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TITLE

THERMOACOUSTIC OSCILLATION DAMPING IN GAS TURBIN.

L]

COMBUSTORS WITH ANNULAR PLENUM

DESCRIPTION
Field of the Invention

The present 1nvention relates generally to the field

of gas turblnes using premixed combustion, and refers more

specifically to a system for preventing and controlling
the pressure fluctuations associated with the combustion
instability connected with thermoacoustic phenomena that

can occur 1n combustors with annular plenum chambers 1in

gas turbilnes equipped with premixed fuel burners.
Background Art

The gas turbines, widely used 1n wvarious 1ndustrial

fields, comprise three maln parts: the compressor, the
combustor and the turbiline 1tself. The compressor 1mpeller
sucks 1n and compresses external air, which then flows
into the combustor, where fuel 1s 1njected and where the
combustion reaction takes place. The resulting exhaust
gases pass 1nto the turbine, where they drive the turbine
impeller, generating more power than was needed ¢to
compress the combustion alr and thus providing the thrust
needed to drive another device. The compressor and
turbine 1mpellers are mounted onto one and the same shaft,
whose axls constitutes the malin turbilne axis.

The combustor consists, i1n turn, of three parts: the
plenum chamber, the burners and the combustion chamber.

gr—

The plenum 1s the space upstream of the burners 1nto which

the compressed air coming from the compressor flows before

1t 1s distributed to the wvarious burners. The Dburners

inject the fuel and assure the firm attachment and

stability of the flame. Finally, the burner ducts lead
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into the combustion chamber, where the combustion reaction

takes place, and the flow of the resulting exhaust gases
are guided 1n the best conditions towards the turbilne
inlet.

The combustor may be designed 1n varlious ways. The

gr—"

combustors of 1interest for the purposes of the present

invention are equilipped with an annular plenum (annular and
can—annular combustors).

Of particular 1nterest 1n terms of the present
invention 1s the annular configuration, wherelin the
combustion chamber comprises a single toroid-shaped space
lying around the gas turbine main axis, with an
azilmuthally constant meridlian cross—-section. The term
meridian 1s used to mean the orientation of any plane
including the gas turblne maln axis. At the longilitudinal

end of the combustion chamber on the compressor side,

there 1s a row of burners uniformly distributed around the

circumference of the chamber, while at the opposite end

there 1s an annular outlet leading to the turbine.

The other combustor configuration of interest for
the i1nvention 1s the can-annular, 1n which the combustive
sectlion comprises an array of tubular combustion chambers
(also called cans, or flame tubes) lying circumferentially
around the gas turbine malin axis and housed 1inside an
annular space (the plenum), which serves the same purpose

as 1n an annular combustor. The fundamental difference

between the two types of combustor 1s the shape of the
combustion chamber, which 1s single and toroidal for an
annular combustor, while 1t 1s multiple and tubular for a
can—-annular combustor.

In the early gas turbline models, combustion took

gu—"
—

prlace 1in a diffusive regimen, 1.e. the combustive air and
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fuel gas flowed separately 1nto the combustion chamber and

progressively became mixed together due to a mutual

diffusion 1n the respective flows. Thils process glves rise

to the formation of a region lying on the boundary between

the two flows where the concentrations of the reagents are

in stolchiometric proportions. This reglon 1s where the

chemical reaction takes place, 1.e. the flame 1s
generated. The fact that the stoichlometric reglon occurs

in a speclific area lying on the boundary between the two

flows enables the flame to remain firmly attached 1n this

preclse spatial position, thus 1mproving 1ts stability.
However, this stoichiometric condition glves rise to very
high flame temperatures, and thilis 1nduces the formation of
nitrogen oxlides (NOx) , pollutants on which the
environmental standards are 1mposing 1ncreasingly strict
emlission limits.

