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(57) Abrege/Abstract:
The present invention relates to a combustor (100) for a gas turbine, comprising: a pre-combustion chamber (101) having a
peripheral wall (115) around a centre axis (35) of the pre-combustion chamber (101), the peripheral wall (115) comprising an inner
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(57) Abrege(suite)/Abstract(continued):

panel (61) and an outer panel (62) and a passage (60) provided between the inner and the outer panels (61, 62),

which Is connected to the pre-combustion chamber (101) for providing pre-combustion chamber (101) with a flow (
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010 044
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a swirler (103)

-) of an oxidant

gas, at least a pilot fuel injector (112), wherein the swirler (103) Is connected to the peripheral wall (115) In such a way that a
portion (F2) of the oxidant gas (F) from the swirler (103) Is channelled to the passage (60), and the pilot fuel injector (112) Is

connected to the passage (60) for injecting a flow of pilot fuel into the passage (60).
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(57) Abstract: The present invention relates to a combustor
(100) for a gas turbine, comprising: a pre-combustion cham-
ber (101) having a peripheral wall (115) around a centre axis
(35) of the pre-combustion chamber (101), the peripheral wall
(115) comprising an mner panel (61) and an outer panel (62)
and a passage (60) provided between the mnner and the outer
panels (61, 62), a swirler (103) which 1s connected to the pre-
combustion chamber (101) for providing pre-combustion
chamber (101) with a flow (F) of an oxidant gas, at least a pi-
lot fuel injector (112), wherein the swirler (103) i1s connected
to the peripheral wall (115) in such a way that a portion (F2)
of the oxidant gas (F) from the swirler (103) 1s channelled to
the passage (60), and the pilot fuel injector (112) 1s connected
to the passage (60) for injecting a flow of pilot fuel mto the
passage (60).
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DESCRIPTION

Combustor for a gas turbine

ﬁ

Field of 1nvention

PCT/EP2017/050705
1 -

The present invention relates to a combustor for a gas

“urbine.

Art Background

In such a technical field, a combustor generally

comprises a maln combustion chamber and a pre-combustion

chamber, upstream the main combustion chamber. The pre-

combustion chamber comprises

swirler through which a main

a swirler section having a

fuel stream 1s provided. In the

swilirler the main fuel 1s mixed to a non-combustible gas flow

comprising an oxidant, for example alr. The main fuel stream

and the non-combustible gas

flow are i1njected via the swirler

’

1into the pre-combustion chamber of the combustor in a

generally tangential direction with respect to the centre

~—

axls of the combustor.

A pilot fuel 1s further

1njected 1n the pre-combustion

chamber for controlling the combustor flame 1n which the main

fuel 1n burned. The pilot fuel 1s typically injected by a

pi1lot burner, generally according a direction parallel to the

’

centre axis of the combustor

The pilot fuel 1s 1njected from the pilot burner 1into

H

the pre-combustion chamber through a plurality of pilot fuel

1njectors, typically arranged on the pilot burner surface,

1.e. the surface separating the pilot burner from the pre-

combustion chamber. The main

liquid or gaseous fuel.

fuel and the pilot fuel may be
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The combustion of the

oxidant, for example air,

fuel 1n the pilot burner.

diffusion flame 1nside the

pi1lot burner surface. This has the main drawback of

PCT/EP2017/050705

_2_

pllot fuel 1s achieved through an

In known solution, the i1injected pilot

pre-combustion chamber,

first being mixed together with the

fuel generates a

close to

H
p—

increasing the local temperature at the pilot burner surface,

H

with the consequence of reducing the life cycle of

burner.

H

the pilot

Many solutions have been proposed to the above technical

H

problems. Some of them may i1nvolve modifications ©

H

geometry of the 1injectors,

wlith respect to the centre

chamber. Other may i1nvolve

the pre-combustion chamber or o

F

H

f the

"or example of their orientation

axls of the pre-combustion

F

modifications of the geometry of

H

pilot burner surface 1n

order to 1ncrease turbulence i1inside the pre-combustion

chamber, thus aiming to better

H

"uel distribution 1n the

mixture of the gas 1nside the pre-combustion chamber.

US5274995A discloses a combustor dome assembly having a

venturl and an auxiliary wall concentric with the venturi to

provide an annular passage

"or channeling or direc

C1ng a high

velocity alir jet from a swirler to a combustion chamber

H

assoclated with a downstream end of the venturi, thereby

H

’ ’

H

facilitating the atomization of a film of water flowing along

an 1nner surface of the venturi and out of the downstream

end.

GB24320655A discloses combustion apparatus comprises a

device mixing fuel with an oxidant, a combustion chamber, a

pre-chamber located between the combustion chamber and the

device, and a means to supp.

to prevent a combustion flame

v a gas to the pre-chamber so as

from the combustion chamber
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F

attaching i1tsel

forming a continuous

~ 1 -

T 1

CA 03010044 2018-06-28

m O

to an i1nterior sur

F

GR2332509A discloses a

combustion apparatus e.qg.

swlrler means 1n which air and

fuel/air mixture, a

H

_3_

F

PCT/EP2017/050705

"ace of the pre-chamber by

gas over the i1nterior surface.

