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W TH REDUCED - DI ME2351 ONS Fi el d of the Invention This inventiopy Aﬁllﬁ?(ﬁﬁ to
Coriolis flowreters. More particularly, this invention 5 relates reducing a
flag dinmension of a Coriolis flowreter by using flow tubes having a
substantially semcircular arc and one set of brace bars. Still nore
particul arlycohbbsrd RueMeren Hoel ires wxssaFoors WETH REPBRAEDPIUBNIGHNENnt s t hat
mai ntai ns zero stability and reduces the anplitude of the vibrating flow

tubes to reduce stress appliegidiq JfhedinRehtidH S- 10 Problem It is known to
use Coriolis effect mass flowneters to neasure mass fl ow and ot her

i nf or mat i onrg iFRESioAelatdsoi Ogridls Hoymeters. piora @agicpdy) bieinventions,
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nmore f|ow tubes e ' ' hgiti telpartiouhdriygtiniat i on
more 1 SibdRfRnpLeidnitt 8htrdid Gbf tirate dEsh Stilianotaip yg tini

er has a set of natural vibration nodes, which
may benwntorsidmtes freadiondiguratisroohtomponeotsthat majidainsazerof staility,88di s

driven to oscillate at resongnce in one of . the n tural
Ui b aveducastheampitue of heaiatyo Havarpar 1 s et Eptier b nElate]
part Eé t he conbi ned mass of the fl owmubes and the material within the flow

20 tu - Material flows into the floweter froma connected pipeline on
pe inlet side of the flowreter. TReoblgrarial is then directed through the
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1 defined in part by the combined mass of the flowtubes and the maEenaI Bvit%m the flow
20 tubes. Material flows into the flowmeter from a connected pipeline on the inlet side
of the flowmeter. The material is then directed through the flow tube or flow tubes and
exits the flowmeter to a pipeline connected on the outlet side.
A driver applies a force to the flow tube in order to cause the flow tubes to
oscillate in a desired mode of vibration. Typically, the desired mode of vibration is a
25 first out of phase bending mode. When no material is flowing through the flowmeter,
all points along a flow tube oscillate with an identical phase. As the material begins
to flow, Coriolis accelerations cause each point along the flow tube to have a different
phase with respect to other points along the flow tube. The phase on the inlet side of
the flow tube lags the driver, while the phase on the outlet side leads the driver,
30  Sensors are placed on the flow tube to produce sinusoidal signals representative of
the mation of the flow tube. The phase difference between the two sensor signals is
proportional to the mass flow rate of the material flowing through the flow tube or flow

tubes. Electronic components connected to the sensor then use the phase difference
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17 April 2004 and frequencies of the signals to a determne nmass flow rate
and other properties of the material. An advantage that Cori oljsadfiicwmmt er s
have over other mass fl ow neasurenent devices is that flowreters typically

have kag$ gar s ' t% alculated pass 5 flow rates of a
material. g hef%c%%ﬂﬂg%tgl'gﬁgﬁsqpy gg%(ffmﬂ%gga%ﬁ @&w,@ Ardreher riepedies Gfuch as
ori fi & materdlne, and vortex flowreters, typically have 0.5% or greater

errors in LI O\éy rake n?%a renents. Although Coriolis mass fl owreters have
greater acCUPR¢§N{aRGINaheCFPHe lowpsierstiavemveriatier mass fidevieasyrettunt

Cor i adédcdd RviRBE ' o ce. Users of flowreters
of ten ch%ose t heﬂ?\zsr"rgé ts&%mﬁ’éﬂ%ﬁ@%%‘? c#‘fé&%r@‘sgwsthﬁr‘@f‘éﬁ?ﬁeﬁgmﬁﬁssave
st Tyefatez el auterighPifacanvenkiens! topeSof ialssTidw MUERIPES cAEbYBed :

Cori | t that is | [ t fact d det
s “HoR g PRI o625 1BHER e wivbrgaly Taiech. SChor genaler crrass 11 ow

r at e in flowrgeymbasPrePHEsE. - ' ' ith other mass flow -
rate measuremantsdevi ces. ﬁigf e r%’tgg(%tnm?ﬁ%ﬁgrpﬁ%ﬁ’i{g‘fw%ngr@ﬁéerﬁcﬁuﬁ%qye
expelii3n e iher bnesroldvass dow sate devitesd tfeCotiolip loamhstet Hate 4188465 he
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t terial . .received
fronha i peline into two separate flows an%%it’g%rt%g&tghgﬁql{%ﬁ@fi Wligepar at e
20 fI'QMEieSsdesife @ Goriolis flawimeter that s hesd iexpensivesedmuesdigialangour ces,
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convral iimrate mioifroidee a4 remdet %aﬁ@&o@bﬁhv%%ﬂ{ g e:lt g'ga%%vﬁ?v%n%lt'f ficient

mass. Furthernore, there i's a spacer between the mani o h %t ai ns
t he DF3RHIRNeEtd@4%LS nl et and outl et manifolds. This 25 spacer is al so made

