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SWIRLER MOUNT INTERFACE
FOR GAS TURBINE ENGINE COMBUSTOR

STATEMENT REGARDING FEDERALLY SPONSORED
RESEARCH OR DEVELOPMENT

[0001] This disclosure was made with Government support under FA8650-09-D-2923
awarded by the United States Air Force. The Government may have certain rights in this

disclosure,

CROSS-REFERENCE TO RELATED APPLICATION
[0002] This application claims priority to U.S. Patent Appln. Serial No. 61/878,346
filed September 16, 2013 and U.S. Patent Appln. Serial No. 61/846,110 filed July 15, 2013, each

of which is hereby incorporated herein by reference in its entirety.

BACKGROUND

[0003] The present disclosure relates to a gas turbine engine and, more particularly,
to a combustor therefor.

[0004] Gas turbine engines, such as those that power modern commercial and
military aircraft, include a compressor section to pressurize airflow, a combustor section to burn
a hydrocarbon fuel in the presence of the pressurized airflow, and a turbine section to extract
energy from the resultant combustion gases.

[0005] The combustor section generally includes radially spaced inner and outer
liners that define an annular combustion chamber therebetween. Arrays of circumferentially
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distributed combustion air holes penetrate multiple axial locations along each liner to radially
admit the pressurized air into the combustion chamber. A plurality of circumferentially
distributed fuel nozzles project into a forward section of the combustion chamber through a
respective fuel nozzle swirler to supply the fuel to be mixed with the pressurized air.

[0006] The fuel nozzle swirler is typically brazed directly to the forward section of
the bulkhead shell.  Although effective and light-weight, the brazed assembly requires
replacement of entire bulkhead sections to repair each fuel nozzle swirler. Altematively, the fuel
nozzle swirler can be mounted to the forward section bulkhead shell with various bolts and nuts.
Although effective, the fasteners each require safety wires, which results in a relatively
complicated and heavy arrangement which may also block cooling holes through the bulkhead

shell. Blockage of cooling holes may further complicate these thermally challenged areas.

SUMMARY

[0007] A swirler is provided for a gas turbine engine. According to one disclosed
non-limiting embodiment of the present disclosure, the swirler includes a swirler body with a
threaded section and a multiple of circumferentially arranged tabs operable to flex radially
outward. The multiple of circumferentially arranged tabs radially are displaced from the
threaded section.

[0008] In a further embodiment of the present disclosure, the threaded section may
include an external thread.

[0009] In a further embodiment of any of the foregoing embodiments of the present
disclosure, the threaded section and the multiple of circumferentially arranged tabs may be

configured to detachably engage with a bulkhead support shell of a combustor.
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[0010] In a further embodiment of any of the foregoing embodiments of the present
disclosure, the threaded section may be configured to detachably engage with a boss of the
bulkhead support shell of the combustor.

[0011] In a further embodiment of any of the foregoing embodiments of the present
disclosure, the swirler may have a longitudinal axis. The threaded section may be defined along
the longitudinal axis. The multiple of circumferentially arranged tabs may be radially displaced
outward from the threaded section relative to the longitudinal axis.

[0012] In a further embodiment of any of the foregoing embodiments of the present
disclosure, the multiple of circumferentially arranged tabs may extend axially beyond the swirler
threaded section.

[0013] In a further embodiment of any of the foregoing embodiments of the present
disclosure, the multiple of circumferentially arranged tabs may each include a lip.

[0014] A combustor of a gas turbine engine is provided. According to another
disclosed non-limiting embodiment of the present disclosure, the combustor includes a bulkhead
support shell with a swirler boss. The swirler boss includes a multiple of circumferentially
arranged ramps extending radially from the swirler boss. The combustor also includes a swirler
body with a threaded section defined around a swirler longitudinal axis. The swirler body
includes a multiple of circumferentially arranged tabs, which are radially displaced from the
threaded section.

[0015] In a further embodiment of any of the foregoing embodiments of the present
disclosure, the multiple of circumferentially arranged ramps may be directed outward with

respect to the swirler central longitudinal axis.
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[0016] In a further embodiment of any of the foregoing embodiments of the present
disclosure, each of the multiple of circumferentially arranged ramps may define a step.

