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WO 2006/ 059967 PCT/ US2004/ 039960 METHOD AND APPARATUS
FOR DETERM NI NG FLOW PRESSURE USI NG DENSI TY

| NFORMATI ON BACKGROUND OF THE | NVENTION 5 1. FI ELD CF
THE | NVENTI ON The invention is related to th '
PY‘E&?"%%%, and in particular, to Coriolis ?ﬁ’égglv’\'/%28*04%1;9960
meters. 2. DESCRI PTION OF THE PRI OR ART Coriolis flow

Ne{METHOD AND APPARATUS POR/DE EERMININGFIQW PRESSURE USING
Coriolis forces on a _10 Vi braébn condui t. The

conduit consists of ORENSITHEN TIQNy is forced to
vibrate at a resonant frequency. The resonant

fr%uenc% of the tube(sg is proportional to the
d BASIKGROUND: Qe THEINYENTIONe | ow t ube(s). Sensors

| ocated gn [ t sections of the

t ube(s) qheﬁzgggl?ﬂﬁ%}i?g?gwgéeﬁvi bration between the

ends oFhetiheertioh&(relpted Buthk figldfolf egv mdiers,\and irepartagplar, to Coriolis flow
tub{sg) and the flow ng nass coupl e together due to

t F§“Coriolis forces, causing a phase 15 shift in the

vi brati on. BESECRIPTION OFTIEE BRIOMARTIUbe(s). The phase

shift Ls.directl roportional, to the mass flow, ..
Ther e Sericlis flowgnéiat delsmune mas fovt atce 5ot g Chiotis forces on

t uiekisy c&tduit. TR doBdiBeoRfIStS Bf onedr nfohiBEs Ml iPfoRa ¢ Hbrate at a
wi t hout a change in mass flow rate, will change the i
efesenant Hrqueney. somgnt fregreney obthe fuhe(s) ispeoporiinnal tofthe density of
0 e ; ¢ ' . g

PRETEL§ S ERAED) SRS HIR e U B 46810 it
coxsuerthe redaive fviboation hteveon the endsies ¢hectulsafs)| Daningafiaw) tise Gbrating

bendi [ he. t ube(s). en _the essur rease

¢ R B hTiok R bt et A B R oBp E5E2pRe = s

S gHiR ironle tHbrativh belveew theendsasftiesublifs). Tite ghase shifhistdivaétly proportional

mass flow rate will cause a |arger anount of bendi ng

i [ theRag 's). The flow pressure effect is |inear and

ISt yYPHepislalsedtndirg Preffurde RN GiEME NOW i) b S TofidlisteRF. A

unit change of pressure. Correcting for the 25 )

pelesggpipressyracyithouty phrapge injmase Aoy s3tpgvill shange thegdfect of the bending

PESS h She'tbe! Yvih Stk ey ,tﬂEhU@'nébegsg%ﬁﬁ Wiffen and the same
INng an average pressure value can I ndu

uaacw pf Gatidisdoncer duewh the cotmtantmassdlow rategeilhcanseatsimater amount of

i n_the .oper.ati ressure in the system ur.i t
aBoE iR WRGTRE B st Re A ol ik Bt

peletible andthe 3SHE Embund BE0oHuHs foredsaiut kit cortahtmasdsrflow rate will

desi gned . .
causg a larger amount of bending in the tube(s). The flow pressure effect is linear and is

typically stated as a percent of the flow rate per unit change of pressure. Correcting for the
pressure effect requires either using an average pressure value or measuring the actual
pressure. Using an average pressure value can induce unacceptable errors when there are
large variations in the operating pressure in the system. Measuring the actual pressure
typically requires a pressure sensing port, a pressure transducer, electronic circuitry designed
to monitor the pressure transducer, and some means for transferring the measured pressure
to the Coriolis flow meter.

Therefore there is a need for a better system and method for determining the pressure

in a Coriolis flow meter.
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to nonitor the pressure transducer, and sone neans for
transferring the neasured pressure 30 to the Coriolis
flow neter. Therefore there is a need for a better
system and nethod for determining the pressure in a
Coriolis flow neter. 1 JP patent nunber JP7083721

) 08 Seemtrmiet PIORYES STRASH i BB lekRring apporge
\Q/I?s‘bélr%gfsot?g Rgﬁgﬁndga "this3apip rfattis G4 mitde WP ofaensbt tibeks P asds® through which a

i peseps eieon e & for VSHITECRE s Sibed s e 2 cgpoler 14
%G{i?e}réetgﬁg@g Bfife P Svinhiis § 8 §.0Thedontbliérd 4B éRds Bp 6f a time

erence detection circuit 17, a flowrate
clififrence dgtestimt dienit 18, 2 fow ratprompusiog sectian 18, 2 display section 19, 2

frequency neasurin i_rCUis ' ' .
SRR SR BH a5 1, AR e omvemion
anduia 2 PaeEs preutaioectdnadrenit 2.uThe &3sityTéompmiéingisecfion 21 determines
PR i Lt BTG OPh S VBT AT DAL Y6 Bt cgopF bes 2 and
AR Sredsute U1 £uid Rsfbemadidrel HorPhe densitg tiededfh Thén, thedpressure
to be neasured fromthe density ther

S Ul . of . Thep, .the
pogsdipneircyib2E perfasms pEATOROIR fPRegion ﬁg? 5 value of the flow rate
Zf?c{n? ﬂf&?{lo@\t ra%%o&;)‘&{ii\}\g Ebcfbn P8 RAS U £ Pre¥etd a1t £rbMahd déddity-pressure
rate romthe flo

_ rate conputing section 18 based on
aopvasisurisewtd2ue from the density-pressure conversion

Circuits 22, t AT+ ' .
o of8 g BB 7 QU AR e g
pidpSablegpressare daddérsity sewiivity Udisgldsesiths dollnydng.tSeweral Radial Mode

fol |l owi ng. .Several Radial -Mode .1 L4 Ok | of
ot A% 1o Seonh 08 1Rl S it B Rl B may be
qﬁﬁd(;ertb B_@E’eﬁsiﬁﬁ& tdresshe dmeﬁi@;gbhhggs dnohe embodiment, esveter

or density changes.. Ln one odi.oent, the netfer g
oL} 810 Soofis o COMOI 1 BH B EA APAReL g, the
it BehpRedRb VIS ivaA theCldatas4tah niikicvn elRe(2) b kitivél cideldifopeteating a

to flowin the conduit at an unknown rate, fé!%) a grlv?l .
ctibration infthe Dew eonduifgthe fuid alieging B ViQTRHRes B TBRFHoB A thepphysical

t 75 Cgf’&z%h&%ﬂm rdtd) $3)Vd d¥ildr iciSfof mehbibihl @i AieredRbration ata

p characteristic and the flowrate, (3) a
deorsingpoint At produdieg 2 sigeal tepresgntingan aneqppensaredmass fny rate of the

. Kin L nt - is ' te of the fluid
Pgif and D K cBmREn H RIS (B BIUBINLS Bork R mass Aoy rate of the flu
f propettiound to #hi uacongpepsaelt rasiby d/.OMEGA A onp.oavhert LMEG Al 1s 2
conpensat mass flow.rate of the.fluid, n arti .
SR L Grenn e AP SoB o g eiiopbe FhSfR o g dpftion ofthe.

