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(54) Combustor

(57) A burner (30) comprising a pilot burner (58), a
combustion chamber, and a swirler (52) located radially
outwardly of the combustion chamber and being adapted
to impose a swirling motion on a fuel/air mixture about
an axial centerline (86) of the combustion chamber, the
pilot burner (58) comprising a pilot burner face (60) lo-
cated radially inwardly of the swirler (52) and forming an

axially upstream wall of the combustion chamber, the
pilot burner face (60) incorporating a pilot fuel injector
(64) and an ignitor (84), both being positioned radially
offset from the axial centerline 86, is characterized by a
recess (90) being positioned radially offset from the axial
centerline (86) within the pilot burner face (60).
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Description

[0001] A typical gas turbine engine comprises an air
inlet followed by a compressor section in which incoming
air is compressed for application to one or more combus-
tors of a combustor section of the gas turbine engine. A
fuel, which may be a gaseous or liquid fuel, is introduced
into the combustors and mixed with a part of the com-
pressed air. Hot combustion gas created by combustion
of the fuel/air mixture in the combustors is directed to a
turbine section comprising a set of turbine blades and a
set of turbine guide vanes. The combustion gas flowing
against the turbine blades leads to a rotation of a shaft
of the gas turbine engine to which the turbine blades are
attached. As the blades of the compressor section are
also attached to the shaft, a part of the mechanical power
generated by the turbine section is used to operate the
compressor section.
[0002] A combustor of a gas turbine engine usually
comprises at least a burner, a swirler, and a combustion
prechamber, which is adapted for a downstream fluid
communication with a main combustion chamber. A usu-
ally planar burner face delimits the prechamber in the
upstream direction.
[0003] The main purpose of the burner is to introduce
fuel and air into the combustion prechamber, whereas a
thorough mixing of the fuel and the air is necessary to
obtain a stable and efficient combustion with good flame
stability and the smallest possible amount of NOx emis-
sions. Therefore, the combustor design must ensure that
proper amounts of fuel are introduced in the right loca-
tions within the combustor, that these amounts of fuel
are thoroughly mixed with air, and that thorough fuel va-
porization takes place.
[0004] A swirler may be provided to achieve better mix-
ing of fuel and air. A swirler comprises swirler vanes ar-
ranged in such a way that compressed air, which is guid-
ed through swirler slots being positioned between the
swirler vanes, will be forced into a swirling movement
around an axial centerline of the combustion precham-
ber. The swirling movement of the air enhances the mix-
ing of the air with fuel.
[0005] In order to decrease the production of nitrogen
oxides by gas turbine engines, use is made of so-called
lean burn pre-mix combustors, in which the fuel to air
ratio is reduced as far as possible in the higher operating
ranges. Nevertheless, these lean fuel to air ratios are
problematic with respect to maintaining flame stability
when the engine load is reduced. It is known to incorpo-
rate a pilot fuel system into the burner, which will inject
a supplemental amount of (pilot) fuel into the combustion
prechamber in order to locally raise the fuel to air ratio.
[0006] Usually, the pilot fuel system is also used when
starting the combustor. Fuel is injected from the pilot face
towards the prechamber and ignited by an ignitor, which
may be positioned somewhere within the pilot-burner
face.
[0007] A combustor which comprises a pilot fuel sys-

