
Note: Within nine months of the publication of the mention of the grant of the European patent in the European Patent
Bulletin, any person may give notice to the European Patent Office of opposition to that patent, in accordance with the
Implementing Regulations. Notice of opposition shall not be deemed to have been filed until the opposition fee has been
paid. (Art. 99(1) European Patent Convention).

Processed by Luminess, 75001 PARIS (FR)

(19)
EP

3 
40

4 
33

1
B

1
*EP003404331B1*

(11) EP 3 404 331 B1
(12) EUROPEAN PATENT SPECIFICATION

(45) Date of publication and mention 
of the grant of the patent: 
06.07.2022 Bulletin 2022/27

(21) Application number: 18173047.4

(22) Date of filing: 17.05.2018

(51) International Patent Classification (IPC):
F23R 3/14 (2006.01) F23R 3/28 (2006.01)

(52) Cooperative Patent Classification (CPC): 
F23R 3/286; F23R 3/14; Y02T 50/60 

(54) GAS TURBINE ENGINE COMBUSTOR WITH A FUEL AIR MIXER ASSEMBLY

GASTURBINENBRENNKAMMER MIT EINER BRENNSTOFFLUFTMISCHERANORDNUNG

CHAMBRE DE COMBUSTION DE MOTEUR DE TURBINE À GAZ COMPRENANT UN ENSEMBLE 
MÉLANGEUR AIR-CARBURANT

(84) Designated Contracting States: 
AL AT BE BG CH CY CZ DE DK EE ES FI FR GB 
GR HR HU IE IS IT LI LT LU LV MC MK MT NL NO 
PL PT RO RS SE SI SK SM TR

(30) Priority: 18.05.2017 US 201715599252

(43) Date of publication of application: 
21.11.2018 Bulletin 2018/47

(73) Proprietor: Raytheon Technologies Corporation
Farmington, CT 06032 (US)

(72) Inventor: STRICKLAND, Theodore R.
Madison, CT Connecticut 06443 (US)

(74) Representative: Dehns
St. Bride’s House 
10 Salisbury Square
London EC4Y 8JD (GB)

(56) References cited:  
EP-A1- 2 151 630 EP-A1- 3 147 571
US-A- 3 622 080 US-A- 3 763 650
US-A- 5 373 694 US-A- 5 937 653
US-A1- 2014 165 578 US-A1- 2014 165 585
US-B2- 9 303 875  



EP 3 404 331 B1

2

5

10

15

20

25

30

35

40

45

50

55

Description

BACKGROUND

[0001] The present disclosure relates to a gas turbine
engine and, more particularly, to a fuel air mixer assembly
for a combustor section therefor.
[0002] Gas turbine engines, such as those which pow-
er modern commercial and military aircraft, include a
compressor for pressurizing a supply of air, a combustor
for burning a hydrocarbon fuel in the presence of the
pressurized air, and a turbine for extracting energy from
the resultant combustion gases. The combustor gener-
ally includes radially spaced apart inner and outer wall
assemblies that define an annular combustion chamber
therebetween.
[0003] Gas turbine combustors typically utilize a fuel
nozzle integrated with air introduction that effectively mix-
es the fuel spray with air to generate a fine spray for
ignition and continuous combustion. The fuel air mixer
assembly in most modern combustors includes a swirler
where one or more air passages interact with one or more
fuel passages from a fuel nozzle.
[0004] The fuel air mixer assembly includes slots or
holes radially outboard of the fuel nozzle to interact as a
system to provide an atomized fuel-air mixture that is
conical in shape. These axisymmetric conical fuel air mix-
tures provide flame patterns which form uniform periodic
horseshoe shaped impact, or "touchdown regions," on
the combustor wall surfaces which may ultimately form
hot spots that may result in premature failure.
[0005] US 2014/165578 A1 discloses a combustor
having an ovate shaped swirler arranged around a fuel
injector. A further prior art fuel air mixer assembly is dis-
closed in US 5,937,653 A.

SUMMARY

[0006] A combustor according to one aspect of the
present invention is provided as recited in claim 1.
[0007] An aspect of the present disclosure includes,
wherein the non-round fuel nozzle includes a multiple of
fuel jets, a first of the multiple of fuel jets of a size different
than a second of the multiple of fuel jets.
[0008] A further aspect of the present disclosure in-
cludes, wherein the non-round fuel nozzle is elliptical in
cross-section.
[0009] A further aspect of the present disclosure in-
cludes, wherein the non-round fuel nozzle is rectilinear
in cross-section.
[0010] A further aspect of the present disclosure in-
cludes, wherein the non-round swirler of each of the re-
spective multiple of fuel air mixer assemblies is arranged
such that a major axis of the cross-section thereof is
clocked relative to the major axis of an adjacent one of
the multiple of mixer assemblies.
[0011] A further aspect of the present disclosure in-
cludes, wherein the swirler of each of the respective mul-

