ?ﬁg@&cw@h& HidwP rfté!" TR ﬁr?%l%ﬂf‘éﬂm tRubdifeither

general ly right circular c rical shape of bore . A curved di aphragm
has i ncr easbylusing,fifi ptacs of thecthinned arsas; nidterial whighheandonmst thaheshape of

et 00 SN Ll ot TRl Wik S SRR s
di aphr agm can shav@gefargd ebRsve), Hr By By $dVeP mimbefs\oith ERSthintall Gheats - i S

general ly beneficral if the diaphragmis to be integrally forryed.' Curved
di aphragms, on the other hafi@. 10ashowsin ¢ross-sentioman altéroate shedding har shape d by

useable with the invention, the shedding bar 80 including upstream extremity 82,
intermediate portion 84, and downstream extremity 86. FIG. 10b shows
shedding bar 80 of FIG. 10a, but where intermediate portion 84 includes a
10 thinned area 81 to promote pivotal motion of the downstream (or upstream)
extremity. Similarly, shedding bar 90, shown in cross section in FIG. 11a and
including upstream extremity 92, intermediate portion 94, and downstream
extremity 96, is also useable with the invention. FIG. 11b shows shedding bar
90 of FIG. 11a, but including thinned area 91 as part of intermediate portion 94
15 to facilitate motion of the downstream (or upstream) extremity.
' Still another aspect of the present invention relates to the way in
which parts of the flowmeter are formed and are held together. In flowmeter 10
of FIG. 1a, conduit wall 14, shedding bar 20 (including pivoting member 22 and
thinned areas 110 and 112, labelled in FIG. 1b), torsional pin 26, and post 28 are
20  preferably integrally formed from a given material such as metal, plastic,
ceramic, or the like. Investment casting from a metal'such as a stam.less steel,
a carbon steel, or a chromium-nickel alloy (e.g., Hastelloy, sold by Union
Carbide Corp.) is preferred for most flowmeters designed for industrial
applications. In similar fashion, injection molding from plastic can be used in
25  other applications. In flowmeter 10a of FIG. 1b, diaphragm 40 is integrally
formed with the parts referred to in connection with flowmeter 10. Such an
integrally formed flowmeter 10a has both cost benefits, by reduced machining
and assembly steps required for manufacture, and other benefits related to the



confarmng to the curved shape of pipe surfaces, and can be easier to

fabricate than flat ones when using integral form ng techniques. In
FI G 3c region of reduced stiffness 40c conpletely fills the hole in
wal | 14. Further, region 40c 20 covers torsional pin 26d. Region 40c is
conposed of a substance having a reduced intrinsic stiffness with
respect to conduit wall 14 adjacent to regi«f7-40c. Pin 26d is shown
i mbedded in region of reduced stiffness 40c, the pin being conposed

of a substance having increased intrinsic stiffness with respect to

regi on 40c. Final labserick Gf wild jéiateswhitiR Ry ageRptibl: @ SoROSRA, BRdthd MeeRtd 6f 25

surface of conduit wall 14 rather than near the inner surface proxi mate the

bor e. | n sucB8PROF £rRyiqes etwren the jparte irp bichsthei flyid wen lodge. hdhisalattessi de

?\LI ;hgr ; S%iggprent ifﬁatﬁ{edgsqggﬁdoﬁhé Eéﬂr]].gnflé%s.aﬁnb?&ge% o%lgtalli Shrfade’ ¥or %ﬁ}chttﬁe h;}:ed
' is exposed, resulting from the integral forming process, and is required in
5  sanitary applications in which the fluid is, for example, a food or beverage. The
pivoting member, torsional pin, diaphragm, and conduit wall shown in each of
FIGS. Ic, 2a, 2b, 3a, 3b, and 3d, as well as the post shown in some of the
embodiments, are preferably integrally formed as a single unit. Flowmeters 10b
and 10c of FIGS. 4a and 4b (excludixig sensing means 34 with output 36) are
10 also preferably integrally formed as single units. Flow module 55 of FIGS. 6a
and 6b is also preferably integrally formed. It is particularly advantageoﬁs to

integrally form the diaphragm, as well as the thinned areas (shown for example -
at 110 and 112 of FIG. 1b), along with the other parts because the diaphragm
and thinned areas would require special care and cost in machining. Also, since
15 . the precise placement of the pivoting member on the diaphragm can greatly
affect the instrument’s response to changing line pressure, by integrally forming
the diaphragm together with the pivoting member in a predetermined positional
relationship, reduced sensitivity to changing line pressure can ‘be assured in a

highly repeatable fashion with little or no assembly and at low cost.

20 . Although the present invention has been described with reference
to preferred embodiments, workers skilled in the art will recognize that changes
can be made in form and detail without departing from the spirit and scope of

the invention.



-9- | Flowmeters 10 and 10a in FIGS. la and 1lb can use
many types of sensing neans 34 to sense the notion of pivoting

menber 22. As an exanpl e, sensing nmeans can enpl oy known optical—
techni ques to detect - deflections of pin 26, po . or di aphriién 40

caused by the notion of pivoting 5 menber 22. In a i “ m‘w nt,
fl owreters 10 and 10a i ncl ude post 28 léaxtendi ng EE‘“\[\\W m N 26
or di aphragm 40, and sensing neans 34 is a '°" r enov & on rBpl hceabl e
nodul e coupling to post 28 and utilizing piezoelectric di scs or

crystals. This preferred sensing nmeans includes an axially flexible
di aphragm transm ME I8 ili®e (lateral) notions of post 28 to the 10

ot ons. al ong T “the 1 enf TPHSK saReigotor treablBRig a4 (RN RORRREE Y
The preferred sensing meansa conduit havimgeswall bercounding Sboredor canyingithe IBiid 95,
a0 porat od by reference. The- aHPPE B pos aithdie wall baEDa & e Agmed thejelns
Mportant to ensare that ¢ né HTCApeHa, ot RpRPle iy Mo he bore, the
noni deal : pivoting member moving in response to disturbances
within the fluid at a frequency indicative of the flow;
sensing means coupled to the pivoting member for sensing_ the
motion thereof to provide an output indicative of the ﬂqw;
and
a torsional pin disposed in the hole and coupled to the pivoting
member, the pin having a first pin end attached to the
wall. N
2. The flowmeter as recited in claim 1, further including:
a region of reduced stiffness formed in the wall and sealingly
extending across the hole;
wherein the pin reinforces the region.
3. A vortex flowmeter for measuring the flow of a fluid, comprising:
a condﬁit having a wall surrounding a bore for carrying the fluid,
the wall having a diaphragm formed therein;
a pivoting member disposed in the bore and connected to the
diaphragm; and
sensing means coupled to the pivoting member for sensing pivotal |
motion thereof and providing an output as a function of
the pivotal motion; -
wherein the wall, the diaphragm, and the pivoting member are
integrally formed from a material such that they present an
unbroken 6verall surface to the fluid.

