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Di nﬂmﬁm mmmgof the invention This invention relates to Cort®fS

flo ! particularly, this invention relates to reducing a flag
di mensi ewsigst a Coriolis flowreter by vibrating the entire 5 |l ength of the

flow tubes. Still nore particul arl this jnvention relates to the use of
two sets of brace bars Me(?%ﬁ§ll'? iﬂ‘éé’"‘ﬁé?rrwdg’ %?%EEQ%Q‘@EMMI y

separates the frequencies of vibrat ip@é]dad}qh? lﬁ‘?&rgl'ﬂ?nset of brace bars
enhances zero stability in the system Probleml t is known to use

Coriolis effect rmggis]cnpmmpgegates;tq@aei@:l'rseﬂqmseteﬂ.Owoa@@)a@ttdﬂ‘%rlyj,rﬂ"ﬁi@ﬁrﬁ’@ﬂtﬁﬂ

of materials \ pj.peline as disclgsed in U S. Patent Nos
4, 491, 0255i ssﬁéelgeéﬁtsggﬁé.@‘:%gtﬂ%?’ dé’ﬁeﬁf"f)”é’? a3 W@P?ﬁéﬂm%eyyé{rﬁam tiel et t o
J.E. Snith of leRghr ofahy bl tub882 StiThese FIroWIBLELS h?%% ' reflow
tubes of a cuyved cog[)i guration. Each fF{ ow tub)gﬂilgrll igtﬂ'?gﬁ'F%lrileng{r?P tﬁeé@rei%fl S

mass 15 flo %rethQf bracedharg whese @rfist Raibehiace bavsledequdtblyhsepayates g a

si npl e bendi ng [ l ity QK I flowtube is driven to
oscillate at r%iﬁlr?r%rea ivﬁbr%&%ﬁgh thﬁ%ség%§§eﬁg gﬁgr?ﬁabgs EPHRNFRR Fead siabitain on

nodes of the tPIsysleimg, material filled systemare defined in part by the
conbi ned mass of the flow tubes and the material within the flow tubes.
Material flows into the flowreter from &rObmEct ed pi peline 20 on the inlet

side of the fl owrgtigknol b alpial ' t.hrough the flow tube
or flow tubes and exi tng ?ﬁgr@fe?@h&éﬁe&f@%gg'{)léﬁ,ﬁ]ezgr C)tﬂr@‘ég%edﬂaft%@%éﬂﬁet
side. A drivétheiiploraation pbmetenzds fibwing toreughhe pipelins dediddosrling). heatdQw

b ' ' | red of i i on. ically, th '
mode of vi br Ao 1500255304 B B ST, sl kv Hoe arviiae ossater i

i's flowing tKriuhith bEFéberet er 1988, | TIHe i) bt
i's flowing tHrEwhi QarEt €F 1983 Tméﬂmmmé@mgh?}z%ﬁw&%ﬁ&gﬁﬁ@& (UbB5®

with an identj e terial begins to

kcal g\}ohase. As th _
accel erat i onS' B&HEEILANMIHEAtON. frashgflavh bibE enfigutasiondn melerialistnbéer ent
phase wi1sh r fsgertertfasy & ol I e., The phase on the
inlet side of the 1 ow tu%t(rao P%é‘%f%@}%[b?’v@?&%mwawﬁ%’ tf)enQE% SERPefendmg
outl et side Q5@8ak peceinlodtypeSdrady Sowtebeisatrieenan okbiftafd AWebsihckan one

d ' [ ' tjve of th ti f the fl t ube.
The phase di 71 orano2l gt BuRE T RES PRl el iGiafon miason 62 pibsptng. romariat deche

mass flow rasysterh arédefimé® i part bl eMé BembiHeaUabsd BEIHE! [ Lubes.
El ectronic co?@one uyust 2003 connséct edEtf%W{ ﬁ}glgggg’géﬁgmaéﬁ”ﬁ'se

n{ s 19 Aug .
the phase dif Pé%%@O‘a%%Pﬁrsr-_eMaéerfa' dawsfintohidedloyvaeter fromaa deneectedpipuing
flow raze ansh plefinfet BoeRATihE ASwRletdNTnERhSEHA! is tHed-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. Asthe
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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19 August 2003 An advantage that .Corioiis flowreters have over other nass f
| ow nmeasurenent devices is that flov~neters typically have | B2AUgHRIR003 1 o5
error in the calculated mass flow rates of a material. QO her conventional

types of mass fl ow neasurenent devices such as orifice, turbine) and vortex

flowreters, typ % er errors 5 in flowrate

measur ement s. y%bf '? ﬁ%t%ﬁ I?élc‘g% g?r?ssd) r(r?r@%rg[l%a&’\ﬁn%qaesresé'ﬁ%'@é’cﬁraéﬁtfé@ql@é@iﬁsa%/thtehan
the other type$gfRlnessdéteomineanassfuiveeat, atdhethepbidred bpwg%g{e?a?r e also
nor e expensive to produce. Users of flowneters often choose the I'eSs
expensive types of flowneters preferring to save cost over accuracy.
Therefore, makers of Coriolis flowreters desire a Coriolis flowreter that
is |l ess expensive to manufacture and 70 determ nes nass flowrate with an
accuracy that is within .5%of the actual nmass flowrate in order to’
produce a product that is conpetitive with other nmass fl ow rate measurenent
devices. One reason that Coriolis neters are nore expensive than other
devices is the need for conponents that reduce the nunmber of unwanted

vi brations applied to the 15 fl ow 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 fl ow
tubes. In order to reduce the vibrations caused by outside sources, such as
a punp, that are connected to the pipeline, a manifold nust have a
stiffness that is 20 sufficient enough to absorb the vibrations. Mst
conventional manifolds are nade of cast netal in order to have a sufficient
mass. Furthernore, there is a spacer between the nanifolds that naintains

t he spacing between inlet and outlet manifolds. This spacer is also nade
out of a netal or other stiff material in order prevent outside forces from
vibrating the flow tubes. The | arge anount of netal used to create these 25
castings increases the cost of the flowreter. However, the elimnation of
unwanted vi brations greatly increases the accuracy of the floweters. A
second problem for those skilled in the Coriolis flowreter art is that
flowmeters may have a flag dinmension that is too big to be used in certain
applications. For purposes of this discussion, flag dinension is the |ength
that a flow 30 tube | oop extends outward froma pipeline. There are

envi ronnents where space is constrained or is at a premum A ffowreter
having a typical flag dinension will not fit in these confined areas. There
is aneed for a Coriolis flowreter that has a reduced flag di mension that
can be inserted into a pipeline in a confined area or where space 2 - 19
August 2003 is at a premumand still provides readings that are wthin the
.5% of the actual flowrate of a material. Qther prior art can be found in
U S. Patent No. 4,781.069 (Mtznery. Mtzner discloses a nass fl ow sensor
whi ch includes the provision of at |east one node 5 selection plate at each
of the inlet and outlet ends of the sensor. The plates are provided in
addition to other tube end term nation nmeans and are configured to have
predeterm ned stiffness characteristics in the X) Y, and Z axes. Sol ution
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The above and ot her problens are .sol ved and an advance in thf ?rt |§?ﬁ€
made by the provision of a Coriolis flowneter according to c 2 fHgust
Coriolis fhwreter of the prPSent invention does not have a conventi onal
mani fol d and spacer. Therefore, the cost to produce the flowreter of the

