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1

ACOUSTIC LINER WITH VARIED
PROPERTIES

Matter enclosed in heavy brackets [ ]| appears in the
original patent but forms no part of this reissue specifica-
tion; matter printed in italics indicates the additions
made by reissue; a claim printed with strikethrough
indicates that the claim was canceled, disclaimed, or held
invalid by a prior post-patent action or proceeding.

CROSS-REFERENCE TO RELATED
APPLICATION(S)

This application is a broadening reissue of U.S. Pat. No.
10,066,548 (filed as U.S. application Ser. No. 14,766,267),
which claims the benefit of U.S. Provisional Application No.
61/790,109 filed Mar. 15, 2013, for “Acoustic Liner with
Varied Properties” by Jonathan Gilson and Constantine
Baltas, and claims the benefit of PCT application PCT/
US2014/023024 filed Mar. 11, 2014, for “Acoustic Liner
with Varied Properties” by Jonathan Gilson and Constantine
Baltas.

BACKGROUND

This disclosure relates to gas turbine engines, and in
particular, to an acoustic liner assembly for reducing emitted
noise propagating through a duct.

During operation, an aircrait propulsion system generates
noise that requires attenuation and control. The noise gen-
erated by operation of the aircrait propulsion system 1s of
many different frequencies, some of which contribute dis-
proportionately more noise to the overall emitted noise.
Accordingly, the aircrait propulsion system 1s provided with
a noise attenuation liner. Ideally, the noise attenuation liner
will reduce or eliminate noise of all frequencies generated
within the propulsion system. However, practical limitations
reduce the eflicient attenuation of noise at some frequencies
in favor of other noise frequencies. For these reasons, noise
attenuation liners are only tuned or tailored to attenuate the
most undesirable frequencies with the greatest efliciency.
Unfortunately, the compromises required to efliciently
attenuate the most undesirable frequencies limits the effec-
tive attenuation of other noise frequencies.

SUMMARY

A geared turbofan engine includes a first rotor, a fan, a
second rotor, a gear train, a fan casing, a nacelle and a
plurality of discrete acoustic liner segments. The fan 1s
connected to the first rotor and 1s capable of rotation at
frequencies between 200 and 6000 Hz and has a fan pressure
ratio of between 1.25 and 1.60. The gear train connects the
first rotor to the second rotor. The fan casing and nacelle are
arranged circumierentially about a centerline and define a
bypass flow duct 1n which the fan 1s disposed. The plurality
of discrete acoustic liner segments with varied geometric
properties are disposed along the bypass flow duct.

A geared turbofan engine includes a gear train, a first
rotor, a second rotor, a core casing, a nacelle, a fan casing,
and an acoustic liner. The gear train connects the first rotor
to the second rotor. The core casing extends circumieren-
tially around the first rotor and defines a portion of an inner
surface of a bypass tflow duct. The nacelle and the fan casing
extend circumierentially around the core casing and define
an outer surface of the bypass tflow duct. The acoustic liner

10

15

20

25

30

35

40

45

50

55

60

65

2

has two or more zones disposed along the bypass tlow duct.
The two or more zones are tuned to attenuate a different
frequency range of acoustic noise.

A gas turbine engine includes a fan, a fan casing, a
nacelle, and a plurality of discrete acoustic liner segments.
The fan 1s rotatably arranged along an axial centerline. The
fan casing and the nacelle are arranged circumierentially
around the centerline and define a bypass flow duct in which
the fan 1s disposed. The plurality of discrete acoustic liner
segments with varied geometric properties are disposed
along the bypass tlow duct.

A gas turbine engine includes a core casing, a nacelle, a
fan casing, a fan, and an acoustic liner. The core casing
extends circumierentially around the first rotor and defines
a portion of an inner surface of a bypass flow duct. The
nacelle and the fan casing extend circumierentially around
the core casing and define an outer surface of the bypass
flow duct. The fan 1s rotatably disposed 1n the bypass tlow
duct. The acoustic liner has two or more zones disposed 1n
the bypass flow duct. The two or more zones are tuned to
attenuate a different frequency range ol acoustic noise.

BRIEF DESCRIPTION OF THE DRAWINGS

FIG. 1 1s a cross-sectional side view of a geared turbofan
engine with an acoustic liner.

FIG. 2 15 a perspective cross-sectional view of the acous-
tic liner from FIG. 1.

FIG. 3 15 a cross-sectional view a portion of nacelle from
FIG. 1 with a continuous acoustic liner.

DETAILED DESCRIPTION

As turbofan engines become increasingly more complex
and ethicient, their bypass ratios increase. A higher bypass
ratio 1n a turbofan engine 10 leads to better fuel burn because
the fan 28 1s more eflicient at producing thrust than the core
engine 18. The introduction of a fan drive gear system 26 for
turbofan engines 10 has also led to bypass ducts of shorter
length. As a result, the total amount of available area for
acoustic lining 1n a turbofan engine 10 with a fan drive gear
system 26 1s much less than for a direct drive engine.
Additionally, a turbofan engine 10 with a fan drive gear
system 26 creates asymmetric acoustics throughout the
inside of the bypass duct. The turbofan engine 10 described
herein utilizes an acoustic liner assembly 38 with varied
geometric properties implemented in the bypass duct. These
varied geometric properties mnclude varying the radial thick-
nesses of one or more face sheets along an axial and/or
circumierential length of the bypass duct, varying the radial
thicknesses (sometimes called the depth) of one or more
cores along an axial and/or circumiferential length of the
bypass duct, and/or varying the porosities of the one or more
face sheets and/or one or more cores along an axial and/or
circumierential length of the bypass duct. Thus, a three
dimensional (axially, radially, and circumierentially) varied
acoustic liner assembly 38 1s created having regions with
different non-uniform geometric properties. This allows the
acoustic liner assembly 38 to be optimized based on the
noise characteristics in particular locations/sections of the
bypass duct. As a result of the varied geometric properties of
acoustic liner assembly 38, multiple specific problematic
frequency ranges within particular locations/sections of the
bypass duct can be targeted and attenuated, reducing overall
engine noise. Liner assembly 38 realizes noise reduction
benefits for both tone noise and broadband noise. Depending
on the blade passage frequency harmonic considered, esti-
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mated tone noise reductions at the component level may be
up to 10 dB or more for tone acoustic power level. At the
aircraft level, tone noise benefits of the liner assembly 38