H

fuel/air mixing arrangement for a

a gas turbiline comprises a first

"uel are mixed to form a

first conduit means to supply a first

proportion of said mixture to said combustion apparatus and a

second swilirler means arranged to receive a second proportion

I

of said mixture and a second conduit means to supply said

second proportion from said second swirler means to said

combustion apparatus.

GR24447737A discloses a burner

comprises a swirler

H

an outlet and through which ailr travels.
the slots to create the swirling air/:

placement device 1s arranged to deposit

fuel to a combustion chamber.

F

"uel mix.

fuel 1n a region of

for a gas turbine

H

for providing a swirling mix of air and
Swirler comprises a plurality
of vanes having a plurality of slots each having an inlet and

Fuel 1s supplied to

A fTuel

H
p—

high shear that 1s created by a low pressure region Dby the

swirler. Fuel placement device may be a pre:

partitioning airflow 1nto

first and second

"11lming device

"lows and 1s

curved. Fuel to the slots may be a secondary main gas via

holes 1n one side o

H

“he wvanes and

H

uel from the fuel

placement device may be liguid via holes located i1n the

device and 1n every other slot.

~—

of the combustor above described,

H

position of the pilot

It 1s therefore still

fuel 1njectors,

desirable to provide a new design
1n particular i1nvolving the

for limiting

temperatures at the pilot burner surface, at the same time

without compromising

has also the positive e

Inside the combustor,

F

_he overall e

oxl1ldes (NOx) emissions.

H

H

"1clency o:

‘ect 1n reducing overall

—he combustor.

avoliding areas wilith high temperature

nitrogen
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Summary of the Invention

F

It may be an objective of the present invention to

provide a combustor solving the above described

inconveniences experimented 1n known combustors.

to provide a combustor

H

F

It may be a further objective of the present invention

with a proper fuel distribution in the

mixture of the gas i1inside the pre-combustion chamber, 1in

order to avoid areas with non-desirable high temperature.

This object 1s solved by a combustor for a gas turbine

according to the i1ndependent claim. The dependent claims

describe advantageous developments and modifications of the

invention.

H

According to an aspect of the present 1nvention, a

combustor for a gas turbine 1s presented. The combustor

comprises:

a burner plenum 1nside which an oxidant gas flows,

a pre-combustion chamber having a peripheral wall around

F

a centre axis O

the pre-combustion chamber, the peripheral

wall comprising an 1nner panel and an outer panel distanced

from the 1nner panel 1n such a way that a passage 1s provided

between the i1nner and the outer panels,

a swirler which 1s connected to the pre-combustion

chamber for providing pre-combustion chamber with a mixture

H

of the oxidant gas and

F
p—

of a fuel, the swirler being arranged

around the pre-combustion chamber 1n a circumferential

direction with respect

at least a pilot fuel 1injector for 1njecting a flow of

to a the centre axis,

)

pi1lot fuel 1into the combustor,

The burner plenum

1s connected to the swirler and to the

ﬁ

peripheral wall 1n such a way that a first portion of the

oxldant gas from burner plenum 1s channelled to the swirler

F

and a second portion o3

- the oxidant gas 1s channelled to the

passage. The pilot fuel 1njector 1s connected to the passage
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for 1njecting the flow of pilot fuel at an axial end of the

passage.

The combustor may be an annular-type or a can-—-type
combustor. The combustion chamber may have a cylindrical or
oval shape. The combustion chamber may comprise a mailn
combustion chamber and a pre-combustion chamber with a

H

swlirler section. The centre axis of the pre-combustion

F

chamber may be a symmetry line of the pre-combustion chamber.

At the swirler section, the swirler 1s mounted to the pre-

combustion chamber and surrounds the pre-combustion chamber

centre axis.

Advantageously, this allows the pilot gas 1njection to

H

be assisted by a flow of swirling air producing a marginally

’

higher air/fuel ratio in the diffusion flame compared to

known pilot gas i1njection systems. This, thanks to the

’

turbulence of the swirling air, enhances the reduction 1n

H

emissions of NOx and provides a more stable combustion at

wide load range.

According to possible embodiments, the second portion of

ﬁ

flow of oxidant gas flowing i1n the passage along the pre-

combustion peripheral wall may be comprised between 10% to

50% of the total flow of oxidant gas coming from the plenum

towards the swirler and the passage. More particularly, such

F

a portion may be the 303 of the tota.

F- H
f—

ow of oxidant gas to

the swirler and to the passage.