To reduce the NOx emissions, a premlixed combustion
process has been adopted 1n recent years and 1s now used

extensively. This type of combustion consists 1n

premixing fuel and combustive alr before they enter the

combustion chamber and start to burn, so as to 1nduce the

formation of a lean mixture whose combustion takes place

in sub-stolchiometric conditions. A lower-temperature

flame 1s thus obtalned, thereby reducing the  NOx

emlissions. Thilis premixing 1s done by 1njectling the fuel

into a specific channel 1i1n each burner, 1n which the

combustive alir flows.

Unfortunately, premixed combustion has a strongly

marked tendency to trigger thermoacoustic 1nstability.

This phenomenon occurs when the combustilion-assoclated

pressure fluctuations are strenghtened by the mechanlism of

thermoacoustic amplification explained later on. When this
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gr—

happens, the 1ntensity of the pressure fluctuations may

increase exponentially until they reach a 1l1limit wvalue,

which colncides with a condition called the 1limit cycle,

whereiln the system’s fluid-dynamic dissipation balances

the energy contribution due to the  thermoacoustic

amplification mechanism. The pressure fluctuations are

particularly 1ntense 1n the combustion chamber and give

rise to mechanical vibrations, accompanlied by the emlssion

gr—

of a fierce humming or buzzing sound. In turn, these

mechanical vilibrations can cause excessive stress 1n the
machine parts, determining 1ts 1mmediate fallure or
excesslve long-term wear.

The method generally used to prevent thermoacoustic

instabilility i1n premixed combustors 1nvolves stabilization

of the combustion process by providing each burner with a

small diffusive-combustion flame, called pilot flame.

Though 1t 1s fed with only a small portion of the fuel

gas, this flame generates a large portion of the total NOx

gh—

emlitted by the combustor because of the high temperatures

developed i1in 1t. To comply with the i1increasingly strict

constraints on NOx emilissions, gas turbline manufacturers

are consequently focusing on finding englneering
solutions that enable the portion of gas delivered to the
pilot flame to be reduced to a minimum wilithout
compromlising the combustion stability.

It 1s common knowledge that sound waves are a

physical phenomenon based on the cyclic conversion of the

fluido-dynamic energy of a fluid, which alternately

changes from potentlial enerqgy (assoclated with the
pressure) into kilnetlc enerqgy (assoclated with the
velocity) . So there are wvarlations 1n time and space 1n

these two quantities (pressure and velocility) that take the
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shape of waves. The pressure and veloclity variations 1n

the present context are those occurring around the

respective mean values, they are called oscillations or

fluctuations.

In an wunconfined fluid, waves propagate lilnearly
just like the waves on an unlimited liguid surface, 1.e.
thelr crests move 1n space at a velocity (called the speed

gr—

of sound), whose value depends on the characteristics of

the fluid. In this case, they are called travelliling
waves.

Locally, 1.e. 1n each glven point 1n space, the
pressure and veloclity wvalues oscilllate 1n time with a
period that depends on the wave’s velocity and length
(1.e. the geometrical distance between two wave crests).

The acoustic phenomena of 1nterest for the purposes

gr—

of the present 1nvention become evident i1n volumes which

are delimited by either solid surfaces (walls) and
openings with sudden changes 1n the their fluid flow
section. Both these situations constitute points of

discontinuity, which behave as acoustic barriers to the

physical quantities 1nvolved 1n the phenomenon. The
contalnment walls and sudden passage restrictions act as

barriers to the wvelocity waves, whille sudden passage

enlargements act as barriers to the pressure waves. A

space delimited by acoustic barriers goes by the name of

resonant cavity.

When a wave generated 1n a resonant cavity comes up

against such a barrier, 1t generates a reflected wave that

propagates 1n the opposite direction. When this reflected

wave bumps 1nto a barrier on the other side of the cavity,

1t changes 1n direction of propagation agaln and flows 1n

gh—

the same direction as the origlnal wave. If this last,




10

15

20

25

30

CA 02595351 2007-07-19

WO 2006/082210 PCT/EP2006/050604

6

twice-reflected wave 1s 1n phase with the origlnal wave,

intensity of the resulting wave 1ncreases, glving rise to
a phenomenon of acoustic resonance. When thilis happens, 1f
the original waves are generated continuously and
regularly, then standling waves are created. The shape of
standing waves has some polnts that are fixed 1n space,

gr—"

called nodes, where the value of the quantitilies (pressure

or veloclity) remalins constant at a mean value, 1nterspaced

with other fixed poilnts, called antinodes, where the wvalue

gr—

of these quantities changes alternatively between the

minlimum and maximum values.

