6 March 2006 DESCRI PTI ON ARCUATE- TUBE- TYPE CORI OLI S FLOW METER AND METHOD
FOR DETERM NI NG SHAPE OF THE SAME TECHNI CAL FI ELD The present i nwelargi 2006
relates to an arcuate-tube-type Coriolis flow nmeter using two parall el
arcuate flow tubes and to a nethod for determ ning the shape of the sane.
BACKGROUND ART Conventionally, there has been known a mass flow neter
(Coriolis flow neter) which enploys the principle that, when a flow tube
t hrough which a fluid to be'neasuﬂ§§QRI§&§QNm which is supported at its
opposite ends is vibrated about the support points in directions
perpendicular to the direction of flowwthin the flow tube, a Coriolis
force acting on the flowtube is proportional to the mass flow rate
( her ei naf t er ARGURTE €FUBE f THRE t CORIOE &F e F§0WoMETER0oWNDU HE THODWHIORN
vibrations are to be inparted). Further, according to the known art, when
two flow tubes arranged DETERMINING SHAPE FORHE |SAME i ven at nmutual ly
opposite phases, and a fluid to be neasured is caused to flow through the
two flow tubes at the sanme rate, the natural frequency of the two flow tubes
is constant at all tinmes, regardless of the type of fluid or tenperature
vari at i ONECHNEBAS, FIE&DCoriolis flow nmeter can be operated effectively and 1
6 March 2006 consistently while being free frominfluence of external
Vi br ati ons an@hanipresterttenipereatturen 1Seldt @s comvamt apmabt &otube + sypeow net er
usi ng two

Coriolis flow meter using two parallel arcuate flow tubes and

to a method for determining the shape of the same.

BACKGROUND ART

Convehtionally, there has been known a mass flow meter
(Coriolis flow meter) which employs the principle that, when
a flow tube through which a fluid to be measured flows and
which is supported at its opposite ends is vibrated about the
support points in directions perpendicular to the direction
of flow within the flow tube, a Coriolis force acting on the
flow tube is proportional to the mass flow rate (hereinafter,
the term "flow tube" refers to a flow tube to which
vibrations are to be imparted).

Further, according to the known art, when two flow
tubes arranged in parallel are resonantly driven at mutually
opposite phases, and a fluid to be measured is caused to flow
through the two fliow tubes at the same rate, the natural
frequency of the two flow tubes is constant at all times,
regardless of the type of fluid or temperature variations;

thus, the Coriolis flow meter can be operated effectively and



parallel flow tubes enploys a driver conposed of a coil and a nmagnet and

di sposed at central portions of the flow tubes. The driver resofaMatgh 2006
drives the two flow tubes at nutually opposite phases. A pair of vibration
sensors each conposed of a coil and a magnet are disposed at longitudinally
symmetrical positions with respect to the installation position of the
driver so as to sense a phase difference proportional to a Coriolis force.
A fluid tonbgspeatliyedhddiebsine fCed drcn fimilweies of remtamaxt ernal pi pe
‘connected to the flow nmeter via an inlet flange and branches equally into
the two {lipwattibas. andhambwenft awnpefratutel nerge at the outlet side of the
two flow tubes, and the resultant nerged fluid flows out to an external

pi pe connect egulch theohvew tIRirell \Gar il it Bdw héB@Peusing two
Two-paral l el -fl owtube-type Coriolis flow neters are classified as being of

the curvpdrhubelt ¥pewoituble eipdiod a tatis/dy ompbo sl VEL- 4ubgilyggaCariolis
flow neter enploying two parallel curved flow tubes utilizes and neasures

vi brati opggnet hhawatspeslead aROdendis 10)gandidits | it eFiaé | ¥16% otuBebody of
the flow nmeter. Therefore, a space for the laterally extending |eg portions

i s requi rgpd, ariver’ #esoR@na 1R AHiMBOftnd NGIE RS St S s Anbthat@hliube- type
Coriolis flow neter enploys two 2 6 March 2006 straight flow tubes extending

in the dpoppekiee phadesextgrpalir BEPGibYEeAohNehlscsdMad] @bnphnsa _
supported at their opposite ends are vibrated at their central portions in
a direcbon pehneafidCyl aaghet kel @«tpsdd @t Splgre@ihally
symmetrical positions with respect to the installation
) position of the driver so as to sense a phase difference
proporticnal to a Coriolis force.
A fluid to be measured enters the Coriolis flow meter
from an external pipe connected to the flow meter via an
inlet flange and branches egually into the two flow tubes.
The two flows of fluid merge at the outlet side of the two
flow tubes, and the resultant merged fluid flows out to an
external pipe connected to the flow meter via an outlet
flange. Two-parallel-flow-tube-type Coriolis flow meters are
) classified as being of the curved-tube type or the straight-
tube type.
A curved-tube-type Corielis flow meter employing two
parallel curved flow tubes utilizes and measures vibrations
of flow tube leg portions extending laterally from a body of
the flow meter. Therefore, a space for the laterally
extending leg portions is required, thus raising a problem of

increased size.

A straight-tube-type Coriolis flow meter employs two



di fference between the supported portions of the straight flow tubes and
the central portions of the straight flow tubes is sensed in thg My¥eHR0®6
phase difference signal which is used to determ ne the mass flow rate.
Thus, the straight-tube-type Coriolis flow neter has a sinple, conpact,
strong configuration. However, the straight-tube-type Coriolis flow neter
requires fixed support for the flaw tubes at their opposife ends and.is
thus af TSEERUTRY TAPParrBRe PYHORIah o dhe SRATTEoR| oF ERomeERangS | n
the tenperature of a fluid to be _peasured, the tenperature of the flow
tubes i EBfat SYeR cHARRETALIBFE of AQKy tURRSr SXPPRIIES iAndMPik ruct ure such
as a housing for securing the flow tubes exhibits delay in tenperature
change. 2BPSSiE&uPPIS,agef VePERded Rte| Gifghl i AP TER SRREBERRR e tRe f1 ow
tubes and the stationary structure, thereby inducing |ongitudinal stress.
The strediTeqltiien REeTrPRAAGEVIARYsHO fdredon e, E#ﬁcé%$?ﬂ@%@me$Eads to a
change in the natural frequency of the flow tubes. In order to avoid the
probl em difEesepgegheivgsa- thee sepriadited Mo iperofnthe PRGN ELress
absorption nmeans such as di aphragns or bell ows. The probl em of | ongitudinal
el ongat i BhoVnubes prEmthéngsgdrad maridrqnsured dawe betxalelt fhewugh

i npartnent of an arcuate shape to the flow tube. U S. Pat. No. 5,796,011 3
6 March PebesdiscFg8&§%afnatbgatfo of tamhase Qiffexercechbantlic view for
expl ai ning the operation of a conventional Coriolis flow neter having an
ar cuat e ¥héGht iBeusad iecdetermisg ke vass Hiaparate st (MY arddq hus

exhi bits excellent vibration resistance. However, a conventional arcuate
fl ow t ubgt¥rgight-tube-type Coriolis flow meter has a simple, compact,

j strong configuration.

However, the straight-tube-type Coriolis flow meter
requires fixed support for the flow tubes at their opposite
ends and is thus affected by variations in temperature.
Specifically, upon change in the temperature of a fluid to be
measured, the temperature of the flow tubes immediately
changes accordingly, whereas a stationary structure such as a
housing for securing the flow tubes exhibits delay in
temperature change. As a result, a difference in elongation
arises between the flow tubes and the stationary structure,
thereby inducing longitudinal stress. The stress causes a
change in spring constant, which in turn leads to a change in
the natural frequency of the flow tubes. In order to avoid
the problem, the straight-tube-type Coriolis flow meter must
employ stress absorption means such as diaphragms or bellows.

The problem of longitudinal elongation induced from
change in temperature can be solved through impartment of an

arcuate shape to the flow tube. U.S. Pat. No. 5,796,011



connected to a manifold in the direction aligned with the axis of an
external pipe. Therefore, as shown in the upper viewof FIG 7, 6 Mddh 2006
process of manufacture, the flow tube nust be bent at |east three tines;
specifically, at a central portion represented by the letter R and at two
opposite end portions represented by the letter r. Such bending work is
particul arly disadvanta%eous in manufacture of a Coriolis flow nmeter having

two flowlibéesesi ABe 3FABALRo ILPYWIIEGes Fifst TbdSs@mPshemediia ¥i&ith ot her.
The |l ower view of FIG 7 shows two states of a vertically vibrating flow
tube. AsEOXhBWRLIPAPERE BRePPeréhiosdyf Fod@myemtdonaghicdrieli® 55V nodes
of vibration, may nove vertically during vibration, resulting in a failure
to carrymBEETaBAVAROe 2R ATGRAENE LOVhE RSOy e Ao RECYAEE U1lgW fdaxbe NRED
5,796,011 also discloses an arcuate flow tube as shown in FIG 8. However,
such a sfiprersecgiress| andt fbast grhd bid seepwislilany iHdarat k@hnection to an
inlet pipe or an outlet pipe, thereby failing to provide snmoth connection.
DI SCLOSURES DR t#REE| NVEPARR R | na veenventinpaflopsgopitg, fillew gudeedts i nvention
is to provide a sinple, arcuate flow tube of a single bend while 4 6 March
2006 estapbnneptrd $or ai panifeddedni Ghet dirdailiom pildgnad wthntbeut | et pi pe
for smooth connection. In order to achieve this end, desirably, as shown in
FIG 6, eMésapfuaneetitennedb@ipeensThexedpre.cant showar drattdesaprar and two
linear segments |ocated on opposite sides of the central arcuate segment,
and an Vapw®t ofi FdCGand .adnotblee Prpicgs sasfumarafaaiduter nilvedt 1e¥ ebvabeon
angle so as to be connected to the flow tube in an

must be bent at least three times; specifically, at a central

portion represented by the letter R and at two opposite end

portions represented by the letter r. Such bending work is

particularly Qisadvantageous in manufacture of a Coriolis

flow meter having two flow tubes, since the two flow tubes

must be symmetrical to each other. The lower view of FIG. 7

shows two states of a vertically wvibrating flow tube. As

shown in the lower view, even node plates, which serve as

nodes of vibration, may move vertically during wvibration,

resulting in a failure to carry out accurate measurement.