provide a cumulative noise reduction of approximately 1-2
EPNdB.

FIG. 1 shows turbofan engine 10 with fan drive gear
system 26, commonly called a geared turbofan. Although
described with reference to a geared turbofan 1n the embodi-
ment disclosed, the acoustic liner described herein 1s equally
applicable to other types of gas turbine engines including
three-spool architectures. Turbofan engine 10 includes
nacelle 12 with outer cowl 14 and core cowl 16, and core 18.
Core 18 includes first rotor 20, low speed spool 22, high
speed spool 24, and fan drive gear system 26.

Fan 28 1s connected to first rotor 20. Outer cowl 14 and
core cowl 16 form bypass duct 30, which extends axially
along engine 10 centerline axis C,. Fan 28 1s disposed to
rotate within bypass duct 30. Inlet section 32 of bypass duct
30 1s situated forward of fan 28. Fan section 34 of bypass
duct 30 1s situated around fan 28 and aft thereof. Rear
section 36 of bypass duct 30 1s disposed ait of fan section 34.

Liner assembly 38 1s disposed on nacelle 12 and forms the
surface of bypass duct 30. In particular, liner assembly 38
extends axially along and circumierentially around bypass
duct 30. Additionally, liner assembly 38 has a thickness or
depth and extends radially into outer cowl 14 and core cowl
16. In the embodiment of FIG. 1, liner assembly 38 has
varted geometric properties such as differing radial thick-
nesses and porosities along the axial and circumierential
length of bypass duct 30. In the embodiment of FIG. 1, liner
assembly 38 1s comprised of separate discrete liner segments
38a, 38b, 38c, 38d, 38¢, and 381 cach having varied geo-
metric properties such as diflering thicknesses and porosities
along the axial length thereof. Liner segments 38a, 38b, 38c,
38d, 38¢, and 381 can be further separated into additional
segments or may be continuous 1n the circumiferential direc-
tion. In yet other embodiments, liner segments 38a, 38b,
38c, 38d, 38¢, and 381 may be instead constructed as a
continuous liner assembly 38.

Liner segments 38a and 38b are disposed along and form
inlet section 32 of bypass duct 30. Liner segment 38a 1s
spaced from liner segment 38b and i1s disposed near a
torward lip of bypass duct 30. Liner segment 38b extends
adjacent to fan 28. Liner segment 38c extends around fan 28
and rearward thereof. Liner segment 38c¢ forms fan section
34 of bypass duct 30. Liner segments 38d and 38¢ are
mounted to outer cowl 14 and form a portion of rear section
36 of bypass duct 30. Rear section 36 1s also formed by liner
segment 381 which 1s mounted to core cowl 16.

In operation, fan 28 drives air along bypass flowpath 30
from 1nlet section 32 to rear section 36, while the compres-
sor section within core 18 drives air along a core tlowpath
for compression and communication into the combustor
section then expansion through the turbine section. As used
herein, terms such as “front”, “forward”, “aft”, “rear”,
“rearward” should be understood as relative positional terms
in reference to the direction of airtlow through engine 10.

In the embodiment of FIG. 1, engine 10 generally
includes low speed spool 22 also (referred to as the low
pressure spool) and a high speed spool 24 (also referred to
as the high pressure spool). The spools 22, 24 are mounted
for rotation about an engine central longitudinal axis C,
relative to an engine static structure via several bearing
systems. It should be understood that various bearing sys-
tems at various locations may alternatively or additionally
be provided.
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Low speed spool 22 generally includes a shaft that
interconnects low pressure compressor and low pressure
turbine. Low speed spool 22 1s connected to and drives first
rotor 20 through fan drive gear system 26 to drive the fan 42
at a lower speed than low speed spool 22. High speed spool
24 1ncludes a shait that interconnects high pressure com-
pressor and high pressure turbine. Shafts are concentric and
rotate via bearing systems about the engine 10 centerline
axis C,.

Engine 10 1n one example has a bypass ratio 1s greater
than about six (6), with an example embodiment being
greater than ten (10). Fan drive gear system 26 1s an
epicyclic gear train, such as a planetary gear system or other
gear system, with a gear reduction ratio equal to or greater
than about 2.3. In one particular embodiment, fan drive gear
system 26 may be an epicycle gear train, with a gear
reduction ratio greater than about 2.5:1.

Low pressure turbine 25 has a pressure ratio that 1s greater
than about five (5). In one disclosed embodiment, the bypass
ratio of engine 10 1s greater than about ten (10:1), and the
diameter of fan 28 1s significantly larger than that of the low
pressure compressor. The Low pressure turbine 235 pressure
ratio 1s pressure measured prior to inlet of low pressure
turbine as related to the pressure at the outlet of low pressure
turbine prior to an exhaust nozzle.

