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Fl ow Me OF THE I NVENTI ON The present invention relates 6. AUG 7007
gener al m&m m ' llol is flow nmeter, and nore.particularly to a Cori (?)I i%
mass fl a type using two parallel arched flowtubes. 1 o

BACKGROUND *GP%FHE | NVENTI ON A mass flow neter (Coriolis mass flow neter)
operating on the principle that WARECHICAT&é@Ns of conduits carrying a
flowi ng fluid being nmeasured are supported and the conduits are caused to

oscillate around the supporting fulcruns thereof in a directi cmmumw“mmuwm
per.pendi cular to the fluid' s direction of flow, the Coriolis d
onto the gepguf sEEINVEReTONdUi ts to which oscillation is appliechshise

herei nafter referred to as the flow tubes) is proportional to the nass flow

rate of the flay d:i . The flow tubes used in the Coriolis nmass
flow nmeter ar eégég\l}lggleaggﬂ?t“}éﬂtg% types; the curved ones and the straight

ones. .[FIG 5 is a schematic diagramof a conventional Coriolis mass fl ow
nmet er "of a dual parallel curved tube type. As shown in the figure, flow
tubes 1 i paral |l el curved tubes (CT-shaped tubes), and
are drivgﬁg&f’@ﬁmw t hereof by a drive unit 15 conprising a coil
and a magnet sQ as to resonate with each other at nutually opposite phases.
A pair of osci PSRt TeRRdIsrelatesgrpenally ta adorieBa ey Sishey: AnEBTe and a
magnet are disposed at |ocations symetrical with respect to the nmounting
posi t i on Peftieularlyiio a/eonglistmarss floy metpsef atypeusiae &9 P%ﬁagﬁl@éc}tﬁdd}?&r tiehal to a
Coriolis force. 25 A fluid being neasured enters froman external conduit
connected to the neter via an entry-side flange 18 into a tubular body 3 r
and is deflected 90 degrees by an end plate SPECI FI CATION 1 2 6 AUG 2002
38, handACKGROUND QFi THID INVEBNTION t ubes 1 and 2. The two fluid fl ows
converge into one at the exit side of the flow tubes 1 and 2, and are

defl ected 90 degaseBowinetd? (E6teblizlndse 3@ thateh)@péekiasial ar gedlpiindigle Bintevear nal
conduit connected to the neter via an exit-side flange 19.

both ends of conduits carrying a flowing fluid being measured are supported and the
conduits are caused to oscillate around the supporting fulcrums thereof in a direction
perpendicular to the fluid's direction of flow, the Coriolis force exerted onto the conduits

15 (the conduits to which oscillation is applied is hereinafter referred to as the flow tubes) is
proportional to the mass flow rate of the fluid is well known. The flow tubes used 1n the
Coriolis mass flow meter are divided into two types; the curved ones and the straight ones.

FIG. 5 is a schematic diagram of a conventional Coriolis mass flow meter of a dual

parallel curved tube type. As shown in the ﬁgure, flow tubes 1 and 2 comprise two

20  parallel curved tubes (U-shaped tubes), and are driven at the middle part thereof by a
drive unit 15 comprising a coil and a magnet so as to resonate with each other at mutually
opposite phases. A pair of oscillation sensors 16 and 17 each comprising a coil and a
magnet are disposed at locations symmetrical with respect to the mounting position of the
drive unit 15 to sense a phase difference proportional to a Coriolis force.

25 A fluid being measured enters from an external conduit connected to the meter via

an entry-side flange 18 into a tubular body 37 and is deflected 90 degrees by an end plate



It is well known that the natural frequencies of the two flow tubes 1 and 2
can be nmade al ways substantially equal even for different types of fi@mﬂ&zgz
or for fluids at different tenperatures by causing the fluid being neasure
to flowequally in the two flowtubes 1 and 2. It is also well known that a
Coriolis flow neter capable of being driven efficiently and stably and

bei ng fr &8, bragphing eq@'lgeét%t“@fﬂow@éﬁmhﬁndﬁc The 5w Bwd flowg corsepeeratanmes
changes can be provi ded based on the above construction. 10 The Coriolis
mass f | owtnied enit sifle of theflvedubasbleartdyh and whe ddfleaed H0alagrenehsan esd plaee 36
oscillation of the proximal parts of the flow tubes extending in the

| at eral dbbeaistirgéd M b extertill badidutQdinetfad tddhe otey&Edlseat-bi@OGhRge 19.
necessary for the proximal parts of the flow tubes extending in the lateral

di recti o jshd1BksH that E}F‘eVﬂattfi’th Yreh &Adiek ot a2 thB SoRagBes 1nartd1eecaﬂ Fefmade t he
meter. 15 The Coriolis mass flow neter of a straight tub e type, on the

ot her Shar?ﬂlwa)% b%ﬁﬁ%@q%%Jast rald)‘xﬁ(ﬁffexd—%? %%ggf ﬂlﬁdg {)}ef %l: Ql@f gsfntt he

external conduit t tubes supporte ds thereof are
oscillate ddl e ereof i n ectlo e nd| uIa t he
oxi s of thE érta?‘ar?s B S50 B A ket AL, BRI GBH Ghes e

di spl acenent, ren a rence u d riolis force 20
bet neon (78 Zs By E%Iﬁwgl Bahs 088{ Seﬁmmeteafcaie%i g‘ﬁ?’ﬁ&ié’gﬂﬁﬁ’vw iedentifn
Coriolis SsS fIOM/neter 0 ht tube ty can be nmade into a sinple,
conpact &R SEA5GF &34 E%ﬁ%#ﬁ%@?%ﬁ &?fgs ?fle&SWrP%}t?é%ﬁ%‘FO”tsﬁé‘d§?‘?‘B‘i’rﬁh‘tret ube type
Coriolis mass flow neter, however, tend to be subjected to tenperature

fl uct uat |C3ﬁ%geﬁé%‘éh%ér°ﬂ¢éd§ﬁ?eélfﬁﬁbe?b‘ﬁ’é§°%ﬁ§§‘tcnﬁé fixedly 25 supported at
both ends thereof. That is, as the tenperature of the fluid being neasured
chandg®s, the fm@\@wbwaeﬁﬁm@em@fpéwéﬁétﬂm@wahlﬁhwapéwapwpmu ng to
t he change 2 6 AUG 2002 in fluid tenperature, while there is a delay in

t he t enpesaliaia dlthnprexiphalpaftsef g fowr tubeuexiéndimgrivethe lgech dasctandimssi s to
which the flow tubes are fitted. As a result, a difference in elongation is
pr oduced thetubadar bolie 37,/ lawtd sdeese aledgthheecédsarynfgr ierprotimabparmestaie flowesul ti ng
in stresses in the longitudinal direction. This causes the natural

f r equencyueds ektradinglie tholaédtaldieective. TRislch@dGROMABE lbdll ®Rinl iNeresRNE tRO
resulting fromthe stresses. To cope with this, the straight tube type