I
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operating conditions. Also, it is inportant that the preferred sensing
nmeans does not press against, |load, or otherw se restri di.aphragm
40, thereby to permt di aphragm 40 to freely flex.

FIG 4a shows a flowreter 10b simlar to the flowreter o//l( \

with conduit wall 14a surrounding bore 16a, and having. pivo I///
22b coupled to torsional pin 26. FIG 4b sf a flowreter 10c°"si

t he . flowneter of FIG 4a, but additiorally having a di aphragm 406'
ext endi ng across the hole in conduit wall 14a. D aphragm 40e acts as

FIG J5a shows. | ipartial che ARRpoT enecled i i Jopuer g 10d of
fl ows general |y af ong éf‘?etcf‘éﬁy‘éﬂo?dgséé‘x‘?éﬁi%“‘i?%‘ﬂ gREMe doNank pprionaf e | on
42 di sposed in bore 16b, rpvaingademberns a sheddi ng bar portion,
setting up a Karman wherein the body induces disturbances in the fluid as a function
of the flow which cause the pivoting member to pivot
with a frequency indicative of the flow.
5. The flowmeter as recited in claim 3, wherein the conduit has a-
hole isolated from the fluid by the diaphragm.
6. The flowmeter as recited in claim 3, further comprising a torsional
pin proximate the diaphragm and coupled to the pivoting member, the pin having
first and second pin ends attached to the wall and having a pin axis substantially
parallel to a direction of fluid flow through the bore, wherein the torsional pin
is integrally formed from the material with the wall, the diaphragm, and the
pivoting member. - '
7. A vortex flowmeter for measuring fluid flow, comprising:

' a conduit having a wall surrounding a bore for carrying the fluid,
the wall having a wall region of reduced stiffness formed
therein; '

a body disposed in the bore and having a first and second
extremity, the second extremity having a first end attached
to the wall region, the body further including a body
region of reduced stiffness; and

.sensing means coupled to the second extremity for sensing motion’
of at least a portion ther.eof resulting from disturbances
within the fluid, and providing an output as a function of
the motion and thereby also as a function of the flow;

wherein the body region flexes to promote the

motion.

—————

-
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-10- . vortex street in the fluid. Obstruction 42, coupled to
torsional pin 44 and preferably also to post 4W
general ly about pin axis 48 in response to fl uich st urbances
associated with the vortices. Obstruction 42 al so ‘ﬁm
about axis 49 (shown in FIG 5b) proximte its other M@‘H\%“ﬁ \‘\ of
torsional pin 44 are integrally joined to sedting ri n ich ih turn
attaches via a weld joint 51,51 around its periphery to conduit wall 14b.

The pin ends are thereby fixedly attached to conduit wall 14b so that

fl owreter 10d 8. Dbenefi t Thé flownieter as eeciiedriniclairh( % ciliereih the) frspieRtremity
di scussed previously. Sensing nmeans 34 senses notion of obstruction
42 via post 46 ani %&“RFF'S@& eXWEmity and thessegond extremitycisiafpwstream iextremity.

defl ections. Fl ogneter 1OdTﬂé sug{ﬁ%%%d el ﬂﬂ%sw rein tHid ?@g,@gghﬁg

ext endi ng across seatl ng ri ng t hat réintorces
di aphragm a thinned area ofthe#boﬁyow nmodul e conpri sing obstruction 42, pin
44, a”‘_j ;eat 'ng r \6‘9 The flowmeter as recited in claim 9, wherein the thinned area is
disposed between the upstream and downstream extremities. '
11. The flowmeter as recited in claim 9, wherein the downstream
extremity has a second end attached to the conduit and wherein the thinned area
is disposed between the first and second ends of the downstream éxtretm'ty.
12. A flowmeter for insertion into a port in a conduit wall to measure
fluid flow along the conduit, comprising:
a mating memb;zr adapted to mate with the port and including a
diaphragm extending across a hole in the mating member;
a body extending away from the mating member and having a
first and second extémity, the second extremity having a
first end attached to the diaphragm, the body further
including a region of reduced stiffness; and .
sensing means coupled to the second extremity for sensing motion
of at least a portion thereof resulting from disturbances
within the fluid, and providing an output as a function of
the motion and thereby also as a’ function of the flow;
wherein the region of reduced stiffness flexes to promote the
motion. '
13. A vortex ﬂowm;ter for measuring fluid flow, comprising:
a conduit having a wall surrounding a bore for carrying the fluid,
the wall having a hole formed therein; ‘
a diaphragm exténding across the hole and held to the wall;

This Sheet Has Been R

U



50 can serve as a fl owreter when coupled to sensing neans-34 and inserted

into 15 conduit 14b. Such a fl ow nodul e, al so preferabl i ncl udin

di aphragm 52 and post 46, inserts into and mates w lulntulllmuflﬂm”“l
conduit wall 14b. To hold the fl ow nodul e in place, !
met hods besi des wel di ng can be used to secure seatlng rlng 50

conduit 14b, such as brazing, cenenting, stAlvent bondi ng,
press-fitting, screwing, and so on. 20 ' FIG 5b shows a
partially broken away sectional view taken al ong | i ne 5b,5b of FIG

5a. To enhance pivotal notiashedsing battdisposet acress the bore, thenshadding ker a

first end 53a where it couplestos atin n C

end 53b where it couples to a I Qgﬁtﬁﬁg ﬂ%#ﬁ@rtoa@g %* gmf§ sﬁ?%eana
secures obstruction 42 to | ower ﬁgg{tyldagcnmrqulie hragst; aed d j oi nt 57b, 57b
25 secures nenber 56 to conduit waII 14b. End 53a pref erably has a

circul ar cross- sect i sgnsing oreaneiassonsing am@mar?étth# sheddingchas resilling,
di anet er of post 46. As di S
t he undercut shoul d be such as teo a%q"ief{e;ﬁc% IWI%‘ r| gi dllconnécft?%ﬁlg%d

obstruction 42 and di aphragm 52.infiggtive of the ﬂow;
wherein the sensing means does not restrict the diaphragm from
freely flexing.