The above-mentioned U.$. Pat. No. 5,796,011 also
discloses an arcuate flow tube as shown in FIG. 8. However,
such a simple arcuate flow tube fails to establish linear

connection to an inlet pipe or an ocutlet pipe, thereby

failing to provide smooth connection.

DISCLOSURE OF THE INVENTION
In view of the foregoing, the present invention is to

provide a simple, arcuate flow tube of a single bend while



aligned condition. In this case, the shape of the flow tube nust be

desi gned not only so as to be conpact, but also in considerations Qdaddleragds
i nfluence. In view of the foregoing, an object of the present invention is
to determine, for a Coriolis flow neter having two parallel, arcuate flow
tubes each consisting of an arcuate segnent and two |inear segnents, the
shape of t flow tub to _suppr.ess, to a predetermned | ow val ue,

e I SQ

atroes et Einy LaBonsh B At SBR e iR (st TS PLEE F1i Ot Bibe
nmeasured and so as t% be nost conpact, .thereb achi eving excel l ent, stress
di sper si OALARE BRBFafPEn SMPLDs CORNECTHAD -y d8e AT AT dift i IR TS an
arcuate-tube-type Coriolis flow neter _and a nethod for determ ning the shape
of the $RCuatl®BSLEBRIFYpESCSIOUM 0% FdW net-erthg rRr¢vadhe neleY T¥B%pri sing
two parallel flow tubes; an inlet manifold for receiving a fluid to be
nmeasur ed°PReHFAST Phii 8@ CRNET 3dn AT Mt HasPaHe N4 B¢ ol bReAEaSe9BE Rt o t he
two flow tubes; an outlet manifold for nerging fluids flowing fromthe
cor r espok@FA§eEnenf PBROEHSEs Sd¢ s AfeddinFaHe vergeenat @i seomenvar 8Ad2006
froma fluid outlet; a driver for resonantly driving the two flow tubes at
mut ual | y2BppBiptePpREsE8A ARd oAtI&T RdPe ARG oh REedeE8THIRPBsed at
| ongitudinally symetrical positions with respect to the installation
posi ti onebeVRREORJANGdL SRd AFdEM & OTRGEe S hatke of 1per ERke PRoBBrti ona
to a Coriolis force.. Each of _the two flow tubes assunes an arcuate shape
conpri si AYlEPeEncPRA1ZAORat eIBeGheft CARE  t kbe IhFRS dedrhtBl BRI on
opposite sides of the central

must be designed not only so as to be compact, but also in

i consideration of thermal influence.
In view of the foregeing, an object of the present

invention is to determine, for a Coriolis flow meter having

two parallel, arcuate flow tubes each consisting of an

arcuate segment and two linear segments, the shape of the

flow tube so as to suppress, 10 a predetermined low value,

stress arising upon abrupt change in the temperature of a

fluid to be measured and so as to be most compact, thereby

achieving excellent stress dispersion and vibration

resistance.

The present invention provides an arcuate-tube-type

Coriolis flow meter and a method for determining the shape of

the arcuate-tube-type Coriolis flow metexr, the flow meter

comprising two parallel flow tubes; an inlet manifold for

receiving a fluid to be measured from a f£luid inlet and

branching the fluid to be measured into the two flow tubes;

an outlet manifold for mexrging fluids flowing from the

corresponding two flow tubes and releasing the merged fluid



arcuate segnent. The inside diameter of the flow tubes and the |inear

di stance between end points of each of the flow tubes are deter§ Madchn 2006
basis of a target pressure |loss arising frompassage of the fluid through
the manifold and the flow tube at the maxinumflow rate, a target tine
phase difference between sine wave outputs fromthe paired vibration
sensors at the maxinmumflow rate, and a target natural frequency of the

f1 ow t ubE8°MTRe flEH Rudlathe @ |IGrigr dQarRsonancly X EWing BRet bWPeduce
thermal stress _induced froman abrupt change in the tenperature of the
fluid t&1pY fukes & miyaldy siepnside Musqowanbes PaiHe?Erni ned such
that, even when the length of the linear segnents is varied, the vertical
hei ght - oVibPH&tiopw semses sr dignesadbit deongidifiinakle swmetrbealhe |inear
segnents is varied within a range in which thernmal stress is substantially
const ant POFhA& ignssaritth meemecdn t@ ddeprinatids atiienr eesetiobecftyhe Coriolis
flow neter and a nethod for determning the shape of the arcuate-tube-type
Cori ol i sdrigermangr adgipdresl to Sensand dhalankiffexgnecaqepioportibngland t he
| i near distance 6 6 March 2006 between end points of each of the flow tubes
are det ekmi pe€orgw tilse fivgsies oFEaght afgdheptwosdlow dsdes iasisvunds 3R passage
of the fluid through the manifold and the flow tube at the rmaxi mrumfl ow
rate, a axcygetet ishapshsompdiifstigre e ecandtniee er@iate veaenent pawd twom t he
paired vibration sensors at the maxinumflow rate, and a target natural

f requency}ioearhseidmant st dnsatethers o site elddvwf udes ¢entisadr m ned such
that the dinensional ratio (h/L) of the vertical height (h) of the flow

t ubes t oarkaatiensaomtingt-anfee( Lnshdewddameiterend pdientfslow tubes and

j the linear distance between end points of each of the flow
tubes are determined on the basis of a target pressure loss
arising from passage of the flhid through the manifold and
the flow tube at the maximum flow rate, a target time phase
difference between sine wave outputs from the paired
vibration sensors at the maximum flow rate, and a target
natural freguency of the flow tubes. The length of the
linear segments is selected so as to reduce thermal stress
induced from an abrupt change in the temperature of the fluid
to be measured, and the shape of the flow tubes is determined
such that, even when the length of the linear segments is
varied, the vertical height of the flow tubes remains low, so
long as the length of the linear segments is varied within a
range in which thermal stress is substantially constant.

The present invention also provides an arcuate-tube-
type Coriolis flow meter and a method for.determining the

shape of the arcuate-tube-type Coriovlis flow meter, wherein

the inside diameter of the flow tubes and the linear distance



of each of the flowtubes is 1/4 to 1/3. BRI EF DESCRI PTI ON OF DRAW NGS FI G
lis aviewillustrating a Coriolis flow neter to which the presmarch 2006
invention is applied, assunmng that an inlet pipe and an outlet pipe are
connected horizontally to the flow neter, wherein the left-hand viewis a
partially sectional front view, and the right-hand viewis a cross-
sectional side view (right-hand side view) taken at a central portion of
t he fl owbgdteen mEng HP4Q¢%1Qﬁeﬂ@%@dﬂﬁn@hﬁaféﬁﬁt§ﬂbe§faﬁﬁ feteamdnedow t ube.
FIG 3 is aviewshowng a fixed arc. FIG 4 is a view show ng a nonment
i nduced By vdvet Radis tdleradl aeseh et ©9suFe GLoss| arasgnap i roONo Biarks ae®xi mum
stress Amax and tube height h while length Lz of a |inear segnent is
vari ed. ©F| Ghes filpid vihweugh Hxpleamihgldnandctheeffibywtublee at ahivar ch 2006
conprising a central arcuate segnent and two |inear segnments |ocated on
opposi t em@ixdgainoff kdve water @ bareet et segnephaseFAGIférenca betowstual vi ew
for explaining the operation of a Coriolis flow neter having a conventi onal
arcuat e Bliow twehee FIPuBs iBremvilkeay pairedplrabnahjoa censemtsi aalthar cuat e
flow tube. FIG 9 is a view showi ng an Exanple of the present invention on
t he ri ghmakxamohns i ftheovanch e Compdir at taeg&Ek anpterabhirkghahkcy odt dihae fillvey scope
of the invention, on the left- hands side.

tubes. The shape of the flow tubes is determined such that

the dimensional ratio (h/L)} of the vertical height (h) of the
flow tubes to the linear distance (L) between the end points

) of each of the flow tubes is 1/4 to 1/3.