In one embodiment, fan 28 rotates at a frequency of
between 200 and 6000 Hz. Acoustic frequencies within this
range can be targeted such that liner assembly 38 can be
tuned to attenuate frequencies between 200 and 6000 Hz. In
other embodiments, liner assembly 38 can be tuned to
attenuate frequencies less than 1000 Hz. One purpose of
having liner assembly 38 with varied geometric properties
(including different radial thicknesses) 1s to target blade
passage tone noise which, for lower fan blade count turb-
omachinery and lower pressure ratio applications, exists at
frequencies less than 1000 Hz.

Constructing one portion of liner with geometric proper-
ties (including a radial thickness) targeting these low 1re-
quencies will reduce the blade passage noise below 1000 Hz,
while other portions of liner assembly 38 with different
maternial and/or geometric properties will attenuate the rest
of the tones and broadband noise at higher frequencies. It
should be understood, however, that the above parameters
are only exemplary of one embodiment of a geared archi-
tecture engine and that the present invention 1s applicable to
other gas turbine engines including direct drive turbofans.

A significant amount of engine thrust 1s provided by the
bypass flow through bypass duct 30 due to the high bypass
ratio. Fan 28 1s designed for a particular flight condition—
typically cruise at about 0.8 Mach and about 35,000 {feet.
However, liner assembly 38 can attenuate acoustic noise
between about 0.3 and 0.9 Mach. The tlight condition of 0.8
Mach and 35,000 ft, with the engine at 1ts best fuel con-
sumption—also known as “bucket cruise Thrust Specific
Fuel Consumption (‘ITSFC’)’—is the industry standard
parameter of lbm of fuel being burned divided by Ibf of
thrust the engine produces at that minimum point. “Low fan
pressure ratio” 1s the pressure ratio across the fan blade
alone, without a Fan Exit Guide Vane (“FEGV”) system.
The low fan pressure ratio as disclosed herein according to
one non-limiting embodiment 1s less than about 1.60. In
another non-limiting embodiment, fan pressure ratio 1is
between 1.25 and 1.60. “Low corrected fan tip speed” is the
actual fan tip speed 1n ft/sec divided by an industry standard

temperature correction of [(Tram © R)/(518.7° R)]0.5. The
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“Low corrected fan tip speed” as disclosed herein according
to one non-limiting embodiment 1s less than about 1150
ft/second.

FIG. 2 1s enlarged view of a portion of liner assembly 38
from the rear section 36 of bypass duct 30 (FIG. 1). FIG. 2
shows the abutting interface between liner segment 38d and
liner segment 38¢. Liner segment 38d includes face sheet
40d and core 42d. Face sheet 40d includes apertures 44d.
Core 42d includes cells 46d that define cavities 48d. Simi-
larly, in FIG. 2, liner segment 38¢ includes face sheet 40¢
and core 42¢. Face sheet 40¢ 1includes apertures 44e. Core
42¢ includes cells 46¢ that define cavities 48e.

In FIG. 2, liner segments 38d and 38¢ are disclosed as
discrete separate segments. Liner segment 38e 1s illustrated
as a micropertorated liner. Further discussion of the con-
struction and operation of microperforated liners can be
found 1 U.S. Pat. No. 7,540,354, which 1s incorporated
herein by reference. Face sheets 40d and 40¢ have exterior
surfaces that generally align and form the surface of bypass
duct 30 (FIG. 1). Face sheets 40d and 40¢ are 1llustrated has
having a same thickness in a radial direction with respect to
axis centerline CL of engine 10 (FIG. 1) 1n FIG. 2. However,
in other embodiments the thickness of face sheet 40d can
vary from the thickness of face sheet 40e.

Face sheets 40d and 40¢ are bonded or otherwise aflixed
to cores 42d and 42e¢. In the embodiment of FIG. 2, cores
42d and 42¢ have diflering (varied) thicknesses T,, T, 1n a
radial direction with respect to axis centerline C, of engine
10 (FIG. 1). In this embodiment, the thickness T, of core 42d
1s greater than the thickness T, of core 42e. In FIG. 2, cells
46d and 46¢ are illustrated with a similar hexagonal cross-
sectional shape. However, in other embodiments cell shape
can differ (for example have a circular cross-section)
between liner segments 38d and 38¢ and cell size can vary
between liner segments 38d and 38e¢. Thus, the cavities 48d
and 48¢ formed by cells 46d and 46¢ may vary from one
another 1n size and shape. As illustrated, cores 42d and 42¢
can be bonded or otherwise athixed to backing plates.

FIG. 3 illustrates another cross-section of liner segment
38b and nacelle 12. The cross-section of FIG. 3 extends
through outer cowl 14 1n 1nlet section 32 of bypass duct 30
(FIG. 1). As shown 1n FIG. 3, liner segment 38b 1s continu-
ously varied 1n a circumierential direction. Thus, liner
segment 38b 1s one structure but 1s comprised (in the
illustrated embodiment) of four zones 48a, 48b, 48c, and
48d. In the embodiment of FI1G. 3, zones 48a and 48c exhibit
similar geometric properties as zones 48a and 48c have
similar radial thicknesses and porosities along the circum-
terential length of inlet duct 32 illustrated. Zones 48b and
48d have similar geometric properties as zones 48a and 48c¢
have similar radial thicknesses and porosities along the
circumierential length of inlet duct 32 illustrated. However,
the geometric properties (1.e. radial thicknesses and porosi-
ties) of zones 48a and 48c difler (vary) from the geometric
properties of zones 48b and 48d.

