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METHOD FOR DETERM NI NG SHAPE OF THE SAME TECHNI CAL FI ELD Thmm

invention relates to an arcuate-tube-type Coriolis flow net WMW
paral l el arcuate flow tubes and to a nethod for determ ning the,ghgpe of

t he same. BACKGROUND ART Conventionally, there has been known a nass fl ow
nmeter (Coriolis flow neter) which enpl oys the principle tha W
tube through which a fluid to be mégéﬁﬁi?qﬂQ§ms and whi ch iﬂmumw mmanMﬁt
its opposite ends is vibrated about the support points in directigns
perpendicular to the direction of flowwthin the flow tube, a Coriolis
force acting on_the flow tube is 8ro ortional to the nmass flow rate
(herei nafter, BREUATERTUBEoWPREORTQELS SFLOW METRHR, ANPMETHQH; EAR
vibrations are to be inparted). Further, according to the known art, when

two flow tubes arranged i PEIEFMINING, SHAPES OF THE SAME, on at nut ual |y

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 times, regardless of the type of fluid or
tenperatuﬁgqﬂ§%QQﬁ(F ,Lqruw, the Coriolis flow neter can be operated
effectively an

2 consi st ent |y whil eing free from., nflyence of
oxt et nal V1 br acHHih PEARPIL SR S GrShahas KR ARTIRAST TR SR | ol i s
fl ow meter, usi t arallel fl.ow tubes eml.,oys a driver..conposed of
coi | and STIGHAS AFGIEHRSTe HoinG, SRS, RATsiet: AE B2 o & 10 JE5e 40T
driver resonantly .drjves t t f.l ow .t ubes at | Iy _opposite phases. A
pair of vﬁ;@rﬁi"}%trﬁogstg)rrs d&%&%ﬂﬂﬁﬁs&é‘% pc?oiragg:ﬁi? faﬂ%g‘net are di sposed
at longitudinally symmetrical positions with respect to the installation
position of the driver so as to sense a phase difference proportional to a

Coriolis &ﬁ[ dﬁﬁ?:ﬂéhto be neasured enters the Coriolis flow nmeter from
an extern %;%‘e_ nnected to the flow neter via an inlet flange and

b h | f : fl | yj
t Lgngute isete qg ?deé/c’onlfvneftr%eﬂfm\%bﬁflf'ové r?ét%)etelsi% es;rPaeq}ﬁéén \r,%vsnula?g%sogrref:lgo&j%ﬁe{lgef ?E)ws
out to an (gﬁfxﬁ.lrog%l_ %Lgﬁ\{ N ﬁi‘%&fc% }ﬁ*&%“d W o ?ri\ﬁ' gi% %‘Halﬁgs leanae.

Two- par al | ype NS ters are classifie el ng of

th - i tt t . -1 - ioli
(1 CUrveds Wit TR S R WSS W SR e |

i brati f o fls ty j t I f th
‘1 orat ] onstlod L el Y LA SEBHANY TP S dvanbigl ne

Eg?;“olr ieg Wéﬁﬁi@ﬂ: 1 BB on PeidirtithAbr AW WirddA%:d YPe
mpl oys two 3
of flow within the flow tube, a Coriolis force acting on the
flow tube 1s 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 flow tubes at the same rate, the natural
frequency of the two flow tubes 1s constant at all times,

regardless of the type of fluid or temperature variations;

thus, the Coriolis flow meter can be operated effectively and



r'- straight flow tubes extending in the direction of an external pipe. Wen
the straight flow tubes supported at their opposite ends are vibrated at
their central portions in a direction perpendicular to their axes, the

di spl acenent difference between the supported portions of the straight flow
tubes and the central portions of the straight flow tubes is sensed in the
formof a phase difference signal which is used to determ ne the nmass fl ow
rate. Thusonsis temtdiywhitlieb dbeting: foee dirom findduencs dfaextesingd] e,
conpact, strong configuration. However, the straight-tube-type Coriolis

fl ow nmet evibaations fand @mhiendr ttempenatarie.ow t ubes at their opposite ends
and is thus affected by variations in tenperature. Specifically, upon
change in the tgPeamteanwertional,iGprielys fEoyumaten msing&fut ure of the
fl ow tubes i medi ately changes accordingly, whereas a stationary structure
such as abp@@iled ffdowsdubesemHens @vanlyer compased @ff & 9oil éffeat ure
change. As a result, a difference in elongation arises between the flow

t ubes and magned: andHsposad @tucentyadr AFHiemgciofy thenfilowitydesst ress.
The stress causes a change in spring constant, which in turn |leads to a
change i n e dVieTa Tersonpdy Briviare thep fwufdev trbasiat Mptaadily t he
problem the straight-tube-type Coriolis flow neter nust enppl oy stress
absor pt i oiPPReSites Rheses -di ApRRAENBLoV1BERESRR. SERECEBOBREM 6PMPBASAL udi nal

el ongati on induced from change in tegloer ature can be sol ved _through
mpar t en®ToR £9ik @M ¢ ARghet GredenaRad, Ak 19PgLtEdinalY 5. 796, 011 4

;:Iihscl osesﬁ%w%&%%agof | 0 1_;tube. FI ﬁ (H?qsié)seﬂ%o\%(:h ti,c V!aﬁ.\é{a&ﬁrozifxm ?i n} Ing

e opera rRPe“ﬂ( isna %3:5% insk cuate ow
tube. An arcuyate flow tube can disperse stress and.thus j bits excell ent
U brat | on oSSt oF DRGNS Kb Aok GRRS e BRAPS (4 hefsi e
connected to a nifald in the directjon aligned wwth the axis of an

ext er nal @rﬁeorﬁ&“@ﬁogﬁ a, SoTHR S rfqrrﬁ’@'upper view of FIG 7, in the
process of manufacture, the flow tub st_be .be t least, three timnes;
Specifical ly. Bt Ehiehive Be, ety o Sikens s e 1E dORIRRF S0 1 wo
o t1 cul TR SRt B2 B, SRIACIAELIE Ghes Fa5M SRS YR Al er havi ng
two flow t.uhe ince th wo flowt be mgitri al t.o.each other.
The | ower 1\ﬂq'ee\?§7' ML af’edsh)tﬁigmth\ﬁﬁ sﬁ%g‘}eag'&rp;ﬁtnatovﬁ% ca? f'&\ﬂ%rta b|erz15g fl ow
tube. As Q in | Qwer V] ven no I S iL£h s nodes of
vi brati on%r%w}dr?o\#eﬂ&esr to:lggé‘ﬁ\ﬂ}%évl’?\reﬁ:ﬁg vair{b(r{g’felogﬁlfﬁre,etsu d::ené)%lant\ﬁge ?‘3%‘1 ure to

car 1y out AGEINANG JTPAN YHRDL ool AROWER 169080 YiSud e Ny o 796, 011

al so di scl'6ses an ar‘cu ube as wever, such a

sinple ar e f -0 [ 2 i i ti tq an inlet
pi pe or a%%trlne . Sﬁiﬁﬁo"@réé%f?ﬁ% tfg'%;‘))r ov?%rer g’qn%gt(:aa& (?Sir)fr%eegcti on.