1®ut of a i f terial in order prevent outsjde forces from
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where space i s 17 April 2004 constrained or 1 e

nts 2
pr en#‘&ﬁpgﬁs‘f IO RFRTO Teslicegthe vippatians causedibsrendside saurtes)atuchids an t hese
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gr reason that reducing the flag dinension is a pro min

fl ﬁﬁémtgﬁﬁ&aﬁ%%aam SUfliggnt tass. Fyribeamoradhereis a spreer ettvedrave

| arthermdniorIbanst maw@is G s driye tyequenci es
than snmaller dianeter fISow Eég;?ggrn% Qég({éeé}ﬁg‘?ggrgxgo%%gi'ﬂﬁmm‘gﬁ fr-rré’é"hci ng the
f | P3P isshmareeoubiofier mietaret ethef stifienAterial inbedél SrRVEAUSESIE" O
stqg,icleistfyorﬁrv %Q 10 Iv\,hen a snpller flag dinmension is created. For these
reasons, 1t 15 H@é’??feﬂ’lté’rbeﬁro @ rATg8 agruptofmeatahused dacasbe ttems ol i s

f | castings irapaddetaf cHanGH iHaondwmete! HW e above and

ot her_probl ens are sol ved and an ad(\a/énce é»f]érfﬁnee g%%%t%@%va?wg

pr SRS greallydpeiassies thieossmiracy bhthendloavmethrsed flag di nension in the 15
present A 0 ri Iisz ter,_of the present invention has flow
tuges t a’% \éggééic@ggg% ](C):qor hﬁ}ﬂﬁ% A m\éﬁf@e{hﬁa&offqﬁ@/ﬂpwa@.er BieisCHhatol i s

f | boweneteroimaheaguees enflagn¥aRbh§ibndgas 1ot n i.onal . mani fol d
and s&a?(r:{er. | nst ead, the s'gpacc_ar IS substiant?cgﬁ{g @uﬁéoégé&ﬁs 'ﬁhgérﬁ%mi fol ds.
ThPBPYGHIANGu &Y ipsipe s ioé this Wisotssion flag imisnsiameisathe (Srivth Geati Dilow

f | QiEEhLe inyention also has a reduced flag 20 di nension

whi ch al Poﬁeé{%o {vﬁ@ﬁt@"{]f}ﬂpﬂm%?ﬁ@r ete HraoamentsveHIEGPace ise used in
areas where space is at a premumand it would be inpossible to use a
conventional Coriolis flownreter having a conventional flag dinension. The
flag di mension of the flow tube is reduced by formng the flow tubes in a
substantially semcircular arc betaween inlet ends and outlet ends of the
flow tubes. 25 The semcircular arc reduces the rise of flow tube to reduce
the flag height. In order to increase the accuracy of the flowneter, the
entire length of the semicircular arc nust vibrate. A driver is affixed to
the flow tubes at a position along the senicircular arc of each flow tube
that is substantially perpendicular to a plane containing the inlet end




30 and the outlet end of the flow tube. The driver is positioned at this
point to maximze the amount of energy applied to the flow tubpsaly iga
driver to cause the flow tubes to oscillate. Drive signals are applied to

the driver, t.o cause th I 0 j | . 3 | fi

e o R AR it RErElYE, RnSRficeMhAha &R dgefmahsRrl M nolfit -
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frequency t he case. scription of the Drawi ngs .0 The _abov%Pand ot her
f2@t ur gimersioh e hichleliswe dbeGarninlisdiaw Metegokthe prasent sweslicata berdtsed in

following drawings: FIG,1 illustratin Lol ' i
r educ cRF RSN ES; &iF: atd @'eZnHrT‘&'QPr'gH%H? gé%t'k)?)gﬁbgé,ﬁ%évérgi%ﬁygfa“ﬁ?ls
inve”tteﬂ?ﬁéo hibwhtbthP havARAS YonvaRtodal fldg dpensioB004 FIG 3 illustrating a