Standing waves can only occur at certaln
wavelengths, such that wvelocity nodes colncide with the
walls or with sudden restrictions of the passage, while
pressure nodes colnclde with sudden channel enlargements.

These various wavelengths are associated with different

modes of oscillation, at different frequencies, called

gr—

acoustic modes of resonance or harmonic modes, 1dentified

by a progressive integer, m, or mode order. Harmonlc modes
are distingulished according to the spatial orientation of

the waves and the number of nodes occurring between

opposite barriers. The lower-frequency mode, or

fundamental mode, corresponds to the higher wavelength and

the smallest number of nodes. As the order m 1ncreases,

gr—

so too does the number of the nodes.

When only one mode occurs 1n a resonant cavity, we
speak of a normal harmonlic mode oscillation. Moreover
there are mixed modes of oscillation, where several
harmonic modes are exclted simultaneously, even 1n more
than one direction.

For 1nstance, 1n a parallelepiliped acoustic cavity,

there may be harmonic modes for each of the three spatial
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directions, and for each direction there may be modes

characterized by a progressively 1ncreasing number of

gr—
—

nodes distributed along the respective dimension of the

resonant cavity.
All combustive systems are affected by acoustic

prhenomena. The most straightforward situation 1nvolves a

mainly linear combustor, 1n which one of the three

directions (the one that the gas flows along) prevaills

over the other two transversal directions. In this
configuration - typilical of tubular combustion chambers,
for 1nstance - the pressure standing waves generated by
thermoacoustic instability develop mainly in the

longitudinal direction of the chamber, glving rise to

longitudinal harmonic modes.

gr—

In the case of combustors with annular chambers, 1n

addition to the above-mentioned linear modes developlng 1n

gr—

the two axial and radial directions of the combustion

chamber which are delimited by acoustic barriers, we must

also consider the circumferential (or azimuthal) harmonic
modes, whilich glve rise to resonance waves orlented i1n the
azimuthal direction of the annular cavity without

barriers. In an annular space, 1n fact, the harmonic

components may be reinforced not only by the 1n-phase

overlapping of waves reflected by the barriers at the

gr—
p—

boundaries, but also by the overlapping of waves

propagated along in a closed circle, as 1n the case of the
annular circle. These circumferential modes can occur both
as standing waves (as 1n the linear modes) and i1n the form

gr—

of rotating waves, 1.e. travelling waves moving 1n the

clrcumferential direction.
In an annular cavity, the rotating mode pressure

wave solidly rotates around the gas turbine axis, 1.e. the
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pressure wave moves azlmuthally at a constant angular

velocity along any circumference concentric with the axis

gr—

of the chamber. Thils pressure wave 1s coupled with the

gh—

tangential component alone of the velocity wave.

The circumferential standing wave behaves similarly

to the linear standing wave. In this case, there are Z2m

pressure nodes located i1n the circumferential direction of

the annular cavity, lying azimuthally equispaced, for each

circumferential acoustic mode of order m. At the same
time, there are “2m nodes for the tangential component of
the wvelocity, 1lying at the pressure antinodes. These
standing circumferential acoustic modes can be 1nterpreted
as the overlapping effects of two rotating harmonic modes

gr—

of the same 1ntensity, but moving 1n opposite directions.

