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, @3eF\ 6TFj OA  DESCRI PTI ON  ARCUATE- TUBE- TYPE CORI OLI S FLON METER AND METHOD
FOR DETERM NI NG SHAPE OF THE SAME 5 TECHNI CAL FI ELD The present invention

relates to an arcuate-tube-type Coriolis flow neter usi nngmwmmmmwmlL

arcuate flow tubes and to a nethod for determ ning the sh nme.
10 BACKGROUND ART Conventionally, there has been known a nass sfshigww nmet er
(Coriolis flow meter) which enploys the principle that, when a flow tube

through which a fluid to be nmeasuied-g4omgopnd 15 which is
opposite ends is vibrated about the support points in dire mmﬂm@mmn Wmt
perpendi cular to the direction of flow wthin the flomrtub

force acting on the flow tube is proportional to the nass flomﬁﬁﬁﬁe

(herei nafterAREBﬁTEerI‘mBEf s tEEBgIo!L EeﬁﬁoﬁrOMﬁa'bhOWNbUh%Th@DW@bﬁh 20

vibrations are to be |nparte urther, according to the known art, when

two flow tubes arranged {F& §g§?ﬁ Neyd | yaii | ven at nutually

opposi te phases, and a f e neasure I s caused to flow through the
two gl ow tubes at the sane rate, the natural 25 frequency of the two flow
tubes is constant at all times, regardless of the type of fluid or
tenperEH@EéHN@ﬁAﬁHFfﬁﬁb thus, the Coriolis flow neter can be operated
effectively and

The present invention relates to an arcuate-tube-type
Coriolis flow meter using two parallel arcuate flow tubes and
to a method for determining the shape of the same.

10
BACKGROUND ART

Conventionally, 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

15 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 (hereihafter,
the term "flow tube" refers to a flow tube to which

20 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 fluld to be measured is caused to flow
through the two flow tubes at the same rate, the natural

25 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



consistently while being free frominfluence of external vibrations and
anbi ent tenperature. Such a conventional Coriolis flow neter using two
parall el flow tubes enploys a driver conposed of a coil and a 5 nagnet and
di sposed at central portions of the flow tubes. The driver resonantly
drives the two flow tubes at nmutually opposite phases. A pair of vibration
sensors each conposed of a coil and a magnet, are di sposed at |ongitudinally
symet ri cEPHbienrbhy wirile reeingtfies theem njs"!%]rlll%ﬁ"r‘%rf’fl(]e’b%%’r"!?gn of the
driver so as to sense a phase difference proportional to a Coriolis force.
Afluid tYF?E??E&EﬁH%RPEﬁWQ&%P?tﬁ?@?ﬁ??ﬁ?é@flOM/neter from an external pipe
connected to the flow neter via an inlgi fl e and branches_equally into
the two f |ow PRFRs? GePVeRtIRAT | GOEIOHLS ﬁf%wd%?B%raTs%%% B¥%1 et side of
the two fl ow jubes, and the resu]tant rged fluid fl ows_out to an external
bi e conRETBHED HHER T FREReTIILOTE 2 HhhrTacomipad Of &' cof1 nd’s
Two-parallel -f]l ow-tube-type Coriolis flow neters are classified as being of
(he oo viReRsh Bt iPIRen Y Feptonl ARt g, h Uif VoL (DRSS pe

Corioli I | oyi , |l el d f b il d

monsur eo TRErSHTERE TrSeR P RS e vt e il 128 aritval £ o o

body of the flow neter. Therefare, ace .for the |aterally 25 extending

leg portiBROTELS RRFTES:  PhReaiod 1o BT ARARN SRISCLH SRR SPTReRsd A

trai ght-tube-t Coriolis fl t I t 2. trajght fl t ub

oxt endi ng°t it RO i P08 17 JREHe b eSSt Rt IRt one flow

t ub t_their. i i d e tral

bort i ons TamEtr feat (RS OPREE M EoF Mol ¢ el L GRN T2 5

di ff d i i b d

The ant rEpPEEYEE ok "Ene BERIGL NS | A0 Blsd 8, BA4E Ml rtaihdaDo> 00

phase di2£§§§g§@%§ﬁ?fa{°wgiég%%§l£$ggb#§bdeternine the mass flow rate.
strar ght- pe rroli’s 0

Thus, th _ t-tube-ty [ W nmeter has a si npl e, conpact, 10
strong confi gugagi gy tﬁ?"‘ﬁgexhea%-{}feété QPE'EHﬁecE,i‘PSl@FfP&%S%éLQW met er
t for the t S

requires fixed suppor ow t ubes at el r opposite en and is

thus affepled by %ﬁféﬁ@éﬁ?@i#% %@ﬁ?ﬁé@éd’rf’o é‘?&fi&&%&i’er“@f&‘ ange in

the tenperature of a, neasur ed, e tenperature of the flow

t ubes i i n i r i re ch
ubes, | gl 6t hYaghENGRS BEAAALO WA YT Reo AL AAGNEL sy StiER U e St
change. Aph@ £RSUEiowd GFf£EHENCReLFe CLONGRL | OBt BEL SEBaDELPRRRe tiF, f | OW

tubes and the stationary structure,” 20 thereby I nducing | ongitudi nal

stress. Thgow! €8s CIEStRe CRASYELL AR SRELHEA CADSI@NE Lowh Gt | fotain | eads
to a change in the natural frequency of the flow tubes. In order to avoid

t he prOb'éﬂteiH&l%i%éQB&nﬁé@@e&Y@@ 061 £1 6% hé Q¥ NRLET alUSEL BEPI Oy sStress
absorption nmeans such as di aphragns or bell ows. 25 The probl em of

| ongi t udi pB4n&§é ONARED -FhrtduCed e udEanNgmd TErIerAtAISy GRitdies sla/ed
t hrough i npartment of an arcuate shape to the flow tube. U S. Pat. No.

5, 796, 011lcBassUf $66088Sb8ingr 682t ke f @ é@beubEl €ypd 68 BhecHErBLERLYI ew
for explaining the operation of a conventional Coriolis flow neter having
an arquat eubéotypgbe. An arcuate flow tube can disperse stress and thus
exhi bits excellent vibration
A curved-tube-type Coriolis 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

25 extending leg portions is required, thus raising a problem of

increased size.

A straight-tube-type Coriolis flow meter employs two



5 resi stance. However, a conventional arcuate flow tube is connected to a
mani fold 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

manuf acture, the flow tube nust be bent at |east three tinmes; specifically)
at a central 10 portion represented by the letter R and at two opposite end
portions represented by the letter. r. Such bending work is particularly

di sadvantdgedehti & Losh ithesueatendingoifothe ALERCTELEr Ohafin§X RS Rilow
tubes, since the two flow tubes nust be symretrical to each other. The

| over vi ®#PSf- FYEen7ths shERdIhtof 40Ut E‘éb‘éﬁ SupRPEred| 2 tR81Eting flow
tube. As shown in the | ower view, even node plates, which serve as nodes of
V|bratloﬁppﬁﬁ¢tﬁbﬁédﬁeFFFb&PPFa&GFIﬁ& $Pﬁﬁ§t?&ﬁtrﬁésQPFlﬁ§n§n & failure to
carry out_ accurate neasurenent. The abqve-nentiogped U.S. Pat. No. 5,796,011
al so’ 20 GHIECHEED PeTRETHCRIATLNO HHE s 23XkSun tPE BAEPIECMSREver, such a

sinmple arcuate flow tube fails to establish |inear connection to an |nIet

pi pe or §H-5@Hqg?ﬁmqﬁ$WQFWEF@ﬁysﬂﬁﬂoFﬁﬁdtQoﬁF&9P§e°§n§ h SEEAAE t|on
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s Lo pr v SHESATAE e FRE ATy Ww%f&ae%sf%%ei?rﬁ&%‘et BAVETARRCY 4
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smooth i&m we‘?@?&&f% 3o enPBashdistereasty Sdbadnoun 1 n

FIG 6, te f t f tral t dt

i near s&h “‘“aqe&é;’cgd dc“sa?re&aﬁaac 5 dheohesd GCHEautnc  Shosy chibe segment .

and an inlet an out ssune a edet erm ned eIevatl%n angl e

sty Mgt
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case, ~t he sQ)a e of he flow t ube rrust be deS| gned not only so as to be
corrp%\gt P 38 der ati on of ther mal influence. In view of the

f or egoi ng, }Pr?e“{e:"sr:trﬂgj/ the tpra%_s%q:t lq rhve Irpgﬂa orJﬁc_:l_lcjset oru Ne for a

Coriolis flom/ ow tubes eaé% consi sting

of an archals 480 @%@Eeé‘”sﬁxgtp"&}é W Stk Sth%l?x%ﬁf JpRoshRel | OW

t ube so as 0 Suppress, a preé etermn | ow val u
ends and 1s thus affected by variations in temperature.

