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Ured with a predefined Wobbe index value for the gaseous fuel and regulating the
east one heat exchanger In order to reach the predefined Wobbe index value. The
Us fuel, having a different WWobbe index from the gaseous fuel, or a fuel obtained by

mixing the gaseous fuel and the second gaseous fuel, according to arbitrary proportions and variable with time.
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METHOD AND APPARATUS FOR CONTROLLING THE COMBUSTION IN A

GAS TURBINE

Abstract

A method and apparatus are described for controlling the

combustion 1n a gas turbine. The method 1ncludes measur-

1ng, by means of one or two calorimeters, the temperature,

calorific value and relative density of a gaseous fuel 1n

order to determine the Wobbe 1ndex, comparing the Wobbe

1index value measured wit

for the gaseous fuel and

h a predefined Wobbe i1ndex wvalue

F

regulating the temperature of the

F

gaseous fuel by means o:

- at least one heat exchanger 1in

order to reach the predefined Wobbe index value. The

method may also i1nclude using a second gaseous fuel, hav-

P

1ng a different Wobbe index from the gaseous fuel, or a

fuel obtained by mixing

the gaseous fuel and the second

gaseous fuel, according to arbiltrary proportions and varil-

able with time.
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COMBUSTION IN A

L

METHOD AND APPARATUS FOR CONTROLLING TH!
GAS TURBINE

L*]

INVENTION

BACKGROUND OF TH.

P A

FIELD OF THE INVENTION

The present invention relates to a method and apparatus

for controlling the combustion in a gas turblne and, more

ﬁ

specifically, a method and apparatus for controlling the

P

combustion in the presence of gaseous fuels having signi:

pr— [}
—

'I.—-

LR

cantly different Wobbe indexes and variable with time.

DESCRIPTION OF THE RELATED ART

The use of gas turbines, normally consisting of a mul-

tiphase compressor, in which the air sucked from the outside

1s compressed, a combustion chamber, in which the combustion

F

takes place of gaseous fuel added to the compressed air, and

a turbine or expander, in which the gases coming from the

combustion chamber are expanded, is known for the productilon

F ﬁ

of electric energy. The turblne 1s then capable of generat-

ing mechanical energy which can be exploited for activating

operating machines or for feeding electric generators.

F

There are various types of gases or gaseous milxtures

which can be used as fuel 1in a gas turbine. The calorific

value and consequently the energy which each gas or gaseous

i~

mixture 1is capable of developing inside a same combustion

gp—
p—

chamber can therefore vary consiliderably. The temperature ot

f———
.

the gas, or gaseous mixture, used as fuel 1s also capable of

gr—

significantly influencing the performances of a gas turbine.

fre—

The use of a parameter called "“Wobbe 1ndex” 1s known

for measuring the heat which 1is produced by a gas, or mix-
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gases, when it 1s

ﬁ

burnt at a constant supply pres-

It is equivalent to the ratio between the upper calo-

rific value (or lower) of the gas and the square root of the

F

relative density of the gas, measured with respect to the

air, on the basis of the following formula:

/

W

_ PC
'Jyhzkca

wherein:

Iy = Wobbe 1index;

PC = calorific value (upper or lower) of the gas;

Tc = temperature of the gas;

Gs = relative density

p

F

(or specific gravity) of the gas.

The heat produced by a gas 1s therefore directly pro-

P

portional to the Wobbe index, as well as to the area of the

nozzle of the turbine from

which the gas used as fuel exits.

The Wobbe index is consequently an 1mportant parameter for

determining the interexchangeability of different Ggases

which can be used as

fuels in a certain gas turbilne.

Most low-emission gas turbines are currently configured

for operating with gaseous

—

F

fuels having small differences 1n

terms of Wobbe index. The use of different fuels, 1.e. hav-

ing high variations in the Wobbe index, in the same turbine

can 1n

fact lead to i1rregu.

o

ar combustion processes whilich can

cause malfunctioning of the turbine itself, reduction 1n the

ﬁ

P

operative cycle of the components of the combustion system

and possible interruptions in the generation of energy.

F

BRIEEF SUMMARY OF THE INVENTION

pr—

One of the advantageous features of the disclosed sub-
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ject matter 1is therefore to provide a method and apparatus

for controlling the combustion of a gas turbine which 1s ca-

pable of effectively solving the drawbacks mentioned above.

