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Met hod for determining the calorific value of a gas

t he vbbbe I ndex of natural gas. The present invention r
net hod f orW@S4E$6%i ng the calorific val ue of a conmbustible ggé?}‘%??gt/&Z%
i nvention further relates to a nethod for determ ning the Whbbe index of

as. . i . . P
g Ticle: Method Zor dete-“;nlng the calorifiz -railue CI a gas

and/or the Wobbe index of natural gas.

The present inventicn rzlates to a mcthod £or determining
the calorific value of a compustible gas. The invention furcher
relates to a method for determining the Wobbe index c¢f nactural
gas.

The determination of the calorific value of ccmbustible

wm

gasses, such as natural gas and other fuel gasses, can be cf
imporrtance for various reasons.

oIt 1s a fact that when natural gas from different sources is
used the composition, and therefore the calorific value, of the

10 various gasses is not the same. For a buyer it may be cf
importance to know the calorific value so as to compensatse
luctuations in conditions of use. Alsc, it is common £cxr the

price of the gas to be related to its calorific wvalue.

The calorific value of a gas can be determined by burning

15 the gas under conditions whereby the heat of combuscticn is
measured. From the various data of the gas sample, such as mass,
heat contenc, rise in temperature and the like, the calorific
value can be accur rately calculated. Such a method, however, is
cumbersome and time-consuming, and therefore not suitable for the

20 rapid in situ determination of the calorific value of the gas.

Accordingly, there is a need for a method which enables the
calorific value of a combustible gas to be determined rapidly anc
accurately. .

As regards the Wobbe index, too, it is important that it cam

25 Dbe determined rapidly and accurately.

The invention accordingly relates to a methoed for
determining the calorific value of a combustible gas., which
method is characterized in that an accurately determined amount
of gas is passed through a detection device, the signal obtained

30 is integrated, the value thus obtained is compared with a
calibration line and the calorific value is calculatecd therefrom
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The det'ernmination of the calorific value of conbustible gasses, such as
natural gas and ot her fuel gasses, can be of inportance for various
reasons. WOH0566 a fact that when natural gas from differ eRETESAMR1S 5
used, the conposition, and therefore the calorific value, of the various
gasses is not the same. For a buyer it may bg of inportance to know the
calorific value so as to conpensate fluctuations in conditions of use.

Ve, S The caFes | e e as LAR e ReT et RSN Ty BOFSeRG TTE
gas under condhei wospaherdby diheakeatlofaspnhsth anecics nesasinagd ctEFoReE hin
! enper at ur e antt e (T Re e, SRBprpr Rel et s, SR o) B Pt oy
Such a met hodthhougives ,détearimbedeviesanthei sksedhepdaipedid tRERETrarednot
suitabl e f0or thg (ALY dHhsSidctadfbar TkNabinBared witeh Rl @iracidhueigl ihe
Jas: the Wobbe index is calculated from the calorific value thus
obtained, combined with the density ¢f the gas.

As a detection device, use is preferably made cf a
hydroCarbon detector based on catalytic combusticn, more

10 particularly a methane detector. Such detectors are commercially
available and comprise incer alia a combustion chamber in which &
temperature-sensitive resistance wire is located having applied
thereto a catalyst for the catalytic ccmbusction of hydrocarbons.
If this wire comes into contact with a ccmbustible gas, a

15 combustion occurs whereby the resistance of the wire changes.
This change can be ascertained, for instance with a Wheatstone
bridge.

Surprisingly, it has now been found that it is possible to
pass. a known amount of gas through such a detection device and tc

20 obtain a reliable value for the calorific value from the
measuring result. This is particularly unexpected since such
detectors are not based on combustion cf the total amount ¢f gas
but only on a part thereof. It has nonetheless been found that
the signal of such a detector can be used for obtaining a

25 reliable measuring result.

Accordingly, if an exactly known amount of combustible gas,
such as natural gas, is passed through a hydrocarbon detector,
the result obtained after integration of the signal, i.e., after
determination of the area under the curve, is a value which upon

30 comparison with a calibration line accurately indicates the
calorific value of the gas.

In the case where the Wobbe index of natural gas is to be
determined, the determination of the calorific value as dascribe

above can be combined with a determinaticn of the density of the
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Accordingly, there is a need for a nethod which enables the calorific val ue

of a conbustible gas to be deternined rapidly and accurately. As
regards theyyvhhesdggndex, too, it is inportant that it can be detERNIB®Y213
rapidly and accurately. The invention accordingly relates to a nethod

for determning the calorific value of a conbustible gas, which nethod is
characterized in that an accurately determ ngd anount of gas is passed

t hrough a detection device, the signal obtained is integrated, the val ue

t hus obta|nedmasuxaﬁngased‘wrthnataatebwathoa kanbazomet&ée. gften iYsiacval ue

I's CalCU|aIemk§{HHfgﬂé¥B: fcr determining the density of the gas, the heat
conductivity of the gas is determined wich this meter. This
quantity can subsequently be converted to the density cf the gas
for instance with the aid of a calibraticn line. The
determination can be performed on the same sample scream as that

[§4]

of which the calorific value is determined. This can for instanc

occur in parallel, or prior to the determiraticn of the calorifi

value. The Wobbe index is obtained from the thus cbtained data
10 for-ths calorific value and the density.

