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defined in part by the combined mass of the flow tubes and the material within the flow

20 tubes. Material flows into the flowmeter from a connected pipeline on the inlet side

of the flowmeter. The material is then directed through the flow tube or flow tubes and
exits the flowmeter to a pipeline connected on the outlet side. '

( A driver applies a force to the flow tube in order to cause the flow tubes to

oscillate in a desired mode of vibration, Typically, the desired mode of vibration is a
25 firstout of phase bending mode. When no material is flowing through the flowmeter,
all points along a flow tube oscillate with an identical phase. As the material begins
to flow, Coriolis accelerations cause each point along the flow tube to have a different
phase with respect to other points along the flow tube. The phase on the inlet side of
the fiow tube lags the driver, while the phase on the outlet side leads the driver.

30  Sensors are placed on the flow tube to produce sinusoidal signals representative of

the 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 connected to the sensor then use the phase difference
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1 PRing, MBS pEEHSfs phudioiihe S st i ows oatosgs
skidoebd fromhe pigdling! info BBt athbws Sirid @rects 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
sufficient enough to absorb the vibrations. Most conventional manifolds are made of
Cast metal in order to have a sufficient mass. Furthermore, there is a spacer between
‘the manifolds that maintains the spacing between inlet and outiet 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 amount of metal used to create these
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
tube loop extends outward from a pipeline. There are environments where space is



f1 ownet er s may have a flag dinension that is too big to be used in certain
applications. For purposes of this discussion, flag dinmensionTs the |length

t hat fl ube | d et fi
et oo LR AT RS GACS RURRG: RagRym ppRelingaitie S?}?'ﬁ&m'f'?%tw‘ret e
e e B B Fo reduce. the 11 aq di tenston ol ] au. tubos in.
Cleipr |C olol son\‘tis)mlﬂaf Paebleam & Eeq%%;@qff%,\ﬁ;mrgoﬁ EBﬁoB}JLgig%B%f;% Za .
i SCUSS] s
?{j%%g hH'@ga Oasrggaﬁcﬁﬁ rales. 'P8r lO)EFp sd¥ Bties discliserelarg

t hat nsion 1s a probllemin flowreter handllng |.ar ger
f4 ow r@?é@éré 300 8¢ / Mlautd ongredtes, Onetreasor thatiegkicing thestiag dimeasige rls

di fl bes have higher d f
1 owa prosleanin dowrmetardrandinguargs IRw s is it titow Jbey hudt A% °,
| ar gg H@é@ﬁbﬁé@%ﬁ}ﬁ;‘;' QUnIdtor AbRONARNSRAVE Highet ahud ifrequirehds tharl O

when g ron s creat hese reasons it is a

p?r }1 .Qggl,wér glrgmé[@r} Fm @ul?@é earid caérel h.tf.ardm tTcutntesggm 'me% rechining dhe diashbl e

0 an In ar ge OwW rates Ol U 0 apove an ar e
ol vafimensiom Fhedewendiamaiesel ey dubess fauprs #e sratafty Predefiy

18, 0" THER o eVt g chigrﬁ?{gsq%{)t\ G odiGBNEbPihes8 rbigond it BesatLulahprssionn. The

Sent |nven Ion has flow tubes that are capabl e

of hagdrba@ 4 VLGENBRSRILY Coribhs BewnisterCapable of haoding iargefflovheatpsesent
I nventi on does not have a conventional manifold and spacer. Instead, the
|pacer is subst antially sur r oundsS@RBIRN; f ol ds. Th| s configuration