Cori ol i s g 8tHe RWefEt €r Nust have stress absorbi ng nmeans, such-as a
di aphragm bellows, etc. The problem of the |ongitudinal el ongation due to

tenpgsature C%@%%ioﬁ@&a@seﬂow meter of a straight tube type, on the other hand, has
straight flow tubes disposed in the direction of the external conduit, and the straight
tubes supported at both ends thereof are oscillated at the middle part thereof in a
direction perpendicular to the axis of the straight tubes to detect mass flow rate as a
signal of the displacement difference, or phafe difference caused by a Coriolis force

20  between the supported parts and middle part of the straight tubes. The Coriolis mass
flow meter of a straight tube type can be made into a simple, compact and sturdy
construction.
The flow tubes of the straight tube type Coriolis mass flow meter, however, tend to

be subjected to temperature fluctuations because the straight tubes must be fixedly

38}
i

supported at both ends thereof. That is, as the temperature of the fluid being measured

changes, the flow tubes change its temperature by immediately responding to the change



sol ved by constructing the flow tube into an arch shape. FIG 6 is a
conceptual diagramof 10 assistance in explaining the operation of th
conventional Coriolis mass flow neter having-arched fl ow tubes. ThéﬁrEUMﬂUZ
tubes of an arch shape have excellent shock resistance since they can

di sperse stresses. In the conventional arched tube construction, however)

t he mani fiolfshidateshpehagutd, ewvile tlbers isa delgpmthe ttedpémturhehangeal a diximgct i on of the
tube. As illustrated by Rin 15 the mddle, and two r's on both sides

t her eof igbructuzal MefpPer, stidheasfd Aasdisitewhiol Oheviisy tabee atehfitfed. M seerdaen i ng

steps) meking this design unfavorable particularly for a dual-tube

const r uctd;fre hQOAHIeldn@8tiSY R dubed RIwSEPWMR loW fubks afl (hB)fixidd disict@hl Ny the
two states of the vertically oscillating flow tubes, the nodes of

osci |l at irﬁ&nﬁé}?l-esiﬂli(’iﬂg‘“i'n RAYG DGO IdngRd ] &rdARE, %f"é%%u%%%%%h%rﬁ“bj ect ed

to oscillation, making accurate neasurenent difficult. MVARY OF THE

| NVENTI T ' ti i S . .t : b) : d
i s van tpoand SRRThye B B Bud B BHHEE A BREREARER TR AR BCT of"
dual hed t ube, t t hat im t I illati

O o Pt o WAL M P oS S TR e A B et oy

formng the flow tubes into_an arched parallel tube type that is favorable
in stresSUESPRPEIBRMEARS SHEES & UapipgrcRellowsgetg AUG 2002 It is anot her

obj ect of the present invention to increase rigidity mthe direction of

| eaki ng osci | I'dheirsablemipé thedongitudingl glpngation dugttodemperaiye ghangesean bicr easi ng
the mass of the proximal parts of oscillation. The Coriolis mass flow neter
accor di ngolved bheonstrusting therfloentube tnte emaribsehape Wbl (o fria b Icetceptuahdinatres ofl and
2, an entry-side manifold 25 for branching the fluid being nmeasured into
the tMo fdsewtanobhmsexplaamide 2he aperdtive of the dnvertenal Goridisinass ifide meen faoting 25
for converging the fluid being neasured flowng in the two flow tubes 1 and
2 to di schetegdlowhtubegh the fluid outlet, a drive unit 15 for driving the
two flow tubes to cause themto resonate with each other in nutually

opposi t e phasefhe fRRdiuBePstian a2th Siepk hhod éxeBlleaR RE6kSTediftaded andd thdy édanst al | ed
at symmetrical locations with respect to the nounting position of the drive

unit 15 fodpeSRNSI8esAIPNRTBnintbeAIGRGRARUBPNLIrafHn, howdeEaht flansfolior Ce.
The two flow tubes 1 and 2 are forned into an arch shape, or an arc shape

curving i4Qnl ¥owRebedlar€&dnn0Red itGie QR Xfre&ﬁﬂ oB¥lel tubb.d8s TRELLRWGS 2R are

snoot hly bent fromthe inflow direction of the

15 the middle, and two r's on both sides thereof in FIG. 6 (A), the flow tube involves more
than three bending steps, making this design unfavorable particularly for a dual-tube
construction requiring symmetry. As shown in FIG. 6 (B) illustrating the two states of the
vertically oscillating flow tubes, the nodes of oscillation that would have been fixed by a

base plate are also subjected to oscillation, making accurate measurement difficult.

SUMMARY OF THE INVENTION
The present invention is intended to overcome these problems, and it is an object
of the invention to provide a Coriolis mass flow meter of a dual arched tube type that are
immune to external oscillations, installation conditions, stresses in piping, and thermal
25  stresses by forming the flow tubes into an arched parallel tube type that is favorable in

stress dispersion and shock resistance.



entry-side manifold and the outflow direction of the exit-side manifold to
the joints with 15 the two flow tubes, at which the manifolds risel 1 &tAU§ 2002
predeterm ned angle so as to be connected to the flow tubes 1 and 2 in
alignment with them This construction enables the flow tubes of an arched
paral l el tube type having excellent stress dispersion and shock resistance,
resul ting in dtivesstier objeaaif ¢he fidesdntiisventss tcami:msedgﬂdycyerxt}eard)wlcmon of
oscillations, installation conditions, stresses in piping, and thernal

ef fects. 18&1J§1@cmatib@,l ﬂhSreB”ﬁ$§duﬁ:ix@Wséint@dn legleowhA\g ih@eddhey feasaRbf ildvent i on
conprises a sealed pressure-resistant case 31 of a substantially

cylindrig %mlggplf)ﬁ.tg&ogaga@g al direction, with the openings of the
cylindri cal hereof at both ends closed by end plates connected with a

smoot h cont Ourmhe%%oggh{ax ﬁb%e@é}dac@afaﬁlg%%gpegﬁnft%&éﬁmaé GRYRcted at the

corners of the cylin rlca part thereof 'in such a manner that the mani fol ds

25 pags 23 tﬂl[’l 'g.'gulgegj an%r&ggswﬁj%éﬁgm%ﬁ({ ?gfor%par{cp %ﬁﬁldr (ﬁdlntgy in the

di recti of 0t i'ng 0SCl I on y red

oscillation |e thou regs s of rox

osct 11 at rossiEdiathr BFT Bov AR Tt % 8 S Td e g Brvals BaruBR 5 2"