Specifically, upon change in the temperature of a_ fluid to be
15 measured, the temperature of the flow tubes lmmediately
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,
20 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.
25 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



stress arising upon abrupt change in the tenperature of a fluid to be
nmeasured and so as to be nobst conpact, thereby achieving excellent stress
di.spersion and vibration resistance. 20 The present invention provides an
arcuat e-tube-type Coriolis flow neter and a nethod for determ ning the
shape of the arcuate-tube-type Coriolis flow neter, the flow neter
including two parallel flow tubes; an inlet manifold for receiving a fluid
to be nedssckdsésoamaaftuatei ilew tmue 25 BiGnchity) a echidmatdie ovdeyw neasur ed
into the two flow tubes; an outlet manifold for merging fluids flowng from
t he corrfepoesphginingf they bpbeation o£l| @asonyenhitoneigédrivlig Hlow from a
fluid outlet; a driver for resonantly driving the two fl ow tubes at

mut ual | ynepeoshaeipgasesarandta Haov bibei bran i arcwals of kowli WP exhmt

| ongitudinally symretrical positions with respect to the installation

posi ti ondbépehsesstireser anddthuapesdibbtseexeedlpntiseidratéennce
proportional to a Coriolis force. Each of the two fl ow tubes assunes an
arcudt e shapstanceudiigwevernta adonventzdanale grenatadElow tubreaks segnent s

| ocat ed on opposite sides of the central arcuate segnment. The inside

di anet ercohnepted| b aubepifnddldnt bhe| dhractiipnt ahtenpdt wbth the poi nts of
each of the flow tubes are determ ned on the basis of a target pressure

| oss ari akhg PFomanpextegnadf pipe.f|Thereforrighs rhowni In| thambner f| ow
tube at the maximumflow rate, a target tinme phase difference between sine
wave outpuew PEoRIEhe7pailnedhespyppeasi of wanybagturey hthaukiavwntebew rate,
and a target natural frequency of the flow tubes. The length of the |inear
segnent smigtsbpcbenl 36 Adgasd FbugeetimesmafPefLiEisalhducel frefPhRadbr upt
change in the tenperature of the fluid to be neasured, and the shape of the
f1 onQ ubB8Ttd0ReTEPKPREBLEG BY hbet berEBHcR BRE 3&r fWRaPPREFEKE 8R4t he fl ow
tubes, so long as the thermal stress_is substantially constant even when

t he | engPRTELORRerPPREaPNEEENPHt ENRslOREREIT - THEUGH RALIRHWREK oFF al so
provi des an arcuate-tubetype Coriolis flow neter and a nethod for

det er ni nPAFtifB12E1¥hgheagvapkagdgrusaln- PaBefaghereoPfofi SOFL8hifet er,
wherein the inside dianmeter of the flow tubes and the |inear distance

bet ween ERAYPBLELE BAVARGhtWP £hevi EBReEubBingPethet EVRi F2AWETUPER t he
basis of a target pressure_loss arising frompassage of the fluid through
the mani PBFY RRdS¥RBetrd®etube &PCPhgtgrﬁ}Ei-rru ¢ 1 Vearelew ¢4 G- t1 e
phase difLerence bet ween si ne wave outputs fromthe paired vibration
sensot s SROVRet¥ongkALEH Plofy VEFELicak YaVPQFGE?nHaFEPﬂItFP@quéﬁiy of the

fl tubes. Th h f the fl t ub i det i h that th
i et SRRPVRnLR thB) APt SEwyorvEBaRoE: BTEEEH) BRiEHoSPESE Ribes to the

i di L) . betw th d i h_of the fl t ub is 1/4
to 175, OOBR BE PRBEREATRONTEF DRXGY NESTAPGLLY RET3ng SYPFRRASPrating a
Coriolis_flo Leter to Lgh thg present hnvention gs agglied ..assum ng
that an Fﬁﬁgw pitde1Bnd ZALSHEPetOpPRETYr 8UEoRREREEE NP BﬁFﬂFps'to 15 t he
fl ter, i_n the |eft-hand vi [ i alyl [ | f t view,
and the. 11 ght TREnARATER e L RPos S et Pahal N8 A PGuoLr SHEShand o de.

i t tral ti I ter. G g2 i i
Shovthg BaPsierarc sy Bcultel s2en akedse: BeMRLIk 7367 e BEl ng
fixed al'Such a simple arcuate flow tube fails to establish linear

connection to an inlet pipe or an outlet pipe, thereby

failing to provide smooth connection.

25 DISCLOSURE OF THE INVENTION
In view of the foregoing, the present invention 1s to

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



FIG 4 is a view showi ng a nonent induced by vertical thermal expansion.
FIG 5 is a graph show ng maxi nrum stress Qrax and tube 25 height h while

|l ength L1 of a linear segnment is varied. FIG 6 is a view for explaining an
arcuate flow tube including a central arcuate segnent and two |inear
segnents 7 | ocat ed on opposite sides of the central arcuate segnment. FIG
7 is a conce tual vi ew for Ia|n|n t he operatiaqn of a Coriplis flow
neter haw T Ah 9 kg %ﬂf ttt?Eém % eé Pé"ges aé“ﬁ té{Nafnor

expl ai ni tube l.ew showi ng an

t | t f
Exanl o Qqqﬂialffgonve” B it costna i g ghiPnaREeS: 0 ARHLEVEotBarati ve
Ex | mh || ut de th t the lLeft 10
Aoy o dhE by 2 d e SOP R, chatﬁg%%{%#%e s P E ey af t er
b t h t t th Tt dth
oot af 1Rk, (SR L*rffa% A S F et ¢ SR G AR R a1 15

error _as Jteasured for dlfferent dlqaf 1&9@! H?tIOS afgﬁg abr t chaqgf
oW ng a c an

terrpePat Jrocafﬁ of PRECY tger asplhdesﬁ'l rgae:L i i s;ﬁ edlen’mat
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arcuat e- té%é%é%&éh(%gdfg soféén%én%éﬂbéﬁﬂég¥é&M{o the flow tube in an
aligned condition. In this case, the shape of the flow tube
must be designed not only so as to be compact, but also in

10 conslderation of thermal influence.

In view of the foregoing, 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

15 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, thereby
achieving excellent stress dispersion and vibration
resistance.

20 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
including two parallel flow tubes; an inlet manifold for
receilving a fluid to be measured from a fluid inlet and

25 Dbranching the fluid to be measured into the two flow tubes:

an outlet manifold for merging f£luids flowing from the

corresponding two flow tubes and releasing the merged fluid



parall el arcuate flow tubes according to the present invention wll be
descri bed by way of exanple. FIG 1 25 illustrates a Coriolis flow neter to
whi ch the present invention is applied, by nmeans of a partially sectional
front view (left-hand view) and a cross-sectional side view (right 8 hand
side view) taken at a central portion thereof, on the assunption that an

The 1| Pude € LB bIT T i e *“f"%;ﬁf"”ta'ﬁgﬁ BRI iRl e T O
he. cont (i GRFBP it FIOTREI GRS pﬁﬁﬁ%stﬁa%%pgﬁ%%t#de. ner upear U as
Central | CORFAEI AONDL Pt pen hatanaty AT, L0

convex. Stﬁ' Y '%%O G t?%lﬂ. ﬁs%tgonbg%%%sﬁ?;heffr}et i convex

Bubbl 85 i ?{?er %%n %;%eﬂd‘v’é%“ﬁ%%. s B, R abeR it PO
illustrat ed "Jy:c]eS rrﬁ%gph?sgﬁg {tggeg%g@agggggt g[s¥uﬁlggv§g shape.