tem is disclosed in US 6,151,899 A1, for example. The
pilot fuel system comprises a nozzle for injecting pilot
fuel into a combustion prechamber, the nozzle being sit-
uated within a central recess of a burner face at such a
position and orientation that the fuel is injected substan-
tially tangentially into the recess so as to flow around the
peripheral wall thereof. For starting, the fuel is ignited by
means of an electric spark ignitor, which may be situated
in the pilot burner face.
[0008] An alternative positioning for pilot fuel injectors
is disclosed in US 6,532,726 B2. With the combustor dis-
closed therein, a single liquid lance arranged on the burn-
er face. Liquid pilot fuel is injected by means of the lance
in the axial direction of the pre-chamber. Ignition of the
fuel/air mixture is achieved by a spark ignition unit, which
is positioned within the burner face as well.
[0009] In particular if such a combustor is run on liquid
fuel a poor starting reliability may be encountered. This
is the case, because ignition requires a sufficient amount
of fuel/air mixture with a correct ratio to be present near
the ignitor. Achieving this proves to be more difficult with
liquid fuel than with gaseous fuel due to the worse mixing
of liquid fuel and air compared to gaseous fuel.
[0010] The objective of the present invention is to pro-
vide a combustor for a gas turbine engine, which has a
good starting reliability even with liquid fuel.
[0011] This objective is achieved by a combustor ac-
cording to claim 1. A gas turbine engine comprising such
a combustor is claimed in claim 8. Further features and
details of the invention are subject matter of the other
claims and/or emerge from the description and the fig-
ures. Features and details discussed with respect to the
combustor can also be applied to the gas turbine engine,
and vice versa.
[0012] A combustor according to the invention com-
prises a burner, a combustion chamber, and a swirler
being located radially outwardly of the combustion cham-
ber and being adapted to impose a swirling motion on a
fuel/air mixture about an axial centerline of the combus-
tion chamber, and a burner face located radially inwardly
of the swirler and forming an axially upstream wall of the
combustion chamber, the burner face incorporating a pi-
lot fuel injector and an ignitor, both being positioned ra-
dially offset from the axial centerline, whereas a recess
is located radially offset within the burner face offset from
the axial centerline.
[0013] The combustion chamber, which may be an ax-
ial flow combustion chamber, may comprise (in flow se-
ries) a combustion prechamber being located radially in-
wardly of the swirler and a main combustion chamber,
which may have a larger cross-sectional area than the
combustion prechamber.
[0014] The pilot fuel injector is preferably adapted to
inject (pilot) fuel into the combustion chamber in a direc-
tion (at least having a component) being parallel to the
axial centerline.
[0015] Generally, the swirling flow of the fuel/air mix-
ture has not only a circumferential component but also
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an axial component in the direction away from the burner
face, into which the ignitor (which may be a spark ignitor)
is integrated, thus resulting in a poor starting reliability of
the combustor. The recess, which may have a circular
shape, creates a local aerodynamic effect that drags the
flow of fuel/air mixture towards the ignitor and thus en-
hances the starting reliability, because a sufficient
amount of the fuel/air mixture will be dragged to the ig-
nitor.
[0016] Preferably, the recess is positioned between
the pilot fuel injector and the ignitor with respect to a
direction of rotation of a swirling motion about the axial
centerline imparted onto air or a fuel/gas mixture by the
swirler (which may require having air and/or main fuel
nozzles incorporated within the swirler). Imparting such
a swirling motion may be achieved by a swirler, which
includes several swirler vanes arranged in a circular con-
figuration and forming swirler slots in between, whereas
the swirler slots have a chordal orientation with respect
to a circle defined by the radial outer ends of the swirler
vanes.
[0017] Directing the flow of fuel/air mixture to the ignitor
may be particularly distinct, if the angular distance be-
tween the pilot fuel injector and the ignitor is between
145° and 225°, preferably between 165° and 195°, and
in particular about 180°.
[0018] Directing the flow of fuel/air mixture to the ignitor
may be further enhanced, if (the center of) the recess
and/or (the center of) the ignitor on the one hand and
(the central injection axis of) the pilot fuel injector on the
other hand are located at the same radial distance from
the axial centerline of the combustion chamber.
[0019] Further, the angular distance between the pilot
fuel injector and the recess may be smaller than the an-
gular distance between the recess and the ignitor.
[0020] In a preferred embodiment of the combustor ac-
cording to the invention, the burner face is planar and
thus does not comprise any elevation, which may disturb
the swirling motion of the fuel/air mixture. This can be
achieved if the pilot fuel injector and the ignitor are (fully)
located in holes within the burner face.
[0021] In order to support mixing of the pilot fuel with
air or fuel/air mixture entering the combustion chamber
(coming from the swirler), the pilot fuel injector may be
adapted to produce a cone shaped injection of pilot fuel
and/or it may comprise a fuel duct (for the pilot fuel) and
a compressed air duct. The pilot fuel may thus be mixed
with compressed air also within the pilot fuel injector,
which aids in atomizing the fuel and thus leads to a better
mixing of fuel and air.
[0022] A gas turbine engine according to the invention
is characterized by a (at least one) combustor according
to the invention. Apart from the combustor, the gas tur-
bine engine may comprise an air inlet, a compressor sec-
tion, a turbine section, and an exhaust outlet. Air (or at
least oxygen) entering the gas turbine engine via the air
inlet may be compressed in the compressor section and
then guided to the combustor(s). The compressed gas