The harmonic characteristics of the thermoacoustic
oscillations in an annular combustor were studied
analytically in a paper by Krueger et al. “Prediction of

thermoacoustic 1instabilities with focus on the dynamic

flame behavior for the 3A-Series gas turbine of Siemens

i

Kwu”, ASME 99-GT-111. Judging from the analytical results
1llustrated therein, the harmonic modes most hazardous to
the annular combustor - because they can reach the highest
limit «c¢cycles - are the circumferential modes, and
particularly those with a low order m, with m up to 3. It
1s set forth 1n the paper that these results are
consistent with  observations obtained experimentally

during the course of tests conducted on real machines. 1In

these analyses, moreover, although the wvolume of the
plenum 1s considered 1n the simulation, 1t appears to have

no particular role 1n the mechanisms triggering and

amplifying 1nstability phenomena.
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The role of pressure fluctuations 1n the plenum 1n

amplifyling any thermoacoustilic i1nstabillity 1s emphasized 1n

the paper by S. Tiribuzi, "CFD modeling of thermoacoustic

oscillations 1inside an atmospheric test rig generated by a

DLN burner“, ASME GT2004-53738. The author descrilibes the

outcome of numerical simulations, conducted using the CFD

(computational fluid dynamic) method, of combustion
instabilitlies generated by a single premixed burner, of
the type normally 1nstalled 1n annular combustors.
Although the simulated combustion chamber configuration
was tubular, not annular, and the harmonic modes
reproduced were consequently only axial, the numerical

results emphaslized  the important role of pressure

fluctuations 1n the plenum 1n sustailning the mechanism
responsible for amplifying any thermoacoustic

osclllations, a mechanism that 1s described here below.

L)

The phase difference between the pressure fluctuations 1n

the plenum and 1n the combustion chamber accentuates the

amplitude of the pressure difference oscillations across

the burner premixing channel. These oscilillations determine

a synchronous fluctuation i1in the ailir flow rate wvariation

in premlixing channel, which gives rise to fuel mixture

enrichment fluctuations, because the flow rate of the

injected premixing fuel 1s essentlially constant. When a

pocket of richer mixture flows downstream and reaches the

flame =zone, 1ts combustion prompts a heat emilission peak

which - 1f 1t 1s 1n phase with a pressure peak 1n the
combustion chamber - further 1ncreases the fluctuation
entity of this latter qguantity. The thermoacoustic
instability thus becomes self-exciting, gradually

amplifying the pressure oscillations until the l1limit cycle

18 reached.
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The same CFD method used 1n the above-mentioned

study by S. Tiribuzli was also used to analyze the

configuration of the acoustic modes 1n an annular

combustor. These simulations reproduced the

clrcumferential modes described 1in the previously

mentioned ASME paper 99-GT-111 and it emerged that the

dominant modes appear to be those of order m=2 with both a

rotating component and a standing component. These

simulations also confirmed the 1mportant effect of

pressure fluctuations 1n the plenum on the mechanism

behind the 1ncrease 1n thermoacoustlic i1nstability. In

fact, 1t became clear that circumferential waves, of the

same type as those generated i1n the combustion chamber,

form 1n the plenum too. This synchronism between

fluctuations in the plenum and combustion chamber

determines, for each Dburner, the same situation as

i R

described 1n the previously-mentioned ASME article GT2004-

53738, with a progressive amplification 1in the amplitude

1)

of the fluctuations until the 1limit cycle 1s reached. The

pressure fluctuations across the wvarious burners combine

together 1n the annular spaces situated at the end sides

gr—"

of the burners, 1.e. 1n the plenum and 1n the combustion

chamber (1n the case of the latter, this only applies to
annular combustors).

Many methods have Dbeen developed by gas turbilne

manufacturers 1n an attempt to contrast the onset of
thermoacoustic 1nstabillity 1n premixed flame combustors.
An up-to-date review of the state of the art 1s given 1in
the paper by T. Lieuwen et al. "“Recent progress 1n

predicting, monitoring and controlling combustion driver

oscillations 1in gas turbine”, published 1n the Proceedilings

of the POWER-GEN International Congress 2003. These
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methods can be divided 1nto two maln types: passive and
active.

