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(54) ACOUSTIC TORQUE BOX

(57) Aspects of the disclosure are directed to a fan
ramp (10) for use in a thrust reverser portion of a nacelle
(12) of a gas turbine engine (16), the fan ramp (10) ex-
tending circumferentially about an axial fan ramp center-
line (62). The fan ramp (10) comprises a fan ramp forward
edge (67) disposed proximate an aft end of a fan case

(37), the fan case (37) at least partially surrounding a fan
section (44) of the gas turbine engine (16). The fan ramp
(10) also includes noise attenuating structure (212) at a
forward section of the fan ramp (10) forward of a torque
box (200).
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Description

BACKGROUND OF THE INVENTION

1. Technical Field

[0001] The present disclosure relates to aircraft gas
turbine nacelles that include a thrust reverser, and more
particularly to aircraft gas turbine nacelles that include a
thrust reverser, and a fan ramp that includes noise atten-
uating structure at a forward section of the fan ramp for-
ward of a torque box.

2. Background Information

[0002] It is known to provide an engine system that
includes, for example, an engine (e.g., a gas turbine en-
gine), a nacelle that at least partially surrounds the en-
gine, and a pylon that connects the engine and the na-
celle to a vehicle (e.g., an aircraft). In some instances,
the nacelle includes a thrust reverser, and the thrust re-
verser includes a fan ramp. There is a need for a thrust
reverser fan ramp that includes an improved noise sup-
pression.

SUMMARY OF THE DISCLOSURE

[0003] The following presents a simplified summary in
order to provide a basic understanding of some aspects
of the disclosure. The summary is not an extensive over-
view of the disclosure. It is neither intended to identify
key or critical elements of the disclosure nor to delineate
the scope of the disclosure. The following summary
merely presents some concepts of the disclosure in a
simplified form as a prelude to the description below.
[0004] Aspects of the disclosure are directed to a fan
ramp for use in a thrust reverser portion of a nacelle of
a gas turbine engine, the fan ramp extending circumfer-
entially about an axial fan ramp centerline. The fan ramp
comprises a fan ramp forward edge disposed proximate
an aft end of a fan case, the fan case at least partially
surrounding a fan section of the gas turbine engine. A
fan ramp aft edge is disposed proximate a forward end
of an array of cascades, the array of cascades being
operable to permit a bypass airstream to pass there
through during a thrust reversing operation. A noise at-
tenuating structure comprises a perforated layer, a base
layer, and a core layer, all of which are stacked in a su-
perimposed relationship so that the core layer is disposed
between the perforated layer and the base layer. The
perforated layer is configured to permit noise to pass
there through, the core layer includes a substructure that
is operable to receive an amount of the noise that passes
through the perforated layer that is operable to reflect the
amount of the noise off the base layer such that sound
waves of reflected noise are out of phase with and de-
structively interfere with sound waves of noise outside
the substructure. The core layer comprises and axially