present inventi j . 1 olis 1l owreter of the present

i nvention al so %@Séogab%gggf?ggghsgf;?%rﬁg#%rﬁ WF@H%PFW?%H%W%WWGWQW
meter of tdevipessethit flowaniteenybiallg hagededdiHam @ne | a
premumand it would be i_nPossiyEI g ?o useea c(Sanv%lnt/iélo%r?;lél}q q??%@'?fﬁms&
having a dipwéeates ohaimatess!. dPtrersoorentional types efonaks fomatre s ueOMeen Heditds

mani fol d and.t o reduc he flag dinmension of a Corjiolis flowreter, the
entire | erttd] 8 OE@%%I”I HW'tau”@gV%Fs’i v mesers, Ipierly bave Q.58 or greatesremarst

be degj gn i 1 - f: a pair of flow
Cubes 3 hat A PyRbes 2R TRIRE LR CeRals PR R SR LBt acouraey
| engt h of thhnwh¢ otherdypdsdsidniss slewaatd de@eEEthe Cd '

outl et end of each f?{)pvetube, ?he fl ow tubggnﬂgvce@%@?%@hgéetgﬁﬁgéga%ﬁ@wre

have a | ofPengivedP RiRAYCe hatsers obfipwmesdrs mf@nfd:fnscbsqnlfmlmsdwkpmt'éitgﬁes

t he conne j | pes A first. end of the in-line_se nts connects the 25
f1ow tubeg)#?g)%&gkg ﬁﬁeée@mq SHENFPT YET B é@‘@%@ re, makeags iofiCoviolis
t ube ext efidweHbteed dekir f iRzl d t e flow
tube. Each bendi ng segﬂ?nt@oﬁgﬁﬁq%mgtg?ggé?ﬁo’ﬁggféfﬁ@ﬁgﬁgp @ﬁﬁ&f&@ure and
ori efPat i eteymineemasa dionurste avithean scaifratcpehdtliswithim &S5 Forsfthehestdal e hsBFRIE
to a directjon that .is substantial,l erpendi cular to the first plane '
cont ai ni n{FEn BRSE P RIOUEEE 2 prerudiehas d5 rRampelit e et tber masse flows rate
bendi ng spEENrsmeht 88Fked | ow tube. The u-shaped segnment has a first
section that extends outward froma first bending segnent with a

| ongi t udi nal agre reasentleat Coriclisinetars iave ndvet expe rrsids tHar bMdrdevices is the
per pendi cul ar, ,to the first pl aéls cont ai ni ng pi peline. A second, curve(? 3

19 August 888055 6eMPOReRts that redusathen wabreRt UBwiaaded Nibrations apbéeddo the
t t fah i i L ; - d t. A
TR sechow lubps. [T SBEh Tingoncht 18 & Hian iy Mnk altie RN GR3TBRS 1o

subst ant i pibelin@elinmedutil tuba Cotriolis Hewhiatst, thé anenifoid atanssittshé ABWBIMask rial
section of the L*—'sha ed Eggr_rent to a second bending 5 segnment to conplete

the flow E§6YedPM apipelng todwsosenasate flews and g?re%ﬁcthe‘oﬂo‘aﬁdhbrfmplarate

t 1 — J y i t
W ih o1 ol S PRAE 17 PTRCe B BT Badsed BY S S ae B e s
per pendi qaumap, thiat fare lvenhected o teepipeiing, alhankoldhedst HMERS 8TstkR e $ak s

dr aiy the pipeli first pl i ented substantiall
R BT RN R L R
must Vi Dicaiserifal® Rfer tOnb S USR] hl s IFTRMBIANT S id L QUL Blandan

first set and a second se race bars are neede

of the fltesmanifoldhihaz maintainstthe spuming tetbesensiet andseGtMYmaRTolY | This
effects to be meglsured w th enough accuracy that the flow 15 rate

cal cul at SR2CPHH 2If8 Made QU &f phavetal orather stift matestal imerder peastent dutsideThe

£ ) ; . _ d ;
i brat; or0 CesHoRS ARl MBS, “IHE Mo ime b hRla (Y St teshi «
of 28e fLastingdinsrdasecstke cose oNEasiloWARNES H&‘V@vé‘r‘}%é?ﬁlﬁnin}ﬂoﬁ%‘ifﬁ&ted

vi bration_nodes in the flow tube while the flow tube is being

osci | | at s@zraﬁwgs grealy inpseages m?@t@cwafs chitlee gﬁqwrmnemszo botlh f1ow t ybels at a
of the 11 ow t (ot pPERIT AT, 1ok shlE " Bln deich oyatir it ethat -
degrees flbivthetesPatly havéhea fid$idimeAsRn Hack E’%ﬁssb' | af‘?‘ﬁ%@ i,ﬁgeomﬂt

that are affixed to each of the flow tubes at s t ant

| ocat i onapplisagionseFbr purpasesf this discuession flagt dinferivion és Wl&npgwwﬁt{agiadégﬂ%gt

th Iovulpubes at adpm t algng the bendi rg]; segnents of the f
i s Pt wettiP€: IReP EXtendsey dEngE@ PRe n%ﬂﬁ ¢TFedienenyirenegiewherespalce i | ow
tubes. T, ; f : hlity for. the fl
tibes, Zers e oiiE ot dprBhAGR, 2w EREiR6G et BlAMab clrefSiamonindlt 1 <
no flow inthesgbonfired alees. Thaeaid i neeleioe a GodeiLHbWAEtbRh ARG £0a \“é‘&ﬁc&?