Peduces t 1§ 38by 8 ard Bingr 8 é{-‘ééfdégs%l\%h’hﬁb &y SUPANERL BT thef art hemaidesent

i nvention mensi on ows the Coriolis

fl OWHKfr?é Pév:&bﬂ &f %5e@bnbﬁyﬂaiwmétémhbﬁngswdeduceamdmens;oepacﬂ?el s at
a pre umg

d it b bl e t t
181 Owpeesentiavention heioladinwmeley o B RepoRt MUERILBan IRTLPER B | e

flow_tube i e thélprdsent
seni arggapaﬁleaqﬂ%]%rgcﬂ{@l@rg% W&?gseﬁg\? 'jglrll%’,vout Fgoi&n'ds?oﬁﬂ tB Eéeradfflt ow i usl’)eens 25
The $QFErftidTabEE nat haveds eeavéhkonalaranifold avd spacet dnsteadc tha ARagerds

height. In order to increase the acc flo t e
| engshibstantiady ssrraundsithe raapifoldgst {; é@tiégura?on QUIRLS "the it BPthE

fiowmeter. The Coriolis flowmeter of the present invention also has a reduced flag
20  dimension which allows the Coriolis flow meter of the present invention to _be'used in
areas where space is at a premium and it would be impossible to use a conventional
Coriolis lowmeter having a conventional flag dimension. '

The flag dimension of the flow tube is reduced by forming the flow tubes in a
substa.ntially semicircular arc between inlet ends and outlet ends of the flow tubes.
25  The semicircular arc reduces the rise of flow tube to reduce the flag height. in order

to increase the accuracy of the flowmeter, the entire length of the semicircular arc

must vibrate.
A driver is affixed to the flow tubes at a position along the semicircular arc of
each flow tube that is substantially perpendicular to a plane containing the inlet end
30  and the outlet end of the flow tube. The driver is positioned at this point to maximize
the amount of energy applied to the flow tubes by the driver to cause the flow tubes
to oscillate. Drive signals are applied to the driver to cause the drive to oscillate the

flow tubes at a low amplitude to reduce the stress applied to brace bars affixed to the
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.the amount of material used in casting the both the manifold and Spacer. Openings
in the top side of the Spacer allow the manifold to connect to the semicircular arc of
the flow tubes which protrude outward from the spacer.

o A casing may be affixed to the top side of the spacer to enclose the flow tubes
Itis a problem that the casing may resonate a frequency that is close to the frequenc;
of the vibrating flow tubes. This may cause inaccuracies in the readings of properties

of material flowing through the flow tube. To change the resonant frequency of the
case, a mass may be affi

xed to the casing to change the resonant frequency of the
case.

Description of the Drawings

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

FIG.1 iustrating a Coriolis flowmeter having a reduced flag dimension:
FIG 2illustrating a Coriolis flowmeter of this invention affixed to a spacer; and
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35 of the vibrating flow tubes. This may cause inaccuracies in the readings
of properties of material flow ng through the flow tube. To change the
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mass tenperature, and ot her i nformati on overléflath 26. It should be
appartmttpemtmmg;'ld oithet information ever patht 26 ndt sheylkhbe; sprarenb o thesee

used any t f ol i flo r f

ir verkind ta tBrad: thal thichrasant nfERAT Gan, bEIGLA B30 aR) 6 dREBRaNST |
foyrt hﬂ‘é\DﬁT rsias_gafcﬂée@bf mwaumw Sretrivees Usrcnimbenyf pmksdfésenm's mmrat es
the two fl ow tubés 103A-103B in order neasure Corioljs eff

mat er opératingweode ofwibration. i uthermmereathe PrRsentdaentios may; Cg Y to

ar 11 Sy 868 Viilesind O ABhGkbBs 1opA-ThSHT e FERtlg Do 4RI, P!