Qpposi te en(f’1 por |ons o each O flrow are jorne to an

wel i ng. MRS %%ﬁiﬁegai}e%ﬁ e 07 e et Rlone YRR 7.

enters t SRV e 1.;1-}fl%flowmster
to the ri gh'{éaq*vh cf)%%rée?srtr O%E\lteger gltd}j?ga;b%ov?%et er olm an

ext ernal Qpi oggqﬁ to e f g S ual ly
branched |nto the t éﬁﬁ(mNTP%béEE%WEEQEShgyh%egﬁskgg ?%é§|ﬁﬁgfbng§?fold

Fluidg Tl ng il T{:ddis fﬂé%%ééhbee%dl PG E o BAGE JOE &1y the

outl et manifol 25 The merged fluid flows out to an external pipe

connect echifhd it Ut diBied idh dild MM Dr @ £aSdie gt ddddialdy ed

Coriolis flow neter is of symmetrical structure internms of the inflow half

and the quiifdiGw haddm .pLHlagd Gﬁﬂé 'ﬂ‘ﬂi@'tfhr‘a‘ug&h%ﬁé UG rdd  be

described. The manifold 25 1s snmoothly and arcuately curved 5 upward at a

predet er e G 130 add QR I tirfe At 18tunl 11w GFARCT 0 NRYdH A pMULh the
flange 19 is connected) and reaches connection ports to the flow tubes 1

and 2 ar qigaieaid bd twddi SsiRNNRIve GUtefitsGErdie thdpaayrection ports of
the manifold at an angle of elevation of the flow 10 tubes all ows

conngst i GALEatiith s dadl a0 1R ot s@imdnh & fdwoWatdeard 2 et arcuate
shape on the whole while each of the flow tubes is allowed to assune a

si npl e shepmmefl Frddqurcpat. thd e Tanifubed .esrael 1ehgghcefngdki on bet ween
the single outlet and two flow paths; i.e., the two flow tubes 1 15 and 2.
Whi | e t haflexy tedipsenit sinits e Mutdl plaasartd Me@uoenttHednall s RSN i ng
vi brations, are each allowed to assunme a sinple shape of a single bend, the
mani f ol d ioghesedviidom aogdrwst ethddgaw ipatthed tange fatrurd reactibeg e d | ow
paths of 20 the two flow tubes toward an external pipe. The flow tubes 1
and 2 cantdéd inesHuyrgd, ret tithd hehapniddlithed \f Impatsabafs  fsordecbeanmilrsd
wel ding; i.e., inclusion of a flexible portion is not required. The arcuate
shapéOof shead |toow nediess atiso nbesr i indle ighte st dine iSlavetiwdeant g€
pi pi ng-rel ated stress.

long as the thermal stress is substantially constant even

when the length of the linear segments 1s varied.
The present invention also provides an arcuate-tube-
type Coriolis flow meter and a method for determining the
25 shape of the arcuate-tube-type Coriolis flow meter, wherein
the inside diameter of the flow tubes and the linear distance

between end points of each of the flow tubes are determined



25 Node plates 28 are provided in the vicinity of the opposite ends of the
flow tubes 1 and 2 so as to serve as vibration nodes when the flow tubes 1
and 2 are driven and so 10 as to securely maintain the flow tubes 1 and 2
in a parallel condition. A point on the flowtube 1 or 2 where the flow
tube is fixed by neans of the node plate 28 serves as a first fulcrun1of

i i s.connected to

vi bration R end f the %m/tube 2

upper en8no$ FhEaFﬁFeP nitf5B8 Lo PTESSPRE EﬁﬁéraEﬁElBQ FﬁngBPFgFgﬁanlfold
25 d b . _A 15 ed at
cenf?greES?EPSngi atﬁggpﬁé SeéhfagﬂganaEﬁc%Rthiowwﬁhﬁspé% e goil is

attached to.,10 t w, t ube % via,a,fixtu Li.ve n%%ngt is attached to

the flow REBEYD %ﬁgw rPF?fuPe aFRELI A0S Bé??eagngggFrlca &wggﬁnected to
15 and asane; HE Vo P HtRULS, SRpos s, Patfed  Ebrstioh, beRKLRET AR KBEE], 207LC
and’ okt ofgd Fﬁrgﬁgﬁwtﬁé Sas%gﬁgﬁﬁkgg§§ts§gk8*53u§?gﬁggﬁ§ SSEa R Rdonza to
the ba$etg§g% 'Ehé#% ?fagggn§£%95¥ﬁﬂeg i Pﬁ {HES! § LhYiggg! ed

space in eration” W mani 1 ons. palr of 20

vi bration sen r vi de n d o] |t i des
of the diPerlfeneidndl é‘“l% T3 eEndss xagﬁgtb%#sh%?? Endtt 8ot R | ow
Lube IV n%o&giéa#r G SpRCURciO BBl 98 ek feblic U BE IR 2 0

f|OWItyb%§ and ¢ qhet qu% Q%@%ra Spgvhlggs 195, mut ual | y opposite phases.

The paire vibration Sensors are provided on |ongitudinally
oppoghte sides of the 11 driver 15 and adapted to sense a phase

di fference proportional to a Coriolis force. The driver 15 and the paired

vi br at i ogpgeRs OEckE rdtdN. bFeDRAMINGRSEd i n an interspace between the axes
of the flowtubes 1 and 2. In 5 other words, as shown in FIG 1, when the

flow meter is picewad jSUGH fiRA] ﬂrl%sfﬂr%wltnléb% 9331629 sOF 11he e e
conpletely hides the other flow tube |ocated on the far side, each of the

driver 19nh3psh &he @&b@%ﬂchB&%h%Q%nSﬁﬁsﬁbgliﬁdanﬁs§ﬁmiﬂﬁ'Qﬂa%r%nd'sposed in
the interspace between the two flow 10 di sposed in such a manner

that the jgaRkeHipRCEARA anS uRaditedhipp arkl %%nﬁ@@:‘&%@t hoe 1@ tadnieioaxes of
the two flow tubes. Thus, a drive force can be applied to the f M/tubes

al ongst henlel ¥ oGO RREEH, ngzh'fe*i%iﬁeft’h%r 12£eS nehdt Ree\a sf howar#thea 1vAl so,
Coriolis force induced fromthe drive 15 force can be sensed al ong the Ilne

connect i R@dthonaanifelondXeq e, ahd e Higwtiubes viker akoke crasgenent of
inertia induced froma vibrational inertia force is not produced. As shown
in FIG hedtionzanpddal wiews §19enht -dafdpsaded@d eft) tAkenhegfeal ices thral
positions. Variation in the 20 di stance between the opposite fixed ends of
each of toerttiwn fdfowhiellFa®w midteances vi bration frequency and thus must be
corrected. The illustrated apparatus carries out the correction by
measuring a tyIiG.al2 tienpe naitdaw eshafwilnhe geasmatarae o f3Gm it estardlicwg t he
el ongati on of the base nenber 30 25 fromthe neasured typical tenperature.
Furt2er, tdbe.t enperature sensor located in the vicinity of a connection
between the flow tubes and the manifold provides tenperature 12 for use
in correcting Rigk. & iien a rviewishawingf a Hfdxfddowartcube st emm ng from
variation in the tenperature of the flow tube. The arcuate fl ow tube shown
in FIG 1 condll$i.s ofig e wiew rsilowimgua ecgregriedndaned Wy Menddrcaslegnent s
| ocated on 5 opposite sides of the central arcuate segnent. The inlet
thermal expansion.

