;-abe3ell 46T7?15 JUL 2002 Met hod and Apparatus for Measuring The Rel ative
Densit OF. a Gas This invention relates to a nethod of neasuring the
relative density value of a gas. Relative density is a dinensionless

nunber. The gas may b for exanple natural gas. {ihegapmpal gas
may be nethane and nagmmw m ﬂmﬂmmprise ni trogen and/ or carbon dioxide. In
addition to nethane t gas nmay conprise at |east one other

hydrocar bon gas, for exanpl®€thane, propahe, butane, pentane or hexane.
According to a first aspect of the invention a nmethod of neasuring the

relative depsihyaUndl R, GONY e385HIBKIRIRE HEESWLE, Ofvd B2 3REE00f Esgogund
in the gas, making a neasure of a f1iIrs ermal conduCtivity o t
a first tenperature, naking a neasure of a second thernmal conductivity of
the gas at Thiecbhnvenehper ablneewhiteh i méehsdf b@mnidasuirihgt thenes Bl Wineg
and using the speed of sound and the first and second thernal

conduct i vi t}¥SIGY HRIderedt ilowas-oduci ng the rel ative density of the gas
corresponding to said speed of sound and said first and second thernal
conductivities. According to a further aspect of the invention an apparatus

for neasuriﬂgldtq%ergg%gkgguggnﬁihﬁﬁgksgogggsgoggégégg means for making a

neasure of the speed of s in gas, neans r maki ng a neasure of a
first thermal conductivity of the gas at 2 a first tenperature, neans
for maki ng a neasure of a second thermal conductivity of the gas at a
second t enRreatasemailod ai fie 3, 0morhexhinpie hetpeantgae, ane ABansafor
using the speed of sound and the first and second thermal conductivities in
an oper at i @@spreuchagmelibanel axnd/ emdgniurnhefr t ¢empyeiss & ont espaenli Agdl or
sai d speed of sound and said first and second thermal conductivities. The
i nvent i on WFPCRoWIRE At hefNdeSEHiBen By REYh8Re exlfpIe Tt rEFr Bite
to the acconpanying. draw ngs in ich: Fiqure 1 dia r%pnatical shows_ an
appar at us icgg%?[?:ﬁ ?%elefarﬁfgrﬁr\eoﬁvc\lggﬁ BgdﬁgF?ﬁ?%(ﬁa |gu°rreefaglﬁ(5)\¥vseggane'
di agr ammat i, BXARP! BuPind, fSEM {08 VBE thékddd uel

According to a first aspect of the invention a method of
measuring the relative density of a gas comprises making a
measure of the speed of sound in the gas, making a measure of a
first thermal conductivity of the gas at a first temperature,
making a measure of a second thermal conductivity of the gas at
a second temperature which differs from the first temperature,
and using the speed of sound and the first and second thermal
conductivities in an operation producing the relative density of
the gas corresponding to said speed of sound and said first and

second thermal conductivities.

According to a further aspect of the invention an apparatus for
measuring the relative density of a gas comprises means for
making a measure of the speed of sound in the gas, means for

making a measure of a first thermal conductivity of the gas at

D
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gas control systemutilising the present invention. with reference to
Figure 1 an apparatus z to neasure the relative density of a gas has a
chanber 4 into which the gas is supplied through an inlet conduit 6 and

| eaves through an outlet conduit 8. The inlet conduit 6 includef Qﬂﬁé
exchange nmeans 6A, for exanple a copper coil by which the tenpe gt q@?
the incom ng gas can be adjusted to a value substantially the sane as that
of she anbient tenperature of the external 2at nosphere whereby the gas in
the chamber 4 %?:E@ substantially uniformtenperature throughout. The

chanber 4 incl ude3” ah“UPEFac¥58nd merist ot ramsthaen t@agnaearonl 413.50uUnd
receiver trametuaer I roni ¢. control neans 1 , including conmputer
means i s connect ed C%ﬁdg%fgﬁgf !f%:§ﬁ?)%9%iﬁ%a? §ererdt BEMRBraputdhathuager
t he control doff fehe s e FBRRS i.gnal, _agenerator causes the
transducer 10 to enit uItra-soundgéTéagﬁéjl '5EQHQS?P% OThe 0% FAS strerd
signal s 18 @fesSPeedi 4ed biet herseansduseeodd @ngnggpigog§5§¥ng¥% | gnal | ed
to the contgol nmeans 14 via line 20. The tine of flight of the ultra-sdHic
si gnal s bet Weeh t1¥h&IeE¥ e ngothadreliat ivvensasut ed dy theegaontdiale STRARS kA
which is anggngdeu%é?ggulqie SOS which is the speed of sound in