may be mixed with fuel and the fuel/air mixture burned
within the combustor(s). The hot combustion gas may
then be expanded within the turbine section, thereby cre-
ating mechanical power on a shaft of the gas turbine en-
gine. The combustion gas may then be discharged from
the gas turbine engine via the exhaust outlet.
[0023] A specific embodiment of a gas turbine engine
according to the invention will be explained in more detail
with reference to the accompanying drawings. The draw-
ings show in

Figure 1: the gas turbine engine in a longitudinal sec-
tional view;

Figure 2: the general structure of the combustor of the
gas turbine engine;

Figure 3: a detailed perspective view of an assembly
of the burner of the gas turbine engine; and

Figure 4: a schematic diagram of the flow of pilot fuel
injected into the combustion prechamber by
the pilot fuel injector of the combustor; and

Figure 5: a schematic diagram of the distribution of
droplets of pilot fuel impinging a pilot burner
face of the combustor.

[0024] The terms upstream and downstream refer to
the flow direction of the air and/or combustion gas
through the gas turbine engine unless otherwise stated.
The terms forward and rearward refer to the general flow
of gas through the gas turbine engine. The terms axial,
radial and circumferential are made with reference to a
rotational axis 20 of the gas turbine engine if not stated
otherwise.
[0025] FIG. 1 shows an example of a gas turbine en-
gine 10 according to the invention in a sectional view.
The gas turbine engine 10 comprises, in flow series, an
air inlet 12, a compressor section 14, a combustor section
16 and a turbine section 18, which are generally arranged
in flow series and generally in the direction of the rota-
tional axis 20 (which is also the longitudinal axis of the
gas turbine engine 10). The gas turbine engine 10 further
comprises a shaft 22, which is rotatable about the rota-
tional 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.
[0026] In operation of the gas turbine engine 10, air
24, which is taken in through the air inlet 12 is compressed
within the compressor section 12 and delivered to the
combustor section 16.
[0027] The compressor section 12 comprises axial se-
ries of guide vane stages 46 and rotor blade stages 48.
[0028] The combustor section 16 comprises a burner
plenum 26, one or more main combustion chambers 28
defined by a double wall can 27 and at least one burner
30 fixed to each main combustion chamber 28. The main
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combustion chambers 28 and the burners 30 are located
inside the burner plenum 26.
[0029] The compressed air passing through the com-
pressor section 12 enters a diffuser 32 and is discharged
from the diffuser 32 into the burner plenum 26 from where
a part of the air enters the burners 30 and is mixed therein
with a gaseous or liquid fuel. The fuel/air mixture is then
burned and the combustion gas 34 is channeled via a
transition duct 35 to the turbine section 18.
[0030] The turbine section 18 comprises a number of
blade carrying discs 36 attached to the shaft 22. In the
present embodiment, two discs 36 each carry an annular
array of turbine blades 38. However, the number of blade
carrying discs 36 could be different, i.e. only one disc 36
or more than two discs 36. In addition, guiding vanes 40,
which are fixed to a stator 42 of the gas turbine 10, are
disposed between the turbine blades 38. Between the
exit of the main combustion chamber 28 and the leading
turbine blades 38 inlet guiding vanes 44 are provided.
[0031] The combustion gas from the main combustion
chamber 28 enters the turbine section 18 and drives the
turbine blades 38, which in turn rotate the shaft 22. The
guiding vanes 40, 44 serve to optimize the angle of the
combustion gas on to the turbine blades 38.
[0032] As shown schematically in Fig. 2, the burner 30
of the gas turbine engine 10 comprises a burner section
50, a swirler 52, and a combustion prechamber 54, which
is connected to the main combustion chamber 28. The
burner section 50 comprises a main burner 56 and a pilot
burner 58. The swirler 52 is arranged radially outwardly
of (an upstream section of) the combustion prechamber
54. A pilot burner face 60 of the pilot burner 58 forms an
axially upstream wall of the combustion prechamber 54.
Main gaseous fuel may be introduced into the swirler 52
through a gas fuel supply 62 of the main burner 56. Main
liquid fuel may be introduced into the swirler 52 through
a liquid fuel supply 68, while liquid pilot fuel may enter
the combustion prechamber 54 through a pilot fuel injec-
tor 64 (lance) of a pilot fuel supply 66 of the pilot burner 58.
[0033] The flows of liquid main fuel and pilot fuel are
separated by a fuel-split valve 70, which is connected to
a common fuel supply 72. The flow of gaseous fuel may
enter the swirler 52 through a set of gas fuel nozzles 74
being in fluid communication with the gas fuel supply 62.
Main liquid fuel may enter the swirler 52 through main
liquid fuel nozzles 76 being in fluid communication with
the liquid fuel supply 68. Either one of the fuel is then
guided along swirler vanes 80 while being mixed with
compressed air. The resulting fuel/air mixture is burned
within the combustion prechamber 54, whereas a flame
88 is created, residing about centrally within the combus-
tion prechamber 54 and stabilizing on the pilot burner
face 60. The flame 88 reaches into the main combustion
chamber 28.
[0034] Fig. 3 shows a perspective view of an assembly
comprising the burner section 50, the swirler 52, and an
adapter plate 78, as viewed from the combustion pre-
chamber 54 of the burner 30. The adapter plate 78 is