0

there i sf no flow, In a preferred exenplary enbodi nent, the second set
brace i1lagdimension that can be inserted into a pipeline in a confined area or where space
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bars are affixed to the bending segnents of the flow tubes a% a goi nt where
the longitudinal axis is oriented in a direction that is at LA4gust 2083, and
a half degrees and no nore than twenty-two and a half degrees with respect
to the first plane. 4 19 August 2003 A first manifold is connected to an
inlet end of thié &tlagwemiliesndThd Frbvigs i ' igured, to be
connected to a it%eti ne an receip\c/e a ?%'@#ﬁ 1qln%?% (%Fé:g/ﬁhpggﬁgﬁec’fd?ﬁé%ﬂi_ﬂow
The flowis the PU7 G&eidt o two separate flows which are each directed

into one of the flowthdpss | n f t hrqugh_each tube and are 5
recei ved by a second mn?f%ﬁ%eﬁggﬁ%%é]nﬁ’ %ﬁ%‘%?ﬁt ’ﬁ%-i‘iwgaﬂﬁégt(mtzgep)arMMer

flows into an dlitdiesesta masafidwisersot s/hidhanelutbethd bw;ﬁﬁéaggggﬁt@% mode

pi pel i ne. 1 : t 2003 A, spacer may al so be a

and second%rranislg(ﬂ)ﬁ%gé’f{%ﬁ% aﬁﬁa‘&%Pf Inles @gdiomelel ends oktharstnbendiing peRESERS S
of the flow tulpeovadel imasd b rPREM rHOR Wi gA the u-shaped segnents of
the flow tubes Erot rude. A] housi Rggtedr?%l oS n&%@oﬂfgme@‘ggwf%@ﬁed e
flow tube may DRYKPRISEMIRed stifnesschapaterstics ifrtieenXt e aggovgdescription,
one feature of this invention is a Ooriol'és flowreter conprising: a pair of
parallel oriented flow tubes wherein each Biutian d f1 ow tubes i s divided
into a plurality of Thegb®wd and 6eHaiHrolemis b s .defini ng opposi ng
end portig s of ﬁa%h of said flow (5 je?ﬂlgtr)her% =g eer%:aﬁ{r?aé;'iﬁgv?’?ﬁel 'Mge fent s
have a | o Qi t JAPAGIYARE sravisien iof adiasistia fioimmdtyr pecatinglto Widik & Tﬁ’é‘@;ftn‘éﬂé nal
axi s of a pipetgwip | | ; in a first plane containing sai

pi pel i ne, bendi ng 2%3%%’%5‘9’? Eggﬂdgﬁgrglo nscg(?ecf 1N RFVE R MEREEN @ o @mtIE oth an

ot sl b gaciert <8 o OB ORED A freion
_ pl ane 10" be| PRI ¥ekESS thmprasienyinyentiemaisowasra tedusalidlag
e 8 S S S I R
e iImpossible to use a
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. Atan inlet end and an outlet end of each flow tube, the flow tubes have
in-line segments which have a longitudinal axis that is oriented in a first plane that
contains the connected pipeline. A first end of the in-line segments connecis the

25  flow tubes to inlet and outlet manifolds. Be-nding 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
flow 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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substantially u-shaped segnent in each of said flow tubes defines a _curve
in 20 each of said flow tubes that changes said | ongitudi nal 1%2‘1"‘3”‘3@0@% d
flowtube to be oriented in a direction that is substantially parallel to
said first plane to traverse between said bending segnents; a first set

brace bars af f iseetibrt of tRa¢hsf | ints in said bending
segnments wher eaagi d. | ongi t%dipﬁg?éegj%@‘gfhggﬁ% ﬁ\%vﬁ% ponned e firghseetiony

forty-five 25 PdBEd pEGRef thg UpshapkeHelegmidrt. Aainttdfdesbn Fé'f%k%-s%@iaggfi rst
set of brace bgg | i : cy,. separation between nodes of v ation
in said flow tub?g?ﬁg\r/lé %%@@Qﬁ@g@{'y@@?bﬁ%@@fwr%'yﬁerpemjcwler taihe ffrkogane
t ubes at poi nt 8nd porvedads thenclirngd SEQTRIBfShOD- SR ' nds of said flow
TBRp RREM Bl Sohsing

t ubes bet wgen %egddﬁ ig-l i ne segmants 30 and sai _
wher ei n sard sECONY SRCOBIPIHE i purtebesninanpesfared ettaldimihy, thotieaskgl
sai d fl ow tubegnd thirkuk tu IS i,nventjon is a Coriolis
fl owreter further eé::t?lég}?ﬂcgrf Rgﬁgﬁpgﬁi@d&fj%u@?m%%‘%oﬁiwaé@ fipamtfeobendihat i s
connect ed t o a€OMants with adbngitudinalraxisithet isag; i id flow

' %m'a%fﬁgé%teﬁge%aﬂé BRI t wo

t ubes and t hat, . .ves fl. fromsaid pipeline, d

flows and di rgée{g&@é%ﬁaroyw@gpa ﬁfﬁf\@?q"led%%'ch Atlowa thi floementr s odif-gaiigtng! ow

tubes. A furt whenfteatpisedinafandirst d | o1 | riglis flowreter further

conpri si nﬁ) 5 an in| e?ﬂ? I lgngae afrf§ti @gg@gé@ 65)%'4(5&? %F%taﬁg‘ﬂ’h Be@epdicusimee i ng
e

sai d i nset’ ma®Q¥% to said pipeline. A further feature of this invention

is a Coriolis fl o\ f i rising a outlet manifold that is

connected to ?l 'sg_con @3*9]%g@ﬁ-@é‘p@@ﬁewh@gg&g%ﬁf-@etmbr@&m wtleshi edbbowe

tubes and t hatlag dicegnsion sftihe flolhvenetef, ATRs St Gkl moines 10 said

flows into an %Jieldet flow, and directs said gut é\%éwgvmioﬁ?)éa%eﬁ@fs@rﬁel i ne.
0

A further feal P aragsthenyvigrations of theaflame it whichl alewes eHe pHadd @Ference

conpri sing: ataudedlRithe! ' id outlet nmanifold for connecting
sai d outlet nani foltg’t to (?;?)gs %li-%beqéiqﬁg%héfgd‘rr?(ﬁé‘?thfeéﬁﬂgpea@ﬂmwtﬁatN‘ﬂﬂeﬂb@von

is a Coridlisaq eRipgeatad framithe messoed stiase: isLEithB 9 ££i

opposi ng endmrgfsé@kgrgéeo%rggpqes 2y S %g.er Sff'i xed %% fgpﬁc%rélgﬂoqt@% W% h
sai d spacer enclosing said tnddnd SUBRIRNS taRattensepasatsiinades efmibritinah
each of sai d floMolwbeab@se sandndsetopfesthdehRaria HeSRAG Stathlfty QrEM fh ch sai d

u- shaped se s, of each of ow tubes to
P grﬁ‘?ﬂe thg 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 3 point in each
bending section of the flow tubes where the longitudinal axis of the flow tubes s
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.

