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GAS TURBINE ENGINE EXHAUST DUCT

BACKGROUND OF THE INVENTION

[0001] This application relates to structural concepts for cooling a gas turbine
engine exhaust duct.

[0002] Gas turbine engines are known, and typically include a compressor
compressing air and delivering it into a combustor section. A fan delivers a portion of its
airflow into the compressor, and also another portion into a bypass duct where it is utilized to
provide thrust for the engine.

[0003] The air in the combustion section is mixed with fuel and ignited. Products
of this combustion pass downstream over turbine rotors. Downstream of the turbine rotors,
there may be an augmentor in some gas turbine engines. The products of combustion and the
bypass air all leave the gas turbine engine through an exhaust duct. The exhaust duct may
become quite hot, and thus cooling schemes are known.

[0004] One known type of exhaust duct mechanically connects a heat resistant
liner facing a hot combustion gas flow to an outer exhaust wall. A space between the liner
and the wall is provided with cooling airflow from the fan bypass air.

[0005] The exhaust duct experiences a number of stresses and strains along its
length, and the mechanical connection of the liner in the prior art has raised some challenges,

both with regard to the function and as to the complex construction.

SUMMARY OF THE INVENTION

[0006] In a featured embodiment, an exhaust duct for a gas turbine engine has an
inner wall and an outer wall connected by a plurality of spaced ribs. The duct extends
axially, and the ribs extend circumferentially across an entire cross-section of the inner and
outer walls. The plurality of ribs are spaced axially along the exhaust duct. The inner wall
has an inner surface facing an inner chamber, and receives a coating deposited on a metal
wire fiber strain isolation pad which is connected to the inner surface.

[0007] In another embodiment according to the previous embodiment, the pad is
directly bonded to the inner surface.

[0008] In another embodiment according to any of the previous embodiments, an

intermediate bonding layer is positioned between the coating layer and pad.
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[0009] In another embodiment according to any of the previous embodiments, a
coating is attached to a separate liner connected to the inner wall at at least one location
where the pad is not used.

[0010] In another embodiment according to any of the previous embodiments, the
liner is attached by mechanical connections to the inner wall.

[0011] In another embodiment according to any of the previous embodiments, a
coating is applied directly to the outer surface of the inner wall at at least one location where
the pad is not used.

[0012] In another embodiment according to any of the previous embodiments, the
duct is formed of four distinct sheets of metal formed together to form the inner wall, outer
wall and ribs.

[0013] In another embodiment according to any of the previous embodiments, the
duct has cross-sections that are non-cylindrical.

[0014] In another embodiment according to any of the previous embodiments, the
duct has cross-sections that are cylindrical.

[0015] In another embodiment according to any of the previous embodiments,
film cooling holes are formed through the inner wall. The coating provides film cooling to an
outer surface of the coating.

[0016] In another featured embodiment, a gas turbine engine has a fan, a
compressor section, a combustion section, and a turbine section. An exhaust duct has an
inner wall and an outer wall connected by a plurality of spaced ribs. The duct extends axially
and the ribs extend circumferentially across an entire cross-section of the inner and outer
walls. The plurality of ribs are spaced axially along the exhaust duct. The inner wall has an
inner surface facing an inner chamber. The inner surface receives a coating deposited on a
metal wire fiber strain isolation pad connected to the inner surface.

[0017] In another embodiment according to the previous embodiment, the pad is
directly bonded to the inner surface.

[0018] In another embodiment according to any of the previous embodiments, an
intermediate bonding layer is positioned between the coating layer and pad.

[0019] In another embodiment according to any of the previous embodiments, a
coating is attached to a separate liner mechanically connected to the inner wall at at least one

location where the pad is not used.
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[0020] In another embodiment according to any of the previous embodiments, the
liner is attached by mechanical connections to the inner wall.

[0021] In another embodiment according to any of the previous embodiments, a
coating is applied directly to the outer surface of the inner wall at at least one location where
the pad is not used.