[0017] In a further embodiment of any of the foregoing embodiments of the present
disclosure, the multiple of circumferentially arranged tabs may extend axially beyond the swirler
threaded section.

[0018] In a further embodiment of any of the foregoing embodiments of the present
disclosure, the multiplé of circumferentially arranged tabs may each include a lip.

[0019] A method of assembling a swirler within a combustor is provided. According
to another disclosed non-limiting embodiment of the present disclosure, the method includes
detachably mounting a swirler to a bulkhead support shell using a threaded mount interface
defined between the swirler and the bulkhead support shell and a multiple of circumferentially
arranged tabs on the swirler.

[0020] In a further embodiment of any of the foregoing embodiments of the present
disclosure, the method may include rotating the swirler to drive the multiple of circumferentially
arranged tabs over structure of the bulkhead support shell configured to receive the tabs.

[0021] In a further embodiment of any of the foregoing embodiments of the present
disclosure, the bulkhead support shell may include a multiple of circumferentially arranged
ramps.

[0022] In a further embodiment of any of the foregoing embodiments of the present
disclosure, the method may include rotating the swirler to snap the multiple of circumferentially
arranged tabs over the multiple of circumferentially arranged ramps. Each of the multiple of

circumferentially arranged ramps may define a step configured to receive a respective tab.



10

15

20

WO 2015/017002 PCT/US2014/038198

[0023] In a further embodiment of any of the foregoing embodiments of the present
disclosﬁre, each of the tabs may include a lip configured to engage a respective tab.

[0024] 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 théreof will beéome more apparent in light of the following
description and the accompanying drawings. It should be understood, however, the following

description and drawings are intended to be exemplary in nature and non-limiting.

BRIEF DESCRIPTION OF THE DRAWINGS

[0025] 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:

[0026] FIG. 1 is a schematic cutaway of a gas turbine engine; FIG. 2 is a schematic
cross-section of another gas turbine engine;

[0027] FIG. 2 is a schematic cross-section of another gas turbine engine;

[0028] FIG. 3 is a partial sectional view of an exemplary annular combustor that may
be used with the gas turbine engine shown in FIG. 1;

[0029] FIG. 4 is an exploded view of a swirler;

[0030] FIG. 5 is an exploded sectional view of a threaded mount interface defined by
the swirler and a bulkhead support shell;

[0031] FIG. 6 is a front view of the swirler;

[0032] FIG. 7 is a rear view of a bulkhead swirler boss; and
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[0033] FIG. 8 is an enlarged sectional view of the threaded mount interface with the

swirler engaged with the bulkhead swirler boss.

DETAILED DESCRIPTION

[0034] 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. Referring to FIG. 2,
alternative engine architectures 20A may also include an augmentor section 12, an exhaust duct
section 14 and a nozzle section 16 among other systems or features. Referring again to FIG. 1,
the fan section 22 drives air along a bypass flowpath and a core ﬂowpath for compression in the
compressor section 24, communication into the combustor section 26 then expansion through the
turbine section 28. Although primarily depicted as a turbofan gas turbine engine in the disclosed
non-limiting embodiment, it should be understood that the concepts described herein are not
limited to use with turbofans as the teachings may be applied to other types of turbine engines
such as a three-spool (plus fan) engine wherein an intermediate spool includes an intermediate
pressure compressor (IPC) between the low pressure compressor (LPC) the high pressure
compressor (HPC ) and an intermediate pressure turbine (IPT) between the high pressure turbine
(HPT) and the low pressure turbine (LPT).

[0035] 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 44 (“LPC”) and a low pressure turbine 46

(“LPT”). The inner shaft 40 may drive the fan 42 directly or through a geared architecture 48 as

-6-



10

15

20

WO 2015/017002 PCT/US2014/038198

shown in FIG. 1 to drive the fan 42 at a lower speed than the low spool 30. An exemplary
reduction transmission is an epicyclic transmission, namely a planetary or star gear system.

[0036] The high spool 32 includes an outer shaft 50 that interconnects a high pressure
compressor 52 (“HPC”) and high pressure turbine 54 (“HPT”). A combustor module 56 is
arranged between the HPC 52 and the HPT 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.