used to attach the combustor 30 to the burner plenum
26. Attached to the adapter plate 78 is the swirler 52,
which includes several swirler vanes 80 arranged in a
circular configuration. The swirler vanes 80 have a trian-
gular shape. Between pairs of neighboring swirler vanes
80 swirler slots 82 are formed, which have a chordal ori-
entation with respect to a circle defined by the radial outer
faces of the swirler vanes 80. Main liquid fuel nozzles 76
are integrated into the main burner 56, situated between
every second pair of the swirler vanes 80. All of the main
liquid fuel nozzles 76 are in fluid communication with the
liquid fuel supply 68, which is not shown in Fig. 3, but
similar to the liquid fuel supply 68 as shown schematically
in Fig. 2.
[0035] Further, gas fuel nozzles 74 are integrated into
the main burner 56, situated between each pair of the
swirler vanes 80. All gas fuel nozzles 74 are in fluid com-
munication with a gas fuel supply 62 similar as shown
schematically in Fig. 2.
[0036] Either main liquid fuel or gaseous fuel may be
injected into the combustion prechamber 54 by means
of the main liquid fuel nozzles 76 or the gas fuel nozzles
74. The fuel will be mixed with compressed air and the
resulting fuel/air mixture forced into a swirling motion
about the axial centerline 86 by the swirler 52.
[0037] The pilot burner 58 of the burner section 50 is
positioned radially inwards of the swirler 52, of which only
the pilot burner face 60 can be seen in Fig. 3. The pilot
fuel injector 64 is positioned within a first hole of the pilot
burner face 60. The pilot fuel injector 64 is in fluid com-
munication with the pilot fuel supply 66 as shown sche-
matically in Fig. 2. An ignitor 84, e.g. a spark ignitor, is
positioned within a second hole of the pilot burner face
60. The two holes encompassing the pilot fuel injector
64 and the ignitor 84 are both positioned radially offset
from an axial centerline 86 of the combustion prechamber
54 with about the same radial distances from the axial
centerline 86. These distances are chosen to position
the pilot fuel injector 64 and the ignitor 84 radially out-
wards of the area where the flame 88 is residing on the
pilot burner face 60. The angular distance between the
two holes is about 180°, i.e. they are lying about opposite
each other with respect to the axial centerline 86 of the
combustion prechamber 54. A circular recess 90 (respec-
tively hole) is integrated into the pilot burner face 60 ra-
dially offset from the axial centerline 86 with about the
same distance as the two holes. The recess 90 is thus
positioned between the pilot fuel injector 64 and the ig-
nitor 84 in the circumferential direction about the axial
centerline 86 of the combustion prechamber 54, whereas
the angular distance between the recess 90 and the pilot
fuel injector 64 is smaller than the angular distance be-
tween the recess 90 and the ignitor 84.
[0038] The recess 90 has a local aerodynamic effect
on the swirling flow of the fuel/air mixture within the com-
bustion prechamber 54. Due to a relative low pressure
created by the recess 90, tiny droplets of pilot fuel injected
by the pilot fuel injector 64 into the combustion precham-
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ber 54 are drawn in the direction of the pilot burner face
60. This leads in combination with the specific configu-
ration of the pilot fuel injector 64, the ignitor 84, and the
recess 90 to a relative large amount of droplets of pilot
fuel impinging on the pilot burner face 60 in the area of
the ignitor 84 and thus to good starting conditions for the
burner 30. Fig. 4 and 5 illustrate the local aerodynamic
effect and the achieved advantageous distribution of the
droplets of pilot fuel impinging on the pilot burner face
60. While in Fig. 5 the part of the pilot burner face 60
surrounding the pilot fuel injector 64 and the recess 90
is exposed to only a small amount of pilot fuel, most of
the other part of the pilot burner face 60, including the
hole incorporating the ignitor 84, is exposed to a sub-
stantially larger amount of pilot fuel.

