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(57) Abrégée/Abstract:
A heat shield assembly (100) for a gas turbine engine combustor Is provided. The combustor (16) includes a domeplate (70) and at
least one fuel injector (58) extending through an opening (80) In the domeplate. The heat shield assembly includes a heat shield
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(57) Abrege(suite)/Abstract(continued):
(110) coupled against a downstream side of the domeplate, a threaded collar (124) extending upstream from the heatshield, the

threaded collar received within the domeplate opening, and a retainer (112) coupled to the collar such that the domeplate Is
securely coupled between the heat shield and the retainer.
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METHOD AND APPARATUS FOR GAS TURBINE ENGINES

ABSTRACT OF THE DISCLOSURE

A heat shield assembly (100) for a gas turbine engine combustor is provided. The
combustor (16) includes a domeplate (70) and at least one fuel injector (58) extending
through an opening (80) in the domeplate. The heat shield assembly includes a heat
shield (110) coupled against a downstream side of the domeplate, a threaded collar
(124) extending upstream from the heatshield, the threaded collar received within the
domeplate opening, and a retainer (112) coupled to the collar such that the domeplate

1s securely coupled between the heat shield and the retainer.
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METHOD AND APPARATUS FOR GAS TURBINE ENGINES

BACKGROUND OF THE INVENTION

This application relates generally to gas turbine engines, and more particularly, to a

heat shield assembly utilized within a gas turbine engine.

At least one known gas turbine engine includes a combustor that includes between ten
and thirty mixers to facilitate mixing relatively high velocity air with liquid fuels,
such as diesel fuel, or gaseous fuels, such as natural gas. These mixers usually include
a single fuel injector located at a center of a swirler for swirling the incoming air to
enhance flame stabilization and mixing. Both the fuel injector and mixer are located

on a combustor dome.

The combustor also includes a heat shield that facilitates protecting the dome
assembly. The heat shields are cooled by impinging air on the side nearest the dome
to ensure that the operating temperature of the heat shields remains within
predetermined limits. However, since known heat shields have a limited useful life, it
is often relatively difficult to remove the used heat shield to install a new heat shield,

and as such, may adversely impact the maintenance procedure.
BRIEF DESCRIPTION OF THE INVENTION

In one aspect, a method for fabricating a gas turbine engine combustor that includes a
domeplate and at least one fuel injector extending through an opening in the
domeplate 1s provided. The method includes fabricating a heatshield that includes a
threaded collar extending upstream from the heatshield, positioning the heatshield on
a downstream side of the domeplate such that the threaded collar is received within
the domeplate opening, and coupling a retainer to the collar on an upstream side of the
domeplate such that the domeplate is securely coupled between the heat shield and the

retainer.

In another aspect, a heat shield assembly for a gas turbine engine combustor is

provided. The heat shield assembly includes a heat shield coupled against a
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downstream side of the domeplate; a threaded collar extending upstream from the
heatshield, the threaded collar received within the domeplate opening; and a retainer
coupled to the collar such that the domeplate is securely coupled between the heat

shield and the retainer.

In a further aspect, a gas turbine engine combustor 1s provided. The gas turbine
engine combustor includes an inner liner and an outer liner, and a domeplate coupled
to at least one of the inner and outer liners, the domeplate including a downstream
side, an upstream side, and at least one opening extending therethrough for
discharging cooling fluid therefrom for impingement cooling at least a portion of a
heat shield assembly. The heat shield assembly includes a heat shield coupled against
the domeplate downstream side, a threaded collar extending upstream from the
heatshield, the threaded collar received within the domeplate Openjng; and a retainer
coupled to the collar such that the domeplate is securely coupled between the heat

shield and the retainer.
BRIEF DESCRIPTION OF THE DRAWINGS

Figure 1 1s schematic illustration of a gas turbine engine including a combustor;

Figure 2 is a cross-sectional view of an exemplary combustor that may be used with

the gas turbine engine shown in Figure 1;

Figure 3 1s an enlarged view of a portion of the combustor shown in Figure 2 taken

along area 3;
Figure 4 1s an exploded view of the heat shield assembly shown in Figure 3; and

Figure 5 1s a perspective view of a portion of the heat shield assembly shown in

Figure 3.

