, bce3eRO. x6T9@2 2 APR 2~~2 *co0002* Method and Apparatus for Measuring The
Calorific Value O A Gas This invention relates to a nethod and appar at us
for neasuring the calorific value of a gas. The gas nay be a fuel gas, for

exanpl e nat mmﬂmwﬁmwmmmF natural gas may be nethane and may further
conprise ni B carbon dioxhde. In addition to nethang,t pgs ur a
gas may conpri seomd2+ | east one ot her hydrocarbon gas, for exanpl € et hane,
propane, butane, pentane or hexane. According to one aspect of the

i nvent i ofeihed: Bad APpaxasys £@1 Measardmidf frgle\/éflall@r(iff ig yaduen@fr Ps&as
maki ng a neasure of the speed of sound in the gas, making a neasure of a
first thermal conductivity of the gas at a first tenperature, naking a
neasure ehig SeseMt ilderFEl acondust iaVidet 1fd t 88d 9appatraR use G hesPer Aldire
which differs fromthe first tenperature, neasuring the speed of sound in

t he gas, thRdcasdPrudgfiRe vapBed odf asga@sd and the first and second thernal
conductivities in an operation producing the calorific value of the gas
corresponding to said speed of sound and said first and second thernal
conduct i Thei gas meyobei ag fluela dgaw,t Her as@eqtl eofnatherdlnved i orTlen repparalt us
to neasure the ca#%rific val ue o %agas conprises neans to.neasure a fjrst

ther mal @8fidJ&RY vPEy BP-RARS gAnht M3Vt i Pt hehp SPTPRIES nBARECIED e a
second tBgrBABh DML Vit yI@f il tdash atoa e t eArertlIVGEl may
differs fromthe first tenperature, means to neasure the speed of “sound in
t he gas, camariganatudeagtt paespsbgrohysopsarben e f iffost ewrnple: tdhane,

t her mal I VL] in rati on_producing the calorific value of the
gas corrégggﬁﬂ%hgb§gg§§fdpggggggogksgﬁﬁgnghd said first and second ther nal
conductivities. 2 2 APR 2Q02 2 It would be advantageous if at |east one
enbodi nrent of .the invention provided met hod of measuring the calorific
val ue ofAﬁcaﬁglegnﬁPiQQﬁ;?ﬁé%%@ gfn§§§uH@WﬁnQ¥%l§%e@8tBPdsGGn§WQ?W4kﬂﬁas
and usi nghkheaspeedief wawrd o ANgARCIRkIpIN SN0 i theneakatkf b walde
correspondi ng to said speed of sound. It would be advantageous if at | east
one enbodpaedt obf sowad riventhengpsovimdsdngn cappeastus ¢ aeddmse tihermal
calorifigovgﬁggigi a ggstﬁongrisigg ans t% neasure _t he speed of %pun%g n
t he gas ARAReEhE Y TsetthRe gﬁeg 8t -&5hd prgﬁaSHéﬁati lﬁﬁbéh@?ﬁﬁ“ihe
cal ori fiéefvah uesedoridie esrtdl r espomettivioy sabfl sppeed ffs samnd.a Thecond
invention will now be further described, by way of exanple, with reference
to the ac®BAPEAVIRY YRAGRNG SES TR fIP™ FilkRir BITSHi SGPRAMALVESI | eSIFaWE "gn

appar at Ugpt Nspbbghokhgotin¥enty ehLade NI f Qs Ry tRBdspeed of sound and

the first and second thermal conductivities in an operation

producing the calorific wvalue 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 to
measure the calorific value of a gas comprises 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,
means to measure the speed of sound in the gas, 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.
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Fi gure-2 shows a diagrammatic exanple of a feed forward air/fuel gas
control systemutilising 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 h@kgggﬂpan
outlet conduit 8. The inlet conduit 6 includes heat exchange med ,ror
exanpl e a copper coil by which the tenperature of the incom ng gas can be
adj ust ed Ito wovhfludssi pByaakeggbly the sdnelassthaenef amhodimsirdnt of the
t enper at .t he rnal at r .1 he S | . er 4.1s
of substgh&?§%3§guﬁﬁ?%ﬁggﬁéﬁbé&%?ﬁgg %%r@%%ggﬁ%ﬁgTﬁg%cﬁ%'C%$§2E?§%Bﬁ5%§°%n
ul t r a- soancyaariddngpr itgians dugletnd Oaamdagnrel tofa tdodindpeedebyelscunansidiicetie