. e pbirt Sthécompensated rate thereby reduced of effects of the physical
characteristic. A unique mathematical algorithm is also described that allows for 2 much

wider variety of design geometry while maintaining insensitivity to pressure or dengity
without having to measure or compensate for either. In addition, a method is described that
allows for the accurate measurement and compensation of both pressure and density.

US patent number 5,734,112 entitled “Method and apparatus for measuring pressure
in a coriolis mass flowmeter”discloses the following. A method for determining pressure in
an operating Coriolis effect mass flowmeter. The Coriolis flowmeter flow tubes are

vibrated in both a bending mode (as is normal for measuring mass flow rate) and in a
2.
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driven natural frequency of the flow conduit and n is
a nunber chosen as a function of the. 25 working

poi nt, the conpensated rate thereby reduced of effects
of the physical characteristic. A unique nmathenmatica
algorithn1is al so described that allows for a nuch

Vgﬂsg'rlﬁg \leni(aqrdl?.le %['é ol d ?g'gegﬂu%rtb F\%{lj{érg Vmc':xl:seatn%ﬁ t?b Ello%bes vibrate in
teachBfhy fo Gibratiofmeidesis erdpottictial 1belse prbnumdeithm the, ﬂcmr tubes. Inthe
AN N T —
C}@Ngé%énﬁn%% ﬁﬂﬁaﬂﬁhﬁ[‘fw{u&ﬁa@i ofthe/ b viBratiGiHl idodes] Fast conjugate

nd appar at us measuring pressure in a
Cgmdlcm‘l@cﬁhd@ltﬁﬂ folterecare they jusad to sapidly patimase the (pdgmental frequencies

th
L B e 98 B B2 e s
flhei\adihg distabiicech atidiaad paks tﬁiteiscat el abeeoulisivg mm:@tam(ldécchhood

i

fmﬁ@ehmﬁdl BRq@dncyVbitiakutdsh @he bﬂm&smmding ldodt end mmgqh
of the two vibration npdes, is proporti,

piregusRpestipates el to|dgtrrrpings due Pr?%ﬁurﬁh‘é&%ﬁheﬂéweges as a function of
eﬁg?ﬂio%e tw% Héﬂ%iefsfaﬁ (:v%ﬂ a€tdRhidPthe! 'nBtch 'aﬁdl ¢ Blt@Schains

super pose SI nusoi d repr esent i ng ament al
fused treenbiecs the b@rﬂ@gtmsie\ﬂeamcw ohte %a@sauopésnsor channels for mass

CON, F:}g@&t:oﬁn t%[ <adl PR 1{:%: é@tsﬁ La ;da#' El:reﬁ%e A& hRBRect mass flow

used y estl undanen frequenci es
i itegaoipufionsher forwtheri poessure oreasnweinent plipeseas PET 3¢at ed

f ' by filter chains including
§Wﬁmﬁ@r@%ﬁa ass filters as well as
r ecur sA vethodantdpparaticis divoloeed tbﬂl\dete)mﬂiegthb dbnsﬁtiyldf ematerial
chnl ues .to ena e the node stin
PR A TS AR RIS ey R asa 3 et the e of the
bﬁ’swthg thaflE PCinfedes bicBthreMEEbd kel tcseemﬁacﬁ:r tRisetanidas pressure
are used to determne the pressure within the flow

t ¢ffretinghe Goripfirdlqwymetss or rp%berrawr&? dp ap evice.

frequencies as well as to center the notch and band

. pass filter chains used to enhance the bendi ng node

f ABBEEEBY of the two vibration sensor channel s for

mass - §lo %ﬁégﬁﬂggﬂ%m&m@ BEHBH SR Ring0

det er mi ne tb correct rmass flow rate
conputatdsorisg the démsity of hmatepabﬁ@ungthm@m@orisﬂﬁs flow meter;

gﬁapgs%i i S?egreasiugec? °‘f”r?§“"" H m nes %négen&ﬁd

OfhagactéRized bypthe féﬂcﬂwmglgeﬁshrough a Cor| olis flow neter.
The density is used to infer the pressure of the*R*T*

(a) setting a value of compressibility z to 1 in the equation P = —p—-fj?—- and

calculating a value for the pressure P where T is the temperature, M is the mole weight of

l)

the material flowing in the Coriolis flow meter, p is the density, and R is a constant;

(b) using the calculated value of the pressure P to determine a more accurate value
for the compressibility z;

(c) using the new more accurate value for the compressibility z to recalculate a value

for the pressure P;
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flowng material. The inferred pressure may be used to
correct for the secondary pressure effect in the
Coriolis flow neter or may be reported to an externa
devi ce. 20 ASPECTS One aspect of the invention

i ncl udes, a nethod conprising: neasuring the density

of a erial ; s

e o s B Ul e St bR o wine
preddfizes Ut denS|ty 25 characteri zed by the

foIIo ting a value

conpr easTepvts fy metios Skt <Crhoristyuhere e pormppsssibiffys detprmnined

agithp MAIREHGH frétf e ArkieiniGs ABtifioRTATAY réhotd Rintber 8 S

t he tenperature Mis the nole weight of the materi al
f 1 owi rieyeferabliheaasthost fusthen cowmprisesaybergthe yser fprggptadity enter the

[ ed val ue of
e hc ] BFBE eral Howitp' idulahe BB GHEE o1 8 6% 20
for t hirefecabiy, dssmdﬂmd fuyther, co(np}nsessmhege thp gsards\prompeed to enter the gas