I

il



53b preferably has a cross-sectional shape which is elongated parallel to
bore axis 18. The undercut portions of obstruction 42 are di sposed
out si de of bore 16b so that they do not significantly affect the
fluid fl ow. However, obstruction 42 i s shaped such that small gaps,
shown exaggerated at 58, remain between -5 obstruction 42 and conduit
wal | 14b, thereby to allow pivotal notion oj3. obstruction 42. Pivoting
menbers shown in other enbodi ments can al so incl ude an under cut
region or regions to pronote pivotal notion. Al so
shown in FIG 5b is a portion of a i means 34a,

i ncluding notion transmtting tube‘g%gﬁgzgﬁggﬁgﬁﬁ%ﬂgBexibIe di aphragm 34c.
10 Axially flexible di aphragnrABSTRACT OBITHE DISCEOSMRE al direction,

Ot Y o 1o oo A S PGB oLty HT 7 e «
conduit (18) having a wall (14) surrounding a bore for carrying the fluid along
a bore axis. A pivoting member (22) moves in response to vortices in the fluid
and extends from a hole (24) in the wall (14) into the bore, and sensing means
(34) is provided for sensing the motion of the pivoting member (22) to provide

a flow indicative output.

- .
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direction so that vertical notions of post 46 are |argely absorbed by

f1 exing of the axially flexible diaphragm 34c. The sensi ng neans does
‘hot press agai nst or restrict diaphragm 52, allow ng the diaphragm 52
to freely flex. 15 FIG 6a shows a partial cross-sectional
side view of a renoveabl e fl ow rmdtfl/@3 55 in accordance wth the
invention. FIG 6b shows a view al ong 151 ne 6b, 6b. Fl ow nodule 55 is
simlar to flowreter 10a of FIG 1b, except that fl ow nodul e 55
preferably does not include a conduit portion but rather inserts into

a port 60 of an @xesSting cogduit or pi 226 Fl ow nodul e 55 conprises 20
seating ring 64,3 hrgﬁo, torsi ¢nal pin 26 having pip.ends 26a, 26a
fixedly attachked to seating rifg 64, shedding bar 2040of which

pi voti ng nenber 22 is at ast a porfti on, and pref,e}ably al so nodul e
end 66 and post 28. The flow BB ul e s preferably pntegrally forned
froma material to reduce cost.|Uponm insertion of flow nodule 55 into
port 60, seating nenber 64 mates W ily port 60 25 and is secured to
conduit 62 by screws 68a, 68b, 68c, 68d, O-ring 70 effectively seal s
port 60 to prevent fluid | eakage out jof conduit—62: (ff ringclip 72, %(/
other stiff attachnent neans, hol ds dule_efid 66 firm y~NQ conduit 62~1n
pl ace of shedding bar 20 with qiv ng menber 22, fl ow m)dulg can
i ncl ude ot her : PR
|
s
7
”
4
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-12-. arrangenents such as sheddi ng bar 20b with pivoting nenber 22b

(FIG 4a), or conbi ned pivoti.ng nmenber and sheddi ng bar 20a (FI G

2b), or obstruction 42 ~ (FIGS. 5a and 5b). Sensing neans 34 provides a
fl owindicative output 36 as in previously discussed enbodi nents. 5

I n enbodi nents of the invention utilizing/i®th a diaphragm and - a
torsional. pin, the pin is preferably disposed on a side of the diaphragm
away fromthe conduit bore, so as to mininmally disturb fluid flowin
t he bore. Anot her aspect of the present invention lies

in the use of —dpai | " portion of the_sheddi ng bar a vibrating or
pi vot i ng nenbe??ﬂgli ﬂg&ai n —e 36 o

. This Sheet Has Been Replac
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10 . to FIG 1b, shedding bar 20 conprises generally upstreamextremty
104a, i nternmedi ate portion 106a, and downstream extremty 108a.
Downstr eam extremty -108a includes pivoting nenber 22, the notion of
whi ch .i's- sensed to "~ provide output 36. Using the downstreamextremty
(or a portion thereof) as the pi voti,ng nmenber .t akes advant age of the
fact -that one edge-the trailing edge- is-@é already free to pivotally .
deflect since it i's unattached except possibly at. conduit. -wall 14. -
Addi tional Iy, the thinned area at 110, part of intermediat e portlon

106a, permts. gre er free n1of nmoverrent of the ot hepAedge--the | eadi.ng

edge-- . _ t rﬁg - 22. ‘by bendi. ng -or f1 2% ng\ For efficient

pi vot al’ nDtlon E? vot| gmesel s pref' ably a\relatively stiff,
rod-1ike structure it is expo “d 20 . to"the~ow ng fl uid and it r|g|dly
attaches to the di-aphragm fopsed in the . - ‘conduit wall. . e
FIG 7a shews a.cross-secti6nal -view, t aken al ong | ihe -7a- 7a ot '_-FIG
1b, of sheddi ng. ‘bar—2e—mt’ch  ncl udes - dommstrean1extren1ty pi vot i ng

menber “22, thinned|area 110, and upstrean1eﬂtren1ty 104a. The fluid yoves

25  in.the general| direction shown hy arrow 111 Broken circle 116 shows
the .  location of ‘di aphragm 40. .Di sturb f nduced’ by fluid flo
around sheddlng : ‘bar 20 produce alternq i ng differential - -pr.essur e

across- sheddi ng par 20. Arrews - =~ 114 reqresent dlfferentlal pressure-
forces acting g portlons of the sheddlng by - 26¢c . :