12. An electronjc contraol neans 14 includjng conputer nmeans is 2 2 APR
2002 3 cORReEH HTinE stgnaPPgererdt GouRsl Sbn ¢ Bt OBeIAE 10Re RSN ihe

control ggaBsik4ct k}ﬁlﬁégﬂél\rrﬁéﬁéhétiﬁ% gausas dl Bpebarsduceinglo to em t
ul tra-sound signals 18 as desired. The ultra-sound signals 18 are received

by the transducer 12 and their reception signalled to the control neans 14
via |line;20. ti I t l.tra- i c_signals tween
transduc%gs‘T§9§%dt%§ ?évéégggégggbjnfhétcog %g ﬁ%%ﬁse qﬁ%ﬁéﬁ%isogrﬁgﬁﬁed
t o cal cuiavenS@Bnwinrelviided hen spppdratusotiad men skt esheecandr(ifis) valde

desired sagne ot her neans of neasuring t he speed of sound in the ggs may be
8

used, sufh &s SAMCURTIDRY 7724538066 SUHSWE NS | SPeed nBSt SprBFeridbltehe
met hod i gathapndi sebased dd Uedatet NBsedBo2338884a G 23398855 andt G
2338783. "These applications disclose the use of a resonator to neasure the
speed of preduding &hgasadiamific healesonft dthe Agas | eongeebevtingi ¢tocigaid t
whi ch naé igﬁlgge rnge in the formof a mcroprocessor is arranged to

pr oduce PEFhusoi dalt Signal over a suitable range of frequencies to drive a
| oudspeaker. The | oudspeaker is arranged to apply an acoustic signal to the
interior of a resonator. A mcrophone is arranged to detect the 2 2 APR

2002 4 nEBRi EOAENSEORhYiddodoM DasigHehey tAeRCTheedesbiiaay. ofhexAma
from the,mgrophanents Eb'EﬁéchéBﬁiP%Hgkh&' ﬁgawngg %B%ﬁ%h@te el ectroni ¢

circuit and a processing neans dete es the resonant frequency relating
to the gas within the resonator to determne its speed of sound. A

tenperatyure sensor =2 in the ch er rovides the control, neans, 14 wi.th
datn on FHAREEs"Pe F CaamRimg: (ol bl i< 1t - apbaratus O 1A Which! Wre

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
conduit 8. The inlet conduit 6 includes heat exchange means 6A,
for example a copper coil by which the temperature of the
incoming gas can be adjusted to a value substantially the same
as that of 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 control means 14 including computer means 1is



anbi ent tenperature. The anbi ent tenperature sensor 22 may be part of a
thermal conductivity sensor 28 conprising thermal conductivity observation
means 30. The thermal conductivity sensor 28 may be a miniature thernal
conductivity mcrosensor nodel type TCS208 avail able from Hart g:%) P‘% ﬁﬁ?un
AG of Frankfurt am Main, Germany. The thernmal conductivity observation
nmeans 30 to observe the thermal conductivity of the gas has heater neans

whi ch | AORBSEBRSe tro il RN TRETD 16 ofiPt RBaEoRTIOST fétn SO Tdh of
operat e gl %%g,%rfo'iagne%!}% SEf e@ﬁgdsgggéigﬁgh@%%% We RO d h&&?@aféﬁ%e

t enper ature observed by the sensor a signal representative of t
t her mal 10o0hduetiti by toh-sbhendasighailise 18esisr déstieepler afinee uls reesiound t he