 TRB R el BT AR i 4P PRSP Bl et (B oghe material flowing

rmﬂﬁx’ghiﬂ&gﬂﬁﬁﬁ&rﬁoﬁbﬂﬁegasuﬁpdl t he vaI ue for the

pressure nv.e d to withj redef i ned
Pr ef er%ﬁf@aﬁi‘f’ﬂ {‘%gﬂwﬂﬁt?rﬁgi’ﬁ%%ptf’le %‘%‘E%h% ﬁl"ﬁé"mpnsmg
CoNnpr eg&inahit b&ﬂﬁgm%dd@b&&ﬁhra%wugﬂnﬂ@nﬂnf ormation from

the American Gas Association (A report nunber 8. 5

Pr eferﬁmaytoqeweverépﬁﬁamﬁ@tq‘ﬁbﬁateéb s where the
user i3 LEbrddQeRddk 68 I%hf‘ed 15 BleBsubEthe Motiollor He Vtﬂ;kﬁhng
materi a ow ng through t | ow neter. Preferably,

t ermdpigst hod further conprises where the user is

pronpt e ri0lj s,

roter aosy e kPR b AR, I 1B AREbPtlaRrsl ied on e
fhloﬂmmgfththlbmmggcd)ﬂdmtfl ow neter fromthe gas type. 10
Prefer

bl | f
! 8RBt A S B g e o

t e deteirained aengitpw@@cﬁm{ge;mpal(a)-a(ﬁ) | east one driver

confiqured to_vibrat he conduit;
gPteferably the method er comp:gses

communicating the determined flow pressure to an external device.

Another aspect of the invention comprises:

(a) calibrating a density to pressure relationship of a Coriolis flow meter for a
material at a low pressure point;

(b) calibrating the density to pressure relationship of the Coriolis flow meter for the
material at 2 high pressure point;

{c) storing the two calibrated relationships for the material;

(d) determining a current pressure for the material based on a measured current
density and the two stored calibration relationships characterized by the following steps:

{e) determining the compressibility Z for the high and low pressure points;

(f) determine an average molar weight M for the high and low pressure points;
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a first and a second sensor configured to neasure the
notion, of the vibrating - conduit; 15 a processor
configured to determne a density of the flow ng
material based on the notion of the vibrating
conduit; the processor configured to determne a
pressure of the flow ng material based on the

*RETH 5
det er anda Si4aét PrsstieastibladPsdsRigqlfion- Peeﬁ————— where T
Pr eferably e nmethod further conprises: 20

YAl cali oy gle%?&ggy}naﬁ? Wl POARE RRIIE AR in the Coriolis

aspe e I nvention
qmmmbﬁﬁﬁplsﬂﬁ)deﬁsﬁy;bﬂdhsmgcoastdmny ty to pressure

relationship,of a Corioli neter,. .
at a I}E‘Mls fl?""p"t??‘}?EeSSi?’H a"isinﬁrﬂé? ngﬁﬁﬁsé“%%&'g’#e%
to pr%ﬁ%ﬁ%ﬁafeed‘%wfb%mr@eﬂﬁndtae Coriolis flow neter
for th 25 material at a ‘ﬁa&hggressure poi nt ;

stori rﬁgmtm(@m@)dmﬁ% ;1851 e§sgre st ate” has converged
%W&irﬂrpe §8kgr M ning a current pressure for the
Based

mat er | on a neasured current density and the
two stAuotiter esplebtinf she ioventioh inchusies h CosiolisBeva meter porftgusd to execute

f:tge f@gl ow n steps (e) determining the
45 957 Z for the high and | ow pressure

poi nt &.coﬁ&u{édﬂﬁ@&%&tdmdmmlﬂa\kﬁmﬂmi ar wei ght M for

t he hi and |l.qw pressure paints: 4 .(.q) determne a

"] ast "’g p drt %?FPP%‘%@“‘%@PWSM&?&Q on P = P* M *
Z Wh ergffirdt anda sbétad seipetcfigied tdinessuidhe aotomgEthawitaating

ht of the material flowng in the Coriolis flow
Wit p is the density, and Ris a constant; (h)

d et er i fGcelsdp CUhfiArEd 16 AsteRhink E.Hﬂélt?‘ F e fbb&lg"lh@t%ﬁal based on the

pressure estimate P'; 5 (i) calculate a "new pressure
ggommfghevxp]apngmtt; steps (g) - (i) until the value

for t retre ﬁ:Qne ial based
wi t hi Eﬁa prea&;C ﬁﬁ%@ﬁﬁiﬁ%ﬁ{ ot aspgg]t%fg’f nat baseton
|mwdmmmneddmb1qdbsaxacmglstsm@ﬂ(ﬂw met er confl gured to
executg, femlgﬁr, Rt (%lgdd faRth& coriphes:

a storage area containing the pressure to density relationship for the flowing material .
at two different pressure points and where the pressure of the flowing material is determined
using the density of the flowing material and the pressure to density relationship at the two

pressure points.

BRIEF DESCRIPTION OF THE DRAWINGS

FIG.1 is a table of gas compressibility for pressures varying between 14 psia (9.84
grams per square mm) and 1464 psia (1029.3 grams per square mm) at a constant 70
degrees Fahrenheit for a number of different gases.

FIG. 2 is a graph showing the information from the table in figure 1.

FIG. 3 is a graph showing the relationship between pressure and compressibility for
a theoretically linear compressibility and the real compressibility of Gulf coast gas
composition over a pressure range between 14 psia (9.84 grams per square mm) and 1464

psia (1029.3 grams per square mm).
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10 a conduit configured to contain a flow ng materi al;
at | east one driver configured to vibrate the conduit;
a first and a second sensor configured to neasure the
notion of the vibrating conduit a processor
configured to determne a density of the fl ow ng

mat er | ﬁlj_G. as e pRNE NG thom R bR aifr helfe%gernaatt'h&geﬁcaﬂy linear
condui 15> t'e processo? contrrgure O determne a
pE@Bpredstbility ahd thefakmal cognprestibilitp bf Hasabbrof othelgases over a pressure
det erm ned densi by executing ste < ,

PRBE PP L4 TRA (R BRI o S EOmgre 468! psin Q293 g per sauare
a _containing the pressure to density relationship

for 'the flowing material 20 at two different pressure

poi nt sSFERE isww bloek disgrapy af adenriolis flopraeter igan syample empagiment of the
i l.ned using the density of the flow ng

ng‘fr%rﬁl{g]l%%ﬂnb "the pressure to density relationship at

t he t VBIG. pries SowehpofortiteratiBily AsteDESERItRTflON pEBsiuT¢fom the flowing

DRAWNGS 25 FIG 1 |s.a t of _gas . c ressibility

f sty &%reégmﬁgreﬂbﬁwgfégeﬁ c‘ﬂf%og‘lvgn "84 grams per

squar eFIm) igw God4hdrt fsivwing 4 fizthod of ealitBatingra fogeiRERT ATTWO pressure
at a constant 70 dogglrlees gghrenheit f.or a nunber of
dPYipls 1 Ape Gaaple enphodiment phths ciyrrentinveptiol ng ¢ he

i nf or npid. 8Ns & ERAN dhBRirpalé Gersily/bicSdikSrelatioldhip foB Eksfish between 314

graph showing the rel ati onshL‘ngetween pressure and
c YD 220 g3ms per spvare mup) agd dAlhpsda (7 49 Byamps g gguare mim).

