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gener Lo o V16 e T T e LTS, ST Ik R ragede”

f uel s Of fiekiaa ethyera direghy from petroteren by combustion at 2000°F using a mixture
of napthalene or crude oil and high temperature gasses with support from pure

30 oxygen. Depending upon the nature of the crude oil and the availability of gasses, the
reaction temperature and timing may be adjusted to optimize the economic recovery
from use of the reactor vessel. Mass balance calculations based upon compositional

fractions in the flow stream are often essential to these general types of calculations.
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engine is not neasured. !t is substantially inpossible to performa direct
or indirect neasurenent of chem cally available energy that resides in-a
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Boilers and engines may be adapted to use different fuels. For example, a
dual-purpose boiler may be easily converted from use with a gas feedstock to use with
a liquid feedstock. This type of switching boiler has application in the public service
30 company sector where an electric company may wish to switch between fuels to
minimize its expenditures for fuel or to reduce levels of regulated emissions. It can

be very difficult to switch a boiler from oil to gas and then 1o ascertain how much gas



As reported in Snell et al., Insfallation of Multipath Utrasonic Meters on

a Major. Australian Metering System Project, in Decenber of 1996, nultipath
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study we ni-e S .being. greater than the volume uncertainties. As
shown i n{{r ?WZ@E@VE Ogi@é’fleg i %a',og‘afﬂwg’@% Ry ¥retradiiigasilyanherergyrantent
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energy Vv S, decreased levels. SOLUTION The present invention
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contgent Lol her enthal py-rel ated values that are available froma fl ow
stream Rccu'r acy is inproved by avoiding the fornmer necessity of converting

mass based flAweR§imBRIHHIRNE bsatb@avalmmhiém%%ydégﬁémb@n b On
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torque available from the engine. Similarly, a boiler may make less steam. The
20 combustion devices may suffer a diminution in or improvement in efficiency if a natural
gas supply changes to one having relatively more methane. |If only the heating
content of the fuel were known, it would be possible to alter the operating conditions
of a combustion device according to a preselected parameter, such as a change in
volumetric or mass flow rate to provide a constant energy source or operation of the |
25 device within a preferred range for obtaining an optimal fuel efficiency.
Asreported in Snell et al., Installation of Multipath Ultrasonic Meters on a Major
Australian Metering System Project, in December of 1996, multipath ultrasonic flow
melers (volumetric meters) were installed on an Australian natural gas pipeline foruse
as custody transfer meters at all offtakes from the transmission system into local
30  distribution systems. The meters were each coupled with a gas chromatograph that
analyzedthe flow stream constituents. The mass flow measurements were converted
to volume and volume-based enthalpy values were calculated for the flow stream.

Ultrasonic meters were chosen for the study because they were reported to have the



25 streamand to provide first signals representative of the mass flow

rate. "A"chr omat ogr aph, density or pressure imeasurenent c¢onbi ned wi'th-am
enpirical correlation, or other neans for analyzing the content of %(gﬁiflgm
streamis used fo determ ne constituent percentages of the flow str “zgr%
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flow neter léxela Coriolis nmeter) the neter can al so be operated as ~
densitonmeter, and the density reading Q(;:ﬂrll be used to associate the t 5
flow streamw th an enpirical correl ati hiONper gy content) as an
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These obj ects and vant ages of the tnventlaon) as we as ot her “f'eatur
Ehe i rident aongteninptdes@eathsd péfoRis exitdosly adduréteddirect nhes suremeptanco meetining

the foll ow,ng description,together with tl~e associ.ated draw ngs. e, .
aspect of  MHeTFRs SreToRS PLadRa e hip et SHUBNE Mt BERGR ilFient e
tel emetry apreeraMme ealblianoss rEpsirbaeéRansiidrlee, 50 asli d36sHtoortdret or
nmetering device conprising: rnass flowreter that generates first signals

i ndi cat i ngohergsthalp:reiptevaiges thal arpswadebledreniaolewirearoufbcwarcy is

fl ownete:r; ] i i.r.st si | s; i i Vi
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stream and gener_at es second. signals representafive of said constituent
per cent agedSCCARINNI FHRS G S Sconpri sed of circuitry configured to: receive

said first si gnﬁkén@?i@riﬁgﬁggﬁi@%ﬂgeéit&'&%\?ge o8 thOEAEMHY ribhbhihg $haRal S

and said second signals tiplying sa

fractions in a flow stream having multiple constituents. A Coriolis mass flow meter
or other mass-based flow meter is used to measure a mass flow rate in the flow

25 stream and to provide first signals representative of the mass flow rate. A
chromatograph, density or pressure measurement combined with an empirical
correlation, or other means for analyzing the content of the flow stream is used to
determine constituent percentages of the flow stream and to provide second
signals representative of the constituent percentages.

30 in preferred embodiments, a central processor, computer or controller is
used to interpret the first signals and the second signals receiQed from the
analyzing means to provide output representing an energy value in the flow stream.