DI SCLOSUR E E _¢hew h r L t r i ntion
is to pr 0\%1%1 g-aEHsi Jrrrpw?!e,yg grgglalgtm eﬂl ?g/weiﬂu)%eggb gaeg?% de'sbgggg\/\ﬁ??gkg 9r8

est abl i shi rAai ght i i 3 i i pe for
snmoot h cor?r}%(ﬁ%itiof% ﬁasg?%g'ﬁ (?(}210 I e%ﬁﬁfkﬁf%ﬁrﬁlﬁé %&saﬁ'?mhﬁ in
FIG 6, thgm > flow tube consists of a central arcuate segnent and two
| i near segnents located on opposite sides of the central arcuate segnent,
and an inlet pipe Rkt uiiE |l Slpd A BISETE: oW RASTE TdRpIRE, Sl ald on angl e

so as to be connected to the flow tube in an aligned condition. In this

case, thepHianaaf duivdd R4 dw iaessuthe 192y G nisurds) Vbt ildhse

conpact, but also in consideration of thermal influence. In view of the

f oregoi ng.ofaF10W Q4ibelfLddIHITFATHY dxteNdiny) 1atdraldsl ¥rome Yody dEf
Coriolis flow neter having two parallel, arcuate flow tubes each consisting

of an ar cuMes IR HEte\d TWerbiEbeal &segpBBbSfokhenshaneeshitipe flow tube
SO0 as to suppress, to a predeterm ned | ow val ue, stress arising upon abrupt
change i n dxftendmenag ipprafichd 1§ tdguited1Eaniis ¢adRd nyP aApriohllem st
conpact, thereby achieving excellent stress dispersion and vibration

resi stancdncreased size.

A straight-tube-type Coriolis flow meter employs two



The present invention provides an arcuate-tube-type Coriolis flow neter and
a nethod for determ ning the shape of the arcuate-tube-type Coriolis flow
meter, the flow nmeter conprising two parallel flow tubes; an inlet nmanifold
for receiving a fluid to be neasured frema fluid inlet and branching the
fluid to be neasured into the two flow tubes; an outlet manifold for
merging fluids flowng fromthe corresponding two fl ow tubes and rel easi ng
t he mer gedtralights £1aw dinhes |aptensiingetin Lhe idigeqigion @foramiadtennad ng
the two flow tubes at nutually opposite phases; and a pair of vibration
sensors dikipssedWhen &hgi stardghty fdpwmisubesasupeortednatwithgirespect to
the installation position of the driver and adapted to sense a phase

di f f er enc ®RRQAISE ienfle ane FiFatRd af Jhelr el R tdens (3w a ubes
assunmes an_arcuate shape conprising a central arcuate segnment and two

| i near sedheifGticdt REPIHIHBHAT t1© Shedd Fxase thnidAP it segnent .
The inside diameter of the flow tubes and the |inear distance between end
poi nts of EffpMGPatMRen thes SHRPI.S RIFIA B 9fe Uit A ar get
pressure | oss arising from passage of the fluid through the manifold and
the flow tHARY dukedk ki thfndaiwalarertiong ff thens HiF ence

bet ween sine wave outputs fromthe paired vibration sensors at the maxi num
flow rat e, tURRF 4% ed, & the fq’%‘g‘hé#cf dhagn FfHpnanss sHER@) ength of
the linear .segnents is._selected so as_to reduce thernal stress induced from

an abr upt &5 ek @ HRNEREe dhe MAss FiPH FRE nedBlfed tR8nd the

shape of the fJ tuhes i s determ.ned such that, .even en the | ength of
the I nears e For I SN M R TR R (1P ey GRS,

remai ns | ow,_ so | ong as tqie | ength of the |inear segments is varied within
a range ir?\%ﬁﬂ%’n cicﬂ'%rjr?eﬂr% s i s substantially constant. The present

ot hod £ or det ARHa Gy (HP SHARE G THIPST SRR (ETARAS DL TS 1 ow
L AR AR oL AT A o o
i ougn LRHRATOIE AT T FAGRT bbb VAL LR SR FIRSTASE 2t ar get
Sensor s aC AL S g I FARO EHon HPSRAR O Bo i OF i

i monsi onHeRAEEL Y. Sspiane ik (e RN (RO RN bes 1o e
5 R B S0 A LR,
o A oy MO S B 55

fl t i - hard [ [ iew,
R O R T i

e view (righ

view takefyialed wlded 1Y i1y Yuddie %@%é&%@u&iﬁx éé%&aééw

showi ng paraneters of an arcuate flow tube. Is a w show ng a

fixed arc.tiddabyt imaut P WL TN & s d Ndehed slt-e k' Ehﬁﬁﬁgt ger mal

expansion. FIG 5 is a graph show ng maxi mum stress Orax an
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 dliaphragms or bellows.
The problem of longitudinal elongation induced from
change 1n temperature can be solved through impartment of an

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



height h while length L1 of a linear segnent is varied. FIG 6 is a view
for explaining an arcuate flow tube 8 conprising a central arcuate
segnent and two |inear segnments | ocated on opposite sides of the central
arcuate segnent. FIG 7 is a conceptual view for explaining the operation
of a Coriolis flow neter having a conventional arcuate flowtube. FIG 8 is
a view for explaining a conventional arcuate flowtube. FIG 9 is a view
showi ng artliBclgses @n tdreyates ditow rhudet.i oFI6n Thdsr aghchhmalici vdewnd a
Conpar ati ve Exanple which falls outside the scope of the invention, on the
| eft handSadi dsplRi®ing the oneraiiommefi iy convendignaln Gangiliis £Low acy
after abrupt change in tenperature” with respect to the Exanple and the
Conpar at | metPmhawlnglan arcyates fgaypitulieow A archatigefilaw fybeusant al

error as neasured for different dinensional ratios after
disperse stress and thus exhibits excellent vibration

resistance. However, a conventional arcuate flow tube is
connected to a manifold in the direction aligned with the
axis of an external pipe. Therefore, as shown in the upper
view of FIG. 7, in the process of manufacture, the flow tube
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 disadvantageous 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 vibrating flow tube. As
shown in the lower view, even node plates, which serve as
nodes of vibration, may move vertically during vibration,
resulting in a failure to carry out accurate measurement.
The above-mentioned U.S. Pat. No. 5,796,011 also
discloses an arcuate flow tube as shown in FIG. 8. However,
such a simple arcuate flow tube faills to establish linear
connection to an inlet pipe or an outlet 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



abrupt change in tenperature. FIG 12 is a graph show ng a change in
di spl ayed density as neasured for different dinensional ratios after abrupt
change in tenperature. BEST MODE FOR CARRYI NG OQUT THE | NVENTI ON An
arcuat e-tube-type Coriolis flow neter using two parallel arcuate flow tubes
according to the present invention wlll be described by way of exanple.
FIG 1 illustrates a Coriolis flow neter to which the present invention is
appli ed, lestaddishdng staalight conmedidienl o @an imletyipdpe |agid Hoamd vi ew)
and a cross-sectional side view (righthand side view) taken at a central
portion tietdeft pdpe fomsanaqih eenneation.i nfat opps sadaghievel &hipi pe
are horizontally connected to the flow neter. The illustrated Coriolis flow
met er can €Rdl. igabdar.i Ashisliawp dn FdG-i dal Ithe WRavate f3owW dube | ow
meter is to be nmounted horizontally, the central convex portions of the
fl ow t ubeSMBighsHjalca gantdalyRRauRtes saapent ard ¢wvor ldneanvsegments
However, when a gas is to be neasured, the central convex portions of the
fl ow t ubed a8 prRaFida sides efadhe IcantTale Rrquats eeomentyr apcht
stagnation of liquid in the central convex portions. By contrast, when a
liquid isa% eﬂaaésmeeanq AR QSHAet RIRe AsSuRiee e PRSAR e nehnvar d, i n
order to prevent stagnation of bubbles in the central convex portions. Flow
tubes 1 afdeyajilomangle & asedache qareated ke dhey &late ke danan
arcuately curved shape. Opposite end portions of each of the flow tubas 1
and 2 ar e §idi9ned ondd Gt  IBnERLFICARA - t SPEnSBAPPPEnERP §LBW2EUBG neans
of , for examl e, |4¥§1 .. The follow ng description assunes that g fluid to
be’ measur i Hs SRSHIRGL DFRoRLY A9 &9 GOMBACE . PUn@ieadds  he
flow nmeter_to the right. The fluid to._be neasures enters the flow neter
%a%%ﬁéﬁaﬁﬁiﬁuﬂﬁ1 eFPaly It UANSS et er via a flange 18 and is

froman ef
T Tl 0P AT A AT
conneot ed WA di 8 APUAEIARG | 207 1 SOE LG L sl mpb el Paviing e
and the ot SREREL o RSP ATE GIH GHERR At CRRSRsInteed 1l be
or edet e AR AN PE I A G drihas RESTIRaR -orPAso PRI (F HO%ch ¢ he

fl j d i fl b
aﬂﬁ”geaﬁfi £t S <8 ?rﬁa%f.dos rsﬁ&%&ie?s,s"%?c}i%iEp‘éffgj%%éetﬁ%&%%% ?%avee%%‘fpif; 5 of
of Cthe ramSer SEAAR, dforf BRI briindd [l (W KdiBR A HOMCCL O
whol e whi | f j I i I f

thol e WLIEE ke od s a8 o YL W SRR S] BGRIPDC, Of @
and two f la%i%%tir?ﬁ éxcee'l’letnq:e stt%gé %stp%ojn %@1@1 %ibration