metres/ second (nis). desir ed°UBfe BthepaaBanki it meadur seeende topeed 10f
sound in the®r@gRscURM thesused, such as that disclosed in US4938066. However,
the nost preferable nmethod is that disclosed in UK patent application Nos.
&8 9813509.8, GB 9813513.0 and GB 9813514.8. These applications discl ose
the use of a resonator to neasure the speed of sound of a gas within the
resonat or . TREdAPYERgieheet k bnnow che Chlite iy Gl SiBY HellG! BPeway BE bfadhg, form
of a mcroprocessor is arranged to produce a sinusoidal signal over a
suitabl e r4hGB BELEFRRERNEP eshe oackromeary inpudepeakers. ifihe vhaudspeaker is
arranged to apply an acoustic signal to the interior of a resonator. A

m crophone is arranged to detect the nagnitude of the acoustic signal

wi thin the at,or 4. si gpal omthe mcrophone is filtered and

ampl i fied {fﬂ)i&gﬁ@aﬁprgﬁ% g?rémgfé‘é?%)ﬁi STOScuf R ARPEH ST ed 8i Nyt ifdang he

det er m nesidvendRFORAN Hd QRIS JGEl ating to the gas within the resonator
to deternmine its speed of sound. 1 5 JUL 20p2 4 A tenperature sensor 22
in the chanber 4 provides the control neans with data on line 24
representing the value of the anbient tenperature. The anbient tenperature
sensor 22 Figpnse 2pahevefa g idmramta anduetpl et yf sened 28 reamdr astNguel

t hermal conductivity observation neans 30. The thernmal conductivity sensor
28 may be gé‘smcr?inétrﬁ)r(est’ﬁéFWaPtééhat&&?iW? VP IR $9T0s éifsen trisdlel  t ype TCS208
avai l able fromHartmann (RTM 6 Braun (RTM AG of Frankfurt am Min,
Germany. The thermal conductivity observation neans 30 to observe the
thermal cenductesdieond ddeigdsehd@sad@dbarathans diel e BRRONSE d Q e
signals on line 32 fromthe control neans 14 can operate at nore than one
sel ected deBsier eenpayax Ures abamnidee anbhebt wheBREFRE U £s obseruad ilua t he
sensor 22, and a signal representative of the thermal conductivity of the
gas at thEhH‘é‘é‘i’rl‘e?PtJéﬁms? Andniits 6sepd fleavhe clondbugh areans: ot ldomeiud4. The
control ans_ 14 i.s . arranged to cause the thermal conductivity sensor 28 to
neasure the t ]Fn'élnl&ﬁndifg’tq‘\/‘itt y6 o nehedemshenat t achafider mpandeshs edor

t enper at Y d.tl in whicht" is a pre-determ ned desired nunber of

t enper at ﬁ%aﬁnoéelger Zagscc%plpea Vet H%:V atbi Ehit hee HEEPSERTE r8b &1 88 BYCPRANSensor

22 and t,gasfd quredet 845, 8edgdes| er of te rature degrees . tl above
anmbi ent tenper at ur e; {ﬂﬁe nungérgsg%%mr%ﬁgargéa%égpfﬁaﬁh?hsea AFeFPat 8k

the ambient temperature of the external atmosphere whereby the
gas in the chamber 4 is of substantially uniform temperature
throughout . The chamber 4 includes an ultra-sound emitter
transducer

10 and an ultra sound receiver transducer 12. AN

electronic contcrol means 14 including computer means 1S Connecced



t2. Using the observed or neasured values of the speed of sound in the gas,
the thérmal conductivity of the gas at tenperature t" f 5JU 2& s and
t~ and the observed value of the anbient tenperature of the gas by sensor
22) the control neans 14 calculates the relative density of thq Q?ﬂwg
the formula RD = g. ThCH + h. ThC~- + i.SoS + ] .Ta + k.Ta~ + 1 - 17| h
RDis the relative density; ThC' is the thermal conductivity of the gas at
temperature tH, ThC~ is the thermal conduciivity of the gas at tenperature
t~, SoS is the speed of sound in the gas at the anbient tenperature; T, is
t he ambi ent *Cefipet Tt Feseregas) sobgmty atdsy the camso?l 2L thrdcgneholi ,

i, Kk d1 pLve. tants. Th ' ti b 1 Xt
of two or MOFE"Gaths PR SAPERLt RBMESAPOS! ERORCD! Cbhet TATIIEhays beo opmit

