| 1 MAY 2004 WD 03/ 040663 DESCRI PTI ON PURGE TYPE VORTEX FLOAWETER

PCT/ JP02/ 11343 TECHNI CAL FIELD The present invention relates to a pdrié 200t
type vor tvea oi/bloessret er for detecting a signal of vortex gepqighefhy a
vortex generator in a flow pipe. BACKGROUND ART I n nost of vortex

fl ommeters based on the theory that the nunber of Karman' s vortexes
generated per unit tine by a vortex generator nounted in a passage of the
fluid flowing in a flow pipe is substantially proportional to a flowrate

of fluid, heat-sensitive elenents %re for detecting a Karman's
vortex street because it is conpacé) . Typical heat-sensitive
el emrents may be, for exanple, a heat wire, a netal foil and a therm stor.

It is connected to and heated by a constant voltage or constant current
power source. A fluctuation of a flow of fluid with a vortex.street

generated therein causes tHRGRedEF MORTELAHQWNET R enent to radiate and

varies its resistance. A variation of resistance of the heat-sensitive

el enent is converted through a bridge circuit into a current or voltage
signal. The neasured signal can have a specified voltage or current val ue
i f the neadBFEMNRRLWISIEIddnducted with the sane fluid at the sane

tenperature and the
The present invention relates to a purge type vortex

flowvmeter for detecting a signal of vortex generated by a vortex

generator in a flow pipe.

BACKGROUND ART

In most of vortex flowmeters based on the theory that the
number of Karman's vortexes generated per unit time by a vortex
generator mounted in a passage of the fluid flowing in a flow
pipe is substantially propo:_:tional to a flow rate of fluid,
heat-sensitive elements are used for detecting a Karman's
vortex street because it is compact and cheap. Typical
heat-sensitive elements may be, for example, a heat wire, a
metal foil and a thermistor. It is connected to and heated by
a constant wvoltage or constant current power source. A
fluctuation of a flow of fluid with a vortex street generated
therein causes the heated heat-sensitive element to radiate
and varies its resistance. A variation of resistance of the
heat-sensitive element is converted through a bridge circuit
into a current or voltage signal. The measured signal can have
a specified voltage or current value if the measurement was

conducted with the same fluid at the same temperature and the
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WD 03/ 040663 | | MAY 7004 PCT/JP02/J 1343 sane flow rate. However, the

measur ement of the same fluid may have variations if the fluid varijddiayt2804

t enper at we@oanabex i ncl uded dirty particles causing the sgRsjplgghgnment to
h

vary its radiation coefficient. The latter is irrevocable wth a
heat-sensitive el enent working in direct contact with the fluid. The
above- nenti oned probl em may be sol ved by a known nethod of detecting a
variation in a stream of clean purge gas such as air and nitrogen gas,

whi ch can var is resjstance with, . a change of f% tuatin or.tex
pressure of ARG PEITRTE: BV ETEHRULEF. PRARDESTeP oS T R e LaK
measure a stream of clean purge g I, | age of flyid to be neasured. This
enabl es  t REVEeNETHF ARt t BAP naLPoH: PPTHEEstts (HRNBTTRF 15e coBe/ BFr t y
or high-tenperature or |owtenperature fluids which cannot be neasured by
the conveniP6hifefeAsdY PEREVE. S CRYSHET $hgnaPPRADENGLEMRGh 1S/ KEFEti o
cannot be obtained only by the introduction of a purge streamto convert
a vortex sihRaragdakiem goefifGiatenty B it letial inethoRveeabisl vethha
above probl em was described in Japanese Patent Publication No. 62-13606,
whi ch et hbglats seasddrisrg ebepsprtaerikinhan dhrechcRPERCY WEFatGhe Biudd.
substituti on nmethod by fqedi‘;g a constant purge stream of inert gas ésuch
as nit r ogefheaptiovei-mentismedth prehlenamay dpp| SO bwa cey dr skeswa BatbdPde t he
flow nmeter. This nethod, however, requires the use of an expensive flow
met er capabfedeteptdng anyazietiow tior angtyepur g8 ¢lean purge gas such

as air and nitrogen gas, which can vary its resistance with

a change of a fluctuating vortex pressure of the fluid to be

measured. Namely, the sensing element can measure a stream of

clean purge gas in place of fluid to be measured. This enables

the sensing element to indirectly measure the flow rate of dirty

or high-temperature or low-temperature fluids which cannot be

measured by the conventional method.

However, a vortex signal having a high S/N ratio cannot be

obtained only by the introduction of a purge stream to convert

a vortex signal to a purge signal. A conventional method to

solve the above problem was described in Japanese Patent

Publication No. 62-13606, which method is to detect a vortex

signal with a high S/N ratio by a substitution method by feeding

a constant purge stream of inert gas (such as nitrogen, and

air) from an inert-gas supply source disposed outside the flow

meter. This method, however, requires the use of an expensive

flow meter capable of measuring and monitoring a purge flow

to obtain vortex signals having high S/N ratios over a wide

range of measurement of flow rates. Furthermore, the
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to obtain vortex signals having high SINratios over a wide range of
measur ement of flow rates. Furthermore, the 2 WD (13/ Q40663 1 1 MAY! BEYOZ0L
PCT/ JPC2Ma 8#Bivad30ve- descri bed met hod has such a di sadvantpaggphhptya fl ow
rate of purge gas nust be accurately adjusted by nmeans of a control valve
to a specified value allowing the flowreter to reliably neasure the purge
flow even if the fluid pressure of the fluid changes. To solve the
above-nmenti oned drawbacks of the conventional nethod, the present

applicant RLOROS vort exf .| er._j.h_ Japanese Uil it el
Publ i cati o% © ?e&@gt?e |eétﬁ1%\ﬁf ﬂg%/vr?e G % %]Ve%%%g? g‘lht%te? P Efeno
need of conduct.i ng adj ust pent _of th d no need_of us

expensi ve “GebIEET AP Mhak HeREVES %Lgﬁﬁglsg\gg?ﬁ’i%%?n%&%@ gpp'tgﬂ%an

enerated by .a throttling. peans_operating on the ndition that _a ratio of

g pur ge gaﬁ&v&gﬁrg ?%eglgiﬁgsﬁ? u%taja]noq'b’d% té’r?d%it‘?f“”"@&(ﬂ? onthittabiEnel v,
the purge fl ow can _be al vva?gs £mi nt ai ne ﬁt a constant val ue_independent of
pressure vIERSIEhIPE PRFERGELPY %‘éelhé%sﬁ Edt19H¢ BYSRFRE @ o &he hidige

constructed with use of a cheap orifice plate and a critical nozzle as the
throttling RGeS - the throttling nmeans is mounted in a middle position of

a conduit tube with a vortex sensi n%,el ement, into which a constant flow
of purge gas i%° F&EVEths akavanfer BLoREHsAARAEHHI9F the CBREERLEPPBA of a

method, the present applicant proposed a vortexflow meter in
Japanese Utility Model Publication No. 5-47380, which
flowmeter is intended to operate with no need of conducting
adjustment of the purge flow and no need of using an expensive
device. This was achieved by using a critical purge stream
generated by a throttling means operating on the condition that
a rétio of a purge gas pressure to a pressure at an open end
of each conduit. Namely, the purge flow can be always maintained
at a constant value independent of pressure variations of fluid
to be measured. The flownmeter can j:hus be constructed with use
of a cheap orifice plate and a critical nozzle as the throttling
means: the throttling means is mounted in a middle position
of a conduit tube with a vortex sensing element, into which
a constant flow of purge gas is fed.