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 meter, the flow meter
comprising two parallel flow tubes; an inlet manifold for
recelving 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 f£luid



Waile the flow tubes 1 and 2, which play an inportant role in measuring
‘vibrations, are each allowed to assune a sinple shape of a single bend, the
mani fol d 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 fixedly joined to the manifold by neans of, for exanple, welding:
i.e., inclusion of a flexible portion is not required h r t hape of
the flowﬁgmeé abgoabsuthetna driver En¥ FQS?%QPEan?rgxgﬁgp?ﬁg- ?‘g?at ed
stress. de plates 28 are provided in the vicinité of %Qg 8Eposite ends of
the flowehyhesubesndt2matuadlyooppesdtaspasesy gpbt FoR*NGdes when the flow
tubes 1 and 2 are driven and so as to securel%#na' taigmkgﬁr&%gw tubes 1
and 2 i ny3ppatabhekensodist ddspoaegdoiit 1ORILHYIAR ub of ~Z where the

flow tube is fixed by neans of the node pl at serv aJe kgl ful crum
of Vi bratyjoantidng aithndespecte tol dhet G-Bétflg'ra%g‘of‘hgtogﬁ'?‘?gnr?ect ed to the

upper end of the inlet manifold or to the uppger..en H&% di®ngxani fol d
25 serveyrasexr s addptest ha sfengepPa PR e %%(frfl%\%rngﬁ') I's p%lrif)vi ded at
central portions of the flow tubes 1 and 2 _such.tha i fmdsi ¥wa coil is
att ached ¢ d hoflais fierce vi Baghf Pt tPE, t&%ﬁ% tr?‘a"gj’%%t E‘ugss attached to

the flow tube 2 via a fixture. The drive coil_is | langarpected to
an exter nitculehe cshage t¢ammoksiNg 2 fGRT Tk eafr?}f%i%ae%%@(% e printed board

12 and a wiring termnal portion 34. The wirin r g REAERdn 34 'S
suppor t edi fyedr bmgnemtﬁelo%t%wfhgo@%%ﬁ%ﬁ%%%r& (r;%?sssecti onal shape
and extends through the base nenber_ 30,, A cover I f1vEF gy dnd ned to
t he base apsbhate 39egmentich 'ﬂlenﬁlrﬂ?élrdeasditad“eg:eq‘rl r?efo,it lefmati cally seal ed
space in cooperation with flanges 26 of .manj d.seghiRNss theaklowf

vi br at i ontkensbneatcdiatiange spetyeel a29 Bﬂi{'g%\g??u%%nal 'y opposite sides

of the driver 15 such that, while SENsor gpet . i-Seft bprebsdreolbbs fl ow
tube 1 vi aumebi arer detarBdnedr °EoFﬁei §a§?Fa§ﬁe§ %’gkéﬁe PI ow tube 2 via a

fixture. In operation, the driver 15 resona i YR hBaiFsedpandl | el
fl ow t ubearisand £rom PRESAILeR r&%epgﬁflggnghg%su iclt ual Iy opposite phases.

The paired vibration sensors 16 1 a 7 PLOViaee tof imenphiasei nal |y
opposi te theeflow ftﬁé’edlaltvépel?a&ﬁrﬂ'ug'dggpédrt%r(g%s'erafse ggghase di fference
proportional to a Coriolis force. The driven 1%.pd thiee idedd vi bration
sensors l@ifference defwasss&Ine, WaYs (r??tdé::b%tsl B

space between the axes of the

flow tubes 1 and 2. In other rds, a ﬁgp W fdte, Bnaeertdduet | ow neter
i s vi ewed wihgatien seREFIHRY I“baééte \(?r}dtvﬂe near side conpl etely hides

the other flow tube |located on the i eagheofl ehlgendoifvéhel5 and t he
pai red vi matyrsl SErR@IEnGiE %J% g%"f cseh are di sposed in the interspace

between the two flow tubes, is di I {5 Ss hrSa i@ Ntie el 4 tees®ent er
t her eof i sLinga® tPHERLY 1R %%ﬂ%éig%fﬁ%ot%e center axes of the two flow

Comneet | notidiacel v s caf iy ety Ph | Teabore tube ok B e ce
e o ety ok ShacElls Byigasse shergisicuibes sondeterminede
(rom 2 i b et ongh | Lo hRACEnk S18c 98UGRS, 1inoabosegnanrsGiel, 1w
D Che, O o ange el il DS gspRaLge bicdnendsoat abes oemetion dovt 80

illustrated apparatus LL8S (@Ulknkhe 1neareskigmenhy dsaveried witPincs
t enper at ur &0p8 Fﬁekglgsg%%r‘gl#‘g‘e?%o and estimating the el ongation of the base

menber 30 fromthe r g4 L WRIIC @ re@EPalsalsubs t afitiiaidy, comsted¥per at ur e
sensor | ocXPB§E H'nt ﬁ‘q‘\%c?t%ety of a connection 13 bet ween the fl ow tubes
and the nanif ol er%‘é{ed%%é YRAIALGE 410 Yamovidezare g tAr RS on in
rigidity of the f10 ube stemmng fromvariation in the terrpierattt%lree of the
flom/tube.type Coriolis flow meter and a method for determining

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

the inside diameter of the flow tubes and the linear distance



The arcuate flow tube shown in FIG 1 consists of the central arcuate
segnent and two |inear segnents |ocated on opposite sides of the central
arcuate segnment. The inlet pipe and the outl et pipe assune a predetermnm ned
el evation angle so as to be connected to the flow tube in an aligned
condition. In this case, the shape of the flow tube nmust be designed not
only so as to be conpact but also in consideration of thermal influence. A
met hod f obedatemmiendpaing ssiafpeash »f (the thllew dabes tares degheaminad a
predeterm ned | ow val ue, stress arising upon abrupt change in the

t enper at urad dtheqn Haslisd afp hdangedupresawresdaoss @risdngofirodo RRESAILL11 be
described with reference to FIGS. 2 to 4. In FIG 2, points C and C
represent of pgdientflofld dhvrengho ithee masd £ alige andowhey ifd oxhdubie ath(tde

mani fold and a point of connection between the flow tube and the outl et
mani f ol d, mazsyum iBlaw rafd .nta Aargete Jdmes phase dliffensmaeh dertywepn ube
which is | ocated between points C and C,  and point B represents a point of
connect i of e Wadie O Rs Eom thea Palgegharibratdomseansens afedhent .
Point A serves as the origin of coordinates; the x-axis extends positively
ri ght war d TPgfEbifdowaraier @ B barged maidrado Snaananeyd ddfnwded floshm
point A [err] represents an angle of an arbitrary point on the arcuate
segment wit4PSSespdBe £Bare| Phethg fleynhubesndspapherringd sHehcthatr of