F

Further, injecting the flow of pilot fuel at the axial

ﬁ

end of the passage between the inner panel and the outer

H

panel of the pre-combustion chamber wall moves the heat

release from the pilot burner face towards more 1nner areas

H

of the combustor.
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As a result, temperature at the pilot burner surface 1s

reduced, up to more acceptable values, which i1ncreases life

H

of the pilot burner.

Advantageously, the diffusion flames

from the pilot fuel

1injector are moved away from the pilot burner face towards

F

more 1nner areas of the combustor. Conseqgquently the premixed

located more 1nside the pre-combustion ch

flames of the main fuel streamlines from the swirler are

amber, agalin with

the positive effect of moving flames and high temperature

H

fluid zones away from the pilot burner fa

H

According to possible embodiments of

invention, the combustor comprises a plur

regularly distributed around the centre a

distributing around the centre axis the d:

che pilot fuel and the main fuel streamli:

’

swirler. In particular, the number of 1inj

ce.

the present

’

ality of 1injectors,

x1s, for regularly

’

usion flames from

nes from the

ectors may be

H

between 9 and 12. More 1n particular, odd number of i1injectors

1s advantageous for suppressing the combustion dynamics from

H

premixed flame 1in the region of the injectors.

According to possible embodiments of

F

invention, the plurality of injectors 1s

F

H

the present

connected to a

respective plurality of manifolds, the manifolds being

connected to a common annular passage connecting the

F

F

manifolds with a common source of pilot fue.

Advantageously, through the common annular passage,

F

concentric with the centre axis of the pre-combustion

chamber, the pilot fuel 1s distributed uniformly to the

F

pluralities of manifold and injectors.

)

Brief Description of the Drawings

The aspects defined above and further aspects of the

present i1invention are apparent from the examples of

H
p—
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F

embodiment. The 1nvention wil.

‘ter and are explailined with

"erence to

be described 1n more detailil hereinafter with re:

ﬁ

examples of embodiment but to which the 1nvention 1s not

limited.

Fig. 1 shows a longitudinal sectional view oO:

F

"~ a gas

turbine engine i1ncluding a combustor according to the present

invention,
Fig. 2 shows a partial and schematic longitudinal section
of a combustor arrangement for a gas turbine according to an

exemplary embodiment o:

D1

F

the

present i1nvention, showing a

lot burner, a pre-chamber and a swirler section;

I

Fig. 3 shows a sectional view of a swirler according to

exemplary embodiments o

the section line -

F

(O

Fig. 4A derive from Fig.

F

the present i1nvention,

H

2,

Fig. 2;

F

according to

showing 1n more detaill some

components of the combustor of the present invention;

H H

F'1g. 4B shows further detail of the end of the pre-chamber;

F'1g. 4C shows an alterna

pre-chamber;

F'ig. 5A derive from Fig.

H

2,

H

c1ve embodiment of the end of the

showing 1n more detaill some

components of the combustor arrangement of the present

invention:

’

F'1g. OB shows an alternative embodiment of the combustor

arrangement;

Fi1g. © shows a sectiona.

present i1nvention o oF

V1

F

-VI of Fig. 4.

Fig.

ﬁ

F

view 0of the combustor of the

according to the section line
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Detailed Description
The 1llustrations i1in the drawings are schematic. It 1s
noted that in different figures, similar or 1dentical

elements are provided with the same reference signs.

H

Fig. 1 shows an example of a gas turbine engine 10 1n a

sectional view. The gas turbine engine 10 comprises, 1n flow
series, an 1inlet 12, a compressor section 14, a burner

section 16 and a turbine section 18 which are generally

arranged 1n flow series and generally about and 1n the

H

direction of a longitudinal or rotational axis 2Z20. The gas

turbine engine 10 further comprises a shaft 22 which 1s

rotatable about the rotational axis 20 and which extends

longitudinally through the gas turbine engine 10. The shaft
22 drivingly connects the turbine section 18 to the
compressor section 14.

H

In operation of the gas turbine engine 10, an oxidant

gas 24, for example air, which 1s taken 1n through the air
inlet 12 1s compressed by the compressor section 14 and

delivered to the combustion section or burner section 16.

The burner section 16 comprises a burner plenum 260, one
Oor more combustion chambers 28, each having a respective

upstream pre-combustion chamber 101. The burner section 16

further comprises at least one pilot burner 30 and a swirler

section 31 fixed to each pre-combustion chamber 101. The pre-
combustion chambers 101, the combustion chambers 28, the

pilot burners 30 and the swirler section 31 are located

1inside the burner plenum 26. The compressed alr passing

H

"user 32 and 1s

chrough the compressor 14 enters a di

’

discharged from the diffuser 32 1nto the burner plenum 26. A

ﬁ

portion of the air coming from the burner plenum 26 1s mixed

F

with a gaseous or liquid pilot fuel. The air/fuel mixture 1is

then burned and the combustion gas 34 or working gas from the
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combustion 1s channelled through the combustion chamber 28 to

the turbine section

H

18 via a transition duct 17.