gariable praperklodsnd FOIRXPIPLE LDC0RP:LA. QUBRL! OfL FRYsHitnd {1101, 025, o

Such a fuel gas may be natural gas. e natural gas nay conprise

and at | eashtreneectiesdane,cHY apaisduderane, apENEABEYr OF e HEXEIGh SH¥hdBYeq
further conprise nitrogen and/or carbon dioxide. In order to derive the
constants gtohthg¢ contxolk)memrds 14 vieqldnieonol., The wnimdierftficdht ecthnitgue
known as re‘%{essi on analysis may be used in respect of data collected in
connect i on W't 1IN oS TR agFe PELYRENTREAPTHHRRES Gfs 2BF §AseS NP HHed by

m xture may_pbe varied to forma nunpber of different sanples. {Ng. . .
chr omat ogr ap ?ccorré:trﬁgdéne?ﬁé En@l ‘é{‘l??}é AR 5P ‘éag%ﬁ‘r%)?'éeisé&oﬁg’ iHedS
the anbi entefenprral Wee shuk Lhe maTRLosbicARaskHyEA and the ther mal

activities ThC' and ThC~ of the sanple are neasured. This is done for each
sanple mturn to obtain a set "~ 5 JIlIL 2002 6 of neasured val ues
correspondi ng to each sanple. The secs of values are inserted in equation I
and the "best -dasti'redalsgee forheromnsiaast ® fgmehsuiring, theandeédapé denndedn | n
the case of natural gas com ng ashore at a nunber of locations in the

Uni t ed Ki ngdéin $29r 8591 ope anslepsi sswals ger f oraed déAcsafpPesit r BALPRBOGE .
different | ocations and al so on gas equi val ence groups i.ch_are artifjcial
replicati onS N Ehe qa}heoo'F‘%‘f‘br ?rﬁgeﬁﬁ?iﬁr é‘:‘?t&f’dne’t%aﬁga%n IECRERET it hgﬁe
and but ane an d.pent an and t hexane, 4 i G, ahR
Iaboratory:pag%ége %fé hcragtsl(%r?e%roespreggte rBgsyoagrc}iq;f'f eégnt?gdn%rbxét%}r'es Sb rred?ﬁane

and propanggfiens eguath e |apiesi AR dfd dliQ cRBLUS he dafe &1 al BegdBator to
equi val ence groups and regression analysis used, the follow ng val ues for

t he const aneasueee tter ispeedd refresdyugr Of 0478a5) within02882,xieson@t0@189,4
-0.001807)k =-0.0000026) andl -1.73041., when RDis the relative density of
gas in M/ diriv¥iMegajeateenst andacdi cubhtclngtaesinclude or be in the form

of a microprocessor is arranged to produce a sinusoidal signal
over a suitable range of frequencies to drive a loudspeaker. The
loudspeaker is arranged to apply an acoustic signal to the
interior of a resonator. A microphone is arranged to detect the
magnitude of the acoustic signal within the resonator. The
signal from the microphone is filtered and amplified by an
appropriate electronic circuit and a processing means determines
the resonant frequency relating to the gas within the resonator

to determine its speed of sound.



ThCll is the thermal conductivity of the gas in WmK (where K is degrees
in Kelvin) at a tenperature t" which is substantially ~ degrees Celsius
above ambient tenperature T,; ' 5 JU 20D2 7 ThC,, is the thermnal
conductivity of the gas in WmK at a tenperature t~ which is 1Lgogg€%b2ally
50 degrees Cel sius above anbient tenperature Ta; SoS is the speed of sound
inthe gas in ms, and Ta is the anbient tenperature of the gas in degrees
Cel sius. In the above application of eduation | to natural gas the val ue of
ti ~s substantially 70C and the value of tZ is substantial |y 50C Thus the
di fference between the tenperatures t" and t~ at which the thernal
conduct i Vi i esngdG ¢t @pgl sERGo rave reasereshshd f arp byy substand kahkyo20G {{Td
+ 70) -(Ta + 50) - 20)i The value of the relative density RD of the gas
cal cul at edwhy ht &2 [conepol! ifeandd 14 apae s tvinguat b ¢ diadpleayell 4hd/ crmipramt ed
or ot herw ge reecgrtg?g by recording nmeans 36 in response to signals fromthe
control meandP y “any ‘sui tabl e techni que know per se the control neans 16
may be provided with information representing the calorific value Cv of the
gas or the control neans nay be provided with information enabling it to
cal cul ate ffhe caltoreinfy ctembaecaof rehesqyaser The cent rioé weans d2 mmyhermal
cal cul ate or otherwi se obtain the value of the Whbble I ndex W of the lgays

Y g.

