wo 2011/078722 A1 I A0V 00 OO

(12) INTERNATIONAL APPLICATION PUBLISHED UNDER THE PATENT COOPERATION TREATY (PCT)

ot VAP,
(19) Work Ttellctual Propety Organiation /72 | IO RO MU OO T
nternational Bureau V,& ) |
(43) International Publication Date \;/ 3 (10) International Publication Number
30 June 2011 (30.06.2011) WO 2011/078722 Al

(51) International Patent Classification: (81) Designated States (unless otherwise indicated, for every
GO1F 1/32 (2006.01) kind of national protection available). AE, AG, AL, AM,
(21) International Application Number: ég’ éﬁ’ ég’ CAI\ZI, CBS > CBRB’ CBI(J}, g;l’ DB]IE{ ? DB%V ’];313[{ ? ]];é’
PCT/RU2009/000722 DZ, EC, EE, EG, ES, FI, GB, GD, GE, GH, GM, GT.,
(22) International Filing Date: HN, HR, HU, ID, IL, IN, IS, JP, KE, KG, KM, KN, KP,
24 December 2009 (24.12.2009) KR, KZ, LA, LC, LK, LR, LS, LT, LU, LY, MA, MD,
. ME, MG, MK, MN, MW, MX, MY, MZ, NA, NG, NI,
(25) Filing Language: English NO, NZ, OM, PE, PG, PH, PL, PT, RO, RS, RU, SC, SD,
(26) Publication Language: English SE, 8G, SK, SL, SM, ST, SV, SY, TH, TJ, TM, TN, TR,

TT, TZ, UA, UG, US, UZ, VC, VN, ZA, ZM, ZW.
(71) Applicant (for all designated States except US): ROSE- . o
MOUNT INC. [US/US]; 12001 Technology Drive, Eden (84) Designated States (unless otherwise indicated, for every

Prairie, Minnesota 55344 (US). kind of regional protection available): ARIPO (BW, GH,

GM, KE, LS, MW, MZ, NA, SD, SL, SZ, TZ, UG, ZM,

(72) Inventors; and ZW), Eurasian (AM, AZ, BY, KG, KZ, MD, RU, TI,

(75) Inventors/Applicants (for US only): KONYUKHOV, TM), European (AT, BE, BG, CH, CY, CZ, DE, DK, EE,

Alexander Vladimirovich [RU/RU]J; 4-A, Chicherina ES, FI, FR, GB, GR, HR, HU, IE, IS, IT, LT, LU, LV,

Str., Chelyabinsk, 454071 (RU). BOGDANOV, MC, MK, MT, NL, NO, PL, PT, RO, SE, SI, SK, SM,

Vladimir Dmitrievich [RU/RU]J; 84 Komsomolsky Ave., TR), OAPI (BF, BJ, CF, CG, CI, CM, GA, GN, GQ, GW,
Chelyabinsk, 454017 (RU). ML, MR, NE, SN, TD, TG).

(74) Agent: LAW FIRM "GORODISSKY & PARTNERS" Published:
LTD; MITS Alexander Vladimirovich, POPOVA FEliza-
veta Vitalievna, B. Spasskaya str., 25, bldg. 3, Moscow,
129090 (RU).

—  with international search report (Art. 21(3))

(54) Title: VORTEX FLOW METER WITH VORTEX OSCILLATION SENSOR PLATE SUPPORTED BY STRUTS

(57) Abstract: In a vortex flow meter
100, a sensor plate 220 is positioned
downstream from a shedding bar 118.
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VORTEX FLOW METER WITH VORTEX OSCILLATION SENSOR PLATE
SUPPORTED BY STRUTS
BACKGROUND