arc of the arcuate segnent; err]h((/)G represents an angle of an end poi nt
(poi nt B) e tdr‘*@eé‘rsc"t?g'{aé- é'e’d'hl?nt( it Afe Shec tverd hedghty {d IR fhesent s
the radius of the arcuate se%rrlr'xent. Further, h represents_the hei ght of the

f1 ow t ubeEioW tUB&S dothe Jimear s tanas f 1dr Betueen e 1ensk RdRtSct i ng
points C and C_(linear distance between end points); and [err]1 represents
t he angl e‘\%nie@i?hc & ﬁ’reaifd‘fﬂw Iti“g’@saﬁtf & Iti°ne]?jr3 ‘segment of the flow tube
form In determ nation 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

of the f ot pESdR Rk, BRI, "accumes (hat a Coriol i moter has
and Vi brati on Pad sthridh & ALOhENI AT i s IS BRYSF F an
o e St e SHRs S nd Dol e Y, 0
BRI A S L
bar (tot alt%t)éf fg‘oé"r Z"\sgsﬁ?r%é I“@lfgleralﬁ ;E?l)r%gr}%je?&rﬁ %\rﬁgr S’t&%& t§15| r?g p%ﬁg‘&il f the

out | et maAererg R FERHE Seth? i itz SoRP-d WAL LB o 5B 2n 15
ohase i PETEnanal, At et GRS oUe ¥Rk Fein 30 ¥ ShnlT,

t he maxi mfﬂxftli%‘ﬁ B@tgzggf&gwmln%%nﬂhan 6 uS. The natural frequency of the

flow tube™i's set to : ich is higher than comerci al

frequenci es. Ofgdie A0S R Wit el ALTH Gl Ardfadd Eddipw tube
and the linear distance L between end points of the flow tube are

det er m neqypext, the thus-determ ned schematic shape of the arcuate flow
tube is refined so as to reduce stress induced froman abrupt change in the

tenperature of pad| W dd @ RA FEaHGEGRg | SIWER pc aS expressed by Eqg.
(24), which will be described |ater, the maxi num stress induced at a fixed

end can be obt gimed.4 SiNGe Vi EROVIHE ¥ TRARAAN RN By kit dal ation

to the length L1 of the linear segnent, the length L1 and“the vertical
hei ght h qherilf lexpansidni .hat reduce the maxi num stress can be obtai ned.
This will be described in detail bel ow

FIG. 5 1s a graph showing maximum stress On.x and tube

height h while length L, of a linear segment is varied.

FIG. 6 1s a view for explaining an arcuate flow tube



As shown in FIG 2, point Ais the vertex of the arcuate flow tube; segnent
A-B is an arcuate tube segnent (half); segnment B-Cis a |inear tube
segnent; and points C and C are fixed. Fromtube continuity,

[err]O=[err]1. The follow ng anal ysis explains how to obtain thermal stress
that arises in the flow tube when the tenperature of a liquid flow ng

t hrough the flow tube changes abruptly fromtl to t2 (abrupt change fromtl
to t2). Tidoopaising @ eeadnad arcuatiegiseanepdi andytiven lilneasy s@Iend sf r om
point Ain the direction of the y-axis; i.e., the elastic center (a point
wher e nomdipcat®@d om@RRe$iteom o thepsentaial anpuateysegmeites with
respect to the elastic center serving as the origin are represented by (xl,
y1l). That is, ¥ES ahds|acangeptyalorviay foF B¥RIHAARE thfen the origin
of coordinates is noved frompoint Ato point Oin the fixed arc _as shown
in FIG 3orenadgonsaf & Foueld snidaw federy hayags sangientionddr esent s
the geonetrical nonent of inertia of the flow tube as expressed by n/64(Do4
- D14); amFadeafdeovy tubese| ected such that yl=y - d satisfies sylds _ sy

dds=U. (1) EI ~ ElI distance d is expressed by s ( yds / El ). d =5s (2)
J' (ds/El) The f5¥%¢ & dfi @ ofien Sk SR ainidg & iqorstenhiPidHe AEFUIE nduced

fromexpansion in the x-axis direction which, in turn, is induced from
abr upt cm£i$¥iq¥bﬁénperature. When s represents |length as neasured at an
arbitrary position on an arcq#fgﬁlrepresents infinitesiml |ength as

measured at an F%i t% &% HoGk PHRh S ERTRIG Qf ddihRESs ic strain
enerqy; represents ment, i he x-axjs diyectjon; represent.s nonent
oot g Ve o ey S b diands se AN & CPiaR AL VEL SRR { ho
flow tube; re ents .t t hermal expansi.on coeffi.ci ent of t ub

et ot ol s IR el G, e Rorbe G (i, SRTERAL o o e e e

fl ow tube; aqg;gagfressive force Hwhich is a horizontal 17 force acting

at the el 2% N

€r (point O-and bendi ng
FIG. 10 is a graph 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 after
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



monment M are taken as redundant quantities, fromthe Castigliano's second
theorem Egs. (3) and (4) hold: aUSMaM'' ' ds =0 ( 3 ) aM ~ El aM
a-Us MaMx =~'" y yds+~ NaN ds -atL aHo EIl aHo AE aH o 2 where MW =
Mo + Hoyl N = Ho cosh ( 5 ) Fromthe condition of the elastic center, M=0.
Thus, H=atL | 2 ~ (yl2ds/El)+~~(cos 2~ds)/AE~ Egs. (5) and (6) yield a
bendi ng nonent and a conpressive force acting on an arbitrary cross section
of the ar ouimve (fllefit<thansl viiles )p Ardhet @ ss-seod ianalatsd dd omdemwu e ightshown
in FIG 2 are substituted into Eq. (2), and Egq. (2) is solved for d. Then,
d = f ~~ Rand cdsie- wilkw)~ taksn a8 @ centhal/ pointieoh therwf.+on dhg sin o
X (1-cos ~u ) Wiere Rrepresents the radius of the arcuate segnent of the
ar cuat e f lapsumpidonTHdvadf @re inllet dilpearmpdl lpat wadiietepipe Arend the el astic
center is expressed by 1 ~CZ-R2(1-cos~0)2~+RZ(~0-sin~0) d - 2 sin ~1 (8)
Rio + 1 ~horigontaldy ¢onnesitied-to the flow meter. The 1llustrated

Coriolis flow meter can be mounted horizontally or vertically.
When the Coriolis flow meter is to be mounted horizontally,
the central convex portions of the flow tubes may project
either upward as shown in FIG. 1 or downward. However, when
a gas is to be measured, the central convex portions of the
flow tubes preferably project upward as lllustrated, in order
to prevent stagnation of liguid in the central convex
portions. By contrast, when a liquid 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 illustrated Coriolis flow
meter assume the same arcuately curved shape. Opposite end
portions 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 1s 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 plpe connected to the flow meter via

10



18 Simlarly, solving Eq. (6) yields H- arL/2 o ki + k2 where k, = E
~(R-d) 20 +2R(d -R)sin~ +R2~0/ 2+(Rzsi n2~0)/4}+ ~(h-d)3 -~R(1-cos~0)-d}3~ 3E
sin, (10) k2 =11 ~+1sin20 R+ cos z ~o ~h _ R(1- cas ~0o )~ ( 11 ) AE
2 4 sin ~1 Egs. (5), (9), (10), and (11) yield a bending noment and
conpressive force N acting on an arbitrary cross section of the flow tube.
Not ably, A represents the cross-sectional area of the flow tube as
expressed &yElangd 19.002 - Di2 ) / 4 ; Do represents the outside dianeter
of the flow tube: and Di represents the inside dianeter of the flow tube.
Next, thermal &dngsitde iillvatnated Cordlistflaw metemdsiiaftussed. Wien,
as showmn in FIG 4, Hl represents a redundant force, and ML represents a
redundant sywmehricqal strugiiure iw temms ofjthe Inflgvehalf ddent s

