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[0001] *G00002*

The present invention relates to a gaseous-fuel analyzer and a system
for controlling a gas turbine.

Priority is claimed on Japanese Patent Application No. 2011-090996,
filed April 15, 2011, the content of which is incorporated herein by reference.
[Background Art]

[0002]

In recent years, as a pre-mixed gas of a fuel gas and air is combusted
in a lean state, a gas turbine employing a dry low emission (DLE) combustion
system that can reduce a Nox discharge amount is used. Since a gas turbine
employing the above-mentioned DLE combustion system (also referred to as a
premixing combustion system) requires extremely precise measurement of
fuel properties and extremely precise combustion control based on
measurement values thereof to avoid generation of combustion instability,
accidental fire, or the like, in a combustor.

[0003]

In the related art, a lower heating value (LHV) of a fuel gas and a
specific gravity (SG) of the.fuel gas with respect to the air are measured as
fuel properties with high precision using a gas chromatograph, and the flow
rate of the fuel gas is controlled based on a Wobbe index (WI) calculated from
these measurement values (see Patent Document 1). In addition, the Wobbe
index WI can be obtained by dividing the lower heating value LHV by the
square root of the specific gravity SG.
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[Patent Document]
[0004]
[Patent Document 1] Japanese Patent Application, First Publication No.
2008-291845
[Summary of Invention]
[Technical Problems]
[0005]

As is well known, the gas chromatograph weighs the respective
ingredients in a state in which the respective ingredients contained in the
measurement gas are decomposed through a column. In a measurement
theory, a time of about 5 to 10 minutes from the sampling of the measurement
gas to the output of the measurement values is needed for measurement using
the gas chromatograph. Accordingly, each of the measurement values
obtained during the period of 5 to 10 minutes from the starting of the gas
chromatograph has substantially high precision. However, when properties
of the measurement gas, i.e., the fuel gas, are varied, the measurement values
cannot trace the property change, and an error occurs due to a time delay (a
response delay). As a result, combustion control with high precision
becomes difficult.

[0006]

In order to compensate for disadvantages of the above-mentioned gas
chromatograph, there is a method of using the fact that SG-LHV
characteristics of hydrocarbon contained in the fuel gas (for example, natural
gas) can be represented as a linear function. The method may be a method of
measuring the density (the specific gravity SG) of the fuel gas using a density
gauge, and estimating the lower heating value LHV from the measurement
value and the previously obtained SG-LHV characteristics.

In the method, even when the mixing ratio of the hydrocarbon is

varied, a relation between the SG and the LHV merely moves according to the
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is considered. However, even when the method is used, the analyzer is
complicated and the cost thereof is increased.

[0008]

In consideration of the above-mentioned circumstances, the present
invention provides the following two aspects.

(1) Measurement of gaseous fuel properties can be realized with high
precision while suppressing an increase in cost.

(2) Combustion control of the gas turbine can be realized with high
precision.

[Solution to Problem]
[0009]

According to a first aspect of the present invention, a gaseous-fuel
analyzer configured to measure properties of a gaseous fuel, includes: a gas
chromatograph configured to measure a calorific value, a specific gravity and
a specific ingredient concentration of the gaseous fuel, and output respective
measurement values in a certain period; a concentration meter configured to
measure the specific ingredient concentration of the gaseous fuel and output
the measurement values in a period shorter than that of the gas
chromatograph; and a compensation calculation device configured to

compensate the measurement values of the calorific value and the specific



[ Summary of Invention] [Technical Problens] [0005] As is well known,
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chromatograph; a specific gravity meter configured to measure a specific

gravity of the gaseous fuel and output the measurement values in a period

shorter than that of the gas chromatograph; and a compensation calculation

device configured to compensate the measurement values of the calorific

value simultaneously obtained from the gas chromatograph and the specific

gravity obtained from the specific gravity meter based on the measurement

value of the specific ingredient concentration obtained from the gas

chromatograph and the measurement value of the specific ingredient

concentration simultaneously obtained from the concentration meter.

[0011]

Further, according to a third aspect of the present invention, in the

first or second aspect, the compensation calculation device may compensate

the measurement values of the calorific value and the specific gravity based

on the measurement value of the specific ingredient concentration obtained

from the gas chromatograph and the measurement value of the specific

ingredient concentration simultaneously obtained from the concentration

meter, and a correlation between the calorific value and the specific ingredient



* As anot her nethod, a nethod of sanpling and conbusting a portion of the
fuel gas using a conbustion type calorinmeter to neasure the calorie (LHVY)
i s considered. However, even when thesnethod is used, the analyzer is
conplicated and the cost thereof is increased. [0008] In
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meter into an arithmetic expression of the calorific value compensation

coefficient and the specific gravity compensation coefficient drafted based on

an approximation function representing the correlation between the calorific

value and the specific ingredient concentration and an approximation function

representing the correlation between the specific gravity and the specific

ingredient concentration and using the specific ingredient concentration

obtained from the gas chromatograph and the concentration meter as a

parameter.

[0013]

Further, according to a fifth aspect of the present invention, a system

for controlling a gas turbine includes: a gas turbine; a fuel supply line

connected to a combustor of the gas turbine; a fuel flow rate control valve

inserted into the fuel supply line; the gaseous-fuel analyzer according to any

of the first to fourth aspects configured to measure properties of a gaseous

fuel flowing through the fuel supply line; and a control device configured to

calculate a Wobbe index based on measurement values of a calorific value and

a specific gravity of the gaseous fuel obtained from the gaseous-fuel analyzer,

and control a degree of an aperture of the fuel flow rate control valve based on

the Wobbe index.

[Advantageous Effects of Invention]



*In addition, according to a second aspect of the present invention, a
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FIG. 1 is a block diagram of a system for controlling a gas turbine
according to a first embodiment;

FIG. 2A is a first explanation view related to a measurement theory of

fuel gas properties according to the embodiment;



6 [0014] According to the gaseous-fuel analyzer according to the
present ‘i nvention, based on the neasurenent value of the specific

i ngredi ent concentration of the gaseoygs fuel obtained fromthe gas
chromat ogr aph and t he neasurenent value of the specific ingredient
concentration of the gaseous fuel sinultaneously obtained fromthe
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[Brief Description of Draw ngs] 16] I's a block diagram of

a syster[ere@én?qr)hrcgﬂEmmgdmgﬁg]turbl ne accor di ng to a first enbodi ment;
FIG 2Ais a first explanation viewrelated to a measurenent theory of fuel

gas propebi7es according to the enmbodinent; 7 FIG 2B is the first
explanation view related to the rreasurerrent theory of the fuel gas
properties actlardinadteroembeodembodi eietite; present invention will be described

with reference to the accompanying drawings.
(First embodiment)

First, a first embodiment of the present invention will be described.
FIG. 1 is a block diagram showing a schematic configuration of a system for
controlling a gas turbine A according to the first embodiment. As shown in
FIG. 1, the system for controlling the gas turbine A is constituted by a gas
turbine 1, a fuel supply line 2, a fuel flow rate control valve 3, a sampling
device 4, a gaseous-fuel analyzer 5, and a gas turbine control device 6. In
addition, FIG. 1, a solid arrow represents a fuel gas, and a dotted arrow
represents an electrical signal.

[0018]

For example, the gas turbine 1 is a gas turbine employing a DLE
combustion system (a premixing combustion system) that can reduce the Nox
discharge amount by combusting a pre-mixed gas of a fuel gas and air in a
lean state. The fuel supply line 2 is a pipe line connected to a combustor
(not shown) of the gas turbine 1 and configured to supply a fuel gas. The

fuel gas such as natural gas or the like is supplied into the combustor of the



"FIG 3A is a second explanation viewrelated to a neasurenent theory of

fuel gas$ properties according to the enbodi nent; FIG 3B is the
second explanation view related to the neasurenent theory of the fuel gas
properties according to the enbodi nent; FIG 4 is a block diagram of

a systemfor controlling a gas turbine according to a second enbodi nent;
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t he acconpanyi ng draw ngs irst e First, a first

enbodlnnnécoﬁﬂﬂhanpoeﬁﬁﬂgagnmbnhgmn W | | be descrlbed FIG 1is a block
di agram showi ng a schematic configuration of a systemfor controlling a gas
turbi ne[80b8kording to the first enbodiment. As shown in FIG 1, the system
for controlling the %ls turbine Ais constituted by a gas turblne 1, a fuel
supply line 2, W Geser eamerelovrlvel3 adn @ugomatis gepEidyadesi ce 4, a
gaseous-fue nal yze and a gas rbine control device 6. | n addition,
FIG 1, lastehﬁa&té?;ﬁérwfélmlgge'm%g aflﬁ@ degise %fn%l‘ APEISUEHIAFPHIS represent s
an electrl i naI 0 exa urbipe 1 is a gas
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supply a fuel gas. The fuel gas such as natural gas or the [1ke is supplied
into theateaBustTie dmphifg ddvice 4 is installed in the fuel supply 11ne 2 at an

upstream side of the fuel flow rate control valve 3, and a portion of the fuel

gas flowing through the fuel supply line 2 is divided (sampled) to be

introduced into the gaseous-fuel analyzer 5.