BRIEF DESCRIPTION OF DRAWINGS

FIG. 1 is a view illustrating a Coriolis flow meter to
which the present invention is applied, assuming that an
inlet pipe and an outlet pipe are connected horizontally to
the flow meter, wherein the left-hand view is a partially
sectional front view, and the right-hand view is a cross-
sectional side view (right-hand side view) taken at a central
portion of the flow meter.

FIG. 2 is a view showing parameters of an arcuate flow
tube.

FIG. 3 is a view showing a fisxed arc.

FIG. 4 is a view showing a moment induced by vertical
thermal exXpansion.

FIG. 5 is a graph showing maximum stress Opsy and tube
height h while length L; of a linear segmenit is varied.

FIG. 6 is a view for explaining an arcuate flow tube



FIG 10 is a graph showing a "change in density accuracy after abrupt
change in tenperature” with respect to the Exanple and the Conparative
Example. FIG 11 is a graph showing a .change in instrunental ererdfarszsh 2006
measured for different dinmensional ratios after abrupt change in
tenperature. FIG 12 is a graph showing a change in displayed density as
nmeasured for different dinensional ratios after abrupt change in

t t E Y. - -t

S TRl AT TR RLRIE RE L
t i ' 1]l descy | Ll Tustrat

2 Gor 1 of 1 SEATRY B Hpres i Bilen ¥ e r Ao Barbant o) “reans

of a partiall ¥3ect %r]salaf qué(?&é%igﬁ;df%égggg)ﬁ&%ﬁfﬁ&-{ﬁgd view) and a

cross-sectional side View (110 Vi € en“ata central portion

thereof, gn_the  as tion that an.inlet pi.pe and an_outl et. pi are

or | zont SRy SaRe e dt T T et oAy e S ot T PhET 81 F) ow

nmet er can_be ﬁ&ted Hprizontally or vertically. Wen the Coriolis flow
Cmbdrite

neter i s2t&UB St zontal ly, the central convex portions of the
fl ow tubes ma oject either ward as. shown in FIG 1 or.downward.

However , mhen¥3%%a§i%§tQJYﬂf ékw%%?f%+ﬁﬁ%%n?r%?n%%ﬂgﬁQnﬁﬁr?FSHQQSf t he
flom/tubgi @r%f rably project upward as illustrated, in order to prevent
stagnat i dn°8f °§uid in the central convex portions. By contrast, when a

auid 1o 0 JadmH UL D6 SEOVEN POt honR, PLoLEr BRLY Laggydovnvard. i
invention on the right-hand side and a Comparative Example

| which falls outside the scope of the invention, on the left-
hands side.

FIG. 10 is a graprh showing a "change in density
accuracy after abrupt change in temperature” with respect to
the Example and the Comparative Example.

FIG. 11 is a graph_showing a change in instrumental
error as measured for different dimensional ratios aftexr
abrupt change in temperature.

FIG. 12 is a graph showing a change in displayed

density as measured for different dimensional ratios after

abrupt change in temperature.

BEST MODE FOR CARRYING OUT THE INVENTION

An arcuate-tube-type Coriolis flow meter using two
parallel arcuate flow tubes according to the present
invention will be described by way of example. FIG. 1
illustrates a Coriolis flow meter to which the present

invention is applied, by means of a partially sectional front



stagnation of bubbles in the central convex portions. Flow tubes 1 and 2 of
the illustrated Coriolis flow neter assune the sane arcuately ceérwagchhapes
Qpposite end portions of each of the flow tubes 1 and 2 are joined to an
inlet manifold and to an outlet manifold 25 by neans of, for exanple,

wel ding. The follow ng description assunes that a fluid to be neasured
enters the flow neter fromthe left in FIG | and | eaves the flow neter to
the rightie¥hélefli-dand WewkANR & SFPetsserbionad sider ViegmiaAIdkrer nal
pi pe connected to the flow neter via a flange 18 and is equally branched
into thePeRf FROR Missy takfP Aty RemErat PAEtien| Bhergafs oP. theui ds
flowng out fromthe flow tubes 1 and 2 nerge together in the outlet
nanifoldaQSPmPﬁéoﬁeF@@ﬁ1ﬁﬂn%ﬁlﬁﬂcﬂ%P%u@n@oa%no@RgéFnEFPﬁiB§econnected to
the flow neter via 9 6 March 2006 a flange 19. Since the illustrated

Cori ol i shprégroréaddy sopmecintheie ithe Slewcreteri n The nslbistretedf| ow hal f
and the outflow half, only the outflow half of the flow neter wll be
descri beforipd igadilion ey camder Mgurpeld dpepbrenyatiyvey vephdcaldy .a
predetermned angle fromits outlet (its connection portion to which the
fl ange 18hes Ebenéerddlignd lovededieer chnnket Pormpantedt borhgontawliyubes 1
and 2 are connected. In this manner, directing the tube connection ports
of the nkhef sedtamlaronigie RFrdiavatobntioe fhewitohest NBEsPAPIOES
connection of the manifold and each of the flow tubes in a snmooth arcuate
shape oneifk&efhaPwasd |88 SRIWHILN tTHEG{ | bwet udesnvard} | diReYer askhed a

sinple shape of a single bend. The mani fold establishes connection between
t he a gas is to be measuxed, the central convex portions of the

} flow tubes preferably project upward as illustrated, in order
to prevent stagnation of ligquid in the central convex
portions. By contrast, when a liqguid is to be measured, the
convex portions preferably face downward, in order to prevent
stagnation of bubbles in the central convex portions.

Flow tubes 1 and 2 of the jillustrated Coriolis flow
meter assume the same arcuately curved shape. Opposite end
bortions of each of the flow tubes 1 and 2 are joined to an
inlet manifold and to an outlet manifold 25 by means of, for
example, welding. The following description assumes that a
fluid to be measured enters the flow meter from the left in
FIG. 1 and leaves the flow meter to the right. The fluid to
be measures enters the flow meter from an external pipe.
connected to the flow meter via a flange 18 and is equally
branched into the two flow tubes 1 and 2 by means of the
inlet manifold. Fluids flowing out from the flow tubes 1 and
2 merge together in the outlet manifold 25. The merged fluid

flows out to an external pipe connected to the flow meter via



single outlet and two flow paths; i.e., the two flowtubes 1 and 2. Wile
the flow tubes 1 and 2, which play an inportant role in neasuriregMarch 2006
vi brations, are each allowed to assune a sinple shape of a single bend, the
mani fold copes with a conplicated flow path change for directing the flow
paths of the two flow tubes toward an external pipe. The flow tubes 1 and
2 can be fliggl%ny ned to the manifold by neans of, for exanple, welding;
i.e., |ncIu3|o of "d flexible portionis not reqU|red The arcuate shape of

the fl ow tube bsor%k? Iffh@@raée%eéﬁr?ﬁ 1§|£ﬁ§§t§%§?5tﬁ§ plng_related

stress. Node p are provide pp05|te ends of
the fl ow tube l and so .as to, serve as 10 20 i i n nodes
when t he ngﬁ :é%ﬂﬂf??%ﬁe&?ﬂ %%msaﬂé EBe éEEESW 88&¥e Bﬁtain the

%Zﬂt?ﬁﬁs a”def?a%”-.srﬁ S yowEalew ohalh ook Fi?@tgétfs%?%iﬂia >

first Icru of _ vipration n end of the flom/tube 1 or 2that, is
connecte @‘jttppgv d‘ffc’gt%e hitdt SRR YR rd t%r‘f%tei%p‘e‘f‘r%ﬁ‘a of the

out | et nanlfold 25 servef as a. second fulcruntof vi brati A driver 15 is

provi ded Bwaﬁghfﬁéﬁmﬁﬁq ?ﬁﬁ?%ﬁn? a??%ﬁ/ LYoMedts gHEL Qtsgéhsthat while a

drive coil is attached to the f via a_fixture, a dri net is
attachedCPBn%ﬂﬁiqq(RﬁﬁﬁﬁﬁPZ @f%b%? %la?ﬁﬁ uPi ve EBPPEP§Ed§I§g%9|caIIy
connected to . an extern devi ce of the Cb%i ﬁ flow &fr_V|a a f!exible
printed BEAFRE SaMISF QQrRP T2 19 ke pbt PY 0h1BES #h@n i AgSt er mi nal

ortion 34 _is
P connected. In this manner, directing the tube connection

) ports of the manifold at an angle of elevation of the flow
tubes allows connection of the manifold and each of the flow
tubes in a smooth arcuate shape on the whole while each of
the flow tubes is allowed to assume a simple shape of a
single bend. The manifold establishes connection between the
single cutlet and two flow paths; i.e., the two flow tubes 1

and 2.

While the flow tubes 1 and 2, which play an important

role in measuring vibrations, are each allowed to assume a

simple shape of a single bend, the manifold copes with a

complicated flow path change for directing the flow paths of

the two flow tubes toward an external pipe. The flow tubes 1

and 2 can be fixedly joined to the manifold by means of, for

example, welding; i.e., inclusion of a flexible portion is
not regquired. The arcuate shape of the flow tubes absorbs
thermal stress and is resistant to piping-related stress.

