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(54) SOUND ATTENUATION APPARATUS AND METHOD

(57) An aircraft engine sound attenuation apparatus
includes a perforated face member (140), a backing
member (170), a plurality of connecting members (150)
coupling the perforated face member to the backing
member to form a plurality of channels (160) spanning
from the perforated face member to the backing member,

and a bulk absorber (161) disposed in each of the plurality
of channels, wherein the plurality of channels are con-
nected to an interior portion of an aircraft engine nacelle
component so that the plurality of channels are oriented
in a direction substantially normal to a direction of fluid
flow pressure drop passing through the aircraft engine.
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Description

BACKGROUND

[0001] Generally, turbine engines, such as used in air-
craft, can be sources of unwanted noise while the aircraft
is parked or taxying at the airport or during takeoff and
landing. Various noise reduction methods have been im-
plemented to address the unwanted noise generated by
the turbine engines. One such noise reduction method
includes the use of acoustic liners that include Helmholtz
resonators or bulk noise suppression material. The
acoustic liners are flat or contoured and are generally
placed on the interior surface of an engine or an auxiliary
power unit inlet and/or exhaust ducts, as necessary, to
reduce noise produced by the engine or auxiliary power
unit. The bulk noise suppression material has not gen-
erally been implemented with respect to turbine engines
due to, for example, liquid absorption/retention.

SUMMARY

[0002] Accordingly, apparatus and method, intended
to address the above-identified concerns, would find util-
ity.
[0003] One example of the present disclosure relates
to an aircraft engine sound attenuation apparatus that
comprises a perforated face member; a backing member;
a plurality of connecting members coupling the perforat-
ed face member to the backing member to form a plurality
of channels spanning from the perforated face member
to the backing member; and a bulk absorber disposed in
each of the plurality of channels; wherein the plurality of
channels are connected to an interior portion of an aircraft
engine nacelle component so that the plurality of chan-
nels are oriented in a direction substantially normal to a
direction of fluid flow pressure drop passing through the
aircraft engine.
[0004] One example of the present disclosure relates
to an aircraft engine that comprises a nacelle having a
nacelle frame to which a plurality of nacelle components
are attached; at least one sound attenuating member,
each sound attenuating member including a perforated
face member, a backing member, a plurality of connect-
ing members coupling the perforated face member to the
backing member to form a plurality of channels spanning
from the perforated face member to the backing member;
and a bulk absorber disposed in each of the plurality of
channels; wherein the plurality of channels are connect-
ed to an interior portion of a respective one of the plurality
of nacelle components so that the plurality of channels
are oriented in a direction substantially normal to a direc-
tion of fluid flow pressure drop passing through the air-
craft engine.
[0005] One example of the present disclosure relates
to a method for aircraft engine sound attenuation, the
method comprising: flowing fluid through an aircraft en-
gine nacelle; receiving at least a portion of the fluid in

perforations of the aircraft engine nacelle so that the por-
tion of the fluid flows through the perforations into at least
one channel of the aircraft engine nacelle; and attenuat-
ing acoustic waves with a bulk absorber disposed within
each of the at least one channel.
[0006] An aircraft engine sound attenuation apparatus
comprising a perforated face member; a backing mem-
ber; a plurality of connecting members coupling the per-
forated face member to the backing member to form a
plurality of channels spanning from the perforated face
member to the backing member; and a bulk absorber
disposed in each of the plurality of channels; wherein the
plurality of channels are connected to an interior portion
of an aircraft engine nacelle component so that the plu-
rality of channels are oriented in a direction substantially
normal to a direction of fluid flow pressure drop passing
through the aircraft engine. The aircraft engine sound
attenuation apparatus wherein a longitudinal length of
each channel extends a full length of the aircraft engine
nacelle component.
[0007] The aircraft engine sound attenuation appara-
tus further comprising at least one septum layer disposed
between the perforated face member and the backing
member where the at least one septum layer divides each
channel into at least two portions. The aircraft engine
sound attenuation apparatus wherein the each of the plu-
rality of connecting members has a longitudinally extend-
ing sinewave configuration. The aircraft engine sound
attenuation apparatus wherein each of the plurality of
connecting members extends linearly along a longitudi-
nal axis of each channel.
[0008] The aircraft engine sound attenuation appara-
tus wherein the plurality of connecting members forms a
truss core that extends along a longitudinal axis of each
channel. The aircraft engine sound attenuation appara-
tus wherein each channel has a width, in the direction
substantially normal to the direction of fluid flow pressure
drop passing through the aircraft engine, that prevents
sound propagation inside the channel substantially par-
allel to a surface of the channel in the direction substan-
tially normal to the direction of fluid flow pressure drop
passing through the aircraft engine. The aircraft engine
sound attenuation apparatus wherein the perforated face
member includes perforations that place the bulk absorb-
er in each channel in fluid communication with the fluid
flow.
[0009] An aircraft engine comprising a nacelle having
a nacelle frame to which a plurality of nacelle components
are attached; at least one sound attenuating member,
each sound attenuating member including a perforated
face member, a backing member, a plurality of connect-
ing members coupling the perforated face member to the
backing member to form a plurality of channels spanning
from the perforated face member to the backing member;
and a bulk absorber disposed in each of the plurality of
channels; wherein the plurality of channels are connect-
ed to an interior portion of a respective one of the plurality
of nacelle components so that the plurality of channels
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are oriented in a direction substantially normal to a direc-
tion of fluid flow pressure drop passing through the air-
craft engine. The aircraft engine wherein a longitudinal
length of each channel extends a full length of the re-
spective one of the plurality of nacelle components.
[0010] The aircraft engine wherein the nacelle frame
includes frame members having cavities therein and the
bulk absorber is disposed within the cavities, the bulk
absorber being in fluid communication with the fluid flow.
The aircraft engine wherein the plurality of nacelle com-
ponents includes at least one thrust reverser panel and
one of the at least one sound attenuating member is cou-
pled to each of the at least one thrust reverser panel. The
aircraft engine wherein the at least one sound attenuating
member further includes at least one septum layer dis-
posed between the perforated face member and unper-
forated backing member where the at least one septum
layer divides each channel into at least two portions. The
aircraft engine wherein the perforated face member in-
cludes perforations that place the bulk absorber in each
channel in fluid communication with the fluid flow.
[0011] The aircraft engine wherein each channel of one
of the at least one sound attenuating member are in fluid
communication with a corresponding adjacent channel
of a second one of the at least one sound attenuating
member. The aircraft engine wherein at least one of the
perforated face member and the backing member in-
cludes an access panel that provides access to the bulk
absorber in each channel.
[0012] A method for aircraft engine sound attenuation,
the method comprising flowing fluid through an aircraft
engine nacelle; receiving at least a portion of the fluid in
perforations of the aircraft engine nacelle so that the por-
tion of the fluid flows through the perforations into at least
one channel of the aircraft engine nacelle; and attenuat-
ing acoustic waves with a bulk absorber disposed within
each of the at least one channel.
[0013] The method wherein attenuating the acoustic
waves includes preventing sound propagation inside the
channel parallel to a surface of the at least one channel
in a direction of a pressure drop direction of the fluid. The
method further comprising heating the bulk absorber with
the portion of the fluid to vaporize liquids contained within
the bulk absorber. The method further comprising vapor-
izing the liquids contained within the bulk absorber with
heat, from an engine core member disposed within the
aircraft engine nacelle, conducting through a backing
member of the aircraft engine nacelle. The method fur-
ther comprising providing access to the bulk absorber
through a surface of the aircraft engine nacelle.

