WD 03/ 040663 PCT/ JP02/ 11343 DESCRI PTI ON PURGE TYPE VORTEX FLOMWETER

TECHNI CAL FI ELD The present invention relates to a purge type vortex

f | ownet erwbhas/odesbect i ng a signal of vortex generated by apearirexiidgener at or
in a flow pi pe. BACKGROUND ART In nost of vortex flownreters based on the
theory that the nunber of Karman's vortexes generated per unit tinme by a
vortex generator nounted in a passage of the fluid flowwng in a flow pipe
is substantially proportional to a flowrate of fluid, heat-sensitive

el ements are used for detecting a Kafd@grsSrIv@rtex street because it is
conpact and cheap. Typical heat-sensitive elenents may be, for exanple, a
heat wwre, a netal foil and a thermstor. It is connected to and heated by
a constant voltage or constant current power source. A fluctuation of a

flow of fluid with a vortexgideetveengiried ribgmerprcauses the heated
heat-sensitive elenent to radiate and varies its resistance. A variation

of resistance of the heat-sensitive elenent is converted through a bridge
circuit into a current or voltage signal. The neasured signal can have a
speci fied vghd of g¥Efent value if the neasurenent was conducted with
the sane fluid at the sane tenperature and the 1 WO 03/040663

PCT/ IP02/ 113437, 88185t T 3hGentVaY Gfe1 dNis MBS epRAYCOftydte SafBekl Ui d
may have variations if the fluid varied its tenperature and/or

flowmeter 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 proportional 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 voltage 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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included dirty particles causing the sensing elenent to vary, its

radi ation coefficient. The latter is irrevocable with a heat-sensitive

el ement vwolostgoesh direct contact with the fluid. The abecearextisoned
probl em may be solved by a known nmethod of detecting a variation in a
stream of cl ean purge gas such as air and nitrogen gas, which can vary its
resi stance wwth a change of a fluctuating vortex pressure of the fluid to
be nmeasured. Nanely, the sensing el ement can neasure a stream of clean

purge gas 's%rr@ %E%w%a%“'}f’odré’v@@ measHeadurihics tepaldes saker sanaimdgy
element to indirectly neasure the flow rate of dirty or high-tenperature

or |owtenmperal Waﬁcfé’é‘i&?s whi Cbn@a@mg&db%aﬂ%as ured tangdien tinny enid ooal

nmet hod. However, a vortex signal having a high S/Nratio cannot be

obt ai ned only, i ddiyd LAy QUG O Pl AP et EBARIEG 608MEAL t8 VALY ex
signal to a purge signal”. "A conventional method to solve the above problem

was descrihad i1 lapanss e, fakent efbbl ixat 1 9p &b, 1 625 AASR6cambe ot BRtAOd | S
to detect a vortex signal with a high SSNratio by a substitution nethod

by feedingy,&, €Nt ant 1 PAEIR e toRGERing A8V di B8St COUGRACASY IR fthgenlubdd
air) froman i1 nert-gas supply source disposed outside the flow neter. This

met hod, howﬁlfrabcﬁ?éu{héﬁléﬂi@d UsBoRiecAMmE¥ PBESyeved | By daekesws apabhed of
measuring an nDnltorlng a purge flow to obtain vortex signals having high

S/N ratios Qvefo W angs afi seasirerercaal offl ewebat pargbughbesaohe,
the 2 WD 03/040663 P /JP02/11343 above-descri bed net hod has such a

di sadvant aggs that #hd | OWFSGEn §hs PUrNEcHasanUSArPei B Ccrsad etynadj wstrd by

means of a control
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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valve to a specified value allowng the flowreter to reliably neasure the
purge flow even if the fluid pressure of the fluid changes. To solve the
above- nerwpDenmweas awbacks of the conventional nethod, thecCpreszns43
appl i cant proposed a vortexflow neter in Japanese Uility Model
Publ i cati on No. 5-47380, which flowreter is intended to operate with no
need of conducting adjustnent of the purge flow and no need of using an
expensive device. This was achieved by using a critical purge stream

gener at ed bypévd hiQL L1 BEaTRAISo @ RALAE W a0l & A@vERPEGS ithiad a1 ovara@ki 0 of
a purge gas pressure to a pressure at an open end of each conduit. Nanely,

the purge fooWHRR B sAhwaYSbaT dhitesl y ald jusaEs bgnhe @k USE iandepepdent of
pressure variations of fluid to be neasured. The flowreter can thus be

construct edy i $& 5@ spbcarakeppadubl ATEowiAg e 1dwiidtidcal pezzhelgs the
throttling mneans: the throttling nmeans is nounted in a mddle position of

a conduit tpbess Nerte YRIARX £30RSEREN &l R £111AH0pAEE Shire 2o @hsd @ntiifil ow
of purge gas is fed. Figs. 1A and 1B shows an exenplified construction of a

conventi onathpgas. type vortex flowreter which corresponds to the vortex
fl owmeter described in Japanese Uility Mdde Publication No. 5-47380. The

purge type vor irgXs$l eune & aboReWhenitl dnedt dtAwbAekedes thevebhesngesasat or 2
nounted in a flow pipe 1 and conduits 4a and 4b (nornally represented by a

conduit 3 MRS 04066 oK Fé NP JilBdedn #)pAnaid@td R ritixE 1idwe met@ird @ nof

the flow pipe 1 through the wall thereof and having pressure ports 3a and

3b in nei ghpgphnede 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 ratio of a purge gas pressure to a pressure at an open end
of each conduit. Namely, the purge £low can be always maintained
at a constant value independent of pressure variations of fluid
to be measured. The flowmeter can thus 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
conventional purge type vortex £lowmeter 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 £low pipe