i nvention has a ) jntegrally fornmed, di sc-shaped fl s,.at the
entry-si d%“‘%?ﬁ%‘“ég 5l§ﬁ&élrﬁsﬁ?ﬁaﬁb’redsﬂ° WERE TR VS DBB EADeB o ogighares
pressure-resistant case are fixedly fitted, with the cross- sectlonal shape

of the prthrough she Ruidoutlat adaive upitde for-fAraving thetao TORAybesirrry themdpor axi s
oriented in the curved direction of the flow tubes, the | ength of the mgjor
axi s snooesengterveidyesd otheyrim miguabky eripositpliases, end adabrot asaliatpntseasoent6 i nt o a
substantially circul ar shape near both ends over a predeterm ned |ength. 10
The Qori anidd7negsked 4dtepmmetscal dravtont wigh tespédico preaneunttirigroeition ofitheas
tenperature sensors on the pressure-resistant case and near the joints
connect i Agivk haitfI5du deubing aghdsd Aifferamped Hoboitiohal toanfeivdiat@cd. OThd tud floher mal
effects of the distance between the fixed ends on both sides of the flow

t ubes andubdiq dd¥er ARl fohddaatcSarOirch BRagel & £H 41 sBhpd fi@vihk AyohlyBES dirdRioBRI EF
DESCRI PTION OF THE DRAWNGS FIG 1 is a partially cross-sectional view,

seen fromhmﬁnfymmem@aée ﬁlaﬁlfgﬁs ¥5 8¥ srfddthl@ WeR: &m&mn@@wmm@n &fn@ first
enbodi nent of a Coriolis mass flow nmeter using two parallel arched flow

tubes acgardifg rBQmE‘ch?alpc{ ﬂéedﬁftﬂdvsné(r‘}é’bftfoﬂ 3¢ t}Ee e%t #dd Mafifi@td AR Wit een

frombel ow and a side view and cut away at

15  the two flow tubes, at which the manifolds rise at a predetermined angle so as to be
connected to the flow tubes 1 and 2 in alignment with them. This construction enables
the flow tubes of an arched parallel tube type having excellent stress dispersion and shock
resistance, resulting in a mass flow meter that is less affected by external oscillations,
installation conditions, stresses in piping, anfl thermal effects.

20 The Coriolis mass flow meter according to the present invention comprises a
sealed pressure-resistant case 31 of a substantially cylindrical shape in the axial direction,
with the openings of the cylindrical part thereof at both ends closed by end plates
connected with a smooth contour, and entry-side and exit-side manifolds 25 connected at
the corners of the cylindrical part thereof in such a manner that the manifolds 25 pass

25  through the corners. This construction increases rigidity in the direction of leaking



20 center, of the Coriolis mass flow neter shown in FIG 1. FIG 3 is a
partially cross-sectional top view of the Coriolis nass flom/neterzﬁpgmp in
FIG 1. FIG 4 is an enlarged view of the manifold showmn in FIG 1*%% 2002
explain the function of the pressure-resistant case. 25 FIG 5 is a
schematic diagramof a Coriolis mass flow neter of a conventional dual

par al | el oscillatean, theisebyt ngdecingoscillatign Maks MihpuFingeaging sheymaenefdhe prokingilagr am
of assistance in explaining the operation of the conventional Coriolis nass
fl ow et earteayosetlasivahed fl ow tubes. FIG 7 is a diagramillustrating a
second enbodi nent of a Coriolis mass flow neter using two parallel arched

flow tubes acqpedonglié fhabdiBow hREEHccdriiig b tiRMprefenbESCRiG haid pXir $HE
PREFERRED EMBODI MENTS A Coriolis nass flow nmeter of an arched tube type

usi ng dU%teEfa}il?'f&ﬁﬂed@fié“c%ﬁpéd el Rehe @319 -dhdd sid RTOQEH WEBR01Q, td RRicRT €sent

invention w be described, referring to FIGS. 1 to 4. The Coriolis mass

flow get %thsﬂi%f%mrpﬁuﬁﬁgﬁg%&% drD 6k Dy BEEA IGia t&rcr&grsba%mha}%{ e

position, an en used Iint orizontal position, t he convex par

center Ofy/ gﬁg%lr&‘@’estié{?%scag?aﬁlaagg inth i%S Q%ﬁcdih?ﬂ;et }t]a%rls%zg)%éoq aRls ogxg‘é‘@ h Ghe |t

shoul d be n however, use 0 nmeasur e gases, e convex part
of the flow tubes.sh d.preferably be oriented upward, ,as sho in the

1 gure) €0MSR SHEREH AT MO FPep s B ecteth Fiibe M nsRedi o Sebbed B Yahen
measuring Jiquids, the convex part. be directed downward to prevent gas 15
bubbl es %F‘B‘hﬁ?’t“%ﬁ"ﬁ@r‘f ‘PPéﬁéF‘ ﬁfﬁh@%’P} nte Bsﬁb%‘?"émg'iyacg’?glﬁé Slé”r?&vﬁeﬁbb‘ttﬁén%ri olis
mass fl ow nmeter according to the present invention FIG 1 being a partially
cr oss- seft§ioheledrEnined & -on the | eft) seen fromthe front on the
assunption that the inlet and outlet pipes are installed horizontally and a
si de i ew (shdwa Conoliphmapsedflom) metgr acppedingito thh @resant nyentionthag tempdratury a
bottom view 20 (shown on the left) seen frombelowin FIG 1 and a side

vi ew ( shewmsomapr the présghte)recigtanavasg aatl nelethe grinwrconkdc@ng Bheblamtpbas pad ti al | y
cross-sectional top view, and FIG 4 being an enlarged view of the

mani f ol dthellmanifélastd dohpsnsatafod tRe tlermhleeflectsiobtieslisth ooy beek&n thhdiwed aide
arched conduits

on both sides of the flow tubes and the thermal effects of the rigidity of the flow tubes.