BRIEF DESCRIPTION OF THE DRAWINGS

[0014] Having thus described examples of the disclo-
sure in general terms, reference will now be made to the
accompanying drawings, which are not necessarily
drawn to scale, and wherein like reference characters
designate the same or similar parts throughout the sev-

eral views, and wherein:

Fig. 1 is a block diagram of a sound attenuation ap-
paratus, according to aspects of the present disclo-
sure;
Fig. 2A is a cross sectional schematic illustration of
an engine and nacelle, according to aspects of the
present disclosure;
Fig. 2B is a cross sectional schematic illustration of
a portion of a nacelle, according to aspects of the
present disclosure;
Fig. 2C is a cross sectional schematic illustration of
a portion of a nacelle, according to aspects of the
present disclosure;
Fig. 2D is a schematic illustration of a portion of a
sound attenuating member, according to aspects of
the present disclosure;
Fig. 3 is a cross sectional perspective schematic il-
lustrations of a portion of a nacelle, according to as-
pects of the present disclosure;
Figs. 4A-4I are schematic illustrations of a portion of
the sound attenuation apparatus, according to as-
pects of the present disclosure;
Fig. 5 is a graph illustrating sound attenuation of the
sound attenuation apparatus, according to aspects
of the present disclosure;
Fig. 6 is a schematic illustration of a sound attenu-
ating member integrated with a frame of a vehicle,
according to aspects of the present disclosure.
Fig. 7 is a flow diagram of a method, according to
aspects of the present disclosure;
Fig. 8 is a flow diagram of aircraft production and
service methodology; and
Fig. 9 is a schematic illustration of an aircraft includ-
ing distributed vehicle systems.

[0015] In the block diagram(s) referred to above, solid
lines, if any, connecting various elements and/or compo-
nents may represent mechanical, electrical, fluid, optical,
electromagnetic and other couplings and/or combina-
tions thereof. As used herein, "coupled" means associ-
ated directly as well as indirectly. For example, a member
A may be directly associated with a member B, or may
be indirectly associated therewith, e.g., via another mem-
ber C. Couplings other than those depicted in the block
diagrams may also exist. Dashed lines, if any, connecting
the various elements and/or components represent cou-
plings similar in function and purpose to those represent-
ed by solid lines; however, couplings represented by the
dashed lines may either be selectively provided or may
relate to alternative or optional aspects of the disclosure.
Likewise, elements and/or components, if any, repre-
sented with dashed lines, indicate alternative or optional
aspects of the disclosure. Environmental elements, if
any, are represented with dotted lines.
[0016] In the block diagram(s) referred to above, the
blocks may also represent operations and/or portions
thereof. Lines connecting the various blocks do not imply
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any particular order or dependency of the operations or
portions thereof.