trol r line 34. Th trol 4 t th
Cher mal SCOMANEL 101 £ C< BREGH V36 BY. hoits & b iWor ol ORUELT g oY~ The

gas at gwendifitares €rei rethtpenatbses ad Fviand ink i mowhi chhé " tiifea of
pre-determ ned desired nunber of tenperature degrees t, 52 2 AP R 2002
above t héighbi At HhenmpErtaiare s et R by PREVERNRSbFapsdYRErE~ 1i0s apd 12

predet eg g ned, desb8 e PUTRR! QUordtG/PET JUne degr eghibh abovea ARDLGEY

to
tenperature; the nunber t, being greater than the nunber t,. Using the
obser vedadcubebsur®s vathied ofist hehepemmeexd sdundoiundt hengasgtt el
conduct i, Vi ty of the gas at tenperature t~~ and t~ and the observed val ue of
t he arrbi(%'ls tenperature of the gas by sensor 22, the control neans 14
calculates the calorific value of the gas using the fornula CV = a. ThC~i +

b. ThC~- + ¢c.SoS + d. T" +e.T," +f - 1 inwhich CVis the calorific val ue;
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 Nos. GB 2338784, GB 2338852 and GB 2338783, 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 signal to the
interior of a resonator. A microphone is arranged to detect

the



ThCH is the thermal conductivity of the gas at tenperature tH, ThC~ is the
thermal conductivity of the gas at 'tenperature t~; SoS is the speed of
sound in the gas at the anbient tenperature; T, is the anbient tenperature
of the gas observed by the sensor 22, and a, b, ¢, d, a and f a#& APR 202
respective constants. The gas in questi oh may be a m xture of two or nore
gases in i the | ti t.he .m. xt,ur _b i.ahl

proporti g\r%?nciggrd%ex%?ml g§ héggggz%h (isul nt)g'llon‘g%mgﬁybeeta ué?gﬁgg.5%§uch el
gas may b Aanur Abofas nd NRakyhllncass By 1GAII SeniPtiRne; ARdaaty | eagf
one of ethane, propane, butane, “pentane or hexane, and may further c}érrprlse
nit rOgenaﬁ?@'_/o%rri%%rebféﬁ.éEt@Hrﬁ% cli'i'c%ri@e_ﬁnaoadﬁfbc\!;gsEBﬁEC@@§h§n@iétérm9ne§’

d, e, and in equation |, the mathemati cal techni que known as regression
anal ysi stRBY resbndnt APRAMNWedisfddd deectgnd whadigi sothectedohBror
connection with the gas in question. The proportions of gases in the

m Xt ure maydeeevarined ity fayard gudmindf di fferent sanples. Using

chromat ographi ¢ nethods the calorific value CV of a sanple is obtained, the
anbi ent tenperature T, of the sanple is neasured and the thermal activities
ThCH and ThCL of the sanple are neasured. This is done for each sanple in
turn to dbtEmperasarefsSeRsglr eéd al fée cdraepontli Rovadesc i+ ranpPrtrahe
sets of values are inserted in equation | and the "best-fit" val ues for
const ant®eansp 14 withy daf@ fomr éiper iddedrePReEABCEATe tdTe NYR 4Gl Qfasthe
com ng ashore at a nunber of locations in the United Ki ngdom regression
anal ysi s2WBR3EpEr FBFREF 3 *Eanpl es fromthe different |ocations and al so on
gas equi val ence groups which are artificial replications in the |aboratory
of m xtures of nethane and et hane, nethane and butane, nethane and pent ane,
and neth nd .h ne | ich, in the |aboratory, t 1 Xt ur re
represen@% %y“%d'l )%er gﬁfn?)ﬁe’l\g%ttﬁfgs %?ésrélf hgr‘i‘e rgén% )p‘gjr‘o %ZE %%ngegi}é If“(lj';"‘nll
was appl j ngt uyal d to,gas ival ence graups an i

anal ysi sbﬁggégt?ﬁge?ol I g\%ﬁﬁggval %8es for 1% Lleélc stants were ec{r{%gfe , nl(a)lérkly:
a = 36 25648rvB: FontReBA88300 Tk WMIDAR M CoHASTy sdhsof OOy wund |

a miniature thermal conductivity microsensor model type TCS208

available from Hartmann & Braun AG of Frankfurt am Main, Germany .

