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(57) Abstract

Apparatus (2) comprises a chamber (4) to
which a gas in question, for example natural gas
is supplied through inlet (6) and leaves through
ontlet (8). The speed of sound SoS at ambi-
ent temperature is measured using any suitable
method such as electronic control and calculat-
ing means (14) and an ultra—sound emitter (10)
and an ultra-sound receiver (12). The ambi-
ent temperatures Ty, is observed by temperature
sensor (22), and a thermal conductivity sensor
measures the thermal conductivity of the gas at
two different temperatures above ambient tem-
perature. One value ThCy of the thermal con-
ductivity is measured at 70 *C above ambient
and the other value ThC,, of the thermal con-
ductivity is measured at 50 °C above ambient.
The control means (14) calculates the relative
density RD of the gas according to the formula
RD = g ThCy + h.ThCL + i.S0S + j.Ta + k.Ty?
+ 1 where (g, b, i, j, k and1) are constants,




According to a further aspect of the invention an apparatus for neasuring
the relative density of a gas conprises neans for nmaking a neasure of the
speed of sounﬂ?bﬂ% Lie gas, means for nmaking a neasure of apki/cBbededa’ Ml
conductivity 0 e gas at 2 a
first tenperature, nmeans for nmeking a nmgasure of a second thernal
conductivity of the gas at a second tenperature which differs fromthe .
first tenperature, and neans for uslng the speed of sound and the first
and secongethednahd @ zs) z 1¢ At g - B
density of the gas correspondlng to sai d speed of sound and said first and
second thermal  conductivities. The inveption will now be f

ur
descri bed Thi§ di@yedtionaFolates,tn 3 et °fom?ﬂ%wﬁﬂﬁ%nﬁﬁﬂyFﬁgaﬁ?%ﬁﬁngs
in which gur rﬁuyatlcally shows an apparatus in which the
|nvent|ond€Qﬁlg¥ K%i?%r%%gg Figure 2 shows a diagranmatic exanple of a
feed forward air/fuel gas control systemutilising the present invention.
Wth reference to Figure | an apparatus 2 to neasure the relative
Relative density is a dimensionless number.

The gas may be a fuel gas, for example natural gas. The natural
gas may be methane and may fu:ther comprise nitrogen and/or
carbon dioxide. In addition to methane the natural gas way
comprise at least one other hydrocarbon gas, for example.ethane,

propane, butane, pentane or hexane.

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



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 i ncludes heat exchange neans 6A, for exanple a copper coil by which the
t enper at ur wooR/36%& i nconi ng gas can be adjusted to a vaPGEGE ntially
the sane as that of the anbient tenperature of the external atnosphere
whereby the gas in the chanber 4 is o2 substantially uniformtenperature

t hroughout. The chanber 4 includes an ultra-sound emtter transducer 10
and an uld riEssurERRaRstIEe , tmmucf@rr makingh a cpeasiemi ef cantsegiondeans 14

| udi t
Lo s uaRy  Rerdter it SOF O fhrrat 1 So5end OIS MIIER reans
14 the suq&%tergeﬂean@ Be £245 %:e%%rEEQPSI S mégggofmgm 'éﬂ@sg,%gpge

signals 18 as desired. e ultra-soun are rec |ved

transducest kduaddahfiethe  £LOH Q8 Hedidakl eaerﬁalt&a&lmwﬂu@aaa af via
line 20. The tine of flight of the wultra-sonic signals between transducers

10 and 12pegatias predugingt bize ceiatdie s tydofittichgas corEspeddiog
cal culate SOS which is the.speed of sound in netres/second_(ms). |

desired $8meS¥thefPREENLHf sﬁ%@urainﬁg gk s SdzatofandhuFECPRA tHETHRY may be

used, hat_di scl osed i n US4938066. However, the nost preferable
met hod |%QP§EFEHY%%}%%ed in UK

The invention will now be further described, by way of example,

with reference to the accompanying drawings in which:

Figure 1 diagrammatically shows an apparatus in which the

invention can be performed.