[0020]

The gaseous-fuel analyzer 5 measures properties of the fuel gas
introduced from the fuel supply line 2 via the sampling device 4. The
gaseous-fuel analyzer 5 is constituted by a gas chromatograph 5a, an infrared
light analyzer 5b, and a compensation calculation device 5c. The fuel gas
introduced into the gaseous-fuel analyzer 5 is divided into the gas
chromatograph 5a and the infrared light analyzer 5b.

[0021]

The gas chromatograph 5a measures a lower heating value LHV of the
fuel gas, a specific gravity SG with respect to the air and a concentration of
carbon dioxide (Cijx and outputs the respective measurement values
LHV_gc, SG_gc and CO2_gc to the compensation calculation device 5¢ in a
certain period. As described above, the gas chromatograph 5a weighs the
respective ingredients in a state in which the respective ingredients contained
in the measurement gas (the fuel gas) are separated through a column. In a

measurement theory, in the gas chromatograph 5a, while the measurement



gas-turbine 1 via the fuel supply line 2. In addition, while not shown in
FIG 1, an air supply line configured to supply conpressed air is also
connected to the conbustor of the gasgturbine 1. [0019] The fuel
flow rate control valve 3 is an automatic control valve installed at the
fuel supply line 2, and a degree of an aperture thereof is controlled
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whi ch the respective ingredientS contained in the neasurenent gas (the fuel
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period of 5 tQ 10 mnutes, [0022] The jnfrared |light analyzer 5b is
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chr omat (;grap 5a. In the neasurenent theory, the infrared Iight analyzer 5b
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~as being substantially continuous in conparison with the gas chronatograph
5a. interface, and so on, are integrally combined. The compensation calculation

device 5S¢ compensates the measurement values LHV _gc and SG_gc of the

lower heating value LHV and the specific gravity SG simultaneously obtained

from the gas chromatograph 5a based on the measurement value CO2_gc of

the CO; concentration obtained from the gas chromatograph 5a and the

measurement value CO2_ir of the CO, concentration simultaneously obtained

from the infrared light analyzer 5b. In addition, the compensation

calculation device 5c outputs the measurement values LHV_c and SG_c to the

gas turbine control device 6 after the compensation.

[0024]

The gas turbine control device 6 calculates the Wobbe index WI based



* [0023] The conpensation cal cul ation device 5c is a mcroconputer, in
whi ch, for exanple, a nenory, a central processing unit (CPU core, an

i nput/output interface, and so on, areggpintegrally conbined. The
conpensation cal cul ati on device Sc conpensates the neasurenent val ues
LHV_gc and SG gc of the | ower heating value LHV and the specific gravity SG
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o1l t o e, PRCRAC ek TSP UF TAE hel At Bplaed Irdh chEBal s AAEE { o "
t he com@Bas@der oN(taal o fddsati o 4l 6§l afonORBE %c?.he”ﬂﬁ%ag%rt%'f@ﬂlte daHipgs LHV_ ¢

and SG c to the gas turbine control device 6 after the conpensation. [0024]

10 on t hieviveas wuepwnstthe FueeslobHhate cantroPGignAfFC Tor kouadllheathddeyleue LHV
and the specific gravity SG of the fuel gas obtained fromthe gaseous-fuel
anal yzenf3h¢taperimoepdribatfuehfloat cateatonoroldealve8 @ontrolhagghas fuel hane
control device 6 outputs the fuel flow rate control signal FC for

cont r ol 19y rated basgd e dfe ¢eHeulknted WekboindaxeWlitel thiel gl ftve reent rol  val ve
3 (controlli ana:l he fugl gd?jg fl OV\{] rate) %ased on the cal cul ated Wbbe i ndex
W to t KeMRLIVAYLR r dnAdBHPEPolns, 8ps ErDIng GoBHAH dRyiEe ¢ REtRES anuii ne
trol i 6..qQut put profl t trol, si | AC f ntrol i
o degr ed O T4l SytirolteRa LA Fon sqrltplithecs Aediest an Ay prerantrolingy r at e
trol : ' t [ [ I i f t.h
Furbi ne A 4 TP ShteS HRUH olri6l B PhofTafld gRYEod) MSeflag it f°

oper at i qify QlpgiReifdeyendent iefifde 3y o gas turbine A
wETT e A SApaIyALROOYEheTRas A i?ﬁghxggﬁ‘??%%t&“y&gr‘g??%n of the fuel

gas progeoksps by the gaseous-fuel analyzer 5 and conbustion control
operation (fuel flowrate control) of the gas turbine 1 by the gas turbine
control devi c&e&twam lopbeatdesof ithedbowne de¢mtidned OVA6In fovbasaitr @itigngt thieheory of
fuel gas properties> First, for the purpose of easy understandi ng of
t he neagas dnennedparibtbodesdribedin detaihasThabjserat megsurgntdnd cpasatoos - f uel
anal yzer 5, the neasurenent theory of the fuel gas properties of the

enbodi medithgifle! g&s peepserfigedy the gaseous-fuel analyzer 5 and combustion

control operation (fuel flow rate control) of the gas turbine 1 by the gas
turbine control device 6 will be described in detail.

[0026]

<Measurement theory of fuel gas properties>

First, for the purpose of easy understanding of the measurement
operation of the fuel gas properties by the gaseous-fuel analyzer 5, the
measurement theory of the fuel gas properties of the embodiment will be
described.

As shown in FIG. 2A, the gas chromatograph 5a outputs the
measurement values LHV_gc and SG_gc of the fuel gas properties (the lower
heating value LHYV, the specific gravity SG, and so on) in the period of 5 to 10
minutes. The respective measurement values obtained from the
above-mentioned gas chromatograph 5a in the period of 5 to 10 minutes have
substantially high precision (extremely near an actual value). However,

when the fuel gas properties are varied in the short term, the measurement



“As shown in FIG 2A, the gas chromatograph 5a outputs the neasurenent

val ues LHV_¢gc and SG gc of the fuel gas properties (the | ower heating val ue
LHV, the specific gravity SG and so bn) in the period of 5 to 10 m nutes.
The respective neasurenent val ues obtained fromthe above-nentioned gas
chromat ograph 5a in the peri od of 5 to 10 m nutes have substanti aIIy hi gh

br eci St 981 (&xLAR kiaciele ABpBAYUansR! HRY.an OHBY Bl BRIy Yla 0as
I n t ues

propertl es are varl e rt t€rm t he neasurenent cannot

trace tRespdnePalel Yy CHpRaGAax ANGMASE V6 QtepiU@woopéribddyEoctriray (a response
del ay) by a maxi mum of two steps (two periods) occurs. [0027] The

i nvent of8027] t he application have verified property data during a certain
peri od neasured using the gas chromatograph of natural gas produced froma
certain area. TAs iavertsusb tof the appsichben Hayvencerifiad propeny tdata donm@na r at i on
of, in particular, the carbon di oxide (CO2) of the inert ingredients

cont ai nEETAH PREOAADERMTCASIHS thea e CRFRMategr ol o4maswral igas HeaHesdt i on i s

| arge, the | ower heating value LHV. and t he fic raV| y SG required for
cal cul afTOR FCTEHE 6BbG ANHESSHH- b s 'a?f‘dbf@mﬁamaéd hegdas) The

f th | hav, d | b he CO2
concent FaPFOHTaeR BRe T Bk HER Peg ”V§ LRG0T Ll ntﬁﬁte&',eénet e
CO2 conge ﬁ%ﬂtfg%oﬂ@ﬂﬁqustﬂ@%a%&lgga sSSP VA BaRer ty data of

t he natur gas for the certain perio result, as shown in FIG 3A,

it has Q@ﬁ@erﬁt@yﬁgnw% %hﬁw%@loﬂéﬁm&@%l@LWaﬁHQhE%ﬁ@Elfﬁ@gHﬁgy val ue
LHV have a cl ear correl afl on, and as shown in FIG it has been found

that t he Ce@qieed €oit éaaltcubenmndfttllﬂevmiﬁm fndbxgwa\farwaf:‘gﬁalpaz\aeleai.certal n
measure of correlation, although not to the extent of the |ower heating

val ue LIH28P029] As shown in FIG 3A, the correlation between the
CO2 concentration and the | ower heating val ue LHV can be approximate to an
exponenti al f dhetinyantgrs h)fﬁhgHippﬂ@@I@PgTﬁV(CaIIHIVCéiﬂg{iWé‘ aaelation btwsen a range
of 1% from an approxi mation function curve). This neans that, when the
correl aﬁh%ﬁ?%ewtw@mdé%é@m QF?BHgé/ﬁéiu% kelY spera F@éflioﬁg val ue LHV