conpr epR). Biid b ingwhe kb Retefithinp AP OGRS Rblink prélburCulifusted for
coast gas conposition over a pressure ran bet ween )
1tempsiature, o1y the bigh apblowquyersvrs calijratiorpoints in. ongsixample embodiment
(1 ‘ nms per square nm. 5 FIG 4 is a table
sﬁ%t\%mgﬁng'e%%‘ maxi mum di f f erence between a theoretical
linear conpressibility and the actual conpressibili

o Dpt et EB Prsmrit S 1oRTE pREEERR PR FORnbSP 00,
psi a (B39 13 gahsfollewing@esiiptiontdpictspédific exaniplesao teach those

g%léqﬂl oo Wébﬁ'dl ag;rgg])‘? ;:%nalak%o agdglsé Szefblesqtvz\{mql%to? {helilgve%tqmle. or;pt{me purpose of

teaching inventive principles, some conventional aspects have been simplified or omitted.

-

Iy
ty

Those skilled in the art will appreciate variations from these examples that fall within the
scope of the invention. Those skilled in the art will appreciate that the features described
below can be combined in various ways to form multiple variations of the invention. Asa
result, the invention is not limited to the specific examples described below, but only by the
claims and their equivalents.

Flowing density of a gas is expressed by the non-ideal gas law and is:

PM
p = 1
ZRT W

Where p is the density of the flowing gas, P is the pressure of the flowing gas, M is the

molar weight of the gas, Z is the compressibility of the gas, R is the gas constant, and 7'is

the temperature of the flowing gas. In many cases the temperature and molar weijght of the
6
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current invention. FIG 6 is a flow chart for
iteratively determning the flow pressure fromthe
flowing density in one exanple enbodi nent of the
current invention. FIG 7 is a flow chart showi ng a
met hod of calibrating a flow neter at two pressure 10

P54E v 03O ARD R 5 ke css o o
dévmvider pngseificving best ttmperhiugesf the tebkimfitars ob e WiRMin@dh may be

pS| 2 a er. square and, 1014 psia (7]12.

o aalnEE WRatli? Tohid pptahe: (E o Polsg veidaf sopopdersd constans,
d egeatioh Nicagbé kewditiéd &0t f1 owi ng pressure, adjusted for
tenperature, using the high and | ow pressure

calibration points in one exanple enbodi rent 15 of

the invention. DETAI LED DESCRI PTI ON OF THE PREFERRED
ENBGDN@ENT FIGS. 1-9 and the fol |l owk3)g description

depi ct Specific exanples to teach those skilled in

the art how to make and use the best node of the

i pvention or, the purpose of 20 teaching inventive
p%f-‘&‘?fb}séé‘?g 0&3?158?{%’%%#’ ig dhsnressunepf Ererflazying gas, Nis a

S chmtant, la8d 704 the BbihbRGibiliiUTehesgak ! ol 2t @{hgﬁ b oLriabili
appreciate vari atigns flromthe:és%g Eggar% éZSSHﬁat %YHVllnablhtyofthe
wilpHing depsity ismeipdy effectaddyiths, Bewing presytiro ansl thix corhprdssitrility.

t Eﬁu&ﬁfoﬁ 2 lSh%m%g@#@%ﬁés Eﬁ@étﬂrr gﬁc' gt?o%%.’[ flolq‘%g g?\ging

bel*ow can e Co way s orm nu
v pressaure, ontside thet dffecisof coprossibility. The rage bf flowing pressure in the

DA Y B i s B P58 i S proimacty
e d4ipsiay| (.84 grants persqugredamy) tb 1464 psia (J839.3 e ﬁaﬂ: 1h), a

t he. non-i deal . sll apnq.is: .P = (1) 30 Wiere p

| D ehamerrny o T gty bl of s mpgreub ity G pressures
Otarling bEtwewh DOpHRE.84\rams bbtqudte k) awgi 1i@§4 h& (1008 3 YRsns per

Zis the conpressibility of the gas, e gas

c YHETeRD) atgfPnytanty0 degrecs Ealyraigit for @ nymbennf differantiagses. The

: i I i . -
PR O el LA SPGBy it

r BfRrmatienls Arnericey Ges Astasration (AGAxBeportiNert “ChmpessibitityeFactor of .

VWS Fat res.. <y -

t enper g}tg%%gl Ig{IattEé] e % % : o%gﬁ‘g%%gp %ge;%gn;@aé)%ﬁ%%g%gr% Jrhilig pereby

t Ineorpbrated iy refereper. Higure 2dnalchateshowingthevnfoginbtiar fom the table in

Cﬁaﬁé ije a§ g:arfgen ss’rs:ter‘ril %:torsﬁ figure 1 and 2, compressibility has a maximum variance of
approximately 1.3 to 1, over the 14 (9.84 grams per square mm) to 1464 psia (1029.3 grams

per square mim) range.

Figure 3 is a graph showing the relationship between pressure and compressibility
for a theoretically linear compressibility and the real compressibility of Gulif coast gas
composition over a pressure range between 14 psia (9.84 grams per square mm) and 1464
psia (1029.3 grams per square mm). As can be seen from figure 3, the difference between
the theoretically linear variation and the actual variation between compressibility and
pressure is slight for this gas composition. Figure 4 is a table showing the maximum
difference between a theoretically linear compressibility and the actual compressibility of a
number of other gases. Figure 4 indicates that there is a nearly linear relationship between

7
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equation | can be re-witten as: 5 p=NZ (2) \Where p
is the density of the flowing gas, Pis the pressure
of the flowing gas, Nis a constant, and Z is the
conpressibility of the gas. Equation 2 shows that the
variability of the 10 flow ng density IS mai nIy

afc&% re?ﬁbn@& atn??rcstL d}g WhE %ﬁg{ §f o&gg Bgﬁnﬁ thc pressure range of

conp €SSI uation

f :16\;!#51&@9 8¢ pints\pet sludnenm_n{jtoyl 4ﬁ4 pﬁ?f(IGZGﬁedralhmpéﬂSQuare mm). Equation
0 res ure, ,outsi, the effects . )
cORb Bl £ RpFe o toniig Betspn Prsviorpig deusty Bessp Ethese linca

MBh@héd Yineh r@ﬁﬁonﬁlﬁﬁs?al E@aRdiive 2RElddGRA bOUSd\e bRt M»o:ﬁg density to

at nospheric pressure (apprOX|nater 14 psia, (9.8

gPEeR¥EYHer square nmm)) to 1464 psia (1029.3 grans per

squar egp{iide 5 & aﬁ%rcmg?ﬁg 6f LoRAR N Ex?fel?lt ghegﬂgt?ﬁélﬁ ffow meter has a

Figure I's a as Conpr essi
plcwbntr(é@) withropierog mives berrodAgyred to qodtadria Jowing ugerial. There is one

P%E’%ome?ﬁ?&? %ée%ﬁz I ees vlg—blozglh%cé’?? rfn%%ﬁ%ﬁ?&%ﬁmemy of the

d kbidnite Senwas@66) alhenfigared temsasaid the yotibn bHihs ml:gﬁﬁgamnduit (502).