[0022] In another embodiment according to any of the previous embodiments, the
duct is formed of four distinct sheets of metal formed together to form the inner wall, outer
wall and ribs.

[0023] In another embodiment according to any of the previous embodiments, the
duct has cross-sections that are non-cylindrical.

[0024] In another embodiment according to any of the previous embodiments, the
duct has cross-sections that are cylindrical.

[0025] In another embodiment according to any of the previous embodiments,
film cooling holes are formed through the inner wall. Coating provides film cooling to an
outer surface of the coating.

[0026] These and other features of this application will be best understood from

the following specification and drawings, the following of which is a brief description.

BRIEF DESCRIPTION OF THE DRAWINGS

[0027] Figure 1 schematically shows a gas turbine engine.

[0028] Figure 2A shows a prior art duct construction.

[0029] Figure 2B shows a duct as utilized in embodiments of this invention.

[0030] Figure 3 shows a duct.

[0031] Figure 4 shows one structural concept which may be utilized in
combination with the Figure 3 duct.

[0032] Figure 5 shows another structural concept.

[0033] Figure 6 shows yet another structural concept.

[0034] Figure 7 shows yet another structural concept.

[0035] Figure 8 A shows a first step in forming the duct construction.

[0036] Figure 8B shows a subsequent step.

[0037] Figure 8C shows a subsequent step.

[0038] Figure 8D shows another subsequent step.
3
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[0039] Figure 8E shows yet another subsequent step.

[0040] Figure 8F shows a final duct construction.

DETAILED DESCRIPTION

[0041] Referring to Figure 1, a gas turbine engine 10 includes a fan section 12, a
compressor section 14, a combustor section 16, and a turbine section 18. Air entering into
the fan section 12 is initially compressed and a portion fed to the compressor section 14.
Bypass air flow 301 provides the majority of the propulsion force from the engine. In the
compressor section 14, the incoming air from the fan section 12 is further compressed and
communicated to the combustor section 16. In the combustor section 16, the compressed air
is mixed with gas and ignited to generate a hot exhaust stream 28. The hot exhaust stream 28
is expanded across the turbine section 18 to drive the fan section 12 and the compressor
section 14. In this example, the gas turbine engine 10 includes an augmenter section 20
where additional fuel can be mixed with the exhaust gasses 28 and ignited to generate
additional thrust. The exhaust gasses 28 flow from the turbine section 18 and the augmenter
section 20 through an exhaust duct 22. Some bypass air 302 passes within the duct 22 as
cooling air.

[0042] Of course, this application extends to engines without an augmentor
section. Also, a fixed or variable nozzle 300, shown schematically, may be placed at the exit
of the exhaust duct 22.

[0043] Figure 2A shows a wall construction used in known ducts. An outer wall
50 may be formed of titanium, and is attached to a heat resistant inner liner 52 which faces a
hot gas flowpath. Other appropriate high temperature materials, such as nickel, cobalt or
ceramic matrix composites may be used. Note, these are examples, and not an exhaustive
list. Cooling air 302 passes through the space 19 between the walls 50 and liner 52 to cool
the duct. The mechanical connection 54 of the liner 52 to the wall 50 is complex assembly,
and creates a connection that raises potential challenges. The liner 52 may be formed of a
single united structure, or two or more circumferentially and/or axially spaced segments.

[0044] Figure 2B shows a duct 22 according to embodiments of this application.
An inner wall 64 is connected to an outer wall 60 by crossing ribs 62 creating a united

structure. Thus, the mechanical connections are eliminated. The method for forming the
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Figure 2B structure will be disclosed below. Duct 22 may be a complete one-piece
component, or may be formed of circumferentially spaced segments.

[0045] Figure 3 shows the duct 22 having the coolant flowpath 302 in the space
19 defined between the walls 60 and 64. As known, the hot exhaust 28 passes through an
interior chamber. Thus, some heat protection may be appropriate at locations along the inner
wall 64.