An imbortant advantage of the method acceording to the
invention is the simplicity, speed and accuracy with which the
determinations can be carried out. It is possikle te carry cut a
determination within a few tens ©f seconds. This can be of great

15 importance, in particular for process control cr large scale
consumption of gas. The accuracy of the determinaticn of the
calorific value appears to be very good; the error is less than
0.05 %. '

According to the invention, it is for instance possible to

20 allow the gas whose calorific value is to be determined to flow
from a mainstream through a sampling conduiz, wheresafter the
sampllng conduit is shut off from the mainstream and is brought
into communication with a sampling stream and ths contents of th:
sampling conduit is passed entirely through the detection device

25 If desired, the gas can be diluted. The method according to the
invention can simply be carried out with the aid of a plurality
of cocks, for instance two four-way cocks which are connected as
described in the drawing. Naturally, it is also pcssible to
utilize other designs, for instance starting frcm two, three or

30 six-way cocks. Such a system can be advantageously controlled
with the aid of a computer which provides not only £for the
control of the apparatus but also for the calculaticn of the
calorific value and/or the Wobbe index.
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2 ¢ "The invention further relates to a method for determ ni ng t he Wbbe
I ndex of natural gas, which nmethod is characterized in that an accurately
det er mi nedwayogibsegsf natural gas is passed through a detecti oRCHEVLISZG021Be
signal obtained is integrated, the value thus obtained is conpared with a
calibration line and the Wbbe index is calcylated fromthe calorific value
t hus obtained, conbined with the density of the gas. As a detection
device, use is preferably made of a hydrocarbon detector based on catal ytic

conbustion, nore pRERREUINFNIGAS WAaTMmAE GERESt BMOUBRCRL dgrectDreRRleec “0 2

comrerci ally measuring device are also applicable. For instance, use could be
made of a system based on pulse techniques. Thus, it is also
possible to supply the gas to the detector pulse-wise. In that
5 <case, a sine-shaped measured signal can be obtained. whose
amplitude is a measure of a calorific value.

The present invention can be used for determining the
calorific value of various types of combustible gas. Examples
include natural gas, synthesis gas, fuel gas, refinery gas and

10 pyrolysis gas. _

The invention also relates to an apparatus for determining
the calorific value of a combustible gas, comprising a hydro-
carbon detector, means for supplying an accurately detcermined
amount of gas to the detector, means for determining the signal

15 of the detector, means for integrating the signal thus determinec
and means for comparing the integrated signal with calibration
values and calculating the calorific value of the gas.

An apparatus for determining the Wobbe index of natural gas
comprises the same components as the apparatus for determining

20 cthe calorific value of a gas, with means added thereto for
determining the density of the natural gas and means for
calculating the Wobbe index from the density and the calorific
value.

The invention will now be elucidated with reference to some

25 drawings.

In Fig. 1 the principle of the measurement is elucidated.

The sample gas flows through two measuring cells in which
filaments R); en R, are arranged. Filament R; is provided with a
catalyzing substance. If a combustible gas is present in the

30 sample air passing through, the heat production of Rz, as a
result of the catalytic combustion, will be greater than at R;.
As a result of the additionally produced heat, the temperature C
Ry and therefore the electric resistance of R; becomes higher
than that of R;.
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avai |l abl e and conprise inter alia a conbustion chanber in which a

tenperature-sensitive resistance wire is |ocated having applied thereto a

cat al yst foamgﬁgHﬁ@galytic conbustion of hydrocarbons. If thispgrreLIseond3
a

into contact wt

conmbusti bl e gas, a conmbustion occurs whereby the

resi stance of the wire changes. This change 6an be ascertained, for
I nstance with a \Weat stone bridge. Surprisingly, it has now been found

02t L1 1 POSSL DAyl B3, un SR ! el RhoyOl Sl By deh g

device and to obtain a r

measuring resang@. tifRi 5esultRnT maasared $AeRBAcPedisi ACBCATHTL et s are

not based on g@AbyséhOM PipdAdEidd dleadMenk.0f gas but only on a part
thereof. It has nonethel’'ess been found that 'the signal of such a detector

can be used for ob¥ie rieperatainenisife theaddlrMGRFEsaNE. the CapRELTHiriyISET i f
an exact |y kngyph arpuntwith eybdski PELo0PSint is sert. With Vry the span is

10
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20

25

30

set.
The reference cell and the catalytic measuring cell are

thermally coupled. Both cells are accommodated in a solid
thetmally inerr measuring block. As a result, variations in
ambienr temperature and the temperature of the sample air have
only a minimum influence on the measured signal.

Fig. 2 schematically shows a possible measuring cell. In
stationary condition, with a fixed air/gas ratio, the produced
heat of the :ilament will be removed partly to the cell wall and
partly by the air stcream.

Qf = C; (Tx-Tg) Qu = C2(Tk-Tw)
Ql = QJ + Quw = Ci{Tk-Tg) + C2(Tx-Tw)
= C)Tx - C Tg + CaoTx - CoTw
Un=Cn X Ql = (C + C3)Tx - CTg - C2Ty
Up = Cn {(Cy + C2)Tx - C1Tg - C2Tw)

In case of a small modification of the air/gas ratioc or the
gas composition, first a modification of Tk will arise.

AUn=Cn {(Cy + C2 ) aTp - C1Tg - CrTy}

Owing to the thermal inertia of the measuring block, Ty wil
adjust after some time to a new thermal equilibrium. The
consequence is that Uyp will achieve an equilibrium value only

after some time has passed.

The temperarure of the air supplied also affects Uy. If a
small amount of the gas to be measured is introduced into the a:
stream of the measuring cell, Ty will hardly change during the
passage of the gas owing to the thermal inertia. The measured
signal is not subject to the influence of this inertia.

When a sample loop is used, the measured signal has the
shape of a Gaussian curve. The area of the curve is proportiona.
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such as natural gas, is passed through a hydrocarbon detector,‘the resul t

obt ai ned after integration of the signal, i.e., after determ nation of the
area under“kyf é i s a val ue which upon conpari son with apcpiNI3AIRZTN
| i ne accurately indicates the calorific value of the gas. In the case

where the Wbbe index of natural gas is to be determ ned, the determ nation
of the calorific value as described above can be conbined with a
determ nation of the density of the

to the energy gemnerated by the catalytic ccmbustion. Modificaticr

of the air stream results in the curve becoming more or less
sharp (curves 1 and 2 of Fig. 3). The area of the Gaussian curve,
however, remains constant.

5 The integrated value of the measured signal always gives a
good value for the generated energy of the combusted amount cf
gas. When a single measuring cell is used, the maximum of the
curve will be affected by Tg and T,. By using a non- catalytically
active reference cell, connected in a bridge circuic, these

10 effects are reduced to an important extent. Because geometrically
the two measuring cells are not completely identical, It Vv be
necessary in connection with the accuracy and the reproducikilirty
of the measuring system toO accommodate the measuring block in a
thermostated box, the sample gas, before entering the measuring

15 cells, flowing through a heat exchanger which is thermally
coupled with the box. The temperature of this box must be
constant, f£for instance a few degrees of the maximum ambient
temperature.