Coriolis wreter affixed to a spacer and encl gse Det ai.l ed

Descri pt i onToerflag disnensianafdheiflipvwciiheg i redeced by {,«’,;r' ?@9 t"ieaﬁw’ﬂ'gﬁ’?%fféé a

Corioljs fl ter 5. isi B i
20, wadretaRban; Shmr Rl it B s P oo o
PRV dendepshitiveulBRER FéQuedsthe ris@biifiewitlbe to aeduce thexflag beighis & PIAsK,

tenperature, and other information over path 26. It K shoyld be.a e to
t hose kincreasd the pecaracyt abthea Hewpieiserne; Wﬁgﬁtlﬁaﬂt%ﬁﬁmsﬁ@&@g raér]{% type

of Coriol'#s 10, fl owmmeter 5 regardl ess of the nunber of drivers, the nunber

of pi Y f’ib@ sors, the operating node of vibration. Furthernore, the
present i nvANdiST iFRNfiSd 4 etk flowatupesyatteeposiian albhg deserm@irquidy acal

t ubes 103A-103B in order neasure Coriolis effects as a terial .fl

t hr ougeaehdon toler Bk isanabstasialig Berrandiesr i poarp serta bple et BN

péd)perét_]xd ?Ige to[}ﬁet”@% rolf ﬁl:e flow tube. The driver is positioned at this point to maximize
the amount of energy applied to the flow tubes by the driver to cause the flow tubes
to oscillate. Drive signals are applied to the driver to cause the drive to oscillate the

flow tubes at a low amplitude to reduce the stress applied to brace bars affixed to the
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15 Fl owmmeter sensor 10 includes a pair of flanges 101 and 101'; manifol ds
102 102'; flow tubes 103A and 103B; brace bars 120-121; driver786: z2nd

pi ck-of fs 105 and 105'. Fl anges 101-101' are affixed to manifolds 102-102'.
Mani f ol HswtBed 0% ffixed to opposing ends of flow tubes 103A- 103B.
Brace bars 120%1?}11 egq'ﬁ’egrf’;‘{@éﬂs? gr 't’géhﬁf flew thbee to viigate 403 Begsictieyehanigd
bel ow. @Qh@éfhalmqomsemdﬁaqej@vﬁ@gegpw tubes 20 103A-103B in position where
the driver 0?8 Vi bra&e‘ee fl ow tubes 103A-103B i n opposition to one anot her.
Pi ck-of fs 1059 R¥Harg{& vilratiors mareds mwtHeufiew tb@@%h@é@hétﬂwg&é%r@ﬂ%ﬁ'ds to
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det ect ddui#iapd@se fielit A Dt he vibrations at opposing en o0
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two flows b Hélﬁ?‘t €3nd is directed equally to enter flow tubes
103A and 108Brdenéo sahes Calriolid l; - | ow tubes 103A and 103B 30
back iﬂé\% &Hﬁl e&f rracgi fold ?82“ gﬁ?\‘?téﬁw?%é%@#ﬁ% ioé‘bm%%?hq RiRE-Off$RNsmas er i al
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Vi f odrdatesd 2rasentlO2c 'rﬁs de of g mninmel amount of materiar. ating 7
April 2004 Flow tubes fg'? zﬁr&eﬁ}s@ QW @ritade adbrationa ginis piloaises Yowsrnt ed

to i nl¥PPitHdpMibrationzoded ' ' t bstanti al |
tﬁeI game MgEs (R?‘%ﬁ'tg I% IH‘P; i O%Mntﬁrggg%téqL%ggtﬂ i%as,tfséﬁgg%?i%&%\éﬁﬁ%ﬁg@g%l)gut Y