A main flow of air/fuel mixture i1s inserted in the pre-

combustion chamber 101 through the swirler section 31, as

better detailed 1n a

The main

F

following section of the present text.

fuel burns when mixing with the hot gasses 1n the

pre-combustion chamber 101 and in the main combustor chamber

20 .

combustor section arrangement,

This exemplary gas turbine engine 10 has a cannular

annular array o

30 and a combustion chamber 28,
a generally circular inlet that inter:

chamber 28 and an outlet 1n the

F

F

H

An annular array of transition duct outlets

The turbine section 18 comprises a number of

carryving discs 36 attached to the shaft 22.

example,
blades 38.

be different, 1

addzi

the gas turbine engine 10,

c1on, guiding vanes 40,

H

However, the number of

H

two discs 36 each carry an annular array of

’

which 1s constituted by an
combustor cans 19 each having a pilot burner
the transition duct 17 having
‘aces with the combustor
form of an annular segment.
form an annulus

for channellling the combustion gases to the turbine 18.

blade

In the present

turbine

blade carrving discs could

.. only one disc or more than two discs. In

which are

annular arrays of turbine blades 38.

fi1ixed

LO d S

L d

are disposed between the stages of

cor 472 of

Retween the exit of the

combustion chamber 28 and the leading turbine blades 38 1nlet

guliding vanes 44 are provided and turn the

gas onto the turbine blades 38.

_he

The combustion gas

curbiline sec

~10n 18 and drives

_he

"low of

1n turn rotate the shaft 22. The guiding wvanes 40,

F

H

working

from the combustion chamber 28 enters
curbine blades 38 which

44 serve

to optimise the angle of the combustion or working gas on the
turbine blades 38.
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The turbine section 18 drives the compressor section 14.

H

The compressor section 14 comprises an axilial series of vane

stages 46 and rotor blade stages 48. The rotor blade stages

H
p—

48 comprise a rotor disc supporting an annular array of

blades. The compressor section 14 also comprises a casing 50

that surrounds the rotor stages and supports the vane stages

ﬁ

48. The guide vane stages 1nclude an annular array of

radially extending vanes that are mounted to the casing 50.

The vanes are provided to present gas flow at an optimal

angle for the blades at a given engine operational point.

H

Some of the guide vane stages have variable vanes, where the

I

angle of the wvanes, about their own longitudinal axis, can be

adjusted for angle according to alr flow characteristics that

H

can occur at different engine operations conditions.

H

The casing 50 defines a radially outer surface 52 of the

F

passage 56 of the compressor 14. A radially inner surface 54

I

of the passage 56 1s at least partly defined by a rotor drum

53 of the rotor which 1s partly defined by the annular array
of blades 48.

The present i1invention 1s described with reference to the

above exemplary turbine engine having a single shaft or spool

connecting a single, multi-stage compressor and a single, one

or more stage turbine. However, 1t should be appreciated that

the present i1invention 1s equally applicable to two or three

shaft engines and which can be used for industrial, aero or

marine applications.

The terms upstream and downstream refer to the flow

H

direction of the airflow and/or working gas flow through the

’

englne unless otherwise stated. When not differently

specified, the terms axial, radial and circumferential are

’

the combustor.

made with reference to an axis 35 o

Fi1g. 2 shows a combustor 100 for a gas turbine. The

combustor 100 has a centre axis 35 and comprises:
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- an upstream portion with a pre-combustion chamber 101 and a

swlrler 103, and

- a downstream portion with a combustion chamber 28.

The pre-combustion chamber 101, the swirler 103 and the

combustion chamber 28 are all axially symmetric around the
centre axis 35. With respect to the centre axis 35, the pre-
combustion chamber 101 has a smaller diameter than the
combustion chamber 28. The pre-combustion chamber 101 and the

combustion chamber 28 are adjacent to one another along the

centre axis 35 and 1n fluid communication with one another.

F

Downstream of the pre-combustion chamber 101 the combustion

chamber 28 extends up to the transition duct 17. The

combustion chamber 28 1s conventional and therefore not

described 1n further detail.

The swirler 103 1s mounted on a peripheral wall 115 of

the pre-combustion chamber 101, 1n such a way that the

swirler 103 surrounds the pre-combustion chamber 101 1n a

clrcumferential direction with respect to the centre axis 35.

H

The swirler receilves a first flow Fl1 of the oxidant gas from

the burner plenum 20 and mixes 1t with a fuel before

injecting 1t into the pre-combustion chamber 101. The swirler

103 comprises a bottom surface 104 which 1s orthogonal to the

centre axis 35 and which forms a part of a slot 201 (see Fig.

3) through which, typically, an oxidant/fuel mixture flow 1is

1njectable 1nto the pre-combustion chamber 101.

The swirler 103 further comprises a cylindrical

peripheral surface 119 having axis coincident with the

combustor centre axis 35,

With reference to Fig. 3, the swirler 103 comprises a

H H

plurality of slots 201 (twelve slots 1n the embodiment of

figure 3). Each slot 201 1s formed by circumferentially

spaced apart vanes 203 and the bottom surface 104.