R N M S O ket
e0p" o 4450 ISHI AT s PURLOAH O O (LRSI Lo Lo
I's defined j@%as Heen found that the CO, concentration and the lower heating value
LHYV have a clear correlation, and as shown in FIG. 3B, it has been found that
the CO; concentration and the specific gravity SG have a certain measure of
correlation, although not to the extent of the lower heating value LHV.
[0029]
As shown in FIG. 3A, the correlation between the CO, concentration
and the lower heating value LHV can be approximate to an exponential
function with high precision (all of the data is within a range of £1% from an
approximation function curve). This means that, when the correlation |
between the CO;, concentration and the lower heating value LHV is previously
obtained, the lower heating value LHV can be estimated from the CO;
concentration measurement value of the fuel gas. Hereinafter, an

approximation function (an exponential function) representing the correlation

between the CO; concentration and the lower heating value LHV is defined as



“the-followi ng Equation (1). In addition, in the follow ng Equation (1), A
and B are constants, and e is a base of a natural logarithm [0030]
Lfire(Bxc02 -g<1 [0031] In addigzion, as showmn in FIG 3B, the
correlation between the CO2 concentration and the specific gravity SGis
slightly Iower than the correl ation between the CO2 concentration and the
| ower h i t her, 0. . b al 1 el
data cal g ey o A R R T P e A B 1 ) 308

rel ative yrehd @yt4@s! 8hale R B FPAGARGAAI198hdtIAAPT OXi nat e the exponenti al
function than the other data category. This neans that, when the

correl afg@3pjpoet ween the CO2 concentration and the specific gravity SGis
previ ously obtained, the specific gravity SG can be estimted fromthe CO2
concentration neasurenent value of the fuel gas. Hereinafter, an

appr oxi mat L&V fparre dixant” (A~ Ekponen(lal function) representing the

correl ation between the CO2 concentration and the specific gravity SGis
defined as_the follow ng Equation (2). In addition, in the follow ng

Equat i O&OQ%], C and D are constants, and e is a base of a natural

wni're a measul LAMIUR & BOThEd BB clnabhio R 4ioh M@%%”%Bﬁf‘%%oﬁ e
chr omat S0 R A B g R A PRl o of

two st elB%t\.L'j:é‘t?tl{é‘gCB_t QM MEBREIR the RO WEShEdVa 99 a AN B®, Ond et he ot her

hand, the infrared |ight analyzer 5b 1s | ess precise than the gas

chromat gggmpb Batwbiaweventiallyepariledidadta thggorinal YHewebéx, abit putsoft he 13
measurenent value CO2_ir of the CO2 concentration in the extrenely short

peri od, thddata categbeies ehyatr edredatibelynlyighubsitrakitical ¢an aoreipraoissly n
conpari son with the gas chromat ograph 5a. For this reason, an error caused
by the @pproxisiaig the expgheniidl Binciiwm thag, theB)ther data category. This
means that, when the correlation between the CO; concentration and the
specific gravity SG is previously obtained, the specific gravity SG can be
estimated from the CO;, concentration measurement value of the fuel gas.
Hereinafter, an approximation function (an exponential function) representing
the correlation between the CO;, concentration and the specific gravity SG is
defined as the following Equation (2). In addition, in the following Equation

(2), C and D are constants, and ¢ is a base of a natural logarithm.

[0032]

SGMgC - C x e(DKCOZ - gc} . .(2)

[0033]

Next, while a measurement unit of the CO; concentration is a problem,
the measurement value CO2_gc of the CO, concentration obtained from the
gas chromatograph 5a includes an error caused by the time delay of a
maximum of two steps like the other measurement values LHV_gc and SG_gc.
On the other hand, the infrared light analyzer 5b is less precise than the gas

chromatograph 5a. However, the infrared light analyzer 5b outputs the



" [ 0034] That is, the neasurenent value CO2_gc of the CO2
concentration obtained fromthe gas chromatograph 5a is not a current val ue
but a value froma maxi num of two step$ prior. However, the neasurenent
value CO2_ir of the CO2 concentration obtained fromthe infrared |ight

anal yzer 5b can be regarded as the current value. For this reason, as the

compensatd AfirimRELARIEBISHEDE IHAL Y EhIdRiARRS RPIPERrLARI PLAM! ancous! y

obtai ned CQ2_gc an _Ir7is renov (1 n other wor at the CO2_gc

coi nci dgsridt WHibR @v2hd FogariB@ alBASHE 8TBHianYRI HeSoinddi® {ower heating
val ue LHV and the specific gravity SG can be obtained with high precision

whi | e sigpprpessiongwithether gnr cloausadgiyph be. t IFoe thsl @ysoh 088 %}ror caused
Specifically, a calorific value conpensation coefficient Z LHV co2

confi gubgdheaimenjdagas ecgbgitilegste FdGd@Bay error included in the

measur enent val ue LHV_gc of the | ower heating value LHV obtained fromthe
gas chr d#88dhr aph 5a can be cal cul ated by the followi ng Equation (3)

derived based th t d ir of the CC2
Concentr ot i on TORH 1RRGBEA1 BN ALLE FIOMATre! (sCon GIEeOlPHIR Sa. and t he
i nf d,li.gh | 5 d .Equati on.(1 0036 B.OQ2, ir) Z LIV
B et L S R T S AR T

it ' 1iGi 7 _SG ' te for th
Pl e GulETRERRRINAR ERBAbItbRbrioy; Hfee FAT U OHAR I BRTRRTES P T or e
speci fi @@ ayidhe@ obicdheeskrhfiol JUigindASTref AIRfIed RN SR £#/1yP& 5b

cal cul ated Dy the followi ng Equation (4) derived based on the measurenent
val ues @R _tgCrepadd £60ds ithe @hirfce vaie. COREL i ik aleh O, Sd sMiblet @B persdayioabisai ned

fromthe gas chromatograph 5a and the infrared |ight anal yzer 5b and
Equat i opeftf)rmed such that a difference between the simultaneously obtained
CO2 _gc and CO2 _ir is removed (in other words, such that the CO2 _gc
coincides with the CO2 _ir), the measurement values of the lower heating
value LHV and the specific gravity SG can be obtained with high precision
while suppressing the error caused by the time delay.
[0035]

Specifically, a calorific value compensation coefficient Z LHV_co2
configured to compensate for the time delay error included in the
measurement value LHV_gc of the lower heating value LHV obtained from
the gas chromatograph 5a can be calculated by the following Equation (3)
derived based on the measurement values CO2_gc and CO2 _ir of the CO;
concentration simultaneously obtained from the gas chromatograph 5a and the
infrared light analyzer 5b and Equation (1).