DETAILED DESCRIPTION OF THE INVENTION

Figure 1 1s a schematic illustration of a gas turbine engine 10 including a low pressure
compressor 12, a high pressure compressor 14, and a combustor 16. Engine 10 also

includes a high pressure turbine 18 and a low pressure turbine 20.

.
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In operation, air flows through low pressure compressor 12 and compressed air is
supplied from low pressure compressor 12 to high pressure compressor 14. The highly
compressed air 1s delivered to combustor 16. Airflow (not shown in Figure 1) from
combustor 16 drives turbines 18 and 20. In one embodiment, gas turbine engine 10 is
a CFM engine available from CFM International. In another embodiment, gas turbine
engine 10 1s an LM6000 DLE engine available from General Electric Company,

Cincinnati, Ohio.

Figure 2 1s a cross-sectional view of exemplary combustor 16, shown in Figure 1, and
Figure 3 is an enlarged partial view of combustor 16 taken along area 3. Combustor
16 mncludes a combustion zone or chamber 30 defined by annular, radially outer and
radially inner liners 32 and 34. More specifically, outer liner 32 defines an outer
boundary of combustion chamber 30, and inner liner 34 defines an inner boundary of
combustion chamber 30. Liners 32 and 34 are radially inward from an annular

combustor casing 36, which extends circumferentially around liners 32 and 34.

Combustor 16 also includes a plurality of annular domes 40 mounted upstream from
outer and inner liners 32 and 34, respectively. Domes 40 define an upstream end of
combustion chamber 30. At least two mixer assemblies 41 are spaced
circumferentially around domes 40 to deliver a mixture of fuel and air to combustion
chamber 30. Because combustor 16 includes two annular domes 40, combustor 16 is
known as a dual annular combustor (DAC). Alternatively, combustor 16 may be a

single annular combustor (SAC) or a triple annular combustor.

Each mixer assembly 41 includes a pilot mixer 42, a main mixer 44, and an annular
centerbody 43 extending therebetween. Centerbody 43 defines a chamber 50 that is in
flow communication with, and downstream from, pilot mixer 42. Chamber 50 has an
axis of symmetry 52, and is generally cylindrical-shaped. A pilot centerbody 54
extends into chamber 50 and is mounted symmetrically with respect to axis of

symmetry 52. In one embodiment, centerbody 54 includes a fuel injector 58 for

dispensing droplets of fuel into pilot chamber 50.

Pilot mixer 42 also includes a pair of concentrically mounted swirlers 60. More

specifically, 1n the exemplary embodiment, swirlers 60 are axial swirlers and include
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an imtegrally-formed pilot inner swirler 62 and a pilot outer swirler 64. Alternatively,
inner swirler 62 and outer swirler 64 are separate components. Pilot inner swirler 62 is
annular and is circumferentially disposed around centerbody 54. Pilot outer swirler 64
is circumiferentially disposed between pilot inner swirler 62 and a radially inner
surface 66 of centerbody 43. Each swirler 62 and 64 includes a plurality of vanes (not
shown). Injection orifices (not shown) for gaseous fuels are located near the trailing
edge of pilot outer swirler vanes 64, and in a surface 66 extending adjacent pilot outer
swirler vanes 64. Swirlers 62 and 64, and the location of the injection orifices are
selected to provide desired ignition characteristics, lean stability, and low carbon
monoxide (CO) and hydrocarbon (TIC) emissions during low engine power
operations. In one embodiment, a pilot splitter (not shown) is positioned radially
between pilot inner swirler 62 and pilot outer swirler 64, and extends downstream

irom pilot inner swirler 62 and pilot outer swirler 64.

In one embodiment, pilot swirler 62 swirls air flowing therethrough in the same
direction as air flowing through pilot swirler 64. In another embodiment, pilot inner
swirler 62 swirls air flowing therethrough in a first direction that is opposite a second

direction that pilot outer swirler 64 swirls air flowing therethrough.