In particular, another of the advantageous features ot

the disclosed subject matter is to provide a method and ap-

F

paratus for controlling the combustion of a gas turbine

which allows the use of gaseous fuels having significantly

different Wobbe indexes, and therefore calorific values, and

variable with time, without jeopardizing the performances of

ﬁ

the turbine 1tself and maintaining the same geometry of the

combustion chamber.

r—

A further advantageous feature of the invention 1is to

provide a method and apparatus for controlling the combus-

tion of a gas turbine which allows the type of gaseous fuel

P

fed to the turbine itself, to be rapidly wvaried.

Another advantageous feature of the 1invention 1is to

provide a method and apparatus for controlling the combus-

tion of a gas turbine which allows the turbine itself to

function correctly also mixing two different gas fuels hav-
ing a different Wobbe index, in arbitrary proportions and

variable with time.

P

Yet another advantageous feature of the present inven-

tion 1s to provide a method and apparatus for controlling

the combustion of a gas turbine which allows the turbine it-
self to deal with brusque variations (load sheds) in the

power requlred by all the connections to the turbine.

On the basis of a first aspect of the present inven-

tion, a method for controlling the combustion in a gas tur-

bine comprises the following phases:

measuring, by means of one or more appropriate instru-

ments such as for example calorimeters or gas-

chromatographs, the temperature, calorific value and rela-
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ﬁ

tive density of a gaseous fuel 1in order to determine the

Wobbe index;

comparing the Wobbe index value measured with a prede-

fined Wobbe index value for the gaseous fuel; and

—

regulating the temperature of the gaseous fuel by means

o

of at least one heat exchanger (30) in order to reach the

predefined Wobbe 1ndex value.

J—
p—

Another aspect of the present invention relates to the

apparatus for controlling the combustion in a gas turbine of

ﬁ

the type comprising at least one compressor, capable of com-

pressing the air introduced therein through an 1inlet duct,

at least one combustion chamber, in which the compressed ailr

is mixed with a gaseous fuel coming from a supply duct, and

po— —
—

at least one turbine, capable of transforming the energy of

the gas coming from the combustion chamber 1nto work energy

which can be exploited for activating one or more operating

machines. The apparatus comprises at least one heat ex-

gr—

changer, situated along the supply duct of the gaseous

r—
—

fuel

F

and capable of heating sailid gaseous fuel, and one or more

instruments, such as for example calorimeters or gas-

J—

chromatographs, for measuring the Wobbe i1ndex of the gaseous

fuel.

BRIEEF DESCRIPTION OF THE DRAWINGS

pr——

The characteristics and advantages of a method and ap-

paratus for controlling the combustion in a gas turbine ac-

cording to the present invention will appear more evident

from the following 1llustrative and non-limiting example,

referring to the enclosed schematic drawings, 1n which:

F

figure 1 1s a schematic illustration of a gas turbine

equlipped with an apparatus for controlling the combustion

according to the present invention;
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lating to the molar composition,

—

for controlling the combustion o

figure 2 1ndicates the tables containing the values re-

calorific value and density

of two example mixtures of fuel gas;

figure 3 1s a block scheme which i1llustrates the method

g

f a gas turbine according to

the Invention, under so-called “black start” conditions;

figure 4 is a block scheme

for controlling the combustion o©

which illustrates the method

P

f a gas turbine according to

the 1nvention, under normal start-up conditions;

figure 5 1s a block scheme

for controlling the combustion ©

which 1llustrates the method

g~

f a gas turbine according to

the 1nvention, under rapid passage conditions from one gas

fuel to another; and

figure 6 1s a block scheme

for controlllng the combustion o

which 1llustrates the method

F

f a gas turbine accordlng to

the i1nvention, under normal functioning conditions.

DETAILL]

D DESCRIPTION OF TH:

L*]

L*J

FERRED EMBODIMENTS

PR]

L*]

With reference 1in particular to figure 1, this sche-

matically shows a generic gas turbiline, comprising a compres-

pr=——

sor 10 capable of compressing alr introduced therein through

an 1inlet duct 12. The compressed air 1s then sent to a com-

bustion chamber 14 to be mixed with the gaseous fuel coming

from a supply duct 16. The combustion increases the tempera-

ture, the rate and volume of the gas flow and consequently

the energy contained therein.