DETAILED DESCRIPTION

[0017] In the following description, numerous specific
details are set forth to provide a thorough understanding
of the disclosed concepts, which may be practiced with-
out some or all of these particulars. In other instances,
details of known devices and/or processes have been
omitted to avoid unnecessarily obscuring the disclosure.
While some concepts will be described in conjunction
with specific examples, it will be understood that these
examples are not intended to be limiting.
[0018] Reference herein to "one example" or "one as-
pect" means that one or more feature, structure, or char-
acteristic described in connection with the example or
aspect is included in at least one implementation. The
phrase "one example" or "one aspect" in various places
in the specification may or may not be referring to the
same example or aspect.
[0019] Unless otherwise indicated, the terms "first,"
"second," "third," etc. are used herein merely as labels,
and are not intended to impose ordinal, positional, or hi-
erarchical requirements on the items to which these
terms refer. Moreover, reference to, e.g., a "second" item
does not require or preclude the existence of, e.g., a "first"
or lower-numbered item, and/or, e.g., a "third" or higher-
numbered item.
[0020] Referring to Fig. 1, a block diagram of a vehicle
100 having a sound attenuating member 130 in accord-
ance with aspects of the present disclosure is illustrated.
The vehicle 100 is in one aspect an aircraft such as air-
craft 902 illustrated in Fig. 9 where the sound attenuating
member 130 is connected to an aircraft engine 201 (see
Fig. 2A) that includes an aircraft engine nacelle 110 hav-
ing a nacelle frame 110F to which one or more engine
nacelle components 120 are attached. In other aspects
the vehicle 100 is a land based, marine or other aero-
space vehicle having a nacelle or cowling at least partially
surrounding a turbine or having an exhaust in which the
sound attenuating member 130 may be employed.
[0021] In one aspect, referring to Figs. 1, 2A and 3, the
engine nacelle components 120 include an inlet cowl
120A, a fan cowl 120B, one or more thrust reversers
120C, a primary nozzle 120D, an exhaust cone 120E and
a core member 120F. The core member 120F, in one
aspect, houses the turbine 200 while in other aspects
forms part of the turbine 200. In other aspects the engine
nacelle components 120 have any configuration for hous-
ing and or providing air and/or exhaust flow in and around
the turbine 200. One or more sound attenuating members
130 are located in or around flow passages of the aircraft
engine nacelle 110. For example, one or more sound
attenuating members 130A, 130B are disposed in a by-
pass air duct 210 formed between, for example, the fan
cowl 120B and the core member 120F and between the
thrust reversers 120C and the core member 120F. In the

example illustrated in Fig. 2A sound attenuating member
130A is disposed on or is integral to the thrust reversers
120C so as to substantially form an annular ring around,
for example, the core member 120F. Sound attenuating
member 130B is disposed on or is integral to the core
member 120F so as to substantially form an annular ring
around a surface 120FS of the core member 120F. Each
of the sound attenuating members 130A, 130B is in fluid
communication with a fluid flow 220 passing through the
bypass air duct 210 as will be described below. In one
aspect, one or more sound attenuating members 130C,
130D are in fluid communication with a fluid flow 225
passing through an engine exhaust duct 215 formed at
least partially by the core member 120F and the exhaust
cone 120E. As illustrated in Fig. 3, in one aspect, sound
attenuating member 130C is disposed on or integral to
the exhaust cone 120E. In one aspect, sound attenuating
member 130D is disposed on or integral to the core mem-
ber 120F so as to form an annular ring around at least a
portion of the exhaust cone 120E.
[0022] In one aspect the sound attenuating members
130A, 103B, 130C, 130C are employed in conjunction
with each other while in other aspects the sound atten-
uating members 130A, 103B, 130C, 130C are employed
individually or in any combination thereof. While the
sound attenuating members 130A, 103B, 130C, 130C
are illustrated in the locations described above and illus-
trated in Figs. 2A and 3, it is noted that, in other aspects,
the sound attenuating members 130A, 103B, 130C,
130C are located at any portion of the aircraft engine
nacelle 110 so as to be in fluid communication with a flow
of fluid passing through engine 201 such as through the
aircraft engine nacelle 110 and/or the turbine 200. While
the sound attenuating member 130 is illustrated as being
disposed on or integral to a curved or contoured surface
of the aircraft engine nacelle 110, in other aspects the
sound attenuating member 130 is disposed on a sub-
stantially flat/planar surface.
[0023] Referring to Figs. 1, 2A, 2B, 2C and 2D each
sound attenuating member 130 includes a perforated
face member 140, a plurality of connecting members 150
and a backing member 170. In one aspect, one or more
of the perforated face member 140, a plurality of con-
necting members 150 and a backing member 170 are
constructed of titanium. In another aspect, one or more
of the perforated face member 140, a plurality of con-
necting members 150 and a backing member 170 are
constructed of a nickel alloy. In still other aspects, one
or more of the perforated face member 140, a plurality
of connecting members 150 and a backing member 170
are constructed of a ceramic matrix composite.
[0024] The perforated face member 140 includes a sur-
face 141 that in one aspect, such as when sound atten-
uating member 130 is disposed in the location of sound
attenuating member 130A and/or 130D, that forms a
center aperture. In other aspects, the surface 141 forms,
such as when the sound attenuating member 130 is dis-
posed in the location of sound attenuating member 130B