extends between a forward axial end proximate the fan
ramp forward edge and an aft axial end axially forward
a blocker door forward edge, and the core layer is axially
forward of a torque box forward bracket that forms the
forward boundary of a torque box.
[0005] The fan ramp may be exposed to the bypass
airstream passing through a bypass duct of the propul-
sion system during the thrust reversing operation.
[0006] The fan ramp aids in guiding the bypass air-
stream to make a radially outward turn from the bypass
duct through the array of cascades during the thrust re-
versing operation.
[0007] The fan ramp centerline may be aligned with an
axial centerline of the gas turbine engine included in the
propulsion system.
[0008] The stacked perforated layer, base layer, and
core layer are operable to suppress noise within the by-
pass duct when a blocker door is in a stowed position.
[0009] The stacked perforated layer, base layer, and
core layer may be defined by a component of the nacelle
that at least partially defines the fan ramp.
[0010] The substructure may be honey-comb shaped.
[0011] The core layer may not be disposed aft of the
torque box forward bracket.
[0012] The fan ramp may be free of perforations ex-
posed to the bypass airstream axially aft of the torque
box forward bracket.
[0013] The forward end of the noise attenuating struc-
ture may comprise an edge seal.
[0014] The base layer may abut a segment of the
torque box forward bracket.
[0015] The base layer may abut a segment of the
torque box forward bracket.
[0016] The base layer may be radially separated from
a segment of the torque box forward bracket.
[0017] Aspects of the disclosure are also directed to a
thrust reversing nacelle for a turbofan propulsion system,
the thrust reversing nacelle extending circumferentially
about an axial centerline. The thrust reversing nacelle
comprises an array of cascades extending circumferen-
tially about the axial centerline and a translating structure
operable to be moved in an axial direction between a
stowed position, in which the translating structure blocks
a bypass airstream from passing from a bypass duct
through the array of cascades, and a deployed position,
in which the translating structure permits the bypass air-
stream to pass from the bypass duct through the array
of cascades. A blocker door is pivotally mounted to the
translating structure, and operable to be moved between
the stowed position, in which the blocker door is posi-
tioned adjacent to the translating structure and extends
generally parallel to the axial centerline, and the deployed
position, in which the blocker door is positioned away
from the translating structure and extends generally per-
pendicular to the axial centerline to aid in guiding the
bypass airstream from the bypass duct through the array
of cascades. A fan ramp guides the bypass airstream
from the bypass duct through the array of cascades when
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the translating structure and the blocker door are in their
respective deployed positions, the fan ramp including a
perforated layer, a base layer, and a hollow layer, all of
which are stacked in a superimposed relationship so that
the hollow layer is disposed between the perforated layer
and the base layer. The perforated layer is not blocked
by the blocker door when the blocker door is in the stowed
position, and the hollow layer comprises a hollow layer
forward end and a hollow layer aft end, and the hollow
layer is forward a blocker door forward edge and forward
of a torque box forward bracket that forms the forward
boundary of a torque box.
[0018] The fan ramp may extend between a forward
fan ramp edge and an aft fan ramp edge, wherein the
forward fan ramp edge is disposed proximate an aft end
of a fan case and the aft fan ramp edge is disposed prox-
imate a forward end of the array of cascades.
[0019] The stacked perforated layer, base layer, and
hollow layer may be included on a portion of the fan ramp
exposed to the bypass duct when the blocker door is in
its stowed position.
[0020] The fan ramp may be free of perforations ex-
posed to the bypass airstream axially aft of the torque
box forward bracket.
[0021] The base layer may abut a segment of the
torque box forward bracket.
[0022] Aspects of the disclosure are also directed to a
method of attenuating noise that comprises providing a
fan ramp for use in a thrust reverser portion of a nacelle
of a gas turbine engine, the fan ramp extending circum-
ferentially about an axial fan ramp centerline, the fan
ramp comprising a fan ramp forward edge disposed prox-
imate an aft end of a fan case, the fan case at least par-
tially surrounding a fan section of the gas turbine engine,
an fan ramp aft edge disposed proximate a forward end
of an array of cascades, the array of cascades being
operable to permit a bypass airstream to pass there
through during a thrust reversing operation, and a noise
attenuating structure comprising a perforated layer, a
base layer, and at least one of core layer or a hollow
layer, all of which are stacked in a superimposed rela-
tionship so that the core layer is disposed between the
perforated layer and the base layer. The method also
includes porting noise through the perforated layer the
base layer such that sound waves of reflected noise are
out of phase with and destructively interfere with sound
waves of noise outside the substructure, where the at
least one of the core layer or hollow layer comprises and
axially extends between a forward axial end proximate
the fan ramp forward edge and an aft axial end axially
forward a blocker door forward edge, and the core layer
is axially forward of a torque box forward bracket that
forms the forward boundary of a torque box.
[0023] The fan ramp may be free of perforations ex-
posed to the bypass airstream axially aft of the torque
box forward bracket.