A possible embodiment is shown in Fig. 4.

20 This figure shows a thermostated box in which, to improve
the measuring accuracy and the stability, the measuring block
including the two measuring cells and the ccmponents together
constituting the electronic measuring bridge are accommodated.
The wall temperature of the box is electrcnically controlled to &

25 ctemperature approximately 10 degrees above the maximum ambient
temperature. The electric current for the measuring bridge is
supplied by an electronically stabilized supply.

Fig. 5 shows a possible embodiment of the calorimeter
according to the invention. The system is made up of three

30 functional elements, viz. the sample selection, the sample takinc
and the bypass sysﬁem.

_ For calibration a possibility of sample selection is built
in. By adding switching valves, various calibraticn gasses can D€
connected to the measuring system.
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natural gas, for instance with a katharoneter. \Wen using a katharoneter

for determning the density of the gas, the heat conductivity | S
determ nethg/ 0%% neter. This guantity can subsequently be %H(;rnber%ﬂ@f{jo
the density of the gas, for instance with the aid of a calibration Iine.

The determ nation can be perfornmed on the san® sanple stream as that of
which the calorific value is determ ned. This can for instance occur in
parallel, or prlorfﬂétéﬁng. r @i hoR~Rbri BEs CRLOT Ebib£- Wk Uescidde ndkhbe 3
i ndex is obtained from h%sggg?%?ne ata ?or-the %a lorific val ue and
the density. 2 an@\yd iSABrieadoondyvHhtBgEndF EHECHB hBdlRCRIF I 1 HFeFe an

invention is tiensrdfdlyfideprotnesd1andmaGatr 6£yeMel fadht§pé Nexamined. A fir
condition for this is an atmospheric outflow during flushing an
S a sample loop which is not unduly narrow, there being sufficien
throughflow at a sample gas prepressure of apprcx. 10 mbar. A
second condition is that the cocks 1 and 2 are consecutively
switched with a short interval. By switching cock 1, the sample
gas—is isolated in the sample loop. By switching cock 2, this

10 isplated amount of gas is passed via the bypass system into the
supply cohduit of the catalytic detector.

With this flow system, the influence of gas, prepressure a
volume of the sample loop appear not to be critical for the
measuring accuracy.

15 The byvpass system controls the mixing of the gas to be
measured with air. The concentration of gas, which should
preferably not exceed the maximum limit of the detectcr, which
gene*al ly 5%, is controlled by the needle valve.

The required air can be supplied from a pressure cylinder.

20 Because the prepressure is low, for instance apprcx. 10 mbar, i
is also possible to provide the regquired air by including a pum
in the discharge conduit of the catalytic detector, with ambien
air being used. In that case, the supply conduit o the bypass
system can optionally be provided with an active carbon filter -

25 filter out any hydrocarbons and other combustilkle components
present in the outside air.

In combination with this system, preferably a ccmputer is
used for processing the data into the calorific top value of th
gas. With this computer, however, it is also pcssible to provid

30 for the control of the entire sample taking.

In the case where the apparatus according to the invention
is to be used for determining the Wobbe index of natural gas, i
addition to the calorific top value (Hg), the density ¢f the ga:
must be known as well.
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9

determ nations can be carried out. It is possible to carry out a
deternination within a few tens of seconds. This can be of great

i nportancewQ 9u/p0®66 1 cul ar for process control or large scale BGRSYLIpeh of
gas. The accuracy of the determ nation of the calorific value appears to be
very good; the error is less than 0.05 % g According to the invention,
it is for instance possible to allow the gas whose calorific value is to be
determned to flow froma mnai nstreamthrough a sanpling conduit, whereafter
the sanpling conduit is shut off fromthe mainstreamand is brought into
comuni cation w t Rra=sRgpl i ng stream and the contents of the sanpling
conduit is passed entirely through the detection device. If desired, the
gas can be diluted. Thggmethod according to the invention can sinply be
carried out with the aid of a plurality of cocks, for instance two four-way
cocks whigh are connected as described in the drawing. Naturally, it is

al so possible to 1f 5 suitable mass flow sensor is included in the szl
conduit of the catalytic detector, the measuring systez 3= £ =2
determine the Wobbe index. It is also possible to arranss =2ts
mass flow sensor in parallel with the calorimeter.
10 The signal of the mass flow sensor also has the sZ=cs joballit-1
Gaussiand curve. The integral of this signal Sp is a measue =2

the mass of the gas in the air sample.
T2

15 d=C [ Spdt - background
T,
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utilize other designs, for instance starting fromtwo, three or six-way

cocks. Suc t can be advant ageously controlled with the ihl.%/o”ﬂzxs
conmput er wh gﬁa%ﬁﬁgghes not only for the control of the appara ?ﬁg but al so

for the calculation of the calorific value\ang/or t he Wbbe index.
4

TATM

1. A method for determining the calorific value of a
combustible gas, characterized in that an accurately determined
amount of gas is passed through a hydrocarbon detecticn device,
the signal obtained is integrated, the value thus obtained is

S compared with calibration values and the calorific value is
calculaced therefrom. N
2. A method for determining the Wobbe index of natural gas,
characterized in that an accurately determined amount of gas is
passed through a hydrocarbon detection device, the signal

10 obtained is integrated, the value thus obtained is compared witlt
calibration values, the calorific value is calculated therefrom
and the Wobbe index is determined from this calorific value and
the density of the natural gas.