¢ RobEones Al Paned i Fiam el 2 58 806 A Shagied to contol
ReQiperatiens of the Corfalis@o®/ Mbtrt. [ QordaaQB508) NRhiiRY in one unit or

Gas and Rel at ed drocar bon Gases” (Seco printing

1 95 be wplitbgtwesn maytinle unitsy FoF prsmples thersmay e samproalectronics attached

Fwaae @o%ohs%ﬂ@wm&&wﬁm diétnbiRs hﬁ§ BE eamfe&@d iam 1 computer
tab figure 1. can be seen I gure

2 m@@moﬁweﬂhat ﬂ:plps htagrr)éthtrmtm il mmm;:@e (ﬂowmg matenai creates

a

SERHAN AR od oo b sk Sy o provcn e

r amgmds 2% theicgorhait. :{helssnsarsgnapth'e s&tamhasagshifhbetween two posmons on the

SO0 R AP B BB Pl e

c dimtmal Thd Cériblie fﬂo%étemqsliavg as:mlc;ﬁﬁaﬁﬁdriﬁmrébef(hoeshown), or

pressure range betvve SI a er squar e
¢ JROPErREF daia G Sorihs dlowpetorgan also

Ca&exlﬂﬁnéﬂ‘ne ﬂeﬁs‘it? Bfﬁicﬂwwi‘n aﬂzﬁﬁ vdinl Wﬁ%ﬁreb%dﬂ%ﬁ%fﬂie%ndmt
t heoreticall y I near varl atl on and the act ual

vari at [ogmers gmpedipentcofiths qurrent igventign, the depsity af thg flowing
SH&%EI & %edttb hrferdle ﬂ&\gﬁ Ltk Bf gxg nhdrfal. 4F1b§re% it @21o& chart for

showi n maxi num erence between

t kerariealy éﬁr—mynmg ﬂc@ilo“cmn@imnbmﬁﬂr?wm&mm Atstepp§02 the density
CHBE ST b fon A COR0 o PR BBl B s

beities of the vibrating conduit. Determining the densxty of the flowing material in a
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7 conpressibility and pressure for a wi de range of gas
conpositions over the pressure range of 14 psia (9.84
grans per square mr) to 1464 psia (1029.3 grans per

squa . Equation 2 shows there is a lin

rvgﬁgﬁ'io?/g d i p between pressure and density. Bg@lﬂgsgmé'fo”%ﬂ
these linear and near |inear relationships a

COi s Ao MBetEEt Ben kfch AthdGR0AL QerrolAahecdni@ddsibility of the gas z is
density to 5 pressure. Figure 5 is a block diagram of
asetdorl in/thesformydy neter. The Coriolis flow meter has a
conduit (502) with one or nore tubes configured to
contain a flowng nmaterial. There is one or nore
dgi_vpf“i;ﬂ(ss‘czr)z configured to vibrate theg3 onduit at a

n

tur alggeeydi ng frequency of the condu Sensors
(506) are configured to, neasure the né) j on of the.h Fth
VMBI ip hecliseng pregsgtse] Is R ICEBRTES R p{ ’88%6)‘“?@ weight of the
g@%?ﬁ&itfﬁ%ﬁ%)lgttﬁﬁcg{dlﬁ Eobhet@OshdA BlstSRASGRE $s RRA1ARCAL step 606 a

I gur ed control the operations of the Coriolis
f better yadnesaf z ideterminadensing mﬁnﬁgﬁd peesesp P alisedlvye ot figegas

upit or... e . ' e it St o in AGA
i LA SR Rt pcfRsionn or

t feporCRy doniprassibilignionie e tables,domipessbibityesguations o stata,yor e like.
B B Rk BRTRL R 2 R s e
f §Mnn@dIBétes 608 has hetaofterddd t©aithinla e feerained threstivd, flow returns
vi brating conduit, causin ap%g)ase S.Hi.ft. in the i the last
ViotsHeat906 st A REEFF ashimate pfyie SarromprespiRUity i AgigTned fiing the las

SENGPAS VRRASHF Be bREsuR R SR hénthd ?re&ﬁie\hﬁﬁfé detdEmiDE inl stepBO8 has
on the <conduit and the controll er deternm nes the fl

w
r epmesergéd fotveithima prei dgterringdhihresholdathe priessyredisa deen successfully inferred
d} & ﬁ byped WERY inl\BMfntiar BEvays.
i %B%gﬁrfper af‘%:r{%%b '0 hg%%%d dsr%\é\ﬁvfmg)%%@%er nr%ay r eceirve ¥s
t enperlatone exaigiisemnbodimen oftht srvertions n pressurean; byl displayed or

flow neters can .al so 20 detern npne-th [

PPt P Tt B et 10 isEF dr sterile Wpressue

C @k doluld bel ga?]taag sﬁx;@mpﬁe? mafﬁﬁ@t?ulmm_hc priessuteeinside llhe ipipe to detect
invention, the density of the flo erial is .
uswsatepgessire eonditinns I 4Gatheg cpimare eiRodfieqtpE tigpBpat fvention, the
Fhrgéﬁuee RldeSnd HeluQid BR8#éct ER'a prdshiRE atfdcy R the ARSHAIW Med@rement of
the flow pressure fromthe flowing density. At st

e
6te Corinlis dew gietey. Thetprashise piacbisitanically stafed gS # REGERIRE ﬁﬁ dlow rate

' J i ion 4:
S Sy 850, 3 81/ st i
density of the flowwng material ina 7/14 WO
2006/ 059967 PCT/ 5(;2004/ 039960

M roe )

corrected ©
1+{[ Pe ]*(Pmlic —Pml))