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 relative
density 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 includeé 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 témperature
throughout. The chamber 4 includes an ultra-sound emitter
transducer 10 and an ultra sound receiver transducer 12. An

electronic control means 14 including cowputer means is connected



patent applicatron Nos. GB 9813509.8, .GB 9813513.0 and GB 9813514.8. These
applications disclose the use of a'resonator to neasure the speed of sound

of a gas within the resonator. A driving electronic circui | y
i nclude or be"PAB4E8 form of a microprocessor is arranged t"%"#r]%%%"g?a

" si nusoi dal signal over a suitable range of frequencies to drive a
| oudspeaker. The |oudspeaker is arranged3to apply an acoustic signal to

the interi f sonator, A jicrophone is arranged ta d t the

mgni t ude. of 0 e s BRReerRA T FREF gl Sha Sse2ok o EBp feferalp,
the m crophpBgnksihi Lh' 88gRA SeMdidiRd JAhsRR tﬁEpEQQﬁéé‘ﬁ@eP'f&téé’”#rﬁit
- circuit and a processing neans determnes the resonant frequency relating

to the gas vilthansoledrebqmaloris tas drisdiigdne The apeed-odbun®@Usignals 18
4 A tenperature sensor 22 in the chanber 4 provides the control neans
W th data oAYfi Feceuveddneddit itwgnefiucen| 1R ard ttheianteeapt ion npigmalivest
The anbi ent _ tepperature sensor 22 may be part of a thermal _conductivity

sensor 28 FRoMRFi SPRErol maang 14 YadRdline 3%y Thes&Ams: PENChiShE @D thehe
t hermal con LVLty. sensor .28 b mani ature.the | ;conducti vj

ni cr osensor g?rg%%el-é%%b% #é‘fdf bggé??lgbﬁ%ﬁsldg‘ﬁeﬁﬁr ff‘:?naﬁfh‘{ gEBF'ﬁu’ﬁeiﬁ“Eﬁé%
Frankfurt aghdbédnti&) M¥Ahs 14 which is arranged to calculate S0S 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 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 resonato:;:

to determine its speed of sound.



The thermal conductivity observation neans 30 to observethe thermal
conductivity of the gas has heater nmeans which in response to signals on
line 32 fromthe control nmeans 14 can operate at nore than one sel ected
desired tewo:m9a6:68 e above the anbient tenperature obser PEWCHIYPORB sensor
22, and a signal representative of the thermal conductivity of the gas at
the desired tenperature is sent to th® control neans on |line 34. The

control ns 14 is arranged to cause the thernmal . conductivity sensor 28
to rreasugg%leﬁ‘BeFﬁE’l"ﬁﬁl SERFFCES VIR yERE ThRDeR & RIQVIGeS fher SontFedi red

t enper at t ' | t ' -det eroined | r n er of
t orpor at firaig st B ddra b Kb 2 UepkBalnbls W I RE S B URe
sensor 22eapdrhtuis. a predetermined desired nunmber of tenperature degrees
t2 above anbient tenperature; the nunber tL being greater than the nunber

t2. Usi ng the observed or neasured val ues of the speed of sound in the

gas, the thermal conductivity of the gas at tenperature t.1 and
tL and tFBeofsdieay LEMperaturfe seMsOEN22 apper Beuparsf athea ghsrmglsensor

22, the control.neans 14 calculgtes the relative density of. the gas using
t he fornﬁf’ﬁau?;b“grﬁf. ThEFBPFPT + 4F ThEP™RTISYS +‘=}1?‘F‘3ai k.cﬁadé‘FF]’-Vg"-li

| - observation means 30. The thermal conductivity sensor 28 may be
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 tyz and t; in which t,
is a pre-determined desired number of temperature degrees t,
above the ambient temperature observed by the sensor 22 and t; is
‘a predetermined desired number of temperature degrees t, above
ambient temperature; the number t, being greater than the number

t,.