elastic strain energy, fromCastigliano s second theorem alUy = ,,,s M aM
ds = 1 ~ (@VEELay hadsf - qulgvthe utfiow Malf of] the. flgw metqr Widil, be Ry -~
+ ~~~0 (M1 + Hx)dx / cos ~1 ~ =0

described. The manifold 25 is(s%go{hly and arcuately curved
upward at a predetermined angle from its outlet (its
connection portion to which the flange 19 is connected) and
reaches connection ports to the flow tubes 1 and 2 are
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 connectilion between the
single outlet 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 required. The arcuate shape of the flow tubes absorbs
thermal stress and 1is resistant to plping-related stress.

Node plates 28 are provided in the vicinity of the

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

11



19

si-n ~o Thus,
1RZsin-~o0- 1LZ- (1- cos ~0 )Rz k _ cosh, 2 8 (16) 3 R0 + 1 L _

and avy - fMaM ds ~rh aH E aH "s (ML +H x)xds =1 ~' ~(M
+H Rsin ~)Rsin ~ Rd~ El EI ( 14 ) + 1 ~~2 (ML + H x)xdx /cos ~1 = ath

sin~ocos12k4=1RZ(1- ~s~0) +1LZ_ RZ22sinz ~o0 ( 17 ) E
8233ks=1R31~0-1sin2~0+1L-Rsin ~o ( 18 ) E

cos -,

E

Mis expressed by MeMy+Mk (19) The naxi mum nonent

Ccos

E

Mk3 ath H=1 ath ( 15 ) 1 ks + k3 k4 1 ks + k3 ka where 1

R
E
2 4

R

A3 adiioee nddeanavhign dihe dflovhdudbese ldiandct2d @re dnisven temd seonent

is induced at fixed end

C. Wen Mas rteprsesmives vt maimdiaimurbhvep fdiow) tube sdxiandnZdmdiangagiadded i s
expressed by

condition. A point on the flow tube 1 or 2 where the flow
tube is fixed by means of the node plate 28 serves as a first
fulcrum of vibration, and an end of the flow tube 1 or 2 that
is connected to the upper end of the inlet manifold or to the
upper end of the outlet manifold 25 serves as a second
fulcrum of vibration.

A driver 15 is 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
supported 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
manner 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
magnet is attached to the flow tube 1 via a fixture, a sensor
coll i1s 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

12



M( ) QMmax - Z 20 where Z represents the section nodulus of the arc as
20 expressed by (n/32 ) ( D4 - D14 ) /Do. Conpressive stress acting at
point Cis expressed by N Ho cosg~l 21 ) ~ - A A Thus, the resultant
stress is expressed by Amax ~ ZMrex +UCZ (22) Notably, calculation results
have revealed that vCis as small as 2%to 3% of Qv and thus ignorable.
That is, Qmax ~ QM max (23) Therefore, the nmaxi num stress arises at the

fi xed end amfd 4% a@@pm@dq@ o) 'lomabtudinally oppoglter sddes af the(24) Z
2(k, + k2 ks + k3 k4 k5 + k3 k4 For exanple, when a flow tube having an
openi ng didmistesr 15 aml adaptedrddge sense & phase sflfdiernencgsed and has

proportional to a Coriolis force. The driver 15 and the
palired vibration sensors 16 and 17 are disposed in an
interspace between the axes of the flow tubes 1 and 2. In
other words, as shown in FIG. 1, when the flow meter is
viewed such that one flow tube located on the near side
completely hides the other flow tube located on the far side,
each of the driver 15 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
flow 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 1is not produced.

As shown in FIG. 1, two temperature 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 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

13



an inside dianeter DI of 15 mmand a wall thickness of 0.75 mm and the
flow tube is subjected to an abrupt change in tenperature of 110C, fromthe
di.mrensi onal geonetry of FIG 2, the followi ng relationships hold: R =

L/ 2-LIcos~l and sin~oh=R- R2 - (L/ 2 - LI cos 1) + L1 sin 1 Thus,
when dinensional ratio h/L is varied with L=371.4 nm and ~1=~0=40, naxi num
stress orm- and fl ow tube height h assune the relationship as represented
by the gr &etwafenFltBe Tlobs tiubesp @axderthef mamiFiodd Pprovedesurbesipeesatuds , " ~
converges to the m ni numval ue (about 125 NNmm2) at a dinensional ratio 21
h/ L not | o tusen i Tbrrdoichngy vagiiadd on idmc rdasleld by tof dihvee ifdicondiubeat i 0
h/L, a dinensional ratio h/L of 0.31 is appropriate, since it provides |ow
maxi num stsrteswiangd foomp aatr icitioms iion £ hiea + emperatentee e foytheh & liond itubenar ks
in FIG 5). A device according to the present invention that is designed on
t he basis of a Themmariuatd flaw dube sifowh 3 iIBIGhdweansEHES.00 thed 10 as
Exanple. A dinensional ratio h/L of 0.31 is optinum however, as shown in
FIG 5, iceatdialeadionatie sedment/ landartywe dfingar tsegmedtsndoicabadsioness Qm-
is substantially mnimal, and the tube height h is sufficiently |ow,

t her eby proppodilte sidesmadft the gentiral arquadediseameindnal That LplatL
decreases, the maxi num stress increases. However, at an h/L not |ess than
1/ 4, the PdPRemandstthes outdieth@ipep@ssswed a predetamineghelevatleon s a
stress at an h/L of 1/3. FIG 9 shows, for conparison, the Exanple of the
present i mPgdE & @slipsdengomert®dnto the-dloy tabe Ha angaligned si de
and a Conparative Exanple which falls outside the scope of the invention
(L1=20 nmcondidien. hFE:IhSF,céﬁethéhﬂeﬁhaﬁanefstbé.fEPEitmbeiguﬁtgPaph
showi ng "change in density accuracy after abrupt change in tenperature"

wi th respéesigpet@ot andive Sth@s #® bsmeompacke ta@dis®. 1M G 10 shows the
measurenment results of density accuracy as neasured when the tenperature of
a fluid i Sonsdderation ofe theemale FpEIMeRCe af t er havi ng been abruptly
changed by a tenperature difference taken al ong the horizontal axis of the
graph (after hdvitgfFhahifan sptermifing e dhdpe &f hdhew tuhessuAas 10,
t he Exanpl e does not show i nvol venent of_ error in density-accuracy

neasur enerft% SHPRT afFen toh& dngsstarpidesk Low IVli‘ildPﬁ's s&?&?&e@r&&% ly by a
Phat dens HBPIUAEANEF GRAGES i RS SR AGIE eI Go L0 BBt change i n
Lo Al Ul adurea Gna 50 as” 15 Belfiost 'compact wil1 Be Yesitibed 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; the x-axlis 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
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nmeasured for different dinmensional ratios after abrupt change in
tenperature. FIG 11 shows data obtained through actual neasurenent by use
of- flow neters having di nensional features as shown on the right-hand

margi n of the view. Conceivably, an abrupt change in tenperature in the
course of using a flow neter arises when cleaning (steamcleaning) is
performed. During the cleaning, the tenperature of a flow tube abruptly

i ncr eases QO ng gpdnt A ang fhe icaptamef argafpithe angudtced to a
tenperature difference of up to 110C relative to a roomtenperature of, for
exanpl e, Z®EMeMHus Poi RePFeseRper aheangle eEnpRrafdreodntf epehet B) 2f0C was