[0046] Figure 4 shows a first heat protection embodiment. A porous bonded
strain isolation pad 70 is bonded directly to the outer surface of inner wall 64. An appropriate
heat resistant coating 72 may then be placed on the bonded strain isolation pad. The bonded
strain isolation pad may be formed of a sintered metal alloy wire formed into a pad.
Examples of appropriate sintered metals may be nickel or cobalt-based alloys. A pad
available under the trade name Brunsbond™, and from Brunswick Corporation may be used.

[0047] The pad is directly bonded to the outer surface of wall 64, such as via
brazing techniques or other appropriate means.

[0048] The isolation pad is utilized in particular at locations along the duct 22
which will provide particularly challenging. The strain isolation pad 70 allows expansion of
the wall 64 relative to the coating 72, and will provide a surface to allow adjustment between
the two.

[0049] As shown, a hole 306 may be formed through the wall 64, pad 70, and
coating layer 72. This allows some of the cooling air flow 302 to pass outwardly and provide
film cooling along the outer surface of the coating 72. Thus, the cooling air flow 302
provides convective cooling to the outer wall 64, pad 70, and coating layer 72, but in addition
film cooling holes provide additional cooling. Notably, it may not be necessary to form the
holes 306 through the pad 70, as the pad 70 is porous, and will allow air flow across its radial
dimension.

[0050] Figure 5 shows another embodiment which is similar to Figure 4.
However, a bonded metallic layer 74 is interposed between the pad 70 and the coating layer
72. Under some conditions, the bonded metallic layer 74 may provide a better bond substrate
for the coating than the strain isolation pad may provide.

[0051] Figure 6 shows that prior art mechanical connections may be utilized in the
inventive duct 22. As shown, a plug 80 is positioned between the wall 60 and 64 and a bolt

82 secures legs 86. The legs 86 provide a substrate for receiving the coating layer 84. This
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type of technique may be utilized at appropriate locations, in combination with the Figure 4
or Figure 5 techniques being utilized at other locations. In this embodiment, a first set of
holes 305 may extend through the wall 64, and the legs 86. Additional holes 306 may be
formed through the coating layer 84. Again, this will provide film cooling.

[0052] Finally, Figure 7 shows a technique wherein the coating 72 is applied
directly to the outer surface of the inner wall 64. This may be utilized at locations which are
not expected to be subject to undue amounts of heat and/or strain. Again, cooling holes 306
may be used.

[0053] The basic duct may be formed by a method known as super plastic
forming/diffusion bonding, and as illustrated schematically in Figures 8A-8F. As shown in
Figure 8A, two titanium sheets 100 and 103 may be preformed and have enlarged portions
104. The two sheets may be selectively bonded together as shown in Figure 8B at 101, such
as by welding, diffusion bonding, etc.

[0054] As shown in Figure 8C, the intermediate bonded sheets 104 are now
placed between two additional sheets 106 and 108. As show in Figure 8D, dies 120 may be
utilized on opposed sides of the sheets 106 and 108, and a vacuum and pressurization may be
utilized to inflate the features 104.

[0055] As show in Figure 8E, superplastic deformation may be utilized to make
the features 104 enlarge until they contact each other, thus forming the ribs 62.

[0056] Figure 8F shows the final shape, with the walls 64 and 60 spaced and
connected by the rib 62. As can be appreciated, the ribs will be generally extending
circumferentially across the entire circumference of the duct 22. A cross-section of the duct
may be cylindrical at some portions, and may be other geometric shapes, such as generally
rectangular, at other portions. For purposes of this application, however, the duct will be said
to extend axially, as there will be a center at most locations along the duct, and thus the ribs
62 are said to extend circumferentially about the central axis, and separate ones of the ribs 62
are spaced axially. Again, the term “circumferentially” typically applies to cylindrical items,
but is utilized in this application with the understanding that the duct cross-section will often
not be cylindrical. As used herein, the term simply means it extends across the entire cross-
sectional boundary of any section taken into the plane of Figure 3, as an example.