rac ea@ﬁrn%aﬂa?ﬁ# fiews tHFdd@H thkDrowaiise Bhakheh ised Bite Coridlig 8fiect tEI megssre
101-101" are affixed to nmani folds 102-102' Mani f ol ds 102-102' are affixed

to ompsmpmﬂpoﬂm&)matbnal tubes 103A- 103B. Brace bars 120-121 are affi xed
8 ou ubec Pt oo Rl AR b PanteloP Mol 102, Lo,
%?g@?@%ﬁgb\? ()I:gB_EQORJSA andt FOIBEb bars 12010 dtised 904 185d pivkeofis fli0bed to
and 105'. Flanges 101-101" are affixed to manifolds 102-102". Manifolds 102-102"are
affixed to opposing ends of flow tubes 103A-103B. Brace bars 120-121 are affixed
to the flow tubes 103A -103B as described below. Driver 104 is affixed to flow tubes
20 103A-103B in position where the driver can vibrate flow tubes 103A-103B in
opposition to one another. Pick-offs 105-105' are affixed to flow tubes 103A-103B at
opposing ends to detect the phase difference in the vibrations at opposing ends of
flow tubes 103A-103B.
Fianges 101 and 101’ are affixed to manifolds 102-102'and connect flowtubes
25  103A and 103B to a pipeline (not shown). When flowmeter sensor 10 is inserted into
a pipeline system (not shown) which carries the material being measured, material
enters flowmeter sensor 10 through inlet flange 101 and the total amount of material
is divided into two flows by inlet manifold 102 and is directed equally to enter flow
tubes 103A and 103B. The material then flows through flow tubes 103A and 103B
30  back into outlet manifold 102 which joins the separate flows. The material then flows
through outlet flange 101" where it exits meter sensor 10. Manifolds 102 and 102' are
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o'pposf ng ends to detect the phase difference in the vibrations at opposing -

ends of flow tubes 103A-1036. Flanges 101 and 101' are affixed to
| ow tubes 25 103A and 103B to a pipeline
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15 Meter

18i s not i o .limt the teaching of the present invention.
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% vers. Meter electronics 20 process left and right velocity signals to compute mass
Iow rate. Path 26 provides an input and an output means that allows meter
electroni i i i
| tronics 20 to interface with an Operator. The internal components of meter
electroni i '
. tronics 20 are conventionai, Therefore, a complete description of meterelectronics
20 is omitted for brevity.

| The configuration of Coriolis flowmeter sensor 10 allows flow tubes 103A-1038
> tohave asmaller flag dimension while maintaining the accuracy of the readings withinr
-5% of the actual mass flow rate. Flag dimension is the length that a loop in a flow
tube protrudes outward from a plane that is perpendicular to the loop and that
contains the connected pipeline. A second advantage of the configuration of Coriolis
flowmeter sensor 10 is that a less expensive manifold and Spacer may be used.
In order to have reduced flag dimension, flow tubes 103A-103B have a
substantially semicircular arc 150-150" between an inlet end 151-151" and an outlet
end 152-152", Substantially semicircular arc 150-150" reduces the flag dimension

Since by creating a continuous curve in flow tubes 103A-103B. Substantially
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Bhce WAL ER ol oA i) ot Sl soiaratasarc rs6400 1
reduced f Tagachiceszieon stability andtessaparste o atignal modemaf the ﬁaM Hbes
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di mepsi.Qn N eagi ORGl NS ith fibWwWiuibezes3038303B38.
Subs{] ﬁl%i ?ap%\ gﬁd?ébrr%'i ?{gt%}gP‘%g%cB%go rruzsf glgfelxﬁqsetg in order to allow flow
t ubegrokitAatd 0Ait endbis fofo eonret flowi tebesdi GiAaad 1038 deicontral esrilaliens| ow

18 rtiowiabeesiser 1O Rosird e AL BIRUTBIEN Rl 103861638, 1o
a”dmﬁ@grﬁégﬁgﬂéﬁqh 188 to EBiindid fRvin b1 0BAIaNd 7098 tdeohee! bsalations:

flo ITec he pipeline into substantially sem circular
@; c dffiovk B0bes 10BA0BRY dn aeprefarrad exemplantembosimentt farst bricg banbE0 nodes
; the flow tubes 103 A-103B,..a first brage h ce bar
121 and sgeonddyace l?aro@ a8 ffifed Lo Siw 1H58s ﬁf?é%%gﬁggﬁggﬁﬁ%@g ﬁ@
affi - 5 hiBiretilaeadc 150.t o connect fl ow
@8&% Jﬁ}éj’i"‘%gﬁ@?cﬂ%‘% Bubfaplialpsentibirellae ac