i nposed on _the tested flow nmeters. According to the results of the

experi mentthe RFGUadS Ragment Hﬂtﬂ’sa’&qwtl/tg’ they Linep and &y al nost no
change in instrunental error after abrupt change in tenperature, whereas
the flow meBseseRfishdhen nadins of Shegranats Semendi-deFYRERLE r Bnge of

1/4 to 1/3, shows a change in instrumental error of not |less than -0.2% A

0
change i n GSRASSERR dhee ng; ofp By ity &uberio /2 EsATsseR s Haltet er
and falls qutside the_guaranteed accuracy of a flow neter ener al a
Cor ol i 5 ALY QAT ShTSAPBE e GromedtLis Bodar HE asidt €. 20g
FIG 12 shows the results of neasurenent of "chan%e in displayed density"

in place dingdnddstanae bealkantend palnts) ;pagd 1 Tep Sﬁ%‘%hm@ a

simlar tendency.t.o.that of FI.G 11 The f t.er having an h/ f 1/5
shows a gl‘aé’é‘ﬁ'ecﬁﬁﬂ'd%‘ iq%‘edisg;ﬂ:laa"?é’d: é‘éﬁ‘sﬁ t?%%qa‘f &ﬂgg'led’g tqrﬁé the

guar ant ee aceyr %Crﬁ/ enerally, a density neter has a guaranteed accuracy
of about ](?(3'2 d? ) e results of nmeasurenment shown in FIGS. 11 and 12

fi hat , hl/L han. 1/ 4, i | d
i spl ayed densi 1% SIS B ahaniSf R Fh e S g an
h/L of 1/%5 suff | ast,i f ti ' [
Ferper at uPEESuSB ) Sib (e Eraee JOCh B FHL T R D e

hani cal i St f fl i Iitant ch
M the portiobay G detvin B Wedhed S Ine ab SRR ALY TS
o1 o oo ket S e AR Ly (OPLSTR ORI CAY LY, Jpespecen

pe of a T1owtube 50 a5 to suppress, to a

q . I g .

Pempor ot uitise g sty sl I AP Al RIS 1

present | et %;Wogﬁ)}:ta%qqarﬂéﬁte %rl‘ril:t%fgf&tb@esfr"eé@;%e%ﬁi%ltCO”Si sting

of an arcuate segmne I near segne achi eving excel |l ent
stress di %E&r [ ' [ s LA

arcuate-tu e-%y%&%o%%ﬁ%%%rrﬁs&%g con&ﬁ%ﬁﬁ&ot%ép\)%r%ﬁaldg% fl éw t ubes,

an inlet j rfeﬁg} 1 Ty # 0 I dHAy et

and br anc%&’fﬂ%ac u]i to e\éier}%'eogvsfr&eﬂ iutnsftﬁéﬂt e two aﬁjéfv{lfl,[ ?D%sé,degﬂn%éilﬂ et

meni fol d fior; MeRgbRgebkUids shly0Wi RO theOBhEReoE0R! §2RRNGhRIF YR tLBY,t Hbes
and releasing the nmerged flurd froma flurd outlet, a driver for resonantly

driving theg tad, and Wiks 3/1Mitdialds opposite phases, and a pair of
vi bration sensors di sposed at |ongitudinally symetrical positions with

respect to the pustrals Atir) g0sid i e tdwiuty BNAaERIRLE VSense a

phase difference proportional to a Coriolis force, the nass flow neter
bei ng charafd dsAnfptiion RHateate FHollringD HdrYut WA HHe acH éfddlat e

shape conprising a central arcuate segnent and two |inear segnents | ocated

on opposi ¢ tHrdft YPrddrureeNidsrl aAfiBidie R PEssddee dfmd daudi@net er of

the flow tubes and a |inear distance between end points of each of the flow

tubes are tigiRigH e MardiF IR A Ghel drfuitle HIRW Wudd S td Fai@niumrdm
passage of the fluid through the manifold and the fl ow tube at the maxi num

flow ratefidv dfegd 1fd MdOPRABALE fitianNqe Bat WaRtall RE R \Predgurd Ldgsom

the paired vibration sensors at the maximumflow rate, and a target natural

frequency axfidiigy firom ttHheechrottling 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
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tHe length of the Iinear segnents is selected so as to reduce thernal
stress induced froman abrupt change in the 25 tenperature of the fluid
to be neasured, and the shape of the flow tubes is determ ned such that,
even when the length of the linear segnents is varied, the vertical height
of the flow tubes remains low, so long as the length of the |inear segnents
is varied within a range in which thermal stress is substantially constant.
Z. An ar ceatdvialleatt wreaGghitotiubef lodwtinet arcoarer ifdiomy tubhe )par Alsel al ow
tubes, an inlet manifold for receiving a fluid to be nmeasured froma fluid
i nl et and targethitdget phafsleuidd fiferieaces bedween stinet wavewouftipubst Frem an
outlet manifold for nerging fluids flowing fromthe corresponding two fl ow
t ubes and twel dabengeniseomweiodds fatuitdref mamimum fildwosraltet isandti vessf or
resonantly driving the two flow tubes at nutually opposite phases, and a
pai r of vithiaat ibopSsenTbhesnadtspatefilragquénoyi tvfidthel fyowytuberisasepototi ons
wWth respect to the installation position of the driver and adapted to
sense a pRade 49i0f Har. e whd cbr dsohiliobea thena copmesicilalf frequenigdesass f | ow
nmeter being characterized in that each of the two fl ow tubes assunes an
arcuat e shape @mphesiahpve auemigesar de dnsdgiee dlametenvd:l plethesegnent s

| ocated on opposite sides of the central arcuate segnent; the inside

di anet er éflodhdubeo@ndutbe dd@earn disiangeslabedweenead Pedntsi ofs the each
of the flow tubes are determ ned on the basis of a target pressure |oss
ari si ng f £d@Wpisbegarsf determiped .t hNewhh the kHansréetermminede flow tube at
the maximumflow rate, a target tinme phase difference between sine wave

out put s f BEREeMeEicaishapey iof dhieoarsuadsr S1oy tube dife reflnedmsol &7 &t e,
and a target. natural frequency of the flow tubes; and the_shape of the flow
tubes i s FEOSCH FédFesFcANONLES f&om ABnsbgvRt change AP LS the vertica
hei ght (h) of the flow tubes to the |inear distance (L) between the end

poi nts of LEHPRTELURee Of) Snilydss tos be mepgured. 3In pRUBPREY: e@F ube- t ype
Coriolis flow neter as _descrihed in claim3, wherein the_length of the
linear se§ifPressed b Ed-ed 24 'ayhﬁﬁhr@&&&ebPhQPﬁEF1§PFe§§tP%du@@& from an

abrupt change in the tenperature of the fluid to be neasured, and_the shape
of the [l BA%HIES SiTede anatced atch fiFed aPenCaRoRe RETPIAGE oPLDRE

i near se nts i.s varied, the vertical height of .the flow tubes renains
| ow, so | E@xﬂﬁﬁmléﬁﬁFﬁsoFaphgq Pﬁ%&#n§§3 nEelad grigdt%Ft RILD ange

ot or i ni g Pito toRa BT S SEPERI e S0 oPRRE. Gt R8s £0e Bthdeal |
oD "R A, Sl 4 B8 ) BB Ol 555 L
the.cor T cRomAtRG ENS + DA Hbes BRceparEiEeRgie iacherdchetblia rroma
Lt put et o 861 MBEwhoLol 207201 | Yoghivhnge! PR yRcLLgobubRg
positi on BECURSRIATOY e LRReMeRY A% 1l S Btbubte) ARHEHEISRE 0T ona
to a COf‘QH&ifBQV%%gﬁ%Et B-C 1is a linear tube segment; and points C

and C' are fixed. From tube continuilty, ¢o=¢,. The following

analysis explains how to obtain thermal stress that arises in

the flow tube when the temperature of a liquid flowing

through the flow tube changes abruptly from tl to t2 (abrupt

change from tl to t2). This analysis uses as the origin a

point which is moved by 4@ from point A in the direction of

the y-axis; 1.e., the elastic center (a point where moment
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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 segnent and two |inear
segnments | ocated on opposite sides of the central arcuate segment; the

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 tH&RAWDE mqm<£%qnmﬂ; expaisden wisnd® JphaSeonfinatescwibBt ween sine
wave outputs fromthe paired vibration sensors at the maxi numflow rate,