BRIEF DESCRIPTION OF THE DRAWINGS

[0024]

FIG. 1 is a perspective view of an aircraft gas turbine
engine.
FIG. 2 is an exploded perspective view of the engine
of FIG. 1.
FIG. 3 is a sectional schematic view of a thrust re-
verser, exhaust centerbody, and exhaust nozzle por-
tions of a nacelle that is included in the engine of
FIG. 1, where a translating structure and blocker
doors of the thrust reverser are in their respective
stowed positions.
FIG. 4 is a sectional schematic view of the thrust
reverser, the exhaust centerbody, and the exhaust
nozzle portions of the nacelle that is included in the
engine FIG. 1, where the translating structure and
the blocker doors of the thrust reverser are in their
respective deployed positions.
FIG. 5 is a sectional view of a prior art thrust reverser
portion of a nacelle that may be included in the en-
gine system of FIG. 1.
FIG. 6 is a sectional view of a thrust reverser portion
of the nacelle that is included in the engine system
of FIG. 1.
FIG. 7 is a perspective view of the forward portion
of the thrust reverser fan ramp that is included in the
engine of FIG. 1.
FIG. 8 is a sectional view of an alternative embodi-
ment of a thrust reverser portion of the nacelle that
is included in the engine of FIG. 1.

DETAILED DESCRIPTION

[0025] The present disclosure describes embodiments
of a fan ramp 10 (FIGs. 3-7), and embodiments of a na-
celle 12 (FIGs. 1-7) that include the fan ramp 10. The
present disclosure describes aspects of the embodi-
ments illustrated in the drawings; however, aspects of
the present disclosure are not limited to the embodiments
illustrated in the drawings. The present disclosure may
describe one or more features as having a length extend-
ing relative to an x-axis, a width extending relative to a
y-axis, and/or a height extending relative to a z-axis. The
drawings illustrate the respective axes.
[0026] The present disclosure uses the terms or phras-
es "circumferential", "annular", "abut", and "noise sup-
pression", and variations thereof, to describe one or more
features. The term "circumferential", and variations
thereof, are used herein to indicate that a feature extends
along a curve that is centered about an axis of rotation.
The term "annular", and variations thereof, are used here-
in to indicate that a feature is at least partially in the form
of a ring (e.g., a ring in a circular shape or another shape).
The term "abut", and variations thereof, are used herein
to indicate either that a feature is in direct contact with
another feature, or that a feature is in such close proximity
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to another feature that it is almost in direct contact with
that feature. The phrase "noise suppression", and vari-
ations thereof, are used herein to indicate than an am-
plitude of a sound wave is reduced.
[0027] Referring to FIGs. 1 and 2, the fan ramp 10
(FIGs. 3-6, and 8) is included in a nacelle 12, and the
nacelle 12 is included in an aircraft gas turbine engine
system 14. The engine system 14 and the nacelle 12 can
be configured in various different ways. In the embodi-
ment illustrated in FIG. 1, the engine system 14 is a tur-
bofan that includes a gas turbine engine 16 and a pylon
18 in addition to the nacelle 12. In the embodiment illus-
trated in FIG. 2, the gas turbine engine 16 extends in a
lengthwise direction along an axial centerline 20. The
nacelle 12 partially surrounds the gas turbine engine 16
and the pylon 18 connects the nacelle 12 and the gas
turbine engine 16 to the underside of an aircraft wing (not
shown). In this embodiment, the nacelle 12 includes an
inlet 22, a fan cowl 24, a thrust reverser 26, an exhaust
centerbody 28, and an exhaust nozzle 30. In this embod-
iment, the fan ramp 10 (FIGs. 3-6, and 8) is included in
the thrust reverser 26 portion of the nacelle 12.
[0028] Referring now to FIGs. 3 and 4, in this embod-
iment the thrust reverser 26 is a cascade type thrust re-
verser that includes a fixed structure 32 and a translating
structure 34. The fixed structure 32 and the translating
structure 34 partially define a bypass duct 36; the bypass
duct 36 extends circumferentially about the centerline
20; the fixed structure 32 includes a radially inner portion
33 and a radially outer portion 35. The radially outer por-
tion 35 of the fixed structure 32 extends axially from the
aft end of a fan case 37 that surrounds the fan section
44 of the gas turbine engine 16 (FIG. 2). The translating
structure 34 is selectively moveable in a generally length-
wise direction relative to the fixed structure 32, between
a stowed position (FIG. 3) (e.g., during a forward thrust
operation) and a deployed position (FIG. 4) (e.g., during
a thrust reversing operation). The translating structure
34 engages a track of an upper track beam (not shown)
and a track of a lower track beam (not shown) in a manner
that permits the movement of the translating structure 34
between the stowed position (FIG. 3) and the deployed
position (FIG. 4). The track of the upper track beam (not
shown) extends in a generally lengthwise direction along
an upper area of the nacelle 12 (shown in FIGS. 3 and
4); the track of the lower track beam (not shown) extends
in a generally lengthwise direction along a lower area of
the nacelle 12 (not shown in FIGs. 3 and 4).
[0029] The translating structure 34 includes a plurality
of blocker doors 38, each of which is pivotably connected
to the radially inner portion 33 of the fixed structure 32
by a drag link 40 and a drag link fitting 42. Each of the
blocker doors 38 is moveable between a stowed position
(FIG. 3) (e.g., during a forward thrust operation of the
nacelle 12) and a deployed position (FIG. 4) (e.g., during
a thrust reversing operation of the nacelle 12). The block-
er doors 38 are configured to be in their respective stowed
positions (FIG. 3) when the translating structure 34 is in