15 BRIEF DESCRIPTION OF THE DRAWINGS
FIG. 1 is a partially cross-sectional view, seen from the front; and a side view, cut
away at the manifold, of a first embodiment of a Coriolis mass flow meter using two
parallel arched flow tubes according to the present invention.
FIG. 2 is a bottom view, seen from be}ow and a side view and cut away at the
20 center, of the Coriolis mass flow meter shown in FIG. 1.
FIG. 3 is a partially cross-sectional top view of the Coriolis mass flow meter shown
in FIG. L.
FIG. 4 is an enlarged view of the manifold shown in FIG. 1 to explain the function
of the pressure-resistant case.
25 FIG. 5 i1s a schematic diagram of a Coriolis mass flow meter of a conventional dual

parallel curved tube type.



havi ng the same shape, both ends of each tube being connected to the
entry-side and exit 25 side manifolds 25 by wel ding or other neans. HQ@G 0
fluid being neasured is assuned to enter fromthe |left side and floaloutng
the right side of FIG 1. The fluid being neasured 6 2 6 AU G 2002
enters fromthe external conduit connected via the flange 18 and is

br anched equaFL§- § itaocopmptualstisqran ef gpugtanceifexplagring pie epgratipngyf ge

mani fold. At the exit side of the flowtubes 1 and 2, flows of the fluid
bei ng nessayerdonsd Hprolje mass Bow meterthaving arghed fiawdaibgani fol d 25 and fl ows out
to-the external conduit connected via the flange 19. 5 Since the inlet and
outl et sides &#HIG. aisraatigednsilwsetring alséopnd embodiolenbuf anQorddisonagstfioermetet | be
made only about the outlet side shown in the figure. The manifold 25 rises
from t heugidg @b phidlie] prhéd 16# hekes @eeokdink hetHel pragat Mfkndsdl turns upward at a
predeterm ned angle, snmoothly describing an arc (refer to FIG 1 or 4), to
the port connected to the flow tubes 1 and 2. By tilting the manifold port
connected to the flow 10 tubes at the angle at which the flow tubes ri se,

the enti pegrIbTedd-dF our piereRREMEMBODIMIVOT Med into a smooth arched
shape, with the flow tubes thensel ves describing a sinple one-way curve.

Al though the 'rio@i!sg?isgrm H98; b &g&gﬁ%d;@@ﬂ%g@éd&gﬁﬁgﬁi; Alial(g%&a &m one

outlet into the two ow tubes 1 an er'to
cross-sect.ional e fi: t : Ly r. .
ot oss. seiieBARR AFERu R PRL WRsGR T olh RN ook BEL TER A folftas
reduction in essure loss., In this wa he f,low tubes 1 an , _Which are
Critscal ebh BBETHAE: BASH o hebshehews fio hited s 1 107 HEn BA LR ALY veq
construction, while the conpl ex structure involving the change of flow
pat hd0 f r BRI 2PdcY Poteed ibis TopiZpHal RREon e PPBTRATT 8 thadpaes gdhsy the
mani fol ds. Thus, the flow tubes 1 and 2 can be fixedly fitted to the
mani f ol d By tkassRR G grientsd sither unmardor daarad b P}éﬁﬁl‘élgﬁ@O“Pﬁebﬂ“tﬂV%f, Bhatt s
(stress absorbing neans). The flow tubes of the arched tube shape can not
only abs®mhbn uprs eaneasuregases theconkex hatt ahthedlomctabesshonld prefesably hg. Base
plates 28 for formng oscillation nodes when the flow tubes are driven are
provi dedonesed bpwhrdadshofn irhtheffiguve, tabreserdt thedqeid Mdre shaabe glthe emve8 ar e
fixedly fitted to 25 each other to maintain the flowtubes 1 and 2 in
par al | el pmosard when heesuraseiqlidy, else @8yexnbrrnbodvedtetedowronartino prtvent gas
oscillation in such a manner that the point at which the base 7

15  bubbles from staying there.

FIGS. 1 to 4 are diagrams showing the Coriolis mass flow meter according to the
present invention; FIG. 1 being a partially cross-sectional view (shown on the left) seen
from the front on the assumption that the inlet and outlet pipes are installed horizontally
and a side view (shown on the right) cut away at the manifold, FIG. 2 being a bottom view

20  (shown on the left) seen from below in FIG. 1 and a side view (shown on the right) cut
away at the center, FIG. 3 being a partially cross-sectional top view, and FIG. 4 being an
enlarged view of the manifold.

The flow tubes 1 and 2 of the Coriolis flow meter shown are arched conduits
having the same shape, both ends of each tube being connected to the entry-side and exit-

25  side manifolds 25 by welding or other means. The fluid being measured is assumed to

enter from the left side and flow out to the right side of FIG. 1. The fluid being measured



2 6 AUG 2002 plate is fixed serves as a first fulcrumof oscillation while
the joints at which the flow tubes 1 and 2 are connected to the p&ﬂhﬁﬁgs
of the entry-side and exit-side manifolds ?5 serve as a second f he
drive unit 15 is such that a drive unit coil is fitted to one flow tube 1
and a drive unit magnet to the other flow tube 2, respectively, via

fi Xt ur es .enfidre froinrtha gxtemnl lnendiiii cpenentéd vie ohd flarged8randds cintledtdyealwinsé de of
the Coriolis mass flow neter via a flexible printed wiring board 12, a
pedest al tBStwillsw atbedN aad [2GititEOStaY-sifé aiaifdld, Adnhe exivsidé oyhefibvatibe3d. The
wiring outlet 34 is supported by the pressure-resistant case 31 and passed
through tahe 2cA&@s stkhe AuldAcingOhetnedd dofldr@ irt6 BEOLtSthd BxidRfdle hfaiR]S2UCLAhd hat a
oscillation 10 sensor magnet is fitted to one flow tube 1, and a

osci | | at iaRs360%Ahe Eﬂ'elrn #'c&f]d%% dofindcB& ﬂ&b@ﬂidﬁﬁ"l@t ube 2, respectively, via

fixtures on both sides o e drive unit 15 e pressure- re5|stant case 31

hol ding the e | i formed into
a sealed stat e%t1 cf%}éé gﬁ‘V{{ ouhe lgéssalf g& % %£é§§ 2l dF}?ectg lﬁl pe in the

| direct d 32 that close th f the cylind
ool et RP%P%"%%thEﬁg%tcﬁ“ﬁeswfbl‘)&“e"i%eog - Ehemad i sean

in the direction vertical to FIG 1., Entry-side and exit-side manifolds 25
are fitt &ies Bomthe pufilsidthe rsrt qommeqtsd tofhp ﬂew P epd Srns HRWAThRiAr e- r esi st ant
case 31, that is, to the surrounding parts of the end plates 32. By formng
the presduedetergunaskangle, emeethbndesenikingae prd (rfet todilGs hapd, fnthempertaxi al
direction in this way, the pressure resistance of the case 31 is greatly

i mpr oved coryecrbdde thehidalv bbes L end 23ByttHanp thevingnifodd pdrt commetted ite thetflv pl at e 33
at the center of the pressure-resistant case 31 hel ps reduce oscillation in
t he hoop tnndet tiearesld dewlsials ehecfiqratndss rise, theertive gietnifd]dr it tube aaseshidpnpr esses
in the wwdth direction, or conversely conpresses in the height direction
and expanrasbé forinaé intb diskhodily &¢hddoshapé;Ivith thel fRwatnbendhamgeldesvdeatyilihg b he

mani fold portion to explain the function of the 25 pressure-resistant case

31 havi ngirhp1e oré- @b e 8RRt QNG OIS InfditloldormINR f1dvpathE 61 BehrichRw thapes are
driven, oscillation leaks in the axial direction of the tubes, as shown by

an arr oW m ore RitlBHELS B2 wotoi@bd DL (xje?er't§Ff@(3?5tﬁ@-|E6£altJ?§Js%fe9cicﬁxaI 0
increase rigidity in the direction of oscillation

area of flow paths can be gradually reduced to the cross-sectional area of the tubes. This
15  leads to a substantial reduction in pressure loss.