As shown 1n FIG. 3, zones 48a and 48c have similar
properties because face sheets S0a and 50c¢ have similar
radial thicknesses with respect to engine centerline axis C,,
and have similar porosities. Similarly, zones 48b and 48d
have similar properties because face sheets 50b and 50d
have similar radial thicknesses with respect to engine cen-
terline axis C,, and have similar porosities. However, the
radial thicknesses and porosities of face sheets 50a and 50c
differ from the radial thicknesses and porosities of face
sheets 30b and 30d.

Additionally, zones 48a and 48c have similar properties
because cores 352a and 52c¢ have similar radial thicknesses
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with respect to engine centerline axis C,; and have similar
porosities. Similarly, zones 48b and 48d have similar prop-
erties because cores 52b and 52d have similar radial thick-
nesses with respect to engine centerline axis C; and have
similar porosities. However, the radial thicknesses and
porosities of cores 32a and 52c¢ differ from the radial
thicknesses and porosities of cores 52b and 52d.

Fan noise source content may vary significantly in the
circumierential direction with respect to engine centerline
axis C;. Liner assembly 38, by virtue of its with varied
properties 1n a circumierential direction, allows alignment of
high noise source magnitudes with optimal liner properties.

It should be understood that the embodiments of the
FIGURES are purely exemplary. For example, rather than
being segmented as discussed with reference to FIGS. 1 and
2, liner assembly 38 can be one continuously varied unit
(both axially and circumierentially) for most or all of the
axial length of bypass duct 30. In other embodiments,
continuously varied liner segments (1n either the axial or
circumierential direction) can be utilized in combination
with discrete separate liner segments (1n either the axial or
circumierential direction) along bypass duct 30.

Discussion of Possible Embodiments

The following are non-exclusive descriptions of possible
embodiments of the present invention.

A geared turbolan engine includes a first rotor, a fan, a
second rotor, a gear train, a fan casing, a nacelle and a
plurality of discrete acoustic liner segments. The fan 1s
connected to the first rotor and 1s capable of rotation at
frequencies between 200 and 6000 Hz and has a fan pressure
ratio of between 1.25 and 1.60. The gear train connects the
first rotor to the second rotor. The fan casing and nacelle are
arranged circumierentially about a centerline and define a
bypass flow duct in which the fan i1s disposed. The plurality
of discrete acoustic liner segments with varied geometric
properties are disposed along the bypass flow duct.

The geared turbofan engine of the preceding paragraph
can optionally 1include, additionally and/or alternatively, any
one or more of the following features, configurations and/or
additional components:

at least one discrete acoustic liner segment of the plurality
ol discrete acoustic liner segments 1s disposed on an 1nner
surface of the nacelle mside the bypass flow duct;

at least one discrete acoustic liner segment of the plurality
of discrete acoustic liner segments 1s disposed on an 1nner
surface of the fan casing 1nside the bypass tlow duct;

a core casing arranged circumierentially around the cen-
terline within the nacelle and the fan casing and defining an
inner surface of the bypass flow duct, and at least one
discrete acoustic liner segment of the plurality of discrete
acoustic liner segments 1s disposed on the inner surface of
the bypass flow duct;

cach of the plurality of discrete acoustic liner segments
includes a cellular core structure, and wherein the cellular
core structure of one of the plurality of discrete acoustic
liners has a depth that differs from a depth of the cellular
core structure of another of the plurality of discrete acoustic
liner segments;

the cellular core structure of each of the plurality of
discrete acoustic liner segments includes one or more reso-
nator chambers, and wherein one of the one or more
resonator chambers has a circumierence that differs from a
circumierence of another of the one or more resonator
chambers:

a cross-sectional geometry of the one or more resonator
chambers of one of the plurality of discrete acoustic liner
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segments differs from a cross-sectional geometry of another
of the one or more resonator chambers;

cach of the plurality of discrete acoustic liner segments
includes a face sheet with holes and the holes communicate
with the resonator chambers 1n the cellular core structure,
wherein a diameter of the holes 1n the face sheet of one of
the plurality of discrete acoustic liner segments diflers from
a diameter of holes in the face sheet of another of the
plurality discrete acoustic liner segments;

a number of the holes in the face sheet of one of the
plurality of discrete acoustic liner segments differs from a
number of the holes in the face sheet of another of the
plurality of discrete acoustic liner segments;

a thickness of the face sheet of one of the plurality of
discrete acoustic liner segments differs from a thickness of
the face sheet of another of the plurality of discrete acoustic
liner segments; and

the face sheet of at least one of the discrete acoustic liner
segments 1s micro-periorated.

A geared turbofan engine includes a gear train, a first
rotor, a second rotor, a core casing, a nacelle, a fan casing,
and an acoustic liner. The gear train connects the first rotor
to the second rotor. The core casing extends circumieren-
tially around the first rotor and defines a portion of an inner
surface of a bypass flow duct. The nacelle and the fan casing
extend circumierentially around the core casing and define
an outer surface of the bypass tflow duct. The acoustic liner
has two or more zones disposed along the bypass flow duct.
The two or more zones are tuned to attenuate a different
frequency range of acoustic noise.

The geared turbofan engine of the preceding paragraph
can optionally include, additionally and/or alternatively, any
one or more of the following features, configurations and/or
additional components:

the gear train comprises an epicyclic transmission;

a Tan connected to the first rotor, and a low speed spool
driving the second rotor, the low speed spool including a low
pressure compressor section and a low pressure turbine
section;

the fan rotates at frequencies under 1000 Hz and one of

the zones 1s tuned to attenuate frequencies under 1000 Hz;
one of the zones 1s tuned to attenuate frequencies above
1000 Hz;

the acoustic liner 1s segmented 1nto discrete axial seg-
ments;

the acoustic liner 1s segmented 1nto discrete circumieren-
tial segments;

the acoustic liner 1s segmented 1nto discrete segments and
cach discrete segment contains a single zone of the multiple
zones; and

the acoustic liner 1s segmented 1nto discrete segments and
cach discrete segment contains more than one zone of the
multiple zones.