Oxidant/fuel mixture which flows through the slots 201 1is

directed approximately tangentially with respect to the
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the slots 201 1nduces a

swlirl movement, 1.e. a movement according to a tangentially

ﬁ

orientated direction around the centre axis 35, of the gasses

1nside the pre-combustion chamber 101.

1s arranged to the bottom sur:

Fach slot 201 comprises a base

fuel 1njector 107 which

"ace 104 such that an air/fuel

mixXxture 1s 1njectable into the slot 201 according to a mailn

respect to the bottom surface 104.

fuel 1njection direction which 1s orthogonal or inclined with

Additionally, further side fuel 1njectors 202 may be

provided

201 on the cvylindrical peripheral sur:

103.

for some of the slots 201

In the embodiment of the attached

1injectors 202 are provided for each

The side

1njected by the base

fuel 1njectors 202 1inject

fuel may be mixed i1nside the slots

Side fuel 1injectors 202 are 1n the

further gaseous fuel.

or for all of the

ace 119 of the

slots

swlrler

figures two side fuel

of the slots Z201.

"urther

H

uel. The

201 with the fuel

H

F

"orm of holes,

further

which 1s

fuel 1njector 107 and with the oxidant.

1njecting

According to other embodiments of the present invention,

atomizers or nozzles for ligquid fuel 1njection are provided

1n the same slots 201,

swilirler vanes 203.

close to the trailing edges of the

Upstream to the swirler 103 and to the pre-combustion

chamber 101, the combustor 100 further comprises the pilot

burner 30, which comprises a burner

face 111. In par

clcular,

the burner face 111 1s aligned or substantially parallel to

the bottom surface 104.
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The pilot burner 30 comprises a pilot liguid fuel

1injector 135 which are arranged to the burner face 111 for

injecting pilot liquid fuel i1into the pre-combustion chamber

101. The pilot liguid fuel 1njectors 135 are oriented

substantially coaxial with the centre

axis 35.

With reference to Figs. 4 to 6, the peripheral wall 115

comprising an 1nner panel 61 and an outer panel 62 distanced

from the inner panel 61 1n such a way

chat a passage 60 1s

provided the inner and the outer panels 6l, ©02. The passage

00 extends axially along the peripheral wall 115 from the

’

swirler 103 up to an axial end 10la of the pre-combustion

chamber 101, where the pre-combustion

chamber 101 1is

connected to the combustion chamber 28.

The burner plenum 26 1s connected to the peripheral wall

H

115 1n such a way that a second portion F2Z2 of the oxidant gas

1s channelled to the passage 60. According to possible

H

embodiments of the present invention,

~— ~—

of flow of oxidant gas 1n the passage

H

the second portion FZ

00 1s between 1035 to

50% of the total flow F of oxidant gas from burner plenum 26

towards the swirler 103 and the passage 00 (being F therefore

ﬁ

the sum of Fl and F2). According to a

H

specilfic embodiment of

the present invention, the second portion F2Z2 may be the 30%

of the total flow F'.

The combustor 100 comprises a plurality of injectors 112

regularly distributed around the centre axis 35, for

F

1njecting a flow of pilot fuel 1nto the combustor 100. The

pilot fuel 1njector 112 1s connected to the passage 00 for

F

1njecting the flow of pilot fuel at an axial end 10la of the

passage 600.

pilot fuel 1njector 112 are provided,

increments around the axis 35.

In the embodiment of the attached Figs. 4 to 6, nine

placed at 32,5 degree
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H
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the number of the i1injectors 112 1s di

the present 1nvention,

‘erent, 1n particular

ten, or eleven or twelve 1njectors 112 regularly distributed

around the centre axis Y may be provided. An odd number of

1njectors (nine or eleven) are advantageous

any combustion dynamics from the main

F

premixed flame

H
p—

for suppressing

S.

The plurality of injectors 112 are connected to a

H

respective plurality of manifolds 122. The manifolds

connected to a common annular passage

126, concentri

the centre axis 35, connecting the manifolds 122 wit

’ ’

common source 128 of pilot

respect to the centre axis 35.

H

122 are
c with
h a

uel, radially oriented with

In a summary of the present combustor the swirler

arrangement 140, the pre-chamber 101 and the combustion

chamber 28 are arranged about the centre axis 35 and are

arranged 1n axilal sequence. In use the compressed air or

other oxidant gas F flows 1nto the combustor 100 i1n a general

direction from the swirler arrangement 140 towards the

combustion chamber 28 1n other words 1n a direction

from left

to right on the figures. The total flow 1nto the combustion

system, from the compressor, comprises the

H

amount of compressed air used for cooling. The cool

F

can be approximtely 30% of the total

The swirler arrangement 140 comprises the swir.

and the main fuel 1njector 107. The swirler 103,

flow.

flow F and an

1ing flow

cr 103

which 18 a

H

radial swirler 1n this example has an annular array of vanes

F

203 defining an annular array O
has an i1inlet 130 and an outlet 132.