1 and conduits 4a and 4b (normally represented by a conduit
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of the both correspondi ng sides of the vortex generator 2. Purge streans
alternatively fluctuate and flow out through the pressure ports 3a and 3b
of the cowouwdws06d3 by the effect of the fluctuating vorterCcprueexuse. The
fluctuations of the purge flowin the conduits 4a and 4b are detected by
sensing elenments 7a and 7b. The sensing elenments 7a and 7b may be

heat -sensitive elenents such as for exanple heat wires and therm stors.
The heat-sensitive elenents 7a and 7b to be used in contact with a purge

stream are g spasedrdbel Ngeih £t inyield bienghel ereRtgipdal amdAlyarnhanged
in the mddle of the conduit 4 (in the boundary portion between the

condui ts 4dayzant thdreciang Meating prekkuve petedsatand 3baintnéb ghdobihood
respective arns of a bridge circuit (not shown). The paired throttling

el enents argr HhieOhdt corapaipdmtiig eiueadr ehberorttest gemeadtam napufdgew i n
the mddle portion of the conduit 4 to renove a noi se conponent. A stream

of purge gastfaimsOfaltidrmaenjefy onLtiBeuhitgh-41EssU6® it t thpasgls uppley
source is supplied to the mddle portion of the conduit 4 and detected by

the heat - sepsétiyechoiBt Sa’anandb 6l dhepesadutiher ai by Belecetfifertsiognal s
fromthe heat-sensitive elenents 7a and 7b are transferred through | ead

W res to anghamldidiedithyRerak pheysare . arm ifflvedtuabiompEi thedurge
detection signals are cleaned off noise conponents by a filter circuit

and then oufpyktiedtas ¢6688EtEVEa WK 88 Bigaaltectéd By GHEHIEH3 lements
PCT/ JP02/ 11343 In order to maintain the constant supply of the purge flow,
a throttlingaeheaenb.20 is nounted in an upstream purge tube
The sensing elements 7a and 7b may be heat-sensitive
elements such as for example heat wires and thermistors. 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 f£low in the middle
portion of the conduit 4 to remove a noise component. A stream
of purge gas (air or nitrogen) from the high-pressure inert
gas supply source 1s 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 9 whereby they are amplified. The amplified detection
signals are cleaned off noise components by a f£filter circuit

and then outputted as respective vortex signals.
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(smal | -di anmeter tube) 5 connected to the mddle portion of the conduit 4
in which the heat-sensitive elenents 7a and 7b are disposed. An exanpl e of
an orifi cwopBase6P01l serving as the throttling el ement 2@CrgreXingss i n Fi g.
1B. This throttling elenent 20 has a small dianeter (dl) inlet 21 and a

| arge dianmeter (d2) outlet 22 and a purge gas streamflows in the
direction shown by an arrow. Let assune that a purge stream has a pressure
P2 at the outlet and a pressure Pl at the inlet of the throttling el enent

20. Wen a ratif ofadRePHbliatkaibl €88 WchFarl® slp®liynbet tips @ssyeet Pwi, s
i ncreased equal to and grater than the critical pressure ratio, the purge

stream fromg dieoultiRd Slemdiai 1P i whatiddy iequal upstirbamspundevelibeity
and becones a wel |l -known constant nass flow free fromthe influence of

pressure vardndiPnéidhet8e PUBQP sstoeAstesdthe thdomnatileapost tien dibthe
precisely, the flowrate of the outlet purge streamnay vary with

vari ati ons @dndi£ss4rin vieimerdidihea tay@nirt idid yelefmdrites i7d emhdsi7deapdar ge
stream but the variations of the outlet stream may be negligi bl e and does

not cause afysp@PsO®l emhi axhpgaedofoahheraciveapyadke ite pargenfl ewr ahe. The
pur ge flowrate can be changed by changing the area (dianmeter dl) of the
inlet 21. Simestthengrblemahtprossw ehoin orP¥ Y. DB. phhge ahroicslégual to
0.528, a pressure reducing valve 11 my be adjusted so that the pressure
Pl of supplyidts@e 2dr haisndi cahi«€l ofiamptessyde )gamje tl2 megndeahilglrgenough
to allow 5 WO 03/040663 PCT/JP02/ 11343 the throttling elenent 20 to
obtain the grahéeat (ab)ooatithe22sappl ¥ gasgpr gasuserBamt 1blve puar gheai r

pressure P2 to be
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/Pl1
' 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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nmeasured. Even if variation of the gas pressure P1 to be neasured
occurred, a constant purge streamcan be supplied into the systemas far
as the abwoestwsss oned condition is maintained. As descripo@dredinsss, the
vortex flowreter disclosed in Japanese Uility Mdel Publication No.
5-47380 can introduce an accurate purge streamby using nerely a sinple
and cheap throttling elenent such as for exanple an orifice plate

(wi thout applying any expensive flowreter and flow control el enments such

as val ves) afd t8hboWtNaiRs el BReneedoofo asttistn RGie atitesadveatwbt bf atehange
in the gas pressure to be neasured (with no need of using pressure control

neans) . Fi gappdd auk 2Brebsuseanat hey w@xenplidé edieopsbesatreo®20fto be
conventional "purge type vortex flowreter which differs in construction

fromthe flpuwkielq of veas 1fl1Aanthti®byof athangpiEe npresspoe g 1cdrdwbé
tubes 4 and positions of exhaust ports serving as pressure ports. In this

purge type pfdiped beewiRld,, a @oneitlet penge altfeal canmuisupglipdaipassage
of fluid flowng in a flow pipe 1 and conduits 4a and 4b extend through
the vortex @Rnesgkeen’ b8 respecid vaehext epboak-medeisuetiacesndihtorofis
whereat they conmunicates at their pressure ports 3a and 3b with the fluid
passage i npdievdfdiavedi pe 1. In the sane way as described for the fl owneter
of Figs. 1A and 1B, this vortex flowreter can supply clean purge fluid