The energy value is derived by multiplication of the mass flow rate times the

4



mass flow rite, said constituent percentages, and mass-based energy val ues
of constitutents corresponding to said constituent percentages fo generate
a massbased energy content of said flow stream and 5 30 June 20034 004
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confi glur ederi®@gi Gorcrallcidedthec - vl 3 pon_.infor.mati on
obt ai ned fromggai d ch‘romfog?ggﬁﬁ&irﬁlﬁ% ‘gftseg%cr%ﬁe:aggtr%%ts‘gggﬁaf{)ﬂérrgpgpe '
control s LAYaknpiante @am geabdsiom device suloativery piaimeebatmllsdisdlies of

presel ect g r . Qrg)ﬁ' livery of a substantially constant rate

of energy%e?%g?ﬁ%ﬁ'rﬁy codﬁggﬁ?gﬁh. 25 Anot her aspect is that said

throttle contrdiherdhe nidsavwiay hﬁﬁmlr Q%@@ﬁ@]@s 6L 188 REEAcAR RIS, said
ivery of energy at a rate wthin a

presel ect rgneter. conpri ses d ] €

preferr ed%g‘ﬁg‘%&ﬁi%g“ ﬂsna@jme‘%faa'&@mﬁ@@m%w [§adings. camer Heed ia pestciate ihisat
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the invenlion, will be apparent to those skilled in the arl upon reading the following
tescription logether with the associatad drawings. One aspect of the invention is a
20 rnetering device for providing real time telemetry concermning a flow stream having
muiliplo constituents, the melering device comprising:
a mass flowmeter that generates first signals indicating 2 mass flowrate of
said flow slream ﬂowihg through sald flowmeter and transmits said first signals;
said metering device characterized by: ‘

25 an analyzer through which said flow stream passes wherein said analyzer
delermines constituent percentages of said flow stream and generates second
signals representative of said constituent percentages; and

a controllor cemprised of circuitry canfigured to:
receive said first signals and said second signals,

an process said first signals and said second signals by multiplying said
mass flow rale, said constituent percentages, and mass-based energy values of
conslifuents corresponding to said conslituent percentages fo generate a mass-
bascd energy content of said flow stream, and



measuring a mass flowrate in said fl ow stream and providing first signals
repnaentative of said mass flow rate; said nethod ci~aracterized by the
steps of: determ ning constituent percentages of said flow stream a?ﬁcjl 5 2004
genefating second signals representative of said constituent percen ;

processing said firstysgnalm 06 S8k des ' I A ILplylng Sai
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chr omat ogragith ToAnsirdwm taspdatporssaidintat abhseH snefytdualidnt dfefaid pewvatdten,
based upon Infgé licn obtained fromsaid chromatograph. 20 Anat her aspect
is throttling Saldhel 8PS e dAtsald grassilbwmelpfcogyiesiaCarpliesmssct ed
par anet er ffndeli very of energy content in said flow stream Another
aspect is that said presel ected paraneter conprises delivery of a
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2t arate w

Anot her  asppeischinlivbatersitiy de iR THRE sal NAKANBLAT FrSATEHIH Pt %él&ery of
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Anather aspect is a chromatograph conhected in said flow stream that
transmits third signals to said controller. -
. Another aspect is that said controller c'omp'rises circuitry configured to
20 calculale an enthalpy related value based upon information obtained from said
chromatograph. |
‘Another aspect is that said throille controls said flow stream based on a
preselecled parameler, sald preselected parameter comprises delivery of a
subslanlially constant rato of encrgy for release by eembustion.
25 Analher aspect is that said throllle controls sald flow stream based on a
presclected parameter, said preselected parameter comprises delivery of energy at
a rale within a preferred operating range {or a combustion device.
Another aspect is thal said throllle controls said flow stream based on a
preselected parameter, said preselected parameter compiises delivery of
© 30 timo-controlied sales of anergy content in said flow stream.
Another aspeclis a method for providing reai time telemetry cc;nceming a

flow stream having mulliple constituents, sajd method comprising the steps of:



30 June 2004 DETAI LEI 3 DESCRI PTI ON OF THE PREFERRED EVMBODI MENTS The Ener gy
Measurenment Device Flew. i depicts ~ schematic di agram of an energy

measuri ng device 100 ~ccordirud to tire present invention. A fl omneﬁ(ﬂun%%m
is operably connecfed to a 5 flow line 10-'L for purposes of rneasu rd=a =
flowrate in a flow stream 106 of fuel for ul(irnato use in conbustion

devi ce. 108, e. g.{ncastohg ermess dowents imesaid\fibvosirestnn eah proaidireefirsidignkR:
simlarly c ed with flaw |ine-,104 forihe purpose of analyzing the

Conposi t | on'%ﬁ‘Lq%é‘? ereO{)‘?a'&I"a@\?%ﬂ?\@é % 06. AnaEyzer 110 neasures intrinsic
properties of theid hemslicharactsuedy By IfedRpEwor specific gravity, or
percentages of 1D ihr: (low streamthat are allocated to different chem cal
conpositions, e.g., rHEtREREINEEHAHBUeN RcRe)tapeophazid ranttiaem drekane,