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 t, and t, in which ¢ty

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



7 Z 2 APR ~~a~z CV is the calorific value of gas in

M/ m ~~( Megaj oul esi standard cubic netres); ThC i is the thernal
conductivity of the gas in WmK (where Kis degrees Kelvin) at a
tenperature of substantially 70 degrees Cel sius above anbient tenperature
T,; ThC~ is the thermal conductivity of $he gas in WmK at a t nDAPRt 200
t~ which is substantially 50 degrees Cel sius above anbient tenperature T,;
SoS i s t hrbepeahofauignt iteMoeeagas-d ebskesvedndyTrnessengognBieand t, is
tenperature of the gas in degrees Celsius. In the above application of
equation 3 Peedetaraingdsdereredl nampen of steyuperaneral ARI¥eeE dndabhee
value of t=is substantially 50"C. Thus the difference between the

t enper at FERLINC LRMPErJ{ULHi e HRIMGRT fal PeSREUSERRFELe§PRRCE NeaRYIPRE~
are neasured differ by substantially 20"C [ (T, + 70) - (T, + 50) - 20)
The val uézof the calorific value CV of the gas cal cul ated by the control
nmeans 14 may be visually displayed and/or printed or otherw se recorded by
recording means 36 in response to signals fromthe control neans. By any

PuL L0l e UESININE KODNCER 52 LECGRTLT Oy IBRTS L6 I e £ 1]
ot ve dEnaty” HTor thena D  CoRRRLe Ry EER e hnis o OB TPRREEREEES fuy
S by fhadf ) REE BReObRERvERC VUM oY (hR® AR [P rte 1O RS
gas by sensor 22, the control means 14 calculates the calorific
value of the gas using the formula
CV = a.ThCy + b.ThC_ + c.S0S + d4.T, + e. T + £ - I
in which
CV is the calorific value;
ThC,; is the thermal conductivity of the gas at temperature ty;
ThC, is the thermal conductivity of the gas at 'temperature t ;
SoS is the speed of sound in the gas at the ambient temperature;

T, is the ambient temperature of the gas observed by the sensor

22, and a, b, ¢, d, e and £ are respective constants.

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 éhhane, propane, butane, pentane oOr

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

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

I, the mathematical technique known as regression analysis may



A et hod of neasuring relative density is described in our co pending
British patent application No. GB9715448.8 filed on 22nd July 1997. Wen
fuel gas is conbusted in a process (e. g. furnace, kiln, conpressor,
engine, etc.) some formof ccntrol systemis used to set the ox

this case in the formo_' air) / fuel ga% ratio to ensure optlnﬁﬁgmdﬁimz

conbustlgg égdallowa c ue#@aggl n H%gkﬁggqgt gfcv%ggég%ghrvﬁehagﬁgugéahg

part, for variati ons I anges owanc

that the;p Qﬁﬁgﬁ run ]gﬁﬁﬁgff ent:| tra
air is belng aﬁd@bggéJ mé%%% BE asure %fE?Ee Cgﬁbrlfl X
or WobbeyLadex, W@‘”Edfh'ng'cﬁhﬁﬂ%fﬁ 5@9 ﬁH@%eQéﬁth%@dﬁﬂégmiWm'§orﬁ£