Node plates 28 are provided in the vicinity of the

opposite ends of the flow tubes 1 and 2 s¢ as to serve as

10



supported by a base nmenber 30 having a sem circular, cross- sectional shape
and extends through the base nenber 30. A cover 31 is integrallys i~ 4606
t he base nmenber 30 in such a nanner as to define a hernetically seal ed
space in cooperation with flanges 26 of manifold sections. A pair of
vi bration sensors 16 and 17 are provided on longitudinally opposite sides
-.of the driyver 15 such_that, while sensoyr gnet is attached to the fl ow
Cube 1 viva B atEan, fiedes SBIRbrthe of 11 sLapeschethfol AES ALHVERLEPS o a
fixture. In operation, the driver 15 resonantly drives _the two parallel
1 ow tUb@S o RFHERLY U 0 AR r e phlOY ohibSt LnaPlaPl $hoppBered Fitases.
The paired vjbration _sensors 16 11 6 March 2006 and 17 are €rovided on
| ongi t udiSERINE ISP hos Pt @odnFeSPotNend Loyt ite 15 anf aptedthe £tP€e a phase
difference proportional to a Coriolis force. The driver 15 and the paired
vi br at i orfW&¥hdoy St dRY Feans of SR TR Rhatentdr SEVESHBEWEeA 1TRE axes
of the flowtubes 1 and 2. In other words, as shown in FIG 1, when the
f1 ow met &Ny St AN Ahat3RheaR | R t obetPechiey §HPEhé REar &h@d
conpletely hides the other flow tube |ocated on the far side, each of the
driver 15SafPRIREIRd (i Yhormpon uthsof sthe dpgetimandhirdd aretli §P6sed in
the interspace between the two flow tubes, is disposed in such a manner
that t he Eferehthdfedibe @ tkrhimapbioid| 2heSebrifechPng FREOBENt er axes of
the two flow tubes. Thus, a drive, force can be applied to the flow tubes
al ong t hé WG HneBtRTRE IR center axes of the two flow tubes. Also, a

Coriolis force induced fromthe drive force can be sensed along the line
connecti ng t he® ST gk sis provided at central portions of the flow

] tubes 1 and 2 such that, while a drive coil is attached to
the flow tube 1 via a fixture, a drive magnet is attached to
the flow tube 2 via a fixture. The drive coil is
electrically‘connected to an external device of the Coriolis
flow meter via a flexible printed board 12 and a wiring
terminal portion 34. The wiring terminal portion 34 is
suppoxted by a base member 30 having a semicircular, cross-
sectional shape and extends through the base member 30. A
cover 31 is integrally joined to the base member 30 in such a
mannexr as to define a hermetically sealed space in
cooperation with flanges 26 of manifold sections. A pair of
vibration sensors 16 and 17 are provided on longitudinally
opposite sides of the driver 15 such that, while a sensor
maagnet is attached to the flow tube 1 via a fixture, a sensor
coil is attached to the flow tube 2 via a fixture.

In operation, the driver 15 resonantly drives the two
parallel flow tubes 1 and 2 at their central portions at

mutually opposite phases. The paired vibration sensors 16

11



of the two flow tubes. Therefore, a nonment of inertia induced froma
vibrational inertia force is not produced. As showmn in FIG 1, twoMarch 2006
tenperature sensors are provided at the respective two positions. Variation
in the distance between the opposite fixed ends of each of the two flow
tubes influences vibration frequency and thus nust be corrected. The

i1 lustrated ar.at us les_out the.cqrrection b asur.d a typical
t enper at l?rned g]fppt%e aléog‘?{%‘ﬁb%ﬁ %B“%%E“@%PFE&P’ [ ﬁ’ap%l)ﬁg‘eceel (fﬁéi;% oc’riEt otﬁiet he base
menber 30Q,_fraomdthe asured typical tenperature. .Fyrther, the tenperature
sensor I%Eétveefiln t%rggv?%?%g?é g‘f’ %8Bk cPﬁSﬁelglé%r “MF006 bet ween t he
fl ow tubes and the ni fol d.provides_tenperature. for u I n.correcting
vari ati oR 5P HIARIY ©r ?k&ﬁ%%%&??uggrggteﬁkvﬁng?Bﬁszgi3ppoﬁkpn t he
tenperature of the flow tube. The @rcua e.flow tyhe shown in FIG 1 consists
of the TS GRAALECR FFRACTENHCt 4B IﬂﬂeﬁFeséﬁﬁPﬁﬁ§ dcat®®d on opposite
sides of the central, arcuate segnent. The_inl et Eief and the outl et pipe
assume a PYEIIRATH RS atPonaXefigPE §8eadley BEPESle@¥d %0 ERe flow
tube in an aligged condition. |In this case, the_shape of the flow tube nust
be desi gHEAFENOTOTHTy 3D SROYD bB Ebfipale Bhepatbs fdovcdrdisderdtion of
thermal influepce. A_gg%god fo deternining the shape of a flow tube so as
to supprésEved sk e r el PBWEVRPLdOTaLREs ONa DG MG AT, o %br upt
change in the tenperature of a fluid to be _nmeasured and sQ as_to be nost
conpact F9TPHet cﬁ+é§@ EF?hOtPEFeFiﬂUetPBeFﬁGS?@?qJ9WLt & faGsie point s
C and Cera?& eOanEhéi (E)P:lu%ro.fls and the paired vibration sensors 16 and
} 17, which are disposed in the interspace between the two flow

tubes, is disposed in such a manner that the center thereof

is located on a line connecting the center axes of the two

flow tubes. Thus, a drive force can be applied to the flow

tubes along the line connecting the center axes of the two

filow tubes. Also, a Coriolis force induced from the drive

force can be sensed along the line connecting the center axes

of the two flow tubes. Therefore, a moment of inertia

induced from a vibrational inertia force is not preduced.

As shown in FIG. 1, two temperature sensors are

S

provided at the respective two positions. Variation in the
distance between the opposite fixed ends of each of the two
flow tubes influences vibration frequency and thus must be
corrected. The illustrated apparatus carries out the
correction by measuring a typical temperature of the base
member 30 and estimating the elongation of the base member 30
from the measured typical temperature. Further, the

temperature sensor located in the vicinity of a connection

12



connecti on between the flow tube and the inlet manifold and a point of
connection between the flow tube and the outlet manifold, respeeétmaekl; 2006
point A represents the vertex of the flow tube which is |ocated between
points C and C, and point B represents a point of connection between the
central arcuate segnment and the linear segnent. Point A serves as the
origin of coordinates; the x-axis extends positively  rightward from point
A; and tﬁ?@ty’-ez%ﬂ dhe (1 dars Wihes iand }h%JW{\%a@%lq r%‘ﬁ‘gﬁﬁlﬂg kemperabPt€ent s an
angle of an arbitrar oint on the arcuate segnent with respect to.a line
13 6 Nar ERT2016 é%r%&‘?er’r‘gt% META PR i JhiEFir af cthe fhevaFthste
segnent; ~o represents an angle of an end point (point B) of .  the arcuate
segnent WHEATHAGD O FAHE e 1A R TeMRFRHE Phethadf 487 of uPRe
arcuate segnent. Further, h represents the height of the flow tube; L/2
represents halfhe ATquRte dnlfh 9ibe Shew g ﬂ‘ge tornBELFRE Bhi fP& C' and C
(I'i near distance between end points); and ~] represents the angle which the
strai ght Sem&aEn RN Regmeddy o theear o Inueetfotararad on

determ nation of the shape of the flow tube, the ratio (h/L) of the

verti cal ORFAFtitt & Ddahef 3R 1ABERH tFHECUITR IR IIRRTE ancd'd. Hel&ken end
points of the flow tube is taken to be 1/3 to 1/4 (0.33 to 0.25). In view
of the PHREANMY, thaeYrlede MR ASRYH ARt eFBInad®LEBRFiON et er has
two parallel arcuate flow tubes which exhibit excellent stress dispersion
and vi br &9¢ 55iag &t de Lorwmfiad itthdithe il tukey iabanuddiergdhas an

h/L greater than 1.3. Needless to say, in the case of a straight flow tube,
h condition. 1In this case, the shape of the flow tube must be

} designed not only so as to be compact but also in
consideration of thermal influence.

A method for determining the shape of a flow tube so as
to suppress, te a predetermined low value, stress arising
upon abrupt change in the temperature of a fluid to be
measured and so as to be most compact will be described with
reference to FIGS. 2 to 4.

In FIG. 2, points C' and C represent a point of
connection between the flow tube and the inlet manifold and a
point of connection between the flow tube and the outlet
manifold, respectively: point A represents the vertex of the
flow tube which is located between points C' and C; and point
B represents a point of connection between the central
arcuate segment and the linear segment. Point A serves as
the origin of coordinates:lthe X-axXis extends positively
rightward from point A; and the y-axis extends positively
downward from point A. ¢ represents an angle of an arbitrary

point on the arcuate segment with respect to a line

13



is zero, and thus h/L is zero. Further, the shape of the flow tube is
determ ned on the assunption that the follow ng target val ues akeMackhe2686
A target pressure loss arising frompassage of a fluid through the manifold
and the arcuate flow tube at the maximum flow rate is not greater than 1
bar (total of a pressure loss arising fromthe throttling effect of the
inlet manifold, a pressure |oss arising fromthe expandin%‘effect of the

outl'et FERESTEPARPLE LR thDsCeBEeEi R PFEnPHadlisg@tWesEgh an 14 6

March 2006 equival ent straight tube of the arcuate flow tube). Al so, a
target tiSGENsAEse i FPErERES tFeBlie R 9iEn® fnce I RRENY r R 1RtoBi uPE sensor
coils at the maximumflow rate is not less than 6 S. The natural frequency
of the fI'&% ARG L {IMept Ishihoespecthintenthe Aigrer aga® comer ci al
frequencies. On the above prem ses, the inside diameter DI of the flow tube
and the FeRERSedist dHee 16%@%%@% el perueteoregmentt.| ofnrtherark

determ ned. Next, the thus-determ ned schenmatic shape of the arcuate fl ow
tube is FEDUREENS dthe delghiticel sthesElovidtiebd: f Edt aspaeseptschadde in the
tenperature of a fluid to be nmeasured. In summary, as expressed by Eg.