such as nitrogrs des\WRib¥HD4E63 PCThePOA 34 3f 1 gate £ epmdtilse leystedt nih

purge gas source through the respective conduits into the passage al ong

the both siggsardsd hrMori¥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 flowmeter 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 flovﬁneter of Figs. 1A and 1B by
arrangement of purge conduit 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 f£luid
flowing in a flow pipe 1 and conduits 4a and 4b extend through
ghe vortex generator 2 to respective external side surfaces
thereof whereat they communicates at their 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 £luid such as nitrogen
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generator 2 and detect alternative changes of the purge streanms by the
effect of Karman's vortexes produced by the vortex generator by using flow
vel oci ty wengotwexsuch as therm stors. Since the detecti n@CTanexrig4can wor k
not in direct contact with the fluid to be neasured, this floweter can
nmeasure a flow rate of dirty fluid or high-tenperature fluid or |ow
tenperature fluid which could not be nmeasured by the conventi onal

fl ommeters. However, the quality of detection signals obtained by the

Sensors degggdfr&q end! é%i”f@frf%ltpfptﬁ‘geg agagohit-e¥ Ngrah§h K &e MU NGB

surfaces of the sensors. Nanely, the [Farger a flow of fluid flowing in the

flow pipe (LReuli308% 3N tfkt Eﬁgéhigaga_lghgf SHENbH B KBASBRIOS HIOS KT HEESSUr e
is), the larger a purge flowis required by the sensor portion. On the

I
contrary, %@%el%%lﬂ 8l bbeWeefa i dvnh 1 PMichGnige st b€ thieOptpie e tridems
smal ler an alternating differential Karman's vortex pressure is), the

smal ler a pyr g8 d | OMEdSt r 89UiKnehahY st R rseney pesdnesd B¢ talways-taht ain
hi gh-quality sensor signals, it is necessary to control the flow ate of

the purge gas i RECELIRBERGW 1dy tRA odili9Msaheodis thienfasithdrmibergmasur ed
flowing in“the flow pipe. %s descri bed above, the vortex flowreters are

featured by ,$14pph¥i i & CONG lsdis JrisovaRfwd e nbitr B¢ dgae dtocbheas enstts.
However, it cannot control in practice the purge gas flowin response to a

change in fhowats Oftd iR Hdddhridn  Rehifd B dimeter M0 sH OAOSEB £ 1ow

PCT/ JP02/ 11343 As the result of this, the stabilized and high-quality

detection siggRal srcanpptyberpbi@i rad, ntiger-ekmpdiatiitderlafia or low-
temperature fluid which could not be measured by the
conventional flowmeters.

However, the qguality 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 portion. On the contrary, the
smaller a £low of fluid flowing in the flow pipe (the smaller
an alternating differential Karman's vortex pressure is), the
smaller 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
supplying 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 f£luid in the flow pipe.
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vortexes produced per unit tinme can not accurately neasured. DI SCLOSURE OF
| NVENTI ON The present invention has as its primary object the provision of
a purge twpassorxsex fl owreter which is capabl e of accuratreryPoeasss i ng the
nunber of vortexes produced per unit time even if the fluid velocity to be
nmeasured varies over a w de range, thereby achieving the accurate
measurenent of flowate of the fluid flowing in the flow pi pe. Another
obj-ect of the invention is provide to a purge type vortex flowreter which
conprises g vorfex generat ge Led ¢ 3tRBE3agRa0f ahd Uit gio- g e ur ed
flowing in"a flow pipe;” two side conduits each having one end opened to

sl de surfagesectls tnhesi\éﬂﬁ[lesx SERRIAY JRSPRA Valner 5yl OQIDISEE esk Wi th
the fluid of the tIow I'pe; a front conduit having one end opened to a
front surf geg. Akl KA PRICHALE t1AB0EATGN| £RbBth i f nddituddaw

pi pe; and a purge injecting ans for supplying a constant flow of purge
fluid froma purge supply source into the other end of conduits and

di scharging purge streans through the conduits into a streamof the fluid
flowi ng i nptherHe RiPenyeF b each vortex generated by the vortex
generator is ébtected as a signal of fluctuation of a flowrate or flow
vel oci ty of thg, purge Jdit dihlewkaeni mide o8 dersonduindry Nobhesponsiget o a
fluctuating pressure of the vortex produced in 8 WO 03/040663

PCT/ JP02/ 1 %%istifbgl fdgtif g RGyded e &k o dimSte A he Db @gpawiet he

invention s provide to a purge type vortex flowneter which conprises a

vortex gengfeatQl. MU BA 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 £luid of 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 f£luid 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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in a passage of fluid to be neasured flowing in a flow pipe; two side
condui ts each having one end di sposed in nei ghborhood of side surfaces of
t he vort ewogenerses or respectively and conmunicated with toa/JewaBse of the
flow pipe; a front conduit having one end di sposed upstream of the vortex
generator and communicated with the outside of 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 discharging purge streans

t hrough th%ﬁ&@iﬁi& EpbRidgSiheaRe ehiokheibluid flowing in the flow pipe,
wherei n each vortex genera?ed by the vortex generator is detected as a

signal of flughyahb@noBfedtlbpVtHatigvntiloawikeppeirisieofo tah@upgegeybkui d
flowing in the side conduits in response to a fluctuating pressure of the

vortex prodyseeek Neidmétatdvhien 86mpPikBe af lewtgkpgendpatbermobheet of
the invention is provide to a purge type vortex flowreter which conprises

a vortex geferatsJEuited £idi @ RATAR furfddiicd dwa e ifeasgned pmpa;fl ow
pi pe; two side ‘conduits each having one end opened to side surfaces of the