tiple of fuel air mixer assemblies is arranged such that a
major axis of the cross-section thereof is clocked to define
a circular distribution around an engine central longitu-
dinal axis.
[0012] A further aspect of the present disclosure in-
cludes, wherein the fuel-air mixture pattern from each of
the respective multiple of fuel air mixer assemblies at
least partially overlaps an adjacent one of the respective
multiple of mixer assemblies.
[0013] A further aspect of the present disclosure in-
cludes, wherein the swirler of each of the respective mul-
tiple of fuel air mixer assemblies is arranged such that a
major axis of the cross-section thereof is oriented to be
generally parallel with respect to an inner and outer com-
bustor liner assembly.
[0014] A further aspect of the present disclosure in-
cludes, wherein the swirler of each of the respective mul-
tiple of fuel air mixer assemblies is arranged such that a
major axis of the cross-section thereof is clocked with
respect to an inner and outer combustor liner assembly.
[0015] A further aspect of the present disclosure in-
cludes, wherein the swirler of each of the respective mul-
tiple of fuel air mixer assemblies is arranged such that a
major axis of the cross-section thereof is clocked to form
a circular arrangement around an engine axis.
[0016] A further aspect of the present disclosure in-
cludes, wherein the swirler of at least one of the multiple
of fuel air mixer assemblies is arranged such that a major
axis of a cross-section thereof is clocked relative to at
least one other of the multiple of mixer assemblies.
[0017] A further aspect of the present disclosure in-
cludes, wherein the fuel nozzle of at least one of the mul-
tiple of fuel air mixer assemblies is arranged such that a
major axis of a cross-section thereof is clocked relative
to at least one other of the multiple of mixer assemblies.
[0018] "Clocked" as defined herein refers to the rota-
tional position of the non-round swirler around the swirler
axis.
[0019] The foregoing features and elements may be
combined in various combinations without exclusivity,
unless expressly indicated otherwise. These features
and elements as well as the operation thereof will become
more apparent in light of the following description and
the accompanying drawings. It should be appreciated,
however, that the following description and drawings are
intended to be exemplary in nature and non-limiting.

BRIEF DESCRIPTION OF THE DRAWINGS

[0020] Various features will become apparent to those
skilled in the art from the following detailed description
of the disclosed non-limiting embodiment. The drawings
that accompany the detailed description can be briefly
described as follows:

FIG. 1 is a schematic cross-section of an example
of gas turbine engine architecture.
FIG. 2 is an expanded longitudinal schematic sec-
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tional view of a combustor section.
FIG. 3 is a perspective partial longitudinal sectional
view of the combustor section.
FIG. 4 is a sectional view of a fuel air mixer assembly.
FIG. 5 is a face view of a bulkhead assembly with a
multiple of fuel air mixer assemblies indicating a
spray pattern orientation according to one disclosed
non-limiting embodiment.
FIG. 6 is a schematic view of a fuel air mixer assem-
bly according to another disclosed non-limiting em-
bodiment.
FIG. 7 is a schematic view of a fuel air mixer assem-
bly according to another disclosed non-limiting em-
bodiment.
FIG. 8 is a schematic view of a fuel nozzle according
to a configuration which is not part of the present
invention.

DETAILED DESCRIPTION

[0021] FIG. 1 schematically illustrates a gas turbine
engine 20. The gas turbine engine 20 is disclosed herein
as a two-spool turbofan that generally incorporates a fan
section 22, a compressor section 24, a combustor section
26 and a turbine section 28. The fan section 22 drives
air along a bypass flowpath while the compressor section
24 drives air along a core flowpath for compression and
communication into the combustor section 26 then ex-
pansion through the turbine section 28. Although depict-
ed as a turbofan in the disclosed non-limiting embodi-
ment, it should be appreciated that the concepts de-
scribed herein are not limited to use with turbofans as
the teachings may be applied to other types of turbine
engines such as a turbojets, turboshafts, and three-spool
(plus fan) turbofans.
[0022] The engine 20 generally includes a low spool
30 and a high spool 32 mounted for rotation about an
engine central longitudinal axis A relative to an engine
static structure 36 via several bearing structures 38. The
low spool 30 generally includes an inner shaft 40 that
interconnects a fan 42, a low pressure compressor
("LPC") 44 and a low pressure turbine ("LPT") 46. The
inner shaft 40 drives the fan 42 directly or through a
geared architecture 48 to drive the fan 42 at a lower speed
than the low spool 30. An exemplary reduction transmis-
sion is an epicyclic transmission, namely a planetary or
star gear system.
[0023] The high spool 32 includes an outer shaft 50
that interconnects a high pressure compressor ("HPC")
52 and high pressure turbine ("HPT") 54. A combustor
56 is arranged between the high pressure compressor
52 and the high pressure turbine 54. The inner shaft 40
and the outer shaft 50 are concentric and rotate about
the engine central longitudinal axis A which is collinear
with their longitudinal axes.
[0024] Core airflow is compressed by the LPC 44, then
the HPC 52, mixed with the fuel and burned in the com-
bustor 56, then expanded over the HPT 54 and the LPT