(24), whicdh thig |lengdesef i bettraieht lhee garneoRisor pedntsdGCe@ngt G fi xed
end can be obtained. Since the maxi mum stress can be obtained in relation
to the | didmean |[digftamee |heceeescemdripoinhe )l eagtihél Irepdesémtsethecal

hei ght h of the flow tube that reduce the nmaxi mnum stress can be obtai ned.
This wi | [angd edadekGbethne s teabght bbios, apd thewhipgar segmengoioft the s the

vertex of the arcuate flow tube; segnent A-B is an arcuate tube segnent
flow tube foxrm.

| In determination of the shape of the flow tube, the
ratio (h/L) of the vertical height h of the flow tube to the
linear distance L between end points of the flow tube is
taken to be 1/3 to 1/4 (0.33 to 0.25). In view of the
foregoing, the present invention assumes that a Coriolis
meter has twé parallel arcuate flow tubes which exhibit
excellent stress dispersion and vibration resistance. 2
conventional curved flow tube usually has an h/L greater than
1.3. Needless to say, in the case of a straight flow tube, h
is zero, and thus h/L is zero.

Further, the shape of the flow tube is determined on

the assumption that the following target values are achieved.
A target pressure loss arising from passage of a fluid
through the manifold and the arcuate flow tube at the maximum
flow rate is not greater than 1 bar (total of a pressure loss
arising from the throttling effect of the inlet manifold, a
pressure loss arising from the expanding effect of the outlet

manifold, and a pressure loss'arising from passage through an

14



(half); segnent B-Cis a |linear tube segnment; and points C. and C are
fixed. Fromtube continuity, The followi ng analysis explains hosvMfrdabt2oos
thermal stress that arises in the flow tube when the tenperature of a
liquid flow ng through the flow tube changes abruptly fromtl to t2 (abrupt
change fromtl to t2). This analysis uses as the origin a point which is
noved by d frompoint Ain the direction of the axis; i.e., the elastic
cent er EguiFadenihdteaisithttuse eoivakled @U@@ﬁtﬁdﬁi@ﬂ tube)t hehhew. e®pansi on
is 0). Coordinates with respect to the elastic center serving as the origin
are reptegasttedine pliasyidifffexence hdtweemdsineywave. ouppadsdifmgm o

Ti noshenko, when the origin of coordinates is noved frompoint Ato point O
in the ftwoedudre sensgiowrils & Ghg;m&inpnefkow srybangssnotddess of a.
tube material; | represents the geonetrical noment of inertia of the flow
tube ashexpreegysed Mhet hediRed -fridichenenofdigicantiow tsheselecéetl tsuch that

yl=y - d satisfies sylds CSy - dds = 0 O El f o El distance d is expressed
by f4 (2&®-/408 Hz, dwhrkich sis(libglidy €Han (@mméecial sfregpencatsdi scussion is
el astic strain energy U, induced fromexpansion in the x-axis direction
which, in tum,the abvcloeeprémbseabrtipe thande dnametper Bt uoE. then s
flow tube and the linear distance L between end points of the
flow tube are determined. Next, the thus-determined
schematic shape of the arcuate flow tube is refined so as to
j reduce stress induced from an abrupt change in the
temperature of a fluid to be measured. In summary, as
expressed by Eqg. (24), which will be described later, the
‘maximum stress inducéd at a fixed end can be obtained. Since
the maximum stress can be obtained in relation to the length
L1l of the linear segment, the length L1 and the vertical
height h of the flow tube that reduce the maximum stress can
be obtained. This will be described in detail below.
As shown in FIG. 2, peint A is the vertex of the
i arcuate flow tube; segment A-B is an arcuate tube segment
{half); segment B-C is a linear tube segment; and points C
and C' aré fixed. From tube continuity, ¢o=¢;. The following
analysis explains how to obtain thermal stress that arises in
the flow tube when the temperature of a liguid flowing
through the flow tube changes abruptly from tl to t2 {(abrupt
change from tl1l to t2). This analysis uses as the origin a

point which is moved by d from point A in the direction of

the y-axis; i.e., the elastic center {a point where moment

15



represents |length as neasured at an arbitrary position on an arch; ds
represents infinitesimal |length as nmeasured at an arbitrary posftManchn2ffé
arch; Urepresents elastic strain energy; M represents nonent in the
x-axis direction; My represents nonent in the y-axis direction; N
represents a conpressive force acting on the flow tube; a represents the

t her mal ansion coefficient of a tube material; t represents t he
Ienperaiﬁ? B?dtgﬁﬁ@rQPGF@a&lFHQQEﬁﬁ?Wﬁl%fQ f CBREEdBEt e iddhpr essi ve
force Ho--which is a horizontal 16 6 March 2006 force acting at the elastic
center (TBHFRECH) tenEPBeRdPRFLNETEHEIMSEY Uk &F 4G RFHIEMt 3FRant i ti es,
fromthe Castigliano's second theorem Egs. (3) and (4) hold: a Ux ant) S
MY am YdeeppeseBEegVPy AWx. - Yy That ds .+ %nsxNegRl mty-dsda H El a HO AE
all 0 2 where_.MWy =ne+ Hoy] N = HOcosO Fromthe condition_ of the elastic H =
atL /2 cent erACCPgaipg 2%§m09}5€nkq IR @sdain ppf ceprlinathgs, (3)
(4)

is moved from point A to point O in the fixed arc as shown in
FIG. 3; E represents Young's modulus of a tube material; I
represents the geometrical moment of inertia of the flow tube
as expressed by n/64(Do’ - Di%);: and distance d is selected
such that y;=y - & satisfies

S y,ds - sy-d
°© EJI ° EI

ds =0, (1)

distance d is expressed by

f (yds / EI')
) f (ds / EI )

(2)

The first topic of discussion is elastic strain enexgy
U, induced from expansion in the x-axis direction which, in
turn, is induced from abrupt change in temperature. When s
represents length as measuredlat an arbitrary position on an
arch; ds represents infinitesimal length as measured at an
arbitrary position on the arch; U represents elastic strain
energy; M; represents moment in the x-axis direction; M,
represents moment in the y-axis direction; N represents a
compressive force acting on the flow tube; o represents the
thermal expansion coefficient of a tube material; t

represents‘the temperature or temperature difference of the

flow tube; and compressive force Hy—which is a horizontal

16



(5) (6) Egs. (5) and (6) yield a bending nonent and a conpressive force

acting on an arbitrary cross section of the arcuate flow tube. Bh#&arch 2006
paranmeters of the arcuate flow tube as shown in FIG 2 are substituted into
Egq. (2), and Eq. (2) is solved for d. Then, fo ao R (1 - cos P )Rd 0 +f ydy
/sin.cp, d=R(1l--cos 0") RA O+ fr dy /sin 0, f R(1l-cos o) (7) where R

represen%s the radi us of the arcuate seqgnent, of, the . arc a&)e fl.ow t ube.
Ther ef ore®T¢he@ 9 LPdnae Skat SR EMd RHP T & 5sH 9s

db = 2 sjn 0, ~22 - _R2(1- 00)21+ R2(00 - .sin O Roo+ 1
ChPRC 1 dbattyt Fajafe Shikgh 25 BeRRRORPSoORBERELER o 208 SPEy By (6

YTeIds Bl ol e Hhke DN Grliorent) 2 O PUARE f RALOR! 2+ (72

M M
U, M,y oo (3)
oM, “° EI oM,

M oM
aszj.s y ”ds+SN 6Nds=atL (4)
oH, Y EI 0H, ® AE 8H 2
where
M, =M +Hy, N=Hjcos¢ (5)

3 From the condition of the elastic center, My=0. Thus,
N otL /2
Lo " [(cos 2 ]

J; (¥, ds/EI)+ﬁ] (cos * ¢ds) |/ AE

H, (6)