be found according to the present invention, may be used in a feed

control ghi-akh@g¥gtaphiBr @R Hd¥Ms agfdir dgyopireenihoheavaiy ay & aguhgcdi gye
better efficiency. Kn apparatus to perform such control is showmn in Fig. 2.
Fuel gascbsasnppli etheviama extndtiehpdacraneh Taso8 phpekaple gas tedSdred
process 41 such as a furnace, kiln, a conpressor or an engi ne and oxygen in
the forrmanfl ailre i sheuppli eaictmvihﬁepr Orie®s 4dtdviEh@novherthmondampld?2. adny
sui tabl e device 43 which nmay be in the formof one or nore probes

t enpor armegsiunedr t aBhési Asodbhe fof Z2aZhARRMOG? in dormuitto 4PFiasa arer or
nore permanent fixtures is arranged to nmeasure the speed of sound of the
fuel gasopagerAyredr sadhashecerrasponddngt ke teadhesampheiuct Nt iSes sofoft he
gas ThCH, ThC,, at two tenperatures tH and t and the anbi ent tenperature
of the g4al¥gs are iPeedtef ipupguatiome I gaid e bgstd ' herdkiies for
conductivities ThCH and ThCL and the anbient tenperature of the gas Ta, are
measur ed°BHSHBUFEe 243 RindCpashed®vithh toARECITIN HE ¢ 0 e orii® oFafBarRf 45,
whi ch Croprocessor. or a_ conp r for le. Contr ans 45
det er ni n%@gl{lﬁal FHDrFITIY AOEE Fhe? f'ﬂt!ﬂ%o%%so? e%‘?ﬁr?rrﬁe I?%c]é?\)%be Uitted
nmeasur e o] 3 xpl ai ne rlde vin

meacur o Brhaneh RLOREEEToN" AREE BRE %#50. Segh it T80} EETERRR Tne

ai 1/ fuel agagoraht O SEAPOLHL A3hNd &9 SXVARD/ddIEl vl %Jﬁ‘wﬂcﬁﬁ%em

46,47 to achieve better efficiency. In t ox gen/tuel gas

control sygi et LONPF&SEScA MoNar{ R e %&f&caﬁbvc% rfiGet e O hl'&t:?ﬁ(ﬁlé of
the fuel gas and air conduits 40, 42 respectively and both controlled by

the contamd éERIte 4matafO et Hutiing 8 ndtthar¥ taid Pdneaine t ki xpgaankuel
gas control systemcould conprise a vari abl e openi ng val ve on just one of
condui t sad@, hZankt is twhiwh,under stleed ldmiratidranytheker emecixePr age art
i s made herein, such reference does not constitute an adm ssion that the
prior artepoessntegaby &iffbaecenommxtgersr @lf kehbaedgand pdopane. in
Australia or any other country. In the clains which follow and in the
precedi ng summary of the invention, except where the context requires
othermnse due to express |anguage or necessary inplication, the word

"conpri STRRR St |Inwﬁﬁea§8ﬁ§6dof:° PRAENGALNGAS 3R SasheéNALRESe
spect {1 ¢¢_ . be pesgsl ated WL (U er el bEes | D, YARL 24 STDOLTERLS O

constants were derived, namely:-

a = 36.25649,

b = -45.5768,

c = 0.047029

d = 0.091067,

e = 0.00074, and

f = 24.18731, when



10 CLAIMS 2 2 AP R 2u~~ 1. A nethod of neasuring the calorific value of a
gas conprising nmaking a neasure of a first thermal conductivity of the gas
at a first tenperature, making a nmeasure of a second thermal conductivity.
of the gas at a second tenperature which differs fromthe firs 2 .
tenperature, measuring the speed of sound in the gas, and usi né AR @ﬁt%ed
of sound_and the first and second thermal conductivities in. an. operation
produci 1Y the ' oF PEPELFACUE DFUS hef gg8Scdrt d4haRdi HEIEdOULPE/ Shardast
sound and.said first and second thermal conductivities. 2. A nethodas

