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VORTEX FLOWMETER
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 OF THE INVENTION

A first aspect of the present invention 'relates to a vortex
ﬂowmetet for meaéuring fluid 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

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 sgnsing means coupled to thg pivoting member for sensing its motion,
in order to 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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Another aspect of the invention relates to a vortex flowmeter for
measuring fluid flow, in which a conduit has a wall surrounding a bore for
carrying the fluid, the wall having a region of reduced stiffness, preferably a
diaphragm, formed therein. A pivoting member disposed in the bore connects
to the diaphragm, and sensing means couples to the pivoting member to sense
pivotal motion thereof and to provide an output as a function of the deflections.
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 cmbpdimctit, 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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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
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

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 fromr above;

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
in aécordance 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
the present invention;

FIG. 7a is a cross-sectional view of the shedding bar of FIG. 1b,
taken along line 7a-7a;
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FIG. b is a cross-sectional view of a PRIOR ART shedding bar
assembly;

FIG. 8 is a cross-sectional view taken along line 1c-1c¢ in FIG. 1b;

FIGS. 9a, 9b, and 9¢ are views of a shedding bar with a cover
member useable with the present invention;

FIGS. 10a and 10b are cross-sectional views of an alternate .
shedding bar shape useable with the present invention; and

FIGS. 11a and 11b are cross—secﬁonﬂ 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 262,26a twist about pin axis 27 as
shov;vn 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
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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
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26 enhances measurement capability in the presence of changing line pressuie of
the fluid (line pressure being the pressure of the fluid in bore 16 referenced to
the environment outside wall 14) when compared with a similar flowmeter
without pin 26 used as a reinforcement. Nonzero values of line pressure produce
stresses in and cause distortions of diaphragm 40, Changing line pressure
accordingly changes those 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
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
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
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
line pressure operation. Both pin ends 26a,26a are preferably attached directly
to conduit wall 14 for maxxmum strengthening and reixlforcgmént of diaphragm
40.
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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
member 22. Solid line and broken lines show the position of the parts 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
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
this gnd other embodiments preferably rigidly attaches to the diaphragm, thus
forming 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
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
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
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diameter of the rigid center can have a value between the diameter of post 28
and diameter 44a. If undercutting is employed at the attachment of the pivoting
member to the diaphragm, the lateral width of the undercut portion should be at
least 50% of the lateral width of the pivoting member end, to maintain a rigid
connection. "Lateral width", in Fig. 2b, means the width measured along an axis
in the plané of the figure but perpendicular to axis 27.

FIGS. 3a-3d show cross-sectional views of some more diaphragm
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.
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
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. 3¢ region of
reduced stiffness 40c completely fills the hole in wall 14. Further, region 40c
covers torsional pin 26d. Region 40c is composed of a substance having a
reduced intrinsic stiffness with respect to conduit lwall 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
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.
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Flowmeters 10 and 10a in FIGS. la and 1b can use many types
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
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vortex street in the fluid. Obstruction 42, coupled to torsional pin 44 and
preferably also to post 46, pivots or bends generally about pin axis 48 in
response to fluidic disturbances associated with the vortices. Obstruction 42 also
pivots or bends about axis 49 (shown in FIG. 5b) proximate its other end. The
ends of torsional pin 44 are integrally joined to seating ring 50, which in 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 flowmeter 10d
benefits from the torsional effects of the pin, discussed previously. Sénsing
means 34 senses motion of obstruction 42 via post 46 and provides output 36 as
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
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. '

_ FIG. 5b shows a partiaily 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
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
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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
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.
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.

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
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
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
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arrangements such as shedding bar 20b with pivoting member 22b (FIG. 4a), or
combined pivoting member and shedding bar 20a (FIG. 2b), or obstruction 42
(FIGS. 5a and 5b). Sensing means 34 provides a flow-indicative output 36 as
in previously discussed embodiments.

In embodiments of the invention utilizing both a diaphragm and
a torsional pin, the pin is preferably disposed on a side of the diaphragm away
from the conduit bore, so as to minimally disturb fluid flow in the bore.

Another aspect of the present invention lies in the use of a "tail"
portion of the shedding bar as a vibrating or ﬁivoting member. Turning again
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
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
to the flowing fluid, and .it rigidly attaches to the diaphragm 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
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



10

15

20

25

-13-

at an instant in time, which forces contribute to the motion 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
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,
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compared with diaphragm outline 115 for assembly 20c. Use of a larger
diameter diaphragm permits an increased diaphragm thickness while maintaining
adequate diaphragm flexibility. - This is advantageous for integrally formed
diaphragms for the same reasons discussed in connection with an integrally cast
thinned area 110.

Turning again to FIG. 1b, shedding bar 20 preferably also includes
thinned area 112 as part of downstream extremity 108a. As shown, areas 112
and 110 preferably meet to form an L-shaped feature. A cross-sectional view
taken along line 1c-1c appears in FIG. 8. There, arrows 126 similar to arrows
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
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
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 vﬁth modifications to the shape of the shedding bar outer surface
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
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show a side, rear, and cross-sectional view, respectively, of such a cover member
74 attached to shedding bar 20 of FIG. 1b. Weld points at 76 hold cover
member 74 in place. Cover member 74 substantially covers thinned area 112
such that downstream extremity 108a together with cover member 70 present a
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
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
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
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
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
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pivotal motion of a portion tt;ereof may adversely affect the relationship between
vortex shedding frequency and flow rate. This problem can be reduced either
by using, in place of the thinned areas, material which conforms to the shape of
the remainder of the shedding bar and which has reduced intrinsic stiffness
(referred to above), or by using cover members with the thinned areas.

FIG. 10a shows in cross-section an alternate shedding bar shape
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
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
to facilitate motion of the downstream (or pstream) 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
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
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
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absence of weld joints which are susceptible to corrosion, and the absence of
gaps or crevices between the parts in which the fluid can lodge. This latter
feature is a result of the continuous unbroken overall surface to which the fluid
is exposed, resulting from the integral forming process, and is required in
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
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
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.

] 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.
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WHAT IS CLAIMED [S:

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

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;
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. '

2. The flowmeter as recited in claim 1, further incluﬁing:

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.

-
een Re{laced

|

————

This Shee

\\\\\\\\\\\\\\\\\\\\\



\
gy,

-19-

4, The flowmeter as recited in claim 3, further including:

a body disposed in the bore and-including at least a portion of the
pivoting member;

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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8. The flowmeter as recited in claim 7, wherein the first extremity

is an upstream extremity and the second extremity is a downstream extremity.

9. The flowmeter as recited in claim 8, wherein the body region is
a thinned area of the body.

10. 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 Re;
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a shedding bar disposed across the bore, the shedding bar
including a first end held to the wall and a second end
rigidly attached to the diaphragm; and

sensing means for sensing motion of the shedding bar resulting
from disturbances within the fluid at a frequency
indicative of the flow;

wherein the sensing means does not restrict the diaphragm from
freely flexing.
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