Sald gas flow 1s directed,

through a duct 18, towards a turbine 20, which transforms

F

the energy of the gas 1into work energy which can be ex-

ploited for activating operating

machilines, such as for exam-

gr—
pa—

ple a generator 22 connected to the turbine 20 by means of a

shaft 24. The turbine 20 also supplies the energy necessary

for activating the compressor 10 through the relative shaft
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26, whereas the discharge gases are expelled from the tur-
bine 20 through an outlet duct 28.

According to the invention, there is at least one heat

—

exchanger 30 on the supply duct 16 of the gaseous fuel, ca-

pable of heating the gaseous fuel, as better specified

hereunder, together with one or more instruments 32 for

measuring the Wobbe index, such as for example calorimeters

F

Or gas-chromatographs, situated upstream and downstream of

the above heat exchanger 30. Thanks to the above devices, it

1s possible to continuously regulate the heating of the

gaseous fuel 1n order to guarantee the most appropriate

P

Wobbe 1ndex value relating to the fuel itself. In the case

ﬁ

of a rapid change in the supply with a fuel having a differ-

ent Wobbe 1ndex, the system also allows the components of
the gas turbilne to be actively controlled in order to mini-

mlze the i1mpact due to this supply change.

With reference to the block schemes of figures 3-6 and
two 1llustrative typologies of fuel gas mixtures, indicated
1n the tables of figure 2, a description follows of the

method for controlling the combustion according to the pres-

ent i1nvention.

Figure 2 compares two gaseous fuels commonly used in

gas turbines. The fuel indicated with “H” 1s characterized

by a maximum Wobbe index value equal to 53.673 MJ/Nm’ and a

r—

low content of inert products. The fuel indicated as “G”,

used less frequently as an alternative to the fuel H, 1is

Characterized, on the other hand, by a maximum Wobbe index

g
—

value equal to 44.3 MJ/Nm’ and a slightly higher content of

1nert products (about 15%) with respect to the fuel H.

ﬁ
—

In the block scheme of figure 3 a method is represented

for controlling the combustion in a gas turbine according to

the present invention, under conditions which in technical

jargon are called “black start”, i.e. when the gas turbine

1s restarted after the whole plant has been disconnected
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.I

for heating the gaseous fuel 1s
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from the electric supply. Under these conditions, the wvapour

not available and

the turbine must be able to be started with cold fuel.

The method envisages an 1nitia.

perature,

the gaseous fuel used,

calori:

c1Cc value

particularly high Wobbe

calorimeters 32.

for example the

index,

(lower)

are measured, by means of

phase 1n which the tem-
and relative density of

fuel “H”, having a

#
—

Once the optimum fuel flow to be sent to

the combustion chamber 14 has been established, the ignition

phase of

P

specified,
about 25°C).

The normal

the gas turbine

takes place

which, as already

is effected with cold fuel (from about -5°C to

premixing ailr with the

reached a:

wlth

F
—

a dai:

fr—

phase of a

—

“premix lock-out”

fusive flame.

F

gaseous

‘ter the above 1gnition phase,

functioning of the machine takes place by

fuel, but this phase 1s

P

which 1s effected

There 1s consequently the setting

Boolean control variable capa-

ﬁ

pble of 1nhibiting or not inhibiting the transfer from diffu-

s1ve

flame

tioning) .

The machine there:

(lgnition phase)

vapour becomes availlable

for

from 1 to 4 hours,

1

“Oore walts until a

to premixed

f the boiler for

certain qguantity of

flame (normal func-

for heating the gas. Thilis can last

the wvapour produc-

tion has already reached a certain temperature, or from 6 to

8 hours if

1s avallable,

Oous

pr—

the boiler still

with the combustion chamber 14.

pleted,
Wobbe 1ndex of the gas which,

there

equal to about 2.5% o

P

self.

ﬁ

When this Wobbe index wvalue,

fr—

——y

of the 1ncrease 1n temperature of

When th

has to be activated. When vapour
the heat exchanger 30 begins to heat the gase-
fuel up to a temperature ranging from about 125°C to

about 165°C, these values being measured in correspondence

e heating 1s com-

should be a corresponding variation in the

F

1n the case of the fuel H, 1is

the 1nitial wvalue of the index 1t-

F

the gas,

predefined on the basis

has been reached,
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the conditions will also be reached in which the passage

r—
e

from diffusive

flame to premixed flame 1is possible (the lat-

ter being characterized by lower polluting emissions).