Egs. (5) and {(6) yield a bending moment and a compressive
force acting on an arbitrary cross section of the arcuate
flow tube. The parameters of the arcuate flow tube as shown
in FIG. 2 are substituted into Eq. (2), and Eg. (2) is solved

for 4. Then,

@y h .
. J; R(1 - cos ¢)Rd¢>+ﬁi(l_mwﬂ)ydy /sin ¢, -
- h

d
$o .
j; Rd ¢ +fn(1_ms f,o)dy /sin ¢,

where R represents the radius of the arcuate segment of the
arcuate flow tube.
Therefore, the distance between vertex A and the

elastic center is expressed by

1 o R2 - cos 4)* b+ R7 (9, - sin 9,)
d=28m¢1 1 (8)
Roor - RO cos )}
sin ¢,
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3El sin (10) ¢ o s (11) AE 2 4 sin rp, Egs. (5), (9), (10), and (11) yield
a bendi ng nonent and conpressive force N acting on an arbitrary6cHassh 2006
section of the flow tube. Notably, A represents the cross-sectional area
of the flow tube as expressed by az- (Do2 - De) /4 ; Do represents the
outside dianmeter of the flow tube; and DI represents the inside dianeter of

the flow tube. Next, thermal_ expansion in the vertical direction wll be

di scussetiMheE1Yas SORTMRY Fo d0)a Yigld%pr esent s a redundant force, and
ML represents a redundant noment, Eq. 12 hol ds: =M +H, x (12) When Uy
represents I asttlgZstrain energy, from Castigli ano' s second theorem auy -
M« am1l X fM;+ Hx)ds -0 ani E aM E =E { (M + HRsin OQRd O
+f 12 (M + H%)J)?/ cos O 1=0 (13) 0 Rsind 1 [(h - d)3 - {R(l - cos
00)-dYl 18 6 March 2006 and aU .M amJ xds =ath all, E aH Js (M +

H x) xds where

by =R -2)%6, + 2R(@ - Rysingy + K6, 12 + (R*sin20,)/4}s

El
[ ] (10)
h-d) —R(1-cos d
3EI smrp, & ) {R( ©000) - }
2
k2=—1—{( ¢, + —sm2¢0)R+ cos” 4y [h-R(l—cosqbo)]} (11)
) AE 4 sin ¢,

Egs. (5), (9), (10), and (11) vield a bending moment and
compressive force N acting on an arbitrary cross section of
the flow tube. Notably, A represents the cross-sectional
area of the flow tube as expressed by u(Dg? - Diz)/4.; Do
represents the outside diameter of the flow tube; and D;
represents the inside diameter of the flow tube.
Next, thermal expansion in the wvertical direction will

be discussed. When, as shown in FIG. 4, H; represents a
redundant force, and M; represents a redundant moment, Eq. 12
holds:

M, =M +Hx (12)
When U, represents elastic strain energy, from Castigliano’s

second theorem,

oU, =fo oM

Lds = — [ (M, + Hyx)ds =0
oM,

® El oM, EI

1 0 . /2
=E—U: (Ml+H1Rsm¢)Rd¢+ﬂsim(M1 + H x)dx [cos ¢, }=0 (13)
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El k3 + HIRsin O)Rsin0-Rd4L12 1 +R s,nn (M + Hx)xdx /cos 0, =
ath El R go Thus, Mwhere k3 = nth k5 + k3 k4 1 00 O = EIO W Marthat906
k6 +k3 k4 1 'R2 sin0O, -'"L2 -(1-cos)R2 cos 0, 2 8 RO+ 1L - Rsin cos ,
2 2 R kd 41 R(1-cos4))+ 1 L- sin24 El El cos 0, 8 2 o (14) (15) (16)
(17)

and
olU 5
z =fM adeS = gth
dH o EI 0H
fs M, + Hyx) =_1_f‘“"(M]+H1Rsin ¢)Rsin ¢ -Rd ¢
0 El El
(14)
1 L/2
+—{ (M, + H x)xdx /cos ¢, = ath
EI R sin ¢y
Thus,
k
M, = 3 oth L= ! ath (15)
ks +k, -k, ko ks, k,
, where
! (—1—stin¢0—lL2 - (1~ cos ¢, )R’
cos ¢, \ 2 8
37 1 (L (e
Ry + (——Rsinqbo)
cos ¢, \ 2
‘ 2 2
k4=——1—R2(1—cos¢0)+—1— iL——-JR—Sinzf,% (17)
EI Elcos g, \ 8 2
1 _,(1 1., 1 L R _
ki =—R’|—¢,-—sin“ ¢, |+ ———| —-—sin’¢, (18)
El 2 4 Elcosg,\24 3

Since My and M, are of the same direction, a resultant moment
M is expressed by

M= My +M, {19)
The maximum moment is induced at fixed end C. When Mpx
represents the maximum moment, the maximum bending stress is

expressed by

T M max = (20)

where Z represents the section modulus of the arc as
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3 R3k5Ei =1 R30-1sin200+70L--Sin300 (18 E 2 4 El cos 24 3
Since Mr and My are of the sane direction, a resultant nonent M6 sMarch 2006
expressed by MM/, +M " The maxi num nonent is induced at fixed end C. Wen
Mrax (19) represents the maxi num nonent, the maxi num bending stress is
expressed by aM Max M max z where Z represents the section nodul us of the
arc as (20) 19 6 March 2006 expges;gg by (at/32)(D.4 - D14)/Do. Conpressive
stress act¥pEeasefoblit (T/32)dbor esdod ) ¥PoN Hérreppepsivestrass aotjnghuys,

the resultant stress is expressed by Qmax = jQ2 Mmax + a C 2 (22)

Not abl y, @hIReliBti 6nifesHPEEshg#el¥eveal ed that cyc is as small as 2%to 3%

of u max and thus ignorable. That is, Amax GM max (23) Therefore, the
maxi mum stress ayi ses catpt he fixed end and is expressed by Qrax ~Mmax/Z = 1
cat J(h --d)Jc =L—j=k3—°7|:?f-‘2 h (24) (21)

Thus, the resultant stress is expressed hy

O = -\/GzMrnax +0.° (22)
Notably, calculation results have revealed that o; is as
small as 2% to 3% of Oy naxy and thus ignorable. That is,
O max ™ O ¢ max (23)
) Therefore, the maximum stress arises at the fixed end and is
expressed by

omu==Mm,/Z=l-aIM-L+ i + L/2 h (24)
Z 2k, +k,) ko +kyky, kg vk, ok,

For example, when a flow tube having an opening
diameter of 25 mm and made of stainless steel is used and has
an inside diameter D; of 15 mm and & wall thickness of 0.75
mm, and the flow tube is subjected to an abrupt change in
temperature of 110°C, from the dimensional geometry of FIG. 2,
) the following relationships hold:

L/2-L, cos¢,

sin ¢,

R and

h=R-+|R*~(L/2~L,cos¢)+L,sing,

Thus, when dimensiocnal ratio h/L is varied with L=371.4 mm

and ¢;=0,=40°, maximum stress Op.x and flow tube height h

assume the relationship as represented by the graph of FIG. 5.

As is apparent from FIG. 5, maximum stress On.y converges to

the minimum value (about 125 N/mm?) at a dimensional ratio
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Z 2(k, +k2) ks +k3 k4 ks +k3 k4 For exanple, when a flow tube having an
opening diameter of 25 mm and nade of stainless steel is used arfd Marsh P06
inside diameter Di of 15 mmand a wall thickness of 0.75 nmm and the flow.
tube is subjected to an abrupt change in tenperature of 110C, fromthe

di mensi onal geonetry of FIG 2, the followng relationships hold: R

di mensi ot PRt G hell B Heevesr it i ed S PR D
2L E0S CHIBAIILOYIE 8L 9 I BESAIE, e LRl gl L gioilpgos, gt esented
converges to tr}_e tm' .nisrr.un& val ue%[(abi)alt %5 l\}/lrh[imiZ%il at 2. di_ nensi.onal ractti o 20
6 March 288& WSt 19EES an BFST 9% Q8 Mg YR R FhEPe388s HMPR
di mensi onal rast.io h/L, a dinmension Ibra 1o h/ .01(‘3 0.31 05 ) ro%riat ,
since it ded' o‘\ﬂ%ﬁ%ﬁﬁ%ﬂ%‘is %n%h%oﬁ’bif:? E‘Pﬁifﬁsrlélng %as r)eprgsent ed
oh o T o e bt B TRRRE LR b TS BT
000 38 G TR AT B B8 Bl 5 T
L T Tyt o R A T Db R e 2
G SEE i T il I e e e
h/L range of 1/4 tc 1/3, maximum stress On.x is substantially
) minimal, and the tube height h is sufficiently low, thereby-
providing a compact structure. As the dimensional ratio h/L
decreases, the maximum stress increases. However, at an h/L
not less than 1/4, the maximum stress can be suppressed to
1.3 Opin. Where Opin is a stress at an h/L of 1/3.
FIG. 9 shows, for comparison, the Example of the
present invention (L1=130 mm, h=115 mm, h/L=0.31) on the
right-hand side and a Comparative Example which falls outside
the scope of the invention (L1=20 mm, h=75 mm, h/L=1/5), o©n
the left-hand side.
FIG. 10 is a graph showing "change in density accuracy
after abrupt change in temperature" with respect to the
Example and the Comparative Example. FIG. 10 shows the
measurement results of density accuracy as measured when the
temperature of a f£luid is returned to the room temperature
after having been abruptly changed by a temperature

difference taken along the horizontal axis of the graph

(after having subjected to abrupt change}. 2As shown in FIG.
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1.3, where Qrin, is a stress at an h/L of 1/3. FIG 9 shows, for