FIG. 5 is a graph showing maximum stress Omax and tube
25 height h while length L; of a linear segment is varied.
FIG. 6 is a view for explaining an arcuate flow tube

including a central arcuate segment and two linear segments



pi-pe and the outl et pipe assune a predeterm 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
10 consideration of thermal influence. A nmethod for determ ning the shape
of a flow tube so as to suppress, to a predeterm ned | ow val ue, stress

ari sing ypon abrupt change in the tenperature of a fluid to be asured and
so as to R&ates O%ﬁ?é’@tsqﬁq ISlt‘J'gsdé’chrq%eﬁe\ﬂlgclrﬁH@rrcélFé:reeﬁ@@mte& 1GS. 2 to

4. In FIG 2, pojnts C and C represent a point af .cannecti on between the
flow tube and &Y ihit& an’é?ﬂ“f‘iﬂ‘ﬁ:p”a?ﬁd V3 oitRT @fxl’glﬁ’ﬂﬁﬂﬁq onbet ween the flow
tube and the qutl et ni fol.d, .respectively; point A represents the vertex
of the 2(?391'&%1%8% ‘71?]1150;3@&’ e e Y% & né’r?&ecéonfhd poi nt B
represents a Roi :J]E_trl of .connection between the central arcuate segnent and

t he Iineé’rr?@g:r‘?e O¥pFiURe A serves as the origin of coordinates; the x-axis

ext ends positi y Jightward frompoint A. and the y-axis extends
positrvely 25 %@%\h\@ﬁ% % yrﬁeﬁ"oi T ﬁxPﬁ%&tcso%‘yne n]é:lnea%'ofaracﬁlae{:rebi trary
poi nt onéﬁtl%e g uate segnent with respect to a |ine connecting point A and
t he cent of ‘of the arcuate 13 segnent; ~o0 represents an angle of an
end point (poi B), of the_ ar e te M t ine; and R
represents th Ga‘diguslsofa t‘ﬁ%@%@%?&%gger%pne%%@u% &Sﬁgftﬁ{%tp%eep%}séents t he

hei ght of, the .flow t uQe: 2.1.e ha f I t strai ght
l'ine conr‘?‘élcytelnﬁd'ogloio s%(ef l:_Llal t(f%za %ﬁiﬁerggﬁiediaaﬁda%cgob"@%\%ggﬁ%n% ,%%}pales); and
~1 repre t | j ch.th ai i the |] nt  of

t he flowi({la'{}‘bcz:l %ﬁ%@%ﬁ%ég{aeer %lhﬁat%%#;eof@hteﬂés&%@%ﬁ%e dtnnlng{v% tS'Lu e, the 10
rati o,(h/ :he vertical height h of the flow tube to the |inear

di stggceh@%%\/\sltelge'end points of the flow tube is taken to be 1/3 to 1/4

(0.33 to 0.25) n V4 & lﬁw vq L N ddWENL} on assunes

that a Cori ol iFsIdn'etledr %\#ag{ té/%hepprg(r)s:a e rr%r%ug’?leﬁﬁ% t u%é;ds/ mch exhibit 15
excel | enty §hy | SR AN G YA PR dnfRl SHRRGS WA ORI ANal, cur ved
fl ow tube&1 usua ycghas an h/ Lﬂ;r eatrg tlhan fﬁp?? Needl ess to say, In tohe case

of a straightefdn¥d WK thd THRRattie tHidYd. | s zero. Further, the
shape of the flow tube is determned on 20 the assunption that the
follow ng targeigval uess 3&[?1@&&{}& eé’t?&urﬁg tRr Snd¥ 65 Wits 4 Affer¥dsi Ng from
passage of a fluid through the manifold and the arcuate flow tube at the

mexi fgm fdavwy A ieadife DA & fferbnk Bimdd il a10fra L et | 0SS
arising fromthe throttling effect of the inlet manifold, a 25 pressure

| oss ari d¥dt YRdR epahg-aifect of the outlet manifold, and a
pressure | oss arising from passage through an equi val ent straight tube of

the arcuate flrwg! ubp)is Al seraph lshowindy getcHdrnge phaseisfiifdpe@nce bet ween
sine wave outputs fromtwo tube sensor coils at the maxinumflow rate is
not | ess ddiity asSmedrured Word diffpissiey difmdiwe dlw ddtieod afeir t o
250-400 Hz, which is higher than commercial frequencies. 5 On the above
prem ses,abiept ndidtgydiameiempd¥atniré he fl ow tube and the |inear distance L
bet ween end points of the

20

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
25 illustrates a Coriolls flow meter to which the present
invention is applied, by means of a partlally sectional front

view (left-hand view) and a cross-sectional side view (right-



flow tube are determ ned. Next, the thus-determ ned schemati c shape of the
arcuate flow tube is refined so as to reduce stress induced from an abrupt
change in the 10 tenperature of a fluid to be neasured. In sumary, as
expressed by Eq. (24), which will be described | ater, the maxinmum stress

I nduced at a fixed end can be obtained. Since the maxi num stress can be

opLaned AmaeLgaL i) DELEnd by el A, LLpERL scamEny, Lhefenath Lt
o115 oo APl er T SMLL BESCRE Bedouty SELgl Lo Daln 7o sovn i
arcuat  hes seaREnty (Balllo: S80S up el Reami g Sarently and
cral ve1 s @spLaise kot feobt A Neramly L4 S35 Il 8195, LD L gy Cube

abruptsl y gmem Eﬂet@ofgom%lf?rf'féw b{/g:g@ tl, 1o 12 e%\Tl??l-f%%%la@/f S uses as

the origin a 25 point Ich Ts nove rom pol n tion of

- aXi Spe [ ' re monent indyced from
Lher ial o eénerdlioehddt Ko fElil oF AN 1l Hbd it IO
' L O . t y . at .is , =
ond g1 —y SXUE Aphaia Ys (el B AES LA Rtudiiay Y Hoheysil Gl T

d
: . . fi i 5 FI 3: E
noved {1 ofn g s Ard DU s1dd, s Tdaipdk By f‘cqarﬁrreégﬁﬁggsket'n?%nﬁ R J&thet ri cal

represents ng's nmodul us o tube materi

nonent ofgidgeréuse Piptdcefad tﬂ’ﬂ?:‘ézcst eingaeﬁiseac% oy Sk dedP? in Riadr s and
distance d is selected such that yl=y - satisties
10 to prevent stagnation of liquid 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
15 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
20 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
25 2 merge together in the outlet manifold 25. The merged fluild
flows out to an external pipe connected to the flow meter via

a flange 19.



rsYids rsY _d (1) Jo EIl Jo ds EI 10 distance d is expressed by _ ~'S ( yds
[/ EIl ) d f s (ds/ El ) (2) The first topic of discussion is elastic
strain energy UX induced from expansion in the x-axis direction which, in
turn' is induced from abrupt change in tenperature. Wien s 15 represents

| ength as neasured at an arbitrary position on an arch; ds represents
infinitesimal | ength as neasured at an arbitrary position on the arch; U
represents el &nice sheaildlusérgyedVRorépldsefilownmeter is Ptlie x-axis
direction; MY represents nonent in the y-axis direction; N represents a 20
conpr esssymmpdréeadcsitmyctnrendnf tewmsub€; ther épfdownhglfnandhsheml
expansi on coefficient of a tube material; t represents the tenperature or
t enper at @p&fdpwf Bréficeonflyt hhef puhflawehadfidoéotbeefspvemeseEewillvhich i s
a horizontal force acting at the elastic center (point O-and bending 16
moment Migeerihran aEhe daambtetd g2ants tseeethlpmrdaraaiely spreedecond

theorem Egs. (3) and (4) hold: a USMaM'' ' ds =0 (.3 ) aMo ~ El aM
a U>d- upvwRrd ai m prgdetrermingdaangds framritgHogtler 4fts AE aH o 2 5
where My = M+ Hyl N=Ho cos ~ ( 5 ) Fromthe condition of the elastic

center, KBBDecthgy pprtion 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
10 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 outlet and two flow paths; i.e., the two flow tubes 1
15 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
20 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 is resistant to piping-related stress.
25 Node plates 28 are provided in the vicinity of the
opposite ends of the flow tubes 1 and 2 so as to serve as

vibration nodes when the flow tubes 1 and 2 are driven and so

10



atL/ 2s f s (y1l2ds/ E ) +J ~(cos Zids ) | AE Egs. (5) and (6)
yi el d a bending nonent and a conpressive (6) 10 force acting on an
arbitrary cross section of the arcuate flow tube. The paraneters of the
arcuate flow tube as shown in FIG 2 are substituted into Eq. (2), and Eq.
(2) is solved for d Then, f~~ R (1 - cos ~)Rd +~ydy / sin~1d =o0n

y-~05 7 d ~ + J' sin~ 0 R (l-cus nb ) 15 where R
rep(r)esgﬁt%s 'Eq’fi: ﬁ% %fmq’rfét%ﬁ"{utéiee Syneitbes k mndhrk i e fRarakiske.