5 6 



EP 3 121 429 A1

5

5

10

15

20

25

30

35

40

45

50

55

and/or 130C, a radially outward surface of a ring formed
by the sound attenuating member 130. The surface 141
includes a plurality of perforations 142 that provide for
fluid communication between a fluid flow, such as one or
more of fluid flows 220, 225, and channels 160 formed
by the plurality of connecting members 150. In one as-
pect, the plurality of perforations 142 provide the perfo-
rated face member 140 with a percent open area of about
15% or greater. In other aspects the percent open is
about 15% or less. In one aspect, the perforated face
member 140 is an expanded metal member while in other
aspects, the perforations 142 are formed in the perforat-
ed face member 140 in any suitable manner such as by
drilling, punching, stamping and/or cutting.
[0025] In one aspect, each of the plurality of connecting
members 150 couples the perforated face member 140
to the backing member 170 to form a plurality of channels
160 that span from the perforated face member 140 to
the backing member 170 where the connecting members
150 extend along a longitudinal axis (e.g., with respect
to the length L of the channels 160) of each channel. In
one aspect, the plurality of channels 160 are connected
to an interior portion of an engine nacelle component 120
so that the plurality of channels 160 are oriented in a
direction substantially normal to a direction 299 of fluid
flow pressure drop passing through the aircraft engine
201. Referring to Figs. 4A-4I, exemplary channel 160
configurations are illustrated. In one aspect, the connect-
ing members 150 have a longitudinally extending sine-
wave configuration as illustrated in Fig. 4A. In one aspect
the connecting members 150 extend linearly along the
longitudinal axis of the channels 160 as illustrated in Fig.
4H. In one aspect, the connecting members form a truss
core that extends along the longitudinal axis of each
channel 160 as illustrated in Fig. 4I. In other aspects, the
channels 160 include columns or posts 400 disposed be-
tween the connecting members 150 where the columns
or posts also couple the perforated face member 140 to
the backing member 170 as illustrated in Fig. 4B. In still
other aspects, the channels 160 are formed by columns
or posts 400 as illustrated in Fig. 4C where one or more
channels are in fluid communication with each other. In
other aspects, the connecting members 150 have any
suitable configuration such as, for example, a triangle
isogrid configuration as illustrated in Fig. 4D, an elongat-
ed triangle isogrid configuration as illustrated in Fig. 4E,
an interrupted rectangular core configuration as illustrat-
ed in Fig. 4F and a rectangular core configuration as il-
lustrated in Fig. 4G.
[0026] Referring again to Figs. 1, 2A, 2B, 2C and 2D,
in one aspect, a longitudinal length L of each channel
160 extends a full length of the engine nacelle component
120. For example, as illustrated in Fig. 2B, the thrust re-
verser 120C may include, for example, two halves or pan-
els 120C1, 120C2 where the channels 160A, 160B ex-
tend a full length of their respective halves 120C1, 120C2.
In one aspect, where the ends of the channels 160A,
160B abut each other, one channel 160A is isolated from

the other channel 160B by a partition or wall 270, which
in one aspect may be an end of the engine nacelle com-
ponent 120. In other aspects, where the ends of the chan-
nels 160A, 160B abut each other, one channel 160A is
in fluid communication with the other channel 160B
where the ends of each channel are open (e.g. there is
no partition or wall) and the channels are substantially
aligned with each other so as to form a single substan-
tially continuous channel. In one aspect, each of the
channels 160 has a width W, in a direction substantially
normal to a direction 299 of fluid flow pressure drop pass-
ing through the engine 201, such as through bypass air
duct 210 or engine exhaust duct 215. In one aspect the
width W is about one (1) inch while in other aspects the
width is more or less than about one (1) inch. The width
W substantially prevents sound propagation, inside the
respective channel 160, substantially parallel to a surface
160S of the channel 160 in a direction substantially nor-
mal to the direction 299 of fluid flow pressure drop pass-
ing through the engine 201. For example, in one aspect,
the width W prevents pressure driven backflow, upstream
within the channel, back into the fluid flow 220, 225.
[0027] In one aspect, at least one septum layer 162 is
disposed in one or more channels 160 between the per-
forated face member 140 and the backing member 170
where the at least one septum layer 162 divides each
channel 160 into at least two portions 160C, 160D. In
one aspect the at least one septum layer 162 includes
perforations 163 that place the at least two portions 160C,
160D in fluid communication with each other. In one as-
pect one of the at least two portions 160C, 160D includes
or otherwise forms a fluid (e.g. liquid) drainage path and
is in fluid communication with a drain member 280. In
one aspect the drain member 280 may also be provided
in a sound attenuating member 130 where the channels
160 are not divided into portions as illustrated in Fig. 2A
with respect to sound attenuating member 130B. In one
aspect the drainage path may extend between channels
and provide a path for liquid to flow from one channel
160 to another channel 160 (e.g., between channels 160)
and ultimately exit the sound attenuating member 130
through the drain member 280.
[0028] In one aspect, a bulk absorber 161 is disposed
in each of the channels 160 for attenuating sound pro-
duced by the aircraft engine 201. In one aspect, such as
where each channel includes at least one septum layer
162, at least one of the portions 160C, 160D includes a
bulk absorber 161A, 161B. In one aspect, each portion
160C, 160D includes the same type of bulk absorber
161A, 161B (e.g., both bulk absorbers 161A, 161B have
the same characteristics) while in other aspects, each of
the portions 160C, 160D includes dissimilar bulk absorb-
ers 161A, 161B (e.g., bulk absorber 161A has different
characteristics than bulk absorber 161B). In other as-
pects, one of the portions 160C, 160D includes the bulk
absorber while the other portion 160C, 160D is empty
(e.g. does not contain the bulk absorber 161). In one
aspect the bulk absorber 161 comprises a high temper-
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ature bulk absorber material capable of withstanding
temperatures from about 600°F to about 1100°F, or from
about 600°F to about 800°F, or from about 800°F to about
1100°F. In other aspects, the bulk absorber material is
capable of withstanding temperatures above about
1100°F. In one aspect, the perforations 142 in the perfo-
rated face member 140 place the bulk absorber 161 in
direct fluid communication with the fluid flow 220, 225 of
the aircraft engine 201. In one aspect, one or more of the
perforated face member 140 and backing member 170
includes an access panel 143, 171 that provides access
to the bulk absorber 161 in each of the channels 160.
[0029] In one aspect, the sound attenuating members
130 described herein provide increased sound attenua-
tion, as illustrated in Fig. 5, when compared to, for ex-
ample, conventional aircraft engine liners such as liners
including Helmholtz resonators that rely on passage of
fluid through an aperture into an empty cavity for noise
reduction. In accordance with the present disclosure, the
perforations 142 in the perforated face member 140 can
be larger than the Helmholtz apertures as it is the bulk
absorber that attenuates the sound rather than a size of
the cavity and/or a size of the aperture leading to the
cavity. The perforations 142 in the perforated face mem-
ber 140 can have any shape, size and or orientation (with
respect to the fluid flow 220, 225) that provides for a pre-
determined percent open area which in one aspect is
about 15% or greater, as described above. The aspects
of the present disclosure, in one aspect, reduce an
amount of acoustically treated area over the conventional
liners (e.g., provides increased sound attenuation for a
given amount of acoustically treated area). The bulk ab-
sorber 161 within the channels 160 of the present disclo-
sure are, in one aspect, thermal insulators that may re-
duce the need for additional thermal insulation within the
aircraft engine 201.
[0030] While the aspects of the present disclosure are
described above with respect to an aircraft engine 201,
in other aspects the sound attenuating members 130 may
be integrated into the structure of the vehicle 100, such
as in the structure of an aircraft or automobile cabin or
passenger compartment, an engine compartment of an
automobile or marine vessel or any other part of a vehicle
that includes two skins joined together by channel mem-
bers. For example, Fig. 6 illustrates a portion of an interior
922 an aircraft, such as the passenger cabin. A wall 601
of the passenger cabin is connected to an outer skin 600
of the aircraft by a frame or stringers 610 of the aircraft
902, where the frame or stringers 610 form channels that
circumscribe, for example, the fuselage of the aircraft
902. The bulk absorber 161 is located within the channels
formed by the stringers 610 and perforations 142 are
provided in the wall 601 where, for example, at least the
stringers 610 and the wall 601 form a sound attenuating
member substantially similar to sound attenuating mem-
ber 130 for attenuating the sound within the passenger
cabin. In one aspect, the nacelle frame 110F includes
frame members, such as stringers 610 having cavities

