; fge3eQ@ N 6T*9BIL 1 WO 991 36767 PCT/ GB99/ 00069 1 Met hod and Apparatus for
Measuring The<Calorific Value O A Gas This invention relates to a nethod
and apparatus for neasuring the calorific value of a gas. The gas may be a
fuel gas, fgposxaeP! € natural gas. The natural gas may bepoeGBsgmsosand nmay
further conprise nitrogen and/or carbon dioxide. In addition to nethane the
natural gas may conprise at | east one other hydrocarbon gas, for exanple
et hane, propane, butane, pentane or hexane. According to one aspect of the
invention) a nmethod of measuring the calorific value of a
maki ng a neas adcand Apparatusofog Measuning, The, Caloaific Valys QLA Gag
sound in an operation producing the calorific value corresponding to said

speed of sogqds #%‘?[&?91&9 &L ey aaﬁ@‘é%d%n&hﬁg%&i‘ﬂﬁé Ub2 ni nir?{fe

measuring the ca Ic value of a gas conprises Ing a measure of t
speed of souRd taléhEf Uassal@KiokJaaggBasure of a first thermal conductivity
of the gas at a first tenperature, nmaking a neasure of a second thermal
conductivity of the gas at a second tenperature which differs fromthe
first tenperature, and using the speed of sound and the first and second

t hermal condB@t93% tMags benaafuebaraf i Sarprsamel hgatheadafsfi f i TS FGE8E t he
gas correspondin eed_of soun said first and_second er mal

t i d . t
conduct i vi t Pes. ey ;eia%%%fs BeSf/ %égggﬁﬁoé’@mfrkéﬁo%%ﬁﬁgﬁfi z?nfiLI)JPFher
aspect of tRgrhB¥eRILRI4AN ARRArAdS iR @@Sﬂé&&ﬁnst ophihfavagle ghya

gas conprises neans to neasure the speed of soun e gas and neans“to
use the speedmptis® il lieAs8NonyestidrORyRF068EbNY datg Eakosxdrple \e@hufepf
the gas corresponding to said speed of sound. According to a still further
aspect of theopanenthuirren @epapneusrtiexansure the calorific value of a
gas conprises neans to neasure a first thermal conductivity of the gas at a
first tenperature; neans to neasure a second thermal conductivity of the
gas at a se at ure %hicE dpffers from.the first, t rature.) _and
RERE- 4B SIHes aHeER £t e e hie ce ot Bt editide

means usi ng sou he T i erma

conductivitigs Ef1&PORENAIWRN I %dgﬁlsnaoﬁlﬁfﬁé‘é Ghdif iy Aldédsdret BE 9RS
corresponding to said speed of sound and said first and second thernal
conductivit speed T2 sourdt innthel janoanleuktiinghehe depeed befl, sbyndayn oén
exanple, with reference to the acconpanying drawi ngs in which: Figure 1

di agr ammat i ERETHE SPbVRT @A GigardauscalPrifiich vEdae PeeReFBRNEARI bEO said
performed; and Figure 2 shows a diagrammatic exanple of a feed forward

ai r/fuel gagpﬁ% t I&§V§ﬁen1utilising the present invention. Wth reference
to Figure 1 an apparatus 2 to neasure the calorific value of a gas has a
chanber 4 into which the gas is supplied through an inlet conduit 6 and

| eaves thr ongBoedirailt Ic@t another aspect of the invention a method of

measuring the calorific valﬁe 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 calorific value of
the gas corresponding to said speed of sound and said first and

