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(57) Abstract

A Coriolis flowmeter sensor (10) having a reduced flag dimension. Flag dimension is the length that a flow tube loop extends cutward
from a pipeline. In order to have a reduced flag dimension, the entire length of the flow tbes (103A-103B) must vibrate to make the
flowmeter sensor (10) more sensitive to Coriolis effects. When the entire length of the flow tubes vibrates, a first set of brace bars (122-123)
connected to the flow tube separates the frequencies of vibration in the flow tubes {103A~103B). A second set of brace bars (120-121)
connected to the flow tubes enhances the zero stability of the flowmeter.




relates to reducing a flag dinmension of a Coriolis flowretefgRyguystboasi ng
the entire 5 length of the flow tubes. Still nore particularly, this

i nvention relates to the use of two sets of brace bars where a first pair
of brace bars adequately separates the frequencies of vibration and a

second set of brace bars @gnapg(ﬁ?&ﬁ{&epmg{%wcgg Diﬁ%gnasiéswm Problem 10

it is known to use Coriolis e nass ers-to P2 mass flow and
other information of materials flowWie sththeugheatiphpel i ne as disclosed in
U.S. Patent Nos. 4, 491é025 i?sued bo J. E Smth et al. of January 1, 1985
and Re. 31,450 to 5 Bversinn wlales begals laymetpsso Morpasstioylatmdbisriaventicn

one or nore tigwstieReSucifd adlagUliNRAsePEH D8hAdlsObwRah Jg#\RWaRiHB‘?Te &Mttt i on

configuration in a Coriolis mass 15 flowneter has a set nat ura
nodes, wRi chlangih etheffliow kibes! Stifenaiengerticdaty,dnislinventiocoedtes td yheeusdach

fl t ube i ' i1l t ) ' f th t |
s, The naft AR bRy i 1T BRRRD Bacahats Sostualitarcnaalanthesy st em
are defined freqpendiedxyf vibetiearHEpidne dechbsatiof bhiscd baw drinesegdnsbrb e tiRtef i al

within the f]ow tubes. Material flows into the flowreter froma connected

pi pel i ne 20 PRETnl et side of the flowreter. The material is then
directed through the flow tube or flompf,&agﬁ,l and exits the flowreter to a
pi pel i ne connected on the outlet side. Adriver applies a force to the flow

tube in1@rder to ltslsevrhie ddeoGotioliseaféa massdlowmeters o medeaid fAsERER AHd
vibration is a 25 first out of

vi bration. Typicall t he .desir.ed de qof ] \ r

phase bendi n%}Bﬁ@atw i8R of & E'%‘Fiﬂg?lia‘”ri’%&}f?%ﬁ AP'REINE AT Elesed inpWietRatent |
poi nt s al ongNes.fd 431,02 &s0edith U eSfth et SARALGARY, MRS End A BYsgA €T 2
begins to flow, Corialis accel erations cause each "poi nt along the' fl ow tube
to have a ditFePV¥b ohfgdbauaty . 1883edhese flovmatersdiavesons ongordéow ltobes ube.

phase on tha 50 aut] &2 lsafrt 5207 nnathd LDRAHR La ForbE mditon the 1 ow

tube tolr odiewenetsi has sisgabf satyrallvibratipn ewelesatvhich mhy beeofriipne BéndiRg f1 ow

tube. The p?&%%nal, or coupled type. Each flow tube is driven to oscillate at resonance in one
of these natural modes. The natural vibration modes of the vibrating, material filled
system are defined in part by the combined mass of the flow tubes and the material
within the flow tubes. Material flows into the flowmeter from a connected pipeline

20 onthe 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 materia.lﬂis 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

30  outlet side leads the driver. Sensors are placed on the flow tube to produce
sinusoidal signals representative of the motion 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
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difference between the two sensor signals is proportional tgghhgudtesssf! ow
rate of the material flowi ng through the flow tube or flow tubes.

El ectronic conponents 1 19 August 2003 connected to the sensor then use the
phase difference and frequencies of the signals to a determ ne nmass fl ow
rate and ot hercopheRultb Ue 9EnddrenERmUSE e phddeldifrdreMiausid #g@:’erﬁ?edégi’ﬁ{g age
that Coriofis flowreters have over other nass fl ow neasurenent evices is
that fl ownet eSignaihiccadptiermineemass fomrate and othes prepertias ohthecmbtarlaat ed nass
flowrates of a material. Qther conventional types of nass fl ow neasurenent
devices such as orifice, turbine, and vortex flowreters, typically have
0.5% or greater errors 5 in flowrate neasurenents. Al though Coriolis nass

fl ommeters have greater accuracy than the other types of mass flow rate
devices, the Coriolis flowreters are also nore expensive to produce. Users
of flowreters often choose the | ess expensive types of flowneters
preferring to save cost over accuracy. Therefore, makers of Coriolis
flowmeters desire a Coriolis flowreter that is | ess expensive to nmanufacture
and 10 determ nes nass flow rate with an accuracy that is wthin .5% of the
actual mass flow rate in order to produce a product that is conpetitive
wWith other mass flow rate neasurenent devices. One reason that Coriolis
neters are nore expensive than other devices is the need for conponents

t hat reduce the nunber of unwanted vibrations applied to the 15 flow tubes.
One such conponent is a manifold which affixes the flow tubes to a pipeline.
In a dual tube Coriolis flowreter, the manifold also splits the flow of
material received froma pipeline into two separate flows and directs the
flows into separate flow tubes. In order to reduce the vibrations caused by
out si de sources, such as a punp, that are connected to the pipeline, a

mani fol d nust have a stiffness that is 20 sufficient enough to absorb the

vi brations. Mst conventional manifolds are nade of
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cast netal in order to have a sufficient mass. Furthernore, 14 hggesti2poa
spacer between the manifolds that maintains the spacing between inlet and
outlet manifolds. This spacer is also made out of a metal or other stiff
material in order prevent outside forces fromvibrating the flow tubes. The

| arge anount OfAr[Téﬂ\,%lntézMaigo%bﬁéﬂéwh@é% r?aﬁlecaﬁérldﬁ@érm@@.éﬂaaﬁﬁebaeréﬁﬁntOf
the fl owmeter. However, the elimnation of unwanted vibrations greatl
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in these confined areas. There is a need for a Coriolis floweter that has a

reduced thamgheiateerslypas chatassdioweate ﬁige/rqe@dthe@@n@hﬁﬁwmﬁéersrara ajsafmoesd
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di scl oses a mass w sensor which includes the provision of | east one
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claim1. riﬁlaasmmmm‘mdevidamvrret er of the present invention does not have a
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the presqpiad AefirhpnénEehatedudedfE Hifinbb A8 unwanted vibrations applied to the

15  flow tubes. One such component is a manifold which aftixes the flow tubes to a

pipeline. In a dual tube Coriolis flowmeter, the manifold also splits the flow of material

received frbm a pipeline into two separate flows and directs the flows into separate

flow tubes. In order to reduce the vibrations caused by outside sources, such as a

pump, that are connected to the pipeline, a manifold must have a stiffness that is

20 sufficient enough to absorb the vibrations. Most conventional manifolds are made of

castmetalin ordertohave a sufficient mass. Furthermore, there is a spacer between

the manifolds that maintains the spacing between inlet and outlet manifolds. This

spacer is also made out of a metal or other stiff material in order prevent outside

forces from vibrating the flow tubes. The large aniount df metal used to‘ create these

25  castings increases the cost of the flowmeter. However, the elimination of unwanted
vibrations greatly increases the accuracy of the flowmeters.