25 A second set of brace bars is affixed to the flow tubes at a péint 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 na flow through the tubes. Ideally, there is zero flow indicated when

30 there is no flow. In a preferred exemplary embodiment, the second set of brace

bars are affixed to the bending segments 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.
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said flaw tubes protrude through said spacer. 20 A further feature of this
invention is a Coriolis flowreter wherein said u-shaped segnthfeg¥sh2803
reduced flag dinension. A further feature of this invention is a Coriolis
flowmeter further conprising a first leg and a second | eg of said u-shaped

segnent that extend ; Ld .. bendin e ts wwth a | ongitudi nal
axigs that is orient é*éﬁ%m%g%[ﬁg}c?@n?ﬂF‘ggo 38 'rg‘éé‘?%ﬂgp‘l’hﬁcﬁﬁ%éﬂbﬁ;. Thge first

Do Pel s F uray o cher 6o e ettt 4 BRUAE oAl b De R ki
and said flom}@ﬁél‘hei PEle - rafipw iy theR divided into teatseperaié flohissvhiBHEN | n

is a Coriolis tirevtegtign d LS| RY; i closing said fl ow
t ubes. 30 furtrher f oat uﬁégﬁétﬂﬁﬁmFﬁéezﬁ‘?gﬁwggH % @%WﬁETqL@?‘f¢W@rand are

wher ei n anZent [§@iveshyt & setordotaniblds dite $daondtrideso ! idik@ ust
20d3 A furt herinftg%ghﬂep@ t hi éd nVFBH on is a Corioli !s flgﬁe\/\:rte\'ﬂf(g?e%%é}égﬁﬁws
said port where said Second °08{CIEFISIPE Qutihilaw back iiteitha pipetinbes i s a poi nt
where ~d longitudinal axis of said flowtubes is oriented at an angle in a
range between seven and half degrees and twenty-two and hal f degrees with
respect to said first plane. 5 A further feature of this inventionis a
Coriolis floweter further conprising: a drive systemthat oscillates said
pair of flow tubes. A further feature of this inventionis a Coriolis
flowmeter further conprising: a first pick-off affixed to said pair of flow
tubes on an inlet said of said d~ system and 10 a second pick-off affixed
to said pair of flow tubes on an outlet side of said drive system A
further feature of the present invention is a Coriolis flow nmeter further
conmprising: neter electronics which receives signal indicating said
oscillation of said flow 15 tubes from said pick-offs and determ nes a nass
flowrate of material flow ng through said floweter. Description of the

' Drawi ngs The above and ot her features can be understood from detail ed
description
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bel ow and the follow ng schematic drawings: 20 FIG 1 illustrajgd a
Coriolis floweter having a reduced flag dinension; FIG 2 illa‘{fjs'&l?géfsf?\%oe’a
Coriolis flowreter of this invention affixed to a spacer; aad FIG 3
illustrating a Coriolis flowreter affixed to a spacer and enclosed ire a
housi ng. Detailed. Description 25 Coriolis Flowreter in General -FIG 1

FIG 1 illustrat i.oli,s. 1l i Sj fl t 10
bk meter of eor foapaeonal e pect Tk in tag MR 4 S8sand oean foitseties spepsr
10 vi a | eadscltBestthephdinedgndesiding sg'gﬁn%nfté X thE o Y%%{%‘J b%%vérgégéﬂwg

totalized nmass flog_, tenperature, and other infornation

shoul d be HppagBNYAICH theosesiBipedkisegatrite dfhtheafibwt hiled PPoREESENA housin

i nvention can _be u%ed-bﬁ any type of Coriofs flowreter 5 regardl ess O]U tﬁe
number of GPFIPSING theis %@fiﬁe%ﬂeﬁt ekths flowduse may thiee paffaeirty thedpaekr

i bratgon. F ' ' y.b d i 7 19
Auguet 22003 syt SharoRrEat SBTRh. IR B Tk salarfR s desiolisctanmeter

measur e Cocormbrisingf fects as a material flows through the flow tube and then
uses the Coriolis effect to measure a property of the material. 711 1

9
August 2003 Fl oapairesf peeaited oridAtadidw tlesesawhatdin 8 ch bres e
fl ow tubes 103A and 103B; brace bar s@?z%?%ﬁawg?d

mani f ol ds %&3 (19'(1)2' l \

104; and pl'&k@&Hyraliyef seameansinclegiagges 101-101' are affixed to manifol ds
102-102'. Manifol ds 102- ; i.xed to _opposing ends of flow tubes
103A—ﬁ10(338. Brace bar'éqﬁ%g%%géfseaé%'Pgé)(?pgsir%[)‘?%p R0 abepchoshsaid dewy as
descrilbed bel ovwub®si wherdif4 sail ahdlinse - LD p@sition
where the driver can vi tr)ratg flow Ipﬁbgseb?j(%g@% ??ﬁ %&é@gﬁﬁ%fnéga @haé 18

anot her . Pi ck- dfubstarilly paralia withfd longitutinat medfabﬂpelﬂr@éné@&)rﬂbirfégﬂﬁ | N9

ends to det ectﬁ%ghase gll.f.f erence.in the vibrations at opposing ends o

flow tubes 103A° neﬁn,@p'ﬁgﬁ?ﬁg'pﬁyﬂeand 101' are affixed to manifolds

102--102' and conneqeddi ; LReline (not shown),

When fl ownret er sensor Fb@\gé ngétrsﬁg?%lcﬁggSé%ﬁﬁy\téﬁib%éqbgg?’étﬁp?&@m§ﬁ’mﬁ

whi ch carries tsaid imdiner segmbeisnmdwisfing #dendwhatichahgest<ig I i axREgyOr
€

10 thegough inlet flange 101 and the total amount of ‘material “I's divi
i nt o%wo f1ows egyﬁcﬁﬁgid f&%\%fbf sdramp Peirgiofignigrin saiddirstplane o beirenbrentbtiow

15 tubes 103A @Ugst%gﬁgmﬁlgfpﬁ%éﬂo g]grﬁrgtg)ﬁ%@e'h?@ough fl ow tubes 103A and

103B back into outlet Ich'j separate flows. The

material then flows atsubstgitizyt-shapédeegmbil thattténdd bEtthdeh BELEeRARGO"
10. Manifolds 102 and 102' are.
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 paréllel to said first plane to
traverse between said bending segments:
a first set brace bars affixed to each of said flow tubes at points in said bending
segments where said longitudinal axis of said flow tubes is substantially 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 tubes 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.

A further feature of this inventian is a Coriolis flowmeter further comprising:

5



made of a m nimal anmount of material.. Fl ow tubes 103A and 103,5 &rﬁ ?:?d cted
and appropriately nounted to inlet 20 manifold 102 and outl et "na o 102
so as to have substantially the sane mass distribution, nonents of inertia,
and el astic nodul es about bending axes WWand W-W respectively. The flow
t ubes extend out waiec!%%f romthe manifolds in an essentially parallel

fashi on. Fl ow t (fb® g Hiad iepRneriey talrifiveont0f sald PhRRes ERPRSHE 6fhch
about their gédﬁ(ﬁ@%é vg é)ﬁgagl n axe;Wgnd W, and at what is termed the
first out of Bifase’ bandt iy e’ GPVEREI M BRmesaid pinslingedivides they flowiptoitae

one of manYiowslandka I S, @ et mounted to flow tube
103A and an opponsi ngéggi%{acﬁortg%{égd}v?%@wg\?vn@u%gl .O%Ogﬁ'gﬁm itWlescur r ent

i s passed throudhfurther degtass ofthtoinvehtios als ©ORAB fbANe 03A-B.to
oscillate. A suitable.drive signal is applied ﬁ’@'geﬁ'% netttglr'”ﬁg'?he%ttcg geingp,
via ledd 110 to28rPigbflanga affmed taseid Infeti arardfoldioBcohniating @yiodi%ﬂeﬂﬁ%ﬁk gas
an exanpl eooéaiﬁrbqp ration of a Coriolis flowreter and is not Inten ed‘y o]
limt the teachi'mg ol the present invention. 19 Augusfi 2003 Meter