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

SUMMARY

A vortex flow meter comprises an assembly that includes a diaphragm. The
diaphragm seals a base end of the assembly to form an isolation chamber. The
assembly is adapted to seal an opening in a sidewall of a flow passage. Support struts
protrude from the assembly into the flow passage. In one configuration, a vortex
oscillation sensor plate has a first rim supported on the diaphragm. The vortex
oscillation sensor plate has an opposite second rim that is unsupported. The vortex
oscillation sensor plate has upstream and downstream rims. The upstream and
downstream rims are supported by the support struts. A rotatable strut extends along a
central region of the vortex oscillation sensor plate. The rotatable strut extends
through the diaphragm. The rotatable strut transfers vortex oscillations to a sensor at a
sensing location inside the isolation chamber. An electronic transmitter circuit
receives a sensor output and provides an output related to flow of the fluid.

BRIEF DESCRIPTION OF THE DRAWINGS

FIG. 1 illustrates a side sectional view of a vortex flow meter.

FIG. 2 illustrates an end view of the vortex flow meter of FIG. 1.

FIG. 3 illustrates a side sectional view of an apparatus that senses vortices.

FIG. 4 illustrates a front cross sectional view along line 4-4 in FIG. 3.

FIG. 5 illustrates a bottom view of the apparatus shown in FIGS. 3-4.

FIG. 6 illustrates an oblique view of the apparatus shown in FIGS. 3-5.

FIGS. 7A, 7B, 7C illustrate process steps in the manufacture of an apparatus.

DETAILED DESCRIPTION OF ILLUSTRATIVE EMBODIMENTS

In the embodiments described below, an apparatus that senses vortices is
positioned downstream of a vortex shedding bar in a vortex flow meter. The apparatus
comprises a vortex oscillation sensor plate that senses vortices. The vortex oscillation

sensor plate has upstream and downstream rims that are supported by upstream and
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downstream support struts. An upper rim of the vortex oscillation sensor plate is
supported on a diaphragm. A lower rim of the vortex oscillation sensor plate is
unsupported and free to move in respons;e to the vortices. A rotatable strut is attached
to the vortex oscillation sensor plate .and passes through the diaphragm into an
isolation chamber behind the diaphragm. The rotatable strut extends into the isolation
chamber and transfers vortex oscillations to a position in the isolation chamber. A
sensor in the isolation chamber senses the vortex oscillations. The sensor is connected
to a transmitter circuit which proves an electrical output representative of the vortex
oscillation frequency. The vortex oscillation frequency is representative of fluid flow
velocity through the vortex flow meter.

The use of the support struts allows the vortex oscillation sensor plate to be
thin and to have a low mass. The use of the support struts increases the stiffness of the
vortex oscillation sensor plate. The decreased mass and increased stiffness increase
the natural resonant frequency of the sensing, resulting in a wider frequency range of
sensing and improved signal to noise ratio. The support struts limit undesired flapping
of the upstream and downstream rims of the vortex oscillation sensor plate

FIG. 1 illustrates a side sectional view of a vortex flow meter 100. The vortex
flow meter 100 comprises a flow tube 102 for carrying a fluid flow 104 of a fluid
through the flow tube 102. The flow tube 102 comprises a round cylindrical sidewall
103. The fluid flow 104 can comprise a liquid or a gas. Pipe flanges 106, 108 are
joined to the flow tube 102. The pipe flanges 106, 108 include bolt holes such as bolt
holes 110, 112 for mounting to a fluid piping system with bolts (not illustrated). The
pipe flanges 106, 108 include sealing faces 114, 116 for sealing to mating flanges of
the fluid piping system.

The vortex flow meter 100 comprises a vortex shedder bar 118 inside the flow

tube 102. The vortex shedder bar 118 comprises a bluff body shape. The vortex

shedder bar 118 is attached to the flow tube 102 at an upstream position 120. As the
fluid flow 104 flows past the shedder bar 118, vortices are generated in the fluid flow
104. The vortices are referred to as a von Karman vortex street. The vortices are
present as the fluid flow 104 passes a downstream position 122. The downstream
position 122 is positioned downstream of the upstream position 120.