[0036]

A x oBxC02_ir)

5 o ABRCO2_ir-CO2_ g} "
Z_LHV c¢o2 BT ) (3)

[0037]

In addition, a specific gravity compensation coefficient Z_SG_co2

configured to compensate for the time delay error included in the



[0038] ciDx(C2 -CO2 ...ge)]-(4) Z SG co Cx e(Dxc:02 Cx e(1),(c02 _go
[ 0039] -  Accordingly, finally, the neasurenent val ues of the | ower
heating value LHV and the specific grawvity SG that do not include the error
caused by the tinme delay (the neasurenent values LHV c and SG c after
conpensati on) are expressed by the follow ng Equations (5) and (6). [0040]

11-1\1 ﬁleakg‘r Y%%\?/t Yalfeld GV, B? tﬁé)s G %ra%%pSG o3 &P Erom (R 59041]

As descri be a corT ation etvvee CO2 concentration and t he

| ower heﬁidlﬂgto\gahw Shidnapel cal cuPited! Bt tRNFAIES WRRNEL gt 6745 daeigRtr ati on and
the specific gravity SG of the fuel gas are previously obtained using the
gas chr basdédgnapb measdrement vhhunestCO2expraadsCOl of of tiee Cal,ori fic val ue
conpensation coefficient Z LHV co2 and the specific gravity conpensation
coef fi ccenterdrati@GsirnoRaneoukl nfabedinsdsfzdmothet gas appmmatogeantofa fandchieon
representl ng these correlations. Then, the neasurenent values CO2_gc and
cop_ir etfrared aeht ansly@at ShrarshEqnatior 4320usl y obt ai ned from the gas

chr omat E&mh 5a and the infrared |ight analyzer 5b are substituted into
the ari fic expression. Accordingly, the time delay error included in
t he measurenment val ue LHV_gc of the |ower heating value LHV and the

) C x \DxCO2_ir)
Z__SG__C‘CQ = C x e{[)xCO2_ga)

- e[Dx(C()E__yir—(?O?__gc)} - (4)
[0039]

Accordingly, finally, the measurement values of the lower heating
value LHV and the specific gravity SG that do not include the error caused by
the time delay (the measurement values LHV _c and SG_c after compensation)

are expressed by the following Equations (5) and (6).

[0040]
LHV c=LHV_gcxZ LHV co2 -<-(5)
SG ¢=5G_gexZ_SG co2 {6}
[0041]

As described above, a correlation between the CO; concentration and
the lower heating value LHV and a correlation between the CO, concentration
and the specific gravity SG of the fuel gas are previously obtained using the
gas chromatograph, and an arithmetic expression of the calorific value
compensation coefficient Z_ LHV_co2 and the specific gravity compensation
coefficient Z SG_co2 is drafted based on the approximation function
representing these correlations. Then, the measurement values CO2_gc and
CO2_ir of the CO, concentration simultaneously obtained from the gas
chromatograph 5a and the infrared light analyzer 5b are substituted into the
arithmetic expression. Accordingly, the time delay error included in the

measurement value LHV_gc of the lower heating value LHV and the



* 15 measurenent value SG gc of the specific gravity SG sinul taneously

obt ai ned fromthe gas chromat ograph 5a can be conpensated. [0042] I n
addition, in calculation of the invent®r(s) of the application, the Wbbe
index W (= LHV_gchi SG gc) cal cul ated using the measurenent val ue LHV_gc
and the neasurenent val ue SG gc before the conpensation has an error | arger

than 1% td I I ; b . t an
error odiongrame ke Sa0ePRr e SpROTICh iy 3L RAPaf s R PRt RO, 0,

i s cal cytghafe UssNirbRRAIGBRADHUT STEBM b¥a difddi&g and the nmeasurenent val ue
SG c after the conpensation is suppressed to 0.6%or |ess. [0043]

That is[oe4zprding to the neasurenment theory of the fuel gas properties of
t he enmbodi nent, di sadvantages of the gas chronmat ograph 5a (although it is
hi gh preci si oin addemnon,he ¢alehlagam pf tdpeitveasodseof ali¢ epplivatioe, dirort term
the error caused by the tine delay occurs) can be |argely overcone.

Accor di golbe 1%&7&53(117 bhiahtgo/a b Ge geHvatcwatednesingwbe nessuremenaydaelLHV and
t he neasurenment value SG c¢ of the specifi cfgravi ty SG can_be obtained with
hi gh prédi ¥i8f anfdhe merswameshyalug ob) ashafersthipfeasensationhaes 38 del ay

analyzerrgy Tarder R Oy R A s0iE. Ry BT R llrent  neory o
the fuel, ga : ' e o : y
by the. §SaEnmer G sh o Ped RN IO oRERHAL IR BB il HFE G Pt s

I'n addi (Lppyy i &yV&G WP RICHOR QficlREePasintUhki Headurkhitnt URPly 1 @fvibe fuel
CO2_Ir of the CO2

gas), while the neasurenment val ue _ concentration of the
fuel gasnidsheubsisanémaht yaRRMGNuafeh thokbhifenkhQoh tiHeuppidsas® o bi APt

anal yzer 5b (see FIG 2B), the nmeasurenent values LHV_gc, SG gc and CO2_gc
of the or less.
[0043]

That is, according to the measurement theory of the fuel gas properties
of the embodiment, disadvantages of the gas chromatograph 5a (although it is
high precision, when the fuel gas properties are varied in the short term, the
error caused by the time delay occurs) can be largely overcome.

Accordingly, the measurement value LHV ¢ of the lower heating value LHV
and the measurement value SG_c of the specific gravity SG can be obtained

with high precision (near the current value) while suppressing the time delay
error.

[0044]

<Measurement operation of fuel gas properties by gaseous-fuel analyzer 5>

Next, based on the above-mentioned measurement theory of the fuel
gas properties, a measurement operation of the fuel gas properties by the
gaseous-fuel analyzer 5 of the embodiment will be described.

In addition, in an operation of the gas turbine 1 (in supply of the fuel
gas), while the measurement value CO2_ir of the CO, concentration of the

fuel gas is substantially continuously output from the infrared light analyzer

5b (see FIG. 2B), the measurement values LHV_gc, SG_gc and CO2_gc of the



16 lower heating value LHV, the specific gravity SG and the CO2
concentration of the fuel gas are output in the period of 5 to 10 m nutes
fromthe gas chronmatograph 5a, and thg neasurenent val ues of the previous
step are continuously output for 5 to 10 mnutes until the nmeasurenent
val ues of the current step are determ ned (see FIGS. 2A and 2B). [0045]

The CO”‘P?ﬂ%PB%Q@n%‘a%’% Whges\Lf)ig'g/Ffé%r ét%%?} ﬂgﬁg@g%éu‘ébngﬁﬁk%{&gﬁ 5

| es nmeasur ues ¢ an

heat I NG oY 3h &l Gubias ﬁ@o@t@%@'lﬁ'tﬁe ﬁbrcﬁ‘()'dt ¥f §@0qr@ﬂmtlﬁ'@te@@20ﬁloﬂ?ﬁegﬁsr ation out put
fromthe gas chromat ograph 5a, and the neasurenent val ue _ir of the CO2

concent catdMBtopthphitsafl badthBenédturamet vkl chakymeridhly staﬁmreertal n
sanpling perio he sanpllng period is set to be smaller than the

nmeasur erzmntinpeuslqdod@ut dod 6 toi Iutresptesfurtthlethgas e aduremeno gradyds Shitteend
sufficiently |arger than the neasurenent period (an order of several
secondsyupfent iten arfer deteaminethtsegnial G e2 Astnd 1BD46] Accor di ngly,

whil e the nmeasurenent val ues LHV_gc, SG gc and CO2_gc obtained (sanpl ed)
from t hé08a3l chr ot ogr aph 5a by the conpensation cal cul ation devi ce 5¢c at
every sanpli ng'htl m n a, naxi Wo ste

f
et oomrt v bbb g el R atonca s Tie S @F&PSFPQE%SE%‘ Yert 88 can
b h |
oo coPa bR AUl R Bt LHP . 56 e andQaBRARRAL 10 ey,
i nt er nalheaﬁngr\asnuérqume%%me GPHE W ALRAT B0 SoReo iRk ash Ahput he
calorific value COITpensatl Coe | cl ent e SpeC| C graVl ty

conpensqtidrﬁnh@@afsfclhemato%og _S(aoanb&thélﬂlbéﬁslufré«ﬁlbﬂgvélh& oeas i ¢fe Cogl ue
CO2_gc and CO2_ir of the concentration anong the respective

si nul t aceausityatsanpluepu nBrasu tlesTaraned| lielst 4l yEeuab iinrscdrddinasanplidg [ 0048]
In addition, the conpensation cal cul ati on device 5c previously stores
Equat i opsrio®) ahie ¢@nplingtirgiohiesetaio besmajler Than therpessarémentcal cul ati on
device 5c calculates the neasurenment value LHV_ ¢, in which the tinme delay
error @emﬁlp@ngai @dmnwefmﬂﬁhm %Sn@rpn@t@araﬂh pa @ndaﬂutﬁ@cm&bewgaﬁ on
coefficient Z LHV co2 the asurenent val ye LHV th heat i ng
val ue LERAL R @etaﬁ\éreé‘ﬂ‘?fﬁl d(seeé RO BN ‘P U&gﬂfs éﬂ‘ on