vortex genefgd Qfi deLeBaaUH Rl ¥acANth e dhiecahei i pdsddanf hgighborhbba fl ow
pi pe; a front conduit having one end di sposed upstream of the vortex

generator apd gogBURILGHRBIMIHN thHE voutskdeeferddidrd | ey pepeiveng angurge
injecting nmeans for 9 WD 03/040663 PCT/JP02/ 11343 supplying a constant

flow of pur@embliti atearorphecostPaY ofs EHECELWDA plehea Glrftart enddati t

condui ts and di scharging purge streans through the conduits into a stream

of the fluigh$tiQYdWe end disposed upstream of the vortex generator and
communicated with the outside of 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 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 in a flow pipe; two side
conduits each having one end opened to side surfaces of the
vortex generator respectively, and communicated with the f£luid
of the flow pipe; a front conduit having one end disposed

upstream of the vortex generator and communicated with the

outside of the flow pipe; and a purge injecting means for
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in the flow pi pe, wherein each vortex generated by the vortex generator is
detected as a signal of fluctuation of a flowrate or flow velocity of the
purge fl uwo oBloesbhg in the side conduits in response to &Cfliperuati ng
pressure of the vortex produced in the fluid flowng in the flow pipe.

Anot her object of the invention is provide to a purge type vortex

fl owreter which conprises a vortex generator nounted in a passage of fluid
to be neasured f lowing in a f |low pipe; two side conduits each having one

end di sposed, iy Nl P UdIathn ©fe 159w £5 Buirgees 10l dl BeomO&t Barge netpd Dy
respectively an comuni cated with the outside of the flow pipe; a front

condui t  hay ik ONG €N 1P eseskt Ced fdObosui{f Becared dechvargbxg genegat or
and communi cated with the flow pipe; and a purge injecting neans for

suppl yi ng &Nt arbridu ehersgmtui{diid thromtacput g€ SupEllyidsbloweng nt o
the other end of conduits and di schargi ng purge streans through the

condui ts i ntp & SENBAHODet Nenbluid dhomivigrtds geherfdtak pypehewhereén each
vortex generated by the vortex generator is detected as a signal of

fluctuati orygfetdieo lidvetabecrad loowi yahoc 1ok tidae ipuwr g€ d ifaioty £adwi ng
in the side conduits in response to a fluctuating pressure of the vortex

produced i nyt taqotq%ﬂoéi@%lgmtha gdveyd Fowi gi feow iy Y@ 03¢ G4@e63onduits
PCT/ JP02/ 11343" BRI EF DESCRI PTI ON OF DRAW NGS Fi gures 1A and 1B are

exenpl i fi ed;consigditded aib \d eWmcAfustinipgesksype var ths Fbowertproaunceddi ng
to a prior art. Figures 2A and 2B are other exenplified construction views
of a purge {ypen¥oriexafFovwehgr iacenedicngwt @idepri or art.
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 disposed in neighborhood
of side surfaces of the vortex generator respectively and
communicated with the outside of 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 f£luid 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 fhe flow
rate or flow velocity of the purge fluid flowing in the side
conduits in response to a fluctuating pressure of the vortex

i

produced in the fluid flowing in the flow pipe.
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Figures 3A and 3B are exenplified construction views of a purge type
vortex flowneter according to an enbodi nent of the present invention.

Fi gure 4 we oanatsher exenplified construction view of a pulPga/JPoype4dvort ex
fl ommeter according to anot her enbodi nent of the present invention. Figure
5 is another exenplified construction view of a purge type vortex

fl owret er accordi ng to anot her enbodi nent of the present invention. Figure
6 shows the pressure distribution of fluid around a vortex generator of a

purge type gpahtepgd 5N oF SREWINGES a view for explaining a
rel ati onship between owates of fluid to be neasured, flowates of purge

fluid and wavefQrassof o SN dekeskbAp13iFgaal soabtaupion vyYpRsVOLteX
fl owmmeter according to the present invention. Figure 8 is a view for

expl ai ni ng a 1Rl i onshi P et ¥eSme t&PVE8EEBA0AGT Lol E peibe arasured,
flowrates Of purgé Tluid and waveforns of sensor detection signals of a

purge type Vordexyrdl OMBLEY 280508 Gkt 8x8mpligh edl tond trWOr 30040663
PCT/ JP02/ 11343 EST MODE FOR CARRYI NG QUT THE | NVENTI ON Fi gures 3A and 3B

show exenmplary, GRASYd U&%@%oﬁéeza PUb@Re t &Y PEc¥OFEex gl lowarpeticamaady.i ng
the present invention. e purge type vortex flowreter according to this

enbodi ment  of Fl?@r;@é‘@ﬁrﬁn& MYE RO BxEAMNIIFSRS donetirextgencrakas afmaunt ed

in a passage of Tluid to be nmeasured in a flow pipe 1, conduits 4a and 4b

havi ng open, &l (e ¢BH4edxA81PWRASEECaPO6LEInGat@Rth embodiment of the
present invention.