The flow tube 102 includes an opening 124 in the sidewall 103. The vortex
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flow meter 100 comprises an apparatus 126 that passes through the opening 124. The
apparatus 126 seals the opening 124 such that fluid in flow tube 102 does not leak out
through the opening 124. The apparatus 126 extends into the fluid flow 104 and
senses vortices at the downstream location 122. The apparatus 126 senses thé vortices
in the fluid flow 104 and transfers mechanical motion of the vortices to a position 128
that is outside the fluid flow 104. The apparatus 126 is not a part of the shedder bar
118. The apparatus 126 is spaced a distance downstream from the shedder bar 118.
The apparatus 126 is described in more detail below in connection with FIGS. 3-7.

The vortex flow meter 100 comprises a transmitter 140. The transmitter 140
comprises an electronic transmitter circuit 142. The transmitter 140 comprises a
mechanical sensor 144 that senses the mechanical motion at the position 128 and that
provides an electrical sensor signal representative of the mechanical motion. The
mechanical sensor 144 is connected by leads 146 to provide the electrical sensor
signal to the electronic transmitter circuit 142. The electronic transmitter circuit 142
converts the electrical sensor signal to a standardized transmission signal provided to
output leads 148. The electronic transmitter circuit 142 provides an output related to
the fluid flow 104 through the flow tube 102, based upon sensed oscillations of the
von Karman vortex street. The mechanical sensor 144 senses vortex oscillations at the
sensing location 128 and provides a sensor output on leads 146. The electronic
transmitter circuit 142 receives the sensor output from the mechanical sensor 144 and
outputs the standardized transmission signal on output leads 148. According to one
embodiment, the standardized transmission signal comprises a 4-20 milliampere, two
wire transmitter output signal. According to another embodiment, the 4-20 mA signal
provides all of the energization for the electronic transmitter circuit 142 and the
mechanical sensor 144. According to other embodiments, the standardized
transmission signal on output leads 148 comprises a CAN, HART, PROFIBUS or
other known standard industrial communication signal. Lead 148 can comprise a two-
wire process control loop in which the same two wires power the device and carry
data. In one configuration, the communication loop is a wireless process control loop
in which data is transmitted wirelessly, for example using radio frequency (RF)
communication.

FIG. 2 illustrates an end view of the vortex flow meter 100 of FIG. 1.
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Reference numbers used in FIG. 2 are the same as reference numbers used in FIG. 1.
As illustrated in FIG. 2, a portion of the apparatus 126 inside the flow tube 102 is
aligned in a downstream direction behind the shedder bar 118. As described in more
detail below in connection with FIGS. 3-6, the apparatus 126 in FIGS. 1-2 comprises a
vortex oscillation sensor plate, support struts and a rotatable strut that transfers
mechanical motion to the mechanical sensor 144.

FIG. 3 illustrates a side cross sectional view of an apparatus 200
(corresponding with the apparatus 126 shown in FIGS. 1-2). The apparatus 200
comprises an assembly 202. The assembly 202 includes a diaphragm 204 that seals a
base end 206 of the assembly 202 to form an isolation chamber 208 in the assembly
202. The assembly 202 seals an opening 210 (corresponding with the opening 124 in
FIG. 1) in a sidewall 212 (corresponding with the sidewall 103 in FIG. 1) of a flow
passage 214. According to one embodiment, one or more O-rings 211 are compressed
between the assembly 202 and the sidewall 212 to improve sealing. According to one
aspect, the diaphragm 204 comprises diaphragm means for sealing an opening210 in a
sidewall 212 to form an isolation region 208 at a downstream position 122.

The apparatus 200 comprises an upstream support strut 216 and a downstream
support strut 218. The support struts 216, 218 protrude from the assembly 202 into the
flow passage 214. According to one embodiment, the support struts 216, 218 include
corner gussets 217, 219 which provide additional support to the support struts 216,
218.