Equati on éF 5n addition, the corrpensatl on cal cul ati on device 5c

cal cul af*B8%45L rl?easur enent value SG c, in which the tinme delay error is
corrpens;bgg by multiplying the specific gravity conpensation coefficient
Z_SG_co %he measur enent val ue SG gc of the specific gravity SG based on
Equation (6). Accordingly, while the measurement values LHV_gc, SG_gc and

CO2_gc obtained (sampled) from the gas chromatograph Sa by the
compensation calculation device 5c at every sampling timing are values of a
maximum of two steps prior, the measurement value CO2_ir obtained from the
infrared light analyzer 5b can be regarded as the current value.
[0047] |

The compensation calculation device 5c previously stores Equations
(3) and (4) in the internal memory. The compensation calculation device 5¢
calculates the calorific value compensation coefficient Z LHV_co2 and the
specific gravity compensation coefficient Z_ SG_co2 by substituting the
measurement value CO2 _gc and CO2_ir of the CO; concentration among the

respective simultaneously samplied measurement values for Equations (3) and

(4).



" [ 0049] The conpensation cal cul ati on device Sc outputs the

nmeasur enmrent "val ue LHV ¢ of the |ower heating value LHV and the neasurenent
value SG c of the specific gravity SG7 which are obtained by the
processing, in which the tine delay error is conpensated, and which are
extrenely close to the current value (the actual value) wth high

preci si 4410 the gas turbine control device 6. In this way, the

measur enent value LHV_c of the | ower heating value LHV and t he nmeasurenent
val ue SG c of It hedisRaGitht GosipaMishbioBGads @ ativhpdtvite 6 preei anipensasi on
calculation device Sc to the gas turbine control device 6 in a certain
sanpl i ngqpetibagd () thd i6Yin phiediterwd. mpAREY] JdGendumpemsatmontaloblaiper at i on

of gas turbine 1 by gas turbine control device 6> Next, a conbustion
cont r ol deperatd oxlcptates thid owarsat@nminYalale)leN chén gdsch dhpititee debdy t he gas
turbine control device 6 will be descri In addition, as

dezc[ |hbéﬁoabﬁ)\‘iémneﬁéa‘r?@aé’dr@ﬁﬂh@lf)\}&ilﬁlée EFKW;‘:f‘%fvaﬂ‘I‘f‘ecP'@i\B@F‘S‘Hé%‘?l ng val ue LHV
an e re t

ot nEOTHTER 21 heCotiy BY theTnedsieePRary ehi LEReHook Iy R 5 er s (1 ne
conpens tﬁét?F%gghﬁeuLﬁV %%q%ev{hcem Qltﬁeoﬁlsgff%lﬂgpﬁc{)ﬁe{iﬁﬁ/e}] %rn vH16Bs

prﬁg|3| enera into the
conbust o bl tion (7
usi ng the ﬁ)mﬁeatﬁ)l ngg)variﬁleédL OE‘MJ g p?ﬂéﬁz"? %glaghg\?vmrdz}?ég%?@( ())

[0052] calculates the measurement value SG ¢, in whnch the time delay error is
compensated, by multiplying the specific gravity compensation coefficient
Z_SG_co2 by the measurement value SG_gc of the specific gravity SG based
on Equation (6).

[0049]

The compensation calculation device Sc outputs the measurement
value LHV_c of the lower heating value LHV and the measurement value
SG_c of the specific gravity SG, which are obtained by the processing, in
which the time delay error is compensated, and which are extremely close to
the current value (the actual value) with high precision, to the gas turbine
control device 6. In this way, the measurement value LHV_c of the lower
heating value LHV and the measurement value SG_c of the specific gravity
SG are output from the compensation calculation device 5c¢ to the gas turbine
control device 6 in a certain sampling period with high precision.

[0050]
<Combustion control operation of gas turbine 1 by gas turbine control device
6>

Next, a combustion control operation (fuel flow rate control) of the
gas turbine 1 by the gas turbine control device 6 will be described.

In addition, as described above, the measurement value LHV_c of the

lower heating value LHV and the measurement value SG_c of the specific



"= IRV O (7) [0053] In addition, the fuel flowrate F is
expressed as the follow ng Equation (8) with respect to an orifice
(corresponding to a flow neter, the fu®l flowrate control valve 3, and a
fuel nozzle). Further, in the followi ng Equation (8), Cis a flowrate
coefficient, Ais an orifice area (nB), AP is an orifice-front/rear

preS_SUF%rﬁl@'ﬁt]{/\l@@@?@iﬁﬁﬁ)int@f'{hé%a@tﬁﬂﬁhe@%&lﬂdlme(v‘ﬁ% BBromP@e i S an air
density (kg/NnmB) in a standard state, SGis a fuel specific gravity

(ai r=1. @hsedus-tigelaaiatypar Rl theecdipehsutiostaRdddsorsdat e ) dtsa aeftdl gas
tenperature (K), Pn is a pressure (Pa) in a standard state, and Pf is a

fuel gapepiodswuthehigRarecj00b4] F = CA |-2AP =, ; 26P P Pf(8) IfSGx p
any(Tni/ x f /Pn [0055] Accordi ngly, the neasurenent val ues of the
flow raf@0gbkfficient C, the orifice area A the orifice-front/rear

pressure difference AP, the, fuel gas tenperature |If and the fuel aas
pressure Pf af®26Betlnadeabiput i {NEYhr)date tiee ppmbastargethgreasstugBid\en fr om

e SRS Sl B L RV ol e 0%
LHV (MJ/Nm®) and a fuel flow rate Qf (Nm®/h).
[0052]
H=LHV xQf - (T)
[0053]

In addition, the fuel flow rate Qf is expressed as the following
Equation (8) with respect to an orifice (corresponding to a flow meter, the fuel
flow rate control valve 3, and a fuel nozzle). Further, in the following
Equation (8), C is a flow rate coefficient, A is an orifice area (m?®), AP is an
orifice-front/rear pressure difference (Pa), pf is a fuel density (kg/m?), pan is
an air density (kg/Nm’) in a standard state, SG is a fuel specific gravity
(air=1.0), Tn i1s a temperature (K) in a standard state, Tf is a fuel gas
temperature (K), Pn is a pressure (Pa) in a standard state, and Pf is a fuel gas

pressure (Pa).

[0054]
e |
or=c4 /322 =C4 | 287 Pr7 - (8)
Vo V.S’pranx?;%f* fpn
[0055]

Accordingly, the measurement values of the flow rate coefficient C,
the orifice area A, the orifice-front/rear pressure difference AP, the fuel gas
temperature Tf and the fuel gas pressure Pf are obtained, and further, as the
Wobbe index WI is known from the following Equation (9), the heat input H

into the combustor of the gas turbine 1 is determined. Alternatively, when



- 19 the heat input, which is a target, is determ ned, and the flow rate
coefficient-of the fuel flowrate control valve 3 and the aperture
characteristics of the orifice area arge known, the degree of the aperture
of the fuel flowrate control valve 3 can be determ ned. [0056] LHV H
cc=Wbbbe index Ni SG (9) [0057] That is, the gas turbine control

devi ce ecﬁé&%'nﬁiel‘ffg\ﬁ l‘c\%a'\ébabpq?ﬁ%){‘_,g?@;y‘%rﬁ{eiﬁlﬁﬁ‘ L0E B OFlooN g c%%‘fﬁ%?lgo )

usi ng the neasu ue ower  heating val ue nd t he

measur epRNF, M M8 rafd Sofrof gglv%pﬁﬁhfi ithe Qb@r‘étm%’c g@?é@ét'f'@sdof R ifRe

gaseous-tuel analyzer 5 1n certain perfod. In addition, the gas turbine

contr ol aftavaieekfowR! Bledddee dfahe eperRir®brithe fagefibw at@lcohh®lfvagve Bl ow
rate control valve 3 fromthe Wbbe index W based on the control theory,

and contamlbe ddverrhitedd.fl ow rate control valve 3 to becone the degree of the
determ ned aperture, i.e., the determned fuel gas flow rate (outputs the
fuel floW¥&@te control signal FC). Furthernore, at this time, the gas
turbine control device 6 controls an air flow rate control val ve (not
shown) (outputidfFhe_air flqow rate control signal AC) such that the flow
rate of t ‘éi“rvrs,“@fffp abée Indixo  he®dnbust or of the gas turbine 1. [0058]