t ubes o0 control oscillations 10 of flow tubes 103A- 103B.
155econd br Beiveba04 12 affixeddbiflovetbien1 08Avand H03B1atznposition o s@Mif@IBLL | et

d 152 ] fl 103A d,103B . il i f
T ORI thada sibstantialy Hrs mideaat Beavaen, i il ENe oifee 184 bpfidw.© o
120 4 BQF mﬂ ggg@C?hR%oéi@én aNBwaf diiver1 04 th |pply the Yréadat HOSGINt of
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seniforgecto flowdubed 303A$03RB iusing theleiast amquid PTROWEIo b rivesd Ofoe&eHes 1038

A DOSI i Om et alectrartis 2 vid bait 100'that chise WvkR1blabloscifatd afadpol nt

20 desired ampiitude and frequency. In a preferred exemplary embodiment, the

frequency of a vibration is substantially equal to a first out of phase bending mode of

flow tubes 103A-103B which is a higher frequency than conventional Coriolis
flowmeters. In order to reduce stress from the higher frequency, it is desired to
maintain a low amplitude of vibration in the preferred exemplary embodiment.

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

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

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

the flowmeter.



t'ubes’ 103A-103B. This position allows driver 104 to apply the greatest
anount of force to flow tubes 103A-1038 using the | east anount of power.
Driver 104 receives signals fromneter electronics 20 via path 110 that

cause rfffixed Tas MdrniRl€ 180 shd9p9e$ked anplitude and frequency. In a

preferred ex eéa@/e odi nent, of a vibration is

subst anti al l@;’r-p Jaistrates aispaces 200 ke & I?Whafé;@&? of féow t ubes

103A- 1A3iBtahs & tﬁnfggﬁgr freeg‘;Jvency t han conventionar <& $Race 200

flo ers. I'n order 1afee b P@@é"ﬁmmﬂ‘rﬁdkﬂ@andfd@m lfoiéiHObs

desi r ke canventianal apé@&fsaiﬂipbbﬁﬂﬁfﬂ&ﬁvﬁ(%t?r ation in the preferred -

e@mhﬁtéﬁ%"?di ment. 25 In order to Vi ES i SRAGS AR isL omtlel 6Bz hi gh
h

f requenc RasRr | ihasdequiieands fl 99erPP oy@,‘é, «iqpust _be affixed to
f1 ow emﬁlawi'éfni,?ﬁﬁngb @%Si tion where the gﬁe egirpé%’?ﬁjt IR e rrefaread on -
may be sensed 1 n flow hote sgugre EOQB.1afh-ﬂQ1aaremaspiacgk-§quar§eﬂ§%rgsm