2 Compi er Samer G Ao B AR e HT e B PRl P RErah S ont et of

the flow stream on a mpeceasing soishrsbeighals Fricove secod®aigaat BRALSRYiIng10
performtheirt resg%cti v? di rg,%tg i .S nctosurepents and send signals :

represent atsia%“ﬁlls_ RSS! FreRit CRRBIHENE BeTCRDgSS e PRY Nedsis Pasadbenary velued nes
11A and 116f chheithoh@rdirisponaniy odldi#toddifuaPPldRSn@ge 8 YR YLRBHE Y mass-
algorithmusing information fromthese signals ‘as | npgt to~provicto an

out put repr8sefcnaEY Hertanboinsaidflosnsthedrpyard tt~e heating value that is

nvai hripl e from conbust | f fuel in flow stgeam 106, . Based upon the '
out putifibl 20 interpret §bb§@ﬁ‘ﬁrﬁﬁﬂﬁpﬂﬁ%f§aﬁﬂ}§¥‘v‘é€ 8¥ F%ﬁ]ﬂf‘@?@'bﬁé?‘gﬁf'ﬁ Ye val ve
118 to act casteat of swititflogy smeamovi ding fuel to the conbustion device 108

based upon a prgsg{{ ected paraneter, governir)g the operation ef conbustion
device 10L. In £Ofherpareshissinieshintaa eeprpretative dansiiy forsaidbliaw \slrgam.an

efficiency [oss Hellas ‘ : ,
preferably incl ﬁﬁ%"ﬁgéﬁ s?géﬂ&%‘ﬁ%h@%hﬁ@i 5‘%‘}3? }eerm%ggéﬁ"%'ng e&‘gnalgg a
gas chr onefdedprivabasetbupon saist epycombating dendily oipsierd froomany ot ter

devi C?Sford&?éfh%\ﬂét?ﬂ intrinsic fluid properties that can be related to the
energy content o ie fluid. Where the f(oovnoter 102 Is a Corjolis flow
meter, |( is poSsitbbeaspectdpéiaitsmid b diQmENAlg 85i08I0v Mrasin®mphes
densitotncter or as. a capjllary tube viscosimeter by conventional 3C)
practi ces HE¥HR ﬁ@'dﬁlﬂ’w Ekeﬂﬁh%?‘%f‘&r\é?”@t%éewi cations. Either of these .

Intrinsicc flui dupithecatpRs 19B8¥IchRUBYHIrEeRhety oI bR vENs" Qoent of the
fuel on a g@r uni t mas_sd, basi s. .‘I'hus,g f he seﬁgrrate bg%gs tg%oe\?m In FIG 1 as
f1 owre( er "@sMaken ebbaincd frop paidxdoanatesrgrbr ' 11U woul d merge into a

sinU g Corioi i syfdt et o D@ Eel) rafi i s Simlarly,
Tl e fa | (g B Y S B TEH SR BN BHRingR )
i nt egr at edresticelad neoameden for delivarief CRErpNebriemt inalaidfiowayrehen.separ at e

devi ces. Manner, of, OQper.at | BV 6ol depicts a schematic process diagram
showi ng oper at i%%”@)‘f‘ f‘hr)e“ C%Pspﬁlu]tag?%;rderfrgr%cfimfﬂ"frﬁér&ﬁ'l@'“ﬁ* ¥ delivery ofa

i nt er pr et substantizclty tenslddratectenegyydof idisdscShgbampusasn f | owreter 102 (see
FIG 1) repre eniﬂI ng a vo| uggtri c or mass flow rate of flow stream 106.°

| nt er pr et er / coM YHIFT&1EPREbIsBabFIidPraseleclsdP uagieier qoroprisasedalivaryefer 104
repr esent bAgrdyHtrd Astd Svith) feBS: ¢ ' 0 (W) eam 1(Q6.
In this di SCLQS)Q? on, thémt&g,r qngéfe??%r%pcg{?gﬁ ré'ﬂ%g%ﬁ'ﬁséeﬂcrhoﬁ‘gﬂfsqng#avl?éé'do not

necessarily cofifeicd appeseigubatceanidpresasatisdipardinetsr oomprises ddifeetyesfns ar e

merely us 0~ djs St AQui i ] s, .The .signals may be transnmitted to
i nterpret @?‘Fggﬂ{‘?’E’Fﬂ%ﬁ’%ﬂ@gﬁaé&%@ﬁ{wa Eﬁ'f’ﬁg)g’s%?'?‘aneous transm ssion. In
step P204, interpreter/ GEFODESCRIPTIORMDF gHRDPAWIMNGISI'M stati stical

techni que or data ppi techni qgue to assign a heating value to the flow
stream 15 Thi @tchegl%i%&?v%afécgﬁ%ﬁ ) AReIggY redigtieg derisscsoniing tethgy
contemt iprokRAl fWehiiddatngmy be rel eased by conbustion. Representative
val ues for ener&% cont'ent include terns that are known in the art as gross
heating val ue I(\et2 i6ra progpss sentrakinw nhan akomnsémting loperatiorcefriusighein, and
specific ; - ears .in step P206, and step P208
Rl udes g ol B B b R R BPRE R e §B R Pre e

matering device shown in FIG. 1. ' '

6/1



20 operation of conbustion device 108 according to a presel ected paraneter.
Sui tabl e paraneters for governing the operation of conbustion device 108

i nclude, anong others: 1.) application of fuel energy at a constan%gg}e 004
for consunption at a constant energy rate in conbustion device 108; 2)