As descri bed above, according to the enbodi nent, the neasurenent val ue

LHV c oio hia | ower heating value LHV and the neasurenent value SG c of the
speci fi %?a]vi ty SG can be obtained fromthe gaseous-fuel analyzer 5 with

hi gh preci si O‘i‘ggf"*éd‘r?hg%&?rtﬁﬁéiin.@%oﬁq'?&l%e’gf%?ﬁg c ra'i@srtheTﬁ%.bib@fi%E?d i ght

anal yzer 5b us hpensation o . elay error is arelatively
i nexpensyy eronn$hé wnawing\m@dﬂomgd%,us@gg@ﬁamsmrﬁ@@t eaedi KRNt oft he

gaseous fuel properties can be nmeasured with high precision while an

i ncr easehé howesheatingwpnrebsl0d and the measurement value SG_c of the specific
gravity SG obtained from the gaseous-fuel analyzer 5 in a certain period. In
addition, the gas turbine control device 6 determines the degree of the
aperture of the fuel flow rate control valve 3 from the Wobbe index WI based
on the control theory, and controls the fuel flow rate control valve 3 to
become the degree of the determined aperture, i.e., the determined fuel gas
flow rate (outputs the fuel flow rate control signal FC). Furthermore, at this
time, the gas turbine control device 6 controls an air flow rate control valve
(not shown) (outputs the air flow rate control signal AC) such that the flow
rate of the air supplied into the combustor of the gas turbine 1.
[0058]

As described above, according to the embodiment, the measurement

value LHV_c of the lower heating value LHV and the measurement value
SG_c of the specific gravity SG can be obtained from the gaseous-fuel
analyzer 5 with high precision while suppressing the time delay error. The
infrared light analyzer 5b used for compensation of the time delay error is a
relatively inexpensive instrument. Accordingly, according to the
embodiment, the gaseous fuel properties can be measured with high precision

while an increase in cost is suppressed.



- 20 - In addition, according to the enbodi nent, since the Wbbe i ndex
W is calculated based on the neasurenent value LHV c of the | ower heating
val ue LHV and the measurenent value Sg)c of the specific gravity SG
obt ai ned fromthe above-nenti oned gaseous-fuel analyzer 5 with high
precision and the aperture of the fuel flowrate control valve 3 is

control | ed bafr?‘&dﬁﬂ(i)(#rp,t cgggé}l%oi t%rdt%l)é e%ﬁé%iﬁer&ugfncfeltﬂwwgéﬁ? ii,lnS%erSWIri%l led),

conbusti on contro as =t ur bi ne e'redliZed i

preci si %Qlcu[lmﬁgdas(ﬁﬁfrpggt @g@gﬁeﬁﬂ{t)vd}lﬁémH@ 3 &g ]%W%‘queﬁﬁgltg Wiukhe

present invention w Wil e the speci gravity SG

i s decreasendii’ HeRYIARH ARAal6@SE WISt K6 LT cCAcAIS@IdRRIRY the fuel
gas is reduced, the specific gravity SG nmay be increaséd when concentration

of anot fiemithgrnédvenhestichedgassb -3 analyapi Tiwth hihepzedsiolVaad thize
property change of the above-nentioned fuel gas occurs, the neasurenent

val ue S@pertafe ef théuddoflperrsiae contnohy ahey 2 isugoetnodled tasgdron thenWobbe of t he
measur enent val ue SG gc before the conpensation. The second enbodi nent can
al so coiféxpihld(the fvﬁgﬂmp@ﬁtw comarrd ke Of combusbonecansmli ondig gasel gas.

[ 0060] . FIG 4 is.a pblock, diagram showi ng a schemati c configuration
of a sydviNe dreaibhe FS‘]"F?‘HBW;A&QB&%}{ F95'HE™B according to the second

enbodi m§§|659 shown in FIG 4, the systemfor controlling the gas turbine
Bis di |ngﬁisshed fromthe systemfor controlling the gas turbine A of the

first e i I a gaseous-fuel analyzer 5 to which a specific
gravi tywrrg?deﬂr’aagﬁlbiog"hgw)y added i s provided. In the system for

control ling tRex8as skediti BRLBAIHERE 6 ERETPPEARAL $n PEAE6n WAL E R8s GRpEPUS- f uel
anal yzer 5 are the sane as in the first enbodi nent, a description thereof
will not be r&jeids el bpecfic] Awidy SG is decreased in a conventional case
when the CO; concentration of the fuel gas is reduced, the specific gravity SG
may be increased when concentration of another ingredient such as C2 or C3
is rapidly increased. When the property change of the above-mentioned fuel
gas occurs, the measurement value SG_c after the compensation may have an
error larger than that of the measurement value SG_gc before the
compensation. The second embodiment can also correspond to the property
change of the above-mentioned fuel gas.
[0060]
FIG. 4 1s a block diagram showing a schematic configuration of a
system for controlling a gas turbine B according to the second embodiment.
As shown in FIG. 4, the system for controlling the gas turbine B is
distinguished from the system for controlling the gas turbine A of the first
embodiment in that a gaseous-fuel analyzer 5° to which a specific gravity
meter 5d is newly added is provided.
In the system for controlling the gas turbine B, since components other
than the gaseous-fuel analyzer 5° are the same as in the first embodiment, a

description thereof will not be repeated here.

[0061]



21 - The fuel gas introduced into the gaseous-fuel analyzer 5 via the
sanpling device 4 is divided into the gas chromatograph 5a, the infrared
i ght anal yzer 5b and the specific gravity meter 5d. The specific gravity
nmeter 5d neasures the specific gravity SG of the fuel gas, and outputs the
measur enent value SG gc to the conpensation cal culation device Sc in a

per i 0d short efyL gy ERetn@bdhlies AR K61 AEEEYIAPNaRAzer 5 vialiie Speci fi ¢

gravity neter Fess precise than the gas chromatograph 5a |ike the

i nfrar e@alln?% lo @AALY4efs @lbidé@i’iﬁ%Qhe% CHBARMbEFIN 53/ ah¥anBGaree i be
output to the specific gravity meter 5d at an extremely short perlod whi ch

can be naghizdedbam deing ctibist@avitg hyteedd.i nhespeoifogpatitysoreted 5& t he
gas chromat ograph 5a. In addition, only the neasurenent val ues

LHV gc amchs@f3 de gfecifie gravey Seatfithg fual gas, ladd auwtguththeODR aswreorantir at i on
of the fuel gas are output fromthe gas chromatograph 5a. [0062 The
conpens a8l whSEalge todhie oo naees seéi onccd aulation ¢ %‘QCﬁ%&smrmﬁmo dysiogs LHV gc

and CO2_gc of the | ower heating val ye LHV and the CO2 concentration out put
fromth@@ééh%mfdﬁ&t%?ér%ﬁ%ogf asur errent vaI ue CO2_ir of the Co2

concentrati ongﬁgg%éé 5%8%;51?}2meq gd lg leésg %gﬂ ¢ %S and t he

measur enment v rfic V|ty fromthe specific

it 00 While th
heasur eSiRy gLt ah %u‘ff%*@én&i%@% ’lgﬂbﬁﬁéle{zg S mtesver dhe 11 E LM
chr omat ngéac'gaherﬁenpvameséogp%aﬁaée Q&p%altg qh@fsb@&fftegiawﬁﬁ,e%r S¥ Qf ¥in

sanpling timng are val ues of a maximum of two steps prior, the measurenent

val ue C@Lﬂeindl?'[s&hlohﬁﬁelﬁbdnwmhﬁl chh maredatdghts aeﬂigyzlﬂfstmlalmyl t he
measur enent val ue SG gc obtained fromthe specific gravity neter 5d can be
r egar dedoasinauns éentconglareson Wihodle g&d2chromato8raph &aly to the first
enbodi nent, the conpensation cal cul ation device 5c calculates the calorific
val ue conpenshn iadditeernf 41 lyi thetmgasunemen? vahees: hH Vs mecand €Qp 0 ofthe
conpensation coefficient Z SG co2 bé substituting the surenment val ue

(2

cce_ge afyethpatipggrlind IoEandomeentr £OnGANHADAY ({Hé‘er &p&at Al O ur enent

val ues, whi CE are rrul taneo&glslé}/ sanpl ed as descri bed above, for Equations
(3) and f(ijlt e gas &h romatograp 54,

[0062]

The compensation calculation device 5¢ samples the measurement
values LHV gc and CO2_gc of the lower heating value LHV and the CO»
concentration output from the gas chromatograph 5a, the measurement value
CO2_ir of the CO; concentration output from the infrared light analyzer 5b,
and the measurement value SG_gc of the specific gravity SG output from the
specific gravity meter 5d at a certain sampling period.