F

ﬁ

passages 201 each of which

In use, the first

portion Fl of the oxidant gas F flows through the outlet (s)

132 of the swirler 103 mixing with a main fuel flow

F

from the

maln fuel 1njector(s) 107. The mixture of air (oxidant) and

fuel passes 1nto and through the pre-chamber 101,

"uel mixture 1s

further mixing occurs. The main air/:

H

to swirl about the centre axis 35 by virtue of the

where

forced
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tangentially angled vanes 203. The main air/fuel mixture

passes 1nto the combustion chamber 28 where 1t 1s combusted.

Combustion can also take place 1n the pre-chamber.

The pre-chamber 101 comprises a generally annular

peripheral wal

1 115.

The peripheral wall 115 1s a double

wall construction and has the i1nner panel 61 and the outer

panel 62 that

o0 has an 1inle

The pilot
nozzle 112N ot

inner panel 6l and the outer panel 62 to i1inject a flow of

form the passage 60 therebetween. The passage
c 134 and an outlet 136.

fuel 1njector 112 and more specifically a

the fuel 1njector 112 1s located between the

I
p—

pilot fuel into the combustion chamber 28. The second

H

portion F2Z of

the oxidant gas F 1s channelled through the

passage 60 and mixes with the pilot fuel flow from the pilot

fuel 1njector’s nozzle 112N.

The combustor arrangement 100 1s advantageous because

the pilot fuel i1njection, 1n this example gaseous fuel, 1s

directly 1nto the main combustion chamber 28 where the pilot

pilot flame 1s

addition, the pilot

ﬁ

flame heat release takes place. This new location of the

away from the burner surface 111. In

flame has marginally higher air to fuel

ratio compared to conventional pilot flames. This will

enhance stable combustion at wide load ranges.

ﬁ

between the pl
outlet 132 of

In a preferred embodiment shown 1n Fig 5A, the inlet 134
of the passage 60 1s located between the 1nlet 130 and outlet
132 of the swirler 103.

More precisely the inlet 134 1s

H

ane of the i1nlet 130 and the plane of the

the swirler. The oxidant gas flow F enters the

inlet 130 of the swirler 103 where the second portion F2

first portion

swirler 103.

flows 1nto the i1nlet 134 of the passage 60. This leaves the

F'l to flow through the outlet 132 of the

The main

‘uel i1njector 107 1s located radially
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outward of the swirler 103, 1n this case 1mmediately radially

outward.

The mailn fuel 1s collected by the oxidant gas flow and

F

forced along the vane passages 201 of the swirler. The 1nlet

134 1s located 1n the vane passage 201 and 1n a surface

opposite or facing the burner surface 111. The i1nlet 134 1s

’

at a radially 1nnermost location of the wvane passage 201. At

H

chis location and also further radially outward, the main

’

fuel will not have penetrated fully across the flow of gas 1n

the passages 201 and therefore no main fuel will pass 1nto
the 1nlet 134.

One 1nlet 134 1s located 1n each passage 201 between

clrcumferentially adjacent vanes 203, although 1t 1s possible

for i1inlets 134 to be located 1n alternate passages 201 for

H

example. The array of 1nlets 134 feed i1into the annular

passage 600.

In an alternative embodiment shown 1n Fig 5B, the 1nlet

H

134 of the passage 60 1s separate from the swirler 103 such
that the oxidant gas flow F 1s divided so that the first

F

portion F1 flows 1nto the inlet 130 of the swirler 103 and

ﬁ

the second portion FZ2 flows i1nto the 1nlet 134 of the passage

0. In other words, the passage 060 bypasses the swirler 103.

In this embodiment the inlet 134 can be either an array

H

of discrete 1nlets leading to the annular passage 60 or the

F

inlet 134 may be an annular or a number of circumferential

segments feeding into the annular passage 60. Furthermore,

)

the passage 060 may be divided into an array of

clrcumferential segments.

For each embodiment shown 1n Figs. 5A and 5B, the outlet

I H

136 of the passage 60 1s at the downstream end 10la of the

pre—-chamber 115. It 1s 1ntended that the downstream end 101la

H

also defines the end of the pre-chamber 101 and therefore
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F

1mmediately downstream of the end 10la 1s the combustion

chamber 2Z28.

The pre-chamber 115 has an axial length L and the pilot

nozzle 112N of the fuel 1njector 112 1s located at the

H

downstream end 10la of the pre-chamber. However, the nozzle

F

may be within 50% of L or more preferably 10% of L from the

’

downstream end 10la of the pre-chamber 115. Therefore, the

nozzle 112N can be recessed 1nto the passage 60 from the end

10la. Alternatively, the nozzle 112N can protrude or project

from the end 10la. In both cases the oxidant gas flow F2Z2 1s

arranged to i1mpinge the pilot fuel flow and mix with the

pi1lot fuel flow from the nozzle.