100

Where M.omeciea i8 the corrected mass flow rate, M4, is the measured raw mass flow rate, P,
is the pressure effect, Py is the current pressure, and Py is the pressure the flow rate is
currently calibrated at. P, is typically a function of the geometry of the Coriolis flow meter,
for example the diameter of the conduit, the thickness of the conduit walls, the stiffness of

the conduit, etc. Equation 4 shows that when the pressure in the meter is equal to the
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Coriolis flow neter is well known in the arts. At step
604 the conpressibility of the gas z is set to 1 in
the forrmula: P- p*1545*T*z (3) 144*M5 where P is the

ressure, T is the tenperature, and '
r%?é"“ﬁ@?ggﬁt of the material flowing in the Cl\ilbé?l?%#zp@m”%“

flow meter and a first pressure is calculated. At

}G%Ru' ter*i’@éailﬁfate\ﬁt W &f‘re@ted flow ﬁe@ﬁﬂ‘té‘ﬁﬁ' ah% 189, WhRn the
Ca cu ate Fr essure P. The val ue of
s

comp presiue sihigheythan the cgjibyated sy, the cqrrecied flgay wil be smaller
the information in AGA report 8,

conprégggaﬁg Pﬁty | ook-up tables, conpressibility

equat Mdme thﬁ Caricdus ﬁpwonettrhsemfﬂm the\flow ressusp ug 0B the measured

@r o S Sﬁ?’gan%% ateﬁlgcré ﬁl{» hﬁ%tgﬁ%y eflow ng t ortrl]gh thg meter are

inSedell ellheﬁ%pé?rﬂﬁrerb@ﬁ b@ﬂlﬁaéﬁfeg Qdmg a semsbrhm mhaanﬁtme or may be provided
deterni ned t hreshol d, m1returns

egean ol (g st T DO MRS e Byt pcenlond 6 @ user o

Aedvedl Fafla HShoidsdulte. Wasd a udedls@hlerh e the Yllarydight forhie material,
pressure P. When the pressure value determned in s

816 maysentes #idisetlycty tRInginiaaier ey mageaiehit directly by Saeifying
f
WY AR ﬂﬁt&?ﬁagw{ag%%g ggssga@oagﬁg VPR GRSk rtefs i e Bfthe

Inferred pressure can
Hipwirseratenial ar thergaecontfositieg.dhe Coriadis flowymetpr raayass @dodkup fable to

of . the i,nvention the PLes di spl ayed or

Ssteprine thecRgePgnding Iyl cgelgétj%?tr?gﬁ&{&%{ he Coriolis flow

met er In fthed ¥0ummpl€ecmbddéiment efthe cerreny tivergionpihk thebirededensity of a
nitors the pressure i

to a safety .device.that nsi de
{tfhoing Berer) iR doraiming TRe SRRt By FPE B R AL
%ﬁé&&ﬁ}@/ﬁerﬁl@ E’Gﬁtﬁmﬁﬂ?@ﬂi IHE{ presaliretpdimt et dt@Nbw ipfo¢Qiné paint, Because
the 20 pressure va be used to correct fo

ﬁh@mﬁn@/c@fm%ﬂatlws@nés ?P&@& lpag anrotis Soecier 1gp pecpygglibrated a
ftv»% dd1ﬁ'e1fe41 {PPesIt ﬁﬁmtos;qﬂ? ®e S8 frdnd tHedeRirerd|deNsity

as a perce flowrate per a uni t
Ohﬂm!;mtermqm Besug the cambeatmayropcss ey pressurefipthe flgw meter must be

ff
PR RS il R R S ing o g oy e
tap ams:ptlbfsafet;mdma% step mmthﬁ ataea,naMnahe ﬂ«wf/ }ﬂem isqaessvrengd tca:v\ﬂrst
ow , | e essure e
vl st OB e dgpt e i ool Vo Qi e e frst

fJr80re 2IA€ stk 706 the material in the flow meter is pressunzed to a second level. At step

708 the density of the material is measure at the second pressure. When calibrating the flow

meter the material may be flowing through the meter or may be static inside the flow meter.
The meter may be calibrated for each type of material flowing through the Coriolis flow
meter. In one example embodiment of the invention, the high and low calibration points
may be stored in a table for the different types of material that may be measured by the flow
meter. When the material type currently flowing through the meter is entered into the flow
meter, the meter would lookup the calibration points for that type of material.

Once a meter has been calibrated for a material, the pressure of the material can be

determined from the density using equation number 5.
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currently calibrated at. P. is typically a function of
the geonetry of the Coriolis flow neter, for exanple
the diameter of the conduit, the thickness of the
conduit walls, the stiffness of 30 the conduit, etc.
Equation 4 shows that when the pressure in the neter
is equal to Qe 8 WD,2006/ 059967 PCT/ US2004/ 039960
ppessure pt he "P@v)cghgh_lg' Tgvé at, the correggted
f19%s effual to th;g,ﬁ,r—ammjl ow. \Wen the current

pressure is higher than the calibrated pressure, the
corrected floww |l be smaller than the neasured

fl.ow. en th riolis flow neter,.is | ' t he

Wit st 8 CHECIEHSHEIRR PRt y b O SRS ot (f o s
V&iligRtioR Pint, (75l i6 tHegrékute at Bt high@rdsaire calitratidnQintpp/e, is the
through the neter are needed., The, terrperﬁ%u e .can be
rdsasit weasytsiagths lew peesvure FREDRRIORRPIBE Phig!s ﬁ%-“éty measured at the

SOV . . | t : .
%%?Q@&e %iﬁg%@? R&)ﬁ{, AL, el GBS LRt BreBRR&PensiTiOf the material

wel g e gas can be entered by a user or =
pilowing ddofightthe metcenBiguredois pchart shpaingthe density/pressure relgftpnship for

t rwebght .f ' [
TR LBgUE i 20 g sl o B OBV s e
| salare ). yADyani tbasadn frym digue®, theditbbowen therdimearlirgland ghe actual
nane or gas _conposition. \Wien the user enters the nane
ofUIYHE 4 g‘\ﬂfeng material or the gas conposition, the

dCo riol m&nahﬁwxaﬁb&ramﬁggm oﬁthr: ixedention, ﬁblh?gli and hlow pressure
eterm ne the correspopdl n ar wel t or the

neplibratign infompatiqn capbe e '@ﬁﬁ% PEFOHRE GROgeR &1 PP of the
| ANGRE nPiferial NGl 354 b BdwlBRS FdrdeRiminglthO¥iriat ABiigiféssure,

is used to detérmne the current pressure by usin

a
calinstaddoeterperagire 3sine dhefigh and loparegeire ﬁslmrﬁtl%poaltgri Hhstep 902
{) drpredstbil 'isrﬁ(fté?ﬂl%eatfozaeial:@w tHE E&g%@ 1P prBdsureRaG8M486n points. The

e ‘pressure/density relationshi'p is nearly |inear,
oeropredsibility owey ibe deteriined wringanyif Migrthree sheghods {AGAtgress Method 1,