second thermal conductivities.
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WO 991 36767 3 PCf/ GB99/ 00069 conduit 8. The inlet conduit 6 includes heat
exchange neans 6A, for exanple a copper coil by which the-tenperature of
the incom ng gas can be adjusted to a .val ue substantially the same as that
of the anbi ¢pdogsgferature of the external atnosphere \AherP@J?)ng,;)ﬁm%as in
the chanber 4 i's of substantially uniformtenperature throughout. The
chamber 4 includes an ultra-sound enitter transducer 10 and an ultra sound’
recei ver transducer 12. An electronic control neans 14 includi ng conputer
means i s cokrRtdnd ¢oaasifgrahegeaspedtorofl boisd ieintubdeant Appaoatu®lcof
the control neans 14 the_signal generator causes the transducer 10 to emit
ul tr a- sound"®3PFE $hegcadontiic smluphefuht gas seemprisagnaleens8tarreanue ved

by the tra ucer 12 and their reception signalled to the control neans 14
oo e S0 EBepRRR (ot g CBF SAne S0A: P e SSPoTR S BBGELRE ound

transducer sipl05gn [+S; t co . Jrean 4 iLh_is arranged
to cal cul ate S(a'% \?\%%étislsdﬁfﬂg%s%g%ﬁy%f r&glgun #%lnéﬁeg?%%%%cfc(ﬁ%é) 938 1
desired sanemidspondeagstofsamnspddag otheogrged of sound in the gas may be
used, such as that disclosed in US4938066. However, the nost preferable
method is that disclosed in UK patent application Nos. GB 9813509.8, GB
9813513. 0 agnd .9813514. 8, These applications disclose the use of a
resonat or tO o TESSHFet? feSEpbbfusithesuABPett £ gaBe W RYENT iOReaR ARRAIBSHS A

driving el r oo jrouit j may_include or be in the.formof a

ni cr opr oce?s%,’z)rrﬁ)%ussq}arrcér a%tgéedc%g&%£%h%c¥a§u§i ﬁgscﬁ dBtS sCHMBF L B2 r 5283 £9bl e
range of fmRawarel &S FOrdl | VReAnd OUHSH vit{heokogﬁgp%ad erad syarg;anged to
apply an acoustic signal to the interior of a‘resonator. m crophone’i s
arranged t dedpegsturbe medM3 AY IeEELRCH GB28hA0ERmaY dBXENIdYdR tof cEhe
acoustic signal within the resonator. The signal fromthe m crophone is
filtered afd®addiSi fAed bSeAN pMRsHasgeeWbdichodii€ feks c firpmantea first

pr ocessi ng Qpans geterm' es the resonant frequency rel ati n%ﬂto the gas

onat or <t SFePEPRT MFinSs tEpetRPS} ofotipitnd AnCehie rHitkfited8@ns or

wi thin the resSona
22 in the gbapher i ; Lol i a n.iine_24
representing the \#z;leggnggf Q?r?}lghg@ ?gg%é?e%pggra u%é.e}'o%{;orgn%?%ﬁ C{Iﬁp‘éﬁ?ﬂture
sensor 22 rajobefpartalfe aft BAENGLs COMERKSHOHAINGS 68584 iR @ biES 5BEnd
thermal conductivity observation neans 30. The thernmal conductivity sensor
28 may be anfi Apdd uFErsthandalseconduchexmdly qumiuesdnsoiesondel type TCS208
avai l able from Hartmann & Braun AG of Frankfurt am Main, Germany. The
thermal conductivity observation nmeans 30 to observe the thernal

conducti vi o} t.er ) ich_i esponse tq signals on
line 32 frg}r{net{\%&%gtnlﬁlﬁ?réaﬁg‘gﬁec "f’ﬁ‘g’;?é:r Ecﬁfgﬁ%‘r 2&{ &Y S e%%@é?'ed
desired tewpen aieferaey @ ol BReaT0E &bl RITRE IRLW: BgOPSETWMeEY the sensor
22, and a signal representative of the thérmal conductivity of the gas at
the desired tenperature is sent to the control nmeans on line 34. The
control megns 14 is arranged to cause the thermnal

igure 1 diagrdmmatically shows an apparatus in which the

invention can be performed; and

Figure 2 shows a diagrammatic example of a feed forward air/fuel

gas control system utilising the present invention.