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

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

Figure 6 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 f£luid 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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3b in the both side surfaces of the vortex generator 2 for conmunication
wth the passage of fluid to be neasured, a front conduit 4c having an
open end wproadssse port) 3c in the front surface of the womrues/gesser at or
2. The front conduit 4c comunicates 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 introduci ng neans supplies a constant flow of
purge gas froma purge gas supply source (a high-pressure gas supply

source capaildr MorskPROY BERRY ERESHBR! ThEowNoENTION gas such as air and
nitrogen gas) through a purge gas tube 5 (hereinafter referred to as a

tube), conduits;4aredbzangnd Nes M SRAPldry 4onistiradiiond vifdat pubge
nmeasured flowing in the flow pipe 1. The purge gas streamis forced into a

flowof Tl L&%ﬁ)é & Per SRABURflo thR QHBB VAR PHIRS Wite Pt Sideerniodb, The
alternativel'y varying its flowrate by the effect of fluctuating

differenti ?ur_lgﬁi Q.S_ff%’é esoPfe ¥ OF 1 SWRStELt £E8aLEYAbY tdepRiLi Bgbbaamehbeoyor t ex
generator Z. e alternative fluctuating flows of the purge gas in both

condui ts arg del,ecdatk BnvasPast id&ldp&qr@sﬂga v 04R 3he40AGT PGROHURE2A11343
el ements nounted in each of the conduits 4a and 4b. The purge gas flow

fromthe purgg ﬁageb}éesayrmi@rtwge hdes titde im bSFlewipdut,edohuits
t hree-way branches (conduits 4a, 4b and 4c) wherefromthree streans of

purge fluidid s 9phREGEH gt bpeNENhAS qeReehtiva pEesses uporderids) 33baand 3c

into the fluid to be neasured flowing in the flow pipe 1. The purge stream

fromthe fg9onin condubbrac shloughrfidiepat e ivoihexf gentratotacefot
communication with the passage of £luid 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 introducing means supplies a constant flow of purge
gas from a purge gas supply source (a high-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 conduit
4c into the fluid to be measured flowing in the flow pipe 1.
The purge gas stream is forced into a flow of £luid 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 £rom the vortex
generator 2. The alternative fluctuating flows of the purge

gas in both conduits are detected by respective sensing

12



the vortex generator 2 can vary in accordance with variation of the flow
rate of fluid to be nmeasured passing in the flow pipe 1, thereby realizing
aut omat i cwadplstsnent of the flow rate of purge gas in eaeoT@Poxhesconduits
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

adj usting the supply of purge gas fromthe purge supply source and a

pressure gae%%?el@? PrRvipash QY cARASHE flle SoMA@SEH £ @in@ 4BUN YRegBST§é OW i N
t he purge supp I ne. Detectlng el ements are requested to detect signals

of vortexes, g?gggegkém'Eﬁ@aﬂﬁgé@xsﬁgﬁmﬁaggﬁraeaﬁhfbugﬁU@heOﬂubélgnﬂés of

flowrate or v Ity of purge gas flowwng in the conduits 4a and 4b, i.e.

, as differgndigpetonats eﬁreal‘-%yf b@¥n ohdlse (Fondrliad tan, Tawi aad | ¥c)
heat - sen5|t|ve el enents such as for exanple heat wires or thermstors are

used and mouytedeifln @asde Yrddns FHWYrHAZ1and 4B. aTbenhegedsensougne

el enents 7a and 7b shown in Figs. 3A'and 3B to work in contact with purge

streans are.gisposede NOLYeeR-QahéLEs A4 OtY idid PeRitios the andidldoVee
03/ 040663 PCIT/JP02/ 11 3 6b di sposed in a downstream portion branching

froma purgf, SEHPRE ¥ ldPe @ intAel FEo% PHPL 1S FRePErdd s thiase from the
heat -sensitive elenments formrespective arns of a bridge circuit (not

shown) . The,PUr&én st e fad-dugin te gurgssupphneseuoae shewacenothe
tube 5 and divides into three streans which flow respectively in the

condui ts 4cyhda,GPRthdheddrd fer CORAY tairda iandcébrdahee plitgevgasasiorans
fl ow al ong the respective sensing el enents

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 £low
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



7a and 7b for detecting the fluctuations of the respective purge streans.
The paired throttling elenents 6a and 6b is disposed as slightly separated
fr om eachwotob®1o66d> convert the fluctuating flow into a | @ciraae2/fiBewy i n the
branchi ng portion of the conduit 4, thereby elimnating a noise conponent.
The wuse of the throttling elenents may be effective in nmany cases.
Detection signals fromthe heat-sensitive elenents 7a and 7b are
transferred through lead wires to an anplifier 9 whereby they are

a”p|ified-GEh%i%?@§éa‘%%Cgﬂéﬁﬁﬂéﬁrééﬁnﬁbﬁtﬁbﬂ breasadngoffromoias@urge
conponents by a filter circuit and then outputted as vortex detection

signal s. |gubhily Vb exihkewms eondelieansa piiqyebt. | Thes s el tas enistirtdgen  gas
fromthe external purge gas supply is discharged fromthe conduits

di sposed i @ikelhts f8rmstedpEesivd drives verd exigerecaroni? @mot ahown) .
alternating change of the purge fluid flow by the effect of Karman's

vortexes RhRIYGedeyr tbamvidd exogetReap@rgé Sulfilscsetire G3owg fh dle
vel ocity sensors such as therm stors. Since the sensors works not in

direct contagle Wi ihdtdwer{des ditd kareeasurednst Whsch ff nwetespesani e wsed
to measure a flow of dirty or high- 14 WO 03/040663 PCT/ JP02/ 11343

t enper at ur @ Ok hkOWohaIBREEaLY! €44 | andl,4B\hiTeh thenoohdndtsakbyandetmpade ed.
The conduits 4a, 4b and 4c may be provided with needle valves 13a, 13b and

13c respecigu@ley gaBY sshehiisng1ehf albhgseha atessedBave I3insiny ket he
valve 11, it is possible to do maintenance of the sensors 7a and 7b