T
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-13-, at an instant in tinme, which forces contribute to the notion
of pivoting nenber : 22. Uilization of downstream
extremty pivoting nenber 22 with thi nned -area 110 has the advant age
of ingreased surface area over which the” 5 differential pressure forces
contributing to the notion act, when conpared.to a . - simlar size prior
art shedding bar assenbly 20c-of FIG 7b. AMIJ hat- figure, " carrows 114a
show forces due to differential presslre which contribute to'the -

-

e
e
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notion of sensing beam 118, acting primarily at the internedi ate portion of
sheddi ng bar assenbly 20c. Prior art assenbly 20c is disclosed in U S. Pat.
No. 10 4,926,695, nentioned above. In FIG 7a, forces at 114 act on

pi voting-nenber- - 22 .and on thinned area 110, produci hg a bendi ng.
moment 120. about "axis 122,  ° perpendicplar to the plrane of ‘FIG 7a’ The
use of -a relatively large surface area 9/!J27of shedding bar assenbly 20
enabl es thinned area 110 t-o be thicker than sensing . - diaphfagm 124 of
FIG 7b for. a given nmeasurement -sensitivity. This is 15 . particularly
advant ageous- when sheddi ng bar assenbl'y 20.is integrally cast from a

met al because known casting methods c¢an reliably and:at” a-reasonabl e.cost

produce parts only if the thickne adRNURY parts exceeds a given m ni mum
t hi ckness. For « = typi cal net.QQS§§§§$%Ier sizes, and sensitjvity -
m ni mum t'hi ckness, -enabling i-ntjs ‘\§3;§ : - Constructi-on, whi'le-the

M124 is |ess than-- “-such '
achi nja@of parts: If desired, the
i fied by adjusting or’

¥ frequency rreasi ng
RyNuti | i-zin ownst ream

AR, o

natural feequency of pivoting menbeY "24
setting . the .thickness of thinned

with increasing.25 thickness. (o=
extrem.ty pivoting menber .22 shed_'n

N,: .
g': N
N .
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bar 20 has the additional advantage over sheddi ng bar assenbly 20c of
compatibility with a larger dianmeter diaphragmas shown by outline 116,
_-14- : conpared Wi th diaphragmoutline 115 for assenbly 20c. Use of a
| argers ~- . _ dianeter di aphragm pernits an increased di aphragm thickness.
whi | e makhtaining adequat e -di aphragm flexibility. Thi's is '
advant ageous. for integrally formed- g}jgphragns for the same reasons

di scussed in connection with an"integrally cast- 5 t hi nned.-area 110.
Turni'ng again to FIG "1b; shedding bar .20 preferably-al so includes’ . N
thinned area 112 as part of .downstreamextrenity 108a. As shown, areas 112

O Tyt

1)
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and 110 preferably neet to forman L-shaped feature. A cross-sectional view
taken along line 1c-1c appears in FIG 8. There, arrows 126 simlar to
arrows 10 114 of FIG 7a-.show forces due to differential pressure which
contribute to the, "~ notion of pivoting nenber -22, such forces producing
bendi g forment 128 . . about pin axis %7. Thi nned area 112 flexes. to
pronote pivoting.of. pivoting _ nenbé?lﬁé about axis 27.- As wi-th area
110, .the thickness of area 112 can be . adjusted or. set to ensure a
sufficiently high natural- frequency of pivoting 15- nenber 22, while still
ensurihg adequat e defl-ection .qeasurable by sensing means - - 34. .

One or -both of the eggaffeds 110,.112, if desired, can be - -

el i m nated and repl bg; rial- which is not. "thinned" -biut rather
conforns . :to the shape of, the unnodified shedding bar and which has
reduced intrinsic 20 stiffness conpared, t @geighboring. grr4s, thereby
havi ng increased filexibility sinilar to the:thinned arfas i-n order.to
pronote notion. of the. pivoting menbe — This approach s advant ageous
because jt mi ni mally perturbs-the r ship- " . between the
vor t ex- sheddi ng frequency and the f|l owratfe, - si.nce .that -rel ati onship
can change wi'th nodi.fications to the shape of the sheddi ng bar outer .
surface- 25 such- as by introduction. of -thjnned areas. - : o

Al ternately, rteduced perturbatian of ‘tne rgbattershi p-between. 7
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vortex frequency and flow rate can be achi eved by positioning a cover
menber or menbers over at |east a portion of the thinned area. FIGS.
9a, 9b, and 9c- : T A ' S - 15-
show a-sitde, rear, and cross-sectional. view, respectively, of such a cover
nmenber: - - 74 attached to shedding bar ?R%gf FIG 1b. Wld points at 76
hol d cover ~ - nmenber 74 in.place, CDVQ_ enber 74 substantially covers -
thinned area. 112 such:that downstream'extrenity 108a together with
cover menber 70-present a -5 substantially. uniformouter surface to the

fluid along the éntLrj | engt h .of de“‘ b .

‘This Sheet Has BeenRe’ilaced
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streamextremty 108a. Gaps 78 between cover nenber 74 and nei ghboring
parts permt thinned areas 110 and 112 to flex to substantially the same
degree they could flex without the cover nmenber, so as not to further
restri Ct pivot al .-motion of pivoting nenber: 22. 1f desired, a cover
menber’ ¢an al so -cover 10 thinned area such that internmediate portion
106a together .with that cover - . . menbér“simlarly present a .
substanti.al ly uniformouter surface to the fluid along .its |l ength.
FIG |a shows sheddi.ng bar. 20%utilizi hg downstream extrenity pi voti ng
menber .22, ‘as-in FIG 1b. FIG 4a shows a shedding bar 20b, similar 15 to
that of FIGS. 1la. and. 1h, ,which.includes upstream extremity 104D,

i ntermedi ate portion 1I06b (iEEF' i n e:Egnned-areaﬂ‘lloa), and downstream .
extremity 108b. (i ncludi ng thi rtéag 12a).. kn FI'G _4a, -however, thinned
areas 112a and 110a attiach directly to conduit wall" 14a. - S
An al ternative, though not preferred, enbodinent of f{he i'nvgption 20 .-
utilizes at least a partian of the upsieags ‘epx ‘\Qaiﬁs§2@han'the
downstream ‘. extremty as the gNeQ ' \ erenti al
pressure:forces referred to- S he genherally.
weaker at ‘the upstream.extrenmty t extremty,
the forces on-.