using the FOPRUFE* WY OF <P hen Flel CGRB & B8nbUSIRH"? h a FFF§eds Y

furnace, kibBe GORPLARSAOLRsCHBI NheClfe)tnS P {@FM OF; CONLEQL o SYSE &MY De
used to "I 5 JUL 2' 0A2 a set the oxygen (in this case in the formof air)

[ fuel gasaratim 4t ensurer opt | g conbust y oni c s arb $ onancee | s yed g dsre oishe
anount of excess air to account in part, for variations in fuel gas
ﬂlﬁ?ﬁ"ﬁg‘ l2dss

conposi ti oAVEhaABES. f M o af tBRaRCcER Hbhng PRAY Nt RBTH) okEssof 7
efficiently,tpandtncoul drgo becapse @&é&ﬂ&%ﬁ @&%J‘&QFP&#%%{% vt gd.
L be which is

However, a neasure o %‘Ihe relative density or ndex,

i ndi cati veobkethe dheekhgasaquadbhiiycandivhichtraygde HaaUuRd a8eeakdd mg wha cthhe
present invention, may be used in a feed forward control strategy to

i mprove t henatetl Aeye of° covd ot s avai 1 bt &3 arfd At Hitey € et el mefefniscildn€ygn

operate at more than one selected desired temperature above the
amblient temperature observed by the sensor 22, and a signal
representative of the thermal conductivity of the gas at the

desired temperature 1s sent to the control means on line 34.

The control means 14 is arranged to cause the thermal conductivity
sensor 28 to measure the thermal conductivity of the gas at two
different desired temperatures ty and tp, in which ty 1s a
pre-determined desired number of temperature degrees t; above the
ambient temperature observed by the sensor 22 and t, a
predetermined desired number of temperature degrees t; above
ambient temperature; the number t, being greater than the number

ty.

Using the observed or measured values of the speed of sound 1in

the gas, the thermal conductivity of the gas at temperature Ly



An apparatus to perform such control is shown in Fig 2 Eel gas is supplied
via a.conduit 40, such as a pipe)-to a gas fired process 41 such as a .
furnace, kiln) a conpressor or an engine and oxygen in the formof air is
supplied to the process 41 via another Conduit 42. Any suitabl 4 $iguicm®3
which may be in the formof one or nore probes tenporarily insertable into
the conduit 40 or as one or nore permanent fixtures is arranged to neasure
t he speed of sound of the fuel gas passingthrough the conduit 40, the
thermal conductivities of the gas ThC', ThC~ at two tenperatures t"and t~
and the anbPBfit bt dHfbrdturaPssirvase vigdsieT of The Spddensf teopadasfireher Lugh
gas SCs, thsa%hgrnggné:gndygti }:/'htﬁoes ThC' and ThC~ and the anbi ent
tenperature-of the gas T, are"HBaSAPEEChy™BRYF c&4483LAML pERS PG Rebative
connecti on 4dnédc@ SONUKO! ; , itqn B be a m croprocessor or a
conputer for exarr}gl e Cont rgoalrge?rfe%lnnigz determnes the relative "1 5.1U
2D 1. 9 dems+ ty. TCt Re bf walc, gas; fson 1 he Feceiyeshnpagurenents_ffom
device 43 as explained earlier. Having determ ned a neasure of the gas
quality, thengdritatol neans is able to adjust the air/fuel gas ratio

set poi nt usi ng an oxygen/fuel gas ratio control system 46, 47 to achieve
better effifd ercyFhe Fediitd veadenshieyoxygen/ fuel gas control system

conpri ses %vari agl e ogeni ng valves 46, 47 one in each of the fuel gas
and air cordUi't §54b7€ 45D P ERRECEPHREGL BYHE DR h Eemt 3T 138d USRS A5t (ol
means 45 vi ohpectio 43 . 49. ternatively the oxygen/fuel gas control
system coulﬁlglcgo?r%rl&g% gﬁ?/xz}ﬁlab(f%n Opent g % &1 & h Jars oﬁgmgf‘r@gﬁﬁﬁi fs 40,