conparison, the Exanple of the present invention (L1=130 nm h=145Ma%ah 2006
h/ L=0.31) on the right-hand side and a Conparative Exanple which falls
outside the scope of the invention (L1=20 nm h=75 nm h/L=1/5), on the

| eft-hand side. FIG 10 is a graph showi ng "change in density accuracy

after abrypt .change in tenperature” with r ect to the__Exanple and the
Conpar at il&é g&ﬁ%&lq(@mé—hlee 0 slh%‘{/vssqcﬁvé l%oggﬁ?’&%tto%egﬁf:?g 6f* densi ty
accuracy as asured when the t erature of a id,is returned to_the

room t emperature At reaf’c}ﬁa{'(‘/ef%sgmf)%é Whropet yWI&‘f’fé];\ u‘a b§MBeF8B&Fallr &
e
even” whe N HEHS Toe it MU LV A S THetF Ao bbE otp thrgroar
donei 1y AHeaheY, Smat AnACARER G 0h UFb WRUFeC of R BFUBE CRARGE in
tenperature.. FIG 11 shows a change in instrunmental error as neasured for

di f f er ent-™diYfERGHHI G ati os after abrupt change in tenperature. FIG 11

shows data obtgj ned through actual ngasurenent b se of flow neters having
di mensi onal fe‘g'lté]'rglsl SLOEH AnCIP IRt | YT CRANEP \l]{gfaﬁr&r fffe vi ew.

Concei vably, an rupt, change in tenperature jn the_course of usjng a flow
meter ar F?éé%%%ﬁﬁ%i Tea%"&?rg]rﬁ‘?@ FRUH7 1 BEREY. abBHPitnﬁi"Fﬂ‘ge
Cleanlngiéiyaéﬁ% ar&%&qef%k-alﬁl% dagb%5¥gw§§€£&ned through actual

) measurement by use of flow meters having dimensional features
as shown on the right-hand margin of the view. Conceivably,
an abrupt change in temperature in the course of using a flow
meter arises when cleaning (steam cleaning) is performed.
During the cleaning, the temperature of a flow tube abruptly
increases to about 130°C; i.e., the flow tube is abruptly
subjected to a temperature difference of up to 110°C relative
to a room temperature of, for example, 20°C. Thus, in the
experiment, a temperature difference of 110°C was imposed on
the tested flow meters. According to the results of the
experiment, the flow meters that satisfy 1/4 < h/L = 1/3 show
almost no change in instrumental error after abrupt change in
temperature, whereas the flow meter having an h/L of 1/5,
which falls outside an h/L range of 1/4 to 1/3, shows a
change in instrumental error of not less than -0.2%. A
change in instrumental error of -0.2% is great for a Coriolis

flow meter and falls outside the guaranteed accuracy of a

flow meter {generally, a Corioclis mass flow meter has an
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i ncreases to about 130C; i.e., the flow tube is abruptly subjected to a
tenperature difference of up to 110C relative to a roomtenperatdumamdh 206
exanpl e, 20C. Thus, in the experinent, a tenperature difference of 110C was
i nposed on the tested flow neters. According to the results of the
experiment, the flow neters that satisfy 1/4 s h/L .5 1/3 show alnpbst no

change in_instrunental error aft abrupt. c ge in tenperature, whereas
the fl owtRELEFME ar}gaaﬁ?q‘rla\_cyofo a?ou%%#%a% | s outside an h/L range of

1/4 t 1/3 tr t f t han ,-0.2% A

T e it S
df II de t Aant Y _,Of f I

o 1ot |5 948Ale B QAT sec e g TLow TR (pmperal: =
bout O. 20 FlG, .12 | t f t of h

R SR B RV e % e,

FIG 12 hows end to t hat The flow net er havi ng
an h/L oilll 5T1§ﬁo 05 5‘?%31}” E 158 ainn%(fi oé?%‘l'st VA VFFRAt f SRPRIGut si de
t he guar ant 1y, enS|t ter has a guar ant eed

accur acy*8f 5 1"g'ilc‘l"rﬁ %’Fh‘é‘ 55016%/ sE]P%nﬁHFrgHG\?ﬁdi n FIGS. 11

and 12 conflrmtg n h/L reater than 1/4, mstrumantal error
and di spP&yadafan |9ce3P C{}"mﬁty CRALET VAT 9PAEAPLSRAmet er havi ng
an h/L of 1/5 suffered pl astl c deformation since an abrupt change in

t enper at BFEIERTe PF 13RFUT 3o W8F &Pk exceed elastic linit; as a result,

rechani cal  Chgract iR 65 el B LhoMt MRS EANIFTY. 112 g ot

) confirm that, at an h/L not greater than 1/4, instrumental
error and displayed density change abruptly. Conceivably,
the flow meter having an h/L of 1/5 suffered plastic
deformation since an abrupt change in temperature caused flow
tube stress to exceed elastic limit; as a result, mechanical
characteristics of the flow tube changed with a resultant
change in the period of the flow tube, thereby leading to a

change in instrumental error and in displayed density.

INDUSTRIAL APPLICABILITY

The present invention can determine the shape of a flow
tube so as to suppress, to a predetermined low value, stress
arising upon abrupt change in the temperature of a fluid to
be measured and so as to be most compact.

The present invention employs two parallel, arcuate
flow tubes each consisting of an arcuate segment and two
linear segments, thereby achieving excellent stress

dispersion and vibration resistance.
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change in the period of the flow tube, thereby |leading to a change in
instrunmental error and in displayed density. | NDUSTRI AL APPLI CABld-lMatrcH @006
present invention can determ ne the shape of a flow tube so as to suppress,
to a predeterm ned | ow val ue, stress arising upon abrupt change in the
tenperature of a fluid to be neasured and so as to be nost conpact. The
present invention enploys two parall% , cuate flow tubes each consisting
of an arcuate segnent and two |inea L@Q@ﬁ%nts, t her eby achi evi ng excel | ent
stress di spersion and vibration resistance. 23 6 March 2006 CLAIMS 1. An
arcuat e-tube-type Coriolis flow neter conprising two parallel flow tubes,

an inlet manifold_for receivin uid to_be neasured froma fluid inlet

a fl 0_L

and branchi ng }heAnfFHFHaFﬁ'BEgﬁéﬁgﬁFeﬁoFﬁpélﬁhélPWomPW&W1ﬁﬂm§£1%%Panlet
mani fold for nerging fluids flowing fromthe corresponding twy flow tubes
and rel eddhPFethet ghloy| tRbesr AR airiatameBLfPéf, TQTJFEFEL VAR Pesonant |y
driving the two flow tubes at nutuallﬁpgppgsite phases, and a pair of
vi br at i of 3B oFQ bejinpRtevedt fTreRght Havhal Lpley A PEARCHAT ithSs with
respect to the installation_position of the driver and adapted to sense a
phase di fildtehckee freppeeserad ivta thei brestierctubele ABs®UHEON neter being
characterized in that each of the two flow tubes assunmes an arcuate shape
conpri si Mpifekthifer meroghpre Seuhent LAAWindolirPReihes 66FEREPONGER%d on
opposite sides of the central arcuate segnent; the_inside dianmeter of the
fl ow t ub&¥afftew | trees and releasing the merged fluid from a fluid

outlet, a driver for resonantly driving the two flow tubes at

} mutually opposite phases, and a pair of vibration sensors

disposed at longitudinally symmetrical positions with respect

to the installation position of the driver and adapted to

sense a phase difference proportional to a Coriolis force,

the mass flow meter being characterized in that each of

the two flow tubes assumes an arcuate shape comprising a

central arcuate segment and two linear segments located on

opposite sides of the central arcuate segment;

the inside diameter of the flow tubes and a linear

distance between end points of each of the flow tubes are

determined on the basis of a target pressure loss arising

from passage of the fluid through the manifceold and the flow

tube at the maximum flow rate, a target time phase difference

between sine wave cutputs from the paired vibration sensors

at the maximum flow rate, and a target natural freguency of

the flow tubes; and

the length of the linear segments is selected so as to

reduce thermal stress induced from an abrupt change in the
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di stance between end points of each of the flow tubes are determ ned on the
basis of a target pressure loss arising from passage of the fluié Marohghooé
the manifold and the flow tube at the maxinumflow rate, a target tine
phase difference between sine wave outputs fromthe paired vibration
sensors at the maxinmumflow rate, and a target natural frequency of the

flow tubes; and.the | h of, the |inear segnents is_selected so as.to
reduce tﬁgwagﬂreesé%q%&tﬁe%hﬁ‘irﬁ%n AP Eﬁéng@npn%bﬁesgﬁlpg l?ﬁr 5&16’2006 -
tenperature of the fluid to be asured, and the shape of the flow tubes is
determin 3°¥UEW SFatts ﬁ?%ﬂ?&ﬁggh%“?%hg?ﬁtofev?ﬂewﬁgﬁeﬁpeséﬁﬁg s Ofs

vari ed, tﬁ%h ertical height of the flow tubes remains l.ow, so |long as the

| engt h oftBEr HW?@%&F63ﬂ§bﬁﬁu%§i%aV%? ed B¢ t FeRtAcprinBeigR twhitc A eher nal
stress is_ substantially constant. 2. An arcuate-tube-type Corialis flow

met er cofpOisitiPe st FEMFRT 1697 £ | $Rv 19MB@s2S ok e ni @R IFBnPEoLdef dineédei vi ng a
fluid to be nmeasured froma fluid inlet and branching the fluid to be
nmeasur ed SEMEN e 1Sy F1IRA tibERIN o8 BRRYetin nghieBb) ghﬁgmaﬁeﬁgrfﬁ@ﬁ i ds
flowing fromthe corresponding two flow tubes and rel easing the nerged
fluid fr SMPSFANEIPLIGUIIVSt P r i ver for resonantly driving the two flow
tubes at nutually opposite phases, and a _pair of vibration sensors

di sposed at | chgitudrfaidte sywaer Fyeal Cppiriisnilamt Retespeompnis e
installation position of the driver and adapted to_ sense a phase difference
proporti &8 RaFad iy it Fehe®; ¥melndet nepifadfefoBerR§edNangctieri zed in

t hat each of _the two flow tubes assunes an arcuate shape conprising a
fluid to be measured from a fluid inlet and branching the