Figs. 1A and 1B shows an exemplified construction of a
conventicnal purge type vortex flowmeter which corresponds to
the vortex flowmeter described in Japanese Utility Mode
Publication No. 5-47380. The purge type vortex flowmeter shown
in Fig. 1A includes a vortex generator 2 mounted in a flow pipe

1 and conduits 4a and 4b (normally represented by a conduit
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conventional purge type vortex flowreter which corresponds to the gﬁ{??ﬁﬁ
fl owreter described in Japanese Utility Mdde Publication No. 5-47& A
purge tyy® osadass flowreter shown in Fig. 1A includes a yerlpy,Qsnerator 2
nmounted in a flow pipe 1 and conduits 4a and 4b (nornmally represented by a
conduit 3 11 MAY 2004 WD 03/040663 PCT/JP02/1 ]343 4) penetrating into the
I nside of the flow pipe I through the wall thereof and having pressure
ports 3a and 3b in nei ghborhood of the both correspondi ng sides of the

vortex gen I Purge. streans.alternatively fl uctuat d flow, out

t hr ough thgsaég%g‘gﬁ?&lﬁ fLéﬁ:fa%glr?dl@Blg? ¢ etlé%rﬁltﬁ"t’?%’eo; t%ﬂlgoéllg%eé?‘eof
the fluctuati vorte ressure. The fluctuations of e purge. flowin the
condui Lo, AReMNEEesE A BBYaRomT Sarern g dtaniarea 38 Lahhe FEnooRBOsensi ng
el ements 7a_and 7b.| be heat-sensiijive _elenments such as for exanple heat
Wi res and SRR LPEPeoRRESPRRAIEUTLITS 08 T b RORESAoRATFE o BBEASed | n
contact with a purge stream are disposed between_ paired throttling

el ements BLTEAWS6FLFFERGEA VALY HEL U HATE ofPEnE XONdBIE 4ERFPRgHe the
boundary ortion between the conduits 4a and 4b). These heat-sensitive

of eent & 7RFSAAUFS PATH cipetid viP et GORIRYES &1 PEUEBe eAGECEhefn) .
The paired throttling el enments are slightl %Bﬁsgiar ated fromeach other to

form a | anFREEFISWRRIRAY AT BEX PTSTTHION BCEBAGAPDS40f FheeRBYECa

noi se compgnent, A _stream
flow in the conduits 4a and 4b are detected by sensing elements

7a and 7b.

The sensing elements 7a and 7b may- be heat-sensitive
elements such as for example heat wires and thgrmistors. The
heat-sensitive elements 7a and 7b to be used in contact with
a purge stream are disposed between paired throttling elements
6a and 6b arranged in the middle of the conduit 4 (in the boundary
portion between the conduits 4a and 4b). These heat-sensitive
elements 7a and 7b form respective arms of a bridge circuit
(not shown). The paired throttling elements are slightly
separated from each other to form a laminar flow in the middle
portion of the condult 4 to remove a noise component. A stream
of purge gas (air or nitrogen) from the high-pressure inert
gas supply source 1is supplied to the middle portion of the
conduit 4 and detected by the heat-sensitive elements 7a and
7b disposed therein. Detection signals from the heat-sensitive
elements 7a and 7b are transferred through lead wires to an
amplifier @ whereby they are amplified. The amplified detection
signals are cleaned off noise components by a filter circuit

and then outputted as respective vortex signals.
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of purge gas (air or nitrogen) fromthe high-pressure inert gas supply
source is supplied to the middl e portion of the conduit 4 and detb@gﬁﬂﬂmy
t he heat V¥@A¥Ihe3e el ements 7a and 7b di sposed therein. Ppetrgetdaussi gnal s
fromthe heat-sensitive elenents 7a and 7b are transferred through |ead
wires to an anplifier 9 whereby they are anplified. The anplified
detection signals are cleaned off noise conponents by a filter circuit

and then outputted as respective vortex signals. 4 WO 03/040063 |1 MNAY 2004

PCT/ JP02/ | 1348, 13-, dQ%, Q1 HRLRLA Kl (6 AONS! @0LTYPBE Y 10f pigyePpigs, f1 ow,
ea pgfge tu g

a throttling el enent IS mounted I n an upstr

(smal - di apeh At ol iigh o LOMGH ofb 1S LRtTLA0lE A" bhORrAbn! BhrqEORGHL! 4

in which t eat-sénsitive elenments are | Sposed. exanpl e of

R R T e T A

I di t (,d2) .outl et .2 . t fl '

o720 ST R S R R B o
P2 at t tlet d P heLnl f h |

2 o BB A PLERTREE £F 80 PRECLOL g8l bR SHERLDL B8 e

pr essure ét~pressure 'S
i ncr eased %gy t.a and an the cri.ti e.ra
streamfro

{3y T GhBET D00, BB Sl DTS ERE bR BB 0
and becone%lgﬁggé- OMQSC%H%%§E1rﬁ?ﬁﬁééé¥vtéf? EB&@J'E& and a large
diameter {42} outlet 22 and a purge gas stream flows in the
direction shown by an arrow. Let assume that a purge stream
has a pressure P2 at the outlet and a pressure Pl at the inlet
of the throttling element 20. When a ratio of the outlet
' pressure P2 to the inlet pressure Pl is increased equal to and
grater than the critical pressure ratio, the purge stream from
the outlet 22 obtains a velocity equal to the sound velocity
and becomes a well-known constant mass flow free from the
influence of pressure variations of the purge stream on the
downstream side. More precisely, the flow rate of the outlet
purge stream may vary with variations of pressure, temperature
and humidity of the inlet side purge stream but the variations
of the outlet stream may be negligible and does not. cause any
problem in regard to the accuracy of the purge flowrate. The
purge flowrate can be changed by changing the area (diameter
dl) of the inlet 21. Since the critical pressure ratio P2/P1
of purge air is equal to 0.528, a pressure reducing valve 11

may be adjusted so that the pressure Pl of supply purge air

indicated on a pressure gauge 12 may be high enough to allow
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I nfluence of pressure variations of the purge streamon the downstream
side. Mrre precisely, the flowrate of the outlet purge stream mayl V¥AY 2004
with var M pxmsedf pressure, tenperature and hum dity of pchgphidgiz Si de
purge stream but the variations of the outlet stream may be negligi ble and
does not cause any problemin regard to the accuracy of the purge
flowate. The purge flowate can be changed by changi ng the area (di aneter
dl) of the inlet 21. Since the critical pressure ratio P2/P1 of purge air