With reference to Figure 1 an apparatus 2 to measure the
calorific value of a gas has a chamber 4 into which the gas is

supplied through an inlet conduit 6 and leaves through an outlet



conductivity sensor 28 to neasure the thermal conductivity of the gas at
two di.fferent* desired tenperatures tHand t1 in which t,i is a
pre-determ ned desired nunber of tenperature degrees t, WO 99/ 36767 5
PCTI GB99100R699/8d7eve t he anbi ent tenperature observed by poEcsswmes 22 and
t,, is a predeterm ned desired nunber of tenperature degrees t= above

anbi ent tenperature; the nunber t, beinggreater than the nunber t~. Using
the observed or neasured val ues of the speed of sound in the gas, the

t hermal cof@BELiGigy Jhet hplgascarduidnpetBelindes Hhaatd exchange trrRaH $énved

val ue of the_anhient tenperature of .the gas.by sensor 22, _the control neans
14 cal cul at8§ tHE™ :Lilleor‘?f COPHSF u &G Bﬁé @'Eécésitﬁbe t REPHTIHEE F = SReThCH
+ b. ThCL +;5c805n Opgh & Bg-h el o i ' ' i fi al ue,;
TheH 1S nifiePlthd fadfe uréte‘fev?atdﬂt(?ftetdhbec°g§s\y§?8tge%€%§?%€%ltcl&% ecsame™ he

thermal coaguehhvi by ehet Babgafit atehpabLf Rtdlr &F t ehe SO éndNaaaRAHE
sound in the gas at the anbient tenperature; To is the anbient tenperature
of the gaswbbzebyetheygakle igenther chambamd 4a,1sh, o, substanticlilyamnaiform
respective constants. The gas in question nay be a m xture of  two or nore

gases in WAFERSTREMEDNPFAUTTGHtof (The FPRATBRE frajnBhudts AR i Wiik@ -sound
Gas mmy be=nForn PRt g AT e o B B CSE Rt hATE IR et 2 cast.

gas may be natural "gas ane an I"east

one of ethafe.clRRIAGc WEAIBL PRELADC1QT il}g.g%{ﬁnga”?orﬁﬁi{:é}urﬁé‘&‘is ngpgi)se

ni trogen and/or carbon dioxide. In order to rive-the constants a,
d) e, and tonneetptiom Isighhe gehéeabdt ad sceehaiquadKAOYE aHnte@1esgi on
anal ysi s nag WO 99/ 36767
the control means 14 the signal generator causes the transducer
10 to emit ultra-sound signals 18 as desired. The ultra-sound
signals 18 are received by the transducer 12 and their reception
signalled to the control means 14 via line 20. The time of
flight of the ultra-sonic signals between transducers 10 and 12

is measured by the control means 14 which is arranged to

calculate SOS which is the speed of sound in metres/second (m/s).

If desired some other means of measuring the speed of sound in
the gas may be used, such as that disclosed in US4938066.
However, the most preferable method is that disclosed in UK
patent application Nos. GB 9813509.8, GB. 9813513.0 and GB
9813514.8. These applications disclose the use of a resonator to
measure the speed of sound of a gas within the resonator. A
driving electronic circuit which may include 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 sgignal to the

interior of a rescnator. A microphone is arranged to detect the



6 PCT/ (GB99100069 be used in respect of data collected in connection with
the gas in question. The proportions of gases in the m xture naey be varied
to forma nunber of different sanples.. Using chromatographi c nethods the
calorific value CV of a sanple is obtained, the anbient tenperature T, of
the sanpl e y§ogfideured and the thermal activities ThCH angl-JBfss0tdst NE
sanpl e are neasured. This is done for egch sanple in turn to obtain a set
of neasured val ues corresponding to each sanple. The sets of values are
inserted inagritaideornd end wbeusbest sighal vaiuRsnf @heCc ttsiomalcsra) brhe, d, .
a and f are derived. In the case of natural gas com ng ashore at a nunber
of |ocati orignal tfeotunthed Hiorppboneedisestiezathl §8d s amnd ipéed obyedmn