or channel 160 therein and the bulk absorber 161 is dis-
posed within the cavities or channel 160, where the bulk
absorber 161 is in fluid communication with the fluid flow
220,225
[0031] Referring to Fig. 7, an exemplary method of at-
tenuating sound from an aircraft engine 201 will be de-
scribed. In one aspect, the method includes flowing fluid
through the aircraft engine 201, such as through the air-
craft engine nacelle 110 (Fig. 7, Block 700). For example,
during operation of the aircraft engine 201 fluid flows 220,
225 are provided through the bypass air duct 210 and
the engine exhaust duct 215. A portion of the fluid flow
220, 225 is received in perforations 142 of the aircraft
engine nacelle, such as in the perforated face member
140, so that the portion of the fluid flows 220, 225 flows
through the perforations 142 into at least one channel
160 of the aircraft engine nacelle 110 (Fig. 7, Block 710).
Acoustic waves are attenuated with the bulk absorber
161 disposed within each of the at least one channel 160
(Fig. 7, Block 720). In one aspect, attenuating the acous-
tic waves includes preventing sound propagation inside
the at least one channel 160 parallel to the surface 160S
of the channel in the direction of the pressure drop direc-
tion 299 of the fluid flow 220, 225. In one aspect, the bulk
absorber 161 is heated with the portion of the fluid flow
220, 225 to vaporize liquids contained within the bulk
absorber 161 (Fig. 7. Block 730). In one aspect, access
to the bulk absorber 161 is provided through the surface
141 or the backing member 170 of the aircraft engine
nacelle 110, such as through one or more of access pan-
els 143, 171 (Fig. 7, Block 740). In one aspect, the bulk
absorber 161 is inserted into each channel 160 by pulling
the bulk absorber through the channel 160 while in other
aspects the bulk absorber is inserted into each channel
160 by spraying or injecting the bulk absorber into the
channel 160. In one aspect, the sound attenuating mem-
ber 130 is formed in the net shape of the engine nacelle
component 120 to which the sound attenuating member
130 is attached or integrated with. For example, the
sound attenuating member 130A is formed in the net
shape of the inner wall (e.g., the wall forming part of the
bypass air duct 210) of the thrust reverser 120C. Simi-
larly, the sound attenuating members 130B, 130C, 130D
are, in one aspect, formed in the net shape of a respective
one of the core member 120F and the exhaust cone
120E.
[0032] The disclosure and drawing figures describing
the operations of the method(s) set forth herein should
not be interpreted as necessarily determining a sequence
in which the operations are to be performed. Rather, al-
though one illustrative order is indicated, it is to be un-
derstood that the sequence of the operations may be
modified when appropriate. Accordingly, certain opera-
tions may be performed in a different order or simultane-
ously. Additionally, in some aspects of the disclosure,
not all operations described herein need be performed.
[0033] Examples of the disclosure may be described
in the context of an aircraft manufacturing and service
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method 800 as shown in Fig. 8 and an aircraft 902 as
shown in Fig. 9. During pre-production, illustrative meth-
od 800 may include specification and design 804 of the
aircraft 902 and material procurement 806. During pro-
duction, component and subassembly manufacturing
808 and system integration 810 of the aircraft 902 take
place. Thereafter, the aircraft 902 may go through certi-
fication and delivery 812 to be placed in service 814.
While in service by a customer, the aircraft 902 is sched-
uled for routine maintenance and service 816 (which may
also include modification, reconfiguration, refurbish-
ment, and so on).
[0034] Each of the processes of the illustrative method
800 may be performed or carried out by a system inte-
grator, a third party, and/or an operator (e.g., a customer).
For the purposes of this description, a system integrator
may include, without limitation, any number of aircraft
manufacturers and major-system subcontractors; a third
party may include, without limitation, any number of ven-
dors, subcontractors, and suppliers; and an operator may
be an airline, leasing company, military entity, service
organization, and so on.
[0035] As shown in Fig. 9, the aircraft 902 produced
by the illustrative method 800 may include an airframe
918 with a plurality of high-level systems and an interior
922. Examples of high-level systems, which are distrib-
uted throughout the aircraft, include one or more of a
propulsion system 924, an electrical power system 926,
a hydraulic system 928, and an environmental system
930, one or more of which include sound attenuating
members as described herein. Any number of other sys-
tems may be included. Although an aerospace example
is shown, the principles of the invention may be applied
to other industries, such as the automotive and maritime
industries.
[0036] Apparatus and methods shown or described
herein may be employed during any one or more of the
stages of the manufacturing and service method 800.
For example, components or subassemblies corre-
sponding to component and subassembly manufacturing
808 may be fabricated or manufactured in a manner sim-
ilar to components or subassemblies produced while the
aircraft 902 is in service. Also, one or more aspects of
the apparatus, method, or combination thereof may be
utilized during the production states 808 and 810, for ex-
ample, by substantially expediting assembly of or reduc-
ing the cost of an aircraft 902. Similarly, one or more
aspects of the apparatus or method realizations, or a
combination thereof, may be utilized, for example and
without limitation, while the aircraft 902 is in service, e.g.,
operation, maintenance and service 816.
[0037] Different examples and aspects of the appara-
tus and methods are disclosed herein that include a va-
riety of components, features, and functionality. It should
be understood that the various examples and aspects of
the apparatus and methods disclosed herein may include
any of the components, features, and functionality of any
of the other examples and aspects of the apparatus and