[0037] Core airflow is compressed by the LPC 44 and then the HPC 52, mixed with
the fuel and burned in the combustor module 56, then expanded over the HPT 54 and LPT 46.
The LPT 46 and HPT 54 rotationally drive the respective low spool 30 and high spool 32 in
response to the expansion.

[0038] The main engine shafts 40 and 50 are supported at a plurality of points by the
bearing structures 38 within the static structure 36. It should be understood that various bearing
structures 38 at various locations may alternatively or additionally be provided.

[0039] With reference to FIG. 3, the combustor module 56 generally includes a
combustor outer wall 60 and a combustor inner wall 62. The outer wall 60 and the inner wall 62
are spaced inward from a diffuser casé 64. The outer wall 60 and the inner wall 62 define a
chamber 66 therebetween. The chamber 66 is generally annular in shape.

[0040] The outer wall 60 and the diffuser case 64 define an annular outer plenum 76.
The inner wall 62 and the diffuser case 64 define an annular inner plenum 78. It should be
understood that although a particular combustor is illustrated, other combustor types with various

combustor liner arrangements will also benefit herefrom. It should be further understood that the
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disclosed cooling flow paths are but an illustrated embodiment and should not be limited only
thereto.

[0041] Each wall 60, 62 generally includes a respective support shell 68, 70 that
supports one or more respective liners 72, 74 mounted to the respective support shell 68, 70.
Each of the liners 72, 74 may be generally rectilinear and manufactured of, for example, a nickel
based super alloy or ceramic material.

[0042] The combustor module 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 and a bulkhead subassembly 84
to locate a multiple of fuel nozzles 86 (one shown) and a multiple of swirlers 90 (one shown).
Each of the swirlers 90 is mounted within a respective opening 92 in the bulkhead subassembly
84.

[0043] The aﬁnular hood 82 extends radially between, and is secured to, the
forwardmost ends of the walls 60, 62. The annular hood 82 includes a multiple of
circumferentially distributed hood ports 94 that accommodate the respective fuel nozzle 86 to
introduce air into the respective multiple of swirlers 90. Each fuel nozzle 86 may be secured to
the outer case 64 to project through one of the hood ports 94 and into the respective swirler 90
along axis F (shown in FIG. 4).

[0044] The forward assembly 80 directs a portion of the core airflow into the forward
end of the combustion chamber 66 while the remainder enters the annular outer plenum 76 and
the annular inner plenum 78. The multiple of fuel nozzles 86, swirler 90 and surrounding
structure generate a swirling, intimately blended fuel-air mixture that supports combustion in the

chamber 66.
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[0045] = With reference to FIG. 4, each swirler 90 generally includes a capture plate
100, a nozzle guide 102, a guide housing 104, a swirler inner body 106 and a swirler outer body
108 along its swirler central longitudinal axis F. Referring to FIG. 5, the capture plate 100 is
mounted to the guide housing 104 to retain the nozzle guide 102 such that the nozzle guide 102
is movable with respect to the guide housing 104. It should be appreciated that any number of
swirler body components as well as alternative or additional components may be utilized
herewith and that the swirler body shown is merely but one example assembly.

[0046] Each swirler 90 is attached to a respective bulkhead support shell 96 of the
bulkhead subassembly 84 at a threaded mount interface 112. The threaded mount interface 112 is
defined around the swirler central longitudinal axis F to facilitate removal, repair or replacement
of each individual swirler 90.

[0047] The threaded mount interface 112 of the swirler outer body 108 includes a
swirler threaded section 110 defined generally around a swirler central longitudinal axis F. In
one disclosed non-limiting embodiment, the swirler threaded section 110 is directed outward
with respect to the swirler central longitudinal axis F.

[0048] An anti-rotation lock 114 at least partially surrounds and extends axially
beyond the swirler threaded section 110. The anti-rotation lock 114 includes a multiple of
circumferentially arranged tabs 116 (see also FIG. 6) that may flex radially outward as the
swirler 90 is threaded to the bulkhead support shell 96. It should be appreciated that radial as
defined herein is generally with respect to the swirler central longitudinal axis F but may include
other flexible components.

[0049] Referring still to FIG. 5, each bulkhead support shell 96 includes a swirler

boss 118 with a boss threaded section 120 defined around the swirler central longitudinal axis F.

9.