Therefore e dlsta ce hetween vertex A and the el astic center is
expresseadqdvi] tjfré'l nA-point gnythe flow fupezl._ PrR2zWhege. thenflew) d = (8)

AL 12 gHEe C°?%%4 P meary of %a” et ”%ei.srﬁrér@.qua'l%'é’i‘eg& “2
~ ~ = ~0 Si
SRI Jnrzcog% /é}Olc Q@l%’%éﬁtl?n ’1flr)d Rél ?lrka QBfELt&% %%{‘TT}%)Z;{?Z‘Z atﬁ??t ra?;d
E:;L(])-)SS Isglc:'dsl (;%no%onedéte% rg)onPtq{e E%.lnpdpecrorg:)r{’desSf t% ey et maé.(i’llf d 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
10 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
15 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
20 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
coil is attached to the flow tube 2 via a fixture.
In operation, the driver 15 resonantly drives the two
25 parallel flow tubes 1 and 2 at their central portions at

mutually opposite phases. The paired vibration sensors 16

and 17 are provided on longitudinally opposite sides of the

11



the flow tube. Notably, A represents the cross-sectional area of the f |ow
tube as expressed by ~c~ ( Do2 - Diz ) / 4 ; Da represents the outside
di aneter of the flow tube; and DI 10 represents the inside dianeter of the
fl ow tube. Next, thermal expansion in the vertical direction will be
di scussed. Wien, as shown in FIG 4, Hl represents a redundant force, and
ML represents a redundant nonent, Eg. 12 holds: 15 Mk = M + Hx (12) Wen
UY represeiverellasand adepitedetor ggnser enpasei dilifdeyenceecond t heorem aly
-~ Mk awk ds =1 ~(M + Hx)ds = 0aM1 E aM E _ ~l ~~ (M1 + HI1R sin
~ )Rd ~ proportien@ly te B fpadiolisoforce~ -Thge (Aniver2hsappdibhe auy - fM
aMX ds =arh aH, o El aH1 (M + Hx) xd5 =1 f~~ (M + HIRsin ~)Rsin ~
Rd ~ ElI peired vibration sepsprepvlé and (1Y) pge Aispesed 4ng@B EI R sin ~o
Thus, Mk 3 ath H1 ath ( 15 ) ks + k3 k4 1 kb + k3 k4 5 where_ 1 Rz sin
~0 - 1 LAnterspagesbetwern; the axggsof]thegfloygtubrs 1 end 2.R ERp o cos
~1 22z 2z
5 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
10 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
15 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 produced.
As shown in FIG. 1, two temperature sensors are
provided at the respective two positlions. Variation in the
20 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
25 from the measured typical temperature. Further, the

temperature sensor located in the vicinity of a connection

between the flow tubes and the manifold provides temperature

12



k4 = 1 Rz(1l-coso)+ 1 L -R sinz~ho (17) EIl El cos ~, 82 3 3 kb =1R31 ~ -
l1sinz~0o+1L _ Rsin3~0( 18 ) EIl 2 4 EIl cos ~, 24 3 Since MX and W
are of the sanme direction, a resultant nmonent 10 Mis expressed by M=MY+MX
(19) The maxi mum nmoment is induced at fixed end C. When Mre represents the
maxi mum nonent, the maxi num bendi ng stress is expressed by 15 Q Mnmax - M
max ( 2 0 ) Z where Z represents the section nodulus of the arc a

expr essed®byUgR/ 32 Forrephing B@Ei?tFEB.iﬁbﬁﬁﬁégéFVeogtFEQSfAEWiﬁébEQ at
point Cis expressed by N, Ho coscpl -. A A (21) Thus, the_ resultant
stress i§t§WBRB§s§H°By¥€ﬁ&Eti°§Z&ﬁaghﬁcﬁgﬁpﬁﬁéfu%ehBFaBP?,E&QWCEPBFron
eoul 5 eV LRCRL g A B Lo o8N 4R0PE LG, Fanthe Bl S
at the fixe% e?d and is exg&e% egngy %O Sngx gpgaXQZ =Sl " at ég ah . L+ k3 +
L/2 h (28fNZT3¢k BreUREe) Spgmeng3andi kWRs 1iDR3T: SREMPBFSexQRAFES Rhen a f1ow
Lube o agoaT2PRng QRIBLCL.Rl-aT LN Rdgel >t Shal opn el 5,
mm - and Lhe MLaY LHR® L 8¢ LE5hedskOnd 2B URE £SRARH8a' B1evation
angle so as to be connected to the flow tube in an aligned
condition. In this case, the shape of the flow tube must be
designed not only so as to be compact but also in
10 consideration of thermal influence.
A method for determining 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 will be described with
15 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
20 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-axis extends positively
rightward from point A; and the y-axis extends positively
25 downward from point A. ¢ represents an angle of an arbitrary

point on the arcuate segment with respect to a line

connecting point A and the center of arc of the arcuate
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15 tenperature of 110C, fromthe di nensional geonetry of FIG 2, the
follow ng relationships hold: R- L/2-Llcos, and sin o h=R-

RZ- (L/ 2- LI cosl) +LI si n~, Thus, when dinensional ratio h/L is varied with
L=371.4 mm 20 and ~1=~0=40, maxi mum stress dm- and fl ow tube hei ght h
assunme the relationship as represented by the graph of FIG 5. As is
apparent fromFI G 5, nmaxi num stress amax converges to the m ni num val ue
(about 18BagNenhR) datrepumsswriss cralangltd @fh/dn meotd Ipesintt Ha i3 B) ldfwever,
since h increases with 20 di mensional ratio h/L, a dinensional ratio h/L
of 0.31 theappruptrasegmepfic¥ith prepPEEstPolibfmkingm 3feBs and conpact

di nensions (as represented by the inline marks in FIG 5). A device
accordln§GP§e§ﬁEt6r§§@nFaﬁﬁV§nPﬁoﬁhﬁhQF°P§t6e§P§ﬂﬁﬂtonE?E?R@%a§?s of a

di mensional ratio h/L of 0.31 is shown_in FIGS. 9 and 10 as Exanmp A

di nensi oR§PTPEEPEShFReohedalt P &hei AlfAY RBReVelk/ 2 akeBR8FANER FP@? 5 1in a
di mensional -ratioh/L range of 1/4 to_1/3, maxi numstress amaX i

substant P&l EpenilBREER, °§n& fhEaighé miPgheoRNEStingsPRIBAE| ' IBRF Eher eby
10 providing a conpact structure. As the dinmensional ratio h/L decreases,

t he nmaxi fkANeeredd stapeceabesweppnenlr POARtEN: haRdntr Yepesedis Hhe t he
nHX|nun1stress can_be suppressed to 1.3 amen, where Qrin is a stress at an

h/L of 1PB39 FI@PlghsﬁﬁﬁsStFéﬁgéanﬁ&PPsﬁﬁd the EapF eSggmeRheCistiresent
i nvention ng 130 mm h=115 mm h/L=0.31) on the right-hand side and a
Conparatf& WEXHREI EORMich fall's out5|de the scope of the |nvent|on (L1=20