H

The pilot fuel and/or mixture of pilot fuel and the

’

second portion FZ2 of oxidant gas 1s 1njected directly 1into

che combustion chamber 28. That 1s to say this pilot fuel,
tyvpically a gas, 1s not injected into the pre-chamber 101.

This direct i1injection i1in to the main combustion chamber 28

prevents the pilot flame forming in the pre-chamber 101 and

heating the burner surface 111. The pilot flame 1s created

solely 1n main combustion chamber 28 and provides a more

stable flame with reduced emissions.

In F1g.4B the pilot fuel emitted from the nozzle 112N

can form a cone having an angle o. The angle o will depend

F

on factors such as fuel density, viscosity, pressure,

ﬁ

velocity and nozzle size and shape. The cone of fuel has a

centre-line 113 and the centre-line 1s approximately parallel

to the centre axis 35. However, 1n other embodiments such as

shown i1n Fi1g.4C, and depending on the fluid flows and

combustion flames throughout the combustor 1t might be

F

necessary to alter the angle of the fuel injector / nozzle

such that the centre-line 113 1s angled from a line parallel

to the centre-axis 35. Typically, the pilot fuel and/or

H H

mixture of pilot fuel and the second portion F2 of oxidant

H

gas may be injected at angle B of up to 45° from the centre
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axls 35. This 1njection angle [ can be radially i1nwardly or

radially outwardly with respect to the centre axis 35.

F

and the second portion F2 o

H

H

In addition, the pilot fuel and/or mixture of pilot fuel

oxidant gas 1s 1njected at a

tangential angle of up to 45" into the combustion chamber 28.

F

The tangential angle can be thought of as being

~— o~

H

che paper. It 1s the angle of

of the plane of the section shown 1n Figs4A, 4B

che fuel 1njecto

into or out
, 4C or even
r 112 / nozzle

112N that 1s angled from the centre axis 35 to produce the

tangential angle for the centre-line 113. Here

the

tangential angle may be clockwilise or anti-clockwilise about the

H

axls 35 and 1s 1ntended to help promote mixing of the fuel

and pilot oxidant gas flow F2 and/or this mixture mixing with

the main fuel / oxidant mixture within the main combustion

chamber. The tangential angle promotes a swirling or

H

rotating vortex of the pilot fuel / oxidant mix

cure and

depending on the application may be rotating with or agailnst

H H

rotation o

the direction o

the main fuel / ox

1dant mixture

swlrling through the pre-chamber and i1into the combustion

chamber.

The main fuel i1njector 107 has a nozzle 107N that 1is

F

located radially outward of the swirler 103 as shown 1n

Fi1g.4A, but alternatively the main fuel 1njecto
nozzle 107'N that 1s located radially between the inlet 130

and outlet 132 of the swirler

103. The exact

r 107" has a

location of the

maln fuel 1injector 107, 107’7 1s dependent on the flow

F

characteristics of any combustor geometry su

F

H

]

for any location of the main fuel 1injector the

ce to say that

fuel and

oxidant produce a swilirling mixture 1in the pre-chamber 101.

The pre-chamber 101 has a generally cylindrical shape

having parallel wall or walls 115.

101 has a slight projection 1n surface 1nto the

As shown the pre-chamber

malin flow or

restriction 63 which reduces the cross-sectional area and

helps to control the position o

H

the flame away

from the
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burner surface 111. In other embodiments 1t 1s possible that

the pre-chamber 101 has a shape that 1s at least partly

H

divergent or convergent or any combination of parallel,

divergent or convergent. These various shapes can promote

H

control of where the flames are located within the combustor

and depend on various factors such as fuel flows, fuel types,

F

oxidant flows and geometry of other combustor components.

2\ 144 2\ 144

exclude other elements or steps and “"a” or “an

exclude a plurality. Also elements described in

with different embodiments may be combined. The

‘between’ or ‘therebetween’” means that not only

It should be noted that the term “comprising’

4

does not
does not
assoclration
term

can something

be situated anywhere from one extremity to the other, but 1t

also means at or on those extremities. It should also be

noted that reference signs 1n the claims should

F

construed as limiting the scope of the claims.