A second problem for those skilled in the Coriolis flowmeter art is that
flowmeters may have a flag dimension that is too big to be used in certain
applications. For purposes of this discussion, flag dimension is the length that a flow

30  tube loop extends outward from a pipeline. There are environments where space is
constrained or is at a premium. A flowmeter having a typical flag dimension will not fit
in these confined areas. There is a need for a Coriolis flowmeter that has a reduced

filag dimension that can be inserted into a pipeline in a confined area or where space




di mensi on which allows the Coriolis flow neter of the preseq§aigenbo®n to
be used 15 in areas where space is at a premumand it would be i npossible
to use a conventional Coriolis flowreter having a conventional flag
dimension. In order to elimnate a conventional manifold and to reduce the
flag di mensi of 3@ pre@m @ndsstilllppomseereadimgs tat arewitbinghb 5% &ash Fdeay dowpe
nmust vi brate. raTé]S{gfw%rt%‘ ]t he fl owreter nust be designed in the follow ng
manner. The fl owneter F'has a pair of flow tubes that aligned parallel to

one another. Each fOther ptibear an beaBLAN US| eaghhnef 4 Fhewday )y '
sever al segrre\)cgécslq) At an inlet end and an outlet end of each ~?’|ﬁ%zﬁvbwug@ﬂz"€%e

flow tubes hafSC'PIRY ¢ MBsEdGieEsRRSORMNGD Ralgles thepg isian phht lesstondiatodes
of the 1 n-T1 e scanamias e hach oLt BRpI el ERBEE] B% Rrdfradfe slapaere °™

of the in-line segnents connects W
mani f ol ds. Bemddviged eyadaiticn imotbac tulfd @vd terbrinationt eadnouhaars cbhmynragggcond

end of the in¢line seqgnents of..the flow tube. Each_ bending segnent is a
curved sect i ona¥F p{%%%ew&?déhgﬂ%d?ﬂrﬁ‘étﬁﬂém%ﬁ the % ne anldoggmmdi nal axis of
the flow tube fromthe first plane to a dgjgghhon that is substantially
perpendi cular to the first plane containing the pipeline. 30 A u-shaped
segment ext ends betlie @hove@ndwshereprablegsamnenived ahd eaciivaht®w thehst isThe

u- shaped 18e9"R{Yy LISt _sect) t extends outward from first

bendi ng s@grrent Vi hthg ’{%‘Hg{”{‘u inggﬁ%{fﬁ W?&ﬁ@&&oﬁ%%t%‘ﬁ?'@b i dherbamoliss

subst ant i al | yflpemeesrdif thé predent ilvenfibs 8bed hanﬁa@a%huém%n%iﬁ%'n%fgﬁ- Lﬁ

second, - curved 3 19_'Au%’§st 2&?3 section of the u-shaped segnment bends the

flow tube to RARFECHDERRIOR the caglde pmruceibedlovneter obthe maseit invantionsisaped

segment. A t higdghcsgctrt i = s ' i,hal , axis
g c88CThetfHolik h]%m}lrheigta@ﬂﬂﬁ ep???é'ﬁ%v%}ﬁ%naaléégﬁgééﬁggﬁ%d ﬁﬂ%

that is substantially perpendicular to t rst plane

curved secti ofmensiomevhick ixdped the Godnts flowanstec ohtheomedemtdnfertdanebe tiged
ChiTd seit i onerier iPre i B8 AR BRL b e FResHii bt ng
conventional Coriolis flowmeter having a conventional flag dimension.

In order to eliminate a conventional manifold and to reduce the flag
dimension of a Coriolis flowmeter, the entire length of each flow tube must vibrate.
Therefore, the flowmeter must be designed in the following manner. The flowmeter

20 has a pair of flow tubes that aligned parallel to one another.

Each flow tube is a continuous length of flow tube divided in several
segments. At an inlet end and an outlet end of each flow tube, the flow tubes have
in-line segments which have a fongitudinal axis that is oriented in a first plane that
contains the connected pipeline. A first end of the in-line segments connects the

25 flow tubes to inlet and outlet manifolds. Belnding segments in each flow tube
extend outward from a second end of the in-line segments of the flow tube. Each
bending segment is a curved section of tube that changes orientation of the
longitudinal axis of the flow tube from the first plane to a direction that is
substantially perpendicular to the first plane containing the pipeline.

30 A u-shaped segment extends between the two bending segments of each
fiow tube. The u-shaped segment has a first section that extends outward from a
first bending segment with a longitudinal axis oriented in a direction that is

substantially perpendicular to the first plane containing pipeline. A second, curved
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segments with a longitudinal axis that is substantially thregagdgasteessfrom
bei ng. perpendicular with the first plane which allows the fl owmreter to be
self-draining when the pipeline and first plane are oriented substantially
perpendicular to the 10 ground. Since the entire length of each flow tube

nust vi brate bsectamdsithé a-stemheas cghrent Baede iHEAGK 0tbo o &&%édt‘?ﬁ\%ﬁ | rst
set and a secoa}ﬁia(s’I t of brace ba?s are needed to order the vi ras?fsgﬁfsi‘orgf

the flow tube? ird SEEHRN 9iHae prelvpedi saasremc & thirdusastiobyof tie uGtepeti s

effects to besgmasm Vi i1 £ 1 - I . 15 rate calcul ated

from the measured ph%ed\qi”@ﬁ?ﬂ?ﬁ%?%6?9%(%%5@%%1&352?%@&38%H]éwe ﬁrﬁtg Nget

of brace bar sa®¥ gemreaththevilbved Beﬁ&ﬂﬁtbeﬁﬁa;&ﬂpm@h@rwtﬂﬁ@%dﬁndvﬁémﬁﬁ#on in
ce the zero stability of the Tl ow

fl beg. T, f b h
Lubos Lo 8 ae R Coteid i FaE B TS Brasered Sthiimeat b ttisoR D as
in the flow tardethitiseetibmer Heawshabed 56gMBhEki2Rd SSalAkEd thi ?En%iighzit nzet

of brace bars_are affixed to both flow tubes at a point in eac

section of tREIMBW Milbeslonaidydinglraxis hagis sutistantiadlyitbreef dadrees from beibgs i s
oriented in ' L i Lt e fiy, rees With respect to the
first plane. apééﬂr)%rgdééﬁgfgﬁ gﬁgggﬂrﬁoﬁé{{'é,\gg%o ans lﬁﬁgﬁ’ a{?%teém ’iéaﬁl‘ﬁa‘éﬁ& of
the flow t ubethest thequpalinerdridfirsyplahe asama‘ehte@amt@mr&iaw@e?ﬁ@ﬁiémtbttﬁss- 25
A second.lose':mgz{) l_ib({)ace bars is affixed to the flow tubes at a point along the
bendi ng seg Y%f the flow tubes that is between the first set of brace