its stowed position (FIG. 3). The blocker doors 38 are
configured to be in their respective deployed positions
(FIG. 4) when the translating structure 34 is in its de-
ployed position (FIG. 4). When the blocker doors 38 are
in the respective stowed positions (FIG. 3), the blocker
doors 38 are positioned proximate the translating struc-
ture 34 and each blocker door 38 extends in a direction
that is generally parallel to the centerline 20. When the
blocker doors 38 are in the respective deployed positions
(FIG. 4), the blocker doors 38 are positioned away from
the translating structure 34 and each blocker door 38
extends in a direction that is generally perpendicular to
the centerline 20. FIGs. 3 and 4 illustrate the relative po-
sitioning of the fan case 37, and the thrust reverser 26,
the exhaust centerbody 28, and the exhaust nozzle 30
portions of the nacelle 12.
[0030] Referring to FIG. 2, during operation of the en-
gine system 14 in this embodiment, an airstream (not
shown) enters the gas turbine engine 16 through a fan
section 44 that is located at a forward end of the gas
turbine engine 16. The airstream is thereafter divided into
at least a core airstream (not shown) and a bypass air-
stream 46 (FIGs. 3 and 4). In this embodiment, the core
airstream enters the gas turbine engine 16, where it is
accelerated and then discharged through an aft end of
the gas turbine engine 16. The core airstream is then
finally discharged through the exhaust nozzle 30 portion
of the nacelle 12 to provide forward thrust. In the embod-
iment illustrated in FIGs. 3 and 4, when the translating
structure 34 is in its stowed position (FIG. 3), the bypass
airstream 46 can pass from a forward end 50 of the by-
pass duct 36 to an aft end 52 of the bypass duct 36,
through which it can be discharged to provide forward
thrust. The drag links 40 each block only a small circum-
ferential portion of the bypass duct 36, and thus the by-
pass airstream 46 can pass around them relatively easily.
The translating structure 34 covers an array of cascades
56 that are included in the radially outer portion 35 of the
fixed structure 32 of the thrust reverser 26, thereby block-
ing the bypass airstream 46 from passing through the
array of cascades 56. When the translating structure 34
is in its deployed position (FIG. 4), the array of cascades
56 is exposed, and the blocker doors 38 are deployed to
redirect substantially all of the bypass airstream 46 to-
ward the array of cascades 56, through which the bypass
airstream 46 can be discharged to generate reverse
thrust. The array of cascades 56 extends circumferen-
tially about the centerline 20 of the gas turbine engine 16.
[0031] The fan ramp 10 is an aerodynamic surface that
is active during a thrust reversing operation of the nacelle
12 (e.g., when the translating structure 34 is in its de-
ployed position and the blocker doors 38 are in their re-
spective deployed positions (FIG. 4)). The fan ramp 10
may be formed on and/or defined by various different
components of the nacelle 12. The fan ramp 10 may be
formed on and/or defined by one or more components
of the radially outer portion 35 of the fixed structure 32
of the thrust reverser 26. In the embodiment illustrated