is equal t&gﬁ?tgﬁgésjg%&ﬁeﬁg%itQ)gﬁéﬁ:@é@e§}1§ngg¥6R%aadjrg'l?tlgdof ?ntay

the pressure urge airr 1 Feéssure gauge

be high engugh.to allow 5 WO O 4066 1 Y 1004 . PCT/ [/ 11343 t.he

t hr ot ?I [ ngs%llg%%}én?afo R btat ﬁﬁ?hggcr%ih%i (Py%great‘%or o?r?ﬁéags%ué%] ;&Oga%e
pressure Pl to the p e aj ressure P2 to Be measured. Eve r% variation
of the gadi?FeRbeile’ B be VALASIASR GHeurPEAIR dURRTER phtgd % team
can be supplied into the systemas far as the _above-nentioned.caondition is
mai nt ai ned e AU HRY FIBREF 88 oFeCoPREA R0 FARFAILF M B FEBE 1] Tspanese
Uility Model Publjcation . 5-473 0‘caq)introdu e _an accu gge urge
stream by WREnFHErePy 35 siHi e 28nd Bhedp OY%F%‘F?ﬁLﬁBBQI eﬁ%’ﬁ{i iﬁeﬁ Sfor

exanple an orifice plate (w thout applying any expensive flowneter and
f1 ow cont rBRDERLREArs such as val ves) and elininates the need of adjusting

As described above, the vortex flowmeter disclosed in
Japanese Utility Model Publication No. 5-47380 can introduce
an accurate purge stream by using merely a simple and cheap
throttling element such as for example an orifice plate
(without applying any expensive flowmetei and flow control
elements such as valves) and eliminates the need of adjusting
valves even with a change in the gas pressure to be measured
(with no need of using pressure control means).

Figs. 2A and 2B shows another exemplified construction of
conventional purge type vortex flowmeter which differs in
construction from the flow;'neter of Figs. 1A and 1B by
arrangement of purge éonduit tubes 4 and positions of exhaust
ports serving as pressure ports. In this purge type vortex
flowmeter, a vortex generator 2 is mounted in a passage of fluid
flowing in a flow pipe 1 and conduits 4a and 4b extend through
tlhe vortex generator 2 to respective external side surfaces
thereof whereat they communicates at thelir pressure ports 3a
and 3b with the fluid passage in the flow pipe 1. In the same

way as described for the flowmeter of Figs. 1A and 1B, this

vortex flowmeter can supply clean purge fluid such as nitrogen
6



val ves even with a change in the gas pressure to be neasured (wth ed
of using pressure control neans). Figs. 2A and 2B shows anot her 1%%@ONF ed
const r uctWwamd/afocexonventi onal purge type vortex flowreter pigagishiers in
construction fromthe flowreter of Figs. 1A and 1B by arrangenent of purge
conduit tubes 4 and positions of exhaust ports serving as pressure ports.
In this purge type vortex flowreterc, a vortex generator 2 is nounted in a
passage of fluid flowing in a flow pipe 1 and conduits 4a and 4b extend
through the vortex .generator tQ respective ex%ﬁrna de surfaces

| . s]
t her eof whePEATIREV T SFhifitet FI5H® ORE FOBFEEs ﬁoﬂgptth%fe%\ﬁ’\%c%bv% th
the fluid passa in the flow pipe 1. _In the sa way as described for the
f 1 ownret er %?n§P8§§ iﬁFSnHLTBPagﬁgge QapngQPPoﬁﬁgPe?l &h HppPs B pur ge
fluid such as nitrogen 1 MAY 2094 WO 03/ 040663 PCI/JP02/1 1343 gas from
t he exter n@FPpuf Brg’ag“g‘o‘iﬁﬁcﬁﬁ%&f‘g‘?{‘?‘ﬁe"? é?'s";%‘@ﬁsv‘gfr BUFEE $hto T he
passage along.the both sides_of the vortex generator 2 and detect
al t er nat i VY ch3fRg&ETFCY Rt pERR Al feiAEta5KFS NRrefreet BY KiiSaypitex
vortexes produced by the vortex enerator by using flow velocity sensors
such as t h@PREEREPE. bY IR tﬂﬂé"'ﬂgfteé&%%’ SERSOES g‘éﬁhv\%? ktl??o?mjr%t%l‘-r’fr ect
contact with the fluid to be neasured, this flowreter can neasure a fl ow

rate of di PE)oeithedteantdng sppECESFAN MAskinet B RAinestHePatars w1tk d

whi ch coul d not _be neasured by the
the fluid to be measured, this flowmeter can measure a flow

rate of dirty £luid or high—temperature fluid or low-
temperature fluid which could not be measured by the
conventional flowmeters.

However, the quality of detection signals obtained by the
sensors depends on a flowrate of purge gas flowing along the
wbrking surfaces of the sensors. Namely, the larger a flow of
fluid flowing in the flow pipe (the larger an alternating
differential karman's vortex pressure is}), the larger a purge
flow is required by the sensor porticn. On the contrary, the
smaller a flow of £luid flowing in the flow pipe (the smaller
an alternating differential Karman's vortex pressure is), the
smallexr a purge fldw is required by the sensor portion. To
always obtain high-quality sensor signals, it is necessary to
control the flowrate of the purge gas in accordance with the
flowrate of the fluid to be measured flowing in the flow pipe.
As described above, the vortex flowmeters are featured by
supplving a constant flow of the purge gas to the sensors.
However, it cannot control in practice the purge gas flow in

response to a change in flowrate of the fluid in the flow pipe.
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conventional flowreters. However, the quality of detection signals XQ%ﬂmeﬂ
by the sensors depends on a flowate of purge gas flowing along th
wor ki ng swo dowess3of the sensors. Nanely, the larger a flowgfphihis¢s f1 ow ng
\ . . ; ! 1IP02/Y 353
in the flow pipe (the larger an alternating differential karman's vortex
pressure is), the. larger a purge flowis required by the sensor portion.
On the contrary, the smaller a flow of fluid flowng in the flow pipe (the
smaller an alternating differential Karman's vortex pressure is), the
smal | er a}Eurge flowis required by the sensor_portion. To always_ obtain
hi gh- qual iA§ $8§soFesidial 8f ithis. nddessargridizednt?bf theah 1 G¥Rbi &Y of
the purge gas in accordance with the flowate of the fluid to be nmeasured
fl owi ng i rAeteCcEiew pigealsasanasss Bse@bdidned + HharsRexthe oWipRer sofir e
featured by supplying a constant flow of the purge gas to the sensors.
However, ivoxkewes pordpepd peprakit celmaccay it Gcuraie 1h measporde to a
change in flowate of the fluid in the flowpipe. 7 1 1 MAY 2004 WO
03/ 040663 PCT/3P02111343 As the result of this, the stabilized and
hi gh-quality detection signals cannot be obtained, thereby the nunber of
vort exes PPHeic@IUREr OBnENVENTE G®n not accurately neasured. DI SCLOSURE OF
| NVENTI ON The present invention has as its primary object the provision of
a purge type Toet eprébentetinvewmitoni fampabl eits primary object the

provision of a purde type vortex flowmeter which is capable

of accurately measuring the number of vortexes produced per

unit time even if the fluid velocity to be measured varies over

a wide range, thereby achieving the accurate measurement of

flowrate of the fluid flowing in the flow pipe.