DarS AN oe, 0= Bt HRRR: ferin bfieadH %% ithesusThE-SETOBASL ol B fce

bars enhance zero stability fof the flowtu ero stabi
anount of fl §agdimensian chthechavwaetanhafirstiset end @ sesont eet bhbraiggibarhiard ubes.

proferted oxouaras Faet iRt SEnBIRY Che TR 4B parbise dhrensed o
the bendi ng seyseshbythef Cotislisfdffastd 1hies masasardabivith ewbage at:B@rack‘?rﬁ‘élitﬁédﬁcfwl
| east seven and a hal f degrees

axi s is1 rienteda'n ifrrecéqi onethat i% at | east /
and no more [HEH lﬂ%@ﬁ?@ PibiNg{BeasHar Phaag ris&dthin P % of aeorertvialuet. Tret
pl ane. 4 first set of brace bars orders the vibrations to better separate modes of vibration in
flow tubes. The second set of brace enhance the zero stability of the flow tubes to
make the measurements more accurate.
To separate vibration modes in the flow tube while the flow tube is being
20 oscillated, the first set of brace bars are affixed to both flow tubes at a point in each
bending section of the flow tubes where the longitudinal axis of the flow tubes is
oriented in a direction substantially forty-five degrees with respect to the first plane.
Brace bars are a metal component that are affixed to each of the flow tubes at
substantially the same location along the flow tubes. A
25 A second set of brace bars is affixed to the flow tubes at a poiht along the
bending segments of the flow tubes that is between the first set of brace bars and
the in-line segments of the flow tubes. The second set of brace bars enhance zero
stability for the flow tubes. Zero stability is the amount of flow that is indicated
when there is no flow through the tubes. Ideally, there is zero flow indicated when
30  thereis no flow. In a preferred exemplary embodiment, the second set of brace
bars are affixed to the bending sagments of the flow tubes at a point where the
longitudinal axis is oriented in a direction that is at least seven and a half degrees

and no more than twenty-two and a half degrees with respect to the first plane.



19 August 2003 A first manifold is connected to an inlet eng gfgldepdd ow
tubes. The first manifold is configured to be connected to a plpellne and
receive a flow of material fromthe pipeline. The flowis then divided into
two separate flows which are each directed into one of the flow tubes. The
flows then flow thmwglhmﬁﬁﬁ@idtlér'%nﬁé’t@e@f@a@lrﬂﬁccﬁﬂ\o"@ﬂhgmo@v ﬁﬁ%@n‘i‘hgﬁfﬁgg ol d.
The second nmanifold joins the two separate fl Into an outl and
directs the ofRAWPIKkissaNHaued tathe ttq;@egtqﬁietplaw@lpemgam@ rm&gusa fRR0Bf ztpasier

may al so be a e acer, encl oses
the in-line aﬁghﬁggdfﬂmrE%'ﬁ%%@%~§$ﬁeﬁ?ﬁ@? qﬁﬁbNgggaar %QH%&H@ﬁPﬁ@BEEC

t hrough whi chdmmemrxbmobfsagmewttsbeé The fibveth&ni Bew tRfoRighUsksh BbBA Q:%
encI05|ngsthe u- sh gﬁp seg@gg fIOM/tube may then be affixed to the
spacer. 5°Fr ofitheatod e® ma&fplg W%@Eé&@”'&ld s thentvenseparates flaws
Soriolis fl OVIRRS 8 outISONBRY bAH el tHé'o"ut!@ﬂ‘ {ARRDRL fito Hfd BEfifle! | OW L ubes
wherein each of said flow tubes is divid Into a plurality of segnents

i ncluding: in-line segnents defining opp03|ng end portions of each of said
flow 10 tubes wherein said in-line segnents have a | ongitudinal axis that
is substantially parallel with a |longitudinal axis of a pipeline and is
contained in a first plane containing said pipeline, bending segnents in
each of said flow tubes that extend froman end of said in-line segnents
and define a bend that changes said |ongitudinal axis of 15 each of said
flow tubes frombeing oriented in said first plane to being oriented
substantially perpendicular to said first plane, and a substantially

u- shaped segnent that extends between said bending segnents on opposing end
portions of said flow tubes, wherein said substantially u-shaped segnent in
each of said flow tubes defines a curve in
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20 each of said flow tubes that changes said |ongitudinal axd ausist3aps fl ow
-~tube to be oriented in a direction that is substantially paralTel to said
first plane to traverse between said bending segnents; a first set brace
bars aff ixed to each of said flow tubes at points in said bending segnments

where said | g0ghhrdr ddy a?ébSb@fafﬁﬁé@ité toaviitsibesl sscantbaiantdia. | Thé @Fbtefrl ve

25 degrees from bei ng parall wth said first plane; said first se
brace banslosesvihd ngimeambheydmoaegm&ms sétthe dlownbdlee astd has rracipeming

d flow t d d set of b fixed d fl.ow tub
2t poi niYOMBRSBEILARG) g SREgmeRed 5?@?@%@%&?&#&%&%?%% h‘%ﬁ 5Ees

bet
’ S:I \émgggﬁﬁlgg'deq]f %U%W%@nenﬁgﬂ% gg\r”gﬂg%t a ity Ifaoalrw&Dé&{a?g sal f I ow

t ubgs. Anot h@roasthecib®fe dddcsiptioneoheaspest & tﬂsnm\mnts:rf iscalﬁat:ehrs ﬂimwtrMcar
conprising: 5 19 August 2003 a inlet manifold that is connected to a first
*one of €@ME@risi3i ne segnents of each of said flow tubes and that receives

of "sai 0 two. ARAL B RelFTg! GIHERTIG Sube QbR epbfl oricelRof Toaeh IFBMRIRET™
this i nﬁ?@h‘ﬂﬂrﬁlﬁy%f@@@h@d@ ;M[Qmﬁgt er further corrprl sing: 5 an inlet flange

affixed to said inlet rmanifold for connecting said inlet manifold to said
pi pel i ne. Anot her uadmecsegmema def:nmmpmﬁmg eadgurtions ff packhnef said flewher