In this way, the flow tubes 1 and 2, which are critical for oscillation measurement,
is made into a simple one-way curved construction, while the complex structure involving
the change of flow paths from the two flow tubes to the external piping is addressed by the
manifolds. Thus, the flow tubes 1 and 2 can _t_>e fixedly fitted to the manifold by welding or

20  other means, without providing flexible parts (stress absorbing means). The flow tubes of
the arched tube shape can not only absorb thermal stresses but withstan;i stresses in the
piping.

Base plates 28 for forming oscillation nodes when the flow tubes are driven are
provided near both ends of the flow tubes 1 and 2. The base plates 28 are fixedly fitted to

25  each other to maintain the flow tubes 1 and 2 in parallel position. The base plates 28,

when provided, contribute to oscillation in such a manner that the point at which the base



| eaks. It is for this reason that proxinmal parts to which the oscillating
f.low tubes are fitted are provided at the corner parts that have ?meAUG?MZ
hi ghest rigidity anong other parts of the cylindrical pressure-resistan
case. This enables the so-called nonocoque structure by using the case
itself as a frame connecting the proximal parts at the inlet and outl et

si des W tphmxutis fiedrsenss agatfiia fultrak BEssilBtioh MhilprRs PiHte at RBickitAdflocase. The
nonocoque structure where the case serves as a frame involves |ess

osci | | at itfBestl SEN R cofRdctdaTo tREuSieh YaA46RhL BSFy 518 GRR kR sRleti diRRRIBNCE.
The drive unit 15 drives the two flow tubes 1 and 2 to resonate with each

ot her at Ldo¥ ite phases at the central part thereof. A pair of
oscillatf%ﬁm5§%§%rs fgﬁgﬁg'l i are disposed at |ocations horizontally

symretri cal wif) £&EREEY SO IASHIPLALLDHoik GRIIRRA ohPRolliier i 4 15 T
detect the phase di'fference proportrona 6 a rrolis torce. e drive
unit 15 and the osci i on sensaqr 6 and.1.i sh in the figure are

i spoded BUE G Feanet e Sfhet BB o T BELrely aTHEFirieh THERGFNGMT e when
the two f] ow tubes. are 15 seen in the tually overl apped directjon, as
shown i n dEVEUREE cof jrecoppeaied ferthe oqtgids i her{corisliE masa AP BTt gppdeeand 17
are di sposed between the flow tubes 1 and 2, with the centers |ocated on a
li ne conmEEtsyiringoaehts airedsatal 35rmeyrded giva hppwntalpdate 38; anded WHINE pernits
driving force to act and the Coriolis force resulting fromthe driving
force tooytelddt cthecwiriog ontet 34 insupnvated dyithe praseureapsistant ecasedl ofid pimsed | ow
tubes, no nonent of inertiais 20 generated due to the inertial force of
osci | | at itbrougktita case §hoApan of eilizdioasbosdrsrthind 17 dteasulothad hioscii®sen f | ow
nmeter of the arched tube type using dual parallel arched flow tubes

accoridi Ngeiidr blgn@yie Fiedl té snecdw Aibe 1FAKd a bscHDRINE senddr PAl fidtéd tovh@Sehes€Ct i ON,
two types of Coriolis mass flow neters (A) and (B) having connecting pipes

and fl owglowhase Of reblickfi®difMa B t48S dnDbobEiatY & tHé ffig emt 15 ow ranges. The 25
Coriolis mass flow nmeter (A) shown in the upper part of FIG 7 is designed

to have a | ar ggp phl QU IRERINEBRARB1 MRRGSE: (HIAR O Sow-Rlet ! ot SndBaRif§IOY MBL er
(B) shown in the |lower 9 2 6 AUG 2002 part. As for the flow neter (B)

shown in thlesiJié%Vi@ forfﬂ@ii irlto Qfseﬁlg(? sJaitgweg cyl dlgf Qisaséu%g%tn![m%fewhh ;/ﬁi/?%%lt%rgs‘?g;]ea'rrhe

the axial center 1s also shown on t rng side o o}
Cross- Se%flé 28 lI di}@-ch\{l gfd %]rmaplgle%\g‘) Qg%tec'i SF@Q& | %n}nhg o HREY mE’d"‘errtwin a Ertlleottxi gure
I's not :shown. ecfause IIt1 as subsfanti a Yy Gi(ﬁ)e Sane Cross Section s%ape,
Lhougy 115, ShESir & SbhAM FYa! ALPRTFc 0%, SNBSS QF dLGid) il BSRieh the
Entry-side and exit-side manifolds 25 are fitted to the corners of the cylindrical part of the
pressure-resistant case 31, that is, to the surrounding parts of the end plates 32. By
forming the pressure-resistant case 31 into a cylindrical shape in the axial direction in
this way, the pressure resistance of the case L_’»l is greatly improved. As described earlier,
20  the provision of the horizontal plate 33 at the center of the pressure-resistant case 31
helps reduce oscillation in the hoop mode where the case expands in the height direction
and compresses in the width direction, or conversely compresses in the height direction
and expands in the width direction.
FIG. 4 is an enlarged view of the manifold portion to explain the function of the

25  pressure-resistant case 31 having the aforementioned construction. When the arched flow

tubes are driven, oscillation leaks in the axial direction of the tubes, as shown by an arrow



side and exit-side manifolds to which the flow tubes are connected are
essentially the sane as those in the first enbodi nent descri bed mﬁig
reference to FIGS. 1 to 4. That is, the flowtubes 1 and 2 thensel fﬁUGZWZ
which are critical for oscillation nmeasurenent, have a construction where
the tubes are bent sinply in one direction, while conplex flow path 10
changes dhehdfalre. W it heddgsdrh ehareford olidareasbhrizidibyoin theldésctionasfdsllain be
fixedly fitted to the manifolds by welding or other neans. This results in

a struct Yskst ks fGrahiselehsintah €ploRignd1 88#s towhich @Xé ScBlaPRE Bw(tSbdsass
absorbi ng neans), absorb thernmal stresses by the arched tube design of t he

flow tub%ﬁtedaaﬁgp vmﬁtaﬁlgge %&ﬁ&%%% thik H¥€ cBd RighGst ribiGe,SAEAHL RGN s

the sane as t irst e iment 1 n that base plates 28 are prOV| de near

15 both ds of, t flow tubes n 0 i.on when
t he rowE%El u el*sndé?rC %Iep Frven. - nt ca%t glihlls %I}agne%aﬁ%jgoa?aﬁlg%?Jeorrrlgglot%hé E’%turedbry

unit 15 and a. pair .of 0sci Iatlon sensprs 16 and 17 sent i

oie do CHTgEdtR Rl RS AR SRR o R PREES e ARG QAP e ang ¢ he
oscillation sensors 16 _and 17 is connected to the ou&side of the 20