Main mixer 44 includes an outer throat surface 81, that in combination with a radially
outer surface 76 of centerbody 43, defines an annular premixer cavity 74. Main mixer
44 1s concentrically aligned with respect to pilot mixer 42 and extends

circumierentially around pilot mixer 42.

Combustor 16 also includes a domeplate 70 and a heat shield assembly 100 that is
coupled to domeplate 70. More specifically, domeplate 70 includes at least one
opening 80 extending therethrough that is sized to receive at least a portion of heat
shield assembly 100. In the exemplary embodiment, domeplate 70 is coupled to outer
liner 32 and combustor casing 36 utilizing a plurality of fasteners 102. Heat shield
assembly 100 includes at least a heat shield 110 that is removably coupled to
domeplate 70 via a retainer 112 and a spacer 114 such that fluids discharged from

premixer cavity 74 are directed downstream and radially inwardly.
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Figure 4 is an exploded view of heat shield assembly 100 shown in Figure 3, and
Figure S is a partial perspective view of a portion of heat shield assembly 100 shown
in Figures 3 and 4. In the exemplary embodiment, heat shield 110 includes a heat
shield portion 120 that has a first opening 122 extending therethrough and a threaded
collar 124 that 1s substantially cylindrical shaped that has a second opening 126
extending therethrough. In the exemplary embodiment, first opening 122 has a
diameter that 1s substantially similar to a diameter of second opening 126. During
fabrication, heat shield portion 120 is coupled to threaded collar 124 such that first
and second openings 122 and 126, respectively, are substantially axially aligned. In
one embodiment, heat shield portion 120 and threaded collar 124 are formed as a
unitary heat shield 110. Optionally, heat shield portion 120 is attached to threaded
collar 124 utilizing a welding or brazing procedure, for example. Threaded collar 124
includes a plurality of threads 128 that are machined into an exterior surface of

threaded collar 124 such that retainer 112 may be coupled to threaded collar 124.

In the exemplary embodiment, spacer 114 is substantially cylindrical in shape and has
an opening 130 extending therethrough. Opening 130 is sized such that spacer 114
may be positioned about heat shield threaded collar 124. More specifically, spacer
114 1s sized to circumscribe heat shield threaded collar 124. Spacer 114 includes a
first end 132, an opposite second end 134, and a plurality of tabs 136 extending from
second end 134. More specifically, spacer 114 includes a first plurality of tabs 140,
also referred to herein as anti-rotation tabs, that are coupled to and extend axially aft
from second end 134 and a second plurality of tabs 142 that are coupled to and extend
radially inwardly from second end 134. In the exemplary embodiment, tabs 140 and
142 facilitate maintaining 'spacer 114 and heat shield 110 is a substantially fixed

posttion with respect to domeplate 70 as will be discussed later herein.

In one embodiment, retainer 112 is a retaining nut that includes a plurality of internal
threads that are utilized to couple retainer 112 to heat shield 110. In the exemplary
embodiment, retainer 112 1s a castellated nut, that is it includes a series of castellated
slots 150 that extend substantially circumferentially around an exterior surface of

retainer 112 to facilitate coupling or removing retainer 112 to heat shield 110.
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During assembly, heat shield 110 is coupled to domeplate 70 utilizing both retainer
112 and spacer 114. Specifically, heat shield threaded collar 124 is inserted at least
partially through domeplate opening 122 until a shoulder 160 formed in heat shield
110 is at least partially seated into a slot 162 formed in heat shield 110. In the
exemplary embodiment, shoulder 160 and slot 162 cooperate to maintain heat shield
110 in a substantially fixed radial position. As shown in Figures 3, 4, 5, when heat
shield shoulder 160 is positioned within domeplate slot 162, at least a portion of the
heat shield 110 extends through the opening 112 formed through domeplate 70. More
specifically, at least a portion of the threaded portion of the heat shield, i.e. threaded
collar 124 extends through the domeplate 70 to facilitate coupling retainer 114 to heat
shield 110, and thus coupling heat shield 110 to domeplate 70 which is discussed

below.