T8 he cagnbies ovhe B sg dbitier 1SREREe NEve Ande ERIRRE I 3 fius
fromsaid flgupk fidily gammﬁm éfbr&ﬂhﬂiﬁdl%% i ﬁ.p@ﬁn@tadoeib cfoh@avneand a

directs said out Into sald pil peline. Another aspect of th
i nvention i sfuast@nbmmelcnsta‘mm\grﬂldlpipeimmer conprising: an outlet fI ange

g}c L;ffﬂef 0 said Ol[l.)t I ngrrs?ggrfn%n s {noéac o) sautj 'flo% tugegthéjtté)gend F%% ggle%dt& said

said in-line segments and define a bend that changes said longitudinal axis of
15 each of said flow tubes from being oriented in said first plane to being oriented
substantially perpendicular to said first plane, and
a substantially u-shaped segment that extends between said bending
" segments on opposing end portions of said flow tubes, wherein said
substantially u-shaped segment in each of said flow tubes defines a curve in
20 each of said flow tubes that changes said longitudinal axis of said flow tube to
be oriented in a direction that is substantially parallel to said first plane to
traverse between said bending segments;
a first set brace bars affixed to each of said fiow tubes at points in said bending
segments where said longitudinal axis of said flow tubes is substannally forty-five
25  degrees from being parallel with said first plane;
said first set of brace bars providing frequency separation between modes of

vibration in said flow tubes; and
a second set of brace bars affixed to said flow tubes at points in said bending
segments on said opposing ends of said flow {ubes between said in-line segments
30  and said first set of brace bars wherein said second set of brace bars enhance zero

stability for each of said flow tubes.
Another aspect of this invention is a Coriolis flowmeter further comprising:




_Another aspect of this invention is a Coriolis floweter fujd gjustd0ds i sing:
- 15 mani folds affixed to opposing ends of said flow tubes, a spacer affixed
to said manifolds with said spacer enclosing said in-line segnments and said
bendi ng segnents of each of said flow tubes; and an opening in said spacer
t hr ough whi ch aailet mashajgetiasiogoanesteasf tosafitst ohe of aaidi ihHive sebeenps of Bads

th h id, 20 t t of this,i nt i N Corioli

{1 ownat e P! RAIS Do 14apa 200aRaD iepS EBE flonH o A R HEDBRe B 96s heil persioAve
Anot he C i R} S 4 ki ' i S éwyrgﬁ rising:
a fi rs[ ﬁég'%aé\gagwggicsz%%wggg%gdia?isfc'i&a-s g&:adlﬁts?tgrren @@L%?faéﬁ@éé@f}%%t :/v:tlrdg

from said bendnstpesagpectd thistihvantiom & @brivdis fmx«'rrﬁetd‘raftmih%r@bhﬁms%ﬁl?:

substantially three 25 def%rees from bei ng pegendi cular to said first
pl ane. Anot heramigddtange affixed theaist ik mangotles coanertingwaid inglemeinifaidi d

first plane..is. endi cular to the ground and said flowreter is
sel f-dra&ngﬂ'gsi. S'Rﬁﬁé%‘er aspect of this invention is a Codolis flowreter

further conprigidifer agpd@usithig iSVEMRsH Rt SRIrdlié flownheteesiu r%%ﬁﬁéin Spect
of this invention is a Coriolis flowreter wherein an entire |engt of” each
of said flow gkt manitaldthat moehrected pe atsesiondhire ohsaidtindimei segméntd of i s

fl owret er erei n sai oi nt re said s nd set of brace bars to said
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degrees and twenty-two and hal'f degrees wth respect to sai I'rst pl ane,
Anot her aspecnethdrhdspect obtitis nvertion iSar Cotiolis fibwmateefurthet dermpesimgy:i Si ng:

a drive systemthat .oscillates said pair of flow tubes. 5 Another aspect of
this inventioﬁni%m}ft o3 ?E“’ieldobﬁré@éfopﬂﬁt hEtandgrh fos crgnesting rsaid pietos f

af fi xed rﬁgnﬁaidjtooééia pﬁ?ﬁelir{ec.’w tubes on an inlet said of said drive

Another aspect of this invention is a Coriolis flowmeter further comprising:
15 manifolds affixed to opposing ends of said flow tubes;
a spacer affixed to said manifolds with said spacer enclosing said in-line
segments and said bending segments of each of said flow tubes; and
an opening in said spacer through which said u-shaped segments of each of
said flow tubes protrude through said spacer.
20 Another aspect of this invention is a Coriolis flowmeter wherein said u-shaped
segments have a reduced flag dimension.
Another aspect of this invention is a Coriolis flowmeter further comprising:
afirst leg and a second leg of said u-shaped segment that extend outward from
said bending segments with a longitudinal axis that is oriented substantially three
25  degrees from being perpendicular to said first plane.
Another aspect of this invention is a Coriolis flowmeter wherein said first plane
is perpendicular to the ground and said flowmeter is self-draining.
Another aspect of this invention is a Coriolis flowmeter further comprising:
a housing enclosing said flow tubes.
30 Another aspect of this invention is a Coriolis flowmeter wherein an entire length
of each of said flow tubes vibrates.
Another aspect of this invention is a Coriolis flowmeter wherein said point

where said second set of brace bars to said flow tubes is a point where said



system' and a second pick-off affixed to said pair of flow {gRggus®ROGH
‘outlet side of said drive system 10 Another aspect of the preSent
invention is a Coriolis flow nmeter further conprising: nmeter el ectronics
whi ch receives signal indicating said oscillation of said flow tubes from

sai d pi chomdifuinachxie besaidTRsy aubesss drieoved at en @ingl@ireri raingld ostwegrt Beoeah
said flowreter. 15 Description of the Drawi ngs The above and ot her features

can be ulderelbagramaditaeniatuesid hell GRITARE Wil dREPER to saidlirsigpiane.
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affixed to a $P@eRy sysiah thad dstiBates sdibysiir éitfiovatebdsriolis flowreter

affixed to a spacer and enclosed in a housi_nlg. r Detail ed Description
Cori Bl i s Fl owdetother asfaanaf dhis-imvention E1aComolis flowmetesdugheoceoiprising:

flowmeter 5 conprjsing flo ter. sensor .10 .apd 25 neter, el.ectroni,cs . 20.
Neter el ect r o Lt Bkl e L SRicPAIR LG JABEs cfbal hetesail HRdainve
provi de gfagh{.yammass flowrate, volune flowrate, totalized nass flow,

t enperatufe,” dnd ot her information over path 26. It should be apparent to
those skill edaisgcthe piok-offtedfixediéo paibpair of fleentubes cararbeutisedideyobsrid ype
of Coriolis flowreter 5 regardless of the nunber of drivers, the nunber of
pi ck- of f dB¥&;SY$I8M.t he 30 operating node of vibration. Furthernore, the
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t ubes 103A-1 I'm order measure Corrolis efrfects nmat er
through gbwphik@g: t ube and then uses the Coriolis effect to measure a
property of the material. 7

meter electronics which receives signal indicating said oscillation of said flow
tubes from said pick-offs and determines a mass fiow rate of material flowing through
said flowmeter. |

15 Description of the Drawings

The above and other features can be understood from detailed description
below and the following drawings:

FIG.1 illustrating a Coriclis flowmeter having a reduced flag dimension;

FIG.2 illustrating a Coriclis flowmeter of this invention affixed to a spacer; and

20 FIG. 3 illustrating a Coriolis flowmeter affixed to a spacer and enclosed in a

housing.

r
Detailed Description

Coriolis Flowmeter in General -FIG. 1
FIG. 1 illustrates a Coriolis flowmeter 5 comprising a flowmeter sensor 10 and

25  meter electronics 20. Meter electronics 20 is connected to meter sensor 10 via leads
100 to provide density, mass flow rate, volume flow rate, totalized mass flow,
temperature, and cother information over path 26. It should be apparent to those
skilled in the art that the present invention can be used by any type of Coriolis
flowmeter 5 regardiess of the number of drivers, the number of pick-off sensors, the

30  operating mode of vibration. Furthermore, the present invention may be used in any
system that vibrates the two flow tubes 103A-103B in order measure Coriclis effects
as a material flows through the flow tube and then uses the Coriolis effect to measure

a property of the material.



19 August 2003 Fl owreter sensor 10 includes a pair of flangesal@lst2063101";
~mani fol ds '102- 102'; flow tubes 103A and 103B; brace bars 120-123; driver
104; and pick-offs 105 and 105 . Flanges 101 -101' are affixed to manifol ds
102-102'. Manifolds 102-102' are affixed to opposing ends of flow tubes
103A-1038. Brace bars 120-124 are affixed to the flow tubes 103A -1038 as
descri bed bel biawrnelareensod 10dnafudessipaw of Ifangasoed! ana3ud 103Bnifoid$OP: on

anot hor | T« ﬁ\ees?w@a%i Hoodnd 1o %E% & b0 LB . A Bk RGN ng

ends to glet f | s_of
flow tubes 103A— 103(§\§31§%1 I(ilbgngieeggqlg MHIB%?EQ [ xegﬂﬁgﬁém}% iﬁg afe
02- 102" aemmbctmnpposmlgoamddoesfiom%ean@msBseo Bradepbhine2§n1oig ér@ﬂﬁ)xec\/\hen
flowreter sensor 10 is inserted into a pipeline system (not shown) which

car es fPﬁ@E hawdrPss ey QakBaadascripaddigiay. [BRver £04 sonlfisedto Hewnsiubes0

two 11 o035 0RECPP Restienf hds™ e Pyl el ufrallafy Ypet AR s ©

tubes 1 t t 0
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mat er i aloppnewgfeam to dntamghecphaset diffeseiee 101he witbations atxppesing endsesfsor

10. WManif ol 10‘@2 ég are made of a mninmal anount of naterial. Flow
tubes 1(§|§Wté!ﬁ3 S PdBsel ect ed and appr opr| ately nounted to inlet 20
Apf ol d 102% f I e
mass di stributi M%?@ﬁ??”o&ﬁ%&g??% e ast??%gﬁpggdg%ouﬁg%éﬁggg
axes W moaA(;hnd\/VQ:&B to asmm:ltne/(ﬂqt shoen}f Wiveh dlosemekdresethsout! Dag tHse rfadomitd he
mani f ol ds , ssenti.al l l |l el fashion. Fl on t ubes 103A-B are driven
by dr.vérpfa L{“'%ﬁy REL Y ‘8 IchLeRfesHbe, maderia aldagipgimeasueddmatesiabs W
and W wﬁeé [ f of t.h
f I ownet emér%rl?ver tfgﬁehgéwtﬁ£ﬁ @'@%ﬁﬂgb be%1p§ﬁ§emﬁﬁ§%a arﬁg)g §

such as :sadmmi@ldemtm;uotfma byflhlmt\/malbléolﬂiom amﬂ sndiogiedietuadipitb enter flow
15 tubes 103A and 103B. The material then flows through flow tubes 103A and 103B
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 minima! amount of material.
Flow tubes 103A and 103B are selected and appropriately mounted to inlet
20 manifold 102 and outlet manifold 102" so as to have substantially the same mass
distribution, moments of inertia, and elastic modules about bending axes W-W and
W'-W' respectively. The flow tubes extend outwardly from the manifolds in an
essentialiy parallel fashion.
Flow tubes 103A-B are driven by driver 104 in phase opposition about their
25  respective bending axes W and W' and at what is termed the first out of phase
bending mode of the flowmeter. Driver 104 may comprise one of many well known
arrangements, such as a magnet mounted to flow tube 103A and an opposing coil
mounted to flow tube 103B. An alternating current is passed through the opposing coil
to cause both flow tubes 103A-B to oscillate. A suitable drive signal is applied by
30 meter electronics 20, via lead 110 to driver 104. The description of FIG. 1 is provided
merely as an example of the operation of a Coriolis flowmeter and is not intended to

limit the teaching of the present invention.



mounted to flow tube 1038. An alte mating current is passedid Riqisgbodde
opposing coil to cause both flow tubes 103A-B to oscillate. A Suitable

drive signal is applied by 30 neter electronics 20, via |lead 110 to driver
104. The description of FIG 1 is provided nerely as an exanple of the

operation of a CorMelereiddiromostZy raeidsehaoighi ate rdedk beity ibAbk ddpedrPRCEN NY
of the presen[t |n nt| 8 19 August 2003 Meter el ectronics 20 recei ves t he
right and |eft &apa ilgnasrecdNpRarVIRiS" siectPaisgL01als0 feduges the drive
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110 which causes driver 104 to oscillate flowtu A an
present i nventheopreagnidesentidreas Heseited aminpcan poedune mispipee diives sigaiagnidrs

for 5 nultipl V. . ter electronics 20 process | t and rjight velocity
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readi ngs Wi t I§igetrobizs ¢i0 rsmnaedemm flowrate. Flag dinension is the
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spacer may be used. A third advantage is that by angling the legs of the u-shape
segment of the flow tube, the flow tubes are self draining when oriented properly.

In order to have reduced flag dimension, the entire length of flow tubes
103A-103B must be made to vibrate. Therefore, flow tubes 103A-103B are

20  configured in the following manner. Flow tubes 103A-103B are aligned
substantially paraliel to one another. Each flow tube 103A-103B has the following
identical segments: two in-line segments150-150' at the inlets and outlets of the
flow tubes 103A-103B, two bending segments 151-151" extending from in-line
segments150-150', and a u-shaped segment 152 that connects bending segments

25 151-1571".