3. A method according to claim 2, characterized in that the
15 density of the gas is determined with the aid of a katharometer.
4. A method according to claims 1-3, characterized in that, as

a detection device, use is made of a hydrocarbon detector based
on catalytic combustion, or z flame ionization detector.
5. A method according to claims 1-2, characterized in that the
20 calorific value of natural gas, synthesis gas, fuel gas, refine:
gas or pyrolysis gas is determined.
6. A method according to claims 1-5, characterized in that the
gas whose calorific value and/or Wobbe index is to be determine
is allowed to flow from a mainstream through a sampling conduit
25 the sampling conduit is shut off from the mainstream and brough:
into communication with a sampling stream and the contents of ti
sampling conduit is passed through at least one detection devic
7. Apparatus for determining the calorific value of a
combustible gas utilizing the method according to any one of
30 claims 1-6, comprising means for accurately taking a sample,

i ——-——




O.her et hods where an exact anount of gas is supplied to a neasuring
device are also applicable. For instance, use.could be nade of a system
based on pMOS&/108661ni ques. Thus, it is al so possible to supp/RCN&IHRI230
the detector pulse-wise. In that case, a sine-shaped neasured signal can be
obt ai ned, whose anplitude is a neasure of a galorific val ue. The
present invention can be used for determning the calorific value of
various types of conbustible gas. Exanpl es include natunalygas, sxgthesis
gas, fuel gasTeRRf|ifF IQFRCTaRg ByPEPPSFSY gas. the Jasevhiffe RECER-EYs S
relates to anpagpereictal @o deketralArNgiENeatae Othétdoralneanel far _
conmbusti bl e gas, conprising a_.hydro-_carbon dgtector,.ﬂpanshLOt §u8glgggg
an accuratelyl?Eﬁ¥§4g¥ﬂﬁjEﬁ%oﬁﬁﬁﬁﬁ B3Q PERPRet Obt EURAS TR ANS fOFSSTE
deterni ni ng tstgsapnaitiofcalierdetient valueeans for integrating the signal
thus dete%n1n§g Apparatus for determining the Wobbe index of natural gas
utilizing the method according to any one cf claims 2-6,
comprising means for accurately taking a sample, means for
detecting a property of the gas, which property is proportional
to the calorific value thereof, means for integrating the signal
10 means for comparing the integrated signal with calibration
values, means for determining the density of the natural gas and
means for calculating the Wobbe index from the density and the
calorific value.
9. Apparatus according to claim 8, characterized in that, as a
15 device for determining the density of the gas, a katharometer is

used.

i




and nmeans for conmparing the integrated signal with calibration val ues and
calculating the calorific value of the gas. An appar at us %g.&./,qu 0213
det er mi ni ng¥O94/M086be i ndex of natural gas conprises the sane tonponénts as
the apparatus for determning the calorific value of a gas, wth nmeans
added thereto for determining the density ot/ 8he natural gas and neans for
cal cul ating the Whbbe index fromthe density and the calorific val ue.

The invention will now be elucidated with reference to sonme draw ngs.

In Fig. 1 the principle of the neasurenent is el ucidated. The sanpl e
gas flows through two nmeasuring cells in which filaments Rlerr] en R err]
are arranged. Filanent R2 is provided with a catal yzing substance. If a
conmbustible gas is present in the sanple air pagsing through, the heat
production of R2, as a result of the catal ytig¢g/qospustion, will be greater
than at R1. -

Sample Sample
gas e
gas outlet

VRz
I A Q (_\ Q,
ll
E VR1
FIG. 1
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As a-result of the additionally produced heat, the tenperature of R2 and
therefore the electric resistance of R2 becomes hi gher than t hgérAfLoR00213
The el ect ri WwO21056Bbri um of the bridge circuit is renoved A

2/3

FIG. 3
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and the resultant neasured signal Uerr] is a neasure for the additionally
produced heat of %% The tenperature of the fil anentprMl9si06213
cat al yst i WQ4/1(396n Vr[err] Wth Vr[err] the zero point is set. Wth
Vr[err] the span is set. The refgg ce cell and the catalytic
measuring cell are thermally coupled. Both cells are accommpdated in a
solid thermally inert nmeasuring block. As a result, variations in anbient
tenperature and the tenperature of the sanple air have only a m ni num

i nfl uence on the neasured signal. Fig. 2 schematically shows a
possi bl e neasuring cell. In stationary condition, wwth a fixed air/gas
rati o, the produced heat of the filanent will be renpved partly to the cel

wal | and partly by the air stream & = (err](T[er]r-T[err])

Qerr] = derr](Tlerr]-Tl[err]) QA = Q + Qerr] = Jerr](T[err]-T[err]) +
Clerr](T[err]-T[err])

tural gas '
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= derr]T[err] - (err]Tlerr] + Jerr]T[err] - err]T[err] Yerr] ﬁ%o%gn;x

Jerr] x QL = (Cerr] + err])T[err] - Cerr]Tlerr] - Cerr]T[err] Yerr]
= derr] {(Cerr] + (err])T[err] - Cerr]T[err] - Cerr]T[err]) In
case of a small nodification of the air/gas ratio or the gas conposition,
first a nodification of Tk will arise. [err] Uerr] = Jerr] {
(dJerr] + dJerr] ) [err] - Cerr]T[err] - Cerr]Tlerr]} On ng to the
thermal inertia of the nmeasuring block, T[err] will adjust after sone tine

to a new tfgrnal @ﬂz‘éhbtibEbH'WHerQnQﬁm§QQQﬁ€Ceaﬂ.&ribat Heue] ot &l gashi eve
an eqU|I|br|un1vaIu I me_has The tenperature

tl
of the air supplléﬂ goxg ﬁeﬁEgﬁggﬁﬁf Oan%anﬁilgﬁﬁDunt of the gas to be

nmeasured is |ntroduced |nto the air strean1of t he neasuring ceII Tlerr]

w1 hardly ch %Ekﬂg 9eﬂ%§3 g;E%P Pga% m--ﬂgFtQ okNge ’fﬁﬂng -

inertia. The né rs no hé&€“nflTuence o NS
inertia. the dﬂ&am1é13angleeloﬁpalsombnatlbhe gaasuthe tnyeariomsty

relates to a method for determining the Wobbe index of nmatural

gas.

The detérmination of the calorific value of ccmbustible
gasses, such as natural gas and other fuel gasses, can be of
impartance for various reasons.

It is a fact that when natural gas from different sources is
used, the composition, and therefore the calorific value, of the
various gasses is not the same. For a buyer it may be of
importance to know the calorific value so as to compensate
flucctuations in conditions of use. Also, it is common fcr the
price of the gas to be related to its calorific value.

The calorific value of a gas can be determined by burning
the gas under conditions whereby the heat of combusticn is
measured. From the various data of the gas sample, such as mass,
"heat content, rise in temperature and the like, the calorific
valhe can be accurately calculated. Such z method, however, is
cumbersome and time-consuming, and therefore not suitable for the
rapid in situ determination of the calorific value of the gas.