Do o e e b PO R AP P - LB BB W o

to fuel energy content; and g é?ér%y%eﬁé‘@?erﬁéﬁ??e&’ﬁ%n energy content of
the fuel for eventual use in conbusfion devices o type shown as

conbusti on devi&é3.1080pi8ts Tiehemaligyicparent amlegerdyt immaFheng davieentdy ways

to cal cul flows eam s the
si npl est \?\'E/a@m%mﬁ% {[”%@?%én&g j{t% gﬁgﬁgs’ﬂi\%[ef 86? fReCiRR n?‘?”r??ff(g‘ggz‘ﬁér gy

contenf, a{mwbneﬁlml’mdr byr cﬁb@@h@é&’sdrﬁ@@ﬂ@w rERRRLE ABRN R fDE del/for 30
June 2004 Lﬁn sanples of fuel in the flow stream Another way is to obtain

mul tiple tYPESIQESE Rhermauston deviggel 8 eg.aplolgr ar anmnging. ofdlovdatraam
t - | network. . The:
T F e a0ty S o ROl I 10X o I BlyiS b eyl e o

and presstmompc&ltu}oromwm:auhonﬂwweslomralmeﬁj An@nyz@roﬂwmda@swés tfhepsitol i s
nventlonal transmtters ., tenperature and

fl t t th
oo o PrORERER L O SrE il HEGB o SR G P R P EER ot

anot her  alieNpAtdieem e dbeseat toldiitrerR EhahfollicibsAighskagyn for thelr
ability to relate energy content to fuel ase upon | r|n5|t “operties of

the fuel . MEBaBRaMpREe, Rutenkopiapeter pealartee huxenletfmepdarre,aocﬁaeb poxafndie heat

cont ent SCOS V|t of the fuet:
The fuel ng?‘ﬂtl%m ﬁé ?{@}@h‘{fq\/ m@? 1)f)u %ngﬁgnﬁﬁlﬁq@p B%{ R Als case, .
there ar eatypnyhrextel ¢stinhatesgocondiamt @N@bki@h&ﬁthﬂ‘ih@ﬁﬂw@réﬁﬁ@n@ EﬁhﬁH' ate
the precise heati ng val ue of the gas flow stream based upon publi s ed

i nf or mat i BISEHSEn 'ﬁ@""i‘@l’@"é@ﬁsaﬂ deMyEeot 14 perferar theiamspetlive AB@Chr ovi des
exenmpkar er@%b.hfc%ﬁﬁﬁtb'e{?fcpéé?‘?& 5@Ra SN ABf iakbin éurﬁﬂﬁ?{té fgient s that

wi Il conprise an appreciable ercentpitge of any nat ura?é
signifi ca’h‘if‘fPFFét‘ff't?lhféﬂéhlfHéI@n bhes d b ued DIB.f Bhe Inyelrmetmtmnsoéeupi t®sed as

3060t 1 s A HGREREON a0 [RAbIFARTH Hord Bis e ibuninetily © '°
anong pr qpanielceard obipyh ezprieg dnhuptionmoud ol ARiHE Iy RREBEREIRS \AUNATEIRAL GAS
CCNSTI TUE}'\\E Ll%rrf)‘ f?’om combustion of the fual in flow stream 106. Based upon the output,
20 interprotorff:ontroller 112 adjusts a remotely actuatable valve 118 to actas a
lhrottle in providing fuel {o the combustion device 108 based upon a preselected
- parameter governing the operation of combustion device 108. In tum, the
combuslion device produces a work output W and an efficiency loss EL.
The flowmeler 102 can be any mass flowmeter, preferably including a
25  Coriolis mass llow meter. The analyzer can be a gas chromatograph, a .
densitometer, conductivity meter, or any olher device for measdring intrinsic fluid
properlies lhat can be related to the energy content of the fiuid, Where the
flowmater 102 Is a Coriolis flow meler, If is possible to operate the flowmeter a5 a
vibrating lube densilometer or as a capillary tube viscosimeter by conventional
30 praclices according lo the manufaciurer's specifications. Either of these intrinsic
fluid propertles may be correlated 1o tha energy content of the fuel on a per unit
mass hasis. Thus, the separate boxes shown in FIG. 1 as flowmeler 102 and |
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Constituent Gas Gavity' Net Heating val ue (Btul SCF)Ent hal py of Comnbustion
-~tf, (kJ/nole) Mol ecular Weight (g/nole) Enthal py of Combustion

(kJl'g) N2"0.96720028. 010. 00COz1. 51950044. 000. O0HzS1. 1765588672. 434. Oé?olﬂmg%h@i
t hane0. 5539909. 1889. 716. 0455. 47Et hanel. 03821617. 81559. 130. D757. 85Fropanel.
2252316. 122431044 | t; g ' . t ane2. D06
83010, 42874 985 1345 481 Sonen aneo” S0 RIacn U e s s, 10 50
June 2004 opesienit nwstesGasimi@riviiey” Net Heati ng
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Val ue (Btul SCF) Ent hal py of Conmbustion -~~H, (kJI nole) Ml ecular Wi ght