Another object of the invention is provide to a purge type

vortex flowmeter which comprises a vortex generator mounted

in a passage of fluid to be measured flowing in a flow pipe;

two side conduits each having one end opened to side surfaces

of the vortex generator respectively, and communicated with

the fluid of the flow pipe; a front conduit hav;j.ng one end opened

to a front surface of the vortex generator, and communicated

with the flow pipe; and a purge injecting means for supplying

a constant flow of purge fluid from a purge supply source into

the other end of conduits and discharging purge streams through

the conduits into a stream of the fluid flowing in the flow

pipe, wherein each vortex generated by the vortex generator

is detected as a signal of fluctuation of a flow rate or flow

velocity of the purge fluid flowing in the side conduits in

response to a fluctuating pressure of the vortex produced in
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of accurately neasuring the nunber of vortexes produced per unit %EE ?v?n
if the fluid velocity to be neasured varies over a wide range, th @ Il
achieving the accurate neasurenent of flowate of the fluid flowing in the
fl ow pi pe. Another object of the invention is provide to a purge type
vortex flowreter which conprises a vortex generator nounted in a passage
of fluid to be neasured flowing in a flom/pipe two side conduits each
havi ng on n de.s a the vortex generator
respectlvg % Ty Qﬁﬁggﬁﬁﬁﬁ}%g.f gﬁ%hggﬁe IHE d of the flow pipe; a front
condui t haV|ng one end opened to a front surface of the vortex generator,
and communicated wth the flow pipe; and a purge injecting neans for
supplying a constant flow of purge fluid froma purge supply source into
the other end of conduits and di schargi ng purge streans through the
conduits into a streamof the fluid flowwng in the flow pipe, wherein each
vortex generated by the vortex generator 1is detected as a signal of
fluctuation of a flowrate or flow velocity of the purge fluid flowing in
the side conduits in response to a fluctuating pressure of the vortex
produced in 8 1 1 MAY 1004 the fluid flowng in the flow pipe. 91 | MY
2904 Anot her object of the invention is provide to a purge type vortex

fl owmet er which conprises a vortex generator nounted in a passage of fluid
to be neasured flowing in a flow pipe; :



two side conduits each having one end di sposed in nei ghborhood of side
surfaces of the vortex generator respectively and communicated w tH Tthg 2004
outside of the flow pipe; a front conduit having one end opened to a front
surface of the vortex generator and conmunicated with the flow pipe; and a
purge injecting neans for supplying a constant flow of purge fluid froma
purge supply source into the other end of conduits and di schargi ng purge

streans thr ougflot Rer COBfEEt Sof M aAnven?a®roh st Peolhvede b HWi iy iehe
fl ow pi pe, wherein each vortex generated by thebvortex geng?g%%?tﬁgk

det ect ed Prd e FRbwntd td+ US| OomPEi 588 Al P¥rtEgt e%rfa'tgwamg:u%@etdy of

the purge fluid flowng in the side  conduits in resgonse t uctuating

pressure h 7 # i Bt oy ch ' isn the.fl .pipe. 10
| 1 MAY 28%4% ey s&ffﬁﬁ%%e%&* %I%A\BI\V% ﬁ&l'éwlre;agfrl DUIEL by g Lo Bide

cxerpl | 11 84 Q93 HShaRB e iy p P URBCCARE MU ) QUTEL e B0ty 0 1

to a prior art. Firgures other "exe [ vi ews
and prosoute By cEhFLakeR T Mne KPBEELR A A e R vE i e
o ok gl 4 A BURE ORI AE L ML Whass , .
e XTI S SEORRARL P8 B s YRS AP LML
and communicated with the flow pipe; and a purge injecting means
for supplying a constant flow of purge fluid from a purge supply
source into the othe: end of conduits and discharging purge
streams through the conduits into a stream of the fluid flowing
in the fiow pipe, wherein each vortex generated by the vortex
generator is detected as a signal of fluctuation of the flow
rate or flow velocity of the purge fluid flowing in the side

conduits in response to a fluctuating pressure of the vortex

produced in the fluid flowing in the flow pipe.
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Figure 5 is another exenplified construction view of a purge type vortex
fl owret er according to another enbodi ment of the present inventior.] Migilte
6 shows the pressure distribution of fluid around a vortex generator of a
purge type vortex flowreter. Figure 7 is a view for explaining a

rel ati onship between flowates of fluid to be neasured, flowates of purge
flurd and waveforns of sensor detection signals of a purge type vortex

f1 owret er BRTEPI OESCRIPTIION DR SERAWIRGENtion. Figure 8 is a view for
explaining a rel ationship between flowates of fluid to be neasured,

flowates of FafCed |1 Gn@nG waveERemp 1AM 198N £ ALK S wignalss of a
purge type vortex flowreter according to a prior art. 11 WO 03/040663 |

MAY' 20N B@IbéPQ%%l%@Tﬂ%E@ &8BBY¥aNEgO¢h EHlfax‘i'}L\éE'\%E]lQ\‘ Figures 3A

and 3B show éxenplary constructions of a purge type vortex ownret er

enbodyi ng t hespresent i BRaNS B Ure B&%ezpu&gﬁlptm&%e\ep-{:b%g&lu@%nebiﬁ%or di ng

to this enbodifent of the present Invention conprises vortex generator 2

munted a2 pasgadeypk \fé&y'%dxtmg@gaeaw@ﬂe&:@i% fthgw?%g%gjﬁge%gg%!‘ ts

4a. and 4b havi ng open ends (or ended as pressure ports I'n the

o age ] PR, R RSB Rt sEcl e o on 1D !t
(pressure pomEgfed Ba U4’ 88MUre other exemplified construction views
of a purge type vortex flowmeter, wherein the arrangement of
the conduits and pressure ports are different.

Figure 4 is another exemplified construction view of a purge
type vortex flowmeter according to another embodiment of the
present inventiocn.

Figure 5 is another exemplified construction view of a purge
type vortex flowmeter according to another embodiment of the‘
present invention.

Figure € shows the pressure distribution of fluid around
a vortex generator of a purge type vortex flowmeter.

Figure 7 is a view for explaining a relationship between
flowrates of fluid to be measured, flowrates of purge fluid
and waveforms of sensor detection signals of a purge type vortex
flowmeter according to the present invention.