ol1s florcés caused

105- 1anifeldsdi2t o2t f ef f Cori
o AR epfeRuibd By Wl 281202 eony

by t |.owi n erial. Ina 1 02 eenneatieadh ensor s
a o S50 BBRSCFE 5kt ot amtoncosuest Operldgs Hoafle ool o 30
W WsentieireUSF rcéhféc‘;j@i sé)-.off}, sensors nay be EI ace‘%’ t aa'&ﬂ’%isﬁ‘ibﬁ?’ﬁﬁJJMere
fetween 25 ang B0 g 01 tiPYntube143A71038 teprothefe froRY S éﬂéé};}ﬂo ,
ec for Elawe 103X0 oddeefd oymeter. 7 racer Affixed Tn Tanifold
102 and 1%%553&1232&183 [ pacer 200 affixed to flowneter
sensor 10. rehcasiagr300 forosrsdl ' inl et manifold
®02 BIGL Dyt CRIRBbHGk 10%cr e fibike c@oﬁ‘bgﬁ*{%ﬁﬁ?gé??&“ﬁﬁgwsegmm s
Iovq%%e}rs, spacer THgtirechayingiavapliowninsice tat f@@%ﬁ@ﬁg@%u %? squar e
enasTRA1098 and inatfisetido spdesr 200 1 B Bdrshrsushim) o s ool et Lhe
sque&.ﬁls?rt?i% .19%- 91 are cast as squar i A weld, aroRitslery . Four
15\l/\aétl I's rep ;Q@g W‘@iﬁm atrpospheg: (fmiﬁ%@iteﬁllqg?'mégﬂglc%&ﬁ? Sqﬁire bases
90- 191 t(Cnudi . enjngs 210 alTow subs Tally
se .r((:e i rcul ar"(?’é?aiB c@]@ fgggﬁ%tle 1%) @\A}f?ﬁ%%"qwmtliswtbs_tapﬁgny BH@all foCfRes Pacer
- 200'"egyencyntthe desirgd mada&fﬂ@ra%gé%@vﬁﬂﬁeggga 31b£i| ustrates a casing 300
forit%ﬁ%b@% %I w t ube 103A-1036 ( Shown A1 03B, Ifthisistpesnrei s a
structure ha ! @R%"gl% ’F%W_SQﬂﬁrﬁér&debf&aﬁif@Gdd%%%ﬁPm' 10366‘_ 1038 and
s ofthexbratiorzper Abw Rbdd 18841 (TE Bhe® S liias, 2 (el & Of 'ﬁf o
. ) : X mass 301 to a
substantially flat portion 302 of casing 300. One skilled in the art

| will recognize th
the mass may be added as part of casing 300. ” )y

20

T . _ .
; he above is a description of a Coriolis flowmeter having a minimai flag
Imensi i i
: ension. Itis expected that those skilled in the art can and will design other Coriolis
i OWmetersthat infringe on this invention as setforth in t

he claims below either i
or through the Doctrine of Equivalents, e



‘bol ts. Casing 300 prevents atnosphere fromentering the enclosure. 15
Casing 300 may resonate at a frequency that is substantially equal to-the
frequency of the desired node of vibration of flow tubes 1 03A-1 038. |If
this is the case it is desirable to change the resonant frequency of
casing 300 to prevent m sreadings of the vibrations of flow tubes
103A-1036. One solution is to affix nass 301 to a substantially flat
portion 302 of casing 300. One skilled in the art will recognize that 20
the mpasaTas dleaiMEDdISas part of casing 300. The above is a description of
a Coriolis floweter having a mnimal flag dinension. It is expected that
those skilled in the art can and will design other Cariolis .flow neters
that i nfrifom epibhy ﬁc\ivméwlf(@mamgsaﬂ’eﬁmﬂﬁgl imePs i SRETRIE S ei t her

0

it [ the Doctri f _EQqui ) ARHAIMED 1S 1.
AI C§; ?ol ?/sammm;:gl%e(ﬁp%ﬁé\ﬁ%ﬁéﬁ'?ﬁ%imf@g{ ¥ﬁ%g{%@n%ﬁ?‘glﬁlwggﬁgri Ssi@{l]g: a

first flow tup 03 | gi tiahy eemimimdular sy (46Q) ketwe@n ¥dend 5
(¥B1" §1,51§a§6'%fffr§é OW@%%@E §gpg§%gr 15'1115:) tantially semicircular arc (150)
bet “eﬁﬁ”gtse?'iddand shidtoutled emdcofesidi it flPWIUBRY of said first flow tube; a

d

| t ube (1038 k S ' 1y anchad catiebend et d
T oo fauriibe (RE) Paffhosine 4} pletard (153) anc ot en