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in FIGs. 3 and 4, the fan ramp 10 is defined by an annular
torque box 58, which is a component of the radially outer
portion 35 of the fixed structure 32 of the thrust reverser
26. In this embodiment, the fan ramp 10 is disposed im-
mediately forward of the array of cascades 56 such that
the fan ramp 10 extends between an aft end of the fan
case 37 and a forward end of the array of cascades 56.
In this embodiment, when the blocker doors 38 of the
translating structure 34 are in their respective stowed po-
sitions (FIG. 3), the forward edge 60 of each blocker door
38 abuts the fan ramp 10. When the blocker doors 38 of
the translating structure 34 are in their respective de-
ployed positions (FIG. 4), the fan ramp 10 is exposed to
the bypass airstream 46 that passes through the bypass
duct 36. When the blocker doors 38 of the translating
structure 34 are in their respective deployed positions
(FIG. 4), the fan ramp 10 aids in guiding the bypass air-
stream 46 to make a radially outward turn from the bypass
duct 36 through the array of cascades 56.
[0032] The fan ramp 10 can be configured in various
different ways. In a prior art embodiment in FIG. 5, the
fan ramp 10 extends circumferentially about an axial fan
ramp centerline 62. The fan ramp 10 is disposed relative
to the gas turbine engine 16 such that the fan ramp cen-
terline 62 is aligned with the centerline 20 of the gas tur-
bine engine 16, and the fan ramp 10 extends axially be-
tween a fan ramp forward edge 67 and a fan ramp aft
edge 69. The fan ramp forward edge 67 is disposed prox-
imate the aft end of the fan case 37 and the fan ramp aft
edge 69 is disposed proximate the forward end of the
array of cascades 56.
[0033] The fan ramp 10 includes a noise suppression
feature that attenuates noise within the bypass duct 36
(FIGs. 3 and 4). The noise can be caused, for example,
by the high speed rotation of the fan in the fan section
44 of the gas turbine engine 16 (FIG. 2), and/or turbulent
flow of the bypass airstream 46 within the bypass duct
36. The noise suppression feature is included on portions
of the fan ramp 10 within the torque box and exposed to
the bypass duct 36 when the blocker doors 38 are in their
respective stowed positions.
[0034] FIG. 6 is a sectional view of a thrust reverser
portion of the nacelle that is included in the engine system
of FIG. 1. In this embodiment, noise attenuation features
may be located forward of the torque box 58. Torque box
bracket 200 defines a forward boundary of the torque
box 58, and the torque box bracket 200 is attached (e.g.,
welded, blinder fastener, etc) to the fan ramp 10 at a first
location 202 and attached to torque box cone 203 at a
second location 204. The placement of the brackets is
generally determined by the length of acoustic treatment
forward of the stowed blocker door forward edge. The
bracket 200 may include a plurality of segments, includ-
ing a first segment 206 that attaches the bracket at the
first location 202, and a second segment 208 that at-
tached the bracket 200 at the second location 204. The
bracket 200 also includes a central segment 210 that
extends between the first and second segments, 206,