(g/ nmol e)* Ent hal py of Conbusti on

(kJ/ g) N-pent ane2. 49113707. 53532. 472. 1548. 96N- hexane2. 97534403. 741913}%12‘.;%%4
42" 2847

5. 91N nogancs 42606d0s So1cs 4126 S040 0ule CRELAL W ILI AR BlRLd U

. 96021. 104366355080 M501 D SeparEFEsaces2. 02t 41. 39He0. 138004. 000. 00Hz00. 62200
18.020.qqa}*1ﬁgqu;fi(yge}é)ﬁ@ri'r where air = 1. Were the flow rate neasurenents
are perforned on a mass per unit tinme 15 basis, it is a sinple matter to

| cul ate theFifas® Uepudts ' i ' ; | neipl f
fﬁecunsgﬁﬁ Ion. Trs1e @E?s ?gist?genrgagdr:gwgglbgﬁﬁgiagggﬁ:%@?gﬁl% ‘?‘%é’%gi:f?ﬁt Eiﬁﬁ? 1
N i

ERE 87 ontEplRis k. s Thieinterpattencabolier 11 Becoridgsanietlsighal from

i nifi n in the total flo tream i denotes a
S £y e ¥ hreRshil B il e e 0B mase fowtrale At flaw sireen a

" flow st 1@8m dntequretedcomntralldr! P2 CRERRRAN : ed t%?jg{}%lﬁ?(?ﬁ-, ﬂ{e[ %@%‘ﬂ%ﬂ {)@gw

stream fractign, X~, i.s a mass fraction of oOW'S ted
to the f?%ﬁ@aﬁ%demnsa% Rieperitisned depstitusmtensft thgr Apv stregihaIDE. N$h rwpent

for thigispUepiese ' ofal .mass flow rate. 25 The total energy
content can glgﬁégll%ui at e:] r%talé@g]ahp [d Eﬁ‘ﬂ?ﬁq‘{)ﬁ@”@i 9o apbineogssamily cogvepa 9

3019 uneseu@Enwhef eveEts & tihee t @ithbr aper | i ay: i
tinme, nﬂéﬁg{se nts the totlal nunbe?' of %ﬁ'é{srr%éy@n’?' apfgagpg%ﬂspﬁéﬁﬁﬂ tghleow
n

conmpone '98elzimay batanssaittedito tsamretericontayier Inyarkyosrdat indigdingdual

flow cogmﬂmgﬂbougq?ad%jgggohned above) and HF is the enthal py of conbustion
for a particular constituenf denoted as energy per unit 5 mass. The H-,

ent hal py val lde step uRde4 stivledptetenesmtsig aner gyqliek ease it 0L &6
conbustt{agﬁrgghere the reaction products are gagggdsgmgﬁeglggﬁwggﬁg%t her
fornms of ~heatFry Q%ﬁau@aﬁﬁﬁ%mfﬁ%e fgsbignsa heptingtwalird ¢o the flownelreding

netd hedthiBedahd © i _ t and gross heating value dry,

dr anylot her %o%@?&nﬁeb?@o@%@su gﬁgﬁcg?”%@th%e@%PJB? fael thgére a
gas chiiémabsdelgsisedrbytombustioharRepresentang yaLAS & &n c%\i';lvﬁhf’ﬂm lude
fracti g attg F ani.c flow streamis unavail abl e, such”as en tche

i nstrum g‘r eaE% 8§WH ’Bﬁh%a\&%s B shratingoralde et of diy ) apet hestiripvaluthe
ener gy eathdlppbf oayibbeties 4 ; uRj ver.age stant ener

val ue ngﬁr u%r't nass, e’._ g,ﬁ@éﬁ?ﬁ'ﬁ%ﬁﬁ%%&%%g%ﬁﬂl} %#S%"gr%ﬁl(égﬂﬁpﬂﬂ?éﬁé” F%flow
st r eant F96a2Qd§ten BROS includesintetpretdtmutmtiee at]usgVay < PIPIG §8§eﬁptn§0 to
9980 e aver.a alue is in the range of 52 to”53 kJ/kg. A
val (:Je %?%@OP%&%ﬁ%%%%eﬂggﬁpéoa‘fc@rrdilnigcfei"-‘prqs(ﬁkﬁ@ﬁﬂ ParsmetersSuidsblenat es
ar e t yparaahdteracsugev@ni Ad Ry - |, V& -ne : sum t hat the
flow streamis notgcont ar% ?aét ?géviﬁé%ﬁgtgggiq%g'o@né%ﬁ% 1@5\4%8%@’?0@99.

car borptbte@(i de, water, or hydrogen sutfide.