A gas turbine engine includes a fan, a fan casing, a
nacelle, and a plurality of discrete acoustic liner segments.
The fan 1s rotatably arranged along an axial centerline. The
fan casing and the nacelle are arranged circumierentially
around the centerline and define a bypass flow duct 1n which
the fan 1s disposed. The plurality of discrete acoustic liner
segments with varied geometric properties are disposed
along the bypass tlow duct.

The gas turbine engine of the preceding paragraph can
optionally include, additionally and/or alternatively, any one
or more ol the following features, configurations and/or
additional components:
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at least one discrete acoustic liner segment of the plurality
ol discrete acoustic liner segments 1s disposed on an 1nner
surface of the nacelle mside the bypass flow duct;

at least one discrete acoustic liner segment of the plurality
of discrete acoustic liner segments 1s disposed on an 1nner
surface of the fan casing 1nside the bypass tlow duct;

a core casing arranged circumierentially around the cen-
terline within the nacelle and the fan casing and defining an
inner surface of the bypass flow duct, and at least one
discrete acoustic liner segment of the plurality of discrete
acoustic liner segments 1s disposed on the inner surface of
the bypass flow duct;

cach of the plurality of discrete acoustic liner segments

includes a cellular core structure, and wherein the
cellular core structure of one of the plurality of discrete
acoustic liners has a depth that differs from a depth of
the cellular core structure of another of the plurality of
discrete acoustic liner segments;

the cellular core structure of each of the plurality of
discrete acoustic liner segments includes one or more reso-
nator chambers, and wherein one of the one or more
resonator chambers has a circumierence that differs from a
circumierence of another of the one or more resonator
chambers:

a cross-sectional geometry of the one or more resonator
chambers of one of the plurality of discrete acoustic liner
segments differs from a cross-sectional geometry of another
of the one or more resonator chambers;

cach of the plurality of discrete acoustic liner segments
includes a face sheet with holes and the holes communicate
with the resonator chambers in the cellular core structure,
wherein a diameter of the holes in the face sheet of one of
the plurality of discrete acoustic liner segments differs from
a diameter of holes in the face sheet of another of the
plurality discrete acoustic liner segments;

a number of the holes in the face sheet of one of the
plurality of discrete acoustic liner segments differs from a
number of the holes in the face sheet of another of the
plurality of discrete acoustic liner segments;

a thickness of the face sheet of one of the plurality of
discrete acoustic liner segments differs from a thickness of
the face sheet of another of the plurality of discrete acoustic
liner segments; and

the face sheet of at least one of the discrete acoustic liner
segments 15 micro-perforated.

A gas turbine engine includes a core casing, a nacelle, a
fan casing, a fan, and an acoustic liner. The core casing
extends circumierentially around the first rotor and defines
a portion of an inner surface of a bypass flow duct. The
nacelle and the fan casing extend circumierentially around
the core casing and define an outer surface of the bypass
flow duct. The fan 1s rotatably disposed 1n the bypass tlow
duct. The acoustic liner has two or more zones disposed 1n
the bypass flow duct. The two or more zones are tuned to
attenuate a different frequency range of acoustic noise.

The gas turbine engine of the preceding paragraph can
optionally 1include, additionally and/or alternatively, any one
or more ol the following features, configurations and/or
additional components:

the fan rotates at frequencies under 1000 Hz and one of
the zones 1s tuned to attenuate frequencies under 1000 Hz;

one of the zones 1s tuned to attenuate frequencies above
1000 Hz;

the acoustic liner 1s segmented into discrete axial seg-
ments;

the acoustic liner 1s segmented into discrete circumieren-
tial segments;
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the acoustic liner 1s segmented 1nto discrete segments and
cach discrete segment contains a single zone of the multiple
zones; and

the acoustic liner 1s segmented 1nto discrete segments and
cach discrete segment contains more than one zone of the
multiple zones.

Although the present invention has been described with
reference to preferred embodiments, workers skilled 1n the
art will recognize that changes may be made i form and
detail without departing from the spirit and scope of the
invention.

The 1nvention claimed 1s:

[1. A geared turbofan engine, comprising:

a first rotor;

a fan connected to the first rotor, wherein the fan 1s
capable of rotation at frequencies between 200 and
6000 Hz and has a fan pressure ratio of between 1.25
and 1.60;

a second rotor;

a gear train that connects the first rotor to the second rotor;

a fan casing and a nacelle arranged circumierentially
about a centerline and defining a bypass flow duct 1n
which the fan 1s disposed; and

a plurality of discrete acoustic liner segments having
varied geometric properties disposed along the bypass
flow duct; wherein the plurality of discrete acoustic
liner segments comprises a first acoustic liner segment,
and a second acoustic liner segment spaced apart from
the first acoustic liner segment;

wherein each the first and second acoustic liner segments
includes a cellular core structure, the cellular core
structure comprising one or more resonator chambers
having a width; and

wherein the width of the one or more resonator chambers
of the first acoustic liners differs from the width of the
one or more resonator chambers of the second acoustic
liner.]