Lfferent nore ' . ipers
e 25 B AT B A PBAHEREE ptity on
Duables) Goinpeessibillitsheqabiions of staeeerthé hile. pitestep fiOd, amavelage molar weight

flo ter st be acgcurately neasured.. B gure 7 isS.a
fob el T o s S P8 PRt Beifng peloidh 1 o
NRAR foR thedholkrWieight @bt € poi nts. At step 702 the

material in the flow nmeter is pressurized to a first

| evel . At step 704 the density of the material is
measugggdrusing the flow nmeter at the first pressure.
A 06 the material in the.flow meter i
pressufized to a second level. At step 708 the
density of the material is neasure at the second

p%se’?e%?s th\év]n?o arcv?éilghtt): ro?%hlen etnhai IIils %V\el measured pressure at the low and high

pressure calibration points, Z is the compressibility determined in step 502, T is the

temperature measure at the high and low calibration points, p is the density measured at the
high and low pressure calibration points, and R is a constant. The molar weight for the high
pressure calibration point is averaged with the molar weight of the low pressure calibration
point to give an average molar weight. At step 906 a current pressure P is determined using
equation 5 and stored as the “last pressure estimate”. At step 908 a new value for

compressibility z is determined using the “last pressure estimate”, the current temperature,
10
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meter the material may be flow ng through the neter or
may be static inside the flow neter. 25 The neter may
be calibrated for each type of material flow ng
through the Coriolis flow nmeter. In one exa
Ma‘&?’ﬂﬁ?ﬁ? of the invention, the high and IoVIER!T%SZO[""‘"39960
calibration points my be stored in a table for the

' {of RREhPSS tHBIGehiAl addtRS cuiRH BASIEE A Wef 910¥ “new -
Shéeg‘?faggvhonet_efg.h VWhen _tee material type gﬁrg?ﬁ?l% o
fHresslirn gstintatel g balewiaedwit equationshuainge compressihility|dgigrmined in step

S TRUS £ 3d RiRhi AR 1R current

bt aferig G vl s REA]R oo B0 E B At g U, curen
aehpdratatec hthep 942 thet‘aevw plessutdrstipate’ swevaluatéd uding the following
material can be determ ned fromthe density using
EGBPon nunber 5. 9 )1 Pdntnna = Prow + 1 r(P.rr w -

A * (P,.,. P. PAlgh Prow J (5) Were Pdererntned is
the determ ned pressure, P!''  is the &ress‘#rglat e
| ko yteolish Bew PEISPIF SYHIIE” 5 olaHPTesBE Gt ) 55 1pr eYdur e

at the high pressure calibration point, p,,,, is the 5

density nmeasured at the | ow pressure calibration

PWhert the pauatipn issrue e “dew Pressurerestimaied ds sef ax the curpgngpressure. When
1 1§ Al 2 A PRI otirAEP 1Pstoredt o8 ther*)dsSprbddire estimate” and

SRS A BB e e e e

t flovoregims th atep@0€ Usirg thigliterafive method; e effests ofia nbpngh in temperature

et fopae GSGalTan F PluDilR Ao nen P B B RS s e

Ofi gEndA6W preSsi@cAibratbn péistscan be seen fromfigure 8,
the fit between the linear line and the actual 10
curve is quite close.' In another exanple enbodi nent
of the invention, the high and | ow pressure
calibration information can be adjusted to take into
account changes in tenperature of the flow ng
material. Figure 9 is a flow chart for determning the
current flowi ng pressure, adjusted for tenperature,
using the high and | ow pressure calibration points. At
step 902 15 conpressibility is determ ned for each of
the high and | ow pressure calibration points. The
conpressibility nmay be determ ned using any of the
three nethods (AGA gross Method 1, Method 2, or
Detail Method) disclosed in AGA report nunber 8,
conpressibility | ook-up

11
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tabl es, conpressibility equations of state, or the
like. At step 904, an average nolar weight for the
high and | ow pressure calibration points is
determined. Re-witing equation 1 to 20 solve for the
CERII S_wei ght gives: M=PST (6) Wwere Mis the nolar
- of the material, P is the neasured pressure at
Wdaihow and high 25 pressure calibration points, Zis
the conpressibility determned in step 902, T.is the
1t enpArmaethed ferdlgtemining thepeesirg Of 2 MASTERL OIS i on
pol n " P 2 »
o comSesgPing ho\fert RURFA haltbAPHDRihehuchiDE  COlahs MOV Pt (602);
ol adetermiginy of messttesoftthgflowmgasaterial foen thermedsoredplsnsity
i S aver age Lth the nolar weight of the | ow pressure
C%?qtmzﬁai%éfﬁ %@Pmn&%ﬂr&rve an average mol ar weight. At
step 906 a current pressure P is deternined usipgp*<30*;
equafa) eettidg avdlustof cemipressibility 2 toakin the equatioa @?t‘i‘rraﬂa“.— and
At step 908 a new value for conpressibility z is

czﬂ&llﬁ:‘ir[?t NeAudiFr ik préGurd APE04)RARELT & B8 tdrifdrfture, MIB the mole
current tenperature, 10 WO 2006/ 059967

wRgt ofSho ot d dewing indhe\Cerielifcllom meteryg isghe degsitypand R is a
crratagléi al, and the current density. At step 910 a "new
?ﬂﬁ ure estimate" is calculated with equation 3 using

t he @npihgstd Rildiilityd dslue biithegelessiire gt Riletdddne 4 Mere accurate value
aver age nol ar wej aht determined in step 904, the
for the eomppressibilitiz (GR®:t he current tenperature. At step

912 ! i wo .
Fol | SAPRBERALEREA foofRle Pt rort, QYRREIERYEA) Ribaldbfce  value
foazrshe pragsate P (608)st pressure estimate") <= 1. (7) Waen

t he uatiqQn is true,the. "new pressure estiate" is ”y
set U5 TenFating SERSY maﬂ%&%%lrtﬁe e for tﬁ%PfPf?&f%ﬂ%éPP&?ng%m within a

ple@bifedliffic.  new pressure estimate” is stored as the
“last pressure estimate"” and flowreturns to step
906. Using this iterative nmethod, the effects of a

chan in.t erature, in the flow.g.materi.al,.can be
2{ akents FEBed R sl Lahsre tha ey i dsiouted Bthe g
cdhifresdhidly @fudtibRV RS SihformatibPfrdi B0 AMddriths Gad Kssociation
CLAI M5: "W claim o
(AGA) report number 8, including compressibility look-up tables, or methods described in

the aforesaid report.