The apparatus 200 comprises a vortex oscillation sensor plate 220 having a
first rim 222 supported on the diaphragm 204. The vortex oscillation sensor plate 220
has a second rim 224, opposite the first rim, that is unsupported. The vortex oscillation
sensor plate 220 has an upstream rim 226 and a downstream rim 228 that are
supported by the support struts 216, 218. According to one embodiment, the support
struts 216, 218 limit flapping of the upstream and downstream rims 226, 228 due to
vortices passing by the sensor plate 220.

The apparatus 200 comprises a rotatable strut 230. The rotatable strut 230
extends along a central region of the vortex oscillation sensor plate 220. The rotatable
strut 230 extends through the diaphragm 204. The rotatable strut 230 transfer vortex

oscillations to a sensing location 232 inside the isolation chamber 208. According to
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one aspect, the rotatable strut 230 comprises rotatable strut means for transferring
vortex oscillations 238 from the vortex oscillation sensor plate 220 to a sensor 242 ata
sensing location 232 in the isolation chamber 208.

The rotatable strut 230 is coupled to a sensor 242 at the location 232.The
sensor 242 can be of conventional design and can comprise a capacitive sensor, a
magnetic sensor, an optical sensor, a piezoelectric sensor or other sensor used for
sensing mechanical oscillation or mechanical oscillation frequency. The sensor 242
senses rotational oscillations of the rotatable strut 230. The sensor 242 is mounted to
the assembly 202. According to one embodiment, the sensor 242 senses motion of the
rotatable strut 230. According to another embodiment, the sensor 242 sensing forces
exerted by the rotatable strut 230 on the sensor 242. According to yet another
embodiment, the sensor 242 does not restrain the movement of the rotatable strut 230.
According to yet another embodiment, the sensor 242 restrains the movement of the
rotatable strut 230.

FIG. 4 illustrates a front cross sectional view (along line 4-4 in FIG. 3) of the
apparatus 200 shown in FIG. 3. According to one embodiment, the rotatable strut 230
is inertially balanced around a rotational axis 234 adjacent the diaphragm 204. The
inertial balancing has the advantage that the apparatus has reduced sensitivity to
translational vibration noise.

According to another embodiment, an optional body 236 of viscous material
is placed in contact with the rotatable strut 230 in the isolation chamber 208. The body
232 of viscous material damps rotational motion of the rotatable strut 230. According
to another embodiment, an oscillation of a rotation motion 238 of the rotatable strut
230 has a damping ratio (zeta) of at least 0.4. Viscous damping has little effect on
natural resonant frequency, but limits flapping. According to another embodiment, an
oscillation of the rotation motion 238 of the rotatable strut 230 has a controlled natural
resonant frequency of at least 20 % higher than an upper frequency limit of vortex
oscillations to be sensed. The upper frequency to be sensed generally corresponds
with characteristics of the flowing fluid, particularly whether the flowing fluid is a gas
or a liquid. The frequency of the vortex oscillations is a known function of the
velocity of the ﬁowing fluid. A relationship between vortex oscillation frequency and

fluid velocity is determined empirically by calibration testing of the flow meter.
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According to one embodiment, radii (such as radius 223) at edges of the
diaphragm 204 have an effect on stiffness and can be sized to control stiffness of the
diaphragm 204. According to another the radii (such as radius 223) also affect
sensitivity and can be sized to control sensitivity.

FIG. S illustrates a bottom view of the apparatus 200 shown in FIGS. 3-4 as
installed in the sidewall 212. FIG. S illustrates a thickness TpLatg of the vortex
oscillation sensor plate 220. FIG. 5 illustrates a minimum thickness Tstrut of the
support struts 216, 218 at a lower end of the apparatus 200. According to one
embodiment, the vortex oscillation sensor plate 220 has a controlled thickness TpLaTE
that is less than 30 % of a controlled minimum thickness Tsrryt of the support struts
216, 218.