Wi t hout st gppang 70 Fer fderwdtiddehsd uddunt jpimpeot. tHd gesdeshdws mnuieher

exenplified construction of a purge
streams. The paired throttling elements 6a and 6b 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 throttling 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
theyareamplified.Theamplifieddetectionsignalsarecleaned
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 vortex 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 f£low of dirty or high-
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type vortex flowreter according to another enbodi ment of the present

i nvention. This vortex flowreter differs fromthe flowneter shown in Figs.
3A and 3Bvby3amswehgenent of conduits and pressure ports. PAT/JIBIMIAB4I N Fi g.
4, this vortex floweter conprises a vortex generator 2 nmounted with its
front surface directed to upstreamside in a passage of fluid to be
neasured in a flow pipe 1, two conduits 4a and 4b havi ng open ends
(pressure ports) 3a and 3b di sposed adjacent to the both side surfaces of

the vortex gepelalQird bR 1He-£éRpePhperd ANdiaouinecHl yagnbendongalinom the
inside of the flow pipe 1 through both side walls thereof, a front conduit

4c having it QR&EEEE . (B PRSI PAUL,) 43F aaics pesadyobet peotpabteanmthi de
of the vortex generator 2 and communicating with the outside of the flow

pipe 1 and,dher£apduids veh andtaindThed regpeeandielly 4Bymibe tdngposed  at
its open end upstream and close to or separated fromthe front surface of

the vortex Qenes atdives 133, heveahadi IeninshbwnvaineFiy, 4 ihposkdble
conduits 4a, 4b and the front conduit 4c penetrate respectively into the

inside of the dd o hesndncéhepughet Benvelh theasaf 7anditheyvtaseogdpipgsed
at their open 15 WO 03/040663 PCT/JP02/11343 ends in the neighborhood of

right, leftyndefés@ninstnbamgsn £nespeapeval.y, of the vortex generator 2.
Anot her enbodi ment of the present invention may have the arrangenent of

the pressure pphhs 2ashdsaBflodbernbkefplls faedTednkitetctdmn odt aopuabe
arrangenments shown in Figs. 3A, 3B and 4. In other words, two variants of

arr angement ¢phe PFESISAE 6F DSt e Brfc@SEibg eto @ittt leaib ddimeprie sfutbeport s

3a, 3b are disposed
present invention. This vortex flowmeter differs from the
flowmeter shown in Figs. 3A and 3B by arrangement of conduits
and pressure ports. As shown in Fig. 4, this vortex flowmeter
comprises a vortex generator 2 mounted with its front surface
directed to upstream side in a passage of fluid to be measured
in a flow pipe 1, two conduits 4a and 4b having open ends
(pressure ports) 3a and 3b disposed adjacent to 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 disposed 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 4c may be disposed
at its open end upstream and closé 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
15



as shown in Figs. 3A and 3B and the pressure port 3c are disposed as shown
in Fig. 4 and the other is that the pressure ports 3a, 3b are disposed as
shown i n Wog@3/0406ehd t he pressure port 3c is disposed as Phmwm2a/Nn3B gs. 3A
and 3B. The fornmer arrangenent is shown by way of exanple in Fig. 5. The
explanation on this enbodinent is omtted because it is apparent fromthe
descriptions of Figs. 3A, 3B and 4. The purge type vortex flowreters

descri bed above as preferred enbodi nents of the present invention nay be

desi gned tp @ ligw ddlifb ighheriess Wedright ) ovetbranghetdet neastucag, f1ow
pi pe or may be of the insertion type adapted to use in a |arge dianeter

flow pi pi ngaIi vdiy "E@sUERS dopaeki gbnklkavorvel.ocity of the same fl uid.
In the |atter case, the flowof the fluid is determ ned fromthe neasured

partial flow vgh@eht¥. embBdkngat 34 tBB, pdessdtSinvbrteohsmapomava vhet ex
generator shaped as a triangular prism which nmay have any other form

al | owi ng t hgsidRamot &f uilte torassersaporesy3pr oBbicendaBannivisickoi seaes on
bot h sides thereof. The arrangenent of purge discharging ports in front of

the 16 O3 {66 3 oRBinHRGYN b243rr&neshentis fsrosemfint hegsorizex 3geaedat or
and on the both sides thereof provides automatic control of the flow of

purge fluidi. ta dhesRBEas , PONd valkt iah taced bdaatgenent dherfdsawref pbrusd to
be measured in the flow pipe. This is further described below Fig. 6 shows

t he pressurg-dpskeiibuli:0onefid thad HWoprdsaureqrdeks genedatare dispovedt ex
flowreter. Pressures of fluid round a vortex generator 2 in a flow pipe 1
wer e neasurfflsBBwn in Figs. 3A and 3B and the 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
the fluid is determined £from the measured partial flow velocity.
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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the follow ng conditions: The vortex flowreter had a restriction ratio d/D
of 0.28 (d is front surface width of the vortex generator 2 and Dis an

i nner di awetoan4mwh3 t he flow pipe 1) . In the condition tharCcTiRe/fIBGBW rat es
of the fluid of 22.4C in the flow pipe 1 were 400, 600 and 800 nB/h (at
flow velocity of 6.2, 9.3, 12.4 nls respectively), the exam nation of the
obt ai ned pressure distribution of fluid around the vortex generator
indicates the followings: In every case when absol ute pressures P neasured

on the upstygamsidadd F sufd ivideiix dsianceod rama tde dios tiexch gendeat or 2
was 101.0 kPa, 491.3 to 490.3 kPa and 863.0 to 857. 1 kPa, in conparison

with the prgssWAs peboviildddl st oa® id 8Bhtrsilder Ahd &fllows bitepBrgads Tubmt
side C of the vortex generator 2, which pressures correspond to pressures

at the presgjige eehbeﬁgor%@oanﬂn%cé@ﬁm&ewm itheFifgow 34, £3Bid4tand 5
the pressure of fluid on the front side C conpared with the pressures of

fluid on the hbaghx%udgn&ﬁé\@ltdt@ph?fat shoe B gurthles destexbgdrissbowon
increase as the fluid flowin the flow 17 WD 03/040663 PCT/JP02/ 11343