cl ai med SH*E BSHEES)i'n which the cal orificval ue i sobtai ned by a procedure

i nvol vi h A OV T hCl, & + d,.. Ta, +
o Orap 1o Eephak CAOER Ceotihus et et Bl ns Uk TRRR R oK e
first t (e¥ale VIt WRVY i de fLE ,wﬂg ThCL i
tlh:assec?)l%g t %g(r:rral ciorl}l)\d“u%%ﬁl \?&lI t E/Q%Fg?%gggga;% sgl{léggéggggi?glrjrggr at u#%e%]/\%i clhs

i's | onerkhanusahtohie Sintimer Aty &y 1ereSeS i s the speed of sound in gas
at anbi enttenperature andwhereTa 1s the anbi'ent tenperature of said gas

wher eof said thermal conductivities are nmeasured, thefirst and second
tenperatures being greater thansaid anbient tenperature, and a, b, c, d,

e, and f ahe, cdsst ahés.clerralreiduedivas: Bhidded i Nt aigas?, ihn wim.ah £6S 4 s
the speed of sound in ms, the thermal conductivities are in units of 2 2
APR 2DDeempériaute/ npt waixhdegr emsbitehnt bal WnER) deigreesefedrsaius eabkase and
the first and second tenperatures are in degrees Celsius, and the calorific
val ue i smbaentgapopesststrandard cubic netre (MJ/nBst) . 4. A nethod as
claimed in daim2 or laim3 in which the gas is fuel gas. 5. A nethod as
claimed in daim4 in which the fuel gas is natural gas. 6. A nethod as
claimed in Claim3, in which the gas is natural gas conprising at |east one
hydr ocafB8ni§asP@hEPReHs Ofesioame dhd-ighhatural s gadnd urt her conpri ses
nitrogen and/ or carbon dioxide. 7. A nmethod as clained in any_one of Cains
2 to 6, Ti tSutiteh a1 StetRRFRFaFar 8L 8heuBafanti 2PEYe?ECCEbEYESanbi ent

t enperat ure.

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 t, and t, at
which the thermal conductivities ThCy; and ThC, are measured

differ by substantially 20C [(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 contrcl 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



8. A nmethod as clained in any one of clainms 2 to 7, in which the second
tenperature is substantially 50C above the anbient tenperature. 9. A nethod
as claimed in Caim6, or in Claim7 or Caim8 when either is dependant
fromCaim®6, in which: ais substantially b is substantially c is
substantially d is substantially a is Substantially f is subsiahAPaI 2082

36. 25649, -45,5768, 0.047029, 0.091067, 0.00074, and 24.18731. 12 2 2 APR
2C~~ 10COBCRBLNBRABF hRaBaVi AglChd 3L& OFi PLOTHRGE GPTEgad S s mial Iy

h i nb d ib ith ref , h [ d i .11
A ot hoth a1 HRBBLE TAGSEnA\WBl0s et S 8 AG AR Al o S -GV in

which W is the Wbbe index, RDis the RD relative density of jthe gas, and
CVis the calorific value obtained by the nethod as clainmed in any one of
Clainms 1 to 10. 12. An apparatus to neasure the calorific value of a gas

CONpr i SA NGe FRBAS ok OmBBABH BIgA rd It i J &IdF 1 (GPNEICAb ¥ EYDOE EREcBRS Y- a
first tenperature; nmeans zo neasure a second thermal conductivity of the

gas at PesecA§ted LNDEN Padenwhiwhl dedd 269 No omddve Saaests tfellpel ajir@ndeans
to neasure the speed of sound in the gas, and neans using the speed of

sound anglyheod7rst 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. 13. An apparatus as
claimed in Gaim12, in which the calorific value is obtained by a,
pr ocedien nfokldi w@suses ofomhestedmilm: a Cprecgss TG -+ rnaeel kidn, SoS
+d. Ta, +a. Ta2 + f-, )