) fluid to be measured into the two flow tubes, an outlet
manifold for merging fluids flowing from the corresponding
two flow tubes and releasing the merged fluid from a fluid
outlet, a driver for resonantly driving the two flow tubes at
mutually opposite phases, and a pair of vibration sensors
disposed at longitudinally symmetrical positions with respect
to the installation position of the driver and adapted to
sense a phase difference proportional to a Corjolis force,

the mass flow meter being characterized in that each of
the two flow tubes assumes an arcuate shape comprising a
central arcuate segment and two linear segments located on
opposite sides of the central arcuate segment;

the inside diameter of the flow tubes and a linear
distance between end points of each of the flow tubes are
determined on the basis of a target pressure loss arising
from passage of the fluid through the manifcld and the flow
tube at the maximum flow rate, a target time phase difference

between sine wave outputs from the paired vibration sensors
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central arcuate segnent and two |inear segnents |ocated on opposite sides

of the central arcuate segment; the inside dianmeter of the flow tybgs apd 8

. . . r 2006
| i near distance between end points of each of the flow tubes are

determ ned on the basis of a target pressure loss arising from passage of
the fluid through the manifold and the flow tube at the maxi mumflow rate,

a target tine phase difference between sine wave outputs fromthe paired

i brati 25 6 h 2006 at _the maxinumflow rate, .t arget
natur al Foqen G HEL 0T R E heS Cafts i Sndpebf = EheFOW Abee 1 5

determ ned such. that the ﬁi mensional ratio (h/L) of the vertical height
(h) of tR&e IR ttpRESt 0®PHe |inear distance (L) between the end points of
each of the flow tubes is 1/4 to_ 1/3. 3. A nmethod. for deter r]tléngE the shape
of an arcuat e-tRebebEYPe ot 6l £ oM FWHRt e HrpRTBFRG \ﬁ/ﬂfcglar 8% ow
tubes, an inlet manifold for receiving a fluid to be neasured froma fluid
inl et andiprenriomyl thetiruil/to BE wbgsoeed i1GHt eheltwd Dl &% Hfes, an
outlet manifold for nerging fluids flowng fromthe corresponding two flow
t ubes and lowltedse¢ngte hbheaedjeaat] didgtarem 4 1f) eteeenetheaedd wor oy
resonantly driving the two flow tubes at nutually opposite phases, and a
pai r of whreatlonofehkerlidivspubed s U/dhdia ddhal ly symretrical positions
with respect to the installation position of the driver and adapted to
sense a. phase’diX fmrence poopaetiofiahing aneoitigess dOrae, a2éubtdhrch 2006

Tube-type Coriolis flow meter comprising two parallel flow
tubes, an inlet manifold for receiving a fluid to be measured
from a fluid inlet and hranching the fliuid to be measured
into the two flow tubes, an outlet manifold for merging
fluids flowing from the corresponding twe flow tubes and
releasing the merged fluid from a fluid outlet, a driver for
resonantly driving the two flow tubes at mutually oppesite
phases, and a pair of vibration sensors disposed at
longitudinally symmetrical positions with respect to the

installation position of the driver and adapted to sense

v

prhease difference proportional to a Coxiolis force,
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t he met hod being characterized. in that each of the two flow tubes assunes
an arcuate shape conprising a central arcuate segment and two |ingagareh 2006
segnents | ocated on. opposite sides of the central arcuate segnent; ﬂ

i nside dianmeter of the flow tubes and a |inear distance between end points

of each of the flow tubes are determ ned on the basis of a target pressure

| oss arising from passage of the fluid through the manifold and the fl ow
tube at the makiemm@ticavbeirey eéhépsgeertizrd phaxha fédeclence thet ween sine
wave outputs fromthe paired vibration sensors at the maxi numflow rate,

and a tafgew nabucalaskiaguenay. ffcudbe Ehawet dhepriaihd he dengthiof the
| i near segnents is selected so as to reduce thermal stress induced from an

abrupt chasgetin sklfentenPey atwd €1 DicdhesEbnkd tho JRa-SEeas %ﬁdopﬁﬁdl‘tée shape
of the flow tubes is determ ned such that, even when the |engt t he

| i near sggaggtgfltha@éﬁirgju%ﬁ@ﬁét@akegﬂbgmt of the flow tubes remains
|l ow, so long as the length of the linear segnents is varied within a range

i n which ther fple SR I arddbst 30T #hkY £GONSt@Mes 4nd &l bpdator
determning the shape of an arcuate- tube-type Coriolis flow neter

conpri si 89t WpcRaLAkhler 1 gabess 8P LALSL o%a&uJeolﬁé@rtﬁﬁggl ¥igg a fluid
to be neasured froma f|UId inlet and branching the fluid to be neasured

i nto theglyRriliWat 'cb*iﬁesoheafba%ﬁéeéf ”@”tBQth [% e SR Nos§ | Hidsifkow ng
fromthe corresponding two flow tubes and easing the merged flaid froma

Fluid oublgh, pdsdbigkelos Ane? s fu Ml £Rr 008 Fcﬁ%oﬂa%@hﬂ/oijcﬁ'é!ﬁcﬁlgtﬁéef&w flow

tubes at” nutually Opposite
tube at the maximum flow rate, a target time phase difference

between sine wave outputs from the paired vibration sensors
at the maximum flew rate, and a target natural freguency of
the flpw tubes:; and

the length of the linear segments is selected so as to
reduce thermal stress induced from an abrupt change in the
temperature of the fluid to be measured, and the shape of the
flow tubes is detexrmined such that, even when the length of
the linear segmenis is varied, the vertical Leight of the
flow tubes remains low, so long &s the length of the linear
segments is varied within & range in which thermal siress is
substantially constant.

4. A method for determining the shape of an arcuate-
tube-type Coriolis flow meter comprising two parallel flow
tubes, an inlet manifold for receiving a fluid tc be measured
from a fiuid inlet and branching the fluid to be measured
into the two flow tubes, an outlet manifold for mexrging
fluids flowing from the corresponding two flow tubes and

releasing the merced fluid from a fliuvid outlet, a driver for

27



phases, and a pair of vibration sensors disposed at |ongitudinally
symmetrical positions with respect to the installation position @fMi¥en 2006
driver and adapted to sense a phase difference proportional to a Coriolis
force, the nethod being characterized in that each of the two flow tubes
assunmes an arcuate shape conprising a central arcuate segnent and two

| i near segnents | ocated, on opposite sides of the central arcuate segnent;

the i nsiteSoRanbtEr A5EVERE 6w Mt dd Athd e s MU trat dRcePBRFHEEN end
poi nts of each of the flow tubes are determned on the basis of a target
pressur ePR8$8S ar PBANG PPAGNOfaydd@tarn meniens 4hFBegRdt Ak manifol d and
the flow tube at the maximumflow rate, a target tinme phase difference
bet ween tPReltad¢inaddBufymmedAlGid Pasiddanoriat tnreepeststoathehe naxi num
flowrate, and a target natural frequency of the flow tubes; and the shape
of the flpftalbatips E@ﬁéﬁﬁpﬁe@ﬂmﬁﬁﬁt@ﬁﬂVQ?m?n@i@@@Bt@@aﬁorﬁfnge(ﬁ/L) of
the vertical height (h) of the flow tubes to the linear distance (L)
bet ween Phesendipbenenceobrener téfondde tfd dw Gamexlis fignceo 1/3. 28
the method being characterized in that each of the two

flow tubes assumes an arcuate shape comprising a central

arcuate segment and two linear segments located on opposite

sides of the central arcuate segment;

} the inside diameter of the flow tubes and a linear
distance between end points of each of the flow tubes are
determined on the basis of a target pressure loss arising
from passage of the fluid through the manifold and the flow
tube at the maximum flow rate, a target time phase difference
between sine wave outputs from the paired vibration sensors
at the maximum flow rate, and a target natural frequency of
the flow tubes; and

the shape of the flow tubes is determined such that the
dimensional ratio {(h/L) of the vertical height (h} of the

flow tubes to the linear distance (L) between the end points

of each of the flow tubes is 1/4 to 1/3.
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