Figure 8 is a view for explaining a relationship between
flowrates of fluid to be measured, flowrates of purge fluid

and waveforms of sensor detection signals of a purge type vortex

flowmeter according to a prior art.
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surf ace of the vortex generator 2. The front conduit 4c connunlﬁﬁ%ﬁ @t
its open end with the f |uid passage outside the vortex generat W% at
Its ot heW@hHMH®h t he side conduits 4a and 4b. Purge i nteoagdweingseans
supplies a constant flow of purge gas froma purge gas supply source (a

hi gh- pressure gas supply source capable of supplying a constant flow of
Inert gas such as air and nitrogen gas) through a purge gas tube 5
(hereinafter referred to as a tube) , conduits 4a, 4b and the front

condui t Sbnﬁngh%dthﬁhég& Om/oglﬁﬁﬁw@ggyin the flow pipe 1. The

pur ge gas s?rean1|s orce 0 be neasured through

the pressure RISIR 40480 I;@m&gm by c;shggmctaonsgygtffegatnngggt he

ef fect of fluct er én pres ure riexes

d t th t { | t t fluct uat

of the Bﬂr o mggs?-‘t%%édﬁ R ?sﬂé?éyaégeéﬁsd%%%% éﬁt&w‘f@g’ﬁ’i‘aﬁ??a 12 Vo
03/ 040663 MAY 2004 PCTI 0211 343 eIe

condui ts 48 ﬁﬂa ABPETHO TGy e L YA S \ﬁ??o %%% %r §uﬁ$§ %83P3e

oo e £ Lt el e g v ot o,

eSpect e, B eI 0L Fhy Sho S ilo Al M UM Lo b pessured

through thgape(l)rg 43bc hlar{rfrbge Jpre%nten urfg%eenéed as pressure ports) 3a and
3b in the both side surfaces of the vortex generator 2 for
communication with the passage of £fluid to be measured, a front
conduit 4c having an open end {pressure port) 3c¢ in the front
surface of the vortex generator 2. The front conduit 4c
communicates at its open end with the fluid passage outside
the vortex generator 2 and at its other end with the side
conduits 4a and 4b.

Purge intreducing means supplies a constant f£low of purge
gas from a purge gas supply source (a high-pressure gas supply
source capable of supplying a cqnstant flow of inert gas such
as air and nitrogen gas) throﬁgh e purge gas tube 5 {hereinafter
referred to as a tube), conduits 4a, 4b and the front conduit
4c into the fluid to be measured flowing in the flow pipe 1.
The purge gas stream is forced into a flow of £fluid to be measured
through the pressure ports 3a and 3b, alternatively varying
its flow rate by the effect of fluctuating differential
pressures of vortexes alternatively departing from the vortex

generator 2. The alternative fluctuating flows of the purge

gas in both conduits are detected by respecti'v:e sensing
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the vortex generator 2 can vary in accordance with variation of the flow
rate of fluid to be neasured passing in the flow pipe 1, thereby 1egAt Zigh9
aut omat | woaajurssgyent of the flow rate of purge gas in eagprpbydfigyconduits
4a and 4b. The pressure of purge gas to be supplied fromthe purge supply
source may be prelimnarily adjusted to a value adapted to a sel ected kind
of purge gas by using a val ve (pressure reducing valve) 11 provided for
adjusting the supply of purge gas fromthe purge supply source and a

pressure gauge 12 provided for neasuri a _pressure of .a, pur as flowin
t he purge %ﬂ%‘ﬁ??tlsi ﬂ@?lnﬁﬁfie&f‘i‘?ﬁc%l%#reﬂ?% Célrr’g{%tfuéﬁ 4% 3%de?§8t Yr9hal s
of vortexes produced by the vortex generator 2 fluctuatio si gnal s of
flow rate SRSVERGE EFOBY tHE BETGR FARRMh G IHF Ihe PTReRi LRe 4bubRcS 4bS |

e. , as differential signals of purge flow rate qr velocity, Typically,
eat - sensi G EERHER Sl I SR Vb DESBABPE ACEPOESs A1 LR THb a7k ar e
used and nounted in each of the conduits 4a_and 4b._The heat-sensitive

el enents YReHRETPH $hERS FHTRARS. 03APRREe 3B RLAWh? KT HCRBRTEE: LhF ¢RI Bur ge
streans are di sposed between paired throttling el enents 6a and 13 1 1 MNAY
2004 WO 03F02D663 iFETPIRTEEI RIS didopd®edPin3g dBkRstheam Pt tenPe
branching froma purge supply tube 5 into the conduits 4a and 4b. These

heat - sensi PEaEUTEde FRAWS NP0 i F&EW PAPsr ks The PuFigelgdraant &rem ko

shown) . The purge streamfed fromthe purge supplﬁ source flows in the
front conduit 4c through the port 3¢ in the front surface of

the vortex generator 2 can vary in accordance with variatiocn
of the flow rate of fluid to be measured passing in the flow
pipe 1, thereby realizing automatic adjustment of the flow rate
of purge gas in each of the conduits 4a and 4b. The pressure
of purge gas to be supplied from the purge supply source may
be preliminarily adjusted to a value adapted to a selected kind
of purge gas by using a valve (pressure reducing valve) 11
provided for adjusting the supply of purge gas from the purge
supply source and a pressure gauge 12 provided for measuring
a pressure of a purge gas flow in the purge supply line.
Detecting elements are requested to detect signals of
vortexes produced by the vortex generator 2 as fluctuation
signals of flow rate or velocity of purge gas flowing in the
conduits 4a and 4b, i.e., as differential signals of purge flow
rate or velocity. Typically, heat-sensitive elements such as
for example heat wires or thermistors are used and mounted in
each of the conduits 4a and 4b. The heat-sensitive elements
7a and 7b shown in Figs. 3A and 3B to work in contact with purge

streams are disposed between paired throttling elements 6a and

13



tube 5 and divides into three streans which flow respectively in the
conduits 4c, 4a and 4b. In the conduits 4a and 4b, the purge gas bt H&arfl

fluctuations of the respective purge streans. The pai red?

flow al ong)mhﬂgdﬁgspect ive sensing elenments 7a and 7b for eﬁ’%@ 1?% t he
g

el ements 6a and 6b is disposed as slightly separated fromeach other to

convert the

throttlin
t he heat -
to an anpl

ifier 9 whereby they are anplified. The anplified detection

si gnal s aSdPPlFahele %flﬂl%tgé CoORPOhERtAS BYAR | Thesecheatirseand tdnen

out putted
purge fl ui

di scharged fromthe conduits disposed in both side

gener at or
ef fect of

as vortex detection signals. In this vortex flowreter, clean

ied-engatt sa € ot FE§RACHAY of ABHF tHe 2eRF bHARI IRt Jawpt §b§rﬂw ‘s
Theapyras atrepmafedgEedmride porgehsuppiyesenurd flovesbiyn the

Karman's vortexes produced by the vortex generator is detected

by using fiube Svahdcidiyideasbrtosireastinenmd shdoh flionc cespecddNedys

works not in direct contact with the fluid to be neasured, this flowreter
can be usdd ttbemsandrd ts fldcowdaf aodr 4 . ofn hilygh dopduit e 2008 4tenpéeat ur e
or lowtenperature fluid, which cannot normally be neasured..