but may- nonethel ess be_Sufficie't;
the intermedi ate portion to-fyifefd &

| 2 /N [ 7
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25 upstreamextremty. Like the downstreamextrenmty, the upstream

extremty has an unattached edge which is free to deflect. Since the
shape of the upstream extremty has a particularly strong influence
on the*vortex sheddi ng behavi-or of - the device, incorporation of a
thlnned area’in the upstreamextremity to facilitate . =
-16- . pi votal noti-on of .a portionl h&r eof -‘may adversely affect t he
relatlonshlp bet ween L vortex sheddlng frequency and flowrate.” This
probl em ¢an be reduced either’ , In place of the thinned
areas, materi‘al which conforms to ?g& Kg%égﬁi K,

'68aw o6q 128 -
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t he reemai nder of the shedding bar and which has reduced intrinsic stiffness
5 (referred to above), or by using cover nenbers with the thinned areas.
FI G 10a shows in cross-section.an alternate sheddi ng bar shape
useab¥leg™wi th the invention, the shedding bar 80 including upstream

extrehﬁ;y 82, . Jdnternmedi ate portion ?ﬁ;'ahd.domnstréan1extrenity 86.
FIG 10b shows . sheddi ng bar 80 of H 10a, but where-internediate .
~portion 84 includes a:10° thinned-area 81 to pronote pivotal motion of the
downstream (or upstreany extremty. - Simlarly, shedding bar 90, shown

in cross section in FIG -1laand ~ including upstreamextremty 92/
i ntermedi ate portion-94,. and downstream - extrenmty 96, -is al so-useable
with the-inventi-on. FIG 11b shows sheddi ng .bar .90 of FIG 1la, but-

including thinned area 91 as part of.internmediate portion 94 15 to.
facilitate .nption of the downstreani (or “upstrean)- extremty. .
Still "anot her aspect .of the present invention relatesto the way in
whi ch parts of the fl-owreter are formed and are held together. In flowneter
10 - ..of FIG 1a, conduit -wal I - 14, shedding bar. 20 (incl uding. pi voting
menber. 22 and . -~ . thinned areas ‘110 .and 112,  labell'ed in FIG 1b), - - - .
torsional pin 26, and post 28 are 20 preferably integrally formed froma
SuC . - ‘ceramc, .or ‘the like. -~ .~
| nvest ment -casting froma netal -such stainless steel,., . .a.carbon

sg?lloy;,sokd_bygUnion
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Carbi de Corp.) is preferred for nost flowreters designed for industrial
applications. In simlar fashion, injection nolding fromplastic can be
used in-25° -other applications: In flowreter 10a of FIG  1b, diaphragm 40
is integrally -formed with the parts referred to in connection With .
fl owmmeter. 10. Such an " integrally fqzzgg fl owneter 10a has both cost
benefits, by.reduced nachlnlng and nbly steps. reqU|red for
manuf act ure, and other benefit's rel ated to the .

-17- - absence of weld jOIntS whi ch. are SUSceptlbIe to corr03|on “and
t he absence of : _ . -




gaps -or crevices between the parts in which the fluid can | odge. This
latter feature is a result of the continuous unbroken overall surface
to which the fluid . 1s exposed, resultlng fromthe..integral formng.:
process, and is required-in 5 .sani t ary appllcatlons i'n which the fluid
is, for. exanple, a food or beverage. The 3A3 .pivoting nenber, torsional

pin dlaphragn1 and condui.t wal I shown in each of - . FI GS. 1c 2a, 2b,
3a, 3b, and 3d, as well as the post ‘Shown.in sSome of ‘the - enbodinents,
are preferably integrally forned as a singl.e unit. Flowneters.10b : and

10c of FLGS. 4a and 4b (excl udi ng sensi ng nmeans 34 w t'h out put- 36)-.are 10 -
al so preferably rntegrally formed as’ single units.: Flow nodul.e .55 of FIGS.
6a . -~ and 6b is also preferably integrally forned It is particularly -
advantageous to . . integrally formthe di aphragm as well as the.thinned
areas (shown for example . .at 110 and 112.of FIG 1b),.along with the
ot her~ parts because the dlaphragnl- ..~ Tand- thlnned areas. mould require
speC|aI care and cost in machining.. Also 'since 15 the precise pl acenent
of the plvotlng menber “on' t he, di.dphragm c¢an greatly . affect the:

i nstrument”s.respo8fe ‘t.o changing |ine pressure, by- |ntegrally fornlng

t he di aphragmtoget r wi-th.th %I voting-menber-in a_ predeterm nﬁﬂ
posi ti onal .. rel tlonshio' peduced  sensitivity. t@¥§

pressure can be assure L7 hlghly repeatable 3
no assenbly - -and at |
|nvent|on has been -rggr th reference
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to preferred embodi ments, workers skilled in the art- will recogni¥8®fRZ~

changes -
spirit and scope of
18 - - CLAI M 1.

the invention.

can be made in formand detail without departing fromthe

A vortex flowreter for measuring flui JREPRACEMENT SHEET
-22-
17 JUN 1996
VORTEX FLOWMETER

-ABSTRACT OF THE DISCLOSURE

A vortex flowmeter (10) for _measuring fluid flow includes a

conduit (18) having a wall (14) surrounding a bore for carrying the fluid along

a bore axis. A pivoting member (22) moves in response to vortices in the fluid

and extends from a hole (24) in the wall (14) into the bore, and sensing means

(34) is provided for sensing the motion of the pivoting member (22) to provide

a flow indicative output.

FIGURE 1A.