42. 15 EcBls efe UhLAMS dohdTehNOfle Of, BEAS WA G bR il BhbYE fPST LY
of a gas which conprises naking a neasure Fothe speed of sound I n the has,
maki ng a neasiy ehef aabiehst cehgerBlueeNdECEhyidds OfoBdta~@aS bat chef E&R3or
tenperature maki ng a neasure of a second thermal conductivity of the gas al
a second tégperntduge mhith i fX es:s5d fY oird heedp et 1 e meersatanites .and usi ng t he
speed of sound aid the first and second thermal conductivities in an
operation producing the relative density of the gas corresponding to said
speed of sgund and.said first and second thermal conductivities 2 /1 nethod

as clai med 'R BP8i Al TUEFEARNCPAYhe§ ef aPL¥BUHRNSEL F¥Ps OFbtafe FARFS 11
procedure &,gyg,gvia%u f Lthe formula FZD = g ThCrt + b, ' 1bC + ], +
~ T, i~k T, ~+1 e%gngﬁsitlggtoﬁle ?r%l atf-tlle\!/e r%l"e%s‘f’f%/ o hgegaé% vdridbie
proportions. For example the gas in question may be a fuel gas.
Such a fuel gas may be natural gas. The natural gas may comprise

methane and at least one of ethane, propane, butane, pentane or

hexane, and may further compraise nitrogen and/or carbon dioxide.

In order to derive the constants g, h, i, j, k, and 1 in equation
I, the mathematical technique known as regression analysis may
be used in respect of data collected in connection with the gas
in question. The proportions of gases in the mixture may be
varied to form a number of different samples. Using
chromatographic methods the relative densaity RD of a sample is
obtained, the ambient temperature T, of the sample is measured
and the thermal activities ThC, and ThC_ of the sample are

measured. This is done for each sample 1n turn to obtain a set



where ThCH as the first thermal conductivity of the gas at said first
tenperature where ThCL is the second thermal conductivity of the gas at
scud second tenperature which is |lower than said first tenperature, where
SoS is the speed of sound in gas at anbient tenperature and  $5-Jgiu2p M
where T, is the anbient tenperature of said gas whereof said thermnal
conductivities are neasured, the first and second tenperatures being

greater than said anbient tenperature, and g,h,i,j,k and 1 are constants.
3, Anmethod as clainmed in daim2, in which SoS is the speed of sound in

ms, the thefnméasmnd@CVa1ubsesoa&espanulhgscafew&mt$hm¢n@e X TRYr&as, of
Kelvin (WmK) , the tenperature T, and the first and second terrperatures
are in degr¥@sue|diqsinsggirahdan @Icmalt\il@ndéngmiyths f'heﬁégé}'@m‘@lms&r‘wd

cubi c mstre(g L/amtrp 4 Amsthod as clajnmed in Caim?2 ﬁumB in
whi ch the gas 1% fuel ga§1 5 A mekhédSs! cPREMEG T ai rﬂ’h R W¥Sen athe

fuel gas i spfatdhaba@agomin ?Afgﬁgpgdaé %ygﬁ@%ﬂ'oQ 9%@5g3§ns'PnWﬂh§ rﬂgedgas

is natural gas conprising a east one rocar bon gas Ich is net
and at | eastimgienofretjdd2gaeth mlqulb@nwﬂ O¥é o rmed OBt BaRlp2&sClrabRed hin

any one of Clainms 2 to 6, in which
different locations and also on gas equivalence groups which are
arcificial replications in the laboratory of mixtures of methane
and ethane, methane and butane, methane and pentane, and methane

and hexane 1in which, in the laboratory, those mixtures are

represented by different mixtures of methane and propane

When equation I was applied to natural gas and to gas equivalence

groups and regression analysis used, the following values for the

constants were deraved, namely: -

g = 0.017955,
= -0.02812,

i = -0.00189,

j = 0.001807,

k = -0.0000026, and

1 = 1.73041, when

RD is the relative density of gas in MJ/mﬂJMegajoules/standard

cubic metres) ;

ThC, is the thermal conductivity of the gas in W/m.K (where K 15

degrees in Kelvin) at a temperature t, which is substantially 70

degrees Celsius above ambient temperature T,;



the first tenperature is substantially 70C above anbi ent tenperature. 15
JUL 2D82 112 8. A nethod as clained in any one of clains 2 to 7, in which
the second tenperature is substantially SOC above the anbient tenperature.
9, Amethod as claimed in daim6, or in Caim7 or Caim8 wih JWiLtpey is
dependant fromCdaim®6, in which: g is substantially h is substantially i
is substantially j is substantially k is substantially 1 is substantially
0.01795S) -0.0281z, -0.00189, 0.001807, -0.70000026, and 1.73041. 10. A

met hod of neasuring the %elative density of a gas substantiamly as
her ei nbef of &descr i bl &ﬁfﬁmféfe?%ﬁﬂécfxvfﬁé £dcohbanyidty dPali/figX 11t A

met hod of peasWkipg-the Whbeni ndex, gt (gas #3ipgsbhachoeuul @eWk 55" 3buYei N
which W is the Wbbe index, CVis the calorific value of the gas, and R D

is the rel ambvendensimpyrebtaendd. by the nethod as clainmed in any one of
Claims 1 to 10. 12. ~ apparatus to neasure the relative density of a .gas
conprising neans to neasure the speed of sound of the gas, neans to neasure

a first thepga| conduskiewi by 9f,the, Jasalyad (hrsts ! eMerat W €heMBaBSho
neasure a second thernmal 1 ~ JUL 2D02
temperature of the gas i1n degrees Celsius.