After the heat shield threaded collar 124 is inserted at least partially through
domeplate opening 122, spacer 114 1s positioned about threaded portion 124 such that
that the first plurality of tabs 140 each extend through a respective slot 170 formed
through domeplate 70 and seat within a respective slot 172 formed within heat shield
110. As such, tabs 140 facilitate maintaining spacer 114 in a relatively fixed radial
position with respect to domeplate 70 and heat shield 110, and also facilitate
maintaining heat shield 110 is a relatively fixed radial position with respect to
domeplate 70. Moreover, spacer 114 is positioned about threaded portion 124 such
that that the second plurality of tabs 142, which are formed substantially normal or
perpendicular to first plurality of tabs 140 facilitate maintaining spacer 114 is a
relatively fixed axial position. More specifically, spacer 114 is positioned about
threaded portion 124 such that the second plurality of tabs 142 are seated within a
groove 174 that 1s formed within domeplate 170.

To secure heat shield 110 and spacer 114 to domeplate 70, retainer 112 is threaded to
heat shield threaded collar 124. Since spacer 114 has a diameter that is greater than a

diameter of groove 174, as retainer 112 is tightened, spacer tabs 142 will seat within
groove 174 and thus allow heat shield 110 to be secured to domeplate 70. As such,

spacer device 114 facilitates maintaining heat shield 110 in a substantially fixed
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posttion with respect to domeplate 70 when retainer 112 is either being installed or

removed.

In the exemplary embodiment, heat shield assembly 100 also includes a pin 190 that is
inserted through an opening 192 formed through retainer 112 and heat shield threaded
collar 124. More specifically, at least one opening 192 is defined at least partially
through the threaded interface 194 between heat shield 110 and retainer 112. Pin 190
1s then inserted at least partially within opening 190 to facilitate securing retainer 112
in a substantially fixed radially position with respect to heat shield 110. More
specifically, pin 190 facilitates ensuring that retainer 112 does not loosen during
engine operation and thus cause heat shield 110 to move within combustor 16.
Optionally, an anti-sieze compound or tape is applied to the threaded portion of heat

shield 110 to facilitate removing or installing retainer 112.

The heat shield assembly described herein may be utilized on a wide variety of gas
turbine engines such as LM6000 and LM2500 DLE manufactured by General
Electric. combustors have life-limited heatshields. The heat shield assembly includes
a heat shield having an externally threaded collar coupled to the heat shield. The
threaded collar is sized to be inserted through an opening defined through the

domeplate.

A spacer 1s then positioned over the threaded collar, and a threaded nut is screwed on
to the heatshield collar. More specifically, the spacer includes at least two legs,
referred to herein as anti-rotation tabs, that extend through the domeplate and engage

the heatshield. These legs position the heatshield and also facilitate preventing the
heatshield from spinning while a torque is being applied to the threads. As such, the
spacer, including the anti-rotation tabs provide a stronger reaction surface to
counteract the assembly and disassembly torque, as well as act to protect the

domeplate from damage resulting from the reaction.

The threaded nut facilitates clamping the domeplate between the heatshield and nut
thus retaining the heatshield in place. To prevent the threaded nut from backing off of

the threaded retainer during engine operation, a locking pin is inserted between the
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threads of the heatshield and the threads of the retainer. More specifically, the
heatshield threaded collar is inserted through the domeplate, the threaded retainer is
coupled to the collar and tightened or torqued to its final assembly torque value. The
assembly including substantially all the combustor heat shields utilized within the gas
turbine engine is then placed on a mill for example, and an opening 1s formed through
the threaded interface between the collar and the retainer. A pin is then inserted at
least partially within the opening, and a weld bead 1s applied to ensure that the pin is
maintained within the opening during engine operation. As such, the pin provides a
mechanical locking feature for the threads that is not dependent on tack welding of an

external bracket that is subject to liberation during engine operation.