In-line segments 150-150' have first ends 160 and 160’ connected to
manifolds 102-102'. Each in-line segment 150-150' is a portion of flow tube
103A-103B that has a longitudinal axis that is aligned substantially parallei to the
pipeline in a first pfane that contains the pipeline and in-line segments 150-150' of

30  each flow tube 103A-103B. In-line segments 150 receive material from inlet
manifold 102 and in-line segments 150" return material to outlet manifold 102",

Afirst end 170 -170" of bending segments 151-151' extends outward from
second end 161-161'of in-line segments 150-150". First ends 170-170' of bending




identical segments: two in-line segments 150-150' at the i fghggando@sit!ets
of the flow tubes 103A-1038, two bendi ng segnents 151-151' extending from
in-line segnments 150-150', and a u-shaped segnent 152 that connects bendi ng
segnents 25 151-151"'. In-line segnents 150-150" have first ends 160 and
160" connect esegroentselfitt th are 02 13D 8¢st peaeh Bendihgeegremnis 1591 1%ow s a

' f fl -103B th h I I t udi nal ' h li
Pobst ant i ai | yEeb APBar G DaE issbringna T4-11 T shobhana lonaucinpteaisriba ke
pi pel i ne and {ubstaigig arRHITulho 10 Tt piard ERARIhd LAk HR® 407ty 103,

In-1ine segnments 150 receive material frominl et and ‘-1 ne
segnents 150' Petwean Airstengr 174- 179 andtsesondeemicf t1d1702' . A first end 170 -170'

f bendi t - : from .second end 161-161" of
Un-line ggg?rg%{nsa nl%éﬁé%&géqi?’gé{se{ﬁ%‘%l{%m@ osegé‘ﬁerﬁéﬁﬁﬂﬂ\@r tgben TO:RUIEBB2003
segnent s 151-thstitormeet it seventiisnels 1711a1R1 JBBBAHNG SERERENIE 9515 1'.5|1:'jrs%n8' ow

t ubes 103A- 10%%(9%? a second end 171-171' that has a | ongitudinal axis that
I

is substanti &t |58rRctian 40 3txf eerb pishapedsgamenBahaiaxtendsdroensecond

151- 151" cur | o Qs ! ng 171-171".
U shaped seg\rér%gt Tsﬂ%ﬁé&griﬂegécrtd?& eﬁé@gé@\ﬁ}% q:cl)ﬁﬁﬁ%o%v&t?@ﬂ cei'ss%l%g?ﬂ%so%wam gqom
connect the $epding sagdwert 7571 Ht hax a bengiiudinas egisehaisis Subsbplially Febshdrushr

180 of f4q st ' 153. of h. u-.sh d t 152 tends f
second  19,q 14 B FSELRAB coRhifho 8¢ inki e SRS g epimgnéetsa-0 50190 Anct ends
outward fromexéepitirpentRamedt, ifst lsedian &3 2R8hydiLAM H3-s hhhaL i S

substantiallé erpendicular 10 to the first plane contalning the“ﬁipefine :
and in-1ine SBYMERt 51 wih Bdongitydinalpxisihabisad dearassdrast beingfparsendieglaséxt i on

153, extends 1 lght SMARAdBSOTN s ol b VA ik B, Dot
103A and 1038)3%Rlanddil3Branegrisnéad pémentiduts to 108 Araund. 18Rt ane 18Aignt ed
per pendiygul ageéo%dt!QS sSround=, A L-isrh%E)eg gggrln%%t %2 extends outward from a second
end 171" of each bending segment 151" with a longitudinal axis that is substantially
perpendicular to the first plane. In a preferred exemplary embodiment, second leg
section 154 extends outward in a direction that is 3 degrees past being
perpendicular with the first plane toward the bending segment 151" in order to
20 make flow tubes 103A and 103B self-draining when flow tubes 103A and 1038 are
oriented in a direction that is substantially perpendicular to the ground.
Curved section 155 connects second end 182 of first leg 153 and second
end 183 of second leg 154 in flow tubes 103A and 103B. Curved section 155
extends outward from second end 182 of first leg 153 with a longitudinal axis that is
25  substantially parallel to the first plane containing the pipeline and is substantially
perpendicular to the longitudinal axises of first and second legs 153 and 154 to
connect to second end 183 of second leg 154.
In order 1o have a reduced flag dimension, the entire length of flow tubes
103A and 103B must vibrate in response to a force applied by driver 104. In order
30  toincrease the accuracy of measurements of the Coriolis effects caused by the
oscillation and a flow of material, two sets of brace bars must be affixed to flow
tubes 103A and 103B. A first set of brace bars 122-123 orders the vibrations in

flow tubes 103A and 103B to separate the modes of vibration. A second set of

10



15 second | eg section 154 of u-shaped segnent 152 extends o4 aggestboomn a
second end 171' of each bending segnent 151' with a |ongitudinal axis that
is substantially perpendicular to the first plane. In a preferred exenpl ary
enbodi nent, second leg section 154 extends outward in a direction that is 3
degrees past B@Cﬁgp%%ﬂéﬁﬁdﬁwalmedaﬁmwhwd& thet zgrioasteb'ﬂiWrtthrhetdmedisﬁg
segnent 151' make flow,t s ,103A.and 103B sel f-drai ni ng when
f1 ow t ubes 10 g‘e’%%%’ eemeay Y Emest © ﬁ'eapklﬂsleeqf ?WCFW&FS%WS Q5 giedts y
per pendi cul areasoerttloengaﬂuedor Pelarede@rAids0Fp. 155 connects second end 182 of
first leg 153 and ﬁ?ﬁcﬁ end 183 of second |leg 154 in flow tubes 103A and
103B. Curved secti nisEseleedttiaer batn s and 1 d#ase affir@ddadionstuibes 10idksand eg
153 with I ' t r first
pl ane con?al ng t"ﬁbeé}gjl'%g?lgé%e Qﬁd@i@ﬁbﬁ%ﬁ@gﬁge %8%% %’ldll)fg& f%“(g“

| ongi t udi nal HdA483Bfs subdantialg ferpdine degeees Math sxpettb the firsianaest tO
second end 183 of. 58§ 184. Ln. ord r to ave reduced flag di nension,
the entire Ieﬁ?@?ﬂmgg ?B\Hesﬂﬁe?h'sl 3hsef TzaZ/iaW d¢d seRaraigfomise to a
force appli edrétjuedticy®f tHd¢aridus PbEESE of 3igrétién' ncrease the accuracy of
measurenents of the Coriolis effects caused by the oscillation and a fl ow of
material, two setdn efdasie ceduse zermpdabiliy pmbfemdse@rfd mofhmt)am{hadd

1036. Af r styoge ns i Wtubes

103A and 103&?0%@%&59 Q?ﬁﬁl%, E@é ?nqéégr o% ratlgﬁg‘giyéh@%%a &L} aﬁ‘l"t

August 2003 -Mubese1ddh snd 303821t d pomlemd:mi)dﬁr@ satraacke t91e1ZErensbabpiid ﬁg}ét of
asurenent, of the phase difference

fl t 10. , Thi t he
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103B i n bendi ng ments 151-151" at a point where the an
tubes 103A- 163&-1 Bs@t@p@ﬁtamramWefhﬁmgsemewgr@ésm whereslpe:nngutadirm

zggsgeggrﬁgfea?iﬁ% 8liohtad dt AR REAIhErankBisinltd S ted&l Q) aqgaeftcc?egbr%trass, ang? and

twenty-two and half degrees with respect to the first plane.
A Spacer Affixed To Manifold 102 and 102'- FIG. 2.