Accordingly, there is a need for a method which enables the
calorific value of a combustible gas to be determined rapidly and
accurately.

As regards the Wobbe index, too, it is important that it can
be determined rapidly and accurately.

The invention accordingly relates to a method for
determining the calorific value of a combustible gas, which
method is characterized in that an accurately determined amount
of gas is passed through a detection device, the signal obtained
is integrated, the value thus obtained is compared with a
calibration line and the calorific value is calculated therefrom.
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shape of a Gaussian curve. The area of the curve is proportional

6 to the energy generated by the catal ytic conbustion. Mdification of the
air streamresults in the curve becom ng nore or |less sharp (curves 1 and
2 of Fig. 3). The area of the Gaussian curve, however, renains constant.

2

The invention further relates to a method for determining
the Wobbe index of natural gas, which method is characterized in
that an accurately determined amount of natural gas is passed
through a detection device, the signal obtained is integrated,
the value thus obtained is compared with a calibration line and
the Wobbe index is calculated from the calorific value thus
obtained, combined with the density of the gas.

As a detection device, use is preferably made of a
hydrocarbon detector based on catalytic combustion, more
particularly a methane detector. Such detectors are commercially
available and comprise inter alia a combustion chamber in which a
temperature-sensitive resistance wire is located having applied
thereto a catalyst for the catalytic combustion of hydrocarbons.
If this wire comes into contact with a combustible gas, a
combustion occurs whereby the resistance of the wire changes.
This change can be ascertained, for instance with a Wheatstone
bridge. .

Surprisingly, it has now been found that it is possible to
pass.a known amount of gas through such a detection device and to
obtain a reliable value for the calorific value from the
measuring result. This is particularly unexpected since such
detectors are not based on combustion of the total amount of gas
but only on a part thereof. It has nonetheless been found that
the signal of such a detector can be used for obtaining a
reliable measuring result.

Accordingly, if an exactly known amount of combustible gas,
such as natural gas, is passed through a hydrocarbon detector,
the result obtained after integration of the signal, i.e., after
determination of the area under the curve, is a value which upon
comparison with a calibration line accurately indicates the
calorific value of the gas.

In the case where the Wobbe index of natural gas is to be
determined, the determination of the calorific value as described
above can be combined with a determination of the density of the
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The integrated val ue of the neasured signal always gives a good val ue for

t he generated energy of the conbusted anmpbunt of gas. Wien a single
neasuring cell is used, the maxi mum of the curve will be affected by T[err]
and T[err]. By using a non-catalytically active reference cell, connected
in a bridge circuit, these effects are rerced to an inportant extent.
Because geonetrically the two neasuring cells are not conpletely identical
it may be necessary in connection with the accuracy and the reproducibility
of the neasavural syas erfan imstanasdatish Re KATSRARINARF S5 o MRS UgLDS @

ther most at goeho¥omdd\er S| et GO i Md ity I dIRATS| Nghechear

fl owi ng throu a heat exchanger which is thermally coupled wth_the box.
The t enper @PRARCHEVITY OhHFhengas B¢ AFTETHREG it c B Few tHagr ees of

t he maxi Nugh AP} SRt cde NP dichely be AdNAidd® wilid memisiicy sfiovhei gas,
Flg. 4 f.orT:ir.]rllsst:af.rl:ugéJ rv?itsrp “he aa.:‘.tc{1 %rfn%Stc%Elezgar%OtXicinn MWL mie0 1 Mprove
determination can be performed on the same sample stream as that
of which the calorific value is determined. This can for instance
occur in parallel, or prior to the determination of the calorific
valuye. The Wobbe index is obtained from the thus obtained data
for- the calorific value and the density. o

An important advantage of the method according to the
invenrion is the simplicity, speed and accuracy with which the
determinations can be carried out. It is possible to carry out a
determination within a few tens of seconds. This can be of great
importance, in particular for process control or large scale
consumption of gas. The accuracy of the determination of the
calorific value appears to be very good; the error is less than
0.05 %.

According to the invention, it is for instance possible to
allow the gas whose calorific value is to be determined to flow
from a mainstream through a sampling conduit, whereafter the
sampling conduit is shut off from the mainstream and is brought
into communication with a sampling stream and the contents of the
sampling conduit is passed entirely through the detection device.
If desired, the gas can be diluted. The method according to the'
invention can simply be carried out with the aid of a plurality
of cocks,ffor instance two four-way cocks which are connected as
described in the drawing. Naturally, it is also possible to
utilize other designs, for instance starting from two, three or
six-way cocks. Such a system can be advantageously controlled
with the aid of a computer which provides not only for the
control df the apparatus but also for the calculaticn of the
calorific value and/or the Wobbe index.
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t he neasuring accuracy and the stability, the neasuring block including the
two nmeasuring cells and the conponents together constituting the electronic
measuring bridge are accomopdated. The wall tenperature of the box is

el ectronically controlled to a tenperature approxi mtely 10 degrees above

t he maxi num anbi ent tenperature. The electric current for the measuring
bridge is supplied by an electronically s#abilized supply. Fig. 5
shows a possibl e enbodi nent of the calorimeter according to the invention.

The systemis Qﬁ%%ruﬁeehohgr@ﬁeEHnﬁﬁ'%ﬂ@&teéﬁﬁﬁﬂé Sof Vgds ifSsHPldA to a

sel ection, the sanple takin ass_system For calibration a,
possi bi | i trﬂﬁatﬁu%gpld@"ééleeéFﬁoﬁlﬁg PP %CﬁhleBngﬁd%%at%W%cH%% Rl e

vari ous Caad¥ dfi @n sgaeefspE38dbEn CHANEE! €chRidlies MPRSHE | Nk SV 80
possible to supply the gas to the detector pulse-wise. In that
case, a sine-shaped measured signal can be obtained., whose
amplitude is a measure of a calorific value.

The present invention can be used for determining the
calorific value of various types of combustible gas. Examples
include natural gas, synthesis gas, fuel gas, refinery'gas and
pyrolysis gas. '

The invention also relates to an apparatus for determining
the calorific value of a combustible gas, comprising a hydro-
carbon detector, means for supplying an accurately determined
amount of gas to the detector, means for determining the sigmal
of the detector, means for integrating the signal thus determined
and means for comparing the integrated signal with calibration
values and calculating the calorific value of the gas.

