
COOLED DUCT FOR GAS TURBINE ENGINE [0001] This
invention was made with Government support under NOOO
19-02-C- 3003 awarded by the United States Navy. The
Government has certain rights in this invention.
BACKGROUND OF THE INVENTION [0002] 1. Technical Field
This invention applies to ducts having utility in gas
turbine engines in general, and to cooled ducts in
particular. [0003] 2. Back ground Information
Efficiency is a primary concern in the design of any
gas turbine engine. Historically, one of the principle
techniques for increasing efficiency has been to
increase the gas path temperatures within the engine.
The increased temperatures necessitate internally
cooled components, high-temperature capacity
materials, etc. A duct passage downstream (or "aft")
of the turbine is typically cooled using compressor
air worked to a higher pressure, but still at a lower
temperature than that of the core gas flow passing
through the duct passage. The higher pressure provides
the energy necessary to push the air through the walls
of the duct. A significant percentage of the work
imparted to the air bled from the compressor, however,
is lost during the cooling process. The lost work does
not add to the thrust of the engine and therefore
negatively affects the overall efficiency of the
engine. A person of skill in the art will recognize,
therefore, that there is a tension between the
efficiency gained from higher core gas path
temperatures and the concomitant need to cool
components and the efficiency lost from bleeding air
to perform that cooling. There is, accordingly, great
value in minimizing the amount of cooling air required
to cool the duct passage. [0004] To provide an
acceptable amount of cooling air, it is necessary to
maintain 



the cooling air at a predetermined pressure greater
than that of the core gas flow disposed within the
duct passage. The pressure difference between the core
gas flow and the cooling air is typically referred to
as the "backflow margin". Core gas flowwithin the duct
passage is seldom uniform in temperature or pressure;
e.g., core gas flow within certain circumferential
sections of the duct passage may typically be at a
higher pressure than flow within adjacent sections.
The backflow margin for prior duct passages must
typically be relatively large to ensure that adequate
cooling is present around the circumference of the
duct passage, and undesirable hot core gas inflow is
avoided. What is needed, therefore, is a duct passage
that promotes desirable, efficient cooling. DISCLOSURE
OF THE INVENTION [0005] According to the present
invention, a cooled exhaust duct for use in gas
turbine engines is provided. The cooled exhaust duct
includes an axial centerline, a circumference, an
annulus, and a plurality of radially expandable bands.
The annulus i disposed between a first wall and a
second wall, and extends along the axial centerline.
The first wall is disposed radially inside of the
second wall. Each of the plurality of radially
expandable bands extends circumferentially within the
annulus. The bands are axially spaced apart from one
another. Each band includes a first portion attached
to the first wall, a second portion attached to the
second wall and an intermediate portion connected to
the first and second portions. The bands create
circumferentially extending compartments that inhibit
axial travel of the cooling air within the annulus.
[0006] In some embodiments, the cooled exhaust duct
further includes a plurality of baffles extending
between adjacent bands. The baffles compartmentalize
the circumferentially extending compartment, in which
they are disposed, into a plurality of
sub-compartments that inhibit circumferential travel
of cooling air flow. 



[0007] An advantage of the present invention is that
it helps to prevent undesirable cooling airflow within
the annulus. In some applications, the cooled exhaust
duct will have regions of core gas flow within the
duct that will be substantially higher (or lower) in
pressure than the average core gas pressure. Without
the present invention, the cooling air within the
annulus would be driven toward the regions where the
greatest pressure difference exists. As a result,
theuniformity of the heat transfer associated with the
cooling air is negatively affected. The
compartmentalization provided by the present invention
improves the uniformity of the cooling airflow. [0008]
Another advantage of the present invention is that it
allows for thermal expansion and contraction of the
annulus. The configuration of the bands accommodates
radial and axial positional changes of the first wall
and second wall. The attachment of the bands to the
first and second walls permits relative positional
changes of the first and second walls, while at the
same time providing desirable sealing between
compartments. [0009] Another advantage of the present
invention is that it can be used in a duct having
multiple segments that rotate relative to one another.
[0010] Another advantage of the present invention is
that the linear baffles provide additional acoustic
capability. [0011] These and other objects, features
and advantages of the present invention will become
apparent in light of the detailed description of the
best mode embodiment thereof, as illustrated in the
accompanying drawings. BRIEF DESCRIPTION OF THE
DRAWINGS [0012] FIG. 1 is a diagrammatic view of a
vectoring turbine exhaust nozzle that includes a
cooled exhaust duct shown in a straight configuration.
[0013] FIG. 2 is a diagrammatic view of a vectoring
turbine exhaust nozzle that 