[2. The geared turbofan engine of claim 1, wherein at least
one discrete acoustic liner segment of the plurality of
discrete acoustic liner segments 1s disposed on an inner
surface of the nacelle inside the bypass flow duct.}

[3. The geared turbofan engine of claim 1, wherein at least
one discrete acoustic liner segment of the plurality of
discrete acoustic liner segments 1s disposed on an inner
surface of the fan casing inside the bypass flow duct.}

[4. The geared turbofan engine of claim 1, wherein the gas
turbine engine further comprises:

a core casing arranged circumierentially around the cen-
terline within the nacelle and the fan casing and defin-
ing an inner surface of the bypass flow duct; and

wherein at least one discrete acoustic liner segment of the
plurality of discrete acoustic liner segments 1s disposed
on the inner surface of the bypass flow duct.]

[S. The geared turbofan engine of claim 1, wherein the
cellular core structure of one of the plurality of discrete
acoustic liners has a depth that differs from a depth of the
cellular core structure of another of the plurality of discrete
acoustic liner segments.]

[6. The geared turbofan engine of claim 1, wherein a
cross-sectional geometry of the one or more resonator
chambers of one of the plurality of discrete acoustic liner
segments differs from a cross-sectional geometry of another
of the one or more resonator chambers.]

[7. The geared turbofan engine of claim 1, wherein each
of the plurality of discrete acoustic liner segments includes
a face sheet with holes and the holes communicate with the
resonator chambers in the cellular core structure, wherein a
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diameter of the holes 1n the face sheet of one of the plurality
of discrete acoustic liner segments differs from a diameter of
holes 1n the face sheet of another of the plurality discrete
acoustic liner segments.]

[8. The geared turbofan engine of claim 7, wherein a
number of the holes 1n the face sheet of one of the plurality
of discrete acoustic liner segments differs from a number of
the holes in the face sheet of another of the plurality of
discrete acoustic liner segments.}

[9. The geared turbofan engine of claim 7, wherein a
thickness of the face sheet of one of the plurality of discrete
acoustic liner segments diflers from a thickness of the face
sheet of another of the plurality of discrete acoustic liner
segments. ]

[10. The geared turbofan engine of claim 7, wherein the
face sheet of at least one of the discrete acoustic liner
segments 1s micro-perforated.}

[11. A geared turbofan engine, comprising:

a gear train connecting a {irst rotor to a second rotor;

a core casing extending circumierentially around the first
rotor and defining a portion of an inner surface of a
bypass tlow duct;

a nacelle and a fan casing extending circumierentially
around the core casing and defining an outer surface of
the bypass flow duct; and

an acoustic liner with two or more zones disposed along,
the bypass flow duct, the two or more zones being
tuned to attenuate a different frequency range of acous-
tic noise;

wherein a {irst zone of the two or more zones comprises
a first face sheet having a first radial thickness; and

wherein a second zone of the two or more zones com-
prises a second face sheet having a second radial
thickness different from the first radial thickness.]

[12. The geared turbofan engine of claim 11, wherein the
gear train comprises an epicyclic transmission. ]

[13. The geared turbofan engine of claim 11, wherein the
geared turbofan further comprises:

a fan connected to the first rotor; and

a low speed spool driving the second rotor, the low speed
spool including a low pressure compressor section and
a low pressure turbine section.}

[14. The geared turbofan engine of claim 13, wherein the
fan rotates at frequencies under 1000 Hz and one of the
zones of the acoustic liner 1s tuned to attenuate frequencies
under 1000 Hz.]

[15. The geared turbofan engine of claim 13, wherein one
of the zones of the acoustic liner 1s tuned to attenuate
frequencies above 1000 Hz.]

[16. The geared turbofan engine of claim 11, wherein the
acoustic liner is segmented into discrete axial segments.]

[17. The geared turbofan engine of claim 11, wherein the
acoustic liner 1s segmented into discrete circumierential
segments. }

[18. The geared turbofan engine of claim 11, wherein the
acoustic liner 1s segmented 1nto discrete segments and each
discrete segment contains a single zone of the multiple
zones. |

[19. The geared turbofan engine of claim 11, wherein the
acoustic liner 1s segmented 1nto discrete segments and at
least one discrete segment contains more than one zone of
the multiple zones.]

[20. A gas turbine engine, comprising:

a Tan rotatably arranged along an axial centerline;

a fan casing and a nacelle arranged circumierentially

around the centerline and defining a bypass flow duct 1n
which the fan 1s disposed; and
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a plurality of discrete acoustic liner segments with varied
geometric properties disposed along the bypass tlow
duct; wherein the plurality of discrete acoustic liner
segments comprises a {irst acoustic liner segment, and
a second acoustic liner segment spaced apart from the
first acoustic liner segment;

wherein each the first and second acoustic liner segments
includes a cellular core structure, the cellular core
structure comprising one or more resonator chambers
having a width; and

wherein the width of the one or more resonator chambers
of the first acoustic liners differs from the width of the
one or more resonator chambers of the second acoustic
liner.]

[21. The gas turbine engine of claim 20, wherein at least
one discrete acoustic liner segment of the plurality of
discrete acoustic liner segments 1s disposed on an 1nner
surface of the nacelle inside the bypass flow duct.]

[22. The gas turbine engine of claim 20, wherein at least
one discrete acoustic liner segment of the plurality of
discrete acoustic liner segments 1s disposed on an 1nner
surface of the fan casing inside the bypass flow duct.}

[23. The gas turbine engine of claim 20, wherein the gas
turbine engine further comprises:

a core casing arranged circumierentially around the cen-
terline within the nacelle and the fan casing and defin-
ing an inner surface of the bypass tlow duct; and

wherein at least one discrete acoustic liner segment of the
plurality of discrete acoustic liner segments 1s disposed
on the inner surface of the bypass flow duct.]

[24. The gas turbine engine of claim 20, wherein the
cellular core structure of one of the plurality of discrete
acoustic liners has a depth that differs from a depth of the
cellular core structure of another of the plurality of discrete
acoustic liner segments.]