4a, 4b antwgerg@pshetpreansidd.od Elongeddilcerespectiv@aset@ingneledents
respectively. By shutting off

7a and 7b for detecting the fluctuations of the respective purge
streams. The paired throttling elements 6a and é6b is disposed
as slightly separated from each other to convert the
fluctuating flow into a laminar flow in the branching portion
of the conduit 4, thereby eliminating a noise component. The
use of the threttling elements may be effective in many cases.
Detection signals from the heat-sensitive elements 7a and 7b
are transferred through lead wires to an amplifier 9 whereby
they are amplified. The amplified detection signals are cleaned
off noise components by a filter circuit and then outputted
as vortex detection signals. In this vortex flowmeter, clean
purge fluid such as nitrogen gas from the external purge gas
supply is discharged from the conduits disposed in both side
surfaces of the yortex generator 2 and an alternating change
of the purge fluid flow by the effect of Karman's vortexes
produced by the vortex generator is detected by using flow
velocity sensors such as thermistors. Since the sensors works
not in direct contact with the fluid to be measured, this

flowmeter can be used to measure a flow of dirty or high-

14

fluctuating flowinto a lamnar flow in the branching portion
of the conduit 4, thereby elimnating a noise conponent. The use of the
el ements may be effectlve in many cases. Detection signals from

th GiSRRS &4 eh%nf"s dYnShFeAR PO IOD, RYHFRUNG hEBABh  BHFi r es

surfaces of the vortex

The conduits



t hese valves 13a, 13b and 13c and the valve 11, it is possible to do

mai nt enance of the sensors 7a and 7b without stopping the flow in thieMiail
flow pipe 1. Fig. 4 shows an exanple of a vortex flowreter which differs
fromthe flowreter shown in Figs. 3A and 3B by arrangenent of conduits and
pressure ports, and this vortex flowreter conprises a vortex generator 2
nmounted with its front surface directed to upstreamside in a passage of

fluid to ' 1 t ndyj 4 4bh havi open
ends (pr?gsﬁre po"?itd%)d%afoaﬁld g?ﬁééﬁ%g%dfgﬁfigceﬁtﬁ?‘& ?ﬁgﬂg& Hosrfnﬁ‘éﬂ%
surfaces of X tor. .2 int fl pipe.1l.and_ out dl,

ext endi ng% rh‘%%tsﬁg‘%%siqggengoq}(ﬁal% Slvqa 'pimg)e af‘a,v#rco 5‘9’ bﬁop A °Y] ilﬁl\(%%ll?ég
Lrereot gPle SAOUAL 6 D39 R 3B P B B e et 1 ng
with the tside qf the flo | pe and the conduits_4a and 4b. The front
condui t 43#1&?3? Efé‘qd'iesspgéé‘d \‘(Vag &i‘% %Bfeﬁné#&%ﬁpgflggﬁnf%ndﬂcIj(§s§?°t5§15’rle
separated fromthe front sur%a e of the vortex generator 2. In the

enbodi mentt% aintenance of e 3RNLGRALT 8288, 7BpWakhouke stPBRLGondui t
4c penetrate respectively into_the inside of the flow pipe 1 through the
wal |t her do¥¢ Py nbY Hhe BREPoELaVaPiPReilr open 15 1 1 MAY 2004 ends in

t he nei ghbor hgod of |l eft and front surfaces, respectively, of the

ri ght,
vortex generafof-2 S %édﬁﬂt?WPJc%@faPr‘é%Eﬁ’érﬁl‘?ﬂm%W Py AdTerss 3a,

3b and 3c ney be a_nodified conbination of arraannents shown in
from the flowmeter shown in Figs. 3A and 3B by arrangement of

conduits and pressure ports, and this vortex flowmeter
comprises a vortex generator 2 mounted with its front surface
directed to upstream side in a passége of fluid to be measured
in a flicew pipe 1, two conduits 42 and 4b having open ends
(pressure ports) 3a and 3b disposed adjacent fo the both side
surfaces of the vortex generator 2 in the flow pipe 1 and
outwardly extending from the inside of the flow pipe 1 through
both side walls thereof, a front conduit 4c having an open end
(a pressure port) 3c disl-)osed on the upstream side of the vortex
generator 2 and communicating with the outside of the flow pipe
1 and the conduits 4a and 4b. The front conduit 4cmay be disposed
at its open end upstream and close to or separated from the
front surface of the vortex generator 2. In the embodiment shown
in Fig. 4, the side conduits 4a, 4b and the front conduit 4c
penetrate respectively into the inside of the flow pipe 1

through the wall thereof and they are disposed at their open
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Figs. 3A. 3B and 4. In other words, two variants of arrangenent of
pressure ports are possible: one is that the pressure ports 3a, Eﬂ\az L

di sposed as shown in Figs. 3A and 3B and the pressure port 3c a¥ %i @osed
as shown in Fig. 4 and the other is that +the pressure ports 3a, 3b are

di sposed as shown in Fig. 4 and the pressure port 3c is disposed as shown
in Figs. 3A and 3B. The fornmer arrangenent is shown by way of exanple in

Fig. 5. e i.on ' di.oe [ mtted because it is

appar ent B?ﬁl?%%qggié}lﬁﬁ?ﬁ%@ﬁé?&g$§s?l§§%'BEegﬁdaEa RN SYE FARRS vor t ex
f I owret er SCI . bov referred_enbqdi nents of the present
inventioniﬁ%§ﬁﬁ§%¥§§%%é%§ ?@eaﬁPB Flgﬁﬁﬁﬁ§ﬁﬂ¥rﬁmsured to flow through

t he neasurin fl | pe or. my be of the ipsertion type adapted to use in
a large di arrg{‘éraﬁvjoﬁg?pi%e ae‘i‘?ne‘l‘?n?re%gﬁlé% DY §RFUTQIPIT b 3avelBxi ty

of the sane féuid. In the Kfl er_case, the flowof the fluid is determ ned
fromthe AESsdFlaBaPeiame SR ImRipation miarrangements shbwn dtrher e

is shown g _ vort gener r _shaped as a triangular prism which may have
any ot her %fl&sm ggl' | %&naﬁ\? gheI%tortg"frﬁ ¥PTOSy VWP oY arian hatal arraposthend
karman's vortexes on both sides thereof. The arrangenent of purge

di schar gi f§ BEPESUFS PPERE HFe MnsshdPlien apeyisobhahd s mossessre ports

PCT/ JP02/ 11343, front. surface of the vortex generator and on the both sides
thereof prévi ABLLHOIFRATEE B8Rt FRIWRILY R 96 0dA NG IBgend | thel pressure

port 3c are disposed as shown in Fig. 4 and the other is that
the pressure ports 3a, 3b are disposed as shown in Fig. 4 and
the pressure port 3c is disposed as shown in Figs. 3A and 3B.
The former arrangement is shown by way of example in Fig. 5.
The explanation on this embodiment is omitted because it is
apparent from the descriptions of Figs. 3A, 3B and 4.

The purge type vortex flowmeters described above as
preferred embodiments of the present invention may be designed
to allow fluid to be measured to flow through the measuring
flow pipe or may be of the insertion type adapted to use in
a large diameter flow piping wherein it measures a partial flow
velocity of the same fluid. In the latter case, the flow of
thefluidisdeterminedfrmnthemeasuredpartialflonelocity.
In Figs. 3A, 3B, 4 and 5, there is shown a vortex generator
shaped as a triangular prism, which may have any other form
allowing the stream of £luid to alternatively produce karman's

vortexes on both sides thereof.