The passive methods can be further divided 1nto
various sub-types 1ncluding:
- operational alterations to the azimuthal symmetry

achieved by differentiating the workling parameters of

adjacent  burners, e.qg. by slightly wvarying  the

proportions of ailr delivered to the respective pilot

flames;

- Structural changes to alter the symmetry of the
response characteristics of the wvarious burners, e.qg.
by applying extensions to the burner outlet;

- adjusting the acoustic properties of the burner gas

gr—

feed lines, so that the fuel delivery 1s out of phase

with the thermoacoustic oscillations 1n the combustion
chamber;

- 1nstalling Helmholtz resonators or other similar

devices facing them onto the combustion chamber, to

obtain a damping effect on the acoustic frequenciles

considered most hazardous.

As for the active control methods, these are based

mainly on a controlled modulation of part of the fuel flow

gr—

so that i1t 1s out of phase with the oscillations.

Moreover, numerous patents concern the control of
thermoacoustic 1nstability 1n gas turbline combustors,
which goes to show how much 1mportance 1s attributed to

gr—

this aspect of the technology and how difficult 1t 1i1s to

find adequate solutions for dealling globally with the

problem.

An example of a passive method 1s described 1i1in the

patent US6536204, which suggests a burner configuration

for an annular combustor, wherein a cylindrical element 1s
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attached to at least some of said burners that protrudes
thelr outlet 1nto the combustion chamber. This solution
should prevent, or at least attenuate, the combustion
instability by placing the combustion chamber/burner
system out of phase by altering the acoustic

gr—"

characteristics of the two to a different degree. This

1)

method has no effect, however, on the element upstream otf

the burners, the plenum, which (as seen earliler) 1s what
enables the acoustic coupling between the burners. This
method also i1ntroduces additional structural members
inside a cavity (the combustion chamber) where high
temperatures develop, thus exposing sailid components to the

gr—

risk of considerable damage.

All the above-mentioned methods fail, moreover, to
prevent or contailn the onset of clrcumferential
oscillations 1n the plenum, which (as stated previously)

play an 1mportant part 1n the evolution and amplification

gh—

of thermoacoustic oscillations. As regards the active

methods, the quoted article by T. Lieuwen et al. makes the

point that manufacturers are also rather reluctant to use

gr—

them because of their complexity, cost and dubilous

reliability.
Object and Summary of the Invention

The general object of the present 1nvention 1s to

prevent the onset of circumferential combustion
instabilities, or at 1least to considerably reduce theilr
entity, 1n gas turbine combustors equipped with premixed

gr—

flame burners by means of an origlnal passive method.

gr—

A particular object of the present i1nvention 1s to

prevent the onset, or at least reduce the amplitude, of

circumferential harmonic modes 1n the annular plenum of

the gas turbline combustor, so as to eliminate one of the
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elements 1nvolved 1n the above-described chailin mechanism

responsible for amplifying the thermoacoustic i1nstability,

but without 1nterfering with the normal flow of combustive

alr 1nto the plenum.

Another object of the present i1invention 1s to
provide a gas turblne with an annular combustor, whereiln
the onset of both rotating and standing circumferential
harmonic modes 1n the plenum 1s prevented, or their
amplitude 1s at least reduced.

According to the present 1invention, these objects

are achieved by contrasting the propagation of

circumferential waves 1n the annular space of the plenum,

by 1nserting walls 1lyilng transversally to the azimuthal

direction that interfere with the gaseous flow 1n said

direction. Since the acoustic phenomena are characterized

gr—

by the coupling of pressure waves and velocity waves,

interfering with the flow of the fluid also prevents the

gh—

evolution of pressure waves 1n the same direction.

As already mentioned, the most hazardous acoustic
modes 1n the case of annular cavities (such as the

combustion chamber and plenum of an annular combustor) are

the circumferential modes, 1.e. those associlated with the

pressure waves fluctuating 1n the azimuthal direction of

the cavity, because they are the easlest to trigger and

amplify. These waves are coupled with oscillations i1n the

tangential component of the velocity of the fluid i1n the
annular cavity. As a consequence, obstructing the flow 1in
this direction (by 1nserting walls with a meridian

orlientation) wilill also hinder the formation of the

pressure waves assoclated with the circumferential modes.