46. The HPT 54 and LPT 46 rotationally drive the respec-
tive low spool 30 and high spool 32 in response to the
expansion.
[0025] With reference to FIG. 2, the combustor section
26 generally includes a combustor 56 with an outer com-
bustor wall assembly 60, an inner combustor wall assem-
bly 62 and a diffuser case module 64. The outer com-
bustor wall assembly 60 and the inner combustor wall
assembly 62 are spaced apart such that a combustion
chamber 66 is defined therebetween. The combustion
chamber 66 is generally annular in shape.
[0026] The outer combustor wall assembly 60 is
spaced radially inward from an outer diffuser case 64A
of the diffuser case module 64 to define an outer annular
plenum 76. The inner combustor wall assembly 62 is
spaced radially outward from an inner diffuser case 64B
of the diffuser case module 64 to define an inner annular
plenum 78. It should be appreciated that although a par-
ticular combustor is illustrated, other combustor types
with various combustor liner arrangements will also ben-
efit herefrom. It should be further appreciated that the
disclosed cooling flow paths are but an illustrated em-
bodiment and should not be limited only thereto.
[0027] In this example, the combustor wall assemblies
60, 62 contain the combustion products for direction to-
ward the turbine section 28. Each combustor wall assem-
bly 60, 62 generally include a respective support shell
68, 70 which supports one or more liner panels 72, 74
mounted to a hot side of the respective support shell 68,
70. The combustor wall assemblies 60, 62 may also be
referred to as combustor liner assemblies. Although a
dual wall liner assembly is illustrated, a single-wall liner
may also benefit herefrom.
[0028] Each of the liner panels 72, 74 may be generally
rectilinear and manufactured of, for example, a nickel
based super alloy, ceramic or other temperature resistant
material and are arranged to form a liner array. The liner
array includes a multiple of forward liner panels 72A, 72B
and the multiple of aft liner panels 74A, 74B. The multiple
of forward liner panels 72A, 72B and the multiple of aft
liner panels 74A, 74B are arranged to line the hot side
of the inner shell 70 ( FIG. 3).
[0029] The combustor 56 further includes a forward
assembly 80 immediately downstream of the compressor
section 24 to receive compressed airflow therefrom. The
forward assembly 80 generally includes an annular hood
82, a bulkhead assembly 84, a multiple of fuel injectors
86 and a multiple of swirlers 114, 116. The multiple of
fuel injectors 86 and the multiple of swirlers 114, 116
define a multiple of fuel air mixer assemblies 102 (FIG.
4) for a Rich-Quench-Lean (RQL) combustor that directs
the fuel-air mixture into the combustor chamber generally
along an axis F, also referred to as a swirler axis F. It
should be appreciated that although a RQL combustor
is disclosed in the illustrated embodiment, other combus-
tor technologies such as a Lean Premixed (LP) combus-
tor will also benefit herefrom.
[0030] The bulkhead assembly 84 includes a bulkhead
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support shell 96 secured to the combustor wall assem-
blies 60, 62, and a multiple of circumferentially distributed
bulkhead liner panels 98 secured to the bulkhead support
shell 96 (FIG. 2). The annular hood 82 extends radially
between, and is secured to, the forwardmost ends of the
combustor wall assemblies 60, 62. The annular hood 82
includes a multiple of circumferentially distributed hood
ports 94 that accommodate the respective fuel injectors
86 and direct air into the forward end of the combustion
chamber 66 through the respective swirler 114, 116.
[0031] The forward assembly 80 introduces primary
combustion air into the forward section of the combustion
chamber 66 while the remainder enters the outer annular
plenum 76 and the inner annular plenum 78. The multiple
of fuel air mixer assemblies 102 and adjacent structure
generate a blended fuel-air mixture that supports stable
combustion in the combustion chamber 66.
[0032] Opposite the forward assembly 80, the outer
and inner support shells 68, 70 are mounted to a first row
of Nozzle Guide Vanes (NGVs) 54A in the HPT 54 to
define a combustor exit. The NGVs 54A are static engine
components which direct combustion gases onto a first
turbine rotor in the turbine section 28 to facilitate the con-
version of pressure energy into kinetic energy.
[0033] With reference to FIG. 4, each of the multiple
of fuel air mixer assemblies 102 includes a fuel nozzle
100 of the fuel injector 86 that is at least partially received
within the non-round swirler 114, 116 to generate a non
axis-symmetric shaped fuel-air mixture spray pattern
104. The fuel nozzle 100 is non-round. Each fuel nozzle
100 is located within the respective non-round swirler
114, 116 to mix the fuel into the pressurized air for dis-
tribution into the combustion chamber 66. As defined
herein, a "swirler" may generate, for example, a counter-
rotating swirl, a specific swirl which provides a resultant
swirl or a residual net swirl which may be further directed
at an angle. It should be appreciated that various com-
binations thereof may alternatively be utilized. The non-
round swirler 114, 116 may be machined or cast from
high temperature alloys, or may be grown by additive
manufacturing due to the nature of the shape.
[0034] The non-round swirler 114, 116 is elliptical in
cross section to generate the non axis-symmetric (e.g.,
elliptical) fuel-air mixture pattern 104 (FIG. 5). The ad-
jective "elliptical" is used herein as an example swirler or
swirler component having a major diameter extending in
a radial direction greater than a minor diameter extending
in a circumferential direction about the axis F.
[0035] The non-round swirler 114, 116 includes an in-
ner shroud 108 positioned around the fuel nozzle 100 to
form a fuel air exit 109 and an outer shroud 110 positioned
radially outward from the inner shroud 108 to define an
air exit 113 (FIG. 6). A fuel nozzle guide 111 may house
the fuel nozzle 100 to form a rear housing in relation to
the swirler body 114, 116 to retain the fuel nozzle 100
therein and to accommodate thermal excursions. A plu-
rality of swirler vanes 112, 118 are positioned between
the shrouds 108 and fuel nozzle guide 111 such that com-