In the above application of equation I to natural gas the value
of t, 1s substantially 70°C and the value of t; 1s substantially
50°C Thus the difference between the temperatures ty and t, at
which the thermal conductivities ThCy and ThCp are measured differ

by substantially 20°C [(T, + 70) -(T, + 50) = 20]}

The value of the relative densi1ty RD of the gas calculated by the
control means 14 may be visually displayed and/or printed or
otherwlise recorded by recording means 36 1n response to signals

from the control means.

By any sultable technique know per se the control means 16 may
be provided with 1nformation representing the calorific value
Cv of the gas or the control means may be provided with
information enabling 1t to calculate the calorific value of the

gas. The control means 14 may calculate or otherwise obtain the

value of the Wobble Index WI of the gas using the formula

When fuel gas 1s combusted 1n a process (e.qg. furnace, kiln,

compressor, engine, etc ) some form of control system 1s used tO



13 conductivity of the gas at a second tenperature which differs fromthe
first tenperature, and neans using the speed of sound and the first and
second thermal conductivities in an operation producing the relative
density of the gas corresponding to said speed of sound and saiqdgfjss nd
second thermal conductivities. 13. ~ apparatus as clained in darmI27tn
which the calorific value is obtained by a procedure involving use of the
formula: RD = g.ThCH + h. ThC~ + i.SoS + j 8T, + k.Ta" + 1, where RDis the
relative density of the gas, where ThCH is the first thermal conductivity
of the gas 2%t A1 PMESH taRpERAS LFEIe ife c8eTRE ™ QF tHd 'sdc SHE Lt Hios madt 10
conductivit h_a at said second te ature i I s.l.ower than
said first %/%%\esﬁjgteufgﬁwgr L TR he%?gggéog “S%ﬁd?‘}g#et Re t\é\%é 8fpount

ambi ent t erper &teles apdrwher @ cbount e SUHR enkofelnet at UbRs Ofins@u@lggﬁas
whereof said thermal conductivities are neasured, the first and secon

t enper at ur exnpEisig igreathamdeasan Saiid aiiicedin dee mEarst wher ame @gxodesjs, k sand
1, are constants. 14. An apparatus as Cained in daim13, in which SoS is
the speed dMNMYHgndeisis efifdciens lvhehmal icordudd o Pesanse B tdai B4 rof s

4,Jatts/ne2;e >: degrges Kelvin (~J/rn kI , the 15 . IUL 26A2 19
t enper at ur 2% R62FRE #PrAsteBh8Y9second tenperatures are in degrees
CeJ.sius) and the relative density is in megajoul es/standard cubic netre

(M/m ™).

However, a measure of the relative density or Wobbe Index, which
is indicative of the fuel gas quality and which may be found
according to the present invention, may be used in a feed forward
control strategy to improve the accuracy of control available and

achieve better efficiency.

An apparatus to perform such contreol is shown 1in Fig 2 Fuel

gas is supplied via a conduit 40, such as a pipe, to a gas fired
process 41 such as a furnace, kiln, a compressor or an engine and
oxygen in the form of air is supplied to the process 41 via

another conduit 42. Any suitable device 43 which may be in the

form of one or more probes temporarily insertable into the

conduit 40 or as one or more permanent fixtures is arranged to

measure the speed of sound of the fuel gas passing through the

conduit 40, the thermal conductivities of the gas ThCy, ThC_ at
two temperatures t,and t, and the ambient temperature of the gas

T The speed of sound of the fuel gas SO0S, the thermal

conductivities ThC, and ThC, and the ambient temperature of the

: ; i 44

gas T, are measured by device 43 and passed via a connectlon
. : r a

to a control means 45, which may be a microprocessor °

- rive
computer for example Control means 45 determines the rela



15. ~ apparatus as clained in aim13 or Cdaim114 in which the gas is fuel
gas. 16.- ~ apparatus as clained in daim115 in which the fuel gas is
natural gas, 17, An apparatus as clained in Claim1l14, in which the gas is
natural gas conprising at |east one hydrocarbon gas which is mpghgjepmnd
at | east one of nitrogen and carbon dioxide 18. hn apparatus as clained in
any one of Clains 13 to 17, in which the first tenperature is substantially
70C above anbi ent tenperature. 19, An appagatus as clainmed in any one of
claims 13 to 18) in which the second tenperature is substantially 50C above
t he anbi entdermpey abdr eh20LfuAl AT fiols 88eClr@iceidredn d s uaeien £ Dom
Caim18 or Caiml9 when either is dependant from daim 17, in which: g IS
subst ant i al ‘F?/‘”OC?)14733§55 9xR i Rk earlign y Havopgldetermingd Jo) mO8HRrd o 4