8
el ectronics 20 paggph¥efe gt : t | .oci si gnal s appearing on
| eads 111 and 111', res;f%‘hgt%iélﬂéﬁ%.m%ﬂg%ﬁél% Brifis Bowhedlar Jertheoaaressinge

drive signal onalogtet mbbifokithht kaeaectd ey t L LLat e flowtubes
103A and 103%/ The %resent invention as desc‘f}(?étgfe;Ll (ﬁ’eé)éf%%'bzﬁaﬁn%rsc?ﬁm% of
mul tiple draqNefs3igilemstubes andhiiat reteives saierflowsMebry st dlow Ribezs dfbi

roc I ; i j ignals to.co te mass flow rate. PatrheS%
Brov?f:l@és ?%ﬁcl’ ﬂggvts 'g%%éﬁggf@ﬁ %{L‘Q‘;ng?fﬁaalfgpp s Qyeinde S@ideévitpleﬁnEcs 20 to

interface wth Afurtisrfabire o j ectronics 20 is,
conventional. Therefore, éefgﬁf%'g‘??g?iag P@ﬁko Ov%[egqr fgﬂbéf FEMAEISINGD i s

om tted for breh oyllettfampe affixdd dursaid ontlef Famifeld MREL 0
al | ows fl% Hhg ¥03 - _103R to <Ft1m<iave a smaller gflggjf%q kr%§n5| éﬁ%ﬁgﬂz%ﬂé
e Te Sitipete

mai nt ai ni ng €the readings within .5%of the actual mass flow

rate. Flag di mgOgjparl .a_loop.n a flow.tube protrudes
outward froma pl ane rtfﬁgtppié‘gl‘ g@%@%@p%ﬂiﬁ Q‘H}')Q"ﬁg'qwﬁfe&rﬁwﬂﬁ%@omﬁwaghs
the dénnect ed phgrefdldeafiseddo apposyoeridosf &fid b thBesonfi guration of
Coriolis fl ovvmgt%? sensf\%réﬁéo is that a | ess expensive manifold and spacer

may be used. A% PRTF T dge53id MRAKOMY witglsaidy spaeet epslosing haidlirshaee
segnment ofedmrntd MY KUREreddIf fslegﬁﬁeh‘t'gg?agétgﬁg%a f&vﬁ@w when orient ed

properly. In order to have reducC And | engt h of

fl ow tubes 10320 TRGRINYBLsdid spader theod ' R8I~

103A- 103B_ar.e, 20 onf?gélur nd inthe fo @vﬁ@ ﬁﬁﬁfegﬁg o?véé’g'gé‘??’géi‘?%éla
are ali gn%%ld&?ﬁfﬂ iRIPIrydp dhraugsl said spaeemnot her . Each flow tube 103A- 103B
has e foll ow 1 jcal .segnents: two _in-|ine segnentsl1l50-150" at the
inl e%d); and ou%gggﬁ%ﬁg%p&gﬁWWBQ@OQ@C?CIQ  flawim etrivherginssajodensaped
151- 151" ssdreentsrtiavir @reducdd Mgy MmN $150- 150°, and a u-shaped segnent
152 that connects bendi ng segnents 25 151-151'. In-line segnments 150-150
have first endd futerdeaturedf toisrrezrdidntio n@oiibit fitswHeZrk0Rher ESRiprsitgt | ne
segnent 150- 1559%% 'kfelga rPcfrti on lf fl ow tuber 103A-103B that has a '

| ongi t udi nal axi's' tR"] 356F9NHET o 5Bk ishared segimeal thet extend betwarkrome i n
a first platheehl ; | ] i.n-line segments 150-151 of 30
each flow tube 13\?A- 183%“})?\#&?%@'”928%%{ ng%Stbaﬁv Sy eﬁa?%‘??@ﬂ"ﬁﬂbfﬁrﬁﬁl et
maniéool d degreemtfombeingeespgnuiotar 168410 frstib@nERt eri al to outlet manifol d
102" . A first e]pd 170 -170' of bending segnents 151-151' extends outward
from second ertU{6Er RAtus ofithisinvantioagsre ieriolis Gowister Whessin s8Rt plafe 170’
of bendi _ nts_,151-151' are in_the fcst plane.
Bendi ng s%%%@ﬁtnﬁ%%¥§&e?gg$&?$gaﬂfﬁ?ﬁggo‘i’ﬂ? en838/framing.secorr~ end

171- 171" that Afasther fextgid Bl tisn § i L&l Ly perpendicul ar
to the first plane. Bendi ngmshgfi”né%?gé’lﬁ?tfsdﬁ“ﬁﬁ%’é@%tﬁ@éﬁ Cﬂ”ﬁ)grfs'%d

170- 170" and stbBewsinamihcliosing zaid. fldw titsdsaped segnents 152 are curved
segagnt s of floiyv”%ube%s 103A- 1{838 t hat connect the second ends 171-171"' of
bending segmeht ST T9afire ofths inkRptiakds a1 Cerialist owgetarcwherein s ehtieach
u- shapediesp i g@% ; d end 171 of each bendi ng segnent
151. Fi rstglgggﬂg?a%{?iggﬁé@ e§< %%BOSIE%E?%}@M from bendi ng segnent 151 and has
a longitudinal axis that is substantially perpendicular 10 to the first

pl ane containing the pipeline and in-line segnents 150-150'. In an _

exenpl ary enbodi ment, first leg sectiompyn 1.5, 3. extends outward rom

bendi ng segnent i 51 with a longitudinal axis that is 3 degrees past being
perpendicular to the first plane to make flaw tubes 103A and 103B self

dr ai ni ng when flow tubes 103A and 103B are oriented perpendicular to the
ground. A first end 181 of



15 second | eg section 154 of u-shaped segnent 152 extends out
second end 171' of each bendi ng segnent 151' with a Iongitudi1\§%@§§<{§sﬁq a
is substantially perpendicular to the first plane. In a preferred exenplary
enbodi ment, second | eg section 154 extends outward in a direction that is 3
degrees past beith{uRepieatireudfathisrinvientiomr ig hr@briﬂi@ﬂ@whfé@@f@h%ﬁﬁn%’?&'i@@wt
segment 151, ér@ %@egetodzo mag?)éf | ow tubes 103A and 103B self-drainirg
when flow tUK4E A 091 98RO DEack ians da $3idaflaw rtebes oa a hedint svhere said

subst ant | aldng el asiscef Gid DBy B8 TOUAd AU EL, S8EY] 90 188 connect o

second end 182 of first |eg 153 and secon ? Il 8dgnge Pe§veaen sexen

fl ow t ubes 31d3mIbeegreesmndCwarnty-teeciricohalf HegeaéS Wit RUPLRS G SR ppRRd

end 182 of fII‘S%fH 153 with a.longitudinal axis that 1s 25 substantially

parall €l to the i“f@?r %faéw@ %ﬁﬂ%ﬁ“ﬁg%oriwea&%@ltsﬂ@m@terﬁuﬁwmmmamy

per pendi cul ar ta drive dyapdh tysh 11 : g d second | egs 153 and
yafht lllaf‘féégéld i égﬁ@giﬁb