methods disclosed herein in any combination, and all of
such possibilities are intended to be within the spirit and
scope of the present disclosure.
[0038] Many modifications and other examples of the
disclosure set forth herein will come to mind to one skilled
in the art to which the disclosure pertains having the ben-
efit of the teachings presented in the foregoing descrip-
tions and the associated drawings.
[0039] The disclosure comprises embodiments ac-
cording to the following clauses:

Clause A1. An aircraft engine sound attenuation ap-
paratus comprises: a perforated face member; a
backing member; a plurality of connecting members
coupling the perforated face member to the backing
member to form a plurality of channels spanning from
the perforated face member to the backing member;
and a bulk absorber disposed in each of the plurality
of channels; wherein the plurality of channels are
connected to an interior portion of an aircraft engine
nacelle component so that the plurality of channels
are oriented in a direction substantially normal to a
direction of fluid flow pressure drop passing through
the aircraft engine.
Clause A2. The apparatus of Clause A1, wherein a
longitudinal length of each channel extends a full
length of the aircraft engine nacelle component.
Clause A3. The apparatus of Clause A1 or A2, further
comprising at least one septum layer disposed be-
tween the perforated face member and the backing
member where the at least one septum layer divides
each channel into at least two portions.
Clause A4. The apparatus of any of Clauses A1 to
A3, wherein the at least two portions are in fluid com-
munication with each other.
Clause A5. The apparatus of any of Clauses A1 to
A4, wherein the bulk absorber is disposed in at least
one of the at least two portions of each channel.
Clauses A6. The apparatus of any of Clauses A1 to
A5, wherein the bulk absorbers comprises a first bulk
absorber and a second bulk absorber that is different
than the first bulk absorber, the first bulk absorber
being disposed in one of the at least two portions
and the second bulk absorber being disposed in an-
other of the at least two portions.
Clause A7. The apparatus of any of Clauses A1 to
A6, wherein one of the at least two portions compris-
es a liquid drainage path.
Clause A8. The apparatus of any of Clauses A1 to
A7, wherein the each of the plurality of connecting
members has a longitudinally extending sinewave
configuration.
Clause A9. The apparatus of any of Clauses A1 to
A8, wherein each of the plurality of connecting mem-
bers extends linearly along a longitudinal axis of
each channel.
Clause A10. The apparatus of any of Clauses A1 to
A9, wherein the plurality of connecting members
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forms a truss core that extends along a longitudinal
axis of each channel.
Clause A11. The apparatus of any of Clauses A1 to
A10, wherein each channel has a width, in the direc-
tion substantially normal to the direction of fluid flow
pressure drop passing through the aircraft engine,
that prevents sound propagation inside the channel
substantially parallel to a surface of the channel in
the direction substantially normal to the direction of
fluid flow pressure drop passing through the aircraft
engine.
Clause A12. The apparatus of any of Clauses A1 to
A11, wherein the perforated face member has a per-
cent open area of about 15 percent or greater.
Clause A13. The apparatus of any of Clauses A1 to
A12, wherein the perforated face member includes
perforations that place the bulk absorber in each
channel in fluid communication with the fluid flow.
Clause A14. The apparatus of any of Clauses A1 to
A13, wherein the perforated face member, the back-
ing member and the plurality of connecting members
comprise titanium.
Clause A15. The apparatus of any of Clauses A1 to
A14, wherein the perforated face member, the back-
ing member and the plurality of connecting members
comprise a nickel alloy.
Clause A16. The apparatus of any of Clauses A1 to
A15, wherein the perforated face member, the back-
ing member and the plurality of connecting members
comprise a ceramic matrix composite.
Clause A17. The apparatus of any of Clauses A1 to
A16, wherein at least one of the perforated face
member and the backing member includes an ac-
cess panel that provides access to the bulk absorber
in each channel.
Clause B1. An aircraft engine comprising: a nacelle
having a nacelle frame to which a plurality of nacelle
components are attached; at least one sound atten-
uating member, each sound attenuating member in-
cluding a perforated face member, a backing mem-
ber, a plurality of connecting members coupling the
perforated face member to the backing member to
form a plurality of channels spanning from the per-
forated face member to the backing member; and a
bulk absorber disposed in each of the plurality of
channels; wherein the plurality of channels are con-
nected to an interior portion of a respective one of
the plurality of nacelle components so that the plu-
rality of channels are oriented in a direction substan-
tially normal to a direction of fluid flow pressure drop
passing through the aircraft engine.
Clause B2. The aircraft engine according to Clause
B1, wherein a longitudinal length of each channel
extends a full length of the respective one of the plu-
rality of nacelle components.
Clause B3. The aircraft engine of any of Clauses B1
to B2, wherein the nacelle frame includes frame
members having cavities therein and the bulk ab-