and a tar g&spestute thee glasticocemter serviagess the RdIlanGU® of the

| i near segnents is selected so as to reduce thermal stress induced from an
abrupt chaepresented byhgdenat ¥k, ofThate is,ui=x0and ¥easur €d, and t he shape
of the flow tubes is_determ ned such that, even when the |ength of the

li near segnent PGORAHNEFEO Haqahankoy wharyiheorigln |ofy FapFsinakas ns
low, so long as the length of the linear segnents is varied within a range
in whi ch fifeMe¥eds fiross nodnd g ttonpodmty O distthye fixedsana @5y shown in
determ ning the shape of an arcuate tube-type Coriolis flow neter

conpri si né’%qm 35ataHeRTeReRL S JodR9 ' g, Modudusndi @oltbeomaterdiddiind a 1 uid
to be neasured froma fluid inlet and branching the fluid to be neasyred
nto the ERPTRSSRYANLS Seenakiica ta o neEden & (RS Lo aR 1 r om
the corresponding two flow tubes,and releasing the nerged fluid froma
fluid out Bt eXRPI@SSR& by w/84 (Do o5 Pk ARt [AASTRNGR & WS r9heifsks at
mutual | y opposite phases, and a pair of vibration sensors disposed at

| ongi t udi FRGHy thakFurycal dp8at gﬁ%gsmﬁth respect to the installation
position of the driver and adapted to sense a phase difference proportional
to a Coriolissfygdce, She-nkt odﬁgeing characterized in that each oi t he two
fl ow tubes URES %ﬂfaﬁgpa 8 Zhape conprising a central arcuate s nt
and two |inear segnents Tocated on opposite sides of the central arcuate
segnent ; %{dj_es i nsied ;1isam3t er of the flow tubes and a |linear distance

bet ween e &c?inrﬁs o SERESTH By ow tubes are determ ned on the basis of
a target pressure loss arising frompassage of the fluid through the

mani fol d and t he Flo%/t‘ag at the maximumflow rate, a target tinme phase
difference b tgeéﬂ(g %ép ze outputs fromthe paired vibration Sen€?£8 at

t he maxi num |OM/'%Q%, ?&3 a target natural frequency of the flow tubes;
and t he shape of Jh f( tubes is determ ned such that the di nensional
ratio (h/L) of the vertical height (h) of the flow tubes to the |inear

13 755" hatp AE A P UL QB i), Te iR R ek, iy 10

A{LA . ; 3
|vglgb]Xé%%g?gg?ggfégféﬁfgg?gﬁngQUfga ga E%g cgtfggtfggLrgéﬁféatfcaU]caU
] cal] cal] qaldnCalle alfridd #lond bz gt ¥ardeC 1%/ témperature. When s

represents length as measured at an arbitrary position on an

arch; ds represents infinitesimal length as measured at an
arbitrary position on the arch; U represents elastic strain
energy; Mx 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
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PRUf g~xsni d_ZU] ca] ca] ca] ca] ca] ca] cal] ca] ca] ca] ca] ca] ca]ca]ca]ca]ca]ca]ca]ca

Ul-.ca] cal] caU] cal] ca] ca] ca] ca] ca] ca] ca] ca] ca! ghx* hw{

*+~zupkfa\ W] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca]ca]caU] ca] ca]ca]ca]c

a]J cal] ca] ca] ca] cal] ca] ca] ca] ca] ca] cal]cal ABOYW K OP n o

5!"V'Y$Z$f $g$r $s$8${ vql gb] X] 1] ca] ca] ca] ca] ca] ca] ca] cal] ca] cal] ca] ca] ca] ca] ¢

?]ggza] ;:331] cﬂa’fﬁfgqm]l:@]m]w cdlasd]ica jcemtea] dpcdajtc 4))cabf@sbeBddnyg’ ' ' (*) +) 3

*>*_* * * |k kkk k%

+zupkf a\ V\]']Qﬂ@]fd'a]b’iuapga] taken] ag] caflunfantcapenrdésjes Eapwarbay] cal caj cal ca

] ca] ca] ca] cal] ca] ca] ca] ca] ca] ca] ca] cal

++0+4+5+CRpstigiiany '€ |secamd |theorem," Eqs. €3 @nd #/4whed&ty]]]ca]calcalc

a] ca] ca] ca] ca] ca] cay ca] ca ca] ca] cal] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca]

ca] ca] ca] ca] adV#/ % (4 # /,00 1*2°222222233n4_5b5e5r 5551 6J677}x52 ZUmhc
Lﬁca] caj caU] cal] caU] ca] ca] ca] caU 3] call ca

~Y] ca] ca] ca] cafc ]j%]—cg?{_
] ca] ca] ca] ca] l9] caJc aUlca 778U V. : ;#; & === ARAAAB
BBMCNCNnDoDEEKE9G?GGG, HBHOHH{ vl gb] X] c] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] cajcalc

FE M cd o I HHI LLLM#
%&ahcﬁ}\&akgw] 2l WCBEW}T] = Maﬁ%ml—]gﬂD ] cad\U]\/ﬁ?’U]g a%}l] gg{chlatf]aiga g:U] c al-)caU] ca

U] cal] cal] caUjcal] ca caU cal] ca calﬂ] ca] calU] ca] ca] ca] ca] ca] ca] ca] ca] ca
] ca] caP) Q@ QkQRRSSS>S?SSSSSnTo TTUUUUVAWSWHW W2 upkf a\ WeaU] ca] ca] ca] ca] ¢
ajcajcalc S a] ca] cal] ca] ca] ca] ca] ca] ca] ca] calU] ca] ca] ca] ca] caU] cal] cal] caU

]YZ?{;J] M Z]‘%)Zgzx[ [- VT H8P{ vql ga\ Va] cra] ca] cra] ca] ca] ca] d@ca] ca]
ca ca] ca] ca] ca] caU] ca! 8
(Sl Lol 1 P (g \C Ongiion ot Ca]hca]_cf] o) St Yordal QUK ] chav] ¢o

V] cfaV]ca V]cMaV]ca] ca] c”a V] cha
V]oC/(\;a] cg] cal gp] ca C AoE ca] cal caV]ca V] c"agg)
: A S_u 2 2
aa_a/_a§a_g3aﬁa} wrﬂtgg% Wg{ qu] c)a]J; cgfat] cai]sga\/] cl] ca] c*a] ca] ca] ca] ca] ca] caV] ca
JcaV] ca] c%\élsc.a (\él)CAa% C(aG])C%r]:LCe%.\{i‘ & ca ngU]mom\élngc 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 FPIG. 2 are substituted into Eq. (2), and Eq. (2) is solved

for 4. Then,

$o .
"R~ cos ¢)Rd ¢ +J:u_m ., Ydy [sin ¢,
9o .
j; Rd ¢ +j;:(l_ms %)dy /sin ¢,

where R represents the radius of the arcuate segment of the

d = (7)

arcuate flow tube.
Therefore, the dlstance between vertex A and the

elastic center is expressed by

1 2 - R2(1- cos 9,)? }+ R* (9, - sin ¢,)
2sin ¢,

R¢, +

d = (8)

{h R(1- COS¢0)}

sin ¢,
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VlcnaV] ca

V] crahai a{ aaaaaaabbbb, b3b9b[ b_bebobubzb} bbbbbbbbbb} xr mhb] Wvq] ca] c”*a] caV] ca
] ca] caV] ca] ca] caV]ca V]c”aV] ca]ca]ca

V] cMaV] ca] ca] ca] ca] ca] cMa] ca] c*a] ca] cMa] ca] ca] ca] ca] ca] ca] cabbcc%' c(cccd
dddd- e4eBeCewexeeeeeeeeef f $f *f . f {uoj d_ZU] c] ca] ca] caV] ca] caV] caV] ca

V] cha] cMa] ca] c*a] ca] ca] ca] ca] caV] ca] ca] ca] ca] ca] ca]ca]ca]ca]ca]ca]ca]caV]ca
] caV] ca . {S2mB@flarly, solving Eqg. (6) yields

FTf ) feffffffffffffffffffggg2g<gAg|vakf [UP{uoj]ca]c”a]ca]c”a]caV]ca]caV]c
a]caV]ca V]c”aV] egg M c”aV] ca] cal] ca] caV] ca] caV] ca] caV] ca] caV] ca

V] c~aV] caV] cHa Vlc a V]c

NaAgEgKgMycgi g} g g@gggggggglhCthhhhhhhhhhl||mpje ZUj ] ca] ca] caU] ca] caV] ca
UV] ca] ca] c™a] ca] ca] cal] ca

WV] ca] ca] 3@Mke€a] ca] c”a] ca] ca] caV] ca] caV] ca] c*a] caV] ca] ca] c”a]ca]caili'ikiii
PiiiiiiijE FJTJY.I[J JbJQJJJJJJJJJJ | wgj d] WPj V] c*aV]ca V]chaV]ca

V] cMaV] ca] ca] ca] caV]caU]ca]ca]ca]ca]ca

WV] cal] ca] ca]cpaﬁi -ac]l);’lﬁah-c%ﬂ(da—]l&)sjmpﬂ]-eﬂf%ﬂﬁtm Isiﬂmol?,{‘f}ﬂnl ARRRRR

m mmmo7r sst ?t / vduwy{ vpkf " [Vb“a]ca]caLﬂca]ca]caLﬂca]ca]ca]ca]ca]cahca]ca]ca
] cal ca] cal] ca] c V] c ]caV]ca]ca]cAa]ca]c Ul ca] ca] ca] caV] ca

yyy{}}>ADK/ L/ 9b b a GabsﬂDGa{E U] ca] ca] caU] ca] ca] ca] ca]ca]ca]c

a]ca]caU]ca]ca]éﬂﬂcah¢a ca] caU] ca] caU] ca] calj ca] ca] ca] caU] ca
'L/ 9bk51 1| wr | gb] W™a] U] ca] ca] ca] caU] ca] ca] cal] ca] ca] ca] ca] ca] ca] ca] ca] caU]c
a]ca]ca]ca]ca]ca]caU]caU]ca]ca]caU]ca]ca]caU]ca]cacaq A73yY‘10%& ()-S'3y"10

0%& ()-3Y" 10(@2 QﬁTf%’& O %c)é«% ¢os? b, ﬂlolgﬁ Qs 3 )P]?rg\ =17 10% & ()4},
AE

sing,