154 to connect ntér?f sgcond end 183 of seco %h order to have a
reduced fag di nArfartber feateresttthiseinbemisrhisaf Cioriens TRt ingist
vibrate in respogse t.0 afff orce applied by driver 104. |%p§ﬁﬁ%§ﬁ§'%

i ncrease the acRiVRChoffhmafixed dasaidspair of lewlubes|drsarfifilet ssidcelissd dvet he
oscillati Oéys?é}ﬁ'g §l ow of material, tw sets of brace bars nust be affixed
to fl‘?(%N t ubes 10 ﬂ\ and 103B. A first set of brace bars 122-123 orders the
vi brat@ons in flacsedonkiesich O afred 10 3Bid pas W Hodt vibration.
A second zqet of %0 19 August 2003 br acg bar s 12®-b%gio¢§ﬂﬁ@é%iadeoogﬁ'§nce
the zero StHFi$E §Mof flownreter sensor 10. This makes the neasurenent of
the phase diffef gpgBef i 9l fects easiel tqQ npasure fer neter
el ectronics 20. The Fi ?ésbtiggéejiéfgﬁé rgéénﬁﬂv nysn 15,/ éﬁiﬁl&r@o\afmﬁmdfur&en ow
t ubes 103&0gHUISENgLO3B i n bendi ng segnments 151-151" at a point where the
angl e of the rov¥ tuPe? 103A-103B is substantially forty-five degrees with
respect to the T§FEESHUIRICSHWRICEirBERIYes Blansil inelidatipg sEid ostillatién sLtaid figw ace
bars 1522 aikkslfiemsenfprks | & f the varipus, npdes of

vibration. In order tg r?ﬁ%ég%@@%ﬁqsﬂ%sE'PWHP%@?”‘@E%’@AHO‘Q’&Qfbfomfhce
bars 120 &A@ flawmeterconnect flow tubes 103A-103B. The second set of brace
bars affix to flow tubes 1.03A and 103B at a paint in bending segnents 151-
151 between the first set of PPEcEPHapLfthe Draydngsd in-1ine segnents

150- 150" . I n aThéefRiveeshEragy R gt}_%q,j cond, set of brace bars
are affixed to flow tubes 103A- 18}/3%r§at a %%%FF%%SP%% %Zﬂiﬁ%@e%@ms
151- 151" awandhthg wigwingisehematic dravdngs: ori ented at angle within a range
bet wggn seven f. degrees,.a twenty-two and half degrees with
respect to the .'r1g‘t"ﬁ%aé'ﬂg.agf&"éﬂ&%«ggwmﬁekiﬂavm@ vegfuceddlagdmersidg2' - FI G
2. FIG 2 illusiG.2tlkstatingacesridfonaimibta b il amg ensor 10, Spacer
200 has squarﬁ:(&ggi. 190- 191 on opposi ng si Jg@s "1n a b%g?)g%cf@)oa é&%‘fﬁf} §F§ 20
enbodi ment, t Hd& qLllkiglrating a100rials1flqvBaeterraftixed to aaspacenshdash GesET fi a

pl ates i hgiRiH4 ol ds 102-102'. Four walls represented by walls 201-202
connect to each edge of square ends 190-191 to forman enclosure. In-line
segments 150- 150" (SEE FIG 1) ayetaheaPeyt nts 151-151' (SEE FIG 1)

are cl gsed '.b)‘: housi ng 200. U shaped segnent 152 protrudes from openi ngs

210 %¥nd Q:Q’c&liﬁ—é%ﬂ;%pﬂ&g@@ﬂm ng 200. Openings 210 and 211 are of a

sufficient si te; fl. tube 103A-B to fit through the opening.

Since both Tl owt 3H@§k@g§£3?&§'§"$ﬁf’w e_g‘?'Fg&@”}%'ﬁmﬂg%f'6w€rﬁtﬁrgeser@m-1gmdthe

{1 ow t UbEIA20IACIERIBS 20c Meteneledmonis208LohAebRHSh APl r"f%g 1}0“@@%}& e
appli

| ength o he flow tubes may vibrate in response to Orces

f
dri ver _1{656( elEley dfnﬁ!ty.smasShﬂg\yi e f l@jolume)\ﬂ]?lmm, g@@ﬁzl%%iﬁ%%f%%ﬁ.
| S : . r..enc S W Tt upes - own
I BG Sﬁi%@r SR IE Moo Bl i PRy s Rouldoos aponsent ncthoser <
; : . i .
oves011 Mudhs tarp g0 mleowds@hemvléhﬁbnl@fﬁbé”&'sﬁgg{én,ygg,&t §F g&g%g 200

ch as a weld, or nuts and bolts.

in sonme ganne
mat eri al lqurgﬁieé}lcjr@&aﬁ e5% of He ayher phdtiversethernurobér of pitk-oW deRerslGRé- 103B
rupture.ogerating mob® SARt0AC Firthermore, the present invention may be used in any



The above is a description of a Coriolis flowreter having a mpjnal
dinmension. It is expected that those skilled in the art can gh%Aﬂﬁ*sggﬁgign
other Corio(is flow neters that infringe on this invention as set forth in
the clains below either literally or through the Doctrine of Equival ents.
12 19 August 2003 WHAT IS CLAIMED I S: 1. A CDrIO|IS fiowmeter (5)

| 03A- 103B) _wh h
SR 3 Tiystopaat pbraRkht Bl FENERbES B AN SRR o[ AT 35R %eaﬁ%?%@ec?? i

i ncl udi ng:2as amatﬁéab@v@meugﬂﬂﬁe 130 tybedefd msfnmsam@%@@n&@emt%

each 5 of said f&y ubes (103A-1 p38) wherein said in-line segnents ave a
Iongltudlﬁ%f’%&ﬁ Phike mat @ stantially parallel with a longitudinal 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-1038) 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 perpendicular to said first plane, and a substantially

u- shaped segnent (152) that extends between said bendi ng segnents
(151-151") on opposing end portions of said flow tubes, 15 wherein said
substantially u-shaped segnment (152) in each of said flew tubes (103A-103B)
defines a curve in each of said flow tubes (103A-1036) that changes said

| ongi tudi nal axis of said flow tube to be oriented in a direction that is
substantially parallel to said first plane to traverse between said bending
segnents; 20 a first set of brace bars {122-123) affixed to each of said

fl ow tubes (103A-103B) at points in said bending segnents (151-151") at

whi ch said |l ongitudinal axis of said flow tubes is substantially forty-five
degrees frombeing parallel with said first plane; said first set of brace
bars (122-123) providing frequency separation 25 between nodes of vibration
in said flow tubes; and a second set of brace bars ( 120-121 ) affixed to
said flow tubes ( 7 03A-103B) at points in said bending segnents (151-151")
on sai d opposing ends of said flow tubes between said in-line segnents 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 flowreter (5)

of claim1l1 further conprising: an inlet manifold (102) that is connected to
a first one of said in-line segnents (150) of each of said flow tubes
(103A-1038) and that receives flow from 13 19 August 2003 sai d pipeline,
divides the flowinto two flows and directs each of said two flows into