sorber is disposed within the cavities, the bulk ab-
sorber being in fluid communication with the fluid
flow.
Clause B4. The aircraft engine of any of Clauses B1
1 to B3, wherein the plurality of nacelle components
includes at least one thrust reverser panel and one
of the at least one sound attenuating member is cou-
pled to each of the at least one thrust reverser panel.
Clause B5. The aircraft engine of any of Clauses B1
to B4, wherein the at least one sound attenuating
member further includes at least one septum layer
disposed between the perforated face member and
unperforated backing member where the at least one
septum layer divides each channel into at least two
portions.
Clause B6. The aircraft engine of any of Clauses B1
to B5, wherein the at least two portions are in fluid
communication with each other.
Clause B7. The aircraft engine of any of Clauses B1
to B6, wherein the bulk absorber is disposed in at
least one of the at least two portions of each channel.
Clause B8. The aircraft engine of any of Clauses B1
to B7, wherein the bulk absorbers comprises a first
bulk absorber and a second bulk absorber that is
different than the first bulk absorber, the first bulk
absorber being disposed in one of the at least two
portions and the second bulk absorber being dis-
posed in another of the at least two portions.
Clause B9. The aircraft engine of any of Clauses B1
to B8, wherein one of the at least two portions com-
prises a liquid drainage path.
Clause B10. The aircraft engine of any of Clauses
B1 to B9, wherein each of the plurality of connecting
members has a longitudinally extending sinewave
configuration.
Clause B11. The aircraft engine of any of Clauses
B1 to B10, wherein each of the plurality of connecting
members extends linearly along a longitudinal axis
of each channel.
Clause B12. The aircraft engine of any of Clauses
B1 to B11, wherein the plurality of connecting mem-
bers forms a truss core that extends along a longi-
tudinal axis of each channel.
Clause B13. The aircraft engine of any of Clauses
B1 to B12, wherein the at least one sound attenuating
member is locally reacting where each channel has
a width, in the direction of fluid flow pressure drop
passing through the aircraft engine, that prevents
sound propagation inside the channel substantially
parallel to a surface of the channel in the direction
of fluid flow pressure drop passing through the air-
craft engine.
Clause B14. The aircraft engine of any of Clauses
B1 to B13, wherein the perforated face member has
a percent open area of about 15 percent or greater.
Clause B15. The aircraft engine of any of Clauses
B1 to B14, wherein the perforated face member in-
cludes perforations that place the bulk absorber in
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each channel in fluid communication with the fluid
flow.
Clause B16. The aircraft engine of any of Clauses
B1 to B15, wherein each channel of one of the at
least one sound attenuating member are in fluid com-
munication with a corresponding adjacent channel
of a second one of the at least one sound attenuating
member.
Clause B17. The aircraft engine of any of Clauses
B1 to B16, wherein the perforated face member, the
backing member and the plurality of connecting
members comprise titanium.
Clause B18. The aircraft engine of any of Clauses
B1 to B17, wherein the perforated face member, the
backing member and the plurality of connecting
members comprise a nickel alloy.
Clause B19. The aircraft engine of any of Clauses
B1 to B18, wherein the perforated face member, the
backing member and the plurality of connecting
members comprise a ceramic matrix composite.
Clause B20. The aircraft engine of any of Clauses
B1 to B19, wherein at least one of the perforated
face member and the backing member includes an
access panel that provides access to the bulk ab-
sorber in each channel.
Clause C1. A method for aircraft engine sound at-
tenuation comprises: flowing fluid through an aircraft
engine nacelle; receiving at least a portion of the fluid
in perforations of the aircraft engine nacelle so that
the portion of the fluid flows through the perforations
into at least one channel of the aircraft engine na-
celle; and attenuating acoustic waves with a bulk ab-
sorber disposed within each of the at least one chan-
nel.
Clause C2. The method of Clause C1, wherein at-
tenuating the acoustic waves includes preventing
sound propagation inside the channel parallel to a
surface of the at least one channel in a direction of
a pressure drop direction of the fluid.
Clause C3. The method of any of Clauses C1 or C2,
further comprising heating the bulk absorber with the
portion of the fluid to vaporize liquids contained with-
in the bulk absorber.
Clause C4. The method of any of Clauses C1 to C3,
further comprising vaporizing the liquids contained
within the bulk absorber with heat, from an engine
core member disposed within the aircraft engine na-
celle, conducting through a backing member of the
aircraft engine nacelle.
Clause C5. The method of any of Clauses C1 to C4,
further comprising providing access to the bulk ab-
sorber through a surface of the aircraft engine na-
celle.