208, respectively. The central segment 210 may extend
radially inward as the central segment extends aft.
[0035] A radially outer surface of the fan ramp forward
edge 67 includes a noise suppression structure 212 that
attenuates noise at an inner surface of a forward section
of the fan ramp 10. The noise suppression structure 212
may be configured in various different ways. In some
embodiments, the noise suppression structure 212 may
be formed by and/or defined by a structure that is dis-
posed relative to at least a portion of the fan ramp 10.
The noise suppression structure 212 is formed by and/or
defined by the one or more components of the nacelle
12 that form and/or define the fan ramp 10. An edge seal
213 may be used at a forward axial end 214 of the fan
ramp 10.
[0036] FIG. 7 is a section view of one embodiment of
the noise suppression structure 212. Referring to FIGs.
6 and 7, the structure 212 incudes a perforated layer 66,
an imperforate base layer 68, and a core layer 70, all of
which are stacked in a superimposed relationship so that
the core layer 70 is disposed between the perforated lay-
er 66 and the base layer 68. In the structure shown in
FIG. 7, the perforated layer 66 includes a plurality of ap-
ertures 72 that are configured to permit noise to pass
through; the core layer 70 includes a plurality of honey-
comb-shaped substructures 74; each substructure 74 is
operable receive an amount of the noise that passes
through one or more of the apertures 72 in the perforated
layer 66; and each substructure 74 is operable to reflect
the noise back out of the apertures 72 such that sound
waves of the reflected noise are out of phase and de-
structively interfere with sound waves of noise outside
the substructure 74 in a known manner. The structure
shown in FIG. 7 is positioned outside the torque box 58
such that the perforated layer 66 forms a radially inner
surface and the base layer 68 forms a radially outer sur-
face, as shown in FIG. 7. In some embodiments similar
to the one illustrated in FIG. 8, the substructure 74 can
be configured (or "tuned") to suppress noise having one
or more predetermined wavelengths. In such embodi-
ments, the predetermined wavelengths can correspond
to one or more wavelengths of the noise that may be
present within the engine system 14.
[0037] Referring again to FIG. 6, the base layer 68 may
extend aft and radially inward to attach to the first seg-
ment 206 of the torque box bracket 200 at the first location
202. The noise attenuating structure 212 includes the
forward axial end 214 and an aft axial end 209.
[0038] FIG. 8 is a sectional view of an alternative em-
bodiment of a thrust reverser portion of the nacelle that
is included in the engine system of FIG. 1. In this embod-
iment the fan ramp forward edge 67 may form a resonat-
ing cavity 230 (e.g., trapezoidal) along with forward
bracket 232 and the torque box bracket 200. The forward
bracket 232 is located aft of the fan case 37 and is at-
tached (e.g., welded) to the fan ramp forward edge 67,
and attached and radially stacked with the second seg-
ment 208 of the torque box bracket 200. In this embod-
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iment the fan ramp forward edge, axially forward of the
stowed blocker door forward edge, may be a perforated
surface, and back surface 234 and the bracket 200 may
be non-perforated. A plurality of honeycomb-shaped
substructures 236 may extend between the perforated
fan ramp forward edge 67 and the back surface 234 to
provide a noise attenuating structure. The volume of the
resonating cavity 230 and size of the perforations in the
fan ramp forward edge may be selected based upon the
desired noise frequency band to be attenuated.
[0039] Although the different non-limiting embodi-
ments have specific illustrated components, the embod-
iments 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 features or components from any of the other non-
limiting embodiments.
[0040] It should be understood that like reference nu-
merals identify corresponding or similar elements
throughout the several drawings. It should also be un-
derstood that although a particular component arrange-
ment is disclosed in the illustrated embodiment, other
arrangements will benefit herefrom.
[0041] The foregoing description is exemplary rather
than defined by the features within. Various non-limiting
embodiments are disclosed herein, however, one of or-
dinary skill in the art would recognize that various mod-
ifications and variations in light of the above teachings
will fall within the scope of the appended claims. It is
therefore to be understood that within the scope of the
appended claims, the disclosure may be practiced other
than as specifically described. For that reason the ap-
pended claims should be studied to determine true scope
and content.