sanples fromthe different |ocations and al so on gas equival ence groups
whi oh ar e SFHTPEIAEE PLEFFESRI DS TPRLERNT Z0BFAPeRSLng MARPe PECBILARS hane

d h d ; h
and et an%h%@%ﬂggengrg%% JBLR30E 28 tﬁ’gg_:}aasﬂ‘%uc%’lﬁ gg&bgé‘%?ﬁlgor%ﬁ;‘a”e

in which, I1n the orato ose m Xtures are represent

m xtures ofo RicRNEnandr pr opedE . cMunRquation | was applied to natural gas
and to gas equival ence groups and regression analysis used, the follow ng

val ues for the constants were derived, nanely: a = 36.25649, b = -45.5768,
c = 0.047029 d = 0.091067, a = 0.00074, and f = 24.18731, when WO

991 36767 A HEMREBIYLNTE0E9NEVT| 32t AR &hkofFhpmkeyaf uBTEYI¢RS the control
M/ m ,~(Megaj oul es/ st andard cubii,rretres); ThC, i i.s the thernal

conduct i vITEESr The tds SRy ARKLiRRerd KePTSGERFEa KBPy R} Of the

t enper at ur, fongu i 70 degrees Cel sius above anbient tenperature
Ta; ThC~ iagb'(tlﬁgﬁt E%&lﬁg{:ég%%gdhcti vity of the gas in WmK at a tenperature

tL which is substantially 50 degrees Cel sius above anbi ent tenperature Ta;
SoS is the speed of sound in the gas in nls, and T, is the anbient

t enper at urtheofanienyast émpeikamerns Geisims22 | mayhdealeart appl iac diticxmadf
equation | to natural gas the value of t, ,is substantially 70C and the

val ue of (COBRICEIBIEYNt SANSPT50" €8 TIRAPPEREIRFT f dETEE het GRS itY

bre measueyeg papn pedls, b AF BRI coRANEHEN & efiBol " pin
The val ue 20mihREtGRkOEhERaY absganlt 1Qfi thNRi g2 seRESH méEsh bydehercaenier ol

nmeans 14 may be visually displayed and/or printed or otherw’'se recorded by
recordi ng avednablé fiou dapensent® BExiaghah® dfr BRahkeuto rin Mhine dermany .

The thermal conductivity observation means 30 to observe the
thermal conductivity of the gas has heater means which in
response to signals on line 32 from the control means 14 can
operate at more than one selected desired temperature above the
ambient temperature observed by the sensor 22, and a signal
representative of the thermal conductivity of the gas at the

desired temperature is 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 t,; in which t,

is a pre-determined desired number of temperature degrees ¢t,



By any suitable techni que know per se the control neans 16 nmay be provided
with i.nformatton representing the relative density of the gas or the
control neans may be provided with information enabling it to calculate the
rel ati ve deweissge78®D of the gas . The WD 99136767 8 PCT/ eBveBIYOE® contr ol
means 14 may cal cul ate or otherw se obtain the value of _ the Wbbl e | ndex
W of the gas using the formula W = C% RD A nethod of neasuring relative
density is._described in our co pending British patent application No.