bustion air may enter into the combustion chamber
through a plurality of air passages between the swirler
vanes 112, 118. A first swirler 114 is positioned around
the nozzle 100 as described above and a second swirler
116 is positioned radially outward from the first swirler
114. In such an arrangement, the inner shroud 108 and
the outer shroud 110 of the second swirler 116 may be
joined by a second plurality of vanes 118.
[0036] The elliptical fuel-air mixture pattern 104 and
resultant elliptical flame pattern may be beneficial com-
pared to a fully conical axis-symmetric spray in that the
elliptical fuel-air mixture pattern 104 orientation can be
tailored to the combustion chamber (FIG. 5). For annular
combustors, the combustor wall assemblies 60, 62 are
essentially concentric rings that capture the flame for di-
rection to the HPT 54. The elliptical flame pattern of each
fuel air mixer assembly 102 is appropriately clocked to
minimize impact on the combustor wall assemblies 60,
62 (FIG. 6).
[0037] The volume of the combustor is related to com-
bustion efficiency, emissions, and ultimately, the exit
temperature profile. The combustor wall assemblies 60,
62 often create a boundary and recirculation zone critical
to ignition and flame stabilization, however the combustor
wall assemblies 60, 62 can be impacted by the flame
pattern which result in local hot spots. The non-round
swirler 114, 116 maintains the inner and outer recircula-
tion zones to facilitate flame stabilization while limiting
the flame impact upon the combustor wall assemblies
60, 62.
[0038] With reference to FIG. 5, the non-round swirlers
114, 116 are arranged such that each of the elliptical
spray patterns 104 are generally oriented such that a
major axis 103 thereof is clocked around the engine axis
A. Each of the elliptical spray patterns 104 is clocked to
define a circular distribution in which the Z-axis thereof
is collinear with the engine central longitudinal axis A in
an X-Y-Z coordinate system. In other words, the engine
central longitudinal axis A represents the Z-axis in the X-
Y-Z coordinate system of the non-round swirler 114, 116
with respect to the arrangement of the elliptical spray
pattern 104. In this distribution, each of the adjacent el-
liptical spray patterns 104 provides an overlap area 105
which facilitates a contiguous annular flame pattern while
limiting the flame spread in the radial minor axis 107 di-
rection to minimize a "touchdown region" on the surfaces
of the inner and outer combustor wall assemblies 60, 62.
[0039] The spray pattern of the fuel air mixture exiting
the swirlers 114, 116 and thus the resulting flame is an
elliptical, or curved elliptical shape that minimizes the im-
pact against the inner and outer combustor wall assem-
blies 60, 62. The spreading of the fuel spray and flame
radially around the annulus between the combustor wall
assemblies 60, 62 provides a more uniform hot gas mix-
ture as opposed to local conical hot spots with cooler
areas therebetween, yet minimizes impact on the com-
bustor wall assemblies 60, 62.
[0040] The shape of the fuel spray and resulting flame
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can be tailored in shape by the swirler shape and/or air
passages thereof as well as the fuel nozzle spray pattern.
That is, the major axis 103 of the non-round swirler 114,
116 coincides with a major axis of the non-round fuel
nozzle 100. Furthermore, the non-round fuel nozzle 100
can also be tailored or clocked with respect to the shape
of the non-round swirler 114, 116 to further enhance cir-
cumferential mixing while minimizing flame touchdown
size and shape. This may further minimize global cooling
air usage as well as locally resulting in a far more durable
system as well as enhanced combustion characteristics
such as stability and exit temperature uniformity.
[0041] With reference to FIG. 6, in another embodi-
ment, the non-round fuel nozzle 100A is of an elliptical
shape to correspond with the generally non-round swirler
114, 116 for further control of the spray pattern.
[0042] With reference to FIG. 7, in another embodi-
ment, the non-round fuel nozzle 100B is of a rectilinear
or flat shape that is oriented with the generally non-round
swirler 114, 116 for further control of the spray pattern.
[0043] With reference to FIG. 8, which shows a con-
figuration outside the wording of the claims, the fuel noz-
zle 100C may alternatively include a multiple of fuel jets
200 that include fuel jets 200A, 200B that are of differing
sizes to effect the non-round spray pattern. That is, the
distribution of fuel jet sizes provides non axis-symmetric
fuel spray pattern even though the fuel nozzle body 202
is round, in a configuration outside the wording of the
claims. In an embodiment, the fuel nozzle body 202 is
non-round but the fuel jets 200 are tailored in size to
provide various fuel spray patterns to interact with the
non-round swirler 114, 116 to optimize flame exit tem-
perature uniformity.
[0044] The non-round swirler 114, 116 orients the el-
liptical spray pattern 104 such that the flame has minimal
impact on the combustor wall assemblies 60, 62. This
can reduce the requirements for cooling air to maintain
metal temperatures below the material melting point. Fur-
thermore, reduced cooling air usage facilitates more ef-
ficient downstream tailoring of the exit temperature qual-
ity of the combustor to enhance overall engine efficiency
and specific fuel consumption. As the non-round swirler
114, 116 is non axis-symmetric, the circumferential dis-
tance between the swirlers 114, 116 (FIG. 5) can also be
optimized to improve exit temperature quality, which re-
sults in a hot gas profile that exits the combustor 66 in a
more uniform manner. This, for example, translates to
improved turbine vane and airfoil durability that may be
a significant driver for engine maintenance costs.
[0045] The use of the terms "a" and "an" and "the" and
similar references in the context of description (especially
in the context of the following claims) are to be construed
to cover both the singular and the plural, unless otherwise
indicated herein or specifically contradicted by context.
The modifier "about" used in connection with a quantity
is inclusive of the stated value and has the meaning dic-
tated by the context (e.g., it includes the degree of error
associated with measurement of the particular quantity).