Claims

1. A fan ramp (10) for use in a thrust reverser portion
of a nacelle (12) of a gas turbine engine (16), the fan
ramp (10) extending circumferentially about an axial
fan ramp centerline (62), the fan ramp (10) compris-
ing:

a fan ramp forward edge (67) disposed proxi-
mate an aft end of a fan case (37), the fan case
(37) at least partially surrounding a fan section
(44) of the gas turbine engine (16);
an fan ramp aft edge (69) disposed proximate a
forward end of an array of cascades (56), the
array of cascades (56) being operable to permit
a bypass airstream to pass therethrough during
a thrust reversing operation; and
a noise attenuating structure (212) comprising
a perforated layer (66), a base layer (68), and a
core layer (70), all of which are stacked in a su-
perimposed relationship so that the core layer
(70) is disposed between the perforated layer

(66) and the base layer (68);
wherein the perforated layer (66) is configured
to permit noise to pass therethrough, the core
layer (70) includes a substructure (74) that is
operable to receive an amount of the noise that
passes through the perforated layer (66) that is
operable to reflect the amount of the noise off
the base layer (68) such that sound waves of
reflected noise are out of phase with and de-
structively interfere with sound waves of noise
outside the substructure (74); and
wherein the core layer (70) comprises and axi-
ally extends between a forward axial end (214)
proximate the fan ramp forward edge (67) and
an aft axial end axially forward a blocker door
forward edge, and the core layer (70) is axially
forward of a torque box forward bracket (200)
that forms the forward boundary of a torque box.

2. The fan ramp of claim 1, wherein the fan ramp (10)
is exposed to the bypass airstream passing through
a bypass duct (36) of the propulsion system (e.g.,
gas turbine engine) during the thrust reversing op-
eration.

3. The fan ramp of claim 2, wherein the fan ramp (10)
is configured to aid in guiding the bypass airstream
to make a radially outward turn from the bypass duct
(36) through the array of cascades (56) during the
thrust reversing operation.

4. The fan ramp of claim 2 or 3, wherein the stacked
perforated layer (66), base layer (68), and core layer
(70) are operable to suppress noise within the by-
pass duct (36) when a blocker door (38) is in a stowed
position.

5. The fan ramp of any preceding claim, wherein the
fan ramp centerline (62) is aligned with an axial cen-
terline of the gas turbine engine included in the pro-
pulsion system.

6. The fan ramp of any preceding claim, wherein the
stacked perforated layer (66), base layer (68), and
core layer (70) are defined by a component of the
nacelle (12) that at least partially defines the fan ramp
(10).

7. The fan ramp of any preceding claim, wherein the
substructure (74) is honey-comb shaped.

8. The fan ramp of any preceding claim, wherein the
core layer (70) is not disposed aft of the torque box
forward bracket.

9. The fan ramp of any preceding claim, wherein the
fan ramp (10) is free of perforations exposed to the
bypass airstream axially aft of the torque box forward
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bracket.

10. The fan ramp of any preceding claim, where the for-
ward end (214) of the noise attenuating structure
(212) comprises an edge seal (213).

11. The fan ramp of any preceding claim, where the base
layer (68) abuts a segment of the torque box forward
bracket.

12. The fan ramp of any of claims 1 to 10, where the
base layer (68) is radially separated from a segment
of the torque box forward bracket.