1) application of fuel energy at a constant rate for consumption at a
constant energy rate in combustion device 108:
25 2) application of fuel energy at rate producing a constant work output W
from combustion device 108 corrected for variations in operating
efficiency due to fuel energy content: and
3.) sale of fuel based upon enargy content of the fuel for eventual use in
combustion devices of the type shown as combustion device 108.
30 The Energy Content Algorithm
There are many ways to calculate or estimate the energy content in a flow
stream. Perhaps the simplest way is to meke an educated guess as to the per unit

mass energy content, as confirmed by laboratory tests or measurements performed

7



20 Vol unetric gas neasurenents nust refer to a base or reference pressure
and tenperature, which are usually referred to in the art as standard ‘
corxditions, i.e., 60F and 14.7 psia. Thus, ~L~ ~"'" y v rid ~~".rl d'gﬁﬂ’%[lﬁm
QS,dis e, C f: h ' f : e% ;

75 st andSrd SO EY Kb RHe AW SstRlarhy Rtihon Bop i o QM LRk RIS b
par ti cul @atzEanse ihusitindenebadeasoeaiel:gy npgspingitechoigueesath skartdad dptive
conditio is a nole fraction of the total gas flow stream all ocated

, X I | :
Lo an i ndler ALAPUESMETEHend NeaRdMUHP'S dRET PP IAI SRUIA N Haa VISSOsLY,
Also, fo h ,Qﬁfetr n Wale! lg;m@;' : _
~H ~ ~p ?eﬁ%‘@:;téx ~ %@%’r%%@%%%@" EFI%I ~ ~hﬁa;}(‘bé@b§|ﬁ%dﬁ§@w Eggﬁélre
N'p, &; i Cosiatib dlopymefers dobetaromtiacoenentyngletransinitters, etmywempefathte ahd
above, MW is rrg_l ecul.&r V\ﬂnght as sao,wn in Table 1 above) ps,a is. the gas
densi ty BEESSHEnYANGTHIESsihe! ape peedyrdrendlisMeasyriag; o Yines 1 I wes AeplIaTi n
psia, T élﬁf%rtn%ﬁp&.r %%Hfdi‘ﬁ%réﬁﬂﬁ:efs' Ofa ?ﬁt‘ﬁ'ﬁb'é}ed%\ﬁﬁsfol‘% i'rrébit?txgﬁ felifte
i deal gas deviation factor at “internal” flow systemtenperature a
pr essur eenamgydaritent orhielibapadupenadngindad prigsbriibs\of thélfeehr Sk exanipde, a
arises Wth volunetric conversions of this nature 's that enpirical

f
corr el at FHREMEHE BYRe Lseato bum afeeland thahesh costanti maydre gorrelated 4Q

devi@t i afied Ok césitPYr BEi to an extent that exceeds the neter
uncert ai nt yg.a}&tio Thlsgyso rcé o} erréraﬁdr%}'i s avoi ded by nethods and apparat us of

present i nventhe deeldfadoickidrd mdnyrindbstrial tsed id natudairgdsanth tHistasbethere
preferred enbodi a~ents, descyi bed aho may be subjected t arent |
Todi 11 A PIRaRNiBIE N LRI EP e VAN St Gien DEclstEm il Colribte e presise

i nvent i qfbatify® sl enhery _sfﬁﬁ@&fré?m%ééedglgfo?by@ﬂl%h%dtiﬁ@rhdti%%beFhSiﬁgitrée.ﬁ{Bs/

upon the Docfrine of Equivalents) in order to protect ttirer full 1
i n the iconstitlients ofithe ga9 Jahte 2belowprdtide srexemplanygiubliishgddeformatiohdo)

hathg AEeRTE T AEepESHELE i WIE boPRSacTr AoriemaPI PREpodage Ity

f 1 ownet eyatdbPYast hat igenehiatast fthétsihéie@\'ﬂ?élﬁ%(icﬂdbéﬁiﬂd&ﬂoﬁ {HsRydroeyrtscHse of
said flow stream (106) fTow ng I

t hrough said owneter (102) and transmts
sai d fi expressgdaskl/gdpteaeh downepripeneat isiaimast ardonsthndyalae thatalagiesby

(110) t r')’rtBUIQjE‘/o %’?il’%]m%%gné le?l\évr&)} Egl%@n?gﬁa%%ri\é@%@eiiegser percentages for among

propane and higher hydrocarbons.

20 TABLE 1
PROPERTIES OF NATURAL GAS CONSTITUENTS
Net Enthalpy of
Heating Combustion | Molecular | Enthalpy of
Gas Value -AH, Weight Combustion
25 Constituent | Gravity* | (Btw/SCF) | (kJ/mole) (g/mole) (kJig)
N, 0.9672 0 0 28.01 0.00
CO, $.2195 0 0 4400 0.00
H,S 1.1765 588 672.4 34.08 19.73
Methane 0.5539 908.1 889.7 16.04 55.47
30 Ethane 1.0382 1617.8 15591 30.07 51.85
Propane 1.5225 2316.1 2217.0 4410 50.27
[sobutane 2.0068 30011 2866.3 58.12 49.32
N-butane 2.0068 3010.4 28749 58.12 4946
Isopentane 24911 3698.3 35256 72.15 48.86




10 said anal yzer determ nes constituent percentages of said flow stream and
generates second signals representative of said constituent percentages;
and a controller (112) conprised of Circuitry configured to: recei vgq fu'?m%%%M

said first sigrats—anetrsai-t—segont—sighals—process{P20A) said fir

signals and $aid secong signaljs b§efl5 ruEdthabyoh sal d mags flow raje, said
constituent )ercentage>, and ddediageq CGamergyorv al Melscuodr ¢ ahrstdigyugnf s
corr espondi ng JO| tue&g;g@rc nt t 0| gefieight e | £omisstidrased
ener gy conteqp"?r?m%e&fd BWYstir c defreeist e (EPOEE) an oukba

representati Ven ggmg,@éd n@@@qbcsegj; ener gy ggx_&tgnt of?%d 1I0\gg% m 20 2.