ly sem,Gil. rc (150
bet we said '%&Bﬁﬂ tiformisch substantiaﬂycsecmicg'a‘il%" ?E‘ﬂﬁﬁ’(ﬁﬁ%@* ﬁbe; (00 a)
drive&%(zll)o% a% I'xed to said first, fl% BlﬂB@v @-said second flow tube at a
" poi nt s4id islet end abdtsaid DH’L'GW@@R&E?‘F’&? §IP arc of Said first flow tube and
Spid subsiantiald & ffadiaTirstiowofubeaint saidaesonddlaw tbe At i s
@.ﬂ)stantia?%ﬁvef) %A%’g@cﬂ ar to bendin aagi S of .- s; i%g_f'éi t flow tube and
sai d seppaf shidyyliststiallyesemicirsulan ath ¢ SEstoM b8 A 3 [ ot 1 ow tube
and Sglg second flow tube in 13 I hg@qnbé%aaglsuatmﬁiallsa first brace
bar (ddisstantially-semiciecuar arg ot 4l fe'fggg/qu e proxi mate said | Ietg end of said
{15t L1 Ut 405 ARdaalid afod of sachrsttiontie and sakls IR BIE o i ot
end REPENLIE é@n ? tube; a s coml)?br lg ec&ﬁéh%:w?\ﬁbb)ﬁﬁd to said
firstwhb saiednvendiscilatessaid ftﬁ%ftffoé!‘f u (?ﬁ%a %rsal irst flow tube and
affixed toq sa%'d S cgtnd flow tube proximte said outl et

15 opposition to each other; | . )
a first brace bar (120) affixed to said first flow tube proximate said inlet en

of said first flow tube and affixed to said second flow tube proximate said inlet end

of said second flow tube;

a second brace bar (121) affixed to said first flow tube
econd flow tube proximate said putlet

proximate said outlet

20 end of said first flow tube and affixed to said s

end of said second flow tube; and . |
pickoffs (105-105°) affixed to said first flow tube and said second flow tube in

a position that allows said pickoffs to detect the greatest amount of Coriolis force at

a low amplitude vibration.

= 2. The Coriolis flowmeter of claim 1 further comprising:
an inlet manifold (102) affixed to said inlet end of said first flow tube and
affixed to inlet end of said second flow tube. said inlet manifold configured to
connect said first flow tube and said second flow tube to a pipeline.
30

3. The Coriblis flowmeter of claim 2 further comprising:

a substantially 90 degree bend in a flow path through said inlet manifold

between said pipeline and said iniet end of said first flow tube and inlet end of said

second flow tube.



end of said second flow tube; and pickoffs (105-105') affixed to said first
fl ow tube and said second flow tube in a position that allows said

pi ckoffs to detect the greatest amount of Coriolis force at a |ow
anplitude vibration. 25 2. The Coriolis flowreter of claiml further
conprising: an inlet manifold (102) affixed to said inlet end of said first
flow tube and affixed to inlet end of said second flow tube, said inlet
mani fol d configured to connect said first flow tube and said second fl ow
tube to a pipeline. 30 3. The Coriolis floweter of claim2 further '

conprising: a substantially 90 i | ikimgw pat h through said
i nl et mani #olThe Gerokshow eéerp?%gg'pﬁz fgﬁﬁgrs%c?}gﬁ?%llhgt end ,of said fjrst flow
tube and i ol.e 4epfh.plokP| fh2)sameed1d said auliet snd of saihBrbIPre iR 9Mbumet er
of claim 1% er conprising: an 8 tlett ”B%}égiq.ﬂleﬁ%'?ol@%hﬁggmﬁo said
out | epffired t6fsakhouatidti et of saidySEEBE ﬁﬂ}ﬂ’ DBt 0 éal t(i!noutlet and of said
second flow tube, .sali j & flofitgbe ¢d a pipeiin@onnect said first
flow tlaueennac sad %ﬁﬁ@gﬁﬁb%%@ﬁﬁ%&gé’?a pipeline. 5. The Coriolis

flowreter of claim4 further conprising: a substantially 90 degree bend In

a flow path though said outl et L - Coriolis flowreter of
claim 1 fubt fide conpls @qmg&%ﬁﬁ%‘ﬁ%@?ﬁ?’i@éﬁ%’ﬁ‘% affixed t idinlet
end of said ﬁ&h,gfatqt%hg‘dotdgbﬁ%é%nﬂah & flow path mwngbfsmpaﬂgéwﬂﬁm?ﬁ ow t ube,
I'To