pi pe 1 increasgsg. ThHi Sh6R8 bBeeypbabiacd Bysthebituod oesistaacerogpdessure
| oss) to the vortex generator 2. If the constant purge flowis supplied

fromthe exisringl PaM&LaBUPPbY 80WbERext Ha ovmetieaas Pmfsdumed | af df Thdd
controls (reduces) the di scharge of the purge fluid fromthe front

pressure poFdums -a Aordtsk Ipsiddated 1 hisa Ehewppige il varthneaghrefieon
sensors into the pressure ports 3a and 3b. Consequently, the provision of
the pressurghe following conditions:
The vortex flowmeter had a restriction ratio 4/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 f£luid around the vortex generator indicates
the followings:
In every case when absolute pressures P measured on the
upstream side at a sufficient distance from the vortex
generator 2 was 101.0 kPa, 491.3 to 490.3 kPa and 863.0 to 857. 1
kPa, in comparison with the pressures of fluid 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 fluid on the front side C compared with the

pressures of f£luid on the right side A and the left side B of

the vortex generation increase as the fluid flow in the flow
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port 3c on the front surface of the vortex generator can achieve automatic
control of the purge flowto the respective sensors. This makes it

possi bl e WO odlbosmbh t he stabilized high-quality detectionPsrgred/s3sth no
need of additional adjustnment of purge by using additional control neans.
Fig. 7 shows the relationship between the flow of fluid R to be neasured,
the flow of purge fluid R and the waveform of sensor detection signals of
the purge type vortex flowneter according to the present invention. The

data was OYHDEh RYre ODEL ?tfgg%seaﬁ g4 ugntencw by wheronenadksadvendde of

t he condui as shown 1n 3A and 3B. Fig. 8 shows the relationship

bet ween t he %ge%ﬂe ibuid & the Rerfeagehestatbher f Tevtwd cousgantd pudg® and

t he wavef or sensor ‘detection signals of the purge type vortex

f1 owret er - AGEAAl ehdior 1418 LG L1 lox i Eln B GO $@OPDY s olifopr athe e,

the state o wneter of Fig. 7 when the valve 3c of the

condui t 4c :Llnscxz e Oc;d‘é thd e YRY of QSR t 81 £Cl+ucss Pnehs ehovnargeFi gs.
7 and 8 were obtained at a typically small flow of 15nB/h (2 nis, 33Hz)

and a typi ¢ ! hawy A8oMOn@3¢ 0663 RGTAERISE L B34 3ns ol ABAHLL
(24m's, 408 %Kgfﬁ%%%%ﬁying'purge fluid f}on1the pur ge iupply sour ce at

flowrates of B (BAPHUEL 216y Burbag tnd Brictid ahtoThaonprgestial d

used was air n“the case that the purge flow R was zero in

ing]; | 8, t h%&’@ﬂ%%%%d VS RN ! kel bitodika obe ofeg@hur ptevmaréor ced
ow through the sensor portion. As shown in Fig. 8, the waveforns
(detection ﬁéﬂ@%lcsén the front surface of the vortex generator can achieve
automatic control of the purge £low 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 fluid 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 3cC
of the conduit 4c 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



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 vort ewogefersat or becone difficult to detect as the prCIIPOVTRR
increases in the case that the flow of fluid to be neasured is small in
the flow pipe 1 and the alternating changes of the purge flow becone

i npossible to detect as the purge flow R decreases in the case that the
flow of fluid to be neasured is large in the flow pipe 1. Nanely, as

described hefsore/nt hgsfiyal i ugsak)deyesappiyshgnpheggeptuatier’ byonhehe
sensors depends upon the flow of purge gas flow ng along their working

surfaces. NayRly/ sy 8b88Eecdat | tidl tavws BEttieo f(rowppinee )i sO(heo. 4ar ger
an alternating differéntial pressure caused by the effect of a Karnman's

vortex straety i§)mie. | HIPutde PLIDE usé@wae abe censokBa)s Ieqtiheed.
On the contrary, the smaller a fluid flowin the flow pipe is (the smaller

an al ternating @iff ernbiudlgePEessure wassasrdyir F ef fiectthef valiar hda' s
vortex street is), the smaller the purge flowto the sensors is required.

19 WO 03/ 040663 ACHEDArld 343 fAuittheobbemnehanded asw@vetedmsoof low
detection signals of the purge type vortex flowneter according to the

present i ngRsigan € Usedsoapparenbhy indicate that alternating changes
of purge flow can be unifornmy detected at any of the purge flows R at

both fluid flowateewh (£n 1588 h.8,185haBwhyeforisi I qutonesidmasidnathar ge

of purge gas fromthe port 3c of the front conduit 4c realizes autonmatic

control of disehdd@eby the prior art device indicate the fact that
alternating changes of the purge £low 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 fluid 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 fluid 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

reguired.
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of purge gas fromthe ports 3a and 3b of the conduits 4a and 4b. Nanely,
even if the fluid flowin the flow pipe 1 varies over the w de range, the
pur ge typ&OfoBovese: er according to the present invention eam/Jaexusss ely
measure the nunber of Karman' s vortexes produced per unit tinme by the
vortex generator in the flow pipe as far as the a purge fluid is supplied
at a constant flowrate fromthe purge supply source. The advant ages of
the present invention are as follows. The purge type vortex flowneter

according to the (S’S@Pﬁer'l@éfﬁﬁt'ﬂ@ecﬁé‘v@f&\@ﬂ@ obt @ testabhl s¥@dals of
hi gh-quality detectlon signals of sensors over the wi de range of fluid