[0063]

While the measurement values LHV_gc and CO2_gc obtained
(sampled) from the gas chromatograph 5a by the compensation calculation
device 5c at every sampling timing are values of a maximum of two steps
prior, the measurement value CO2 _ir obtained from the infrared light analyzer
5b and the measurement value SG_gc obtained from the specific gravity meter

5d can be regarded as current values.

[0064]



- [ 0065] Simlarly to the first enbodi nent, the conpensation

cal cul ati on' device 5c cal cul ates the neasurenent value LHV_ c, in which the
time delay error is conpensated, by mMd#itiplying the calorific val ue
conpensation coefficient Z LHV_co2 by the measurenent value LHV_gc of the
| ower heating value LHV anong the respective neasurenent val ues, which are
si mul t aneous| y; 57 get@thQ?lesg eBib ek Ofh e(Gmpd iy a8 dd1eMtatidiedevice
conpensation cal cul ation device Sc cal cul ates ]t)he measur enent val ue SG c,
in whi chcthecdiar® tdel@ayorficaralis confraraabadochficitnt 7 pliyvngo2 hedspeci fic
gravity conpensation coefficient Z SG co2 by the neasurenent val ue SG gc of
t he spespédificogravityycdiEp besatbmooodEficaentod_§6) coPAD66]bstituting the t he second
enbodi ment, the neasurenent value SG gc of the specific gravity SG

subst i t uteadufanemqualue HO26kc iandaCOA| treo hippr 6nutnsentratioa anengihe val ue
obtained fromthe specific gravity neter 5d with ng tine delay error. For
this re&P§ctivganeHEaMEnpyahtss: yhikhmge sonultageoudy sgawpled Rswhi ch t he
speci fic gravi SG ich is conventjonally decreased, is increased,
occurs, d¢ ?}h%‘géb??é?re% ’ffh‘laéép@({_% ad‘fdtéﬁ'the conpensation can suppress an
error tgqé)%%]smal | er than that of the neasurenent value SG gc before the

conpens [ 0067] Her ei nabove, while the first and second
enbodi nents ot; ted ' Y ges6id iR Paesieat
ot o+ s SisharRr @G it A AR hedCp B P Eflcul el ng

vari ant $crg@ayclatddr @l fedsurement valdd LHVt fieinf whidh edtiarcasidy esrbedisment s,
the case in which the | ower heating value LHV is neasured as the calorific

val ue neefigpdntatedsdlycmubtiplyingfhé bel ddfib & al weleampknbatsoeoaffoasnt i bed.
However, instead of the |ower heating value LHV, a higher heating val ue HHV
may be ZalldVated bandiettheastrbbenit vadxe WH Yrage bé thallewtnheating y@dluthe hi gher
heating value HHV and the specific gravity SG [.0068] .

LHV among the respective measurement values, which aré simultancously

sampled, based on Equation (5). In addition, the compensation calculation

device 5c calculates the measurement value SG_c, in which the time delay

error is compensated, by multiplying the specific gravity compensation

coefficient Z SG_co2 by the measurement value SG_gc of the specific gravity

SG based on Equation (6).

[0066]

In the second embodiment, the measurement value SG_gc of the

specific gravity SG substituted for Equation (6) is a value approximate to the

current value obtained from the specific gravity meter 5d with no time delay

error. For this reason, even when a property change of the fuel gas, in which

the specific gravity SG, which is conventionally decreased, is increased,

occurs, the measurement value SG_c after the compensation can suppress an

error to be smaller than that of the measurement value SG_gc before the

compensation.

[0067]

Hereinabove, while the first and second embodiments of the present

invention have been described, the present invention is not limited to these



“(2)-In the first and second enbodi nents, the case in which an infrared

| i ght anal yzer 5d is used as the concentration neter configured to neasure
t he specific ingredient concentration2§the CO2 concentration) of the fuel
gas has been described. However, any concentration nmeter may be used as

|l ong as the concentration neter can output the neasurenent value at a

peri od shffddidataBut B roflohiifs 9aRaAI AIIAOpARNARE, which can be T egarded
ion, there i iC

as being continuous. In addit no speci need to neasure the
CO2 concentrafipm @se First sPEStédid EMbodinents, GROCABS it HBh Ahe IBG et Uuel gas,
and the concentration of an ingredient that largely exerts an influence on
a vari atheatingfvdlhe UHVas nheaurad ay shel ealorfi andludee sqedicidri cal Qulaviohyo SG
anong the ingredients contained in the fuel gas may be neasured. [0069]

(3) In the Wobka iradek Wdclasdbearbdeliarehitds, Hiomlea et,himstersieof thankivedr a
correlation between the CO2 concentration and the | ower heating value LHV

and a cowepEngtvalne pdl Yed higher gtingmakye HEY arayahe cahaulaissand theyravity SG

of the fuye as. ar proxi mate to. an exponential function has been
describe\’gf’g’?%é‘%@’%&fg‘laéit R CHEChdraB e %Lwl%a@ HftWandon. 1n
addi ti O’?hetsBQJ:i?icd LRif gﬁbesenti ng these correlations is prepared (stored in
an i nternal mem)rg of t € conpensation cal cul ati on device 5c¢), and the
tabl e d:ﬁ)%g}ay be used instead of the approximtion function. [0070] 24
(4) In the rst and second enbodi nents, there is a case in which a drift
of the infraresh A ghd rRPRAYEGECHH EMbAATMERE, (Re €SS I WIRH G @FrFepor of
the nmeasurenent value CO2 ir of the CO2 concentration with respect to the
act ual \glhaeanasyzeargkjs uded hdilse casenteaiehawierd Ooﬂi%rcﬁt td ik agBRStheement
value CO2_ir of the CO2 concentration sanpled fromthe infrared |ight

anal yzerspBdifat intgred sane opanpiratignt(itind 0§ asondentgasmhsfothet fugl @pak Haa i s

hel d, and after several sanplings, a difference between the neasurenent
val ue cbeenrdeseribgd. chboweyrie any angantyahenatctaranay e usedr as kg aght

anal yzer  5d and the held neasurenent value CO2 ir may be used to calcul ate

the Z_LHIRF £8BCEHGRIAR IBHEE CAN OUIP UL theyMeasyementi ilug gk pRedi¢hshortets co2.
0071 A di to t - I I i to th
hopect dhan phatFER e el dm G ar i e ahich shLRe S ahBE S OERE car oritic

| _ ent 1 nvert ! TRLSS S o
b coslnbinRROCT s waBi Y, fne:E 1 nBRAREHAL A ¥ PR BLRGS °0 i 6. a

rel ati VebXce @B e sPREIHIBRErciNGTt &hcRAtrafiohd Ethe full1ladNghygRE can be

used as_the concentration neter. That i's, measurenent of tHe gaseous f uel
proper t iceacemration lofadn ARGeMenl thaOlarpelgCe SdreNaiMihflachtPBhas $hM8tioN

increase in cost. [Reference Signs List] [0072] A, B...systemfor
contr ol lofrithe dogas heatingnealud LH Yamd thebipeeifi2 gratitgelSG uppdng thene, 3... fuel
flowrate control valve, 4...sanpling device, 5, 5 ...gaseous-fuel

anal yzennggdicnfasangaipicdandbetfiugl gdewmayebe Bacasuged chr omat ogr aph,

5b...infrared |ight analyzer, 5c...conpensation calcul ation device, 5d...
speci fi dogé%ln ty nmeter

(3) In the first and second embodiments, while the case in which a
correlation between the CO; concentration and the lower heating value LHV
and a correlation between the CO;, concentration and the specific gravity SG
of the fuel gas are approximate to an exponential function has been described,
these correlations may be approximate by another function. In addition,
table data representing these correlations is prepared (stored in an internal
memory of the compensation calculation device 5c¢), and the table data may be
used instead of the approximation function.