FiG. 2 illustrates a spacer 200 affixed to flowmeter sensor 10. Spacer 200

has square ends 190-191 on opposing sides. In a preferred exempiary

20  embodiment, the square ends 190-191 (See, FIG. 1) are cast as square plates in
manifolds 102-102'. Four walls represented by walls 201-202 connect to each
edge of square ends 190-191 to form an enclosure. In-line segments 150-150'

 (SEE FIG. 1) and bending segments 151-151' (SEE FIG. 1) are enclosed by

housing 200. U-shaped segment 152 protrudes from openings 210 and 211 in a

25 top side of housing 200. Openings 210 and 211 are of a sufficient size to allow
both flow tube 103A-B to fit through the opening. Since both flow tubes 103A-103B
fit protrude through openings 210-211, the flow tubes 103A-103B are in no way
affixed to housing 200 and the entire length of the flow tubes may vibrate in
response to forces applied by driver 104 (see FIG. 1).

30 A housing for Flow Tubes 103A-103B- FIG, 3.

FIG. 3 illustrates a housing 300 for enciosing flow tubes 103A-103B (Shown

In FIG. 1). Housing 300 is a structure having a holiow inside that fits over

11



frequencies of the various nodes of vibration. In order to {@AUSRt2669

stability problens, second set of brace bars 120 and 10 121 connect fl ow
t ubes 103A-103B. The second set of brace bars affix to flow -.tunes 1.03A
and .1.03E at a point in bending segnents 151-151' between the first, set

of brace bar sflié@2ubde2803md gBB- dridne =$B8@mBthy Uik Adin so'rﬁ‘e ?n r%&ﬁ%s
exenpl ary enbodi nent, the second set of brace bars are affixed to flom/tubes

103A- 103B at yel%@rw@rﬁndnb@!tﬁe iewsing §08 dgenants meedalfom weapingtie the event

| ongi t udi nal nt n a range between seven and
a hal f degr eetgjagnﬁéf\f\/gh 8{('/\05\( adr?l% ﬁi:ﬁ'ﬁ?qgég re eﬁs"Pévm th respect to the first

pl ane. A Snacer Affixed To Manifold 102 and 102'- FIG 2. FIG 2
illustrates a spacer 200 affixed to flowreter sensor 10. Spacer 200 has
square ends 190-191 on opposing sides. In a preferred exenplary 20

enbodi nent, the square ends 190-191 (See, FIG 1) are cast as square plates
in manifolds 102-102'. Four walls represented by walls 201-202 connect to
each edge of square ends 190-191 to form an enclosure. In-line segnents
150-150" (SEE FIG 1) and bendi ng segnments 151-151' (SEE FIG 1) are

encl osed by housing 200. U shaped segnent 152 protrudes from openi ngs 210
and 211 in a 25 top side of housing 200. Openings 210 and 211 are of a
sufficient size to allow both flow tube 103A-B to fit through the opening.
Since both flow tubes 103A-1038 fit protrude through openings 210-211, the
flow tubes 103A-1038 are in no way affixed to housing 200.and the entire

| ength of the flow tubes may vibrate in response to forces applied by
driver 104 (see FIG 1). 30 A housing for Flow Tubes 103A-1036- FIG 3. FIG
3 illustrates a housing 300 for enclosing flow tubes 103A-1036 (Shown In
FIG 1). Housing 300 is a structure having a hollow inside that fits over 11
19 August 2003 flow tubes 103A-103B and is affixed to housing 200 in sone
manner such as a

111




wel d, or nuts and bolts. Housing 300 prevents nateri al fronqgggaﬂﬁggoén t he
- event that one or both of flow tube 103A-1038 rupture. 11/1 19" August 2003
The above is a description of a Coriolis flowreter having a mniml flag

dimension. It is expected that those skilled in the art can and will design
ot her Cori ol i sThel abpveeteesdesenption of iy aivlisiovinetentiavings sehirhal thag n

1216 et hintnasted itpr Sl R1B8 aGarcang willdesion afper Conotis
AudlISETSH0Y Wi 3 EEIele _ oriolls
of Sal a 1B PR ATty RN as s A e it YRl LT

i ncl udi ngr thredgmthesBookimesof(B&idvakedty. defini ng opposing end portions of
each 5 of said flaw tubes (103A-1033) wherein said in-line segnments have a
| ongi tudi nal axis that is substantially parallel with a |ongitudinal axis of
a pipeline and is contained in a first plane containing said pipeline,
bendi ng segnents (151-151') in each of said flow tubes (103A-103B) that
extend froman end (161-161') of said in-line segnents (150-150) and 10
define a bend that changes said |ongitudinal axis of each of said flow tubes
frombeing oriented in said first plane to being oriented substantially
perpendi cular to said first plane, and a substantially u-shaped segnent
(152) that extends between said bending segnents (151-151') on opposing end
portions of said flow tubes, 15 wherein said substantially u-shaped segnent
(152) in each of said flow tubes (103A-1038) defines a curve in each of said
flow tubes (103A-1038) that changes said |ongitudinal axis of said flow
tube to be oriented in a

12




direction that is substantially parallel to said first pl an@A%%JSEQg@gse
between said bending segnents; 20 a first set of brace bars (922-123)

affixed to each of said flow tubes (103A-1038) at points in said bending
segnent SWHATL I ELAMED i ch said |ongitudinal axis of said flow tubes is

substanti al | ylfort%ﬁggégﬁgggweﬁ% {%W% parallel with said first plane;
said first set” of di ng frequency separation 25
bet ween nodess pé:rmf buedlieboriémnted dow fubews (t 0BAS038) dhmreareach sksaidffiow ace
o b e eS8 A BT E SO et Tt 102"
between said in- ";ﬁl‘ﬁgé QBERINNEs ArEb-$80 dbiifiRh opb gé’rﬁ@ﬁ@rtwssqﬂ/\éééf@' n said

second set of brace bars®enhance zero st abi for each of said flow tubes.
2. The Cori olofsaid fowndwizas {dB}SAoTO:iﬁ)awherBtﬁ aa:dhaﬁmecﬁﬁ@n%ntﬁ@avara i nl et

ifold (102) t ' |
(150 of cactiusitiaina) xEIet Salstay e O e dR B AR ot 857 T o 15
19 August 20@pheinitry @Qiohr@nediin/adi?ﬁ pléee bd:mwmmgeatdf\p:pélmvs and directs

h of said two fl t di t d,fl
(103A°1036) . 3. TRENGDE Harents ahbrian i Fash o IO TP S ARBY ng: an

inlet fl | f f d
i ot mani ol IO 198D RO RTa BT )% B e Adhts 0o rlg o

claim 2 furt deﬁnearﬁandsﬁhlgchmg&anshﬁi longltmdioaba)(laoi%e;a&‘-h ipdsaidflawtiat ed to a
d | d | t 5 f fl tub
(103 1038) A briap Grastad b AT Bt Fr BB FohRenBal 1 osa 1 o