Claims

1. Burner (30) comprising a pilot burner (58), a com-
bustion chamber, and a swirler (52) located radially
outwardly of the combustion chamber and being
adapted to impose a swirling motion on a fuel/air
mixture about an axial centerline (86) of the combus-
tion chamber, the pilot burner (58) comprising a pilot
burner face (60) located radially inwardly of the swirl-
er (52) and forming an axially upstream wall of the
combustion chamber, the pilot burner face (60) in-
corporating a pilot fuel injector (64) and an ignitor
(84), both being positioned radially offset from the
axial centerline (86),
characterized by
a recess (90) being positioned radially offset from
the axial centerline (86) within the pilot burner face
(60).

2. Burner (30) according to claim 1,
characterized in that
the recess (90) is positioned between the pilot fuel
injector (64) and the ignitor (84) with respect to a
direction of rotation of a swirling motion about the
axial centerline (86), imparted onto a fuel/gas mix-
ture by the swirler (52).

3. Burner (30) according to claim 1 or 2,
characterized in that
the angular distance between the pilot fuel injector
(64) and the ignitor (84) is between 145° and 225°,
preferably between 165° and 195°, preferably 180°.

4. Burner (30) according to one of the preceding claims,
characterized in that
the recess (90) and/or the ignitor (84) on the one
hand and the pilot fuel injector (64) on the other hand
are located at the same radial distance from the axial
centerline (86).

5. Combustor (30) according to one of the preceding

claims,
characterized in that
the angular distance between the pilot fuel injector
(64) and the recess (90) is smaller than the angular
distance between the recess (90) and the ignitor
(84).

6. Burner (30) according to one of the preceding claims,
characterized in that
the pilot burner face (60) is planar with the pilot fuel
injector (64) and the ignitor (84) being located in
holes of the pilot burner face (60).

7. Burner (30) according to one of the preceding claims,
characterized in that
the recess (90) has a circular shape.

8. Gas turbine engine (10) comprising a burner (30)
according to one of the preceding claims.
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