The met eri ngrdevi-ce—{390)—as—get—forth al-m-{-wherein antir ol | er

(112) i ncl udesiNderang tfr 2 ¢S3f ijguw4dd. 7t o mJJit91p1 y p ne&ss cofreapending to
said first s C tant assu ,d ener gy _fontent per—unit—mgss. 25
3. The neterl E\ER& 2%:?(%{9 %gg as %8{) h4q4ﬁg| m190£Bcl Lidi ﬁ@‘*ﬁ throttie
*(118) operabl yN@,Qupgec \ggulggscil d57§§|9t r oI | &7112) 49, ?92:5 ' ol 4§§¥ d fjl ow

apnerg\—cont-an sald L ow stream

stregm ( 106)based—upgn——sad BSS—hase Aed
4. TRe nmeter|i Agne@vecqg @H30} fs 6388.3f oFtl‘ﬁusachl gi rm2s oherjei nasagd rass 30
fl owreter (O ri Cpri TéT—‘T‘FrTe—rrErﬂg devi ce
(100) as set %)'d%%qg $3§12?4 \Mﬁ é?n sai®2édnt rjol 18828 112) 41494 he

conpri ses ci rcuub{y conhiigug efl togrecgive gaid flirsh 0§| gral Sohé B0 June
2004 fr om sdirg—Coritotis neass—{owretet—and—determne dpresentat{ ve

density reading 'fxr om $aP@5%8 ov s@réam|( 1085.6 r o saoR finst 1sigaal 5. 6. The

metering deyice (100) fa t fortgln claim1I ere(goesala eSS o | | owret er
(102) conprirses—a—densi-tonete Z- The neteringldev OO)OQQ sef forth

T

in ai m 6 \hereith sa|domentriol leg (112) igcl udés e;gb‘@w ry @B@.t det er m nes
an ent hal py related valrue tor sard ftow stream{1B6)—based—upor—+nf or mati on
obtained fromsaid densitoneter. 1D 8. The netering device {100) as set
forth in claitelafive their wloemeraisEngy a chr omat ogr aph connected in said flow
stream (106) and transmts third signals to said controller (112). 15 9.
The netering device (1Q0) as set forth in claim8 wherein said controller

(112) compri astheré tREIflOW ra@VheBULAERLS Ghe WePlofmed SRNAIRY &) aligdna! ue

15 basis, itis a simple matter to calculate the mass fractions in a flow stream according

to principles of the invention. The mass fractions are calculated according to Equation

(1):
D 2-=3" X.0

where n represents the total number of thermodynamically significant flow

20 compenents in the total flow stream, i denotes a property for an individual flow
component, Q. is a mass content of a total flow stream allocated to a flow component
comprising part of a total flow stream, fraction, X Is @ mass fraction of the total flow
stream allocated to the flow component as determined by a chromatograph or other
instrument for this purpose, and Q_, is the total mass flow rate.

25 The total energy content can be calculated based upon Equations (1) and (2)

(2 0.-% 0.H,



based upon information obtained from said chromatograph. 10. The netering
device (100) as set forth in claim3 wherein said throttle 20 (118)

controls said fl ow stream (10B) based on a presel ected paraneter, S?dﬂl e 2004
presel ect ed raneter conprises delivery of a substantially constan rare

a
of energy féf‘%errﬁlcéa@éhﬁﬁo%ﬁﬁﬁﬂ}f Bow rate inmeRera¥reriung tHeei B ceRESHNItathe tital

forth in clgj ' |4 | l stream .
(106) basedﬂgﬁ?b%r\gr?g@e: c@'g{ pitgrggﬁ%{glgrﬂic%?éﬁé&ﬁ%oerﬁgﬁé%&ggnE@%g{r),r%{ ﬁﬁw stream, |
conpri ses debnviesya pfopemir Gy aatindivida? fleint 6 Mpanreile! satbMrer S5ENE, 4RNEE is
for a conbuaat?i on dFvi ce %08%\ 1?. The nmetering device (100) as set forth
in claim3 WieFENAIYAIFARPEEEILIOsE partigylas senebiusns deaotachas snesanpeIosit

based on a preselectgad :Saj I i $es
Gol tvers of MESSC TRl MOCNMAST Y Slue IS BePOBRB G Th M B BHEKY PIREN iR, 15
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mass- based _enger cont ent. of id flow stream 15 14. The nethod (P200)
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further comerrss iy aanoaenry oo of T2big 1e WRERPHRERHich Hgeds fivan
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froma deng\i{érgggtv fue is in the range of 52 to 53 kd/kg. A vaiue of 48 kJ/kg may be
assumed for iiquid flow streams. These estimates are typically accurate to within-
three to five percent, assuming that the flow stream is not contaminated with
excessive amounts of diluents, e.g. carbon dioxide, water, or hydrogen suifide.