Cori ol i s ROyt fcERAsinstthe thirkpeshef the argspire- rﬁ?lf'tﬁflbﬁﬁsﬁm PHEOBYRAYE HBUCEHE t he
wiring outlet 34. As shown in the figure, tenperature sensors are provided
at two | oehsrs 61:?50%@%@@31%3%@@1@% Eﬁw%@f%éknteﬁés fakins tBagEueiure he

fl ow tubes on both ends thereof nust be conpensated because they may

adver sel Jesafspeseptiblado msepancat i on frequency. An apparatus shown in the
figure is designed to make conpensati on based on an estinmated ?5 el ongation
of the pressurkherdabjesmant5 drase thptwodlsuubeg!l ayppP tcatesomatp eithtaarke sthef at he
pressure-resi stant case. Another sensor is provided to neasure tenperatures
in the 1Gnutulllpopidaite PRekey htiheickytralfpatriicheredf.nA pantof vdviltitiohkendok0V8 dridbes ar e
connected to the manifolds. This sensor is used for conpensating the

changes iiMafd Qbgbiséd/at 18&Hohk ReridonNyChamgeaicd] it spRipethaimbuatial the fl ow
tabes. The flow neter shown in FIG 7 has a construction in which the ease

of manuf agdatbg of @S dRRe 'ﬁnItGlISQB dbﬂéEtQh@%ﬁQéérﬁlffer@\héJb}Uﬂd}tlbﬁ'ﬁ th b @¥riblPRSUsEd M
the two flow neters (.A) and (B) shown in the figure are supposed to have

di T fer entrydig@iBt QS5 rdGhE QQ%Iart}gﬁfsbx%?s £ ax{cf‘f’ﬁ&ﬁ q}ﬁ"tfﬁ*ﬁ&frﬁ a Eéfé&i‘ that

S
mani fol ds of the sane size can be used even wth the ow tubes

di ffer entbegv!r e}pofxg b Res O?E)hsec %vhfau%gg 1 falu? DIES oRef wop(fse‘gflgn J:l% twgrﬂn%q:ugesga gL her

with the mani ds on

15  seen in the mutually overlapped direction, as shown in FIG. 1, the drive unit 15 and the
oscillation sensors 16 and 17 are disposed between the flow tubes 1 and 2, with the
centers located on a line connecting the central axes of the two flow tubes. Since this
permits driving force to act and the Coriolis force resulting from the driving force to be
detected on the line connecting the central axes of the flow tubes, no moment of inertia is

20  generated due to the inertial force of oscillation.

FIG. 7 shows a second embodiment of the Coriolis mass flow meter of the arched
tube type using dual parallel arched flow tubes according to the present invention. FIG. 7
shows, in partial cross section, two types of Coriolis mass flow meters (A) and (B) having
connecting pipes and flow tubes of different sizes to measure different flow ranges. The

25  Coriolis mass flow meter (A) shown in the upper part of FIG. 7 is designed to have a

larger flow measurement range than the Coriolis mass flow meter (B) shown in the lower



10 sides so that the inside of the flow neter is sealed tomthe outside by
connecting the pressure-resistant case to the disc-shaped fl anges ?ﬁAUBZ%Z
wel di ng or other neans. This pressure-resistant case is divided in
pressure-resi stant cases 30 and 31 for the ease of nmanufacture. The
pressure-resi stant cases 30 and 31 are joined together by welding or other
means t o gagy. MfoPtiRSow Betee B)Shawh if Ssclowdeit pOihadgute) getdiskectiong]l pressure
15 resistant case has an oval cross-sectional shape, with the major axis

thereof QrdwetiRH nkbilr thxHYEHREL idials8Ghove o the Hgntish R EMDESY nR&r§BRWLM FI G
i .- The oval cross-sectional shape of the pressure-resistant case is such

that the c%fs@.'se&fogﬁﬁv-iévesqh% knﬁ&%pemg%hé %ﬁkg&&%ﬂheﬂu&y otlfHGE N at the

central part 1n the axia Irection, from the vertical length is
gradual I y_and_s t.h reduc mmetrical Ly t r h. ends.. hot h ends
ahor et he B0t RIS skt LEFARE BRTRM LebBon Xnde Boflg th ek P gndd 198 O
sectiqgn of the,case assunmes a substantjally circul ar shape over, a

o edetor i ned THERGERESoL i 0GR IoAr SLHEF Cer P mats ot e Gt ST DEeiet  on
into an oval or substantially circular shape in the axial direction in this
way, not Ssisiapdieptt-sidesmanifplds teprhichetde flowdtahescare sennerigd @e essprtiadlydidet he

manuf acture of the pressure-resistant case itself and the assenbly of the
case i nt gamigas pBosean thyl first erpboslimemideneribed Wtcrsirreneedy FIRBW) tothiBhaliid. | be
described in the follow ng. 11 2 6 AUG 2002 As the size of the flow neter
i ncr easeshe flore tubeis dl anidehidpe selb eso whithrage swtical Tdriogcillatisshoeasupgméentohaetat ed

| ines connecting the two flow neters (A) and (B) shown in the upper and

| ower parcbsstofctibh @here the Ewleas ané bénttsheply wo ofid divechiph,ewlsileoforpildxf feaweprthsi zes,

t he shape of the pressure-resistant cases 30 and 31 can be nade the sane

wi t hin t khafigeggee ddadbmiithyy theembaibldk0t THeddwi tudss 1 hiid it be Aradtisfittéd aw et er s
of various sizes can be manufactured by stanping out pressure-resistant

cases Of thoigab#oRs by #@ldisd d}bthdten&HIE TRIsGSSulth i8 . sBdt B 3NGI cAE eli@naté OPPI NY
| ength of both ends. Furthernore, since the pressure-resistant case at both

ends has tfe fiddoi} AExiIE PRfts fkfelt PHBbiRE AREN) 2MsPD tRPrRd 1D LseS BP Shdiiched |
di aneter, the flanges can be welded to the pressure-resistant case easily