GBO71544828°VF| TRf STP35RG GeFRRLaEe RRERTYEEI DY e §eRsRPuUst &8 b &S

. Ki | n. i tc. forth of
Pontrol sgsPEanrbefiiieq - Riiicios Hrentacist. bl HRe Formede ain)
[ fuel gagmbabhe d&nfdlaitheedPtLAUR GOIDYStLON, ﬁ}e%l'tleqw@ﬂgﬁ t15e RSN the

amount of excess alr to account in part, 'for variations 1n fuel gas
conpositi ep. changes. This all owance neans that the process is running |ess
efficiently than it could do because extra air is being heated and vented.
However, a neasure of the calorific value or Whbbe Index, which is
indicative of the fuel gas quality and which may be found according to the
present i HGERTi BRe PRSPHELSF) MeFsurrdeyalvefart EomtFRACS 195 SOuRdt 4n

Lo {R8aREY! oo p Al o RUALLARLS, 880 BE e Do LU er,

appar at us er f orm such co

via a conduil e AQnaSYER 85s8rildSatif %%l %&BQeHEOE&ﬁ%é‘é%&éC%fa%Q

furnace, kiln, a conpressor or an engi ne and oxygen In ormof "arr is

suppl i ed gastibe RS 9241tHbacMOtSE mdeidUiat c42cufiles Wil cdeyice 43
which may be in the formof one or nore probes tenporarily insertable into

t he WOvabus 676 £ HeCHaGB28100068e Ofconella t 40 or as one or nore pernmanent
fixtures iis arranged to neasure the speed of sound of the fuel gas passing
t hrough th8 Tohdtide 40P -The thér-$8S ¢ofdlctt @-Fi'es Bf the gas IThCH, ThCL at
two tenpetat regqtiiand t~ and the anbient tenperature of the gas T,. The
speed of Soun St the fuel gas SOS, the thermal conductivities ThCH and

ThCL and gheiambientallpiperalyigeff the gas Tp are measured by device 43
and passed via a connection 44 to a control neans 45, which may be a

M Cropr oCEBGrisoithe €REPHAE cdiducidnbye ofCRRkI §hs BB NSerfeBdheentpes t he
calorific value of the fuel gas fromthe received neasurenents from device
43 as expFafndd &hel thermahviorgiwntioriyned theegasirat dfenderagasequal ity,
the contrgl nepans is able to adjust the air/fuel gas ratio setpoint using

an oxygen?Pliets JR& FREED Mougd dpsthengrs ar7the ambpieifte teEPeEAture;
ef ficiency. sL.n_thi ase the oxygen/fuel gas control s em_conprises two
Vari abl 6 Hpdi FEoV AP EER ¢ S E e SR a R ST el T 3 KRR BPPSEBnau ¢ s
40, 42 respecldyyly Bng, Al NeCald ol dAdl Auedeng seantbbedmans 45 via
connections 48, 49. Alteéernatively fhe oxygén/fuel gas control system coul d
conprise a variable opening valve on just one of conduits 40, 42.

The gas in question may be a mixture of two or more gases in

which the composition of the mixture may be of variable

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 comprise nitrogen and/or carbon dioxide.

In order to derive the constants a, b, ¢, d, e, and £ in equation

I, the mathematical technique known as regression analysis may



WD 991 36767 PCT/ GB99l 00069 10 CLAIMS 1. A Method of neasuring the calorific
val ue of a gas conprising nmaking a neasure of the speed of sound in the gas
and using the speed of sound in an operation producing the calorific value

of the gas corr nding to said speed of sound. 2. A net suring
the calorifl 9?73%8'2 of a gas conprising making a neasure gﬁ?ggg%mrs t her mal

conductivity of the gas at a first tenpgrature , making a neasure of a
second thermal conductivity of the gas at a second tenperature which

differs fnemisks fhrstspeePesalades, c8fetSddtid RRntReedonf wsNthar@ st he
first and second thermal conductivities in an operation producing the

calorific ivaloessfionhe (ot qorapespdpdsngft gaseisd igpese ofixstuurd mawd beai d
first and second thermal conductivities. 3. A nethod as clainmed in Caim2,
in which {R&E¥EH ofPf i EOFM u@ i 3uPBeai nefl bFiaLpFeReduFFBYRFol vi ndsdss of