compressor, engine, etc.) some form of ccntrol system is used to

set the oxygen (in this case in the form of air) / fuel gas ratio

to ensure optimum combustion. An allowance is made in the amount

of excess 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



where CV is the calorific value of the gas, where ThCH is the first thernal
conductivity of the gas at said first tenperature, where ThCL is the second
thermal conductivity of the gas at said second tenperature which is | ower
than said first tenperature, 13 2 2 AP R 2~~L where SoS is the speed of
sound in gas at anbient tenperaturegand where Ta is the anbierg 2 tapRogi0at ure
of said gas whereof said thermal conductivities are nmeasured, the first and
second ¢@mpertat 4P e SrbEshPRE eQr eMOrkapesaiadeatbi eintvesmpet at areangend ao b,

c, d, %Qg] afe.c nt n_appatat as_cl aj ] i 3,..0in
whi ch %% | slt? h%ﬁgp%@%%?f o:fou%%nilé\\ ?T?s,gﬁfa he %t%er%aa? %%%gh}égi \%‘ ? Pglg%art@ei n
units ofonvaiits/ 4@t r ehe ddgrreesl Kedbnduct{iWinigs odhethenprrsatIh@®, Tatemd athe
first and second tenperatures,. are i rees.Cel sius, and the calorific

val ue i8"% nt?{’é%%]f%%ﬁ%sf g?*ar‘?d‘éjr S:Lcﬁﬂgcgﬁgt PB‘EC‘WFrrﬁgf“Pe.rafB‘.reAﬁ%a FFs as
cl ai medrj.n @hai mspdear GFai gblAdi Nophi @ t R OBS 9{&5 fuRds 9aghel 6 £ mal
apparatus as clainmed in Claim15 in which the fuel gas is natural gas. 17
An appdtdictaisv it g sre@nfn @ndi A4, and whiec RiHenfast ¢BPeRR U EE gAas the

Comriﬁ%rﬁt 1625 tnd 1, AN A AP ce?aiaa‘r"%%& ééslggtei_}%%g? %Bﬁn%%kqo”ah'rira'

gas fu donpri ses nitrogen an h di oXx n ‘apparatus ‘as

cl ai redcd naangooheodf rdamss 453 t @ehiéh imawhibeh themicrsproeapsoat wre ias

subst anécit%tl exzog'o?nggmg ei.er(lr%ntt?:gplerm%ta%rse'lis 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,

It is to be understood that, if any reference to prior art is
made herein, such reference does not constitute an admission
that the prior art forms a part of the common general knowledge

in the art, in Australia or any other country.

In the claims which follow and in the preceding summary of the
invention, except where the context requires otherwise due to
express language or necessary implication, the word “comprising”
is used in the sense of *“including”, that is the features
specified may be associated with further features in wvarious

embodiments of the invention.



14 2 2 APR 2~~?_ 19. An apparatus as clained in any one of clains 13 to 18,
in which the second tenperature is substantially 50C above the anbi ent
tenperature. 20. An apparatus as clained in daim1l7, or in Claim18 or
Claim19 when either is dependant fromdaim17, in which: ais bis cis d
isais f is substantially substantingl |y substantially substan%iO%I Hﬁ 260
substantially substantially 36.25649, -45.5768, 0.047029, 0.09 %,
0.00074%&4. 18731. 21. An apparatus to nmeasure the calorific value of a
gas, substantially as hereinbefore described with reference to the
acconpanyi ng drawi ngs. 22. A control neans for adjusting the oxygen/fuel
gas ratilo of Pa deerhad ecbfpr oessssucionpr itgieng el aparat vafug measwur i nged he

calorific val . as for the gas firegd process_ accordi to an
one of C ai WBC%??(}{]'OS%%;H%' nr?eaansm?%sfu%djougsﬁ négjjngsnt o&y%%“ﬁ%u%&%%%t lr\éﬂ%
control systesfi foie t yasgas fd r eflrpt ocemperdtaceqr aancergM & hmehsudet exfm ned
calorific value. 23. A furnace co%lrl)ri,sin meaps for receiving a supply of

oxygen: nmean$FET eI a SO ?/tb‘fl'?%_el OEjathSn_ gR¥geliff ud dio

Zggt rzgl)zsystwmp@%t@z@onmmcmmﬁ%or dgntard At  cempeththrd 2
measuring the speed of sound in the gas, 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.