W thout BehoiARSkTHASA M. ke Nt ANARSLENRTRANER, TSR o | mmss

flow meter accor present 1nvention of arched tube type
oo, D haalg bRy PRl RRE LISELIAL BRSO BTN, o,
ubes haye been detqped |11 g aguerse effechs, of Lo, defored flow tubes
driven.
The installation and arrangement of the drive unit 15 and a pair of oscillation
sensors 16 and 17 are essentially the same as those in the first embodiment. The wiring
to the drive unit and the oscillation sensors 16 and 17 is connected to the outside of the
20  Coriolis mass flow meter via the flexible printed wiring board 12 and the wiring outlet 34.
As shown in the figure, temperature sensors are provided at two locations.
Changes in the distance between the fixed ends of the flow tubes on both ends thereof
must be compensated because they may adversely affect the oscillation frequency. An
apparatus shown in the figure is designed to make compensation based on an estimated

25  elongation of the pressure-resistant case by measuring typical temperatures of the

pressure-resistant case. Another sensor is provided to measure temperatures in the

10



15 tubes have a continuous bend w t hout singular points. Moreover HEe
arched flow tubes are |l ess subject to the adverse effects of pregguﬁ 2002
because the arched fl ow tubes have a | arge curvature radius, and as a
result the cross section of the pipes has a | ow obl ateness. In addition,
the arched flow tubes are | ess subject to degradation of tube material and
reduct i oRidhityefl the jdints lab@hsch tBO fldkaukirare birmeods so fHeaantildl TaéLenhedrng t O
the present invention is hard to clog, easy to clean, and | ess subject to

pressur e it Q58 hedaipefsdtingtds chihgs & RgidRH désulting faem thdxgss anghenani f ol ds. As
the fluid flow branches and rises to the arched flow tubes within the

nanifoldtggﬁgggneoghﬁfﬂhgwbggth can be reduced, and the centrifugal force
caused by the whirling flow can prevent the fluid flow from separating at

bends. 2~ Furg*\}.%rfﬂwxﬁ?tf& Do GSARL 7/h3Y §RbARICABS 1Py RER SR fais@'of effect of

havi ng | ess adverse effects on the pirping of oscillation I'eaks to the
outside of the flqw neter because oscillation 1 6 A 02 | eaks

i sperse st Hhs oGt kg8 i oo onhep el Tanfiow rbed uPRER R fve i cal 1o
the tube axial, dir ion. Further, the present invention, in which the
pressur e-”?eéglis§f"b?ﬂde®§g°"f'%“’f @F%@qu ?FFS“EP?F% have differept diapeterR e i n t he
axial direction, can have a required mni mumuni formwall thickness. This

| eads t o cPesEuctipgt ofhesedlodcmetpradtg shepihey epnifplds phihe sawg sirg 62n keipteder nor e,

t he present invention has a construction easy to nmanufacture because both
ends of temen prtbdbeflew tebesof differanadiamatersi j xedly fitted to di sc-shaped
flanges integrally formed with the manifolds, and the cross-sectional shape
of the pressulbsedgmpsd fatges aseintepgraifydformed togatheowith thé apaifolds bhbothe | engt h
of the mpjor axis thereof 10 changing snmoothly. 13 2 6 AUG 2002 V-~i AT IS
CLAI NBD Isfdes 30 thaCalid miside offtiefiow metertd sehlel donhthetowesidealiyadon@betmigane t ubes
each having first and second joint ends, an entry-aide manifold that is
connect egréQuRachistint sadedo the Eibc-$1ApBd ASAELS bPtwekAhglod Wler bW, tTHRes and
branches a fluid being neasured into said two fl ow tubes, ran exit-side

mani f ol d gtf@trd sS85 q6ldivRicB 34t pRlssaRl dsiSRMOBLLel 90 RAd Qﬂﬂﬁftlﬁé casedfi d two

fl ow tubes and converges flows of said fluid being neasured ow ng in said

two flowubesitin. @'ﬁéﬁ#&@g\g@.r%?gtgmfégyéfsfaobﬁidrm ﬁ@ﬁ%{%@qéetﬂﬁmﬁ \V?dﬂ)@!ot: for

"driving and resonating one sal ow tubes anot her of said flow

tubes at gt yalhy (ORPAS ;;rgss%Pcsge%?sg‘ﬂt chdle Wi foﬂ’ledR ethdr e §0lssuANd a pair

of oecillation sensors insta t locations horizontally 'symetrical wth
respect to..an installation |ocati.on .of said ive.unit for sensing. a phase
T a8 encBififab st R i b0l cied® Becgnighpdd plcbe Wi eleo Sk Einn
said two flow tubes each hayving,a curve, e curve of said flo ubes

o g | o the P ORREn OF St dlovebEe G BNEE 1t Iny o TEGPVHS B SRR R ¢ ubes
bei ng arranged substantially parallel, said each curve being in omy one

di rect i ot HISPTPISHER- FREISETt SRRenS axabeihat Hy oval qrossiseetiang! shapp das thedarses) q;

f1 TBt point end to a second joint end , _
vertical length at the central part in the axial direction, from which the vertical length 1s

gradually and smoothly reduced symmetrically toward both ends. At both ends where the
20  pressure-resistant case is connected to the flanges, the cross section of the case assumes a
substantially circular shape over a predetermined length in the axial direction.
By forming the cross section into an oval or substantially circular shape in the
axial direction in this way, not only the case has improved pressure resistance, but also
the manufacture of the pressure-resistant case itself and the assembly of the case into the

25  Coriolis mass flow meter become easy. Now, this will be described in the following.

11



said entry-side manifold having an inlet port arid two outl et %IA@ @?id
two outlet ports being connected to said first joint ~ en"de ~ [(53“2

fl ow tubes and dividing an entry passage frofm sai'd inlet port' into said
two flow tubes, said entry passages having a snooth curve tom'said inlet
port to said outlet ports, an axial direction of said entry passage at

sai d, outl et .Azahé sizbef thg flow metstinsteands] tel akid dametidhlse dicremeasTdsisaxi al
direction of a .i-respective said flow tube at said respective first joint

end of sahéwk 85 PeSEstYR 1{de@donretiing RAwS do@ Batets-(B) ed (BRhSWH ¢h thavipper an
outlet port and two inlet ports, said inlet ports being connected to said

second | QhRtowddsts PFIGA. %Jemliﬂ QW+ Bee AErd RhlHeRcht Rkl tRasISRERs from
said inlet ports to said' outlet port each of said exit passages having a

smoot h cypye foom {EficlgngJa'sé/seBO SR Sk cabBh HadBQhL 8 rflé)wﬁﬁindth@lﬁlllé%tshBQBth an

axial direc |on 0 exit passages at sai et ports bel ng In

6 AUG 20% ts nt| a é/ sane ,difection an axial diyrecti a}
e o e]gl nes. ther words, flow meters of various 8iz g can be manu act%lreg Iy
reepectl ve sal I ow tUbe 4t " Sai respective second joint en d