038), conbi nggrpeRiditAArdSsdidfit plreyahgt flow 5 and di rects said outl et

flowinto sald pipeline. 5. The Coriolis flo (5) claim4 further
conpri si ng: a substantially u- shaped segment (1 52) that extends between said
bending segments (151-151") on opposing end portions of said flow tubes,
15 wherein said substantially u-shaped segment (152) in each of said flow

tubes (103A-103B) defines a curve in each of said flow tubes (103A-103B)
that changes said longitudinal axis of said flow tube to be orientad in a
direction that is substantially paraflel to said first plane to traverse between
said bending segments;

20 a first set of brace bars (122-123) affixed to each of said flow tubes
(103A-1G3B) at points in said bending segments (151-151") at which said
longitudinal axis of said flow tubes is substantially forty-five degrees from being
parallel with said first plane;

said first set of brace bars {122-123) providing frequency separation
25  between modes of vibration in said flow tubes; and
a second set of brace bars (120-121) affixed to said flow tubes (103A-103B)
at points in said bending segments (151-151") on said opposing ends of said flow
tubes between said in-line segments and said first set of brace bars wherein said
second set of brace bars enhance zero stability for each of said flow tubes.

2. The Coriolis flowmeter (5) of claim 1 further comprising:
an inlet manifold (102} that is connacted to a first cne of said in-line
segments {150) of each of said flow tubes (103A-103B) and that receives flow from
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an outlet flange (101') affixed to said outlet manifold (10% Audugt 2003
connecting said outlet manifold (102') to said pipeline. 6. The Coriolis
flowmeter (5) of claiml1l further conprising: manifolds (102-102') affixed
to said opposing ends of said flow tubes (103A— 1038); a spacer (200)

i o ¢ (EIEPREITENLBR Tor 185010l =R o0 QTR v 1R P 0

of
each ®f sadifefdndoneulissaid AHSALBESEN3AAN03BYL Ieast one opening (210-211) in
sai d spacer through which said u-shaped segnments (152) of each of said flo

tubes (103A-1038) protrude through said spacer (200). 7. The Coriolis
flowreter of glai m‘l‘heV@@f"cﬁismo%ﬂ'the‘r'1§P§ﬁ@§§n§29ﬁi@ﬁéﬁmrﬁéﬁ&h ghave a reduced

flag di mension. 8. The Corl | owret er claiml1 furthér conprising: a

first |eg (153 iniatiflangettig affxed tosspid dilets manifpld (M@ dos eemrantingisaly t hat -
extend o egnment s(151-151 th a longitudinal axis
tﬁat ”@%%F@‘EJSZE@@ %‘?‘Eﬁ‘%{‘%r ge deg§ ees from) b\(,aV: ng per pegltli gu: ar toXI
sai d f| rst plane. 14 19 August 2003 9. The Coriolis flowreter of claim8
wherein said first ne r, round and said floweter
is self drainfng. TBE%FH'LQ @&Peﬂ‘& ?5)&%5% 884'915?‘ RAISI0G her conpri si ng:

2, housi ng (308h ol AanREIGSADS) thaths CHRAEIEAQ3 4 JQBR ol of ThA ifAEO! |

flowreter of claim1l whereln an entire each said fl ow tubes

vi br at essegrpentsH{d SGAS0 afgaqhm&s@ccéﬂowﬂubeatwsﬂ-mwbandsmtdepgiw¢c>'§amer e

 {Tosa 10MPE IPH sl K BesRiCoAM R G BB Feld 58 PrdBhutibbLoce | <

ori eft edanad directs zaidcoutietdiow into said pipeline,

ow

5. The Coriolis flowmeter (5) of claim 4 further comprising:
an outlet flange (101"} affixed to said outiet manifold (102') for connecting
said outlet manifold (102’) to said pipeline.

6. The Coriolis flowmeter (5) of claim 1 further comprising:

manifolds (102-102'} affixed to said opposing ends of said flow tubes
(103A-103B);

a spacer (200) affixed to said manifolds (102-102') with said spacer (200)

5  enclosing said in-line segments (150-150") and said bending segments (151-151")

of each of said flow tubes {103A-103B); and

at least one opening (210-211) in said spacer through which said u-shaped
segments (152) of each of said flow tubes (103A-103B) pratrude through said
spacsr (200).

7. The Coriolis flowmeter of claim 1 wherein said u-shaped segments
(152) have a reduced flag dimension.

8. The Coriolis flowmeter of claim 1 further comprising:

a first leg (153) and a second leg (154} of said u-shaped segment (152) that
extend outward from said bending segmenis(151-151") with a longitudinal axis that
Is oriented substantially three degrees from being perpendicutar to said first plane.
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range between seven and half degrees and twenty-two and hal{fg Agfseggoam th 5
respect to said first plane. 13. The Coriolis flowreter of claim 1l further
conprising: a drive system (104) that oscillates said pair of flowubes.
14. The Coriolis flowreter of cI aim 13 further conprising: a first pick-off

g;?g) d?mgxgs t(Ca)ms( 4‘? @Wgﬁ %5,?3%?@&51@’3?#'%%%%@. X€ LS'?E) SZ.: gepgrr
of flow tpeasendidfartclibéBroand and saidiidwaietsr idsetffdraming.dri ve system (104).

15. The Coriolis flow neter of claim 14 further conprising: neter
el ectronics (20) which receives signals indicating said oscillation of said

f1ow tubes fraqm saifelddmiishicmeiet of BRIAA fribeF eBehopisftgr of T wher el n sai d

meter electronics determne a nmass ow rate of material flow ng through
sai d fl ownet era hddsing {300) enclosing said flow tubes (103A-103B).

11.  The Coriolis flowmeter of claim 1 wherein an entire length of each of

sald flow {ubes vibrates.

12.  The Coriolis flowmeter of claim 1 wherein said points where said
second set of brace bars (120-121) are affixet! {0 said flow {ubes (103A-103B) are
points where said longitudinal axis of said flow tubes is oriented at an angle in a
range between seven and half degrees and twenty-two and half degrees with

§ respect to said first plane.

13.  The Coriolis flowmeter of claim 1 further comprising:
a drive systemn (104) that oscillates said pair of flowtubes.

14.  The Coriclis flowmeter of claim 13 further comprising:
a first pick-off (105) affixed to said pair of flow tubes (103A-103B) an an inlet

side of said drive system (104); and
a second pick-off (105') affixed fo said pair of flow tubes (103A-103B) on an

5  outlet side of sajd drive system (104).

15.  The Coriolis flow meter of claim 14 further comprising:

meter electronics (20) which receives signals indicating said oscillation of
said flow tubes from said first pick-off and said second pick-off wherein said meter
electronics determine a mass flow rate of material flowing through said flowmeter.
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