[25. The gas turbine engine of claim 24, wherein a
cross-sectional geometry of the one or more resonator
chambers of one of the plurality of discrete acoustic liner
segments differs from a cross-sectional geometry of another
of the one or more resonator chambers.]

[26. The gas turbine engine of claim 24, wherein each of
the plurality of discrete acoustic liner segments includes a
face sheet with holes and the holes communicate with the
resonator chambers 1n the cellular core structure, wherein a
diameter of the holes 1n the face sheet of one of the plurality
of discrete acoustic liner segments differs from a diameter of
holes 1n the face sheet of another of the plurality discrete

acoustic liner segments.]

[27. The gas turbine engine of claim 26, wherein a number
of the holes 1n the face sheet of one of the plurality of
discrete acoustic liner segments differs from a number of the
holes 1n the face sheet of another of the plurality of discrete
acoustic liner segments.]

[28. The gas turbine engine of claim 26, wherein a
thickness of the face sheet of one of the plurality of discrete
acoustic liner segments differs from a thickness of the face
sheet of another of the plurality of discrete acoustic liner
segments. |

[29. The gas turbine engine of claim 26, wherein the face
sheet of at least one of the discrete acoustic liner segments
is micro-perforated.]

[30. A gas turbine engine, comprising:

a core casing extending circumierentially around the first

rotor and defining a portion of an inner surface of a
bypass tlow duct;
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a nacelle and a fan casing extending circumiferentially
around the core casing and defining an outer surface of
the bypass flow duct;

a Tan rotatably disposed in the bypass flow duct; and

an acoustic liner with two or more zones disposed 1n the
bypass tlow duct, wherein the two or more zones being
tuned to attenuate a different frequency range of acous-
tic noise;

wherein a first zone of the two or more zones comprises
a first face sheet having a first radial thickness; and

wherein a second zone of the two or more zones com-
prises a second face sheet having a second radial
thickness different from the first radial thickness.]

[31. The gas turbine engine of claim 30, wherein the fan
rotates at frequencies under 1000 Hz and one of the zones of
the acoustic liner 1s tuned to attenuate frequencies under
1000 Hz.}

[32. The gas turbine engine of claim 31, wherein one of
the zones of the acoustic liner 1s tuned to attenuate frequen-
cies above 1000 Hz.]

[33. The gas turbine engine of claim 30, wherein the
acoustic liner is segmented into discrete axial segments.]

[34. The gas turbine engine of claim 30, wherein the
acoustic liner 1s segmented into discrete circumierential
segments. |

[35. The gas turbine engine of claim 30, wherein the
acoustic liner 1s segmented 1nto discrete segments and each
discrete segment contains a single zone of the multiple
zones. |

[36. The gas turbine engine of claim 30, wherein the
acoustic liner 1s segmented 1nto discrete segments and at
least discrete segment contains more than one zone of the
multiple zones.]

37. A geared turbofan engine comprising:

an engine core cComprising:

a first votor connected to a fan;

a second rotor; and

a gear train comnnecting the first votor to the second
rotor,;

a core casing disposed civcumferentially avound at least
a portion of the engine cove;

a nacelle disposed circumferentially around at least a
portion of the core casing, wherein a bypass flow duct
is defined between the nacelle and the corve casing; and

an acoustic liner extending at least partially around a
circumference of the bypass flow duct and disposed on
an inner surface of the nacelle, the acoustic liner
COmMpYising.

a cellular core; and
a face sheet disposed on the cellular cove and defining
a surface of the bypass flow duct;

wherein a first civcumferential zone of the acoustic liner
extends arvound a first portion of the circumference of
the bypass flow duct, in which the cellular core of the
acoustic liner in the first civcumferential zone includes
multiple, circumferentially adjacent resonator cham-
bers each having a first depth; and

wherein a second circumferential zone of the acoustic
liner extends around a second portion of the circum-
Jerence of the bypass flow duct, in which the cellular
corve of the acoustic liner in the second circumferential
zone includes multiple, civcumferentially adjacent reso-
nator chambers each having a second depth diffevent
from the first depth.

38. The geared turbofan engine of claim 37,

wherein a geometrvic property of the face sheet in the first
circumferential zone of the acoustic liner also differs
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from a geometric property of the face sheet in the
second circumferential zone of the acoustic liner.

39. The geared turbofan engine of claim 37, wherein a
thickness of the face sheet of the acoustic liner in the first
circumferential zone differs from a thickness of the face sheet
of the acoustic liner in the second civcumferential zone.

40. The geared turbofan engine of claim 37, wherein a
porosity of the face sheet of the acoustic liner in the first
circumferential zone differs from a porosity of the face sheet
of the acoustic liner in the second civcumferential zone.

41. The geared turbofan engine of claim 40, wherein a
thickness of the face sheet of the acoustic liner in the first
circumferential zone differs from a thickness of the face sheet
of the acoustic liner in the second circumferential zone.

42. The geared turbofan engine of claim 37, wherein a
width of the resonator chambers of the cellular core of the
acoustic liner in the first civcumferential zone differs from a
width of the vesonator chambers of the cellular cove of the
acoustic liner in the second circumferential zone.