20 Volumetric gas measurements must refer to a base or reference pressure

and temperature, which are usually referred to in the art as standard conditions,

i.e., 60°F and 14.7 psia. Thus,

() 0,-27X.0, H.

where Q, ., is a volumetric flow rate of the entire gas flow stream corrected to

25  standard cenditions, H, .4 is the enthalpy of combustion for a particular constituent
denoted as energy per unit volume at standard conditions, X, is a mole fraction of
the total gas flow stream allocated to an individual constituent, and the rexrmaining

terms are defined above. Also, for each canstituent according 1o Equaticen (4),
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16. -The met hod according to claim 13 wherein said step of determ ning
constituent percentages of said flow stream (106) conprises analyzing said
fl ow stream using a chromat ograph. 25 17. The nethod according to ﬁ;lcﬁju%]eﬁg()él
further conprising calculating an enthal py rel ated val ue based upo
i nformati on obtained fromsaid chromat ograph. 18. The nethod according to
claim 13 '4)cl %h ngtﬁ t%‘p(r{?f )t_ rHJ;aL,.gn 144P20%)P30 said flow stream (106)
responsi to” vari antes”i'n” a’priegewectied spar er for delivery of energy
content in said flow stream 14 30 June 2004 19. The nethod according to
claim 18 wherein said presel ected paraneter conprises delivery of a
substantially constant rate of energy for release by conbustion. 5 20. The
- met hod according to claim 18 wherein said presel ected paranmeter conprises
del i ver ywhkreHer g5 @ithal hihi [ an 0

P P R, B Bt 2 SR T Rotg  above,
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their intention to rely upon the Doctrine of Equivalents, in order to protect thdr full
15  rights in the invention.
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{~"2)B}xsn}xsnid_Z] ] c]cal ca 13&ca calca]ca] calca a] cal cat] cajc e] aéca] ca
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N$10%& (% t &109%& () -
109%& () - SADHRRNE) - 710%& ()-z'10%& ()-<~<!1Z} " 10%=& ()- ! +Z} ' 10%=& ()-

BPLOY=& () - =
oy g ) ()%?ﬂo/a‘é% @8@1@0@&2 Lr?dlto@géﬁ%rat&s(fu'stﬁgnals indicating a mass flow
7) 10%& ()pig i saioodaay siream (1D634lewing thr@u@h paid fowmeiariiPdapg transmits

t &10%tk &' 4k#k& ()-r 10= 10=
10= <N10w%f’)fp$t\@%4ﬁq %=& ()-=YddE{\ =! 4$10%k& ()-zX! 10%tk& ()-
109tk &' () - EA&1880 it terinGRldAG8h4racterized by:

f‘é%;ﬁﬁ;%;&%ﬁ; %&%ﬁ%@éﬂﬁ& throuarowiies <di fion e fass & Wk O - b#

LS AP o IS g o s -1
generates second sighals representative of said constltuen percentages; and
a controller (112) comprised of circuitry configured to:
receive (P202) said first signals and said second signals,
process (P204) said first signals and said second signals by
15  multiplying said mass flow rate, said constituent percentages, and mass-based
energy values of constituents corresponding to said constituent percentages to
generate a mass-based energy content of said flow stream, and
generate (P206) an output representative of said mass-based
energy content of said flow stream.

20
2. The metering device (100) as set forth in claim 1 wherein said

controller (112) includes circuitry configured to muitiply a mass corresponding to

said first signals by a constant assumed energy content per unit mass.

25 3. The metering device (100) as set forth in claim 1 including a throttie
(118) operably coupled with said controller (112) to control said flow stream (108)

based upon said mass-based energy content of said flow stream.

4, The metering device (100) as set forth in claim 1 wherein said mass

30 flowmeter (102) comprises a Coriolis mass flowmeter.

5. The metering device (100) as set forth in claim 4 wherein said

controller {(112) further comprises circuitry configured to receive said first signals
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8. The metering device {100) as set forth in claim 1 further cormnprising a

chromatograph connected in said flow stream (106) and transmits third signals fo

said controiler (112).

15 9. The metering device (100) as set forth in claim 8 wherein said
controller (112) comprises circuitry configured to calculate lan enthalpy related value

based upon information obtained from said chromatograph.

10. The metering device (100) as set forth in claim 3 wherein said throttle
20  (118) contrals said flow stream (106) based on a preselected parameter, said

preselected parameter comprises delivery of a substantially constant rate of energy

for release by combustion.

11.  The metering device (100) as set forth in claim 3 wherein said throttle
25  (118) controls said flow stream (106) based on a preselected parameter, said
preselected parameter comprises delivery of energy at a rate within a preferred

operating range for a combustion device (108).

12.  The metering device (100) as set forth in claim 3 wherein said throttle

30  (118) controls said fiow stream (106) based on a preselected parameter, said

preselected parameter comprises delivery of time-controlled szles of energy

content in said flow stream.
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enthalpy retated value based upan information obtained from said chromatograph.

18.  The method accarding to claim 13 including a step of throttling (P208)
30  said flow stream (106) responsive to variances in a preselected parameter for

delivery of energy content in said flow stream.
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