Change n sele 85 RengRasy o 8 Bl e Bl
Co Q
L%féé%Vgﬁﬁ%?%&#%%%% %Eﬁﬁ%@ghﬁﬁﬁgﬁﬁgmem
changed By é%%zh%s%g%%séEzgeﬁwgkéfs IRAc B ARER"GF oS hECROPROBnERl axi & of
the gr aph r ale%O ubjﬁglt 3@;7\%’% %QrUpES hanpne)‘ileA& spot in FIG 10,

t he Exanpﬁe%ao 8 nét woi YOl nt “of err in 2 ensi y accuracy

ToasUr eTRALA BURY AR LR LRI SLILE SR aBshhuLIrha CRoEgRI RRLUPt |y Y @

great temnper "di ence er eas I ve e~ i ndi cates

that dengity digpl ayce 11Q§r%% %ﬁt@‘%ﬂo%h% gegr & 1 f éﬁhﬁgiﬂpt change 5
|1ﬁl

in tenperature. ange 1 n |ns rumen error as measured

for ﬁéff%g%%ng %%E%%%'d1§§e9§1%5tﬁhdaQEBBEtEBﬁ”gSsiEtEﬁ?EerQ&Ufe Fl G

11 s ta obtaine hrough actual measurenent use of flow neters

havi ng diaposhnshatcatisen Hods +3hA"isal10Penkkobh HRYoRBAOLE Chahie

vi ew. Concei vab
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

20 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

25 pressure loss arising from the expanding effect of the outlet
manifold, and a pressure loss arising from passage through an

equivalent straight tube of the arcuate flow tube). Also, a

14



an abrupt change in tenperature in the course of using a flow neter arises
when cl eaning (steamcleaning) is perfornmed. During the cleaning, the
tenperature of a flow tube abruptly increases to about 130C, i.e., the flow
tube is abruptly 15 subjected to a tenperature difference of up to 110C
relative to a roomtenperature of, for exanple, 20C. Thus, in the
experinent, a tenperature difference of 110C was inposed on the tested fl ow
met ers. Acggedi rigmeo phiase skififieresice e tavgsay isthmet waviee ouitpwtgefaom t hat
satisfy 1/4 s h/L s 1/3 show 20 al nost no change in instrunental error

after abrawst tethengensen eqddisataly &hevmaxdanm FdomW aateetlsr nedvilegsan h/ L of
1/5, which falls outside an h/L range of 1/4 to 1/3, shows a change in

i nst runmerthan é &. oThaonakterslt fmagquengy, ofA thanfsowntubst taneatatoerror

of -0.2%is great for a Coriolis 25 flow neter and falls outside the

guar ant e@P %O dg. ohieh |[Igyvhigher (dare commercd ado Freiquengd$s -f | ow net er
has an instrunental accuracy of about 0.2%. 22  FIG 12 shows the results
of mel@sur enentObfthe ahajke iRreRkif sy dhediside dipmatede Dof ofckhBfige in
instrunental error” of FIG_11. FIG 12 shows a simlar tendency to_that of
FIG 11. fiew ube madertheaviifipagh distagice) Is belipena egde ROISEN & Fhien

di spl ayed_density which falls outside the guaranteed accuracy (generally, a
density gt e arpdehamabidesdtculNsEy - ofPehsRES02068THLRES. The results
of nmeasurenent shown in FIGS. 11 and 12 confirmthat, at an h/L not greater

than 1/ 4,5GheRatifefhare i antdahss filafedudendist fefiRege STy .
Conceivably, the flow neter having an h/L of 1/5 suffered plastic
def or mat |Iiﬁfi‘§ienc,sé:%?%bir‘1?d’c°e@n§rﬁ’g“ i taé’rl"b’é’rfatqﬁ‘taé‘g@a%‘e&hﬁ ow tube stress
1 owt Bubd- SHRRRAER (97 2 et FR o MHRRgeTn ThooBBRRBH- o=t ne 11 ow
densi ty. TBRSAAAETAN T G FPil s R Qenreitiodn Bhr 0ot Bin ne e
shape O i S e 5" LSRN A RIS b
the maximum stress can be obtained in relation to the length
L1 of the linear segment, the length L1 and the vertical
15 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, point A is the vertex of the
arcuate flow tube; segment A-B is an arcuate tube segment
(half); segment B-C is a linear tube segment; and points C
20 and C' are 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 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
25 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

induced from thermal expansion is 0). Coordinates with

15



be neasured and so as to be nost conpact. The present invention enploys two
paral lel, arcuate flow tubes each consisting of an arcuate segnent and two
25 |l i near segnments, thereby achieving excellent stress di spersion and

Vi bration resistance. 23 CLAIMS 1. An arcuate-tube-type Coriolis flow
meter including two parallel flow tubes, an inlet manifold for receiving a
5 fluid to be nmeasured froma fluid inlet and branching the fluid to be
neasur ed HEFPEth& O W& [edR tdise Sendie To SEFVL NFadist D@ OFL Iy GhFy f 1 ui ds
flowng fromthe corresponding two fl ow tubes and rel easi ng the nerged
fluid freepresentedipy dix:,aydti va@haftodsneSomindng Hri¥ingthe two flow
tubes at 10 mutual Iy opposite phases, and a pair of vibration sensors

di sposed at | &F@ﬁ"c’iﬁ%‘i%lq"y Tintahenky W tHhen iR (s fRardifatss
installation posjtion of the driver and adapted to sense a phase difference

propor ti dfaMVEd fEam A9inY & & RHERI Wadhe 15 A% ASHwhaBedn
including.a central 15 arcuate se nt and two Jinear se nts .| ocated on
opposPt e%sTiCUeé’ofE P TESAN Yﬁ”@%g%e m&@gﬁé\ﬁ qus arrg:d’é?eu 2L duat e
shape; the inside diianeter of the flow tybes and a |inear .di sf.ance hetween
ond ool e ss A (9B M Ko SOt 6 E G B oo & 1 Bt
target pressure loss arising frqm passage of the fluid through the nanifold
and t he faSWRRRFESAY e 4 (Rem 11 Blv kaand fishapge (3 s ;ﬂf%s%‘“ifrq ference

bet ween si ne wave outguts fromthe paired vibration sensors at the maxi mum

f1 ow rat 9%hdbat ngét ~ndt §REESFL8Guency of

s y,ds _ sy-d

°© EI o EI

ds =0, (1)

10 distance d is expressed by

. f:s(yds / EI)
[, (ds 1EI)

(2)

The first topic of discussion is elastic strain energy
U, induced from expansion in the x-axis direction which, in
turn, is induced from abrupt change in temperature. When s
15 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; My represents moment in the x-axis direction; M,
represents moment in the y-axls direction; N represents a
20 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

force acting at the elastic center (point O)—and bending
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25 the flow tubes; and the length of the linear segnents is selected so as
to reduce thermal stress induced froman abrupt change in the 24
tenperature of the fluid to be nmeasured, and the shape of the flow tubes is
determ ned so as to reduce the vertical height of the flow tubes, so |ong
as the thermal stress is substantially constant even when the |ength of the
linear 5 segnents is varied. 2. An arcuate-tube-type Coriolis flow neter

i ncl udi ngoR&BtpMy ATe| takeny agbeadungan | @lansh ¥8 d Ferm rid@iving a fluid
to be neasured froma fluid inlet and branching the fluid to be neasured
into theCafdigildaneiBesecandotinpereny KaRif 6Bd #BE ff) ghAgdf | ui ds 1 owing
fromthe corresponding two fl ow tubes and releasing the nerged fluid froma
fluid outledlU a drjisvidr,fdM ye ongntly driving the two flow tubes G&

nmut ual |'y Opﬁﬁflt% ph 58S, , AN Sa~pair of vibration sensors di spose ét

| ongi tudi nal1'y?symetri cal” positions with respect 15 to the installation
position of the driver and adapted to sense a phase difference proportional
to a Coriol ¥ f or geM whitMe; .each Nf 8Ne 1wo dlow tubes includi ng g,central
arcuat e segggnt' d WO, | near By, I"6cat on opposite sides o? t he
central arcuat%e segiment 1’ made up in afl arcuate 20 shape; the inside
dianeter of the flow tubes and a |linear distance between end points of each
of the fWB&TCubes are determined on the basis of a target pressure |oss
arising from passage, of the fluid through the manifold and the fl 25 tube
at the naxi&%d??ﬁbgﬁ%éte, &}Téﬁéﬂfétine phase difference between gﬁ%e wave
outputs fromthe paired vibration sensors at the maxi rumflow rate, and a
target nAF@Rather eqnehéyonr ofsthe; gdaptds FEBEST  aMerd he T8 Spe of the fl ow
tubes is determ ned such tha% t di mensional ratio (h/L) of the vertica
hei ght (h) gf t i j stance (L) between t¢e) end