43. The geared turbofan engine of claim 37, wherein a

radial cross-sectional shape of the vesonator chambers of

the cellular core of the acoustic liner in the first circumfer-
ential zone differs from a radial crvoss-sectional shape of the
resonator chambers of the cellular core of the acoustic liner
in the second civcumferential zone.
44. The geared turbo fan engine of claim 37, wherein the
acoustic liner is disposed at an inlet section of the bypass
flow duct such that the acoustic liner defines a surface of the
inlet section of the bypass flow duct.
45. The geared turbofan engine of claim 44, comprising
a second acoustic liner disposed at a rear section of the
bvpass flow duct, the second acoustic liner comprising:
a cellular core; and
a face sheet disposed on the cellular core and defining a
surface of the rear section of the bypass flow duct;

wherein a geometric property of the cellular core of the
second acoustic liner, a geometric property of the face
sheet of the second acoustic liner, or both varies along
an axial length of the vear section of the bypass flow
duct.

46. The geared turbofan engine of claim 45, whervein the
geometric property that varies along the axial length of the

rear section of the bypass flow duct comprises a porosity of

the face sheet of the second acoustic liner.

47. The geared turbofan engine of claim 45, wherein the
cellular core of the second acoustic liner comprises reso-
nator chambers, and

whevrein the geometric property that varies along the axial

length of the rear section of the bypass flow duct
comprises a depth of the vesonator chambers of the
second acoustic liner.

48. The geared turbofan engine of claim 37, wherein at
least a portion of the acoustic liner is configured to attenuate
frequencies of less than 1000 Hz.

49. The geared turbofan engine of claim 37, wherein at a
flight condition of the geared turbofan engine, the fan is
configured to rotate at a frequency of between 200 Hz and
6000 Hz.

50. The geared turbofan engine of claim 37, wherein at a
flight condition of the geared turbofan engine, the fan
pressure vatio of the fan is between 1.25 and 1.60.

51. A geared turbofan engine comprising:

an engine core CoOmprising:

a first votor connected to a fan;

a second rotor; and

a gear train comnnecting the first votor to the second
yotor;

14

a core casing disposed civcumferentially arvound at least
a portion of the engine core;

a nacelle disposed civcumferentially avound at least a
portion of the core casing, wherein a bypass flow duct

5 is defined between the nacelle and the cove casing; and

an acoustic liner extending at least partially around a

circumference of the bypass flow duct and disposed on

an inner surface of the nacelle, the acoustic liner

COMpYISInG.:

a cellular core; and

a face sheet disposed on the cellular cove and defining
a surface of the bypass flow duct;

wherein.:

a first cirvcumferential zone of the acoustic liner extends
around a first portion of the civcumference of the
bypass flow duct, in which the cellular core of the
acoustic liner in the first circumferential zone
includes multiple, adjacent vesonator chambers,

a second circumferential zone of the acoustic liner
extends avound a second portion of the circumfer-
ence of the bypass flow duct adjacent the first portion
of the circumference, in which the cellular corve of the
acoustic liner in the second civcumferential zone
includes multiple, adjacent vesonator chambers,

a geometric property of the cellular cove or a geometric
property of the face sheet in the first civcumferential
zone of the acoustic liner differs from the corre-
sponding geometric property of the cellular core or
geometric property of the face sheet in the second
circumferential zone of the acoustic liner, and

an arc length of the first civcumferential zone along the
circumference of the bypass flow duct is different
from an arc length of the second circumferential zone
along the circumference of the bypass flow duct.

52. The geared turbofan engine of claim 51, wherein the
first and second circumferential zones each includes mul-
tiple subzones spaced civcumferentially apart from one
another.

53. The geared turbofan engine of claim 52, wherein there
40 are exactly two subzomnes in each of the first and second

circumferential zones.

54. The geared turbofan engine of claim 51, wherein a
porosity of the face sheet of the acoustic liner in the first
circumferential zone differs from a porosity of the face sheet

45 of the acoustic liner in the second circumferential zone.

55. The geared turbofan engine of claim 54, wherein a
depth of the vesonator chambers of the cellular cove in the
first civcumferential zone differs from a depth of the reso-
nator chambers of the cellular cove in the second civcum-

50 ferential zone.

56. The geared turbofan engine of claim 55, wherein a
thickness of the face sheet of the acoustic liner in the first
circumferential zone differs from a thickness of the face sheet
of the acoustic liner in the second circumferential zone.

57. The geared turbofan engine of claim 54, wherein a
thickness of the face sheet of the acoustic liner in the first
circumferential zone differs from a thickness of the face sheet
of the acoustic liner in the second circumferential zone.

58. The geared turbofan engine of claim 51, wherein a
60 depth of the vesonator chambers of the cellular cove in the

first civcumferential zone differs from a depth of the reso-

nator chambers of the cellular cove in the second civcum-
ferential zone.

59. The geared turbofan engine of claim 58, wherein a

65 thickness of the face sheet of the acoustic liner in the first
circumferential zone differs from a thickness of the face sheet
of the acoustic liner in the second civcumferential zone.
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60. The geared turbofan engine of claim 51, wherein a
width of the resonator chambers of the cellular core in the
first civcumferential zone differs from a width of the reso-
nator chambers of the cellular corve in the second civcum-
ferential zone. 5

61. The geared turbofan engine of claim 51, wherein at
least a portion of the acoustic liner is configured to attenuate
frequencies of less than 1000 Hz.

62. The gearved turbofan engine of claim 51, wherein at a
flight condition of the geared turbofan engine, the fan is 10
configured to rotate at a frequency of between 200 Hz and
6000 Hz.

63. The geared turbofan engine of claim 51, wherein at a
flight condition of the geared turbofan engine, the fan
pressure ratio of the fan is between 1.25 and 1.60. 15

64. The geared turbofan engine of claim 51, wherein a
thickness of the face sheet of the acoustic liner in the first
circumferential zone differs from a thickness of the face sheet
of the acoustic liner in the second civcumferential zone.

G x e Gx o 20
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