10

15

20

WO 2015/017002 PCT/US2014/038198

The boss threaded section 120 defines a portion of the threaded mount interface 112 operable to
receive the swirler threaded section 110. In one disclosed non-limiting embodiment, the threads
of the boss threaded section 120 is directed inward with respect to the swirler central longitudinal
axis F.

[0050] The swirler boss 118 defines a multiple of circumferentially arranged ramps
122 that radially extend in an outward direction with respect to the swirler central longitudinal
axis F (see FIG. 7). The multiple of circumferentially arranged ramps 122 are circumferentially
spaced to receive the multiple of circumferentially arranged tabs 116 (see FIG. 6) therebetween
when the swirler 90 is installed (see FIG. 8).

[0051] Referring to FIGS. 5 and 8, the multiple of circumferentially arranged ramps
122 provide an interface surface to outwardly flex the multiple of circumferentially arranged tabs
116 as the swirler 90 is threaded into the boss threaded section 120. That is, the swirler threaded
section 110 is threaded into the boss threaded section 120 to an axial position at which the
opposed multiple of circumferentially arranged tabs 116 ride up a ramp surface 124 of the
multiple of circumferentially arranged ramps 122 until the swirler 90 is fully installed and the
circumferentially arranged tabs 116 snap over a step surface 128 of the respective
circumferentially arranged ramps 122 (see FIG. 8). It should be appreciated that the
circumferentially arranged tabs 116 may include a lip 126 that extends radially inward.
Alternatively, the circumferentially arranged tabs 116 may be flat fingers and include a
complementary ramp surface or other shape to facilitate interface with the multiple of
circumferentially arranged ramps 122.

[0052] The multiple of circumferentially arranged ramps 122 and the opposed

multiple of circumferentially arranged tabs 116 thereby provide the anti-rotation lock 114 which
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prevents the swirler 90 from axially backing out. It should be appreciated that the number of
circumferentially arranged tabs 116 need not be equivalent to the number of circumferentially
arranged ramps 122.

[0053] Removal of the swirler 90 may include merely unscrewing the swirler 90 to
drive the multiple of circumferentially arranged tabs 116 back over the multiple of
circumferentially arranged ramps 122. Although more force may be required to unscrew the
swirler 90 rather than to screw in the swirler 90, such forces may still be readily accomplished
manually.

[0054] The threaded mount interface 112 provides a robust removable joint with
minimal components that facilitates ready replacement of the swirler 90. It should be
appreciated that various coating may be applied to the threaded mount interface 112 to minimize
the possibility of thread lock. Moreover, the anti-rotation lock 114 provides a secure fail-safe
redundant retention for the threaded mount interface 112.

[0055] 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 dictated 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 positional 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.
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[0056] Although the different non-limiting embodiments have specific illustrated
components, the embodiments of this invention are not limited to those particular combinations.
It is possible to use some of the components or features from any of the non-limiting
embodiments in combination with one or more features or components from any of the other
non-limiting embodiments.

[0057] It should be appreciated that like reference numerals identify corresponding or
similar elements throughout the several drawings. It should also be appreciated that although a
particular component arrangement is disclosed in the illustrated embodiment, other arrangements
will benefit herefrom.

[0058] Although particular step sequences are shown, described, and claimed, it
should be understood that steps may be performed in any order, separated or combined unless
otherwise indicated and will still benefit from the present disclosure.

[0059] The foregoing description is exemplary rather than defined by the limitations
within. Various non-limiting embodiments are disclosed herein, however, one of ordinary skill
in the art would recognize that various modifications and variations in light of the above
teachings will fall within the scope of the appended claims. It is therefore to be appreciated that
within the scope of the appended claims, the disclosure may be practiced other than as
specifically described. For that reason the appended claims should be studied to determine true

scope and content.
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CLAIMS

What is claimed is:

1. A swirler for a gas turbine engine, the swirler comprising:
a swirler body with a threaded section and a multiple of circumferentially arranged tabs
operable to flex radially outward, said multiple of circumferentially arranged tabs

radially displaced from said threaded section.

2. The swirler as recited in claim 1, wherein said threaded section includes an

external thread.
3. The swirler as recited in claim 1, wherein said threaded section and said multiple
of circumferentially arranged tabs are configured to detachably engage with a bulkhead support

shell of a combustor.