points 5 of each %¢yﬁgp/&ygmLEEgg&;nggjﬂAEO 1/3. 3. An arcuate-tube-type
Coriolis flow %er” ‘as descri in claim2,” wherein the I ength of the

i [ I A ' df
abrupt chdige b DRD { Bpdiatsh & BPRenEC; FEnkRE ARy SoEERBERANSE | TN
h f f tub [ .0ed : Leal heigh
of TRt Faceu ARy hY R b SEGTETaRRCeRaplphRriBL0E OB KFELRED (onclant
even wheg tBe c|,got hyppl E)Qfallnéf'g:@% eéﬁ%ﬁ'ﬁé“érég%ﬁé@%f&’w €'ub$| é@t&‘?gvgfrxor

determ ning the shape of " an arcua t ube- rrolrsilow ne havi ng

tuo_par alihClesd o bResunai kil TR 8kd o) raael kb0 (3)f Ll dohoohe

measured Trom a I'nl'et and branchi ng t he be measured into the
two flowgpbegs, @ReQutiet manifold for merging fluids flowing fromthe
corresponding two flow tubes and releasing the 20 nerged fluid froma fluid
outlet, a driver for resonantly driving the two flow tubes at nutually
opposite phases,“ At -acoap YROH [ brati opgyseqig@,s di sposed at |ongitudinally
symetrical gposftions w th respedf-xot'he installation position qfyyhe

driver and adapt ed tﬁ”mr}ﬁﬁ. ' phasegyy /sin ¢,

R(1-cos ¢g)

15 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

! %12—Rz(l—cos¢0)2}+R2(¢>0—sin¢0)
J - 2sin ¢, (8)
1
Ro, + fn - R - cos ¢,)}
sin ¢,

20 Similarly, solving Eq. (6) yields
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25 difference proportional to a Coriolis force, said nethod conprising
steps of: making up in an arcuate shape each of the tw flow 26 t ubes
including a central arcuate segnent and two |inear segnents |ocated on
opposite sides of the central arcuate segnent; determ ning the inside

di anmeter of the flow tubes and a 5 |inear distance between end points of
each of the flow tubes on the basis of a target pressure loss arising from
passage of hecﬂLﬂRd t hrough the manifold and the flow tube at the maxi num
flow rate, f%rgQI time phase difference between sine wave outputs from
the paired vibration sensors at the 10 maxi numflow rate, and a target

nat ur al frequency of the flow tubes; and selecting the Iength of the |inear
segnent s WReFSs to reduce thermal stress induced from an abrupt change in
the tenperature of the fluid to be neasured, and deternining the 15 shape
of the flow tulges so as to_reduce the vertlcal 2?8 the flow tubes, so
long as the& 1Fherﬁ%ﬂ §®r%ﬁ%23@1Sﬂbﬁﬂﬁmfﬁ%¢d§}teﬁ§¥% &dEn when the Iength
of the linear & gnents is varied. 5. A nethod for determ ning tﬁﬁﬁgG?pe of
an arcuate 20 tubg-ty e Cbrlo IS f|OM/ﬂE% r having two parall el t ubes,
an inlet manifotd—for|(heod) v -acdsipy) od be nmeasured froma fluid inlet
and branching 38k siidyi d to be nmeasured into the two flow tubes, an outlet
mani fold for nerging fluids flowing fromthe corresponding two fl ow tubes
and rel easing the, 25 nerged f|UId fron1a fluid outlet, a driver for
resonantly drivin ]I e 1 p@bds uJﬂ opp05|te phasgs;;jand a
pair of vibrat e ﬁso g 3? ose% ? t%%‘ﬁ ly 27 synnetrlaal
positions with respect to the ins a 1at|on position of the driver and
adapt.ed S ff n i i orce, said
nethéﬁ c%ﬁp"g§ﬁg g?@ Fl€5 gﬁ& Pdgﬂgﬁad%ngé%é &ﬁééé%eg% of the two

flom1tubggm%P%%§g¥ggfgr8gnﬁrg%ﬁfﬁgugﬁe egpgf{tgpg égggélg@@{lé§ggpnts

| ocat ed on e srdes of entral arcua egnent ; determning the

| nsi de dLAERE Sy OLubO® NAWEEINCS il ddhed MERY HlcdARdgRen end

poi nt's o eac of e flowtu a target pressure |oss

ari sing Lol paosagesol, Pyl yld Jﬁgfgﬁggdtgff,ggslfol% ady § s 11 ow tube at

the maxi nmuntfrow ' rate ase rénce ween sine wave

outputs fegmLh tQatﬁedoMtpigal&ﬂaﬁstﬂéwéfaﬁhé he1dw FRELMUERGI W rate, and
a target natural frequency of the flow tubes: and deferm ning the shape of

the:ﬂi0“&&598§eﬁ9§htBQainEESed&ﬂEﬂétQPa&fr@&éofiQ&LiuQé the vertical height
(h) of the flow tubes to the |inear distance (L) bet ween the end poi nts 20

of each of thgeklkowthekaall 8xphafisienlis’. tﬁg vé&tiéémYafrEé€&3§|wfllA A3l .
A2 A LA AL A E ASE AY. AY. AC.A( 2. A{IAY. Al

E Al . Al . feABY8EGEH e8] KWndAY Ndw i sa] ol qea]@a]@a]ma]:@@]ne@]e%]sca] ca] ca] caj ca
]ca]ca]ca]ca]ca]ca]ca]ca]ca]ca]ca]ca]ca]ca]ca]ca]c<a]cTaU]caI PCD
redundant force, and M; represents a redundant moment, Eq. 12
holds:
15 M,=M +Hx (12)

When Uy represents elastic strain energy, from Castigliano’'s

second theorem,

aU
2 fM M, g5 - L * (M, + H,x)ds =0
M,

EI oM, El
1 0 . 12
- { [ (M, + HRsing)Rdg + [," (M, +Hx)d/cos¢, }=0 (13)
20 and
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OPi j }xsnid_Z]]ca]ca] ca]ca]ca] ca] ca] ca] ca] ca] ca]ca]ca]ca]ca]ca]ca]ca]ca]calc
a]J ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca! {| 56EFdez

I 3i VCD5} xsni d_Z] ] ca] ca] ca] ca] ca] ca] ca] ca]ca] ca]ca] ca]ca]ca]ca]ca]ca]ca]ca]c
a]J ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca! 50-. S@cdul2}xsni d_Z]]ca] ca] ca] ca]
ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca]
ca] ca] cajcabiBa b *

L f $gsr $s$§zz‘$$$ $tt%-9/&8§->d§nr=daﬂ] ] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca]
ca] cal ca] ca]3 Jca] cd]fca]’@a] calcalcalcalcalcaljcalcalcajcajcal&kt'w''=)>)))W
*X*}* ******+#+$+I +\ ++++++, L, , }xsni d_Z]]ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca
] ca]SCIa] %a]\l Efaf][nalléa]‘ca]zga] (;_]_3-&](9\9] cgkpa] cal $§k(‘s§“’rl g2l galcal caj cal , , % a-

[ K/l <0= 000022304}xsn| d_Z]] ca] cal] ca] ca] ca] ca] ca] ca] ca] ca] c(a]]‘l:b] ca] ca]
ca] ca] ca] ca] ca] ca] ca] ca] ca] ca ﬁt} ca¥cal ¢a] cpldral k5pp 56678888 [ :\:

; 9=: =F>G>>AAAB"B_BCCC} xsni d Z]L]Ic ®4] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca
] caj] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca! CDDt EuEBFGGHc HHHHHI
- LvLwLpMy NbNc NOOPPPP} xsni d_Z] ] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca]
ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] cal P: Q
QQORt RURSSS TDTMTN'R']’TTTTTT/ Uc U} U~-UUUVIWF sni d_Z]] ca] ca] ca] ca] caJ ca] ca

Vgéa] ca] ca] ca] ca] ca] ca] &g%

IcA 1R a k
et A A A Ll 4l

V] cfaV] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca
]calcd]c &PFca] calcalcalcal [[[[[[[[[\\\