said Inlet® onfigured to connect said first flow tube and said
second flow tube to a first pipeline; an outlet manifold (102') affixed to

aid outlet end Qf .sai | | et drcco sipgd outl et end of said
ond fl of f‘ﬁ'@e,&’g%]fsdﬁ%%g%rggam formonfi l‘lﬁ?_ﬂedmll g?t fﬁ;%ﬂﬁfétanégéﬂ first
f1 ow tube gﬁgh,gmmgmnfmzn Bﬁ’iueddbléa!d)"'%\ets%@g?msﬂigb i e;lﬁ;ﬁ aaatd Spacer
200) affixed to said inlet ni f; ' dnﬂgl 00 mai nt ai n
471§ xeibtaanet afanid secviA0RHBE, %%'Qt"qﬁgﬁ‘%f‘gﬁ’gd%nd Ut et mani fol . 20
7. The LR5LALbS dnd WU s8EorY fleWaube 6o afisstatipeléi@id spacer conpri ses: :
; ' id outlet end of said first flaw tube and
an outlet manifold (102'") affixed to sai

15 sald outiet end of sald second flow tube, said outlet manifold configured to connect

sald first flow tube and said second flow tube to a second pipeline; and
a spacer (200) affixed to said inlet manifold and said outlet manifold to
maintain a fixed distance between said intet manifold and said outlet manifold.

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

(0 " an inlet end (190) affixed to said inlet manifold;
‘an outlet end (191) affixed to said outiet manifold; |
a top side (202), a bottom side(204), a front side (201), and a .b’ack side
(203) between said inlet end of said spacer and said outlet end of saad_ spacc::-r; and
25 " ppenings (210) through said top side of said spacer through which said first

flow tube and sald second flow tube are affixed to sald inlet manifold and said

outlet manifold.

8. The Coriolis flowmeter of claim 7 further comprising:

3¢ a casing (300) that encloses said first flow tube and said second fiow tube,

said casing affixed to said top side of said spacer.

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

10



dn inlet end (190) affixed to said inlet manifold; an outlet end (191)
affixed to said outlet manifold; a top side (202), a bottom side(204), a
front side (201), and a back side (203) between said inlet end of said
spacer and said outlet end of said spacer; and 25 openings (210) through
said top side of said spacer through which said first flow tube and said
second flow tube are affixed to said inlet manifold and said outlet
mani fold. 8. The Coriolis flowreter of claim?7 further conprising: 30 a
casi ng (30@Q)pdchafidewallpsed said first flow tube and sai”dmfélcond f1 ow t ube,
said casing affixed to sai =y hid tokaside W ang@e ol i s
fl owret er @fmassad edﬁﬁéﬁad@ﬁé@gﬁ'géggaéﬁ%@g%npn ses: a front side wall; 10
a back., sij 1 affixed to said front side wall and sai d back
si de mtﬁ%@%dgﬁgy%ﬁ%?g??gnal nodes of said casing. 5 10. The Coriolis
flowmeter of claiml| wherein said position of ;;ﬂ d Ej gkoc%%?qu;qipgﬁ
substantial ly_25-50. i1 hahateingsaick poeriodf fl ow
t fbe and 48 a%§eé%’?é&?¢°§§vﬁ?£%§pcﬁhﬂT e Cori o%fs%g?;gﬁ@ ttfe Gh@i m 10
wher ejsrg@‘%wizgmdegrmﬁbmi%bﬁ@ ingAxisesl es from sai d bendi ng
axises of said first flow tube and said second flow tube. 11

said second flow tube.

riolis flowmeter of claim 10 whereln sald position of said pickoffs

. e nd said second flow

(10 is 30-degrees from sald bending axises of said first flow tube a
tube.

11