[0040] Therefore, it is to be understood that the disclo-
sure is not to be limited to the specific embodiments dis-
closed and that modifications and other embodiments
are intended to be included within the scope of the ap-

pended claims. Moreover, although the foregoing de-
scriptions and the associated drawings describe exam-
ple embodiments in the context of certain illustrative com-
binations of elements and/or functions, it should be ap-
preciated that different combinations of elements and/or
functions may be provided by alternative implementa-
tions without departing from the scope of the appended
claims.

Claims

1. An aircraft engine sound attenuation apparatus com-
prising:

a perforated face member;
a backing member;
a plurality of connecting members coupling the
perforated face member to the backing member
to form a plurality of channels spanning from the
perforated face member to the backing member;
and
a bulk absorber disposed in each of the plurality
of channels;
wherein the plurality of channels are connected
to an interior portion of an aircraft engine nacelle
component so that the plurality of channels are
oriented in a direction substantially normal to a
direction of fluid flow pressure drop passing
through the aircraft engine.

2. The aircraft engine sound attenuation apparatus of
claim 1, wherein a longitudinal length of each chan-
nel extends a full length of the aircraft engine nacelle
component.

3. The aircraft engine sound attenuation apparatus of
any of claims 1 and 2, further comprising at least one
septum layer disposed between the perforated face
member and the backing member where the at least
one septum layer divides each channel into at least
two portions.

4. The aircraft engine sound attenuation apparatus of
any of claims 1-3, wherein the each of the plurality
of connecting members has a longitudinally extend-
ing sinewave configuration.

5. The aircraft engine sound attenuation apparatus of
any of claims 1-4, wherein each of the plurality of
connecting members extends linearly along a longi-
tudinal axis of each channel.

6. The aircraft engine sound attenuation apparatus of
any of claims 1-5, wherein the plurality of connecting
members forms a truss core that extends along a
longitudinal axis of each channel.
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7. The aircraft engine sound attenuation apparatus of
any of claims 1-6, wherein each channel has a width,
in the direction substantially normal to the direction
of fluid flow pressure drop passing through the air-
craft engine, that prevents sound propagation inside
the channel substantially parallel to a surface of the
channel in the direction substantially normal to the
direction of fluid flow pressure drop passing through
the aircraft engine.

8. The aircraft engine sound attenuation apparatus of
any of claims 1-7, wherein the perforated face mem-
ber includes perforations that place the bulk absorb-
er in each channel in fluid communication with the
fluid flow.

9. An aircraft engine comprising
a nacelle having a nacelle frame to which a plurality
of nacelle components are attached;
at least one sound attenuating member, each sound
attenuating member including the aircraft engine
sound attenuation apparatus of any of claims 1-8.

10. The aircraft engine of claim 9, wherein the nacelle
frame includes frame members having cavities
therein and the bulk absorber is disposed within the
cavities, the bulk absorber being in fluid communi-
cation with the fluid flow.

11. The aircraft engine of any of claims 9 and 10, wherein
the plurality of nacelle components includes at least
one thrust reverser panel and one of the at least one
sound attenuating member is coupled to each of the
at least one thrust reverser panel.

12. The aircraft engine of any of claims 9-11, wherein
each channel of one of the at least one sound atten-
uating member are in fluid communication with a cor-
responding adjacent channel of a second one of the
at least one sound attenuating member.

13. The aircraft engine of any of claims 9-12, wherein at
least one of the perforated face member and the
backing member includes an access panel that pro-
vides access to the bulk absorber in each channel.

14. A method for aircraft engine sound attenuation, the
method comprising:

flowing fluid through an aircraft engine nacelle;
receiving at least a portion of the fluid in the air-
craft engine sound attenuation apparatus of any
of claims 1-8 so that the portion of the fluid flows
through the perforations into the at least one
channel of the aircraft engine nacelle; and
attenuating acoustic waves with the bulk ab-
sorber disposed within each of the at least one
channel.

15. The method of claim 14, further comprising heating
the bulk absorber with the portion of the fluid to va-
porize liquids contained within the bulk absorber.

16. The method of claim 15, further comprising vaporiz-
ing the liquids contained within the bulk absorber with
heat, from an engine core member disposed within
the aircraft engine nacelle, conducting through a
backing member of the aircraft engine nacelle.
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