An apparatus for determining the Wobbe index of natural gas
comprises the same components as the apparatus for determining
the calorific value of a gas, with means added thereto for
determining the demnsity of the natural gas and means for
calculating the Wobbe index from the density and the calorific
value. :

The invention will now be elucidated with reference to some
drawings.

In Fig. 1 the principle of the measurement is elucidated.

The s;mple gas flows through two measuring cells in which
filaments R; en R; are arranged. Filament R, is provided with a
catalyzing substance. If a combustible gas is present in the
sample air passing through, the heat production of Ry, as a
result of the catalytic combustion, will be greater than at R;.
As a result of the additiomally produced heat, the temperature of
Rz and therefore the electric resistance of R, becomes highér
than that of R;.
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7 The sanpling system conprises two four-way cocks, nos. 1 and 2 and
a sanple loop. Wth this systemit is possible to take an accurately
reproduci bl e amount of the gas to be exam ned. A first condition for this
is an atnospheric outflow during flushing and a sanple | oop which is not
unduly narrow, there being sufficient thrqgughf |ow at a sanple gas
prepressure of approx. 10 nbar. A second condition is that the cocks 1 and

2 are consecutively . . -, _ .
- The electric equilibrium of the bridge circuit is removed

and the resultant measured sigmnal Uy is a measure for the
additionally produced heat of R:.

The temperature of the filaments and the catalyst is set
with Vr;. With Vr; the zero point is set. With Vr; the span 1is
set.

The reference cell and the catalytic measuring cell are
thermally coupled. Both cells are accommodated in a solid
theTmally inert measuring block. As a result, variations in
ambienn temperature and the temperature of the sample air have
only a minimum influence on the measured signal.

Fig. 2 schematically shows a possible measuring cell. In
staticnary condition, with a fixed air/gas ratio, the produced
heat of the filament will be removed partly to the cell wall and
partly by the air stream.

Qf = C;(Tx-Tg) Qw = C2(Tx-Tw)
Ql = Qj + Qu = Cy(Tk-Tg) + Cz(Tx-Tw)
= CQTx - C1Tg + C2Tx - C2Tw
Un=Ch x Ql = (C; + C2)Tx - C;Tg - CoTw
Un = Cp {(Cy + C2)Tx - C1Tg - CaTy)

In case of a small modification of the air/gas ratio or the
gas composition, first a modification of Tk will arise.

AUpa=Cn {(Cp » C2 ) ATp - C1Tg - CrTu}

Owing to the thermal inertia of the measuring block, T, will
adjust after some time to a new thermal equilibrium. The
consequence is that Up will achieve an equilibrium value only
after same'time has passed.

The temperature of the air supplied also affects Up. If a -
small amount of the gas to be measured is introduced into the air
stream of the me;suring cell, Ty will hardly change during the
passage of the gas owing to the thermal inertia. The measured
signal is not subject to the influence of this inertia.

When a sample loop is used, the measured signal has the
shape of a Gaussian curve. The area of the curve is proportional
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switched with a short interval. By switching cock 1, the sanple gas-is
i solated in the sanple |oop. By switching cock 2, this isolated anmount of
gas is passed via the bypass systeminto the supply conduit of the

catal ytic detector. Wth this flow system the influence of gas,
prepressure and vol une of the sanple | oopgappear not to be critical for the
measuri ng accuracy. The bypass system controls the m xing of the gas

to be neasured with air. The concentration of gas, which should preferably
not exceed &emerierd JEReTated hyicchRtGREBIYTIHi CWQUSTHSRer Hiody) fagrtien

control | e¢doyHehaireedbaratydules in ke ' SEyé SSleddniintp hdie BiPRlesed from
a pressure _cylinder. Because the qéafressure s | ow, é;n | nstance_a
r iﬁhQJ%

10 nbar, SHTP ACYEVESsdi BRR 2 PHridd dedt hel PR RF RSP RuRSaH HYTRe:
punp in thewihveshakrematnpdobhstdnt he catal ytic detector, wth anbient air

being used. In réaﬁn%%%%atégevéf@é’ lgf C&Tg%éagliréc?esi%%%lways gives a
good valﬁe for the generated energy of the combusted amount of
gas. When a single measuring cell is used, the maximum of the
curve will be affected by Tg and Ty. By using a non-;atalytically
active reference cell, comnected in a bridge circuit, these
effects are reduced to an important extent. Because geometrically
the two measuring cells are not completely identical, it may be
necessary in connection with the accuracy and the reproducibility
of the measuring system to accommodate the measuring block in a
thermostated box, the sample gas, before entering the measuring
cells, flowing through a heat exchanger which is thermally
coupled with the box. The temperature of this box must be
constant, for instance a few degrees of the maximum ambient
temperature.

A possible embodiment is shown in Fig. 4.

This figure shows a thermostated box in which, to improve
the measuring accuracy and the stability, the measuring block
including the two measuring cells and the components together
constituting the electronic measuring bridge are accommodated.
The wall temperature of the box is electronically controlled to a
temperature approximately 10 degrees above the maximum ambient
temperature. The electric current for the measuring bridge is
supplied b& an electronically stabilized supply.

Fig.ls shows a possible embodiment of the calorimeter
according to the in#ention. The system is made up of three
functional elements, viz. the sample selection, the sample taking
and the bypass system.

For calibration a possibility of sample selection is built
in. By adding switching valves, various calibration gasses can be
connected to the measuring system.
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system can optionally be provided with an active carbon filter to filter
out any hydrocarbons and ot her conbusti bl e conponents present in the
outside air. In conbination with this system preferably a conputer is
used for processing the data into the calorific'top value of the gas. Wth
this conputer, however, it is also possible to provide for the control of
the entire sanpl e taking. In the casé where the appar atus according to
the invention is to be used for determ ning the Whbbe index of natural gas,

in addition torhBesampRihdi SyseemVedtisrisber v, fole-weyscogkni nde. dgawand

st be kgpggd?% gg%&le loop. With this system it is possible to take an
accurateiy reproducible amount of the gas to be examined. A first
condition for this is an atmospheric outflow during flushing and
a sample loop which is not unduly narrow, there being sufficient
throughflow at a sample gas prepressure of approx. 10 mbar. A
second condition is that the cocks 1 and 2 are consecutively
switched with a short interval. By switching cock 1, the sample
gas—is isolated in the sample loop. By switching cock 2, this
isplated amount of gas is passed via the bypass system inte the
supply cohduit of the catalytic detector.

with this'flow system, the influence of gas, prepressure and
volume of the sample loop appear not to be critical for the
measuring accuracy.