]E)endi gﬂdaxes_ ( gpd Baspatet mETaﬁtoIdﬁitlﬁylE)dlaggﬁiéﬁ)@tr@éirrél%ﬂﬁgmétggx 5
rom i aral l el fashion. ow € -
are dri vgnmgybgﬂ%gyﬁfa%dé?ﬁﬁ%ﬁ%%af@%@% B?laaBi@&lsiﬂehEiachrmap'e‘gtd ;5933 _
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coi | in@tandndettbttendd e+ ,Jcﬂ.{::& FAn ﬁ)lot er. n‘%ti ng current is passe@qéhr ough
t he opposirfg% coi |l to cause Dbot POR ¢ hALRYBRB to oscillate. A suitable
dri ve ;i grfaSPAseRisHfised by Saehat lind ARMRINSE Aint lealihd L0y drdver
104. tR i pfi Fl 1 is provided nerely as an e
oper E‘g |t ?ﬁﬁ%é.&*(?%kz ?éerqu BtRCE edyayingsforion sides witheoppasing 8héls biidgeachi ng
B ol e o T S F U By Toth racsiaps o e
2 ec%@leg%mf%e?ﬁ%t@ﬁgl y8ed i castingiihievisothitB B #haSifolh gphicgh, causes
dr i ver thtOptdd@ e iths 2hg %I,o tx&es 103A and 103B, The present THVEHFi on as
descri bed herein, canrpr dﬂ@lw malield e genseetial thef semigirtliap e &Fi Ver s.
Met elediQue tules whictDprotacts submirl 1 th 9Bk yel ocity signal's to conpute
mass 20 fh w rate. Path 26 provides an |nEuF and an out put neans that
al | ows net ch'SQQe’E‘PMﬁ gifixpd to the topesideobtha $pacen to BAERSEthe TG, tiuﬂggr nal

f a C

conpbisenpo b mte : cs20 are conventional. Therefore, hpl ete
psdescri tlib_on of mhaf{ehreeéeﬁrt(‘: M 7e50n0te 2 fremienexinabis eoseite the fibguency

At §if ¥ibratinefloddtubes This! | f1 ow tubes 103A-103B
ggnto@ fﬁﬁ\éﬁaf‘ $n‘ial lﬁ’? ?I laﬂ dir?rea\gg?g%e\aﬁl i g%%%n?‘&b%ﬁﬂ%ﬁgquégsﬁﬁﬁsof t he
readi ngs W ﬂu Wingsihrgugh ke Sewtabensbs chhnge thad eesdniat ffﬁdl}'é?ﬁ{%} tb% t he

a plane tha

| engabe t dahass hRPH ube.protrudes outward from t is
per pendi cul ar to thé'.é@I ooe{cgJ ffgl)\r/l\%lltet frpgzgh?'é@‘?@ theeresanasd fedueinoeldfire A

sectftf-advant age of the configuration of Coriolis flowreter sensor 10 is
that a | ess expensive mani fold and spacer may be used. tO In order to have
0reduced flag di mensi on, Desgrintioreef s BraddRgbave a substantially

'O seni ci rcTharg -4RQ! ween an inlet end 151-951' and an outlet end
152- 152" . Sub%{\gan% ﬁgl‘?]tégéé%@@f‘%scﬁ?%rbeawﬁga_@@%b‘om Staited dbscrptish

di VoG thectolloyving elrsivirgsa continuous curve in flow tubes 103A-1038.
Substantﬁ_-ﬁ hyIG 17 April 2004 semicircular arc 150 nust be used in order
to all ow f1° \”Qﬂbaég‘gléiﬂQFMQBﬂQwWMeoma\angm‘rfeid@icéﬂtﬂzﬂj R0 facilitate
| arge flRIG.P rial flow.n hrough Coriofis floweter 5. In order
to connect fﬁéﬁ?ﬁ%@?%§@%8%’”&%ﬁﬁh@s inYestian giffixad toeg spaset armani f ol d
102 and outlet manifold 102' may have a substantially 90 degree bend in a 5
flow path to direct flowfromthecpi peline into substantially semcircular
arc 150-150'. To achieve zero stability and to separate vibrational nodes
of the flow tubes 103 A-103B, a first brace bar 120 and a second brace bar
121 are affixed to flow tubes 103A and 103B. First brace bar 120 is affi xed
to flow tubes 103A-103B proximate inlet end 151 to connect flow tubes 103A
and 103B to control oscillations 10 of flow tubes 103A-103B. Second brace
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arc 150 that is substantially at a m dpoint between inlet 151 and outl et
152 of flow tubes 103A-103B. This position allows driver 104 tg gpmizooihe
greatest anount of force to flow tubes 103A-103B using the | east anmount of
pover. Drivencl®(egatingss SR Sidwnetdreiikealtect spacarsaitd encospdtih 410
that cause driver 104 to oscillate at a 20 desired anplitude and frequency.
In a pcasiagred exenpl ary enbodi nent, the frequency of a vibration is

substantially equal to a first t. di ng node of flow tubes
103A- 1038 which is a hi gher erOcﬁjéHgé BB 17 o cor i bt P