includes a cooled exhaust duct shown in an angled
configuration. [0014] FIG. 3 is a diagrammatic
perspective view of a cooled exhaust duct segment,
partially broken to show a baffle. [0015] FIG. 4 is a
diagrammatic end view of a cooled exhaust duct
segment. [0016] FIG. 5 is a diagrammatic perspective
view of a cooled exhaust duct segment with a wall
removed. [0017] FIG. 6 is a diagrammatic partial
perspective of a cooled exhaust ductsegment, including
an embodiment of a baffle joint DETAILED DESCRIPTION
OF THE INVENTION [0018] Referring to FIGS 1 and 2, an
embodiment of a cooled exhaust duct 10 is shown
employed within a vectopng turbine exhaust nozzle 8
The nozzle 8 includes a forward section 12, an
intermediate section 14 and an aft section 16 In a
first configuration shown in FIG 1, the nozzle
sections 12, 14, 16 are disposed in a manner such that
the turbine exhaust nozzle 10 is substantially linear
In a second configuration shown in FIG 2, the forward
and aft sections 12, 16 are rotated approximately one
hundred and eighty degrees (180) relative to the
intermediate section 14 As a result, the turbine
exhaust nozzle turns approximately ninety degrees (90)
[0019] Referring to FIGS 1- 4, the cooled exhaust duct
10 includes a centerline 18, a circumference, an
annulus 20, and a plurality of radially expandable
bands 22 In a non-circular configuration, the duct 10
would not, strictly speaking, have a circumference The
annulus 20 is disposed between a first wall 24 and a
second wall 26, and extends along the axial centerline
18 The first wall 24 is disposed radially inside of
the second wall 26 In a non-circular configuration,
the "annulus" would be the interior region between the
first wall 24 and the second wall 26 The first wall 24
and the second wall 26 each include a plurality of
apertures 28, 30 for the passage of 



cooling air into and out of the annulus 20 [0020] Now
referring to FIGS 3 - 5, each of the plurality of
radially expandable bands 22 extends circumferentially
within the annulus 20 The bands 22 are axially spaced
apart from one another The bands 22 are configured to
accommodate movement between the first wall 24 and the
second wall 26 In some instances, for example, the
first wall 24 may experience significantly higher heat
transfer than the second wall 26 In such an instance,
the first wall 24 may thermally expand in a radial
direction an amount greater than that of the second
wall 26 The radially expandable bands 22 accommodate
the change in relative radial position of the first
and second walls 24, 26 In a preferred configuration,
each band includes a firstportion 32 attached to the
first wall 24, a second portion 34 attached to the
second wall 26 and an intermediate portion 36
connected to the first and second portions 32, 34. The
intermediate portion 36 is substantially disposed
along a plane that intersects the plane of the first
portion 32 and the plane of the second portion 34. For
example, the configuration may assume a "Z" shape, or
the intermediate portion 36 may be substantially
perpendicular to one or both of the first and second
portions 32, 34, or the like (e.g., the intermediate
portion 36 may extend in a direction approximately
parallel to the axial centerline 18). The preferred
configuration accommodates radial and axial relative
movement of the walls 24, 26. [0021] The bands 22 form
circumferentially extending compartments 38 that
inhibit axial cooling air travel within the annulus
20. The circumferentially extending compartments 38
may extend around all or a portion of the
circumference of the duct 10. In the embodiment shown
in FIGS. 1 and 2, the circumferentially extending
compartments 38 within the forward, intermediate and
aft nozzle sections 12, 14, 16 extend around a portion
of the circumference of the duct 10. The
circumferentially extending compartments 38 formed by
the bands 22 enable the cooling within the 



duct 10 to be customized on a
compartment-by-compartment basis. If a particular
circumferential compartment 38 requires greater heat
transfer than another compartment, then the cooling
characteristics of that compartment 38 can be
customized by changing the number and the size of
cooling apertures 28, 30 that permit cooling air to
enter and exit that circumferential compartment.
[0022] Referring to FIGS. 3 - 6, in some embodiments,
the annulus 20 is further compartmentalized using
baffles 40 that extend between adjacent bands 22. The
baffles 40 extend heightwise between the first and
second walls 24, 26, and lengthwise between adjacent
bands 22. In some embodiments, each baffle 40 is
attached to one of the first or second wall 24, 26. In
the embodiment shown in FIGS. 3 and 5, the baffles 40
extend lengthwise across a plurality of bands 22,
nested within slots 42 disposed in the bands 22. In
this embodiment, the bands 22 and the baffles 40 are
substantially orthogonally arranged. Movement of the
baffles 40 is substantially prevented by the bands 22.
In some instances, a baffle 40 may include a
lengthwise extending feature 44 (e.g., rib,
corrugation, etc.) that increases thelengthwise
stiffness of the baffle 40. (See FIG. 4). [0023]
Referring to FIG. 6, in some embodiments the baffles
40 include one or more joints 46 that connect adjacent
baffle segments. In the embodiment shown in FIG. 6,
each baffle 40 segment includes a U-shaped portion 48,
that receives the other U-shaped portion 48 to form
the joint 46. The baffle joints 46 are not limited to
this embodiment. [0024] The compartments formed by the
bands 22 and the baffles 40 enable the cooling within
the duct 10 to be further customized on a
compartment-bycompartment basis. If a particular
circumferential compartment requires greater heat
transfer at a particular circumferential position,
than another compartment, then the cooling
characteristics of that compartment can be customized
by changing the 