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

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



in which RDis+the relative density; . ThCH is the thermal conductivity of
the gas at tenperature tH, ThCL is the thermal conductivity of the gas at
tenperature tygpoosgeg | S the speed of sound in the gas at thecgEessvors
tenperature; T, is the anbient tenperature of the gas, observed by the

sensor 22, and g, h, i, j, k and 1 are rsespective constants. The gas in
question may be a m xture of two or nore“gases in which the conposition.of

the m xtur euddy, ben@f tN& sl Rred? VaRAE! b8NEhe F%@égﬂrgeﬁﬁa%ﬁgtg% l;ﬁethe

guestion may be a fuel gas. Such a fuel gas may S.

nat ural gagamapyc@spsose 22 ethaneocAtfoRi méAas 1o I1F1akRENehePRREABEVE
butane, pentane or hexane, and may further conprise nitrogen and/or carbon
di oxi de. demsigydef tbedeasesing thendioamudag, h, i, j, k, and 1 in
equation |, the pmthematical technique known as regression anal ysis may

be used inRfPedp8cthbr tidt TRl Fett 398 i h Lothecti-B8 wf th the gas Iin

questi on. i'gp%hgggportions of gases in the mxture may be varied to form
a nunber "0 I'Tferent sanples. Usi ng chronmat ographi ¢ net hods

the rel ati wp danghbyrEbapiva @@‘{%I is obtained, the anbient tenperature
T. of the sanple is Jr:n::asur‘('::d an t?He thermal activities ThCH and ThCL of

the sanpl eTacy iseiselrtdtbrmEHl Tondudeneitplofaehe PR tembdrAthPeob}ain a
set ThC, is the thermal conductivity of the gas at temperature tLs

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 g, h, i, j, k and 1 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 ethane, propane, butane, pentane or

hexane, and may further comprise 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 density 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 in turn to obtain a set



6 of nmeasured val ues corresponding to each sanple. The sets of values are
inserted in equation | and the "best-fit" values for constants g, h, i, j,
k and 1 are derived. In the case of natural gas com ng ashore at a
nunber of MSEWEFWAs in the United Kingdom regression ani’Ff s
perfornmed on sanples fromthe different |ocations and al so on gas

equi val ence groups which are artifici@l replications in the | aboratory of
m xtures of methane and et hane, nethane and butane, nethane and pent ane,
and et h&%e "eRFUTRAX HALUPH RAFESDONiNge toalRRcR GaFPlehos Thei wetiseofar e

di ff { Wh
e apSALEas S C Bhd T e B ohat U FARenBESC ot DAl H EGfeasi on
anal ysi s cgggganggeazolﬂ ow ngJ ku%ﬁ%g?z atIJ&e déi:‘l% nt SIIWeEﬁedgéé%lg&

nanel y: - 7955,7" h"= -0.0 0189 k =

-0. oooooaatuaaﬁ gds eohifgl4snovbest a nﬁﬁaeﬁ dﬂ'leLorcalcabhyelﬂaﬂsé tthiekggas in
Mi/nferr] (Megaj oul es/standard cubic netres); ThCH is the thernal :

conduct i Wingdoh ragrgssiom avalysisvvase périformed 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 1laboratory, 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:-

g = 0.017955,
= -0.02812,
i = -0.00189,
j = 0.001807,
'k = -0.0000026, and
1l = 1.73041, when

RD is the relative density of gas in MJ/w’,(Megajoules/standard
cubic metres);

ThCy is the thermal conductivity of the gas in W/m.K (where K is
degrees in Kelvin) at a temperature ty which is substantially 70

degrees Celsius above ambient temperature T,;



degrees in Kelwvin) at a tenperature tH which is substantially 70 degrees
Cel si us above anbient tenperature T[err];