5. 0000026, AndoF PSdi%: ahbr RO T REAne 1 e dshardrd FRe rosined he

e o e Eftg%cgﬁggﬁ);{lﬁ;@éiﬂg} L) b e PRI BAST 0681 FosSRLBEH YKL,
46, 47 to achieve better eff1c1ency In this case the oxygen/fuel
gas control system comprises two variable opening valves 46, 47
one in each of the fuel gas and air conduits 40, 42 respectively
and both controlled by the control means 45 via connections 48,

49. Alternmatively the oxygen/fuel gas control system could

comprise a variable opening valve on just one of conduits 40, 42.



22. A control neans for adjusting the oxygen/fuel gas ratio of a gas fired
process conprising an apparatus for nmeasuring the relative density of a
fuel gas for the gas fired process according to any of Clains 12 to 21) and
means for adjusting an oxygen/fuel gas ratio control syst¢m it 2%Me gas
fired process in accordance with the determned relative density. 23. A
furnace conprising neans for receiving a supply of oxygen; neans for
receiving a supply of fuel gas; an oxygen/fuel gas ratio control system
and a control means according to Caim22. 24. A kiln conprising neans for
receiving a supply of oxygen; neans for receiving a supply of fuel gas; an
oxygen/fucl gas ratio control system a a control neans according to
Claim 22. 95 .fllIL 2~?2 16 25. A congfessor conpri sing nmeans for
receiving a supply of oxygen; neans fQqr eiving a supply of fuel gas; an
oxygen/fuel gas ratio control systenfﬁdHé?g control neans according to
Claim?22. 26. An engine conprising neans for receiving a supply of oxygen;
means for receiving a supply of fuel gas; an oxygen/fuel gas ratio control.
system and a control means according Caim?22. 27. An apparatus to neasure
t he Wobbe ihdex /ofcid afgiergutimge tcaeltivadamsty €02 g3 WY LHONC TS PRENMObbe
index, CVis the calorific value of the gas and RDis the relative density
of the gas wotczurred Usi pgedn!appad at Us a5, chaimed pepsamyolohrefhanal ns 12
to 21. .AFF.A3.Al LAY _.AA_ _A!.AF. A3 .A3.ARAH . .A&.Aa
. ALYR. Asr @RbiLB4804878Ic,gak ot aiTe S Eoatealc o) dajrajoabwapCalca)d Tadreal ca] cal ¢
a)J ca] ca] ca] ca] caV]ca] ca] ca] ca] ca] ca] ca] c”a] cha] c”alctalchalcTa 2 A{) O
conducuvity of the gas al a sccond lemperaturc which differs (romn the [irst

tcmperature, and usmg the speed of sound and the frst and second thermal
conduclivitics tn an operation producing the relative density of the gas corresponding

to said speed of sound and said first and second thermal conductivaties

2 A method as claimed 1n Clawm 1, in which the relatve density 1s obtawned by a

procedurc involving usc of the formula-
RD = g.ThCy + b.ThCp + i.S0S + ). T, + k T, + |
where RD is the relative density of the gas,
where ThCy s the first thermal conductivity of the gas at said fust
temperature,
where ThCp s the second thermal conductivity of the gas a said sccond
temperature which is lower than sad {irst temperature,

where SoS 1s the speed of sound 1o gas al ambient teruperature, and
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S R A e
of sound in m/s, the thermal conductivities are in units of
Watts/metre x degrees Kelvin (W/m.K), the temperature T, and
the first and second temperatures are in degrees Celsius,
and the relative density is in megajoules/standard cubic

metre (MJ/m’)) .

4. A method as claimed in Claim 2 or Claim 3, in which the gas

is fuel gas.

5, A method as claimed in Claim 4, in which the fuel gas is

natural gas,

6. A method a claimed in Claim 3, in which the gas is natural
gas comprising at least one hydrocarbon gas which is

methane, and at least one of nitrogen and carbon dioxide.

7. A method as claimed in any one of Claims 2 to 6, in which
the first temperature is substantially 70°C above ambient

temperature.
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10.

11.

12.

12
A method as claimed in any one of claims 2 to 7, in which

the second temperature is substantially 50°C above the

ambient temperature.