In terms of the present 1nvention, the walls are

most effective 1f they cover the whole meridian section of
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the plenum, though a lesser extension can still have a

useful damping effect. The walls can be solid, or

moderately perforated, should 1t be necessary to rebalance

the pressures between the wvarious sectors of the plenum.

gh—

5 The mechanical stiffness of the walls must be sufficient

to avold acoustic waves belng transmitted between adjacent
plenum sectors.

Thanks to their substantially meridian orilientation,
the walls do not affect with the normal flow of combustive

10 air in the plenum because they lie parallel to the air’s

normal flow lines.

One of the advantages of the present 1nvention 1is
that action 1s taken 1n a part of the gas turbine, the
plenum, that 1s upstream of the burners, where the

15 temperature is consequently still not high enough to pose
a problem as regards the thermal resistance of the
materilials.

gh—

A further advantage of this solution, which 1s not

true of the majority of the known solutions relating to

20 the same issue, 1s that it demands only minimal

modifications to the combustor’s design and 1S
consequently easy to 1mplement 1n current models of gas
turbline, even 1n already-installed machilnes.

Brief description of the drawings

gr—

235 Further characteristics and advantages of the gas

turbine according to the present i1invention will become

more clearly apparent from the following description of an

embodiment of the same, glven as a non-limiting example

with reference to the attached drawings, whereiln:

30 -figure 1 shows a schematic longitudinal meridian

section of a gas turbline with an annular combustor;
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-figure 2 shows a schematic 1longitudinal meridilian

gr—

section of the gas turbine according to the 1nvention;

-figure 3 shows a cross-section of the plenum 1n the

annular combustor equipped with four walls of the type

schematically i1llustrated 1n figure 2;
—figures 4a, 4b and 4c show how a circumferential

rotating wave evolves for the first three harmonic modes m

= 1,2,3, while figures 4d, 4e and 4f show how a

circumferential standing wave develops for the first three

harmonic modes m = 1,2, 3;
-figure 5 shows a diagram with the trend of the

instantaneous power calculated during the numerical

simulation of the base case (without walls), superimposed

to the trend of the same power calculated for the

configuration represented i1n figure 3.

Detailed description of the Invention

With reference to figure 1, which schematically
shows the meridian section of a gas turbline unit
generlically 1ndicated by the reference number 1, with an
annular combustor according to current technology. The
gas turbine unit 1 essentially comprises three parts: a
compressor 2, a combustor 3 and the turbline 4 1tself.

These parts have an axisymmetric configuration around a

central axils, also called the malin axis 5 of the gas

turbine unit 1. The compressor 2 sucks 1n combustilive alr 6

from outside, compressing 1t and sending 1t to the

combustor 3. The combustor 3 1n turn comprises three

gr—

parts: the plenum 7, a row of burners 8, lying equilispaced

from each other around the gas turbine axis 5, and the

combustion chamber 9. The compressed alr coming from the
compressor 2 flows 1nside the plenum 7, which 1s a toroid-

shaped cavity, before 1t 1s distributed to the wvarious
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burners 8. The burners 8 are for 1njecting the fuel and

ensuring the attachment and stability of the flame. A

minor amount of fuel 10 1s delivered to a pilot flame 11.

The remainder of fuel 12 1s 1njected 1nto a premilixing
channel 13, where 1t 1s mixed with the combustive air

coming from the plenum 7. The resulting lean fuel mixture

feeds a premixed flame 14.

Referring now to figures 2 and 3, according to a

preferred embodiment of the i1nvention, four walls 15 are

provided 1nside the plenum 7, extending over the full

meridian section of sald plenum 7. As 1llustrated in

figure 3, the four walls are preferably arranged so as to
divide the space 1n the plenum asymmetrically i1nto annular

sectors, avolding the angular widths of adjacent sectors

from belng the same or multiples of each other, if
possible. In particular, a straightforward and practical
way to divide the space 1n the plenum 1s to arrange the
walls 15 so that each sector contalns a prime number of
burners, as 1n the embodiment 1llustrated where the
angular spacing of the walls 15 1s such as to 1nclude
three, seven, three and eleven Dburners 8 between two

successive walls.