All ranges disclosed herein are inclusive of the endpoints,
and the endpoints are independently combinable with
each other. It should be appreciated that relative posi-
tional terms such as "forward," "aft," "upper," "lower,"
"above," "below," and the like are with reference to the
normal operational attitude of the vehicle and should not
be considered otherwise limiting.
[0046] It should be appreciated that like reference nu-
merals identify corresponding or similar elements
throughout the several drawings. It should also be ap-
preciated that although a particular component arrange-
ment is disclosed in the illustrated embodiment, other
arrangements will benefit herefrom.

Claims

1. A combustor (56) for a gas turbine engine (20), com-
prising:

a multiple of fuel air mixer assemblies (102) de-
fined around an engine central longitudinal axis
(A), wherein each of the fuel air mixer assem-
blies (102) comprises a non-round swirler (114,
116) arranged along a swirler axis (F), and a fuel
nozzle (100) received at least partially within the
non-round swirler (114, 116) and arranged
along the swirler axis (F), the non-round swirler
(114, 116) is elliptical in cross-section, and each
of the fuel air mixer assemblies (102) is operable
to provide a non-round fuel air mixture spray pat-
tern,
characterized in that the fuel nozzle (100) of
each of the fuel air mixer assemblies (102) is
non-round in cross-section and is arranged such
that a major axis of its cross-section is clocked
around the engine axis (A).

2. The combustor as recited in claim 1, wherein a major
axis (103) of the cross-section of the non-round swirl-
er (114, 116) coincides with the major axis of the
cross-section of the fuel nozzle (100).