7 ThCL is t%{@@gpﬂl conductivity of the gas in WmK at ger/&psoesat ure
tL which is § ially 50 degrees Cel sius above anbient tenperature Ta;

SoS is the speed of sound in the gas in ms, and T. is the anbient
tenperature of the gas in degrees Cel si u§. In the above application of

equation | nagural_ g % r [ u ant, OLerr] C
and the vthg"o Et[terer]eﬁ%ﬁﬁbs?éﬁﬁ?ﬁﬁyﬂ}gof’gr r‘zjq’lc?S Qﬁ%s&h?)&?{?x{e%gncde

bet ween t heehSaPLERt4!NES WHith lisaRbkkantiaYy Chot Begtéss neel £l dva ti es
ThCH and ThCL are neasured differ by substantially 20[err]C [(T[err] +
70)-(T[err ampbi&Ry tenpPraturthq,yal ue of the relative density RD of the gas
calculated by the control neans 14 nmay be visually displayed and/ or
printed or otherw se recorded by recording neans 36 in response to signals

fromthe contral neans. By any suitabl e techni que@énow@g&r se .t he
control me8AS 16 A SResH o9f dERVDR: AN (G BRS of?r BpPes@REi g ffe the

calorific \a/.r%}aggntR [%:emperature 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 relative density RD 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 calorific value RD
of the gas or the control means may be provided with information
enabling it 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 WI = CV

o

When fuel gas is combusted in a process (e.g. furnace, kiln,

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



of the gas or the control neans may be provided with infoermati en enabling
it to calculate the calorific value of the gas. The control neans 14 may
cal cul ate or otherw se obtain the value of the Wbble Index W of the gas
using the fwopmdsassW = CV When fuel gas is conbusted RGT/GBBOYERSS (e. g.
furnace, kiln, conpressor, engine, etc.) sonme formof control systemis
used to : set the oxygen (in8this case in the formof air) / fue
gas ratio to ensure optinmum conbustion. An allowance is made in the anount
of excessS@f rthepoxygenntin khisr case gm vhei £0¥B e RAT) ubIfupds 9a80RpeEP ti on
changes. This allowance neans that the process is. running less efficiently
than it coITHE L ERaU SPRERipn; o AT et hovanes 48 TRGe VBhEB8 2% ueyer
a nmeasur e, pf e [ ' gpppe | IS, | A jve of

t he fuel %gse%]ua %téf%n%gmﬁﬁgﬁﬁér%yﬂ%e fou'ndfg!‘ggﬁ%lr.ic/i\éign%htso J"tspheﬂgérlggéeéﬁét/

i nvent i ongoriys e oS @thanges . f eeHis oilbdwhnadieafls S$hadt ey pPoteds e t he
accuracy of control available and achieve better efficiency. An

appar at usrunning fless sffhicientiyl than sitowreuld Hogbegauf@eextymsais Huppl i ed

via a condujt 40, such as a gige, to a gas fired
being heated and wvented.

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 control is shown in Fig. 2. Fuel:
..gas is éupplied 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 tyand t;, and the ambient temperature of the gas

T,. The speed of sound of the fuel gas S0S, the thermal

conductivities ThCy and ThC, and the ambient temperature of the

gas T, are measured by device 43 and passed via a connection 44

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

computer for example. Control means 45 determines the relative



process 41 such as a.furnace, kiln, a conpressor or an engine and oxygen
inthe formof air is supplied to the process 41 via another conduit 42.
Any sui t abl ' 43 which may be in the formof one or pEpichoblbdePES

t enpor arily%’ﬁ?%@gsol e into the conduit 40 or as one or nore permnmanent
fixtures is arranged to neasure the speed of sound of the fuel gas passing
t hrough the conduit 40, the thermal r19duct|V|t| es of the gas Th(err],.