\WAN]] 7/AKAAN T W } xqkd”YS} xsni V] ca] ca] c*a V] c"aV] ca

V] c”a] ca] ca] ca] ca]] ci]lca] caj ca]lca] ca] cal ca] ca}ca\/] cal] caV] ca] caV] caV] ca

\/] C/\a\/] ca \/] C/\a\-f_l—e—a —QD___L _9(]1:_: deSﬁDI)R \\\\\\\
a\ aaaaaaa{ vgl ghtos@ A& a] caV] cli cal ca] ca] ca] ca] ca] caV] ca] caV] ca] C?Yl;?a] caV] ¢

a] ca] ca] caV[ta] caV]ca V] c aV] %Q V] c7a] c;\/] ca V]cnaV]ca

V] cMaaaabbbbCObbbbbbb &g 4ic—e>€H Vejicdgecccececec{vpkf [ U] c~rV] ca] cal c”ha] cal ¢
aV] ca] ca] ca V] c”aV] ca] caVkesa®; \ 2

V] cMaV] ca] ca] ca] ca] c™a] ca] c™a] c™a] ca] ca] ca] ca] cal] ca] ca] caV] ca] cacdydd- eaee

efff&f+fhfxf|ffffffffgggggggOg wq1d YR \ch V] ca] ca] c”a V]c”aV]ca
gorcsamallaylie e K
c"ha] ca]calta ]c ca a ca
gAgGyKgUgYgf 99999999999999999 %Lﬁ%]ffm 6h Lh}wr | g\ VQ} ] ca] c*a] ca] c”a] caV] ca]c
aV] ca] ca] caV] ca]lcaU( ca] cal\/] ca I» R
,=—R S = _——sin’¢ (18)
EI fom o ¢) EIcos¢l( 3 °)

Since My and M, are of the same direction, a resultant moment
10 M is expressed by
M=M, +M, (19)
The maximum moment is induced at fixed end C. When M.y
represents the maximum moment, the maximum bending stress is

expressed by

15 O oy = i (20)

where Z represents the section modulus of the arc as

expressed by (m/32)'(D.,* - Di*)/D,. Compressive stress acting
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Fk Qv}[< 1&) %% & ()-! &$3$10%(c(& ()- $109%& ()-3!~ $109%8Q*Q& ()-3

$10% &' (TX%F% 3 ?K(& ()-3z|}~{\= 109! 10% u& ()-9! 10% u& ()- 10( 10(

10(<t10% & ()-!~3- $10%"\& (L-l~3 $10%\ N& () -3i Vdjlf{/\z-
J/G}l

10?,1300% u& )a (?IA%O:)X 3 h (24)
100 () “aofilan( Lo ff,lg(%i @"&*9@16‘3;@ Fiit kikoos L (- 96 10% v ()

10Lf &10% u&' () - Ls$109&u
- 0SdE{\ = For example, when a flow tube having an opening
diameter of 25 mm and made of stainless steel is used and has
an inside dlameter D; of 15 mm and a wall thickness of 0.75
mm, and the flow tube is subjected to an abrupt change in
15 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
20 and $;=(o=40°, maximum stress On.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.x converges to

the minimum value (about 125 N/mm?) at a dimensional ratio

h/L not less than 0.31., However, since h increases with
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10" 210% u& ()- 0 10% u& ()-
10% u& ()-,,#10% u& ()-99*10% u& ()-LY(10% u& ()- @BCDESxmb@ 10! : $10%&' () -
10-u 10-u 10-uS=s10% u& ()- 9 10% u& ()-L710% u& ()-510% u& ()-5uah[}*<nb@
10! yF$#10%F&' () - 3&$10% & () - ! 3&$10%rY&' () - 3&$10%
& ()-"1~3&PL0UKKE () - :$10%& ()-[{-0123 }rg\: 1't &$10%(T(& ()- 10 10
10<10%&' () -! F-$10%PePe& ()-!F-$10%°P& () - FS#109O& ()- Al g""#:$}[99\:
| t 3#$109A LTSRS {YREL. ~BHFLO0R (D ( 82 (Gimsmilonel (Jatis@wE Y0 &31)is
&$10%& ()-! &$10%c& ()-: $$d% %g9h % IR&{ Y: ! 9$10%<& ()-!9%10%x& ()- 10(
10( 10( <enpo@Brijtey3s¥noewitv(Broyides boglosgimuy)sioesyy and)eympagl: 11\
@1090D& () -! ~@10% <r<& ()-!p @10%l d & ()- ]
y @ 10%rxAEMERS1en 9 okas (FePregenked (hy pihe ) friine xpgapy 4DF 16< 5). A
10<y<s10%<& ()-! @10% e|e& ()-!a @109 ()-! @BL10%& ()-'a .
@10%Jusdeyiee iaqoondypyplo 16ke 191esan ) indenkion -tk i§-designed on
nﬂO%&f()-‘1OW&T()-10@&fé)-++,L,[, , dEMB7 10< ) ]
131 10’ theskpabswet)e stinengionel notge (h/% afof: 33-4% shown in FIGS.
109%& ()-,,%a----dEMB7 10< 1' 109& ()-%40%& ()-$ .

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 is sufficiently low, thereby
10 provi@ing 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 oOpin 1s a stress at an h/L of 1/3.
FIG. 9 shows, for comparison, the Example of  the
15 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
20 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
25 difference taken along the horizontal axis of the graph
(after having subjected to abrupt change). As shown in FIG.

10, the Example does not show ilnvolvement of error in
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LMV O Y7

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

10 as shpwn 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

15 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

20 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

25 flow meter and falls outside the guaranteed accuracy of a
flow meter (generally, a Coriolis mass flow meter has an

instrumental accuracy of about =0.2%).
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109&' () - $11098ng ) Llow mpey )bavimgran h/L ofyNE SIRhoMs Fp great change
10S<109%&' ()-910%&' ()-7@ 109&' ()-5'!109%&' () - 3109%& (gé!gw " aBYNC

10!16yk&;p)displayed density which falls outside t 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

10 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

15 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
20 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
25 linear segments, thereby achleving excellent stress

dispersion and vibration resistance.
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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
10 mutua}ly 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,
wherein each of the two flow tubes including a central
15 arcuate segment and two linear segments located on opposite
sides of the central arcuate segment is made up in an arcuate
shape;
the inside diameter of the flow tubes and a linear
distance between end points of each of the flow tubes are
20 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
25 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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5 segments is varied.
2. An arcuate-tube-type Coriolis flow meter including
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
10 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
15 to the installation position of the driver and adapted to
sense a phase difference proportional to a Coriolis force,
wherein each of the two flow tubes including a central
arcuate segment and two linear segments located on opposite
sides of the central arcuate segment is made up in an arcuate
20 shape;
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
25 tube at the maximum f£low 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
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3. An arcuate-tube-type Coriolis flow meter as
described in claim 2, 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 fluid to be

10 measqred, and the shape of the flow tubes is determined so as
to reduce the vertical height of the flow tubes, so long as
the thermal stress is substantially constant even when the
length of the linear segments is varied.

4, A method for determining the shape of an arcuate-

15 tube-type Coriolis flow meter having two parallel flow tubes,
an inlet manifold for receiving a f£luid 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

20 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

25 difference proportional to a Coriolis force, said method
comprising steps of:

making up in an arcuate shape each of the two flow
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determining the inside diameter of the flow tubes and a
5 1linear distance between end points of each of the flow tubes
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

10 maximum flow rate, and a target natural frequency of the flow

tubes; and
selecting the length of the linear segments so as to
reduce thermal stress induced from an abrupt change in the
temperature of the fluid to be measured, and determining the

15 shape of the flow tubes so as to reduce the vertical height
of the flow tubes, so long as the thermal stress is
substantially constant even when the length of the linear
segments is varied.

5. A method for determining the shape of an arcuate-

20 tube-type Coriolis flow meter having 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

25 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
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difference proportional to a Coriolis force, said method
comprising steps of:

5 making up in an arcuate shape each of the two flow
tubes including a central arcuate segment and two linear
segments located on opposite sides of the central arcuate
segment;

determining the inside diameter of the flow tubes and a
10 linea; distance between end points of each of the flow tubes
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
15 maximum flow rate, and a target natural frequency of the flow
tubes; and
determining the shape of the flow tubes 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

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