2. A method as claimed in Claim 1, in which the calorific
value is obtained by a procedure involving use of the
formula: - \

CV = a.ThCy + b.ThCy + c.S0S + d.Ta, + e€.Ta® + f,

where CV is the calorific value of the gas,

where ThCy 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

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 a, b, ¢, d, e, and £

are constants.

3. A method as claimed in Claim 2, in which SoS is the speed

of sound in m/s, the thermal conductivities are in units of



24. A kiln 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 neans according to Claim22. 25. A conpressor conprising

means for receiving a supply of oxygen; nmeans for receiving a suppl 9 2APR 200

fuel gas, an oxygen/fuel gas ratio gontrol system and a control neans

according to d ai m 22. 26. An engine conprising neans for receiving a

supply of oxY@ehs/mekRe Fordedeetvi Kgly18upPlAmdt) £ uEhegdemraTastygent, ueI

gas ratio co ol st n C JLETT e ECToTotel d md?e%_w;g

appar at us tog;rlréasﬁlr%% tﬁ%ﬁb%‘eﬁ? n%(&gr#d gas usi ng tlﬁéé for%ﬁl aiadw

which W is €atsVwbbeanddéhe RRIarifhie redbhue veSdenslmqga))fOu]maS/@:ancmmﬂ cv

is the cal or| fi e val g\e oﬁf‘lﬁ/ned usi ng an apparatus as cl a| ned in any one of
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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.

8. 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.

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

when either is dependant from Claim 6, 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.
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10. A method of measuring the calorific value of a gas,
substantially as hereinbefore described with reference to

the accompanying drawings.

11. A method of measuring the Wobbe index of gas using the
formula WI = CV in which WI is the Wobbe index, RD is the
Vo
relative density of the gas, and CV is the calorific value
obtained by the method as claimed in any one of Claims 1 to

10.

12. An apparatus to measure the calorific wvalue of a gas
comprising means to measure a first thermal conductivity of
the gas at a first temperature; means zo measure a second
thermal conductivity of the gas at a second temperature
which differs from the first temperature, means to measure
the speed of sound in the gas, 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.

13. An apparatus as claimed in Claim 12, in which the calorific
value is obtained by a procedure involving use of the
formula: -

CV = a.ThCy + b.ThC, + ¢.S0S + d.T,, + e.T.® + £,
where CV is the calorific value of the gas,
where ThCy 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,
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10° where SoS is the speed of sound in gas at ambient
temperature and
where T, 1is the ambient temperature of said gas whereof
said thermal conductivities are measured, the
first and second temperatures being greater than
said ambient temperature, and a, b, ¢, d, e and f

are constants.

14. An apparatus as claimed in Claim 13, 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 (MJ/m’g) .

15. An apparatus as claimed in Claim 13 or Claim 14 in which

the gas is fuel gas.

16. An apparatus as claimed in Claim 15 in which the fuel gas

is natural gas.

17 An apparatus as claimed in Claim 14, 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.

18. An apparatus as claimed in any one of Claims 13 to 17, in
which the first temperature is substantially 70°C above

ambient temperature.

-
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e is substantially 0.00074, and

£ is substantially 24.18731.

21, An apparatus to measure the calorific wvalue 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 calorific value of a fuel gas for the gas fired process
according to any one of Claims 11 to 21, and means for
adjusting an oxygen/fuel gas ratio control system for the
gas fired process in accordance with the determined

calorific value.

23. A furnace 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.
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gas ratio control system; and a control means according to

Claim 22.

25. A compressor 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.

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 a control means

according to Claim 22.

27. An apparatus to measure the Wobbe index of gas using the
formula WI = CV in which WI is the Wobbe index, RD is the
JrD
relative density of the gas, and CV is the calorific value
obtained using an apparatus as claimed in any one of Claims

11 to 21.