The arrangement of purge discharging ports in front of the
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to the sensor portion in accordance with the flow of fluid to be nmepsmiesy
in the flow pipe. This is further described be-low. Fig. 6 shows the
pressur e WP 83/h40bet i on of fluid around a vortex generator pef/@o¥PniiEX
flowreter. Pressures of fluid round a vortex generator 2 in a flow pipe 1
were neasured on the follow ng conditions: The vortex floweter had a
restriction ratio d/D of 0.28 (d is front surface wwdth of the vortex
generator 2 and Dis an inner dianeter of the flow pipe 1). In the

were 400, FBRBERATOE e h T TSR AR 5 B0 P SO 188
o d ar ourer R EvRF EF gan efbeBreiiar 8t B0 P Rl fcBoFRetRTe Case
i atance 1P RnFohe b EoboBEREY ath Pt W PR 1Y o8 J3bakER anc
i de A 1 BT RO EE AP FTURE LoMdBLECo M He of DEYPGEnararbes PedrEn O
P esar s o BN L S S PPN o P RO, on
side C conpared with the ressures of fluid on the right side d. the
Teft side BOBFEN GERRIARRE doned At PBRSTnG]BHEE 158 1t RO TIAET | B T hot e
flow 17 Vm%8%é84g693r%eg gége%% %r 2 in a flow pipe 1 were measured on

the following conditicons:

The vortex flowmeter had a restriction ratio 4d/D of 0.28
(d is front surface width of the vortex generator 2 and D is
an inner diameter of the flow pipe 1). In the condition that
the flow rates of the fluid of 22.4°C in the flow pipe 1 were
400, 600 and 800 m’/h (at flow velocity of 6.2, 9.3, 12.4 m/s
respectively), the examination of the obtained pressure
distribution of fluid around the vortex generator indicates
the followings:

In every case when absolute presﬁures P measured on the
upstream side at a sufficient Qi;tance from the vortex
generator 2 was 101.0 kPa, 491.3 to 4:90.3 kPa and 863.0 to 857.1
kPa, in compariscn with the pressures of f£luid on the right
side A, left side B and front side C of the vortex generator
2, which pressures correspond to pressures at the pressure
ports 3a, 3b and 3c respectively in Figs. 3A, 3B, 4 and 5 the
pressure of f£luid on the front side C compared with the

pressures of fluid on the right side A and the left side B of

the vortex generation increase as the fluid flow in the flow

17



PCT/ JPO2/ 11343 pipe 1 increases. This can be explained by the fluid

resi stance (pressure loss) to the vortex generator 2. If the const hHAY 2004

purge fwwowswosapplied fromthe external purge supply sogtqm?},nﬁ
or t

. : . 43
i ncrease of the fluid flow controls (reduces) the discharge e purge

fluid fromthe front pressure port 3c. As the result of this, the purge
flow through the sensors into the pressure ports 3a and 3b. Consequently,
the provision of the pressure port 3c on the front surface of the vortex
generator can achieve autonatic control of the purge f|low_to the

respect i vePsRPdolBOTeRFES ndkdS 730 Hese¥Bi_ipgd 1P THELQERT 15 oaRce

hi gh-quality detection signals wth no need of additional adjustnent of
purge by USRPFRSaBEEPtETR) tOHR? FOTREINSCPET gt oY holicthhEORSLATTOMEFID
between the flow of fluid R to be neasured, the flow of purge fluid R and
t he wavef ofFHPWo}s sBRBBIL 186t &Moot D GRAICITGL P JUrgPRYPS VoFEex the
flowmreter according to the present invention. The data was obtai ned by
oper at i ng ¥her¢asewrtt thenfiliithd lope soa tyalfe (FRdWwiesg hetho s ehange as
shown in Figs. 3A and 3B. Fig. 8 shows the relationship between the fl ow of
fluid R tef li@errb\agﬂﬁé:dl,ui%érﬂﬂbbh%ﬁr@?rtglérwmlﬁemoﬁﬁgCt-h@\Fé‘\?ef%%t of
sensor detection signals of the purge type vortex flowreter according to
the prior @f tthiwi ctheryures idespoidrongipithet sersorshénspatee@reHBUTOr t ex
flowmeter of Fig. 7 when the valve 3c of the conduit 4c is shut off . The
wavef or ns pértet2etandg 3Bi ghanseghenhlyn Hhgsergvinagon ofrthempresedrat a

typically small flow of 15nB8/h (2 mls, 33Hz) and a typically large flow
port 3c on the front surtace of the vortex generator can achieve

automatic control of the purge flow to the respective sensors.
This makes it possible to obtain the stabilized high-quality
detection signals with no need of additional adjustment of
purge by using additional control means.

Fig. 7 shows the relationship between the flow of fiuid R
to be measured, the flow of purge fluid R' and the waveform
of sensor detection signals of the purge type vortex flowmeter
according to the present invention. The data was obtained by
operating the flowmeter with the opened valve 13c of the conduit
4c as shown in Figs. 3A and 3B.

Fig. 8 shows the relationship between the flow of fluid R
to be measured, the flow of purge fluid R' and the waveforms
of sensor detection signals of the purge type vortex flowmeter
according to the prior art, which may correspond, in practice,
the state of the vortex flowmeter of Fig. 7 when the valve 3c
of the conduit 4¢ is shut off. The waveforms of detection
signals shown in Figs. 7 and 8 were obtained at a typically

small flow of 15m°/h (2 m/s, 33Hz) and a typically large flow
18



18 1 I MAY 2004 WO 03/040663 PCT/. P02111343 185 nB/h (24m's, 408Hz) b
supplying purge fluid R fromthe purge supply source at flow rat eélcﬁ'%YdUm
0 (no pumgedsns@s 2, 0 . 4, 1.0 (1/mn). The purge flui gcygech/mag air
(9.8 kPa). In the case that the purge flow R was zero in Fig. 8, the
valve 13c was released and the fluid to be neasured was forced to fl ow

t hrough the sensor portion. As shown in Fig. 8, the waveforns (detection
signals) obtained by the prior art device indicate the fact that

| t ti h h f f '
or oauced Y0 oresm hnciin) el ey fnd r EEbe RERATR" Lon B TieS
fl R i in. th t I l.ui d dy i
ral | i URECE GIPBE G SORRE (o LM £ K8E: o il bR a2 e 11 b
e

Chat the TEol Cbimi Rdi-d 16 BetRsndarid (4 ot T oiral ne T e .

as described before, the quali of , detectiqn signals gengrat y e
sensors de‘b@ﬁﬁst%Bnt]Pﬁep‘%%ﬁ/ %¥°Y)Jf ge‘”fbsaszefrloovl\ﬁnnglgl'ogg t%ﬁgi ?g%‘?k}%‘g
surfaces. Nanel the larger.a fluid flow in the fl.ow pipe_is he rger
an alter na‘t’?ﬁgré?-?f‘éf’gnflflgl Eb?egiﬁllg £8u§,8dmﬁ?silﬁgd %?geg?rgfadglc aff%rétﬁ' g
vortex street is), the larger the purge flowto the sensors is required.
On the contREPYPINt ABesFAN BOFEIRY - flowin the flow pipe is (the smaller

an alternatin%S shown in Fig. 8, the waveforms;(detection signals)
obtained by the prior art device indicate the fact that
alternating changes of the purge flow by the effect of Karman’s
vortexes produced by the vortex generator become difficult to
detect as the purge flow R' increases in the case that the flow
of f£luid to be measured is small in the flow pipe 1 and the
alternating changes of the purge flow become impossible to
detect as the purge flow R' decreases in the case that the flow
of fiuid to be measured is large in the flow pipe 1. Namely,
as described before, the quality of detection signals generated
by the sensors depends upon the flow of purge gas flowing along

their working surfaces.