number and the size of cooling apertures 28, 30 that
permit cooling air to enter and exit that
circumferential compartment. [0025] In the operation
of the invention, cooling air is disposed radially
outside of the second wall 26 and hot core gas flow is
disposed radially inside of the first wall 24. The
cooling air is at a temperature lower and a pressure
higher than the core gas flow. The pressure difference
between the cooling air and the core gas flow causes
the cooling air to enter the annulus 20 through
apertures 30 disposed within the second wall 26, and
exit the annulus 20 through the apertures 28 disposed
within the first wall 24. [0026] The cooling air
entering the annulus 20 enters into one of the
circumferentially extending compartments 38 formed by
the bands 22. In those embodiments that utilize a
plurality of baffles 40 extending between bands 22,
the cooling air will enter into the compartments
formed by the bands 22 and the baffles 40. The bands
22 and baffles 40 substantially impede
compartment-to-compartment flow of cooling air within
the annulus 20. Consequently, predominantly all of the
cooling air entering a particular compartment 38,
exits that compartment through the apertures 28
disposed within the first wall 24. As stated above,
the characteristics of cooling airflow within a
compartment 38 can be customized by varying the number
and size of the apertures 28, 30 within the first and
second walls 24, 26 of the compartment.[0027] Although
this invention has been shown and described with
respect to the detailed embodiments thereof, it will
be understood by those skilled in the art that various
changes in form and detail thereof may be made without
departing from the spirit and the scope of the
invention.What is claimed is: 1 A cooled exhaust duct
having an axial centerline and a circumference,
comprising 



an annulus disposed between a first wall and a second
wall, the annulus extending along the axial
centerline, wherein the first wall is disposed
radially inside of the second wall, and a plurality of
radially expandable bands, each circumferentially
extending within the annulus and axially spaced apart
from one another, wherein the bands are attached to
the first wall and to the second wall and are operable
to accommodate relative position change between the
first wall and second wall 2 The cooled exhaust duct
of claim 1, wherein each band includes a first portion
attached to the first wall, a second portion attached
to the second wall and an intermediate portion
connected to the first and second portions 3 The
cooled exhaust duct of claim 2, wherein the
intermediate portion extends approximately parallel to
the axial centerline 4 The cooled exhaust duct of
claim 1, further comprising a plurality of baffles
extending lengthwise between adjacent radially
expandable bands and heightwise between the first wall
and the second wall 5 The cooled exhaust duct of claim
4, wherein the radially expandable bands include
slots, and the baffles are disposed within the slots 6
The cooled exhaust duct of claim 5, wherein the
baffles extend lengthwise substantially parallel to
the axial centerline 7 The cooled exhaust duct of
claim 4, wherein the baffles and the bands are
substantially orthogonally arranged8 . The cooled
exhaust duct of claim 4, wherein at least of the
plurality of baffles includes a stiffening feature. 9
. The cooled exhaust duct of claim 4, further
comprising one or more joints in at least one of the
plurality of baffles. 



10. A cooled exhaust duct having an axial centerline,
comprising: an interior region disposed between a
first wall and a second wall, the interior region
extending along the axial centerline, wherein the
first wall is disposed radially inside of the second
wall; a plurality of radially expandable bands, each
extending within the interior region and axially
spaced apart from one another, wherein the bands are
attached to the first wall and to the second wall and
are operable to accommodate relative position change
between the first wall and second wall, wherein each
band includes a first portion attached to the first
wall, a second portion attached to the second wall and
an intermediate portion connected to the first and
second portions; and a plurality of baffles extending
lengthwise between adjacent radially expandable bands
and heightwise between the first wall and the second
wall. 11. The cooled exhaust duct of claim 10, wherein
the radially expandable bands include slots, and the
baffles are disposed within the slots. 12. The cooled
exhaust duct of claim 11, wherein the baffles extend
lengthwise substantially parallel to the axial
centerline. 13. The cooled exhaust duct of claim 10,
wherein the baffles and the bands are substantially
orthogonally arranged. 