he f | & =_a. ThCH . ThC~ .S0S,+.d. T 3 f) wh cv
o g e DR o i, SeSRBFLE i 4 A ARES 1
CondUCtiVbEﬁa@EeBbetﬂ@?aﬁEiéﬁ%ckéﬂﬂé?a%?%gpﬁraéﬁrﬁﬁeV@HﬁﬁiéTQQ~ﬂE%shQ§FSecond

thermal conductivity of the gas at” said secdnd tenperature which is [ower
t han sai d afnkr sthd egper@alr artivi YR HrBE (6 4nBCHHABIYE00LGD sdmpher @r80S i s

the speed of sound in gas at anbient tenperature and
measured. This is done for each sample in turn to obtain a set
of measured values corresponding to each sample. The sets of
values are inserted in equation I and the "best-fit" values for
constants a, b, ¢, d, e and £ are derived. .In the case of
natural gas coming ashore at a number of locations in the United
Kingdom regression analysis was performed on samples from the
different locations and also on gas equivalence groups which are
artificial replications in the laboratory of mixtures of methane
and ethane, methane and butane, methane and pentane, and methane

and hexane in 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 derived, namely:-

a = 36.25649,

b = -45.5768,

c = 0.047029

d = 0.091067,

e = 0.00074, and

f = 24.18731, when



where T, is the anbient tenperature of said gas whereof said thernal
conductivities are ‘neasured, the first and second tenperatures being
greater than said anbient tenperature,. and a,b, c) d, a and f are
constants. wooeemt hod as clainmed in Caim3, in which SoBCT&BMMNEIpeed of
sound in m's, the thermal conductivities are in units of Watts/netre x
degrees Kelvin (WmKk), the tenperature Ta and the first and second

t enper at ur are i.n degrees .Celsius, and the caloriific value is in

negaj oul es/%?t afddrF J 'Ofl%é‘tcr Jalhg o8 P28, 1R Mk I’fba“’?gaéf’ﬁiﬁﬁzs???@rﬂ m 3
or Caim4dpwhigch the.gas is fuel gas. 6. Anethod as clained in daim5
in which the fuel gas Is natural gas, 7. A method as clained in Claim4, in

whi ch the gag,iss ngidindlerfias 66AMIESIVikAbr east gReei MW &arnhaargas Mhi ch
is nethane) and said natural gas further conprises nitrogen and/or carbon
di oxi de. degPees| I&L671nl2 aRCH GBAPBHO(HGe8.0fA sEbdrocthtasaldlyai Treddedreassy one
of Cains 3 to,7, in which the first tenperature is substantially 70"C
above anbi &5tstEApaPaYarambienta tampesatusectai ned in any one of clains 3 to
8, in which the second tenperature is substantially 50C above the anbient
tenperature. 10. A nethod as clainmed in daim7, or in Claim8 or Claim?9

wh ith k d.al 0] i.¢h: i t ially b
SUbSt ant i alTSCc o Stbararriar v oaiece ey Do ik | 38 I R 4r T 1
subst anti alteypd®agdbdOc, i M/6S hfdtaBR9a1 Py 08b08Egrfed08drs i hpove

24,18731. 11. A nethod of nmeasuring the calorific value of a gas,

subst ant i alainpiast heewpedrwfuaree Tjescri bed with reference to the acconpanyi ng
drawing. 12. A nethod of neasuring the Wbbe index of gas using the fornula
W = Cv in which W is the Whbbe index, RDis the relative density of the

as, and i.s.the calorific value obtajned by the nethod as clainmed in an
gne of d glgﬁé isttahq_ls'peec{ of sound (J:).n the gas yin m/s, and y

T, is the ambient temperature of the gas in degrees Celsius.

In the above application of equation I to natural gas the value
of t, is substantially 70°C and the value of t, is substantially
50'C. Thus the difference between the temperatures ty and t; at
which the thermal conductivities ThC, and ThC, are measured

differ by substantially 20°C [(T, + 70)-(T, + 50) = 20).