Subsequently, a further control that the predefined

Wobbe 1ndex has been reached will allow, 1f the result 1is

poslitive, the “premix lock-out” Boolean control wvariable to

pe zeroed, 1n order to establish the normal functioning mode

P

of the machine.

F

If the predefined Wobbe 1ndex wvalue has not

peen reached, the heat exchanger 30 will have to be regu-

pbe respected.

The block

r—
p—

lated 1n order to allow the normal functioning conditions to

scheme of figure 4 represents a method for

controlling the combustion in a gas turbine according to the

present 1invention,

these conditions,

1s not required

under normal start-up conditions. Under

ﬁ

the 1ntervention of the heat exchanger 30

for regulating the heating wvapour of the gas

1n the start-up phase of the turbine. The control method is

ﬁ

therefore similar to that effected under Y“black start” con-

pr——

ditions, unless the standby phase of vapour availability and

subsequent control phase

F

Cha

C the Wobbe index which has var-

1ed after the heating of the gas, has been reached, are not

r—
—

effected.

In general, under all

gr—

the start-up conditions of the

pr—

gas turblne and 1n the presence of any kind of gas mixtures,

pr—

the method always envisages the automatic set-up of the op-

timal fuel on the basis of

P

P

temperature, calorific value and

relative density of the gaseous fuel, measured by calorime-

ters 32.

ﬁ

The block scheme of figure 5 illustrates the method for

controlling the combustion in a gas turbine according to the

present 1nvention under rapid passage conditions from one

gaseous fuel to another. It

20 passing from one single

ample from the

1s possible to feed the turbine

fuel to another, such as for ex-
fuel G to the

fuel H, or the two fuels can be
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mixed 1n varilable proportions.

P

After measuring, agaln by means of calorimeters 32, the

-

temperature, calorific value (lower) and relative density of

#

the inflow of gaseous fuel, the data of the two consecutive

—

measurements are compared. If the difference between two

Jr—

consecutive measurements of the Wobbe 1index 1s equal to or

P

higher than the difference between the Wobbe 1ndexes of the

two gases, for example G and H, used as fuels 1n the tur-

bine, the machine 1is put under rapid passage conditions from

one fuel to another. At this point, a control procedure 1S

o gr— F
—

effected of the combustion mode of the machine and, on the

p— p——

basis of the result of the control, the wvalue of the elec-

tric power supplied by the machine will consequently be

regulated.

Once the rapid passage from one fuel to another has

gp—
p—-

been effected, for example from the gas G to the gas H, the

Wobbe 1ndex will be calculated again for verifying whether

r—

the machine 1s actually operating with the new fuel. If this

condition has been satisfied, 1t will then be possible to

pass to mixed-flame functioning and to set-up the normal

F

functioning mode of the machine.

p—
pr—

The Dblock scheme of

figure 6 1llustrates the normal

ﬁ

functioning modes of the gas turbine on the basis of the

gr—
p—

type of fuel used. In the case of supply with fuel G, which

does not have a particularly high Wobbe index and does not

need to be heated by the heat exchanger 30 to allow the tur-

F

bine to operate correctly, it is not necessary to effect any

P

control of the parameters relating to the Wobbe 1ndex. 1In

the case of supply with fuel H, on the other hand, it 1is

necessary to control the temperature downstream of the heat

exchanger 30.

If the turbine i1s fed with a mixture of fuel gases, in
the case of a combination of fuels G and H, the calorimeters
32 will measure the temperature, calorific value (lower) and
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relative density of the mixture to determine the Wobbe 1index

ﬁ
—

of the mixture 1tself.

If the Wobbe 1ndex differs from the

predefined value for the mixture being used, the functioning

F

temperature of the heat exchanger 30 will be modified.

The system proposed can absorb, without waiting

temperature regulation

A

"or the

effected by the heat exchanger 30,

it

required power variations of up to 6 electric MW. The system

F

1s therefore capable of sustaining almost 1nstantaneous re-

quired power changes of up to 6 electric MW.

It can thus be seen that the method and apparatus for

controlling the combustion 1n a gas turbine according to the

present 1nvention achieves the objectives specified above.