The bypass system controls the mixing of the gas to be
measured with air. The concentration of gas, which should
preferably not exceed the maximum limit of the detector, which is
generally 5%, is controlled by the needle valve.

The required air can be supplied from a pressure cylinder.
Because the prepressuré is low, for instance approx. 10 mbar, it
is also possible to provide the required air by including a pump
in the discharge conduit of the catalytic detector, with ambient
air being used. In that case, the supply conduit of the bypass
system can optionally be provided with an active carbon filter to
filter out any hydrocarbons and other combustible components
present in the outside air.

In combination with this system, preferably a computer is
used for ﬁrocessing the data into the calorific top value of the
gas. With this computer, however, it is also possible to provide
for the control of the entire sample taking.

In the caselwhere the apparatus according to the invention
is to be used for determining the Wobbe index of natural gas, in
addition to the calorific top value (Hg), the density of the gas

must be known as well.
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8 [err] ~ If a suitable mass flow sensor is included in the supply
conduit of the catalytic detector, the measuring systemcan al so determ ne
the Whbbe index. It is also possible to arrange this

WI =Hs

Ya

If a suitable mass flow sensor is included in the supply
conduit of the catalytic detector, the measuring syste= can also

determine the Wobbe index. It is also possible to arra=zs this

mass flow sensor in parallel with the calorimeter.
The signal of the mass flow sensor also has the share of =z

Gaussian curve. The integral of this signal Sy is a measure =2
the mass of the gas in the air sample.

T, _
d=C [ Spdt - background
T,
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mass .fl ow sensor in parallel with the calorineter. The signal of the
mass flow sensor also has the shape of a Gaussian curve. The integral of
this signal Smis a nmeasure of the mass of the gas in the air sanple.

[err] )
’ 000 O AL
* [ L M S * '
CLATMS
1. A method for determining the calorific value of a

combustible gas, characterized in that an acéurately determined
amount of gas is passed through a hydrocarbon detection device,
the signal cbtained is integrated, the value thus obtained is
compared with calibration values and the calorific value is
calculated therefrom. o

2. A method for determining the Wobbe index of natural gas,
characterized in that an accurately determined amount of gas is
passed through a hydrocarbon detection device, the signal
obtained is integrated, the value thus obtained is compared with
calibration values, the calorific value is calculated therefrom
and the Wobbe index is determined from this calorific value and
the density of the natural gas.

3. A method according to claim 2, characterized in that the
density of the gas is determined with the aid of a katharometer.
4. A method according to claims 1-3, characterized in that, as

a detection device, use is made of a hydrocarbon detector based
on catalytic combustion, or a flame ionization detector.

5. A method according to claims 1-2, characterized in that the
calorific value of natural gas, synthesis gas, fuel gas, refinery
gas or pyrolysis gas is determined.

6. A method according to claims 1-5, characterized in that the
gas whose ‘calorific value and/or Wobbe index is to be determined,
is alloweé to flow from a mainstream through a sampling conduit,
the sampling conduit is shut off from the mainstream and brought
into communication with a sampling stream and the contents of the
sampling conduit is passed through at least one detection device.
7. Appératus for determining the calorific value of a
combustible gas utilizing the method according to any one of
claims 1-6, comprising means for accurately taking a sample,
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-9- CLAI M5 1. A nethod fo determ ning the
calorific value of a conbusti-ble gas, characterized—n—that—anm—accuratel y

||I|II|| IO R
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means for detecting a property of the gas, which property is
propertional to the calorific value thereof, means for
integrating the signal and means for comparing the integrated
signal with calibration values.

8. Apparatus for determining the Wobbe index of natural gas
utilizing the method according to any one of claims 2-§,
comprising means for accurately taking a sample, means for
detecting a property of the gas, which property is proportional
to Ehe calorific value thereof, means for integrating the sigmal,
means for comparing the integrated sigmal with calibration
values, means for determining the density of the natural gas and
means for calculating the Wobbe index from the density and the
calorific value.

9. Apparatus according to claim 8, characterized in that, as a
device for determining the density of the gas, a katha*ometer is
used.
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determ ned anount of gas is passed through a hydrocarbon detection device,
the signal obtained is integrated, the value thus obtained is conpared
Wwith calibration values and the calorific value is calculated therefrom

2. A nmethod for determ ning the Whbbe index of natural gas, characterized
in that an accurately determ ned anount ¥ gas is passed through a

hydr ocar bon detecti on device, the signal

METHOD FOR DETERMINING THE CALORIFIC VALUE OF A GAS
AND/OR THE WOBBE INDEX OF NATURAL GAS

ABSTRACT

The invention relates to a method for determining
the calorific value of a combustible gas, which is
characterized in that an accurately determined amount
of gas is passed through a hydrocarbon detection
device, the signal obtained is integrated, the wvalue
thus obtained is compared with calibration values and
the calorific wvalue is calculated therefrom, to a
method for the determination of the Wobbe index of
natural gas, the Wobbe index being calculated from the.
calorific value and the density of natural gas, aé

well as to apparatus for carrying out these methods.

FIGURE 1
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obtained is integrated, the value thus obtained is conpared wth
calibration values, the calorific value-is calculated therefromand the
‘Wobbe index is determned fromthis <calorific value and the neasured
density of the natural gas. 3. A nethod according to claim 2,
characterized in that the density of -tlBe-gas is determned with the aid of
a katharoneter.

Sample Sample
gas gas
inlet outlet

VR1

FIG. 1
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4. A nethod according to clains 1-3, characterized in that, as a
detection device, use is nade of a hydrocarbon detector based on catalytic
c¢onbustion, or a flanme ionization detector.