The use of support struts 216, 218 allows the vortex oscillation sensor plate
220 to be thin, resulting in a low moving mass during oscillations. The support struts
216, 218 support the upstream and downstream edges 226, 228 of the vortex
oscillation sensor plate 220 so that the vortex oscillation sensor plate 220 is stiff. The
resulting system has an increased natural resonant frequency that is controlled due to
the low moving mass and high stiffness. Natural resonant frequency depends on
system mass and system stiffness. System mass is reduced by use of at thin vortex
oscillation plate in grooves between the support struts 226, 228 and the lower end of
the rotatable strut 230.

FIG. 6 illustrates an oblique view of the apparatus 200 shown in FIG. 3.
According to one embodiment, the support struts 216, 218 comprise a V-shaped cross-
section 240. As best seen in FIG. 6, the apparatus 200 includes an O-ring groove 213
that is shaped to receive the O ring 211. The apparatus 200 comprises a rectangular
mounting flange 250 that includes mounting holes such as holes 252, 254, 256 that are
sized to receive bolts for mounting the apparatus 200 to a flow tube. The apparatus
200 is replaceable in a field working environment by removal of bolts.

FIGS. 7A, 7B, 7C illustrate process steps in the manufacture of an apparatus
300 (corresponding with the apparatus 126 shown in FIGS. 1-2). In a first process step
shown in FIG. 7A, the apparatus 300 is completely formed except for a vortex
oscillation sensor plate 320. The vortex oscillation sensor plate 320 is missing at the

step shown in FIG. 7A. The apparatus in FIG.7A comprises a slot 350 that is cut into
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support struts 316, 318 and into a rotatable strut 330.

In a second process step shown in FIG. 7B, a metal plate 360 is inserted in the
slot 350 as illustrated. The metal plate 360 is stretched by a stretching force so that the
metal plate is in tension as illustrated by arrows 362, 364. While the metal plate 360
is stretched and in tension, the metal plate 360 is continuously welded or brazed to the
support struts 316, 318 and the rotatable strut 330 on both sides. After the welding or
brazing is complete, the stretching force is removed.

In a third step shown in FIG. 7B, waste portions of the metal plate 360 are
trimmed away, leaving a central portion of the metal plate 360 as a vortex oscillation
sensor plate 320. The vortex oscillation sensor plate 320 comprises stored tensional
stress 366, 368 in central rest position when it is undeflected by vortices. The stored
tensional stress increases the stiffness of the vortex oscillation sensor plate 320.

Although the present disclosure is made with reference to preferred
embodiments, workers skilled in the art will recognize that changes may be made in
form and detail without departing from the spirit and scope of the invention. For
example, the vortex flow meter can comprise a flangeless flow tube instead of a
flanged flow tube. In another example, the sensor 242 can be constructed as an
integral part of the assembly 202. In yet another example, the assembly 202 can be
externally threaded and screw into an opening 210 that is threaded, eliminating a need

for bolts.
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WHAT IS CLAIMED IS:

1. A vortex flow meter, comprising:

a pipe having a sidewall around a flow passage adapted to carry a fluid flow in
a downstream direction;

a vortex shedding bar mounted in the flow passage at an upstream position and
producing vortex oscillations in the fluid flow;

a diaphragm sealing an opening in the sidewall to form an isolation region at a
downstream position;

a vortex oscillation sensor plate having a first rim supported on the diaphragm,
an opposite second rim that is unsupported, and upstream and downstream rims that
are supported;

a rotatable strut that extends along a central region of the vortex oscillation
sensor plate and that extends through the diaphragm to transfer vortex oscillations
from the vortex oscillation sensor plate to a sensor at a sensing location in the
isolation chamber; and

an electronic transmitter circuit that receives a sensor output from the sensor
and that provides an output related to flow of the fluid.