[0057] The porous strain isolation pad 70 allows post-processing of cooling

features, and efficiently utilizes the air in the space or passages 19. The height and distance
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between the walls 60 and 64 in duct 22 may be adjusted and designed over the contour of
duct 22 to optimize the convective cooling, and associated pressure losses in the passages 19.
Note, some passages 19 may be terminated at a downstream end at selected circumferential
locations to allow for more closely tailored cooling distribution over the duct 22.

[0058] As mentioned above, the duct may be formed of multiple circumferential
segments. Also, methods other than super plastic forming/diffusion bonding may be used to
arrive at the Figure 8F structure. Other techniques may include brazing, welding and additive
manufacturing to name a few.

[0059] Although an embodiment of this invention has been disclosed, a worker of
ordinary skill in this art would recognize that certain modifications would come within the
scope of this invention. For that reason, the following claims should be studied to determine

the true scope and content of this invention.
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CLAIMS

1. An exhaust duct for a gas turbine engine comprising:

an inner wall and an outer wall connected by a plurality of spaced ribs, said duct
extending axially, and the ribs extending circumferentially across an entire cross-section of
the inner and outer walls, and said plurality of ribs being spaced axially along the exhaust
duct; and

said inner wall having an inner surface facing an inner chamber, and said inner
surface receiving a coating, with said coating deposited on a metal wire fiber strain isolation

pad which is connected to said inner surface.

2. The duct as set forth in claim 1, wherein said pad is directly bonded to said inner
surface.
3. The duct as set forth in claim 1, wherein an intermediate bonding layer is positioned

between said coating layer and said pad.

4. The duct as set forth in claim 2, wherein a coating is attached to a separate liner which

is connected to said inner wall at at least one location where said pad is not used.

5. The duct as set forth in claim 4, wherein said liner is attached by mechanical

connections to said inner wall.

6. The duct as set forth in claim 1, wherein a coating is applied directly to said outer

surface of said inner wall at at least one location where said pad is not used.

7. The duct as set forth in claim 1, wherein said duct is formed of four distinct sheets of

metal which are formed together to form said inner wall, said outer wall and said ribs.

8. The duct as set forth in claim 1, wherein said duct has cross-sections that are non-

cylindrical.

9. The duct as set forth in claim 1, wherein said duct has cross-sections that are

cylindrical.
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10. The duct as set forth in claim 1, wherein film cooling holes are formed through said

inner wall and said coating to provide film cooling to an outer surface of said coating.
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11. A gas turbine engine comprising:

a fan, a compressor section, a combustion section, and a turbine section;

an exhaust duct having an inner wall and an outer wall connected by a plurality of
spaced ribs, said duct extending axially, and the ribs extending circumferentially across an
entire cross-section of the inner and outer walls, and said plurality of ribs being spaced
axially along the exhaust duct; and

said inner wall having an inner surface facing an inner chamber, and said inner
surface receiving a coating, with said coating deposited on a metal wire fiber strain isolation

pad which is connected to said inner surface.

12. The gas turbine engine as set forth in claim 11, wherein said pad is directly bonded to

said inner surface.

13. The gas turbine engine as set forth in claim 12, wherein an intermediate bonding layer

is positioned between said coating layer and said pad.

14. The gas turbine engine as set forth in claim 11, wherein a coating is attached to a
separate liner which is mechanically connected to said inner wall at at least one location

where said pad is not used.

15. The gas turbine engine as set forth in claim 14, wherein said liner is attached by

mechanical connections to said inner wall.

16. The gas turbine engine as set forth in claim 11, wherein a coating is applied directly to

said outer surface of said inner wall at at least one location where said pad is not used.

17. The gas turbine engine as set forth in claim 11, wherein said duct is formed of four
distinct sheets of metal which are formed together to form said inner wall, said outer wall and

said ribs.

18. The gas turbine engine as set forth in claim 11, wherein said duct has cross-sections

that are non-cylindrical.
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19. The gas turbine engine as set forth in claim 11, wherein said duct has cross-sections

that are cylindrical.

20. The gas turbine engine as set forth in claim 11, wherein film cooling holes are formed
through said inner wall and said coating to provide film cooling to an outer surface of said

coating.

11
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