Thqerr] ené E’p%'h%t %%it é‘élé‘{??mt 'ch@“‘%e{é%%v%&b u%% pRatat lﬁ'x%npf

t he gas err e spee und of the fuel gas S errra

conducti vi ﬁé’eﬁcér h@ AN @xP16linaades AEi @abi emvltr@rTﬂetaMEe@fa toea suas oFf err]
are neasured by device 43 and passed via a connection 44 to a control

means 45, uwhe gragpabaty, Mihe consred sveans is abdepin edifier thamilm/ fuel
Control neans 45 determnes the relative
9 densityd’f R G &'@F%%W‘F%ﬁq R PEYEERLEueh Gas é’ﬁ’EﬁPsc??%Ql FELER 43

| d f h h
control -modes 4% taphentBY BRERR R oy 18 MG € el Gl B 8 an
oxygen/ f uega §asodtatdi0 sgg@bhob 2168 Ag ﬁhfamactagpex&nmatﬁesewé Clﬁncy

In this case the oxygen/fuel s cont system cofhpri ses two variable

openi ng vabues:.rﬂ@aceﬂa?ofotanelmaa@hsoanamlf URind@Atsaad, M2 feplodisedd, 42
respectively and both controlled by the control nmeans 45 via connections
48, 49. and &ath iapsitroliedokygeing femsitnpds meansr 45 viategnnantipns 48,

49, Alternatively the oxygen/fuel gas control system could

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



conprise a variable opening valv one of conduits- 40, 42.

10 CLAI M 1. A nethod of n¥g UMM’ ﬁlﬂt)l ve density of a gas
conpri sing maki ng a nmeasure of a nductivity of the
gas at a fiwepsaeasperature , nmking a neasure of a AR nal
conductivity of the gas at a second tenperature which differs from
the first tenperature, and usi ngrohe speed of sound and the first and
second t her nal conductivities in an operation producing the relative
density oELRRMS gas corresponding to said speed of sound and sai d
first and second thernmal conductivities. 2. A nethod as clained in
Caiml, in which the relative density is obtained by a procedure

i nvol vi ngyuse pf m{egﬁxod of f ?kgﬁlfﬁlng the Eﬁeraglg_@c%hght r'bf-l_h%[a ég +

i.S0S + j.T[err] Tlerr he re
density of thecdirising makih@r£ measutb@Gera ]Elrﬁttﬂﬁezfmalsbohhﬁéﬂﬂlty
conductivity of the gas at said first tenperature,

' 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.

2. A wmethod as claimed in Claim 1, in which the relative
density is obtained by a procedure involving use of the

formula: -

RD = g.ThCy + h.ThC, + i.808 + J.T, + k.T.2 + 1,
where CV is the relative density 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



wher e ThCL is the second ther V|t oTthe gas
- at said second tenperature which "I’E w y!" than said first

t enper at ur e, wher e SoS rs sound in EE'EG%W&%' ent

t enper at ur e, V¥R P/36768
T[err] is the anbient tenperature of said gas whereof sal d
" thermal conductivities are neasured, thell first and second

t enper at ures bei eater tha t te rature
and g, h,i,j, k an e T 1S the amblentc‘bﬁ%&%’?ﬁ?re °%3sala e sRo
tﬁe

claimed in Caim 2 in V\Ihlé‘a!ldsoéléﬁné ecéﬂ&?%vnttles aéguﬂl a'sﬂrglis

t hermal conducti vi t| es are In units o /Tetre x degrees KeFl Vin
(WmK), the tenperature Hi¥st] adAdsecond tdiperiattiredNde 8§ Upbd P &AM €S

are in degrees Cel sius, and the relative density is In
megaj oul es/ st andar d cubi c said ambieénte teviberpenre) .and g h, 1,4, keahad axe
claimed in daim2 or Claim3, in which the gas Is fuel gas.

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
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/n’) .

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.