3. The combustor as recited in claim 1 or 2, wherein
the fuel nozzle (100) includes a multiple of fuel jets
(200A, 200B), and a first of the fuel jets (200A, 200B)
is of a different size to a second of the fuel jets (200A,
200B).

4. The combustor as recited in claim 1, 2 or 3, wherein
the fuel nozzle (100) is elliptical (100A) or rectilinear
(100B) in cross-section.

5. The combustor as recited in any preceding claim,
wherein each non-round fuel air mixture spray pat-
tern at least partially overlaps an adjacent non-round
fuel air mixture spray pattern.
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6. The combustor as recited in any preceding claim,
wherein each of the fuel air mixer assemblies (102)
is clocked in relation to the circumferential position
within the combustor (56).

7. The combustor as recited in any preceding claim,
wherein the non-round swirler (114, 116) of each of
the fuel air mixer assemblies (102) is arranged such
that a major axis (103) of the cross-section thereof
is clocked relative to the maj or axis (103) of the
cross-section of an adjacent one of the fuel air mixer
assemblies (102).

8. The combustor as recited in any preceding claim,
wherein the non-round swirler (114, 116) of each of
the fuel air mixer assemblies (102) is arranged such
that a major axis (103) of the cross-section thereof
is clocked to define a circular distribution around an
engine axis.

9. The combustor as recited in any preceding claim,
wherein the non-round fuel air mixture spray pattern
from each of the fuel air mixer assemblies (102) at
least partially overlaps an adjacent one of the fuel
air mixer assemblies (102).

10. The combustor as recited in any preceding claim,
wherein the non-round swirler (114, 116) of each of
the fuel air mixer assemblies (102) is arranged such
that a major axis (103) of the cross-section thereof
is oriented to be generally parallel with respect to an
inner and outer combustor wall assembly (60, 62).

11. The combustor as recited in any of claims 1 to 9,
wherein the non-round swirler (114, 116) of each of
the fuel air mixer assemblies (102) is arranged such
that a major axis (103) of the cross-section thereof
is clocked with respect to an inner and outer com-
bustor wall assembly (60, 62).

12. The combustor as recited in any preceding claim,
wherein the non-round swirler (114, 116) of at least
one of the fuel air mixer assemblies (102) is arranged
such that a major axis (103) of the cross-section
thereof is clocked relative to at least one other of the
fuel air mixer assemblies (102).

13. The combustor as recited in any preceding claim,
wherein the fuel nozzle (100) of at least one of the
fuel air mixer assemblies (102) is arranged such that
a major axis of the cross-section thereof is clocked
relative to at least one other of the fuel air mixer as-
semblies (102).

Patentansprüche

1. Brennkammer (56) für ein Gasturbinentriebwerk

(20), umfassend:

eine Vielzahl von Kraftstoff-Luft-Mischerbau-
gruppen (102), die um eine Triebwerksmittel-
längsachse (A) definiert ist, wobei jede der Kraft-
stoff-Luft-Mischerbaugruppen (102) einen nicht
runden Verwirbler (114, 116), der entlang einer
Verwirblerachse (F) angeordnet ist, und eine
Kraftstofföffnung (100) umfasst, die mindestens
teilweise innerhalb des nicht runden Verwirblers
(114, 116) aufgenommen ist und entlang der
Verwirblerachse (F) angeordnet ist, wobei der
nicht runde Verwirbler (114, 116) elliptisch im
Querschnitt ist, und jede der Kraftstoff-Luft-
Mischerbaugruppen (102) betreibbar ist, um ein
nicht rundes Kraftstoff-Luft-Gemischsprühmus-
ter bereitzustellen,
dadurch gekennzeichnet, dass die Kraftstoff-
öffnung (100) jeder der Kraftstoff-Luft-Mischer-
baugruppen (102) nicht rund im Querschnitt ist
und so angeordnet ist, dass eine Hauptachse
ihres Querschnitts um die Triebwerksachse (A)
getaktet ist.

2. Brennkammer nach Anspruch 1, wobei eine Haupt-
achse (103) des Querschnitts des nicht runden Ver-
wirblers (114, 116) mit der Hauptachse des Quer-
schnitts der Kraftstofföffnung (100) zusammenfällt.

3. Brennkammer nach Anspruch 1 oder 2, wobei die
Kraftstofföffnung (100) eine Vielzahl von Kraftstoff-
düsen (200A, 200B) beinhaltet und eine erste der
Kraftstoffdüsen (200A, 200B) eine andere Größe als
eine zweite der Kraftstoffdüsen (200A, 200B) hat.