[ Claim(s)
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conpri si ng: a conduit having a wall .surrounding a bore for
carrying the fluid along a bore axis, the wal | having-a hole
formed therein; a pivoting nmenber extending fromthe hole into

t he bore, the pivoting nmenber nmoving in r esponse
wWithin the fluid at a frequency indicative of th
sensi ng neans coupled to the pivoting nenber for

notion thereof to provide an out put indicative
torsional pin disposed in the hole and coypl ed t
menber, the pin having a first pin end attached

a region of reduced stiffness fornmed in the wall

ext endi ng across hol e, mheregé the pin reinf
| £3.Ia4 o

REPLATENANaB:
of the S5
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to the ma!l; and
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2. The flowreter as.recited in claim1, wherein the torsional pin further

i ncl udes a second pin end attached to the wall, and wherein the torsional
pin has a pin axis substantially parallel to the bore axis to permt _

pi votal motion of the pivoting menber about the pin axis=w==Gue=Fagrrrrr
flowreter as recited in claim1, further conprising a pdgﬁ*?éﬁfE?ﬁSHEEm
the region away fromthe bore, wherein the sensing nean§ doUples to theg.-iLi
post, and further wherein the 'sensing means preferentially sﬂrqmﬂﬁ@’&r |1
motion rather than |ongitudinal notion., ;

|

gtg. 1B — .36 | /




- 19 - 4. “The flomneter as recited in claim3, wherein the reglonwww

conprises a reduced thickness portion of the wall, ther ' gy \3;
téd in cI h
\‘17 JUNA %

hole.in the wall. 5. The flowneter as recited in cl
regi on conprises a di.aphragm 6. The fl owneter as régci
wherein the diaphragmis substantially glanar.

JL
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7. The flowreter as recited in claim5, wherein the conduit wall has a
curved surface to which the diaphragmis shaped to substantially conform
8. The flowneter as recited in claiml1l, wherein the pinis integrally

joined to the region, and wherein the pin protrudes froma side

region which is isolated fromthe fl uid. 9. The fl owneter a EH@;@MM gﬁp};
claim1, wherein the wall, region, pivoting nmenbe and pin arefifit “'
- YIG Yos

;
formed froma naterial . 10. The fl owneter as reélted in clai
t he pivoting nmenber generates the disturbances within the

?@.-2’3




fluid. _11. The flowreter as recited in claim1l1, further cOrrprisi' ng:. .

generating neans for generating the : di sturbances within the
fluid, the generating means including at |1east a '
portion of the pivoting nenber. 12. The fl owneter asptecttet-nekaranll,

wherein the REPLE‘&CE"‘fﬁi (1 peiddt
| 17 JUN 9%




- 20 - generating nmeans includes an upstreamextremty, a downstream
extremty, and an internedi ate portion connecting the upstream and
downstream extreni ties, and wherein the downstream e>§ Hﬁrﬂff (T EI : -aﬁr?the
pi voti ng nenber. 13. The flowneter as recited in c|*& M é-':.iike
wal |, pivoting nenber, and pin are integraldy fornmed fjroma materi al]. 14.
A device for insertion into a port in a conduit wallf tljo AZdaHuM 4998 uild |f| ow
al ong the conduit,

Fig.4HA
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conprfs?hg: a natihg menber adapted to mate with the port,

the mati’ng nenber having a hole forned : t herei n; a pivoting
menber extending fromthe hol e away fromthe mati ng nmenber, the
pi voti ng nmenber adapted to nove i response to disturbances
within the fluid at a frequency indicative of the flow

sensi ng neans coupled to the pivoting nenber for Sensi=Rg t he
notion thereof to provide an out put i &ﬂﬁ%ﬂﬁﬁ%ﬂﬂfrﬁﬂaﬁﬂcmm

a torsional pin disposed in the hole and coupl e TU™the |pi voting
menber, the pin having a first pin en atthQﬁﬂ¥q§9§tu= iating
menber ; and a region of reduced dtifffness fornmed}in the
mat i ng nenber and seal i ngly extendi ng across t+he-holey Wherein
the pin reinforce%}?ﬁﬁi 4;




regi on. 15. The device as recited in claim 14, wherein the pin further
I ncl udes” a second pin end attached to the
21 -- mating nenber, and wherein the pin has a p|n axis to permt p| votal

noti on of the pivoting nmenber about the

8

REPLACEMENT SHEET
17 JUN 194

Fig. 5HA
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pin axis. 16. The device as recited in claim 14, wherein the pivoting
menber .generates the disturbances within the fluid. 17.- The device as
recited in claim14, further conprising: generating means for

generating the di sturbances wi thin therftmrd ] —
generating means including at |east a 9 REWEGF ,S;:EEET
pi voti ng nenber. 18. A vortex flowreter for neasuririgithe flow of a

fluid, conprising: a conduit having a wall surrodndi ng7aJUNNee4 ol

57b5°49 5% sg 5m




carrying the fluid, the wall having a - di aphragm formed therein;

a pivoting nenber disposed in the bore and - connecteg—t+o—t-he

di aphr agm sensing neans coupl ed to the pivoting menber|RERLACEMENT SHEET
sensing pivotal notion thereof and providin an o Ut as a
function of the pivotal 55 not gRN; a body di spos i g7t 0 l2
and i ncl udi ng at | east porti®nJof the pivoting ? mq .

g

body including a downst r &8awxt r el §4 which 64 €gslu
" menber; wherein the wall, dgap&iX 1t he i1 votijng

menber are integrally fornmedy r&afan such That They
present an unbroken overal | § r fluid; and
wherei n the body inducem,d,i\s ‘
: Figb6HA
| 4
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- 22 - : fluid as a function of the flow which cause
frequency indicative of the fl.ow
19. A vortex flowreter for neasuring the flow of a fluid,
conduit having a wall surrounding a bore for

pi voting menber to pivot with a

the wall having a

conpri si ng:

11
PRIOR ART
"'-‘ -~ .
2 No
\|L’ 2
H‘ fH

t he

carrying the fluid,
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di aphragm-fornmed therein; a pivoting nmenber disposed in the bore and

connected to the diaphragm wherein the - wal |, the diaphragm and
t he pivoting nenber are integrally fornmed froma nmaterial such
t hat they present an unbroken overall surface to the fluid;
sensing neans coupled to the pivoting nenid@ér for 'sensing pivoting
notion thereof and provi ding an output as a function of the
pi votal notion; and a torsional pin pr mat e t he di aphragm and
coupl ed to the pivoti ng grareerrteyi n having first and second
pin ends attached to t fle | and having a pin axis substantially
parallel to a directionfoff fluig fl 22 t hrough the bore, wherein
the torsional pin . is ifjtag ly formed fromthe material wth
the wall, the diaphragmy gaod thfg gi votin
| 110 4
B+—1M171
S¢ | o™ :
I06a 76 -
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“menber. . 20. A device for insertion into a’'port in a conduit wall to

measure fluid flow al ong the conduit, conprising: ~a mating nenber
adapted to mate with the port, the mati ng nmenber having a hole
f or med t her ei n; - 23-
13
REPLACRMENY Sapm
17 JUN %94
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K

a pivoting menber exf i @j ol e away fromthe gebisng

negber tge pi voti ng JGE?F Tu&ﬂﬁ?ﬁadapted to nove in response to

di st ur bances within the flijuij[d at a frequency indicative

of the flow a tebi dr2 HEVIRWced d istiffness fornmed in th

mat i ng nmenber and sepl | ngl y extendi ng jacr oss the hol e, wherein

the mati ng nenber, the regi enlef-reduced im m\um‘m“‘he

pi voting nenber are lntegrally forned froma ”‘“‘ ﬁ

sensing neans coupled to the pivoting nenber for- L stnsy nd

noti on thereof CLAXMSYi de an out put |ndrcat|ve of the floy\r a_nd

a torsional pin disposed in the hole and coupl ed to the pivoting

menber, the pin having first and second pin ends attached to the

mat i ng 1. A vortex flowmeter for measurlng fluid flow,
comprlslng

a conduit having a wall surrounding a bore for
carrying the fluid along a bore axis, the
wall having a hole formed therein; .

a pivoting member extending from the hole into
the bore, the pivoting member moving in
response to disturbances within the fluid at
a frequency indicative of the flow;

sensing means coupled to the pivoting member for
sensing the motion thereof to provide an
output indicative of the flow;

a torsional pin disposed in the hole and coupled
to the pivoting member, the pin having a
first pin end attached to the wall; and

a region of reduced stiffness formed in the wall
and sealingly extending across the hole,
wherein the pin reinforces the region.

2. The flowmeter as recited in claim 1, wherein the
torsional pin further includes a second pin end
attached to the wall, and wherein the torsional pin
has a pin axis substantially parallel to the bore axis
to permit pivotal motion of the pivoting member about
the pin axis.

3. The flowmeter as recited in claim 1, further
comprising a post extending from the region away from
the bore, wherein the sensing means couples to the
post, and further wherein the sensing means
preferentially senses lateral motion rather than
longitudinal motion.
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.nenber and havi ; i rmt pi vot al Fon of the
pi voti ng menber CEMENT SHEHTHe pin axis; in t ‘&orslonal
pin is integrallly frormed with the egi on, and

the pijvati ng 1. The device, “W el ai m 20,
wherein the pivqgtijng nme gen rqtes the distu §ﬁh W thin the fluid.

22. The device - im 20,. ﬁgyther % si ng: o
generating nmeang for generating the ~ disturbances within the
fluid, the genmeratfi ng nmeans including at | east a

portion of the pivot Thg fdokeeter as recited in claim 3, wherein the
region comprises a reduced thickness portion of the
wall, thereby forming a blind hole in the wall.

5. The flowmeter as recited in claim 1, wherein the
region comprises a diaphragm.

6. The flowmeter as recited in claim 5, wherein the
diaphragm is substantially planar.

7. The flowmeter as recited in claim 5, wherein the
conduit wall has a curved surface to which the
diaphragm is shaped to substantially conform.

8. The flowmeter as recited in claim 1, wherein the
pin is integrally joined to the region, and wherein
the pin protrudes from a side of the region which is
isolated from the fluid.

9. The flowmeter as recited in claim 1, wherein the
wall, region, pivoting member, and pin are integrally
formed from a material.

10. The flowmeter as recited in claim 1, wherein the
pivoting member generates the disturbances within the
fluid.

11. The flowmeter as recited in claim 1, further
comprising:
generating means for generating the
disturbances within the fluid, the
generating means including at least a
portion of the pivoting member.

12. The flowmeter as recited in claim 11, wherein the
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generating means includes an upstream extremity, a
downstream extremity, and an intermediate portion
connecting the upstream and downstream extremities,
and wherein the downstream extremity includes the
pivoting member. '

13. The flowmeter as recited in claim 1, wherein the
wall, pivoting member, and pin are integrally formed
from a material.

14. A device for insertion into a port in a conduit
wall to measure fluid flow along the conduit,
comprising:

a mating member adapted to mate with the port,
the mating member having a hole formed
therein;

a pivoting member extending from the hole away
from the mating member, the pivoting member
adapted to move in response to disturbances
within the fluid at a frequency indicative
of the flow;

sensing means coupled to the pivoting member for
sensing the motion thereof to provide an
output indicative of the flow;

a torsional pin disposed in the hole and coupled
to the pivoting member, the pin having a
first pin end attached to the mating member;
and

a region of reduced stiffness formed in the
mating member and sealingly extending across
the hole, wherein the pin reinforces the
region.

15. The device as recited in claim 14, wherein the
pin further includes a second pin end attached to the
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16. The device as recited in claim 14, wherein the
pivoting member generates the disturbances within the
fluid.

17. The device as recited in claim 14, further
comprising:
génerating means for generating the
disturbances within the fluid, the
generating means including at least a
portion of the pivoting member.

18. A vortex flowmeter for measuring the flow of a
fluid, comprising:

a conduit having a wall surrounding a bore for
carrying the fluid, the wall having a
diaphragm formed therein;

a pivoting member disposed in the bore and
connected to the diaphragm;

sensing means coupled to the pivoting member for
sensing pivotal motion thereof and providing
an output as a function of the pivotal
motion;

a body disposed in the bore and including at
least a portion of the pivoting member, the
body including a downstream extremity which
includes the pivoting member;

wherein the wall, the diaphragm, and the pivoting
member are integrally formed from a material

| such that they present an unbroken overall
surface to the fluid; and

wherein the body induces disturbances in the
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frequency indicative of the flow.