Of course, the number of walls can differ from the

solution described above. Even a single wall may suffice
to disrupt the rotating circumferential modes, but not the

standing modes. As mentilioned previously, both these types

1)

fluctuations can occur 1n an annular combustor.

O

|

Figures 4a, 4b and 4c show the first three rotating

circumferential modes, 1ndicating the waveform’s rotatiling

direction 16. Figures 4d, 4e and 4f, on the other hand,

represent the first three standing circumferential modes,

showlng the antlinodes 17 and the nodes 18.
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For a rotating acoustic mode, the tangential
velocity wave crests (i1.e. the points where said velocity
1s maximum 1n modulus) move azimuthally, passing through
all the angular positions. It 1s consequently evident

gh—

that the presence of any number (even only one) and

arrangement of meridian walls 1nterferes with  the

propagation of the circumferential spilnning mode velocity
wave because each wall hinders the gaseous flow 1n the
tangential direction.

However, 1nserting Jjust one wall may not prevent the

formation of standing circumferential modes, since one of

gr—
p—

the “2m nodes of the tangential veloclity standing wave may

colncide with the wall. Likewlise, 1nserting n walls 1n an

gr—

equal number of azimuthal positions does not prevent the

onset of those acoustic modes i1in which the distribution of
the 2m nodes 1s such that the n walls all happen to
colncide with a tangential veloclity wave node.

gh—

Thus, although any azimuthal arrangement of meridilian

walls can counter the onset of rotating circumferential
modes 1n the plenum, for the solution to effectively
obstruct the standing cilircumferential modes too, the walls
must cilrcumferentially divide the space 1n the plenum

asymmetrically, so as to prevent standing circumferential

mode veloclity wave nodes from coinciding with the walls.

In still another embodiment of the 1nvention, the

walls 15 may have different longlitudilinal extensions and

not necessarilily occupy the whole section of the plenum.

In another embodiment of the 1nvention, the walls may also

be arranged 1n two or three arrays placed i1n different

gr— gr—

prarts of the meridian section of the plenum.
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The walls 15 may be solid or partially or completely

perforated, so as to enable modest azimuthal flows to

rebalance any pressure asymmetries.

The effectiveness of the system for controlling

combustion 1nstabilility based on the i1nvention has been
tested numerically using the same method as described in

the previously-mentioned paper by S. Tiribuzi, but applied

to a realistic annular combustor of 1ndustrial type and
size. This method enables a simulation (i1.e. a virtual
numerical modeling) of the 1likely thermo-fluido-dynamic
behavior of a combustor. FEach simulation of a given

geometric and operational arrangement constitutes a case.

Using the same geometrical configuration, consistent

wlith an annular combustor of i1ndustrial size, a base case

was simulated 1n nomlinal machine conditions, 1.e. under

full load, but using calculation parameters callbrated to

gr—

facilitate the onset of thermoacoustic 1nstability. AS

i1llustrated 1n figure 5, the transient was protracted for

0.8 s real time, starting from initial no-flow conditions.

The 1nstantaneous power curve for the period simulated
shows that ample thermoacoustilic oscilllations are triggered
spontaneously and progressively amplify until they become
stabillized 1n a limit cycle.

As mentioned earlier, this simulation demonstrated

that, for the particular configuration examined, the

dominant mode assocliated with the fluctuations was

circumferential of order 2, with four pressure nodes and

four velocity nodes lying alternately around the

gr—

circumference of the annular cavity. Sald cilircumferential

mode also has both a rotating component and a standiling

component.
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To ascertain the effectiveness of the proposed

system, a case was subsequently simulated using a

configuration according to the 1nvention, as shown 1n

figures 2 and 3, with four walls 15 i1nserted 1n the plenum

7, lying on a corresponding number of meridlian planes
between burners so as to divide the annular space 1n the
prlenum 1nto four sectors of a circle comprising three,
seven, three and eleven burners. The walls were extended

gr—

to cover the full meridian section of the plenum.