Accordingly, the heat shield assembly described herein provides a threaded pin that
has an increased break torque during disassembly and also provides at least forty-five
foot pounds of running torque to facilitate preventing the heatshield from moving
during engine operations. Moreover, the spacer facilitates positioning the heatshield
with respect to the domeplate since the anti-rotation tabs provide positional control
and also provides adequate heatshield anti-rotation of torque levels to facilitate
assembling and disassembling the heat shield assembly without damaging the
heatshield. As such, the heatshield assembly facilitates preventing loss of retention

during operation, and still allows non-destructive removal of heatshield at overhaul.

Exemplary embodiments of heat shield assemblies are described above in detail. The
systems are not limited to the specific embodiments described herein, but rather,
components of each assembly may be utilized independently and separately from
other components described herein. Specifically, the above-described heat shield
retention system is cost-effective and highly reliable, and may be utilized on a wide

variety of combustors installed in a variety of gas turbine engine applications

While the invention has been described in terms of various specific embodiments,
those skilled in the art will recognize that the invention can be practiced with

modification within the spirit and scope of the claims.
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WHAT IS CLAIMED IS:

1. A heat shield assembly (100) for a gas turbine engine combustor, the
combustor (16) including a domeplate (70) and at least one fuel injector (58)
extending through an opening (80) in the domeplate, said heat shield assembly
comprising:

a heat shield (110) coupled against a downstream side of said domeplate;

a threaded collar (124) extending upstream from said heatshield, said
threaded collar received within said domeplate opening; and

a retainer (112) coupled to said collar such that said domeplate 1s securely

coupled between said heat shield and said retainer.

2. A heat shield assembly (100) in accordance with Claim 2 further

comprising a spacer (114) coupled between said retainer (112) and a domeplate

upstream side.

3. A heat shield assembly (100) in accordance with Claim 2 wherein
said spacer (114) is fabricated from a metallic material configured to expand or

contract based on an operational temperature within said combustor (16).

4, A heat shield assembly (100) in accordance with Claim 2 wherein
said spacer (114) comprises a plurality of anti-rotation tabs, said anti-rotation tabs
configured to extend through said domeplate (70) and engage said heatshield (110) to

facilitate securely coupling said heat shield to said domeplate.

S. A heat shield assembly (100) in accordance with Claim 2 wherein
said domeplate (70) comprises a groove (174) formed in said domeplate upstream
side, said spacer (114) comprises a plurality of radial alignment tabs received within

said groove to facilitate securely coupling said heat shield (110) to said domeplate.

6. A heat shield assembly (100) in accordance with Claim 1 further
comprising:

an opening (80) extending through a threaded interface (194) between said
collar (124) and said retainer (112); and
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a locking pin (190) inserted at least partially through said opening (80) to

facilitate securing said retainer to said collar.

7. A heat shield assembly (100) in accordance with Claim 1 wherein

said retainer (124) comprises a castellated nut.

8. A gas turbine engine combustor comprising a combustion chamber
(30) comprising an inner liner (34) and an outer liner (32), and a domeplate (70)
coupled to at least one of said inner and outer liners, said domeplate comprising a
downstream side, an upstream side, and at least one opening (80) extending
therethrough for discharging cooling fluid therefrom for impingement cooling at least
a portion of a heat shield assembly (100), said heat shield assembly comprising:

a heat shield (110) coupled against said domeplate downstream side;

a threaded collar (124) extending upstream from said heatshield, said
threaded collar received within said domeplate opening; and

a retainer (112) coupled to said collar such that said domeplate 1s securely

coupled between said heat shield and said retainer.

9. A gas turbine engine combustor in accordance with Claim 8 wherein
said heat shield assembly (100) further comprises a spacer (114) coupled between said

retainer (112) and a domeplate (70) upstream side.

10. A gas turbine engine combustor 1n accordance with Claim 9 wherein
sald spacer (114) i1s fabricated from a metallic material configured to expand or

contract based on an operational temperature within said combustor (16).
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