19. A vortex flowmeter for measuring the flow of a

fluid, comprising:

a conduit having a wall surrounding a bore for
carrying the fluid, the wall having a
diaphragm formed therein;

a pivoting member disposed in the bore and

- connected to the diaphragm, wherein the
wall, the diaphragm, and the pivoting member
are integrally formed from a material such
that they present an unbroken overall
surface to the fluid;

sensing means coupled to the pivoting member for
sensing pivoting motion thereof and
providing an output as a function of the
pivotal motion; and ,

a torsional pin proximate the diaphragm and
coupled to the pivoting member, the pin
having first and second pin ends attached to
the wall and having a pin axis substantially
parallel to a direction of fluid flow
through the bore, wherein the torsional pin
is integrally formed from the material with
the wall, the diaphragm, and the pivoting
member.

20.

wall to measure fluid flow along the conduit,

A device for insertion into a port in a conduit

comprising:
a mating member adapted to mate with the port,
the mating member having a hole formed
therein;

24.

The
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extremty being di as-t-0.not adjoin the wall region, the

body further includiagpivoting memibadyextegidingffranuses oid fawess;
from the mating member, the pivoting member
adapted to move in response to disturbances
within the fluid at a frequency indicative
of the flow; '

a region of reduced stiffness formed in the
mating member and sealingly extending across
the hole, wherein the mating member, the
region of reduced stiffness, and the
pivoting member are integrally formed from a
material;

sensing means coupled to the pivoting member for
sensing the motion thereof to provide an
output indicative of the flow; and

a torsional pin disposed in the hole and coupled
to the pivoting member, the pin having first
and second pin ends attached to the mating
member and having a pin axis to permit
pivotal motion of the pivoting member about
the pin axis;

wherein the torsional pin is integrally formed
with the mating member, the region, and the
pivoting member.

21. The device as recited in claim 20, wherein the
pivoting member generates the disturbances within the
fluid.

22. The device as recited in claim 20, further
comprising:
generating means for generating the
disturbances within the fluid, the
generating means including at least a
portion of the pivoting member.
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carrying the fluid, the wall having a wall
region of reduced stiffness;

a body disposed in the bore and having an
upstream and a downstream extremity, the
downstream extremity having a first end
adjoining the wall region and a second end
attached to the wall, the upstream extremity
being disposed so as to not adjoin the wall
region, the body further including a body
region of reduced stiffness; and

sensing means coupled to the downstream extremity
for sensing motion of at least a portion
thereof resulting from disturbances within
the fluid, and providing an output as a
function of the motion and thereby also as a
function of the flow;

wherein the body region is a thinned area of the
body that flexes to promote the motion and
is disposed between the upstream and
downstream extremities; and

wherein the body further includes a second
thinned area disposed between the first and
second ends of the downstream extremity, the
second thinned area also flexing to promote
the motion.

24. The flowmeter as recited in claim 23, further
comprising:

a post extending from the wall region aWay
from the bore and coupled to the
sensing means, the post transmitting
the motion to the sensing means;
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wherein the sensing means removeably
attaches to the post.

25. A vortex flowmeter for measuring fluid flow,
comprising:

a conduit having a wall surrounding a bore for
carrying the fluid, the wall having a wall
region of reduced stiffness;

a body disposed in the bore and having an
upstream and a downstream extremity, the
downstream extremity having a first end
adjoining the wall region and a second end
attached to the conduit, the upstream
extremity being disposed so as to not adjoin
the wall region, the body further including
a body region of reduced stiffness; .

sensing means coupled to the downstream extremity
for sensing motion of at least a portion
thereof resulting from disturbances within
the fluid, and providing an output as a
function of the motion and thereby also as a

_ function of the flow; and

wherein the body region is a thinned area of the
body that flexes to promote the motion and
is disposed between the first and second
ends of the downstream extremity.

26. A vortex flowmeter for measuring fluid flow,
comprising: '

a conduit having a wall surrounding a bore for
carrying the fluid, the wall having a wall
region of reduced stiffness;

a body disposed in the bore and having a first
and a second extremity, the second extremity
having a first end adjoining the wall
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‘body further including a body region of
reduced stiffness;

sensing means coupled to the second extremity for
sensing motion of at least a portion thereof
resulting from disturbances within the
fluid, and providing an output as a function
of the motion and thereby also as a function
of the flow; and ,

a torsional pin reinforcing the wall region, the
pin having pin ends attached to the wall and
having a pin axis substantially parallel to
the bore axis;

wherein the body region flexes to promote the

motion.

A vortex flowmeter for measuring fluid flow,

comprising:

a conduit having a wall surrounding a bore for
carrying the fluid, the wall having a wall
region of reduced stiffness;

a body disposed in the bore and having a first
and a second extremity, the second extremity
having a first end adjoining the wall
region, the first extremity being disposed
so as to not adjoin the wall region, the
body further including a body region of
reduced stiffness wherein the region of
reduced stiffness is-a thinned area of the
body;

sensing means coupled to the second extremity for
sensing motion of at least a portion thereof
resulting from disturbances within the
fluid, and providing an output as a function
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of the flow; and

one or more cover members disposed to
substantially cover surfaces of the thinned
area while not substantially inhibiting the
motion;

wherein the body region flexes to promote the
motion.
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flow, and one or .nore cover nenbers disposed to substantially cover
surfaces ‘of the thinned area while not substantially inhibiting the
notion; wherein the body region flexes to pronote the not i on.
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VORTEX FLOWMETER
ABSTRACT OF THE DISCLOSURE
A vortex flowmeter (10) for measuring fluid flow includes a
conduit (18) having a wall (14) surrounding a bore for carrying the fluid along
a bore axis. A pivoting member (22) moves in response to vortices in the fluid
and extends from a hole (24) in the wall (14) into the bore, and sensing means
(34) is provided for sensing the motion of the pivoting member (22) to provide

a flow indicative output.

FIGURE 1A.
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