[0070]



- 25 fCLAIMS] [d ai m 1] A gaseous-fuel analyzer configured to neasure
properties of a gaseous fuel, the gaseous-fuel analyzer conprising:

a gas chromat ograph configured to neasure a calorific value, a specific
gravity and a specific ingredient concentration of the gaseous fuel, and
out put respective nmeasurenent values in a certain period; a

concent r at | ongieef CONN &l ah FRARHRRAIARSER fo6sd NBLAILR Hlarist

concentration € gaseous tTue out put” t he measur enen ues I1n a

period gheré enfrhfanlibhehnfyzbN8d98%sStmeaBaHseRh wRitd an error of the
conpensati on cal cul afion device confi gured to conpensate the neasurenent

val ues efedshfergentovalue CO2l Lieofahd €06 copeenfratofrvith trgssdorubitheaotsdly
obtained fromthe gas chromatograph based on t he neasurenent val ue of the
speci fi waluegrseldrgeit clondescasd,i snslobwmiimdd Gt Somhd hecagascmémtonduegr aph and

t he measurement val ue of the specific ingredient concentration )
si mul t akddusirpidbe & Pegonediratien sampded deam dhe nefrared jighhjapnabyzer 5d A

e b R 7l SRS %
t | orifi d Lfic i di ent t. ' f th

B i
S conce LRI SO o, e biegingal St nehan.

period shofhemEb@paiulatoof i#x‘ﬂ%g%u%ﬁ%él‘%ﬂ!ﬁ@ﬁhe_z LHV 203P&G fhieC

gravity meter configured to meaSure a specific gravity of "the gaseous fuel
and out gpécifftegRacuE @pBAsMadieSeffitianPBr 8od cehorter than that of the gas

chr omat ogr aph; and
[0071]

According to the gaseous-fuel analyzer according to the aspect of the
present invention, the measurement values of the calorific value and the
specific gravity can be obtained with high precision while suppressing the
error caused by the time delay. In addition, for example, a relatively
inexpensive instrument such as an infrared light analyzer can be used as the
concentration meter. That is, measurement of the gaseous fuel properties can
be realized with high precision while suppressing an increase in cost.
[Reference Signs List]

[0072]

A, B...system for controlling a gas turbine, 1...gas turbine, 2...fuel
supply line, 3...fuel flow rate control valve, 4...sampling device, 5,
5°...gaseous-fuel analyzer, 6...gas turbine control device, 5a...gas

chromatograph, 5b...infrared light analyzer, 5c...compensation calculation

device, 5d...specific gravity meter



-a conpensation cal cul ati on device configured to conpensate the 26
nmeasur ement -val ues of the calorific value sinultaneously obtained fromthe
gas chromat ograph and the specific gravity obtained fromthe specific
gravity neter based on the neasurenent value of the specific ingredient
concentration obtained fromthe gas chromat ograph and the neasurenent val ue
of the specifhj§yingredi ent concentration sinultaneously obtained fromthe
concentration n]eter. [ C ai m 3] The gaseous-fuel anal yzer according
to claipriaif 1§, wherein the conpensation cal culation device conpensates
t he neasurenent values of the calorific value and the specific gravity
based on the pegatoasEht] ¥ahlyeeptohNgused o ieasungpesh bies INCgMdoriki on
obtained fromthe gas chromatograph and the nmeasurenent val ue of the
speci fi fue¢lnghegneeduse turd emtal yedraromsprisiniganeous| y obt ai ned fromthe
concentration neter, and a correl ation between the calorific value and the
speci fi ¢ i ngr adiasrrhrevrtegnapitdarigigddooneauirata erlopdicweahiet e specific
gravity and_the specific ingredient concentration, which are prevjously
obt ai nedPeSififgeiavalygad PSRt o gt sisdicTtgacrnaption of thergasegys dugk- f uel
anal yzer gccqr dﬁ' nq% to.claim3, V\,he{]ei (1 t he con;&ensat i.on cal cul ati on devi ce
cal cul afBY OHTRY| KHSPEFUVE APCASUCEREBhEAMCS AP B EF AN BHO%nd a speci fic
gravity conpe i fici ) i i su t val ue of
Q%%hcgﬁltrﬁﬁ% mEfe?%%n?g’gggé'@E{) rﬁé’és&?g tﬁggpg(gl%gza{sn%gg@g%

t he specific rngredient concentra al ne rom t ogr aph

and { e cGRBGAR(I A o2t EBLSLo bR M hiphTEhE i XBEEREAOValks iR CAI OTI i C

val ue conpensation coefficient an pecific gravity conpensation

coef fi cipenibddvhadfrtcadhbashat onte gapphoth ARigrephfameti on representing the
correlation between the calorific value and the specific ingredient

concent r at i onaanthpmsatiphaal awlation devict iconfigapédserdbimpenshe errel ati on
bet ween the specific gravity and the specific ingredient concentration and
usi ng t Reaspeanenicvalugs editbatcatembentalae aod thbtspiendic grawity he gas
chromat ogr aph and the concentration neter as a parameter. 27 [Claim5] A
system ﬁbnuﬁamwlyi%a@egafgomum gas eepateerph based on the
measurement value of the specific ingredient concentration obtained from the
gas chromatograph and the measurement value of the specific ingredient
‘concentration simultaneously obtained from the concentration meter.
[Claim 2]
A gaseous-fuel analyzer configured to measure properties of a gaseous
fuel, the gaseous-fuel analyzer comprising:
a gas chromatograph configured to measure a calorific value and a
specific ingredient concentration of the gaseous fuel and output respective
measurement values in a certain period;
a concentration meter configured to measure the specific ingredient
concentration of the gaseous fuel and output the measurement values in a
period shorter than that of the gas chromatograph;
a specific gravity meter configured to measure a specific gravity of the
gaseous fuel and output the measurement values in a period shorter than that

of the gas chromatograph; and

a compensation calculation device configured to compensate the



a gas turbine; a fuel supply line connected to a conbustor of the gas
turbine; a fuel flowrate control valve inserted into the fuel supply line;
t he gaseous-fuel analyzer of any one 4 clains 1 to 4 configured to neasure
properties of a gaseous fuel flow ng through the fuel supply Iine; and
a control device configured to cal cul ate a Whbbe i ndex based on neasurenent

values ofeRufdhphl LafucYitific aclfa%aﬂl%p@a%é sFmlT@RLONs19 ot ORRBRY fhd Ue!
gaseous-tuel analyzer con egree an
aper t ur gaofchkafdtaaphl 2 Mt ernt rg%vwﬁlo\bealla%aeﬂ#omﬁe%ewéegrwﬁlw-
meter based on the measurement value of the specific ingredient concentration
obtained from the gas chromatograph and the measurement value of the
specific ingredient concentration simultaneously obtained from the
concentration meter.
[Claim 3]

The gaseous-fuel analyzer according to claim 1 or 2, wherein the
compensation calculation device compensates the measurement values of the
calorific value and the specific gravity based on the measurement value of the
specific ingredient concentration obtained from the gas chromatograph and
the measurement value of the specific ingredient concentration simultaneously
obtained from the concentration meter, and a correlation between the calorific
value and the specific ingredient concentration and a correlation between the
specific gravity and the specific ingredient concentration, which are
previously obtained using the gas chromatograph.

[Claim 4]

The gaseous-fuel analyzer according to claim 3, wherein the
compensation calculation device calculates a calorific value compensation
coefficient and a specific gravity compensation coefficient by substituting the
measurement value of the specific ingredient concentration obtained from the
gas chromatograph and the concentration meter into an arithmetic expression
of the calorific value compensation coefficient and the specific gravity
compensation coefficient drafted based on an approximation function
representing the correlation between the calorific value and the specific
ingredient concentration and an approximation function representing the -
correlation between the specific gravity and the specific ingredient
concentration and using the specific ingredient concentration obtained from

the gas chromatograph and the concentration meter as a parameter.
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[Claim 5]

A system for controlling a gas turbine comprising:

a gas turbine;

a fuel supply line connected to a combustor of the gas turbine;

a fuel flow rate control valve inserted into the fuel supply line;

the gaseous-fuel analyzer of any one of claims 1 to 4 configured to
measure properties of a gaseous fuel flowing through the fuel supply line; and

a control device configured to calculate a Wobbe index based on
measurement values of a calorific value and a specific gravity of the gaseous
fuel obtained from the gaseous-fuel analyzer, and control a degree of an

aperture of the fuel flow rate control valve based on the Wobbe index.