4. The swirler as recited in claim 3, wherein said threaded section is configured to

detachably engage with a boss of said bulkhead support shell of said combustor.

5. The swirler as recited in claim 1, wherein said swirler has a longitudinal axis, said

threaded section is defined along said longitudinal axis, and said multiple of circamferentially
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arranged tabs are radially displaced outward from said threaded section relative to said

longitudinal axis.

6. The swirler as recited in claim 1, wherein said multiple of circumferentially

5 arranged tabs extend axially beyond said swirler threaded section.

7. The swirler as recited in claim 6, wherein said multiple of circumferentially

arranged tabs each includes a lip.

10 8. A combustor of a gas turbine engine, comprising:

a bulkhead support shell with a swirler boss, said swirler boss including a multiple
of circumferentially arranged ramps extending radially from said swirler
boss; and

a swirler body with a threaded section defined around a swirler longitudinal axis,

15 said swirler body including a multiple of circumferentially arranged tabs

radially displaced from said threaded section.

9. The combustor as recited in claim 8, wherein said multiple of circumferentially
arranged ramps are directed outward with respect to said swirler central longitudinal axis.
20
10. The combustor as recited in claim 9, wherein each of said multiple of

circumferentially arranged ramps define a step.
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11.  The combustor as recited in claim 8, wherein said multiple of circumferentially

arranged tabs extend axially beyond said swirler threaded section.

12.  The combustor as recited in claim 8, wherein said multiple of circumferentially

S5 arranged tabs each include a lip.

13. A method of assembling a swirler within a combustor, the method comprising:
detachably mounting a swirler to a bulkhead support shell using a threaded mount
interface defined between said swirler and said bulkhead support shell and a

10 multiple of circumferentially arranged tabs on said swirler.

14. The method as recited in claim 13, further comprising:

rotating said swirler to drive the multiple of circumferentially arranged tabs over a

structure of the bulkhead support shell configured to receive the tabs.

15
15.  The method as recited in claim 14, wherein the structure of the bulkhead support

shell includes a multiple of circumferentially arranged ramps.

16.  The method as recited in claim 13, further comprising rotating the swirler to snap
20  the multiple of circumferentially arranged tabs over the multiple of circumferentially arranged
ramps, wherein each of the multiple of circumferentially arranged ramps defines a step

configured to receive a respective tab.
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17.  The method as recited in claim 13, wherein each of the tabs includes a lip

configured to engage a respective tab.

-16-



PCT/US2014/038198

WO 2015/017002

gooonoa

/

WINE




PCT/US2014/038198

WO 2015/017002

¢ 9IAd




PCT/US2014/038198

WO 2015/017002

3/8

& OIA
[
0 08
rl\“n‘
8L
XNm 96
Z8
G/ 0L /A
86 6
YL 06 ._ -
- _
L v/ 99 - __
N4 ZL I
%\«
i \ _ ] _
I(“dqu___l_ 09 89 9/ 9g
| sﬂ \_
\\ ¥9 N
9q
L)




4/8




WO 2015/017002

PCT/US2014/038198

5/8
;6
2
104 108 s p
102 199 )
100\ / 106 )
NN Q% 2
120
gz
7
SR I
)
F V4
)
~ 112
: e/
AN /x N
s0—" 110 1124116 (5 128
g
7

FIG. 5



WO 2015/017002

6/8

FIG. 6

PCT/US2014/038198




WO 2015/017002 PCT/US2014/038198

7/8

FIG. 7



PCT/US2014/038198

WO 2015

112

/

126

rﬂ\gj‘ /@ /118

1}61/22 128
V' /(

8/8

2
l

FIG. 8



	Page 1 - front-page
	Page 2 - description
	Page 3 - description
	Page 4 - description
	Page 5 - description
	Page 6 - description
	Page 7 - description
	Page 8 - description
	Page 9 - description
	Page 10 - description
	Page 11 - description
	Page 12 - description
	Page 13 - description
	Page 14 - claims
	Page 15 - claims
	Page 16 - claims
	Page 17 - claims
	Page 18 - drawings
	Page 19 - drawings
	Page 20 - drawings
	Page 21 - drawings
	Page 22 - drawings
	Page 23 - drawings
	Page 24 - drawings
	Page 25 - drawings