2. The vortex flow meter of Claim 1 and further comprising:

viscous material in contact with the rotatable strut in the isolation chamber, the
viscous material damping rotational motion of the rotatable strut.

3. The vortex flow meter of Claim 1 wherein the vortex oscillation sensor plate
has thickness that is less than 30 % of a minimum thickness of the support struts.

4. The vortex flow meter of Claim 1 further comprising support struts that
limit flapping of the upstream and downstream rims.

5. The vortex flow meter of Claim 4 wherein the support struts comprise a V-
shaped cross-section.

6. The vortex flow meter of Claim 1 wherein the rotatable strut is inertially
balanced around a rotational axis adjacent the diaphragm.

7. The vortex flow meter of Claim 1 wherein an oscillation of a rotation
motion of the rotatable strut has a damping coefficient of at least 0.4.

8. The vortex flow meter of Claim 1 wherein the vortex oscillation sensor plate

comprises stored tensional stress in central rest position.
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9. The vortex flow meter of Claim 1 wherein an oscillation of a rotation
motion of the rotatable strut has a natural resonant frequency of at least 20 % higher
than an upper frequency limit of vortex oscillation.

10. A method, comprising:

providing a pipe sidewall around a flow passage;

mounting a vortex shedding bar in the flow passage at an upstream position;

sealing an opening in the pipe sidewall with a diaphragm to form an isolation
region at a downstream position;

supporting a first rim of a vortex oscillation sensor plate on the diaphragm;

providing an unsupported opposite second rim of the sensor plate;

providing supported upstream and downstream rims of the sensor plate;

extending a rotatable strut along a central region of the vortex oscillation
sensor plate and through the diaphragm to transfer vortex oscillations from the vortex
oscillation sensor plate to a sensor at a sensing location in the isolation chamber and
sensing oscillations of the rotatable strut due to flow of a process fluid through the
flow passage; and

providing an electronic transmitter circuit that receives a sensor output
measuring flow of the fluid based upon the sensed oscillations.

11. The method of Claim 10 and further comprising:

placing viscous material in contact with the rotatable strut in the isolation
chamber.

12. The method of Claim 10 and further comprising;:

controlling a thickness of the vortex oscillation sensor plate to be less than 30
% of a minimum thickness of the support struts.

13. The method of Claim 10 and further comprising:

inertially balancing the rotatable strut around a rotational axis adjacent the
diaphragm.

14. The method of Claim 10 and further comprising:

storing tensional stress in the vortex oscillation sensor plate in central rest
position.

15. The method of Claim 10 and further comprising:

controlling a natural resonant frequency of an oscillation of a rotational motion
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of the rotatable strut to have a natural resonant frequency of at least 20 % higher than
upper frequency limit of vortex oscillation.

16. The method of Claim 10 and further comprising:

shaping the support struts to have a V-shaped cross-section.

17. The method of Claim 10 and further comprising:

providing a standardized transmission signal that comprises a two wire process
control loop.

18. The method of Claim 10 and further comprising:

providing a standardized transmission signal that comprises a wireless signal.

19. The method of Claim 10 and further comprising:

providing a standardized transmission signal that is selected from the group of
CAN, HART and PROFIBUS industrial communication signals.

20. A vortex flow meter, comprising:

a pipe having a sidewall around a flow passage adapted to carry a fluid flow in
a downstream direction;

a vortex shedding bar mounted in the flow passage at an upstream position and
producing vortex oscillations in the fluid flow;

diaphragm means for sealing an opening in the sidewall to form an isolation
region at a downstream position;

a vortex oscillation sensor plate having a first rim supported on the diaphragm,
an opposite second rim that is unsupported, and upstream and downstream rims that
are supported;

rotatable strut means for transferring vortex oscillations from the vortex
oscillation sensor plate to a sensor at a sensing location in the isolation chamber; and

an electronic transmitter circuit that receives a sensor output from the sensor

and that outputs a standardized transmission signal.
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