flowin thegy rBépﬁ‘:y@é Vi &1 646x O 1 SHRRINEN G s ST @Ntopwhge prevedt om
an external purge Supply source mnth no need of additional control of the
purge flow, qu;L} RCQEf, el ¥y megspd @p%mmimrcat@‘ vaktexebt groatuied per
unit tinme by the vortex generator and, therefore, accurately determ ne the

flowate of.fdiydk idE m%:ger@lmwpbaﬁ b@ Q3 §34 D Qb2 PG HRO 2y 1343t h€LAI VB
1. A purge type vortex flowreter conprising: a vortex generator nounted in

a passage CHuffg%] ifth Jufs like ARagyERde1 Gl @W Nevi At és TR qw pEPE/h | B Sideh) .
condui ts each ‘having one end opened to side surfaces of the vortex

gener at or ﬁﬁﬁﬂ@ﬁ% FYRLY t 1R §0EBHALGat 66 puthe Hhe fhomdtbé pbetfBowopi pe;
a front conduit "having one end opened to a front surface of the vortex
generator, @ghd UGS Wd kdaha Fdsowupiopeit iandontrol 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 flowmeter according to the
presentinventioncanaccuratelymeasurethenumbarofKarman'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 fluid 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 f£luid in the

main pipe.
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a purge injecting means for supplying a constant flow of purge fluid from
a purge supply source into the other end of conduits and di schargi ng purge
streans twWp®agmeshe conduits into a streamof the fluid PCoWwPmiIBzs t he

fl ow pi pe, wherein each vortex generated by the vortex generator is
detected as a signal of fluctuation of a flowrate or flow velocity of the
purge fluid flowng in the side conduits in response to a fluctuating
pressure of the vortex produced in the fluid flowing in the flow pipe. 2.
A purge type vortex flowreter conprisicpgrmMg vortex generator nounted in a
passage of fluid to be neasured flowing in a flow pipe; tw side conduits
each having one end di sposed in neighborhood of side surfaces of the
vortex generator respectively and comrmunicated with the outside of the

flow pipe; a fyony gpgUi & E@Vbaﬁt@&eﬂwwmpmsﬂ@m of the vortex
21 WO 03/040663 PCT/ JP 2/1¥ 43 generator and comuni cated with the outside

of the flow RLRRex §88cPalHEdfoult&LtiinNg prRaEgd OF SURPA W Yeancanstadt
flow of purge fluid froma purge supply source into the other end of

conduits qﬁgﬁﬁﬁgﬁ@ﬁgénglgyrﬁgpégreans through the conduits into a stream
of the fluid flowing in the flow pi pe, wherein each vortex generated by

the vortex gahelididondivdaicehed Asvangl gnélendfoddnsat ttat sadeofuntates rate
or flow velocity of the purge fluid flowing in the side conduits in

response t Q@ fldiGidiotdRNdge RS LSEHF erofpsBEiVOLY eXapd odomednioathd withd
e

flowng in th
the fluid of 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 f£low 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 the fluid flowing in the
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;
two side conduits each having one end disposed in neighborhood
of side surfaces of the vortex generator respectively and
communicated with the outside of the flow pipe;

a front conduit having one end disposed upstream of the vortex
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flow pipe. 3. A purge type vortex flowreter conprising: a vortex generator
nmounted in a passage of fluid to be neasured in a flow pipe; two side
condui t s waob/olmes ng one end opened to side surfaces of PheIvartiess
generator respectively, and comrunicated with the fluid of the flow pipe;
a front conduit having one end di sposed upstream of the vortex generator
and communi cated with the outside of the flow pipe; and a purge injecting
means for supplying a constant flow of purge fluid froma purge supply

sour ce i nt ogtAErot BT afdtAMmERIEkid@ wiand thiesetids gtiBgoputige fidwedtipe ;
t hr ough the conduits into a streamof the fluid flowing in the flow pipe,

wherein eachpgvortex generated by the vortex generator is detected as a
signal of fluctuation of a flowrate or flow velocity of the purge 22 WO

03/ 040663 PLHWIRARARLEMT irld Hlednk! Svt nghppll¥ireg & denseadti £5owrof espgese t o
a fluctuating pressure of the vortex produced in the fluid flowng in the

flow pipe. #A1ufdREGE al YREgE WUEKL ¥ lsouFRiecintonlid ithgr anda exngeridsat or
nounted in a passage of fluid to be neasured flowing in a flow pipe; two

si de condui §ggqeaskchavigiaoonaueisl gtspansd thironehg ey homddudts sidéo a
surfaces of the vortex generator respectively and comunicated with the

outside of &heehhowepithe; fadild@E1®ntiin hevé nglonepepd, ophred ino eadr ont
surface of
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 the fluid flowing in the
flow pipe.
3. A purge type vortex flowmeter comprising:
a vortex generator mounted in a passage of fluid to be measured
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 having one end disposed upstream of the vortex
generator and communicated with the outside of 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
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the vortex generator and communicated with the fl ow pipe; and a purge

I njecting nmeans for supplying a constant flow of purge fluid froma purge
supply sowp®d/oimwsd t he other end of conduits and di schar @CagrPmiriges streans
through the conduits into a streamof the fluid flowng in the flow pipe,
wherein each vortex generated by the vortex generator is detected as a
signal of fluctuation of the flowrate or flow velocity of the purge

fluid flowing in the side conduits in response to a fluctuating pressure

of the vortey,pjediracd Ant e ididedcbhawi 88 1M rbRonkleovo Ri pBucZdating
pressure of the vortex produced in the fluid flowing in the
flow pipe.

4. A purge type vortex flowmeter comprising:

a vortex generator mounted in a passage of £luid to be measured
flowing in a flow pipe;
two side conduits each having one end disposed in neighborhood
of side surfaces of the vortex generator respectively and
communicated with the outside of 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
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 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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