3. The method of claim 1 where the user is prompted to enter the mole weight (M) of

the material flowing through the flow meter.

4. The method of claim 1 where the user is prompted to enter the gas type and the
Coriolis flow meter determines the mole weight (M) of the material flowing through the

flow meter from the gas type.

5. A Coriolis flow meter configured to execute the method of claiml, comprising:
a conduit configured to contain a flowing material (502);

at least one driver configured to vibrate the conduit (504),

12



1. A nethod for determning the pressure of a
material, conprising: neasuring the density of a
material flowi ng through a Coriolis flow neter (602);
5 deternining a pressure of the flomﬁng mat erial from
t he
ste gﬁr% ?Q(%gﬁ Séﬁlsor gﬁ%i@&#%h%n”pr essl %‘J%I%kll{ &BQ%P&C vibrating
cdndufthe equatlon P = P * M * z and calculating a
value for the pressure P (604) where T is the
tenperature, Mis the nole weight of the materia
flowwng in the Coriolis flow neter, p is the density,
and Ris a 10 constant; (b) using the cal cul ated val ue
5 of the pressure P to determne a nore accurate val ue
for the conpressibility z (606); (c) using the new
nore accurate value for the conpressibility z to
recal cul ate a value for the pressure P (608); 15 (d)
repeating steps b and ¢ until the value for the
pressure has converged to within a predefined limt.
2. The nethod of claim 1 where the conpressibility is
determined using conpressibility equations of state
10 or information fromthe Anerican Gas Associ ation 20
(AGA) report nunber 8, including conpressibility
| ook-up tables, or nethods described in the aforesaid
report. 3. The nmethod of claim 1l where the user is
pronpted to enter the nole weight (M of the materia
flowi ng through the flow nmeter. 25 4. The net hod of
claim1l where the user is pronpted to enter the gas
type and the Coriolis flow neter determ nes the nole
15 weight (M of the material flow ng through the flow
meter fromthe gas type. 30 5. A Coriolis flow neter
configured to execute the nethod of claiml1,
conprising: a conduit configured to contain a flow ng
material (502); at |east one driver configured to
vibrate the conduit (504); 12
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a first and a second sensor (506) configured to

neasure the notion of the vibrating conduit; 5 10

15 20 25 30 12a a processor configured to

deternmine a density of the flowing material based on

the _motion of & he \vibrating condui . -

or o BRskE finrigleato A RlhPE i RRELS e BB Nind Mifteriplbased on the

mblienb Nhe Veiratingddonda €500)n the determined density by
executing steps (a) through (d). 5 6. The method of,
cl ai the Prgagron épnfé@m toddetegminsAprgsisg ehije flging material based on

] . | device. 7. A
th?rg%%grglﬂfggge%%&(leglyfnéxﬁe'?ﬂg{g?%?é?sur egg?@g mat eri al ,
conprising: 10 (a) calibrating a density to pressure
rel atj onshi f the Coriolis flow nmeter for a
6-mat e{fb%meﬁlpﬁﬁPBngrf@&éﬁr@nw&swﬂ; (b) calibrating the
den StdimbiRicRiShE iBtefrRinRl FIBRSHERURS tolal @xfeptdl Akvige.f | ow
nmeter for the material at a high pressure point; (c)

storing the two calibrated rel ationships for the

mat eri al . d) determ ning a.curren ressure for
Tt he hivekedforidiientift Sbadts PLaMal L BrBREHET | *anc

the tapealitratieth daisith tapieSird RlalonsHis BE ff; Cdrivlis flow meter for a

adj usting the current pressure for the material based
mgteriphat adowieepsutedipid at ure of the naterial. 20 8. A

Cori ghi.sr: ter . ' C g

o clEheRtrs IR b0 ph U E R RS o LR AR heter for the
mafefihbatn tagh pewsungpoiat,er i al (502) ;

(c) storing the two calibrated relationships for the material;

(d) determining a current pressure for the material based on a measured current

- density and the two stored calibration relationships;

(e) adjusting the current pressure for the material based on the current temperature of

the material.
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8. A Coriolis flow meter configured to execute the method of claim 7, comprising:

a conduit configured to contain a flowing material (502);

at least one driver configured to vibrate the conduit (504);

a first and a second sensor (506) configured to measure the motion of the vibrating
conduit;

13
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at | east one driver configured to vibrate the conduit
(504); a first and a second sensor (506) configured to
neasure the notion of the vibrating conduit; 25 30
13 a processor configured to determ ne a density of

he fl h
i o APFSE Ebn AFRTrE R b RnPhe el bpsed on the

nﬂﬁb@bm}ﬁ@ﬂﬁa@mdgeaﬁmnﬁ (898)f he flowi ng material based on
t he determ ne densitg}by executing stigs (a), throug
(j) . ths pyocessors configused & delesinga Riesre of Pﬁogfm&mﬁﬁé‘ﬁl based on

jqﬁp the pressure to
ggﬁg%)ﬁ/{ pe at | {1 %ﬁﬁg%@\#ggghateri al at two
di fferent pressure points and where the pressure of

the terial is, dete ned wusing the density
i t{q{% &”8&*‘% oweéq:rlo({plagﬁ& erpqogggﬁ%ggt o density

rel aj ‘st%ib%@'apea%niali}ﬁn suR prés@u&&@%&%@ rBRtifhship AR theféwing material
met hod of” claim 7 wherein the step 0f adjusting the

atgwordekferept prsssureepdints andwhereghepiessuryebtbd ﬂowmmenaterlal is determined

i 8 e LRI oW g g R iy B Bl ot the owo
présduee pdii®. hi gh and | ow pressure points (902); 15 (b)

determ ne an average nol ar wei ght for the high and | ow
pressure points; (c) determne a "last pressure

i ol :
5L T ot 5908 S GETPRIAL L bR o e
mpteeiabhiased es thenmireit tefhpSjatura nﬂth(:fn)atemﬂ eampaiteshe fal)owing steps:

ot | (IRAESTHAIE o cEBRTERBLY £8orPE Aigh FBJPeaBrFHe@oints (902);
lim o) ddftrmine an average molar weight for the high and low pressure points;

(c) determine a “last pressure estimate’;

(d) determine a new compressibility using the “last pressure estimate™;

(e) calculate a “new pressure estimate” (910); and

() repeat steps (c¢) through (e) until the value for the “new pressure estimate” has

converged to within a predefined limit.
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