-2 -

FIG. 3
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- 10 - 5. A nmethod according to clains 1-2, characterized in that
the conbustible gas of which the calorific value is determned is
natural gas, synthesis gas, fuel gas, refinery gas or pyrolysis gas is
det er m ned. 5
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6.~ A nmethod according to claim1-5, characterized in that the gas whose
calorific value and/or Wbbe index is to be ‘determned, is allowed to
flow froma nmainstream through a sanpling conduit, the sanpling conduit
is shut off fromthe rmainstream and brought into conmunication with a.
sampling streamand the contents of the sanpling conduit is. passed

t hrough at | east one detection device.

Ticrle: Method for détermining the calorifié wvalue of a gas
and/or the Wobbe index of natural gas.

Tha present inventicn relates to a method for determining
the calorific value of a combustible gas. The invention further
relaces to a method for determining the Wobbe index of natural
gas.

The determination of the calorific value of ccmbustible
gasses, such as natural gas and other fuel gasses, can be of
imparzance for various reasons.

It is a fact that when natural gas from different sources is
used, ﬁhe composition, and therefore the calorific value, of the
various gasses is not the same. For a buyer it may be of
importance to know the calorific value so as to compensate
£luctuations in conditions of use. Also, it is common fcr the
price of the gas to be related to its calorific value.
calorific value of a gas can be determined by burning

the gas under conditions whereby the heat of combusticn is
measured. From the various daca of the gas sample, such as mass,
heat content, rise in temperature and the like, the calorific
value can be accurately calculated. Such az method, however, is
cumperscme and time-consuming, and therefore not suitable for the
rapid in situ determination of the calorific value of the gas.

Accordingly, there is a need for a method which enables the
calorific value of a combustible gas to be determined rapidly and
accurately.

As regards the Wobbe index, too, it is importanc thac it can
be determined rapidly and accurately. -

The invention accordingly relates to a method for
determining the calorific value of a combustible gas, which
method is characterized in that an accurately determined amount
of gas is passed through a detection device, the signal obtained
is integrated, the value thus obtained is compared wich a
calibracion line and the calorific value is calculated therefrom.
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7. Apparatus for determining the calorific value of a conbustiblBaass>~\—
utilizing the method according to any one of clains 1-6, conprising neans

for accurately taking a sanple, neans for detecting a property of the gas,

whi ch property is proportional to the calorific value thereof, neans for

I ntegrating the thus obtained signal and nmeans for conparing the

integrated signal with calibration vaI%Fs and neans for
= - s

O

CLAIMS

1. A method for determining the calorific value of a
combustible gas, characterized in that an accurately
determined amount of gas is passed through a hydrocarbon
detection device, the signal obtained is integrated, the
value thus obtained is compared with calibration values and

the calorific value is calculated :therefrom.

2. A method for determining the Wobbe index of natural gas,
chafacterized in that an accurately determined amount 6f gas
is passed through a hydrocarbon detection device, the signal
obtained is integrated, the value thus obtained is comparéd
with calibration values, the calorific value is calculated
therefrom and the Wobbe index is determined from this

calorific value and the measured density of the natural gas.

3. A method according to claim 2, characterized in that the
density of the gas  is determined with the aid of a

katharometer.

4, A method according to claims 1-3, characterized in that,
as a detection device, use is made of a hydrocarbon detector
based on catalytic combustion, or a flame ionization

detector.
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calculating the calorific value therefrom 8. Apparatus for determ ning
t'he Wobbe index of natural gas wutilizing the nethod according to any one
of clainms 2-6, conprising neans for accurately taking a sanple, neans for
detecting a property of the gas, which property is— ——————/mm——

v (AERAR AR

5. A method according to claims 1-2, characterized in that

the combustible gas of which the calorific value is

determined is natural gas, synthesis gas, fuel gas, refinery

gas or pyrolysis gas is determined.

6. A method according to claim 1-5, characterized in that
the gas whose calorific value and/or Wobbe index is to be
determined,: ‘is allowed to flow from a mainstream.:through a
sampling conduit, the sampling conduit ‘is. shut off from the
mainstream and brought into communication with a.sampling
stream and the contents of the sampling conduit is passed

through at least one detection device.

7. Apparatus for determining the calorific value of a
combustible gas utilizing the method according to any one of
claims 1-6, comprising means for accurately taking a sample,
means for detecting a property of the gas, which property is
proportional to the calorific value thereof, means for

integrating the thus obtained signal and means for comparing

the integrated signal with calibration values and means for

calculating the calorific value therefrom.

8. Apparatus for determining the Wobbe index of natural gas
utilizing the method according to any one of claims 2-6,

comprising means for accurately taking a sample, means for

detecting a property of the gas, which propérty is REPLACEMENT SHEET
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7\114- ~ proportional to the calorific value thereof, neans for
i-ntegrating the thus obtained signal, means for conparing the integrated
signal with calibration values, neans for determning the density -of the

SR T
* c L M
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proportional to the calorific value thereof, means for

integrating the thus obtained signal, means for comparing the

integrated signal with calibration values, means for
. determining the density of the natural gas and means for
calculating the Wobbe index from the density and the

calorific value.

9. Apparatus according ‘to claim 8, characterized :in that,
-as. a device for determining the density of  the gas, a

katharometer is used.
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cal chatl ng the Whbbe i ndex from.the\den5| ty and the cal orificm\:/al ue.
9.7 Apparatus according to claim 8, characterized in that as ‘ERey
determ ning the density of the gas, a katharoneter is used. Eﬁ/FENtrSHEET
—12 -  wyrfa

METHOD FOR DETERMINING THE CALORIFIC VALUE OF A GAS
AND/OR THE WOBBE INDEX OF NATURAL GAS :

ABSTRACT

The invention relates to a method for determining
the calorific value df a combustible gas, which is
characterlzed in that an accurately determ;ned amount
of gas is passed through a hydrocarbon detection
device, the signal obtained is integrated, the value
thus obtained is compared with calibration values and
the calorific value is calculated theref:éom, to a
method for the determination of the Wobbe index of
natural gas, the Wobbe index being calculated from the.
calorifi; value and the density of natural gas, as

well as to apparatus for carrying out these methods.

FIGURE 1
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