A method as claimed in Claim 6, or in Claim 7 or Claim 8

when either is dependant from Claim 6, in which:-

g is substantially 0.01795S5,

h is substantially -0.02812,

i is substantially -0.00189,

j 1s substantially 0.001807,

k is substantially -0.0000026, and

1l is substantially 1.73041.

A method of measuring the relative density of a gas,

substantially as hereinbefore described with reference to

the accompanying drawing.

A method of measuring the Wobbe index of gas using the

formula WI = CV in which WI is the Wobbe index, CV is the

YRD

calorific value of the gas, and RD is the relative density
obtained by the method as claimed in any one of Claims 1 to

10.

An apparatus to measure the relative density of a .9as
. s,
comprising means to measure the speed of sound of the ga
: —— at
means to measure a first thermal conductivity of the gas

. rmal
a first temperature; means to measure a second the



& ()-3@10%& ()-!3@10%00& ()-$10%0& ()-3 10 !!12"bC
10FsY" 10%08' () - #10%0&' () - F 10%08& ()-$ 10%0& ()- 100 100

100" 10%0& ()-M2"4"@A'E"O'P'T"qY?C 10 # 10%% ()-v # 10%% (% &RL
1090% ()-v 1 # 109%0% ()- # 109%& ()-T'~" _"c"m'n"r""xA?C 10 # 1 % Sl

10908 ()-v #
13
conductivity of the gas at a second temperature which

differs from the first temperature, and means using the

speed of sound and the first and second thermal

conductivities in an operation producing the relative

density of the gas corresponding to said speed of sound and
said first and second thermal conductivities.

13. An apparatus as claimed in Claim 12, in which the calorific

value is obtained by a procedure involving use of the

formula: -

RD = g.ThC, + h.ThC, + i.S0S + j.T, + k.Ta’ + 1,

where RD is the relative density of the gas,

where ThC,, is the first thermal conductivity of the gas
at said first temperature,

where ThC, is the second thermal conductivity of the
gas at said second temperature which is lower
than said first temperature,

where SoS is the speed of sound in the gas at ambient
temperature and

where T, is the ambient temperature of said gas whereof
said thermal conductivities are measured, the

first and second temperatures being greater than

said ambient temperature, and g,h,i,j.k and 1,

are constants.

14. An apparatus as Claimed in Claim 13, in which SoS 1is the
speed of sound in m/s, the thermal conductivities &are in

units of Watts/metre » degrees Kelvin (W/m k). the
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16. An apparatus as claimed in Claim 15 1n which the fuel gas

is natural gas,

17. An apparatus as claimed in Claim 14, in which the gas 1is

natural gas comprising at least one hydrocarbon gas which

is methane, and at least one of nitrogen and carbon
dioxide
18. An apparatus as claimed in any one of Claims 13 to 17, 1n

which the first temperature is substantially 70°C above

ambient temperature.

19. An apparatus as claimed in any one of claims 13 to 18, 1n

which the second temperature is substantially 50°C above the

ambient temperature.

. . : - or
20. An apparatus as claimed in Claim 17, or in Claim 18

. ; h:-
Claim 19 when either is dependant from Claim 17, in whic

g 1s substantially 0 0179565,

h 1s substantially -0 02812,
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J is substantially 0.01807,

k is substantially —0.0000026, and

1 is substantially 1.73041.

21. An apparatus to measure the relative density of a gas, substantially as

hereinbefore described with reference to the accompanying drawings.

22. A control means for adjusting the oxygen/fuel gas ratio of a gas fired process
comprising an apparatus for measuring the relative density of a fuel gas for the gas
fired process according to any of Claims 12 to 21, and means for adjusting an
oxygen/fuel gas ratio control system for the gas fired process in accordance with the

determined relative density.

23. A fumnace comprising means for receiving a supply of oxygen; means for
receiving a supply of fuel gas; an oxygen/fuel gas ratio control system; and a control

means according to Claim 22.

24. A Kln comprising means for receiving a supply of oxygen; means for
receiving a supply of fuel gas; an oxygen/fuel gas ratio control system; and a contro!

means according to Claim 22.
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oxygen/fuel gas ratio control system; and a control means

according to Claim 22.

26. An engine comprising means for receiving a supply of
oxygen; means for receiving a supply of fuel gas; an
oxygen/fuel gas ratio control system; and & control means

according Claim 22.

27. An apparatus to measure the Wobbe index of gas using the

formula WI= CV in which WI is the Wobbe index, CV is the
JRD

calorific value of the gas and RD is the relative density
of the gas obtained using an apparatus as claimed in any

one of Claims 12 to 21.