Egs. (5), (9), (10), and (11) yield 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 (D2 - Dﬁ)/4; Do
represents the outside diameter of the flow tube; and D,
represents the inside dlameter of the flow tube.
Next, thermal expansion in the vertical 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 Uy represents elastic strain energy, from Castigliano’s

second theorem,

aU, JJAJ oM

X ds =-—:f(bl +Hx)ds =0
oM | El oM,

1 0 R /2
—I—{J: (M, + HRsin)Rd¢ + [\'" (M, +Hx)ds[c0s g, }=0 (13)
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and

aU SLGM,:

0H | o EI oH
fs(Ml"'Hlx)xds =-Lf%(Ml+H1Rsin¢)Rsin¢-Rd¢
0 EI EI *°
. , (14)
+—f (M, + H x)xdx [cos ¢, = ath
EI R sin ¢g
Thus,
My=—% o B a—L ok (15)
ki +k;-k, ks +ky -k,
where
1 (-I—stincpo—le)—(l—cos:,p&[,)R2
k, = cos ¢, \ 2 1 éL (16)
R¢, + L—-Rﬁn@J
cos ¢,
2 2
ky = —R*(1- cos ) + ——| = - B sin g, (17)
EI Elcosg,\ 8 2
1 _,(1 1., 1 L’ R .,
ks =—R’|—¢, - —sin“ ¢, | + ————| —~—sin" ¢, (18)
EI 2 4 ElIcos¢p, \24 3

Since M, and My are of the same direction, a resultant moment
M 1is expressed by

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

expressed by

VA

GM max

where Z represents the section modulus of the arc as
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259808008 uj @1 | "10% & ()-" 10( 10( 10(<sl1l0% & ()-! Y"10%/NV& ()-'

Y'10% & ()-" '10% & ()-md" "' (3)9) )dE _@1 010% & ()-3.10% & () -

, 10% & ()- Yy Y'10% & ()- " 10% & ()-3F10% & ()-_))))*L*NOP*dE: / 10(
expressed by (m/32):(Do* - D;*)/D,. Compressive stress acting

at point C is expressed by

N H,cosg,
0’ B e B e————— (21)
€ 4 A
Thus, the resultant stress is expressed by
O e = VO hm + 0 (22)

Notably, calculation results have revealed that oc is as
small as 2% to 3% of Oy max and thus ignorable. That is,
O nax ™ O M max (23)
Therefore, the maximum stress arises at the fixed end and is
expressed by

omax~an/Z=l.atM-L+ ks L2l (24)
Z |20k, k) \ks 4k ok, kg 4k, 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 a 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,sin ¢,
Thus, when dimensional ratio h/L is varied with L=371.4 mm

and ¢;=¢o=40°, maximum stress Opax and flow tube height h

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

As 1s apparent from FIG. 5, maximum stress Opx cOnverges to

the minimum value (about 125 N/mm?) at a dimensional ratio
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10(b505d5 pepgdonad ratto h/L, a dimensional ratio h/L of
appropriate, since it provides low maximum stress and compact
dimensions (as represented by the inline marks in FIG. 5). A
device according to the present invention that is designed on
the basis of a dimensional ratio h/L of 0.31 is shown in FIGS.
9 and 10 as Example. A dimensional ratio h/L of 0.31 is
optimum; however, as shown in FIG. 5, in a dimensional-ratio-
h/L range of 1/4 to 1/3, maximum stress Op.x 1s substantially
minimal, and the tube height h 1s 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 Onpin, where Oni, 1s 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), on
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 fluid 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). As shown in FIG.
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10, the Example does not show involvement of error in
density-accuracy measurements even when the temperature of a
fluid is changed abruptly by a great temperature difference,
whereas the Comparative Example indicates that density
display error increases with the degree of an abrupt change
in temperature.

FIG. 11 shows a change in instrumental error as
measured for different dimensional ratios after abrupt change
in temperature. FIG. 11 shows data obtained 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 s 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 Corlolis mass flow meter has an
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FIG. 12 shows the results of measurement of "change in
displayed density" in place of "change in instrumental error"
of FIG. 11. FIG. 12 shows a similar tendency to that of FIG.
11. The flow meter having an h/L of 1/5 shows a great change
in displayed density which falls outside the guaranteed
accuracy (generally, a density meter has a guaranteed
accuracy of about +0.002 g/ml).

The results of measurement shown in FIGS. 11 and 12
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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1. An arcuate-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 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 drilver for resonantly driving the two flow tubes at
mutually opposite phases, and a palr 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 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 length of the linear segments 1s selected so as to

reduce thermal stress induced from an abrupt change in the
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flow tubes remains low, so long as the length of the linear
segments 1s varied within a range in which thermal stress is
substantially constant.
2. An arcuate-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 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 f£luid
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 fluild 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
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1 109%&' ()- 10< 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.

3. An arcuate-tube-type Coriolis flow meter as
described in claim 3, wherein the length of the linear
segments is selected so as to reduce thermal stress induced
from an abrupt change in the temperature of the flulid to be
measured, and the shape of the flow tubes is determined such
that, even when the length of the llnear 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.

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 to be measured
from a £luid inlet and branching the flulid 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 pailr of vibration sensors dlisposed 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,
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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 palired vibration sensors
at the maximum flow rate, and a target natural frequency of
the flow tubes; and

the length of the linear segments 1s 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.

5. 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 fluld 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
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installation position of the driver and adapted to sense a
phase difference proportional to a Coriolis force,

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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