71



5 a-different one of said flow tubes (103A-1036). 3. The Corigl S flca@geter
(5) of claim2 further conprising: an inlet flange (101 ) aff?2waustg0Q3; g
inlet manifold (102) for connecting said inlet manifold (102) to said

pi peline. 4. The Coriolis floweter (5) of claim2 further conprising: an
outlet manifold (102") that is connected to a second one of said in-line

segrent s ( 150- E&Nimetdr seasbr 90 imaiubed palridiennigtadfod 838): #drbifibias 100
S

receives said flows fromsaid fl ow tubes (103A-103B), comnbi ne's

into an olf?etiowItBRes 5 Osrdarad réSEs yare bars|1@0-1 23ndiine 1 84 shdpRKLbIS-1(5
The Cori ol . claim4 furth i sing: thet fl
(101" a3iS L0 P ERGRs Ity Riste bt Ao s fBen A Manto a2 ontars.
RN )" X oA
Furt hor e 1o bEpBIIG bl w180 es DA DI, Bl PR 03k reral r
sai d & | oviotind HowW(tLbBA-11EZ8) 03B apatearribe@Welahf iDwvert AR £Higdid ﬁéﬂﬁubes
S

(102-102' | aj d spacer (200) 5 enclosing said in-line segnen
( 150- 150"%03%515]%% 0 ROsdioRy Whaysethe driver- ¢an' yibsateedlow dtibesi thIA-AQ3BRILGS

) . - ) in sajd hr ough
(103 103 0o R orke 25t 8p P RAEBHEAcE205 20 Al RSB o e
prot r ude opbosiighersed tb Gereethé HMise difeTdifed B IRl U r{a{;%@gf Bbn8linh Snd 31,

wherein sald u-shaped segmants (152) have a re
Cori ol i s flewdubes d034-108Bi m 1 further conprising: a first leg (153) and a

d | 1 f i d ussh d t 5 t hat t end t d f
251 dObendr ng-ElAndhs B 8ad 1 B SR TREEE Gt Blrin 102 192 & annbel o tutram
bst ant i i ' ' i gd.first pl .
TS 5! ABEM Nk (58 ARG (Mo BLA) PR RER ARt BlerlsBa88L 50 i S Pu D o1
pl ane i sappglierasysienr (o showmrwhioh eardesdhd rhrma) Sepig h%a%@réd,dﬁ%@@%g-

10. The Coriolis floweter of claim 1 further conprising: a housing
encl osi ng €5 QOWW'E YEROr (Hbt@AO@Q@B)]].et ﬁ%ﬂgel' AB1@did dhe tottl amoentof piatetiali m

1 wh i ti} f s : [ . | brates., 12. Th

Cortol | i adeBiihicnyS s B ifRE htird i R WiRtied 8abaliin shieriowor

brat® balubes 1DBALAY 10138, aThermdtdrial shenl flowewHrobgs fb@%—eﬁ%‘m ahg AosBt s
g

e RO AR e T Gild Bscinsaty Tows. She sttt 1
Furthor oougRU RIS 1018 Miort 3 el insarisr dbr MFuBieg o8 ey ave
f | awt ubasade of a minimal 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
essentially 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 altemnating current is passed through the opposing coil
to cause both flow tubes 103A-B to oscillate. A suitable drive signal is applied by
30 meterelectronics 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.



14. The Coriolis flowreter of claim13 further conprising: a first pick-off
(105) affixed to said pair of flow tubes (103A-103B) on an it @ugust #0%f
said drive system (104); and a second pick-off (105') affixed to said pair
of flow tubes (103A-103B) on an 5 outlet side of said drive system (104).

15. The Coriolis fl met er
el ect roni csI (2:)) m’?gﬁlﬂﬁoﬁégéf}ér?gﬁvésltﬁétrgﬁ ?%@@%Y% gfc?'ﬁﬂ%ﬂﬁﬂcﬂ?%ﬁ””@aﬂrd

f1 ow tubes froffeaild! andsit! 1plrekpe£n‘tff\/et3/nd\/lét®r diesgeaird 20 §l§o?fr5dm%r ndr
met er electronéézr}sL Oeﬁ'termng ss flow rate of material ovmng h
sai d 1 owret er> 9% ONAFeH AL Awhig, Icaﬂéﬁsﬂﬂ"% W ieHrsciladRiIon. tabés 103A and 103B.
9. A9a. Au% A9. AH WKL de
| wr n?nc"l\Jf] cg] cal (?ap]kgga?a]{g;jla | ca ca‘]r e]dcae]r?:lg] %arj 8ac]déla’]ed'ﬁf'c@]ec%t]v@a?’gé]aﬁeﬁéa]
ca]$cg] ca]X(E)F]C(é?{T B‘]’@ realse ted jededtionics 20 process Ieﬁ and ]nght] vel(])mty]s: T ﬁ J ca]
t a ca cajcaJcd]c calca

cg] ga] cg] cal ca %@ Té]s% ?@}V %} ]Dégl g@% \}‘iea% EW’ "R BUITPSaBE WBAIRU &&&
A h ** -aflews meter el 20

o % X)SI)’II gl _Z] 3 igfté?ﬁ'ﬁsé] catlo (I:relat]agacecvav]ltgaa]ncoa ecrg Oca]ng]ocDae]r %‘é%s’f E'E?f%ra] C
a] ca] ca] ca] ca}lfﬁeéf]fea E}})da]c@a]%%{] .cidiereforeaccompiete dedaiptioNQlfGodBR11#2p23=

3334i 444+55} x calcal] calcalcal calca] calcal]cal] cal]ca
ca] ca] ca] ((:Ja] cg?ggﬁ]'a% %g}'%g]ﬁ@]& r%‘?% g ca} ca¥ 55!55 ] 6]6 7]\{77]78’\]889]\/99]9 Jeal
G M1

<h<<<|<===>} i coanuarlat(u:oan 2;]ngol(l:saf]locwmgt§]rggr]q%%{-] 1coa I(':% 20w tl]lt():%s] 18]3’éa] ca
]Bcég] (c::zca:]D cz[a)] caJ c&]f g]_%%i\] ]SE'HJ]' 85]7%%116'5‘}’&%?" a'}‘é%lf'wﬁﬁrm};z TR RERASNIRAAABP BB
A re %