4. Brennkammer nach Anspruch 1, 2 oder 3, wobei die
Kraftstofföffnung (100) elliptisch (100A) oder recht-
eckig (100B) im Querschnitt ist.

5. Brennkammer nach einem vorstehenden Anspruch,
wobei jedes nicht runde Kraftstoff-Luft-Gemisch-
sprühmuster mindestens teilweise ein angrenzen-
des nicht rundes Kraftstoff-Luft-Gemischsprühmus-
ter überlappt.

6. Brennkammer nach einem vorstehenden Anspruch,
wobei jede der Kraftstoff-Luft-Mischerbaugruppen
(102) in Bezug auf die Umfangsposition innerhalb
der Brennkammer (56) getaktet ist.

7. Brennkammer nach einem vorstehenden Anspruch,
wobei der nicht runde Verwirbler (114, 116) jeder der
Kraftstoff-Luft-Mischerbaugruppen (102) so ange-
ordnet ist, dass eine Hauptachse (103) des Quer-
schnitts davon in Bezug auf die Hauptachse (103)
des Querschnitts einer angrenzenden einen der
Kraftstoff-Luft-Mischerbaugruppen (102) getaktet
ist.
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8. Brennkammer nach einem vorstehenden Anspruch,
wobei der nicht runde Verwirbler (114, 116) jeder der
Kraftstoff-Luft-Mischerbaugruppen (102) so ange-
ordnet ist, dass eine Hauptachse (103) des Quer-
schnitts davon getaktet ist, um eine kreisförmige Ver-
teilung um eine Triebwerksachse zu definieren.

9. Brennkammer nach einem vorstehenden Anspruch,
wobei das nicht runde Kraftstoff-Luft-Gemisch-
sprühmuster aus jeder der Kraftstoff-Luft-Mischer-
baugruppen (102) mindestens teilweise eine an-
grenzende eine der Kraftstoff-Luft-Mischerbaugrup-
pen (102) überlappt.

10. Brennkammer nach einem vorstehenden Anspruch,
wobei der nicht runde Verwirbler (114, 116) jeder der
Kraftstoff-Luft-Mischerbaugruppen (102) so ange-
ordnet ist, dass eine Hauptachse (103) des Quer-
schnitts davon so ausgerichtet ist, dass sie im All-
gemeinen parallel in Bezug auf eine innere und eine
äußere Brennkammerwandbaugruppe (60, 62) ist.

11. Brennkammer nach einem der Ansprüche 1 bis 9,
wobei der nicht runde Verwirbler (114, 116) jeder der
Kraftstoff-Luft-Mischerbaugruppen (102) so ange-
ordnet ist, dass eine Hauptachse (103) des Quer-
schnitts davon in Bezug auf eine innere und eine
äußere Brennkammerwandbaugruppe (60, 62) ge-
taktet ist.

12. Brennkammer nach einem vorstehenden Anspruch,
wobei der nicht runde Verwirbler (114, 116) mindes-
tens einer der Kraftstoff-Luft-Mischerbaugruppen
(102) so angeordnet ist, dass eine Hauptachse (103)
des Querschnitts davon in Bezug auf mindestens
eine andere der Kraftstoff-Luft-Mischerbaugruppen
(102) getaktet ist.

13. Brennkammer nach einem vorstehenden Anspruch,
wobei die Kraftstofföffnung (100) mindestens einer
der Kraftstoff-Luft-Mischerbaugruppen (102) so an-
geordnet ist, dass eine Hauptachse des Quer-
schnitts davon in Bezug auf mindestens eine andere
der Kraftstoff-Luft-Mischerbaugruppen (102) getak-
tet ist.

Revendications

1. Chambre de combustion (56) pour un moteur de tur-
bine à gaz (20), comprenant :

une pluralité d’ensembles mélangeurs air-car-
burant (102) définis autour d’un axe longitudinal
central de moteur (A), dans laquelle chacun des
ensembles mélangeurs air-carburant (102)
comprend un dispositif de tourbillonnement non
rond (114, 116) agencé le long d’un axe de dis-

positif de tourbillonnement (F), et une buse de
carburant (100) reçue au moins partiellement à
l’intérieur du dispositif de tourbillonnement non
rond (114, 116) et agencée le long de l’axe de
dispositif de tourbillonnement (F), le dispositif
de tourbillonnement non rond (114, 116) est el-
liptique en section transversale, et chacun des
ensembles mélangeurs air-carburant (102) peut
fonctionner pour fournir un motif de pulvérisation
de mélange air-carburant non rond,
caractérisée en ce que la buse de carburant
(100) de chacun des ensembles mélangeurs air-
carburant (102) n’a pas de section transversale
ronde et est agencée de sorte qu’un axe princi-
pal de sa section transversale est cadencé
autour de l’axe de moteur (A) .