5. A nethod as clainmed in Clafn1 fuel gas is - nat ur al
gas, 6. A nmethod a claimed in mﬂm ! tm h the gas is natural
ne

gas conprising at | east one hydrocar nmet hane, and at

| east one WO936T68gen and car bon di oxi de. : A nethoGQﬂFmH@mmkd in any
one of Clains 2 to 6, in which t he flrst tenperature is substantially
70[ err] C above anbi ent t enper at uee. :

12 8. A method as clained in any one of clains 2 to 7, in which " the
second téhperét@?éhpé %%b%k%ﬂMQQﬂﬂnyaBU[enﬁ]Gﬁa@b@%mﬁtﬁatO 7, ignmvhdch

t enper at ur e. thod as claingd in Claim®6, Caim?7 or Claim
g whon ERERSR9O0% SRR Pon 1 SRRFBST IR (RO aBove |t o

substanti al | yagpgé%!g%nperaturg is substantially -0.02812, i is

substantial ly is substantially 0 001807,

9. 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 - 0.017955,
h is substantially -0.02812,
i is substantially -0.00189,
j is substantially 0.001807,
k is substantially -0.0000026, and

1 is substantially 1.73041.

10. A wmethod of measuring the relative density of a gas,
~substantially as hereinbefore described with reference to

the accompanying drawing.

11. 2 method of measuring the Wobbe index of gas using the

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

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

10.

12. An apparatus to measure the relative density of a gas
comprising means to measure the speed of sound of the gas,
means to measure a first thermal conductivity of the gas at

a first temperature; mearns to measure a. second thermal



10, "A et hod of mbasur) ‘380? e 1 J‘Qﬂllllll IHIM]II ||||ﬂ?{IEIEt gas, 0 T

subst anti al | ei nbef ore describ reference to pericBolcT3
acconpanyi ng%<'889§’3£]’§'5 A et hod of maasurl ng the Whbbe index of gas
using the forrruIaW = Ccvin which W is the Wbbe index, CVis the
calorific value of the gas, and RD S tﬁé" reI ative density obt ai ned. by
t he net hod as cl ai N, any

apparatus to ma(é‘su‘rg‘3 Jﬁvu?yel 8 %I ty of a%ﬁé:?nd 1ter'(‘?oerﬁ)aLrj':%slfleng"I;hrrJéans to

neasure the Spe&ﬂf@éréoﬂi‘&noihfeh%l%% temperE%ﬁBé { Qnie &Rl AididsSithe
thermal conductivity of the gas at first tenperature; means to

measure a secongpéé®r mef sound and t:he first and second tH&rmal
conductivity of the gas at a second tenperature which - differs from
the first tenpererduetiviiemand 3t n@peyation prpducing Sbhendrebative

first and second ther mal conductivities in an, gperatjon produci CIg t he
rel ative dens:.ty of the gas corresponding to said speed of sound an

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
forqpla:-

RD = g.ThCy + 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 is the
speed of sound in m/s, the thermal conductivities are in

units of Watts/metre x degrees Kelvin (W/m.k), the



density of the gas corresponding to said—speed—of sound and : sai d

first and second thermal condu An apparatus as claimed in

Claim 12, in which the cal or| f(”,,’m ”,ﬂ'"mmm Obt a' ned b Broced‘”e

| nvoI vi ng wemess7ashe q er rﬁ& CBPRNA. + i . sos
.T[err] + k.Ta[err] + 1, where RDls_the relatlve density of

the gas, wher e ThC[err] is the first thermal conductivity of the

gas at said first tenperature, - where ThCL is the

second t her mal tergekesiung Ty agid the first and second ReMRATIAMLESsAES NN

tenperature which is | ower than said fiyst E:errperature
wher e SoS {eg%ens sp@%%ﬁ%ﬂs'souﬁ’adl nthfie Q"&&aéi""ﬁnbld(r?ﬁF
t enperature and

tenperature of said gas
wher eof gajoulesgrg%&nfiﬁer m‘:ff]l con&tt}g%l 3“?(@‘5 are neasured, the

first and second tenperatures being greater than: sai d
anbi ent tenperature, and g, h,i,j,k and 1, are constants.