D#DI DDD| wr rth A%ngs e éh?:] g%t]”ca;g Mcadc?g (81%: 729 cimpRsipp &3 theUpagte et )
ca] ca] ca] cal w]edarp aflespubyard fOAER B FEECIGHOMFe b ke KLi L
%f\lm loop an hat con ain negted pi A

(0/%’{ vw@r;?g;qrea;a] }:(a:@;:abdcg@}(j A ]ﬁeﬂ? ]’gﬁ]:ga] SPEape apvanteap @dtha] cal cal ¢

o ca io (477 W "*"

?rL(r:\ﬁ} ﬁﬁ]r\nowbzs kf a\ ] cal,cal ca eg?] ga] cal c”a] ca ca‘% ca] ch gcgﬁ@aﬁiﬁo
a] ca] ca] caV] c%ﬁ%ﬁ'@%g a4 g tEﬁ%’ @Q}’é'& 88]iz tit Ay mogling ephpp i Tieg urgHdpiet Kuu

lvQuvvw segment of the flow tube, the flow tybes, are.self.dr
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#1098 ( % 105 105 ofnécts bending segments
5 151-151",

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 parallel to the
pipeline in a first plane 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"

A first end 170 -170' of bending segments 151-151' extends outward from

second end 161-161'cf in-line segments 150-150". First ends 170-170' of bending
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30

gﬂg (1 ? Whé%aﬁ%%%ﬁlm (JUrySd SSSVBMSBEREY tubes 103A-1038

Jhat %j Q%of deridin segments 151-151",
Slom)c( %}éegseg%ﬁ% ééét g seg s15 First end
180 of first leg section 153 of each u- -shaped segment 152 extends from second
end 171 of each bending segment 151. First leg section 153 extends outward from
bending segment 151 and has alongitudinal axis that is substantially perpendicular

to the first plane containing the pipeline and in-line segments 150-150". In an

- exemplary embodiment, first leg section 153 extends sutwadd fram hending

segment 151 with a longitudinal axis that is 3 degrees past being perpendicular to _
the first plane to make flow tubes 103A and 1038 self draining when flow tubes
103A and 103B are oriented perpendicular to the ground. A first end 181 of
second leg section 154 of u-shaped segment 152 extends outward from a second
end 171" of each bending segment 151" with a longitudinal axis that is substantially
perpendicular to the first plane. ina preferred exemplary embodiment, second leg
section 154 extends outward in a direction that is 3 degrees past being
perpendicular with the first plane oward the bending segment 151" in order to

make flow tubes 103A and 1038 self-draining when flow tubes 103A and 103B are
oriented in a direction that is subslantially perpendicular to the ground.

Curved section 155 conneds second end 182 of first leg 153 and second
end 183 of second leg 154 in flowtubes 103A and 103B. Curved section 155
extends outward from second end 182 of first leg 153 with a longitudinal axis that is
substantially parallel to the first plane containing the pipeline and is substantially
perpendicular to the longitudinal asises of first and second legs 153 and 154 to
connect to second end 183 of secand leg 154.

In order to have a reduced fag dimension, the entire length of flow tubes
103A and 103B must vibrate in response to a force applied by driver 104, In order
to increase 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 sepamate the modes of vibration. A second set of
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containing the pipeline. This first set of brace bars 122 and 123 separate the
frequencies of the various modes of vibration.
In order to reduce zero stability problems, second set of brace bars 120 and
10 121 connect flow tubes 103A-1038. The second set of brace bars affix to flow
-{ubes 103A and 103B at a point in bending seaments 1 §1-151 habpaen tha Srst.
set of brace bars 122 -123 and in-line segments 150-150". In a preferred
exemplary embodiment, the second set of brace bars are affixed to flow tubes
103A-103B at a position in the bending segments 151-151' where the longitudinal
15 axis is oriented at angle within a range between seven and a half degrees and
twenty-two and half degrees with respect to the first plane.
A Spacer Affixed Ta 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 exemplary
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 ina
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-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 enclosing flow tubes 103A-1038 (Shown

In FIG. 1). Housing 300 is a structure having a hollow inside that fits over
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bending segments (151-151') in each of said flow tubes (103A-103B)
that extend from an end (161-161') of said in-line segments (150-150") and
10 define a bend that changes said longitudinal axis of each of said flow tubes
from being oriented in said first plane {o being uriented substantially
perpendicular to said first plane, and
a substantially u-shaped segment (152) 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 oriented in a
direction that is substantially parallel 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-103B) at points in said bending segments (151-151") at which said
longitudinal axis of said flow tubes is substantially forty-five degrees from being
paraliel 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 flawmeter (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 flew tubes (103A-103B) and that receives flow from
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4. The Coriolis flowmeter (5) of claim 2 further comprising:
an outlet manifold (102') that is connected to a second one of said in-line
segments (150-150) of each of said flow tubes (103A-103B) and_that receives said
flows from said flow tubes (103A-103B), conibines said flows inlo an outlet flow,
5§ anddirects said outlet flow into said pipeline.

B. The Coriolis flowmeter (5) of claim 4 further comprising:
an outlet flange (101') affixed to said outlet 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) protrude through said
spacer (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 segments(151-1561") with a longitudinal axis that
is oriented substantially three degrees from being perpendicular to said first plane.

14



T 10% & ()- !, "10% (& ()-4WFdE: /. 10s- 10%& ()-+ 10%& ()-  (10% & (-
& | 1%% E&') ()- “%M0% & ()-&#10% & ()- $wzdE:/ 10s-  10% & ()-+1é_6w&t<2§36?
(10% & ()- <L0% & ()-80!109% & ()- & "10%& ()- Normal" "Heading 13]c"
"Headi ng 23] c" "Heading 33]c" "Heading 43]c" "Heading 53]c" "Heading 63]c

" [ 73] ¢c" ' Head] 83] ¢"."Headi ng 93] c"A "Default Paragraph Fontj
@H?gg I2n% DN]\/\z Sam | f)r]eg@n%lﬂaﬂ%ww\&mﬁ 8 whergjr@aiq @%ﬁﬂa@ 1sV0135° 689!\/% I
<>? ApBCDFj @ rdst C [ j Kl mopgr st uvwxyz
N A ks (R A e il T

I"#B9& ()*+,-./0123456789: ;

<=>? @BCDEFCH YL MNRORSTIMNIAG hbior o BTG ORI TBRRASR gV oy 2L 13-
a housing (300) enclosing said flow tubes (103A-103B).

11. The Caoriolis flowmeter of claim 1 wherein an entire length of each of
said flow tubes vibrates.

12. The Coriolis flowmeter of claim 1 wherein said points where said
second set of brace bars (120-121) are affixet! {c said flow tubes (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

S  respect to said first plane.

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

14.  The Coriolis flowmeter of claim 13 further comprising:
a first pick-off (105) affixed to said pair of flow tubes {103A-1 03B) on an inlet
side of said drive system (104); and
a second pick-off (105') affixed to said pair of flow tubes (103A-103B)on an
5  outlet side of said drive system (104).

15.  The Corlolis 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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