2. Chambre de combustion selon la revendication 1,
dans laquelle un axe principal (103) de la section
transversale du dispositif de tourbillonnement non
rond (114, 116) coïncide avec l’axe principal de la
section transversale de la buse de carburant (100).

3. Chambre de combustion selon la revendication 1 ou
2, dans laquelle la buse de carburant (100) comporte
une pluralité de jets de carburant (200A, 200B), et
un premier des jets de carburant (200A, 200B) est
d’une taille différente d’un second des jets de car-
burant (200A, 200B).

4. Chambre de combustion selon la revendication 1, 2
ou 3, dans laquelle la buse de carburant (100) est
elliptique (100A) ou rectiligne (100B) en section
transversale.

5. Chambre de combustion selon une quelconque re-
vendication précédente, dans laquelle chaque motif
de pulvérisation de mélange air-carburant non rond
chevauche au moins partiellement un motif de pul-
vérisation de mélange air-carburant non rond adja-
cent.

6. Chambre de combustion selon une quelconque re-
vendication précédente, dans laquelle chacun des
ensembles mélangeurs air-carburant (102) est ca-
dencé par rapport à la position circonférentielle à
l’intérieur de la chambre de combustion (56).

7. Chambre de combustion selon une quelconque re-
vendication précédente, dans laquelle le dispositif
de tourbillonnement non rond (114, 116) de chacun
des ensembles mélangeurs air-carburant (102) est
agencé de sorte qu’un axe principal (103) de sa sec-
tion transversale est cadencé par rapport à l’axe prin-
cipal (103) de la section transversale d’un ensemble
adjacent des ensembles mélangeurs air-carburant
(102).
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8. Chambre de combustion selon une quelconque re-
vendication précédente, dans laquelle le dispositif
de tourbillonnement non rond (114, 116) de chacun
des ensembles mélangeurs air-carburant (102) est
agencé de sorte qu’un axe principal (103) de sa sec-
tion transversale est cadencé pour définir une distri-
bution circulaire autour d’un axe de moteur.

9. Chambre de combustion selon une quelconque re-
vendication précédente, dans laquelle le motif de
pulvérisation de mélange air-carburant non rond de
chacun des ensembles mélangeurs air-carburant
(102) chevauche au moins partiellement un ensem-
ble adjacent des ensembles mélangeurs air-carbu-
rant (102).

10. Chambre de combustion selon une quelconque re-
vendication précédente, dans laquelle le dispositif
de tourbillonnement non rond (114, 116) de chacun
des ensembles mélangeurs air-carburant (102) est
agencé de sorte qu’un axe principal (103) de sa sec-
tion transversale est orienté pour être généralement
parallèle par rapport à un ensemble de paroi de
chambre de combustion interne et externe (60, 62).

11. Chambre de combustion selon l’une quelconque des
revendications 1 à 9, dans laquelle le dispositif de
tourbillonnement non rond (114, 116) de chacun des
ensembles mélangeurs air-carburant (102) est
agencé de sorte qu’un axe principal (103) de sa sec-
tion transversale est cadencé par rapport à un en-
semble de paroi de chambre de combustion interne
et externe (60, 62).

12. Chambre de combustion selon une quelconque re-
vendication précédente, dans laquelle le dispositif
de tourbillonnement non rond (114, 116) d’au moins
l’un des ensembles mélangeurs air-carburant (102)
est agencé de sorte qu’un axe principal (103) de sa
section transversale est cadencé par rapport à au
moins un autre des ensembles mélangeurs air-car-
burant (102).

13. Chambre de combustion selon une quelconque re-
vendication précédente, dans laquelle la buse de
carburant (100) d’au moins l’un des ensembles mé-
langeurs air-carburant (102) est agencée de sorte
qu’un axe principal de sa section transversale est
cadencé par rapport à au moins un autre des en-
sembles mélangeurs air-carburant (102).

13 14 



EP 3 404 331 B1

9



EP 3 404 331 B1

10



EP 3 404 331 B1

11



EP 3 404 331 B1

12



EP 3 404 331 B1

13



EP 3 404 331 B1

14



EP 3 404 331 B1

15

REFERENCES CITED IN THE DESCRIPTION

This list of references cited by the applicant is for the reader’s convenience only. It does not form part of the European
patent document. Even though great care has been taken in compiling the references, errors or omissions cannot be
excluded and the EPO disclaims all liability in this regard.

Patent documents cited in the description

• US 2014165578 A1 [0005] • US 5937653 A [0005]


	bibliography
	description
	claims
	drawings
	cited references