Namely, the larger a fluid flow in the flow pipe is (the
larger an alternating differential pressure caused by the
effect of a Karman's vortex street is), the larger the purge
flow to the sensors is required. On the contrary, the smaller
a fluid flow in the flow pipe is (the smaller an alternating
differential pressure caused by the effect of a Karman's vortex

street is), the smaller the purge flow to the sensors is

regquired.




differential pressure caused by the effect of a Karman's vortex 5{1 E&;
Is), the smaller the purge flowto the sensors is required. 19 | YZUG[*
2004 WO v3@0u0s683 PCT/ dP02/ 11343 On the ot her hand, the payabeiisof
detection signals of the purge type vortex flowreter according to the
present invention (Fig. 7) apparently indicate that alternating changes
of purge flow can be unifornmy detected at any of the purge flows R at
both fluid flowates R (— 15n8/h, 185 nB/h) . This proves t hat di scharge

Sonrror Sof 2% bhpEhEN8 LR pEL! el GO ts‘*f LFEL | £E5n a4l Bt C

control of di pur ge ‘gas from e conduits
4a and 4b,

the w de ﬁgﬁﬁequﬁg %é%%%l%ﬁ%g-F%Eﬁ%gPéégﬁ%LgF |ngltr1 tﬁ6p%pre§§¥%§ghtover
por uni ¢ CEREBhEPhe Gordox enEPRESPIL ﬁbehagﬁ#%rtga%%a et g S P
Cour ce. | THOHRGER S ST CvBPcZairZﬁe . Rk ;@f g eton o#p'é’h%ur e
obtain st 3%#%2%1”%5# f rete e ABVERE R B Efeﬁérh% Cal% o B i ge
range of fluid flowin the _mai e virtue of onst ant
purge fl ovCI'IF:l‘%nPr‘aﬂeéxFEFiﬁafilﬁtﬁh@gg%uﬁﬂ%’?usrcﬂfr (,95‘3%\”#S g’ﬁo 5? dd?ti onal
the front conduit 4c realizes automatic control of discharge
of purge gas from the ports 3a and 3b of the conduits 4a and
4b. Namely, even if the fluid flow in the flow pipe 1 varies
over the wide range, the purge type flowmetexr according to the
present invention can accurately measure the number of Karman's
vortexes produced per unit time by the vortex generator in the
flow pipe as far as the a purge fluid is supplied at a constant
flow rate from the purge supply source.

The advantages of the present invention are as follows.

The purge type vortex flowmeter according to the present
invention can always obtain stabilized high-quality detection
signals of sensors over the wide range of f£luid flow in the
main pipe by virtue of supplying a constant purge flow from
an external purge supply éource with no need of additional
control of the purge £low and can accurately measure the number
of vortexes produced per unit time by the vortex generator and,

therefore, accurately determine the flowrate of fluid in the

main pipe.




control of the purge flow and can accurately neasure the nunber of

vortexes produced per unit time by the vortex generator and, theyefir &
accurately determne the flowate of fluid in the main pipe. 20 1 1 NMAY
2094 CLAIM5S 1. A purge type vortex flowreter conprising: a vortex generator
nmounted in a passage of fluid to be neasured flowing in a flow pipe; two
side conduits each having one end opened to side surfaces of the vortex
generator respectively, and comrunicated with the fluid of the flow pipe;

a front' conduit having one end opened to a front surface of the vortex
generator, and comuni cated with the ﬁﬂ&%”ﬁipe: and a purge injecting
means for supplying a constant flow of purge fluid froma purge supply
source into the other end of conduits and dischargi ng purge streans

t hrough the conduits into a streamof the fluid floming in the flow pipe,
wher ei n each yor£e§ugggeg§b@dvmrﬂdnaﬁﬂnﬂmﬁ&@ﬁg@@%?%%s-§9detected as a
signal of fluctuation of a flowrate or flow velocity of the p%%geréfluid
flowing in_the side %,ng#{g,s ok espanse posaste et datiy topP eLEHFE TSR t he
vort ex proﬁd@%ﬁ ' e urd flowng in the flow pipe. 2. A purge type

vortex flowreter conprisig; giyertex generator mounted in a passage of
fluid to bﬁﬁﬁﬁﬁgﬂ%égp %IOMAngﬁin a flow pipe; | o
twe side conduits each having one end opened to side sur

i i with
of the vortex generator respectively. and communicated

the fluid of +he flow pipe;

a front conduit having one end opened 1o 2 front surface of
the vortex generator. and communicated with the f_low pipe: and
a purge injecting means for supplying a constant flow of purge
£1wuid from a purge suvpply source into the other end of condulls
and discharging purge streams through the conduits inte a
ctream of the fluid flowing in the flow pipe. wherein each

i i i in the
pressure of the vorteXx produced 17 the fiuid flowling 1in

flow pipe.

2. A purge type vortex flowmeter comprising:

a vortex generator mounted in a passage of fluid to be measured

flowing in a flow pipe:




21 1 1 MAY 2004 two side conduits each having one end disposed in
nei ghborhood of side surfaces of the vortex generator respectivelyt Bayd?004
comuni cated with the outside of the flow pipe; a front conduit having one
end opened to a front surface of the vortex generator and comuni cated
with the flow pipe; and a purge injecting nmeans for supplying a constant
flow of purge fluid froma purge supply source into the other end of
conduits and discharging purge streanms through the conduits into a stream
of the fluid flowng in the flow pipe, wherein each vortex generated by

the vortex generator is detected as a signal of fluctuatio forihenblbaw
rate or flowovebids ©pnehitte AFYE VNG B¢ 19W ﬁjglﬁ%‘j%(h[g i ggqc?ondui ts in

response to a fluctuating pressure of the vortex produced._i . | i
fl owi ng i notthesifkowypifrece@20f the vortex generator £edpbBshRb! Wnd

communicated with the outside 0f the flow pipe:

a front conduit having one end opened to a front surface of
the vortex generator and communicated with the flow pipe: and
a purge injecting means for supplying a constant flow of purge
£iuid from a purge supply souxce into the othexr end of conduits
and discharging purge streams through the conduits into a
ctream of the fluid flowing in the flow pipe, wherein each
vortex generated by the vortex generator 1s detected as asignal
of fluctuation of the flow xate oI flow velocity of the purge
F£luid flowing in ihe side conduits in response to & fluctuating

pressure of the vortex proguced in the fluid flowing in the

flow pipe.