respective fl.ow tube 2 Coriolis ss flow neter,as set forth in daiml
further CERIPE ngvrassgéafeé&wpnrté@%earo P8ISO (o ELhe SIBEPIRSF Mt IEal shape
in axis directign, with op en| s of tg&_e | indrical portion thereof closed
by end plcAiR&ne Wﬁéf‘é’ipff‘gsl&f‘ﬁhé’ ?‘]} eafly %m%er&er% Sujcq EheRIAPUST BRSISE
installed at corners of said cylindrical portion and passed through said
cor ners. case ak bogly gnsisihas mgireular gppsiectional shapethayineran almogtcansipnt dip@etern sai d
entry-side and exit-side manifolds have a pair of integrally forned

di sc- shapeeiflinesngarsbe weldohtocthe botshurerrdsistant case dagilyewishaug beiagiobstautedcase are
fixedly fitted; the cross-sectional shape of said pressure-resistant case
bei ngoan bpvid ﬂatmp&amh&etves.he maj or axis oriented in the curved direction of
said flow tubes, with the length of said major axis snoothly and gradual ly
reduced from tIhe Carbhd masyfigvaeftateokdiag eOfhetRedeat Mveititn dfiiks @Rhed Rl a
substantially circul ar shape over a predeterm ned | ength near both ends. 4.

A Cori ol iggpetBifed byobindRigBlowdtibeSin dn®f ddd diftclibiédR satiktabiobi®y dis@iHakd Sing a
t enperature sensor provided on said pressure-resistant case for

conpensatjgel n@plba%r{mkmafsftfegse% at. Bvdi shangr Mt B& hdveteth @aasnéan bot h
sides of said flow tubes, and a tenperature sensor provided near said

j 0iNtS COMIPEL0E Bl of LWcEUAES b0 t§lgésq:om%'efg%%§ bb QRS AIRERRANIA0 L he

thermal effects of the r|g| |ty o sard flowtu A39. A

h Agﬁ%c %@g]hﬁg] a5 n[tﬁ‘]uo ']g]::m]t a]‘r?a'}!l ] ca caﬁrca]f ]he 8‘5]%5] caJ ca] ca
| Ciqui‘]sﬁ? %} ]0 AF ]erzﬁ cfgefcao? pissadfe biciist the arshed flow tubes have &1 ¢ cal o
%f ‘} ]1 % %seggtﬁaf% testien pithr pipes Apt ajavaoiiaterePea] cal ¢

a] ca] ca] 4

fs$ @

a] cal ca] ca] caLca] ca] ca] cal ca] ca] ca] caljcalcaljcal *# r

BIIl." ddigion, the a100ed Horbrigs ars S%S(ubee\c} FPscFﬁgbadZPPEa] tuky agtengl@atica) caj ca]
ca] ca] ca] ca] ca] ca] cal ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca!
(()")") 4ygductiomefiwaglthigknessc_ j - - 0. . #/ ~/ / / CO000

1} xsni d_Z] ] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] ¢
a] capea] ca] calbaCorplningss| fbom mafer atcording to the present invention is hard to clog,

1d112[ 223S3332445d555K667\ 7788j 88! 9| 9999D:

- Yxsni d_gidycakieahcakddedscabjpe o akeaprdpadkcaise & lajnoahan twalis & thalrakdsca) ca] c

a]J ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] cal

; h; 5 <p<<zhEmenisl@® ? AREN AN ALK B FRIRBERWGECEN DR rssdl fhw/{ubealvad]cikca] cal 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! ERERFFRGdtid fidw<d i bih KKkduleedVe YV INNNG E5KER 2B csusll b e al ca] ca)

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

ca] ca] cal g at@BHBRRKORKBRRISHRST £y FERLABYIVMERXYdYYZ) xsni d_2] ] ca] ca] ¢

a] ca] ca] ca] caJca] ca] ca] ca] ca] ca] ca] ca] ca cal ca] ca] cal ca]ca]ca] ca]ca]ca]ca]c

a] cabﬁa] g%gg}&% W% %}niﬁ'lllt ben %%1 lga ca g% 13 ]ess e]rca] ca] ca]

! DdJd
1(‘: 23‘ 1(‘: gl/éilégg% ?3'] aj]pﬁ%%og)opo?p']ruj E gox@]ﬁl Sﬁa ]¢ Cﬁ(} £ gagg 4 ?:Sacﬁca’fca] caJc

a] ca] cal] ca] ca] ca] ca] cal] ca] ca] ca] cal ca] ca] ca] ca] caj ca] caJ ca] ca] ca] ca
-d "af H " $10% U&' () - S10% U&' () - MLO% U&' () - s10%
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-Y S10% U& ()- 10%[& ()-'10% U& ()-a' y$i K-9!:110% U& ()-3@ 10%
-10 % U& ()-LGLO0% U&' ()-110% U& ()- ! 10% U&' ()- 10% U&' ()->@K—i§"&b8%02
F 10% U&' ()-+310% U& ()-Ly) 10% U& ()-"'3" 10%U&'()-Y%\/|10%

| @#10% U&' () - MH K- y>ML0% U&' () - S&lO% U& ()-:110% U&' ()-F7MB10%
5&10% U& ()-3110% U& ()-110% U&' () - i Ky>|\/l].0% U& ()-9!10%& ()-3

' () - ledARSHersesin 1D O@BXiA) diresHiONVEE (h)e-tg@esulﬂ thid Qirkstion vertical to the tube

G'10%
axial direction.
Further, the present invention, in which the pressure-resistant case is formed into
a simple cylindrical shape in the axial direction, can have a required minimum uniform
5  wall thickness. This leads to less thermal capacity and improved thermal response.
Furthermore, the present invention has a construction easy to manufacture
because both ends of the pressure-resistant case are fixedly fitted to disc-shaped flanges
integrally formed with the manifolds, and the cross-sectional shape of the pressure-

resistant case is made into an oval shape, with the length of the major axis thereof

10  changing smoothly.
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L HEYR () *+, - . 8 KL 234568958 flow meter as set forth in Claim 1 wherein said entry-side and
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exit-side manifolds have a pair of integrally formed disc-shaped flanges, to which both
ends of said pressure-resistant case are fixedly fitted; the cross-sectional shape of said

pressure-resistant case being an oval shape with the major axis oriented in the curved

direction of said flow tubes, with the length of said major axis smoothly and gradually

reduced from the axial central part thereof to both ends thereof into a substantially
circular shape over a predetermined length near both ends.

4. A Coriolis mass flow meter as set forth in Claim 3 further comprising a
temperature sensor provided on said pressure-resistant case for compensating the
thermal effects of a distance between fixed ends on both sides of said flow tubes, and a
temperature sensor provided near said joints connecting said flow tubes to said manifolds

for compensating the thermal effects of the rigidity of said flow tubes.
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