f I ownebeiridlis Flo@kHaEr tp Gedfdivse-Fty. @ss from the higher frequency, it is
desired to maintain a Tow anplitude of vibration in the preferred exegﬁl ary

enbodi nent . F26. irillustoatestaoCoripliaflewmeisr bugseapisngaftypmatersansgh 1P uency

and | ow | itude, Pickspff r - ' | t ; bes
To3a 105 Eeles e RGO it SRRt 2T Bl o ek Leror D i Rude 23
in floywppuleprdgdldatsity hirtasy flows rafe; kvallnes dlosorate] A6talindd masdefl@st t he
greatest amount of effect of Coriolis forces caused by, the flow pg

mat er i eMperatarerand other ifevaatientoverratli 26 3bsheyldshe ARrarenbihigss oned
at a ny af, 4 t | alil: : eBafl [ - HONEMRY
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degyr eefiownitet Beeyaidless of ¢se waeatbarasidriviersnthle miraber ohpick-odf sensaed, the
drive the flowreter. 7 17 ril 2004 AA Soacer .Affixed To, Manifald 102
and 10@perating mpdemfaibration; Ja4rthereorg. iPEasest HvertiPadaay Bedseiia Ay

SONSOr s florri B Gitrlfb I S ABRISIOAN. 1888!iAMEeDRYRAR: CBIBlis BB d

102 an mani e conventional spacers in Coriolis

f | owresgpmatepiat fowaQArdug el oW toba@andthén meestheaCorishaeteddo measwguar e
ends 190- 191 on opposing sides. fn a preferred exenplary enbodi nent, the
squar e2 Prerertypf ifvg materighst as square plates in manifolds 102-102'. Four
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m ni mal flagjanges 101 and 101" are affixed to manifolds 102-102'and connect flow tubes
25 103A and 103B to a pipeiine (not shown). When flowmeter sensor 10 is inserted into
a pipeline system (not shown) which carries the material being measured, material
enters flowmeter sensor 10 through inlet flange 101 and the total amount of material
is divided into two flows by inlet manifold 102 and is directed equally to enter flow
tubes 103A and 103B. The material then flows through fiow tubes 103A and 1038
30 back into outlet manifold 102" which joins the separate flows. The material then flows

through outlet flange 101" where it exits meter sensor 10. Manifolds 102 and 102" are

made of a minimal amount of material.



dimension. It is expected that those skilled in the art can and will design
other Coriolis flow meters that infringe on this invention as gehpfiordod in -
the clains below either literally or through the Doctrine of Equivalents. 8
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15 Meter electronics 20 receives the right and left velocity signals appearing on
leads 111and 111, respectively. Meter electronics 20 also produces the drive signal
on lead 110 which causes driver 104 to oscillate flow tubes 103A and 103B. The
pr.esent invention as described herein, can produce multiple drive signals for m;ﬂtfple
drivers. Meter electronics 20 process left and right velocity signals to compute mass
20 flow rate. Path 26 provides an input and an output means that allows meter
electronics 20 to interface with an operator. The internal components of meter
electronics 20 are conventional. Therefore, a complete description of meter electronics
20 is omitted for brevity.

The configuration of Coriolis flowmeter sensor 10 atiows flow tubes 1 03A-103B

25  tohave asmalier flag dimension while maintaining the accuracy of the readings within

9% of the actual mass flow rate. Flag dimension is the length that a loop in a flow

tube protrudes outward from a plane that is perpendicular to the loop and that

contains the connected pipeline. A second advantage of the configuration of Coriolis
flowmeter sensor 10 Is that a less expensive manifold and spacer may be used.

30 In order to have reduced flag dimension, flow tubes 103A-103B have a

substantially semicircular arc 150-150" between an inlet end 151-151* and an outlet

end 152-152', Substantially semicircular arc 150-1 50" reduces the flag dimension

Since by creating a continuous curve in flow tubes 103A-103B. Substantially

6



an inlet manifold (102} affixed to said inlet end of said first flow tube
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degrees apart from each other on substantially semicircular arc 150.

15 Driver 104 is affixed to flow tube 103A and 103B at a position on semicircuiar
arc 150 that is substantially at a midpoint between inlet 151 and outlet 152 of flow
tubes 103A-103B. This position allows driver 104 to apply the greatest amount of
force to flow tubes 103A-103B using the least amount of power. Driver 104 receives
signals from meter electronics 20 via path 110 that cause driver 104 to oscillate ata

20 desired amplitude and frequency. In a preferred exemplary embodiment, the
frequency of a vibration is substantially equal to a first out of phase bending mode of
fiow tubes 103A-103B which is a higher frequency than conventional Coriolis
flowmeters. In order to reduce stress from the higher frequency, it is desired to
maintain a low amplitude of vibration in the preferred exemplary embodiment.