14. An apps(atas é{ipﬁ'aam@(hs rci@itied 18, ClaimhiBhoBSOSlasmt he in whigeed of
sound in ms, the thermal conductivities are in units of Watts/netre x
degrees Kel vi ntHeNgas)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 at least one of nitrogen and 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 température .

19. An apparatus as claimed in any one of claims 13 to 18, in
‘which the second temperature is substantially 50°C above the

ambient temperature.

20. An apparatus as cléimed in Claim 17, or in Claim 18 or

Claim 19 when either is dependant from Claim 17, in which:-

g is substantially 0.017955,
h is substantially -0.02812,



14 tenperature T[err] and the first and second terrperatures are in

(rjneag;fgal esc;alstsiaﬁgar d 23& ct Pneet re ,mumm nﬂnmﬂmu5 An app%}d{%yﬁﬁ%\f' ai ned
. An

in daim13 ¥PPI8n 14 in which tthe"gad is fuel gas

apparatus as clainmed in Claim115 in which the fuel gas I's natural gas,
17.  An apparatus as clalned in Claim 135 in which the gas is nat ur.al
gas conpri sing at, rocar as which i s methane, and at

| east one of nit r’osg ?&Pﬁgx =6 88%?%‘% de. 18. An apparatus as
clainmed in any 13t 9. 841067 which the first tenperature
IS substantialfcqgﬁﬁir%%%hEEgVey g nglent t enperature. 19. An
apparatus as cImlmd;um;tamglamgyof.ocbaomdﬁ drd 18, in whi ch t he
second tenperature is substantially 50[err] C above the anbi ent

t enperature. 12 subtstappardliyslag3edhined in aiml7, or in daimli18 or
Claim 19 when either is dependant from C aim 17, in which:-

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 furnace comprising means for receiving a supply of
oxygen; wmeans for receiving a supply of fuel gas; an
oxygen/fuel gas ratio control system; and a control means

according to Claim 22.

24. 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 22.



\
g is substantially 0.017955, '- antially -0.02812, -
i is substantially -0.00189, ”m"i mz E ally 0.091067, K is
substantially -0.0000026, and ially 1.73041. 21. An
appar at us twowmaesses e the rel ati ve density of a gas, PET/EBIBal | y as
her ei nbefore described with reference to t he acconpanyi ng draw ngs.
22. A control neans for adjusting theigxygen/fuel gas ratio of a gas
fired process conprising an apparatus for nmeasuring the relative
density oR5a fAlebogpsessor t bemprissinia etkans formpromesisriage a dewpplw afiy of
Clainms 12 to 21, and neans for adj usting an_oxygen/fuel gas ratio
control syst enP¥¥gelinemeans fexs ??¢%‘d’%goc%s§“991&cé%r diHed Fasy t#R

det erm ned e dens furnace onpr neans_for
Fecel ving a supprgrRftiet® 8g sablo caffrol AvHRRET rlo Ma oelary BraRte)
gas; an %&%&jﬂéﬁtog@iagﬁtﬁg control system and a control neans
according to Claim?2

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 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
\[RD

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.



24. A kiln 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 to Claim 22.

16 25. A coMRVBEWB conprising neans for receiving a suppl JCYFBIN00073
oxygen; neans for receiving a supply of. fuel gas; an oxygen/ fuel gas
ratio control system and a control neans according to C aim22.

26. An engi ne conprising nmeans for receiving a supply of oxygen;
means for receiving a supply of fuel ga oxygen/ fuel gas ratio
control systemy and a control neans actording C aim22. 27. An
apparatus to neasure the Whbbe i ndex of gas using the formula W= CV
in which W is the Wbbe index, CVis the calorific value of the gas
and RD is the relative density ofE’ng obt ai ned usi ng an appar at us
as clainmed in any one of ing 1 21.
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