The value of the calorific value CV of the gas calculated by the
control means 14 may be visually displayed and/or printed or
otherwise recorded by recording means 36 in response to signals

from the control means.

By any suitable technique know per se the control means 16 may
be provided with information representing the relative density
of the gas or the control means may be provided with information

enabling it to calculate the relative density RD of the gas. The



WO 991 36767 PCT/ GB99/ 00069 13 13. An apparatus to neasure the calorific
val ue of a gas conprising neans to neasure the speed of sbund i'n the gas
and neans to use the speed of sound in an operation producing the calorific

val ue of t%%mgorrespondi ng to said speed of sound. 14cT/ABosgdpéd atus to
measure the calorific value of a gas conprising neans to neasure a first

thermal conductivity of the gas at a figst tenperature; neans to neasure a
second thermal conductivity of the gas at a second tenperature which

di ffers fromtded fieast 1énpeyr atalcelasardonearisewsisyy dblteispebd oilwowid and.
the first and second_thermal conductivities in an operation producing the
cal orific 5°f Jobbier ARAGAINE RE ddoR@snysing serel a2 Issuni¥and sai d
first and second thernmal conductivities. 15. An apparatus as imed is
Claim114, in which the calorific value is obtained by a procedure invol ving
use of the formula: CV = a. ThCH + b. ThC- + ¢c.SoS + d. T, + e. T,z + f, where

CV is the raldhcd ©tVakituping Nes Oasiveriene ithCllsi 8etbpidéd sin tdiar Rl
conductivity of the gas at said first tenperature, where ThC~ is the second
t her mal c@EeddnovBrytbéh pacegasappl Sea i e dlon dGB $hidey4d @ €1ibkd odn i28€nHower
than said first tenperature, where SoS is the speed of sound in gas at

anbi ent telder 3P87e and A V WD 99/ 36767 PCT/ GB99/ 00069 14 where T, is the
anbi ent tenperature of said gas whereof said thermal conductivities are
measured, the first and second tenperatures being greater than said anbi ent

Lemper at Uiherandied, It il oAl AP £ BRANE (. AARA Ainne
spee

claimed in daim115~1n which SoS is the of sound in m's, the thermal
conduct i vidampgeaser| nentlides etc\Wit §ShderEiore ¥fdegrars Isglstemn {3Vuadd ot he
tenperature T, and the first and second tenperatures are in degrees

Cel sius, #&%F the @@ann f(ls valscase in wegfoom ef/atrindafuet AT rasire
(M)/nB,,). 17. An appa,ratus as clainmed_in Caim1l5 or Caim16 in which the
gas is fuél® §ﬁ§‘:‘r3§p CARURL AP SIS Ofs A idgPvaRce 1 MRER LR WiF GTCHRE f uel

gas 1s naEEr@xd@§§’air to account in part, for variations in fuel gas
composition changes. This allowance means that the process is
running less efficiently than it could do because extra air is

being heated and vented.

However, a measure of the calorific value 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 control is shown in 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
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computer for example. Control means 45 determines the calorific
value of the fuel gas from the received measurements from device
43 as explained earlier. Having determined a measure of the gas
quality, the control means is able to adjust the air/fuel gas
ratio setpoint using an oxygen/fuel gas ratio control system 46,
47 to achieve better efficiency. 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.
Alternatively the oxygen/fuel gas control system could comprise

a variable opening valve on just one of conduits 40, 42.
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the calorific value of the gas corresponding to said speed

of sound.

2. A .method of measuring the calorific value of a gas
comprising 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 calorific
value of the gas corresponding to said speed of sound and

said first and second thermal conductivities.

3. A method as claimed in Claim 2, in which the calorific
value is obtained by a procedure involving use of the
formula: -

CV = a.ThCy + b.ThC_ + c.S508 + d.T, + e.T}? + £,

where CV is the calorific value 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 f£irst temperature,
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Watts/metre x degrees Kelvin (W/m.k), the temperature T, and
the first and second temperatures are in degrees Celsius,
and the calorific value is in megajoules/standard cubic

metre (MJ/w’,).