25 In order to vibrate flow tubes 103A-103B at a high frequency and low
amplitude. Pick-off sensors 105-105" must be affixed to flow tubes 103A-103B at
position where the greatest amount of vibration may be sensed in flow tubes 103A-
103B. This allows pick-off sensors 105-105' to detect the greatest amount of effect
of Coriolis forces caused by the flowing material. In a preferred embodiment, the pick-

30  off sensors are positioned at a position that is substantially 30 degrees from axises w-
w'. However, the pick-off sensors may be placed at a position anywhere between 25

and 50 degrees from the w-w' axises when conventional electronics are used to drive

the flowmeter.
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The above is a description of a Coriolis flowmeter having a minimal flag
dimension. Itis expected that those skilled in the art can and will design other Coriolis
flow meters that infringe on this invention as setforth in the

claims below either literally
or through the Doctrine of Equivalents.
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inlet end and said outlet end of $aid first flow tube;

103B) comprising an inlet end (151') and an outlet end

) between

a second flaw tube (
(152", said second flow tube forms a substantially semicircular arc (150
said inlet end and said outlet end of said second flow tube;
10 a driver (104) affixed to said first flow tube and said second flow tube at a

point on said substantially semicircular arc of said first flow tube and said

substantially semicircular arc of said second flow tube that is substantially
o bending axises of said first flow tube and said second flow tube

perpendicular t
flow tube in

wherein said driver oscillates said first flow tube and said second

15  opposition to each other;

a first brace bar (120) affixed to
of said first flow tube and affixed to said second flow tube proximate said inlet end

of said second flow tube;
a sacond brace bar (121}
20  end of said first flow tube and affixed to said seco

end of said second flow tube; and
(105-105") affixed to said first flow tube and said second flow tube in
is force at

said first flow tube proximate said inlet end

affixed to said first flow tube proximate said outlet
nd flow tube proximate said outlet

pickoffs
a position that allows said pickoffs to detect the greatest amount of Coriol

a low amplitude vibration.

25
9. The Coriolis flowmeter of claim 1 further comprising:
an inlet manifold (102) affixed to said inlet end of said first flow tube and
affixed to inlet end of said second flow tube, said inlet manifold configured to
connect said first flow tube and said second flow tube to a pipeline.
30

3. The Coriolis flowmeter of claim 2 further comprising..

bstantially 90 degree bend in @ flow path through said inlet manifold
nd inlet end of said

a su
between said pipeline and said inlet end of said first flow tube a

second flow tube.
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5. The Coriolis flowmeter of claim 4 further comprising:

a substantially 90 degree bend in a flow path though said outlet manifoid.

10 6. The Coriofis flowmeter of claim 1 further comprising:
an inlet manifold (102) affixed {0 said inlet end of said first flow tube and said

inlet end of said second flow tube, said inlet manifold configured to caonnect said

first flow tube and said second flow tube to a first pipeline;

an outlet manifold (102") affixed to said outlet end of said first flow
fold configured to connect

tube and

15 said outlet end of said second flow tube, said outlet mani
said first flow tube and said second flow tube to a secand pipeline; and
a spacer (200) affixed to said inlet manifold and said outlet manifold to

maintain a fixed distance between caid inlet manifold and said outlet manifold.

20 7. The Coriolis flowmeter of claim 6 wherein said spacer comprises:

" anintet end {190) affixed to said inlet manifold;

an outlet end (191) affixed to said outlet manifold;
02), a bottom side(204), a front side (201), and a back side
outlet end of said spacer; and

pacer through which said first

a top side (2
(203) between said inlet end of said spacer and said

25 * openings (210) through said top side of said s

flow tube and said second flow tube are affixed to said Inlet manifold and said

outlet manifold.

8. The Cariolis flowmeter of claim7 further comprising:
30 a casing (300) that encloses said first flow tube and said second fiow tube,

said casing affixed to said top side of said spacer.

9. The Coriolis flawmeter of claim 8 wherein said casing comprises:
a front side wall;

10
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11. The Coriolis flowmeter of claim 10 wherein said position of sald pickoffs
' st flow tube and said second flow

10 is 30-degrees from said bending axises of said fir

tube.
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