In thils case, the transient was started at the
instant +0.4 s of the base case. Combustor function
remalned  absolutely stable, with no thermoacoustic
oscillations, as demonstrated by the constant trend of the
instantaneous power 1n the diagram described below, thus

gr—

fectiveness of the proposed system.

gr—
p—t

confirming the e:

The combustor different behavior i1n the two cases

(base and with walls) 1s emphasized 1in figure 5, which

plots the power curves calculated during the numerical

simulations performed using CFD methodology on an annular

combustor of industrial shape and size. In particular,
the diagram shows a base curve 20 describing the trend
calculated 1n the base case (without walls), with clear
evidence of the onset, beyond the 1nitial ramp, of
pressure fluctuations that 1ncrease progressively up to
the l1limit wvalue. Superimposed on sald curve, there 1s
another curve 21 relating to the case i1n which walls 15

are 1nserted 1n the plenum 7 according to the preferred

embodiment of the 1nvention, which 1llustrates the

gr—

stabillization of the combustor fluid dynamic behavior.

The system according to the present invention for
controlling combustion 1nstability 1n gas turbines with

annular combustors can be extended to gas turblines with
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can—annular combustors too. In these combustors as well,
acoustic couplings among the wvarious flame tubes can occur

through the plenum, though, due to the absence of any

clrcumferential acoustic modes 1n the combustion chamber,
S5 the modes derive in this case from a coupling between

axlal modes 1n the single tubular combustors and

circumferential modes 1n the plenum. Here again, the

arrangement of the walls follows the same criterilia as for
annular combustors. Fach wall can cover all or only a

10 part of the meridian section of the plenum. The walls

must be 1nserted between adjacent flame tubes so0 as to

divide the plenum into circular segments each comprising a

gr—

integer number of flame tubes. The number of flame tubes

in each section must be such as to divide the plenum

15 wvolume into asymmetrical sectors.

gr—
—

Numerous modifications and variations of the

invention may be concelved on the basis of the above

description on the understanding that any such

modifications and variations do not depart from the spirit
200 and scope of the invention as laid out in the following

claims.
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CLAIMS
1. Combustor (3) for a premixed combustion gas

turbine (1), comprising an annular plenum (7), 1nto which

compressed alr flows from a gas turbine compressor (2), a

gr—

plurality of burners (8) for fuel 1njection arranged

around a turbline axis (5), among which burners the
compressed ailr delilivered to sald plenum 1s distributed,
and a combustion chamber (9) downstream of said burners,
characterized 1i1n that there 1s at least one wall (15)
inside the plenum (7) oriented along a substantially

meridian section designed to 1interfere with tangential

flows 1n said space, to prevent the onset of rotating

circumferential modes of thermoacoustic oscillations
inside the combustor.

2. Combustor according to claim 1, wherein several

walls (15) are 1nserted 1n sailid plenum (7) 1n different
azlimuthal positions so as to divide the space 1n the
plenum asymmetrically 1n order to prevent also the onset

p— p—

of standing modes of oscillation.

3. Combustor according to c¢laim 2, whereln said
walls (15) divide said plenum 1i1nto annular sectors such
that the angular widths of adjacent sectors are not

gr—

multiples of one another.

4. Combustor according to claim 3, whereln each of

gr—

sald annular sectors contalns a prime number of burners.

5. Combustor according to any of the previous

claims, wherein the extension of the walls (15) covers the

gr—

whole meridian section of the plenum (7).

gr—

6. Combustor according to any of the claims from 1

to 4, whereln the extension of the walls (15) covers only

a part of the meridian section of the plenum(7).
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7. Combustor according to any of the previous

claims, wherein the walls (15) are at 1least partially

perforated to enable modest azimuthal flows to rebalance

any pressure asymmetriles.

S 8. Combustor according to any of the previous

claims, wherein the combustion chamber (9) 1s of the

annular type.

gr—

9. Combustor according to any of the claims from 1

to 7, of can-annular type, wherelin the combustion chambers

10 (9) are of the tubular type.
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