In particular, the tur

both with gaseous fuels having a significantly di:

Wobbe 1ndex, and also

arbltrary proportions,

ﬁ

bine 1s able to operate 1ndifferently

F
p—

ferent

pr—

with a mixture of these according to

and 1s also able to rapidly pass from

one fuel to another and also absorb brusque load sheds.

The method and apparatus for controlling the combustion

in a gas turbine of the present invention thus concelved can

1n any case undergo numerous modifications and varilants, all

included 1n the same inventive concept. The protection scope

e
p—

of the 1nvention 1s

claims.

therefore defined by the enclosed
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CLAIMS

1. A method for controlling the combustion 1n a gas

F
—

turbine comprising at least one compressor, capable of

compressing the air introduced therein through an 1inlet

duct, at least one combustion chamber, in which said com-

pressed air is mixed with a gaseous fuel coming from a

#

supply duct, and at least one turbine, capable of trans-

forming the energy of the gas coming from said combustilon

chamber into work energy which can be exploited for acti-
vating one or more operating machines, the method compris-

ing:

measuring, by means of one or more appropriate 1n-

struments, the temperature, calorific value and relative

density of said gaseous fuel in order to determine a Wobbe

index, I,, said Wobbe 1ndex being defined as:

_ PC
VI, *G,

I

y

g
—

where PC 1s a calorific wvalue (upper or lower) ot

F

sald gaseous fuel, T is the temperature of said gaseous

F

fuel, and Gg = 1is the specific gravity of said gaseous

| -

fuel;

comparing the Wobbe index value measured wilith a pre-

defined Wobbe index value for said gaseous fuel; and

P

regulating the temperature of said gaseous fuel Dby

pre——

means of at least one heat exchanger 1n order to reach

sald predefined Wobbe index wvalue.

11
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2. The method according to claim 1,

1ng:

Ll

P
p—

further compris-

feeding said turbine with a second gaseous fuel hav-

P

ing a different Wobbe index with respect to that of said

gaseous fuel;

.

measuring, by means O

sald instruments, the tempera-

F

ture, calorific value and relative density of said second

gaseous fuel in order to determine 1ts Wobbe 1ndex;

comparing the Wobbe index value measured for said

second gaseous fuel with the Wobbe 1ndex value measured

for said gaseous fuel; and

pe supplied by said turbine 1i:

effecting a control procedure of the

ﬁ

combustion mode

of said turbine and of the electric power value which can

- the difference between the

Wobbe 1ndex value measured for saild gaseous fuel and the

Wobbe 1ndex value measured for said second

equal to or higher than the di:

—

F
—

gaseous fuel 1s

ference between the Wobbe

1ndexes of sailid gaseous fuel and said second gaseous fuel.

3. The method according to claim 1,

1Nng:

further compris-

F

feeding sald turbine with a mixture consisting of ar-

bitrary proportions and variable with time of said gaseous

1ndex with respect to that o:

g—

R—

sald gaseous

fuel and a second gaseous fuel having a different Wobbe

fuel;

measuring, by means of sald instruments, the tempera-

ture, calorific value and relative density of said mixture

1n order to determine its Wobbe index:

comparing the Wobbe i1index value measured for said

mixture with a predefined Wobbe index value for said mix-

12
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ture; and

pi—
ey

regulating the temperature of said mixture by means

P

of said heat exchanger in order to reach saild predefined

Wobbe index value for said mixture.

4 . An apparatus for controlling the combustion 1n a
gas turbine comprising at least one compressor to cCcoOmpress
alr introduced therein through an inlet duct, at least one

combustion chamber, in which said compressed alr 1s mixed

with a gaseous fuel coming from a supply duct and burned,

fr—

and at least one turbine to transform the energy of the

gas coming from said combustion chamber into work to drilve

one or more operating machines, the apparatus comprising:

at least one heat exchanger disposed along said sup-

—

ply duct and capable of heating said gaseous fuel; and

one or more instruments for measuring the Wobbe 1index

P

of said gaseous fuel.

5. The apparatus according to claim 4, wherein said

—

one or more instruments are produced 1n the form of calo-

rimeters.

o . The apparatus according to claim 4, wherein saild

Jr—

one or more 1nstruments are produced 1n the form of gas

chromatographs.

/. The apparatus according to claim 4, wherein said

one or more 1instruments are situated upstream and down-

stream of said at least one heat exchanger.

13
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