not be
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CLAIMS

1. A combustor (100) for a gas turbine, the combustor (100)

having and generally arranged about a centre axis (35) and

comprising 1n axial sequence a swirler arrangement (140), a

pre-chamber (101) and a combustion chamber (28), 1n use an

oxidant gas (F) flows 1into the combustor (100) 1n a general

direction from the swirler arrangement (140) towards the

combustion chamber (28),

the swirler arrangement (140) comprising a swirler (103)

and a main fuel injector (107), the swirler (103) having an

inlet (130) and an outlet (132), and 1in use a first portion
(F1) of the oxidant gas (F) flows through the outlet (132) of

the swirler (103) mixing with a main fuel flow from the main

fuel 1njector (107) and passes 1nto and through the pre-

chamber (101) to combust 1n the combustion chamber (28),

che pre-chamber (101) comprising a generally annular

peripheral wall (115), the peripheral wall (115) comprising

an i1nner panel (6l) and an outer panel (02)forming a passage
(60) therebetween, the passage (060) comprises an 1nlet (134)
and an outlet (130),

the combustor (100) further comprises

a pilot fuel 1njector (112) located between the inner

)

panel (6l1l) and the outer panel (62) for injecting a flow of

pilot fuel i1into the combustion chamber (28),

F

wherein a second portion (F2) of the oxidant gas (F) 1s

channelled through the passage (60) and mixes with a pilot

fuel flow from the pilot fuel i1injector (112).

2. The combustor (100) according to claim 1 wherein

the 1nlet (134) of the passage (60) 1s located between
the i1nlet (130) and outlet (132) of the swirler (103) and
the oxidant gas flow (F) enters the 1nlet (130) of the

swirler (103) where the second portion (F2) flows 1into the

inlet (134) of the passage (60) and the first portion (F1)
flows through the outlet (132) of the swirler (103).
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(100) according to claim 1 wherein

the 1nlet (134) of the passage (60

swirler (103) such that the oxidant gas
such that the first portion (Fl) flows 1nto the inlet (130)

the i1inlet (134) o

4., The combustor

wherein the outle

of the swirler (103) and the second por

H

T the passage (60).

(100) according to any

C (136) of the passage

downstream end (10la) of the pre-chambe

b. The combustor

wherein

(100) according to any

) 1s separate from the

flow (F) 1s divided

tion (F2) flows 1nto

’

OInne OIL

claims 1-3

(60) 1s at the

r (115).

’

OInne OIL

claims 1-4

the pre-chamber (115) has an axial length L and

the pilot fuel 1njector (112) has a nozzle
nozzle (112N) 1s located within 50% of

’

or more preferably at the downstream en

chamber (115).

o. The combustor

wherein the pilot

(100) according to any

fuel and/or mixture o

F
p—

second portion (F2) of oxidant gas 1s 1

the combustion chamber (28).

/. The combustor

wherein the pilot

second portion (F2) o:

(100) according to any

fuel and/or mixture o

F

oxidant gas 1s 1

L, pretfterably 10s ©

d (101la)

’

one oL

H

pilot

njected

H
p—

one ol

F

pilot

njected

to 45° from the centre axis (35) or pre:

direction 1nto the combustion chamber (

3. The combustor

wherein the pilot

(100) according to any

fuel and/or mixture o

F

second portion (F2) of oxidant gas 1s 1

H

"erably
23) .

H
p—

one ol

F

pilot

njected

angle of up to 45" into the combustion chamber

9. The combustor

wherelin the main

(100) according to any

fuel 1njector (107, 10

H

one of
/") has

(112N), the
1

H

of the pre-

claims 1-5
fuel and the

directly 1into

claims 1-6
fuel and the

H
p—

at angle of up

1n an axial

claims 1-7
fuel and the

at tangential
(28) .

claims 1-8

a nozzle
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F

(10/N, 107'N) located radially outward of the swirler (103)

or radially between the inlet (130) and outlet (132) o:

swirler (103).

H

10. The combustor (100) according to any one of claims 1-9
wherein the pre-chamber (101) having a shape defined by the
peripheral wall (115) being parallel, divergent, convergent

’

or any combination of parallel, divergent or convergent.

—

11. The combustor (100) according to any one of claims 1-10,

H

pr—

wherein the combustor (100) comprises a plurality of

injectors (112), preferably the injectors (112) are regularly

distributed around the centre axis (35).

12. The combustor (100) according to claim 11, wherein the

plurality of manifolds (122), the manifolds (122) being

plurality of 1njectors (112) 1s connected to a respective

connected to a common annular passage (126) connecting the

manifolds (122) with a source (128) of pilot fuel, the common

annular passage (126) being concentric with the centre axis

(35) of the pre-combustion chamber (101).

13. Combustor (100) according to claim 11 or 12, wherein the

number of i1injectors (112) 1s between 9 and 12.

F

14. Combustor (100) according to any of the preceding

- " -
—

ow of oxidant

claims, wherein the second portion (F2) o1

ﬁ

gas 1n the passage (60) 1s between 103 to 503 of the oxidant

gas Iflow (F).

H

15. Combustor (100) according to any of the preceding

claims, further comprising
a pi1lot burner (30) upstream the pre-combustion chamber

(101) which comprises a pilot burner surface (111) separating

the pilot burner (30) from the pre-chamber (101),
wherein the pilot burner (30) comprises a liguid pilot

fuel 1njector (135) which 1s arranged to the pilot burner
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fuel 1nto the pre-
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