13. A thrust reversing nacelle for a turbofan propulsion
system, the thrust reversing nacelle extending cir-
cumferentially about an axial centerline, the thrust
reversing nacelle comprising:

an array of cascades extending circumferential-
ly about the axial centerline;
a translating structure operable to be moved in
an axial direction between a stowed position, in
which the translating structure blocks a bypass
airstream from passing from a bypass duct
through the array of cascades, and a deployed
position, in which the translating structure per-
mits the bypass airstream to pass from the by-
pass duct through the array of cascades;
a blocker door pivotally mounted to the translat-
ing structure, and operable to be moved be-
tween the stowed position, in which the blocker
door is positioned adjacent to the translating
structure and extends generally parallel to the
axial centerline, and the deployed position, in
which the blocker door is positioned away from
the translating structure and extends generally
perpendicular to the axial centerline to aid in
guiding the bypass airstream from the bypass
duct through the array of cascades; and
a fan ramp that guides the bypass airstream
from the bypass duct through the array of cas-
cades when the translating structure and the
blocker door are in their respective deployed po-
sitions, the fan ramp including a perforated layer,
a base layer, and a hollow layer, all of which are
stacked in a superimposed relationship so that
the hollow layer is disposed between the perfo-
rated layer and the base layer;
wherein the perforated layer is not blocked by
the blocker door when the blocker door is in the
stowed position; and
wherein the hollow layer comprises a hollow lay-
er forward end and a hollow layer aft end, and
the hollow layer is forward a blocker door for-
ward edge and forward of a torque box forward
bracket that forms the forward boundary of a
torque box, wherein optionally:

the fan ramp extends between a forward fan
ramp edge and an aft fan ramp edge, where-
in the forward fan ramp edge is disposed
proximate an aft end of a fan case and the
aft fan ramp edge is disposed proximate a
forward end of the array of cascades; and/or
the stacked perforated layer, base layer,
and hollow layer are included on a portion
of the fan ramp exposed to the bypass duct
when the blocker door is in its stowed posi-
tion.

14. The thrust reversing nacelle 13, wherein the fan
ramp is free of perforations exposed to the bypass
airstream axially aft of the torque box forward brack-
et, and the base layer optionally abuts a segment of
the torque box forward bracket.

15. A method of attenuating noise, comprising:

providing a fan ramp (10) for use in a thrust re-
verser portion of a nacelle (12) of a gas turbine
engine (16), the fan ramp (10) extending circum-
ferentially about an axial fan ramp centerline
(62), the fan ramp (10) comprising a fan ramp
forward edge (67) disposed proximate an aft end
of a fan case (37), the fan case (37) at least
partially surrounding a fan section (44) of the
gas turbine engine (16), an fan ramp aft edge
(69) disposed proximate a forward end of an ar-
ray of cascades (56), the array of cascades (56)
being operable to permit a bypass airstream to
pass therethrough during a thrust reversing op-
eration, and a noise attenuating structure (212)
comprising a perforated layer (66), a base layer
(68), and at least one of core layer (70) or a
hollow layer, all of which are stacked in a super-
imposed relationship so that the core layer (70)
or hollow layer is disposed between the perfo-
rated layer (66) and the base layer (68); and
porting noise through the perforated layer (66)
and/or the base layer (68) such that sound
waves of reflected noise are out of phase with
and destructively interfere with sound waves of
noise, e.g., outside a substructure (74) of the
perforated layer (66), where the at least one of
the core layer (70) or hollow layer comprises and
axially extends between a forward axial end
(214) proximate the fan ramp forward edge (67)
and an aft axial end axially forward a blocker
door forward edge, and the core layer (70) or
hollow layer is axially forward of a torque box
forward bracket (200) that forms the forward
boundary of a torque box,
wherein the fan ramp (10) is optionally free of
perforations exposed to the bypass airstream
axially aft of the torque box forward bracket
(200).
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