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

is fuel gas.

6. A method as claimed in Claim 5 in which the fuel gas is

natural gas,

7. A method as claimed in Claim 4, in which the gas is natural
gas comprising at least one hydrocarbon gas which is
methane, and said natural gas further comprises nitrogen

and/or carbon dioxide.
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9. A method as claimed in any one of claims 3 to 8, in which
the second temperature is substantially 50°C above the

ambient temperature.

10. A method as claimed in Claim 7, or in Claim 8 or Claim 9

when either is dependant from Claim 7, in which: -

a is substantially 36.25649,

o

is substantially -45.5768,

is substantially 0.047029,

2 0

is substantially 0.091067,

o

is substantially 0.00074, and

H

is substantially 24,18731.

11. A method of measuring the calorific wvalue of a gas,
substantially as hereinbefore described with reference to

the accompanying drawing.

12. A method of measuring the Wobbe index of gas using the

formula WI =J;¥ in which WI is the Wobbe index, RD is the
RD

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

11.
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comprising means to measure the speed of sound in the gas
and means to use the speed of sound in an operation
producing the calorific value of the gas corresponding to

said speed of sound.

14. An apparatus to measure the calorific value of a gas
comprising means to measure a first thermal conductivity of
the gas at a first temperature; means to measure a second
thermal 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 calorific
value of the gas corresponding to said speed of sound and

said first and second thermal conductivities.

15. An apparatus as claimed in Claim 14, in which the calorific
value is obtained by a procedure involving use of the
formula: -

CV = a.ThCy; + b.ThC, + c.Sos + 4.T, + e.T, + £,

where CV is the calorific value 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 gas at ambient

temperature and
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said ambient temperature, and a,b, c, d, e and £

are constants.

16. An apparatus as claimed in Claim 15, in which SoS is the
speed 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 calorific value is in

megajoules/standard cubic metre (MT /)

17. An apparatus as claimed in Claim 15 or Claim 16 in which

the gas is fuel gas.

18. An apparatus as claimed in Claim 17 in which the fuel gas

is natural gas,

19. An apparatus as claimed in Claim 16, in which the gas is
natural gas comprising at least one hydrocarbon gas which
is methane, and said natural gas further comprises nitrogen

and/or carbon dioxide.

20. An apparatus as claimed in any one of Claims 15 to 19, in
which the first temperature is substantially 70°C above

ambient temperature.
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which the second temperature is substantially 50°C above the

ambient temperature.

22. An apparatus as claimed in Claim 19, or in Claim 20 or

Claim 21 when either is dependant from Claim 19, in which:-

a is substantially 36.25649,
b is substantially -45.5768,
c is substantially 0.047029,
d is substantially 0.091067,
e is substantially 0.00074, and

f is substantially 24,18731.

23. An apparatus to wmeasure the calorific wvalue of a gas,
substantially as hereinbefore described with reference to

the accompanying drawing.

24. A control means for adjusting the oxygen/fuel gas ratio of
a gas fired process comprising an apparatus for measuring
the calorific value of a fuel gas for the gas fired process
according to any of Claims 13 to 23, and means for
adjusting an oxygen/fuel gas ratio control system for the
gas fired process in accordance with the determined

calorific value.

25. A furnace comprising means for receiving a supply of

oxygen; means for receiving a supply of fuel gas; an
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means according to Claim 24.

26. A kiln 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 24.

27. A compressor comprising means for receiving a supply
of oxygen; means for receiving a supply of fuel gas;
an oxygen/fuel gas ratio control systeﬁ; and a control

means according to Claim 24.

28. 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 a control

means according to Claim 24.

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

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

relative density of the gas, and CV is the calorific value
obtained using an apparatus as claimed in any one of Claims

13 to 23.



