
111111111111111111111111111111111111111111111111111111111111111111111111111111

(12) United States Patent
Jones et al.

(54) ACOUSTIC LINERS FOR TURBINE
ENGINES

(71) Applicants: Michael G. Jones, Newport News, VA
(US); Joseph E. Grady, Avon, OH
(US); James D. Kiser, Hinckley, OH
(US); Christopher Miller, Rocky
River, OH (US); James D. Heidmann,
Solon, OH (US)

(72) Inventors: Michael G. Jones, Newport News, VA
(US); Joseph E. Grady, Avon, OH
(US); James D. Kiser, Hinckley, OH
(US); Christopher Miller, Rocky
River, OH (US); James D. Heidmann,
Solon, OH (US)

(73) Assignee: The United States of America as
Represented by the Administrator of
National Aeronautics and Space
Administration, Washington, DC (US)

(*) Notice: Subject to any disclaimer, the term of this
patent is extended or adjusted under 35
U.S.C. 154(b) by 0 days.

(21) Appl. No.: 15/332,524

(22) Filed: Oct. 24, 2016

Related U.S. Application Data

(63) Continuation of application No. 13/537,816, filed on
Jun. 29, 2012, now Pat. No. 9,514,734.

(60) Provisional application No. 61/503,033, filed on Jun.
30, 2011.

(51) Int. Cl.
GIOK 11/172 (2006.01)
F02C 7/045 (2006.01)
GIOK 11/16 (2006.01)
FOLD 25/04 (2006.01)

300

(io) Patent No.: US 10,107,139 B1
(45) Date of Patent: Oct. 23, 2018

(52) U.S. Cl.
CPC ............ FOID 25/04 (2013.01); GIOK 11/161

(2013.01); GIOK 11/172 (2013.01); F05D
2220130 (2013.01); F05D 2260196 (2013.01)

(58) Field of Classification Search
CPC ...... F02K 1/827; F02C 7/045; F05D 2220/30;

F05D 2260/96; B32B 3/12; FOID 25/04;
GIOK 11/161; GIOK 11/172

See application file for complete search history.

(56) References Cited

U.S. PATENT DOCUMENTS

2,020,639 A * 11/1935 Ballenger ................. E04C 2/18
220/DIG. 9

3,769,767 A * 11/1973 Scott ....................... E04C 2/365
181/288

3,850,261 A * 11/1974 Hehmann ................. F02C 7/24
181/286

4,001,473 A * 1/1977 Cook ........................ B32B 3/12
181/292

4,084,367 A * 4/1978 Saylor .................. B29D 24/005
181/292

(Continued)

Primary Examiner Edgardo San Martin

(74) Attorney Agent or Firm Robert H. Earp, III;
William M. Johnson

(57) ABSTRACT

An improved acoustic liner for turbine engines is disclosed.
The acoustic liner may include a straight cell section includ-
ing a plurality of cells with straight chambers. The acoustic
liner may also include a bent cell section including one or
more cells that are bent to extend chamber length without
increasing the overall height of the acoustic liner by the
entire chamber length. In some cases, holes are placed
between cell chambers in addition to bending the cells, or
instead of bending the cells.
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FIG. 8 illustrates a six cell honeycomb arrangement,
according to an embodiment of the present invention.

FIG. 9 illustrates various multi -cell configurations,
according to an embodiment of the present invention.

FIG. 10A illustrates a front cutaway view of a variable
depth straight cell acoustic liner, according to an embodi-
ment of the present invention.

FIG. 10B illustrates an orthogonal cutaway view of a
variable depth straight cell acoustic liner, according to an
embodiment of the present invention.

FIG. 11 illustrates a side view of numbered variable depth
straight cells, according to an embodiment of the present
invention.

FIG. 12A illustrates a front cutaway view of a variable
depth straight and bent cell acoustic liner, according to an
embodiment of the present invention.

FIG. 12B illustrates an orthogonal cutaway view of a
variable depth straight and bent cell acoustic liner, according
to an embodiment of the present invention.

FIG. 13 illustrates a side view of numbered variable depth
straight and bent cells, according to an embodiment of the
present invention.

FIG. 14 illustrates a notional bent cell liner having various
channel shapes, according to an embodiment of the present
invention.

FIGS. 10A through 14 were adapted from FIGS. 11-16
and 1, respectively, from Development and Validation of an
Interactive Liner Design and Impedance Modeling Tool by
Brian M. Howerton, Michael G. Jones, and James L. Buck-
ley. The paper was presented at the 18th  AIAA/CEAS
Aeroacoustics Conference (33 d AIAA Aeroacoustics Con-
ference) held Jun. 4, 2012, through Jun. 6, 2012, in Colorado
Springs, Colo.

DETAILED DESCRIPTION OF THE
EMBODIMENTS

Some embodiments of the present invention bend cells,
include holes between two or more cells, or both, to provide
a broadband acoustic liner with reduced height that effec-
tively absorbs lower frequency noise in addition to higher
frequencies. Broadband frequencies absorbed by some
embodiments range between 400-3,000 Hz, but any other
desired frequency ranges many be absorbed, depending on
the volume and height constraints and cell architecture. The
frequencies at which cells should be bent and/or how many
cells are connected via perforations depends on cell width
and the maximum height of the liner. Such embodiments
create the effect of a cell length that is longer than the actual
vertical height of the cells. As such, the overall height of the
acoustic liner may be reduced. Such liners may be useful for
integration with turbine engines used for propelling aircraft,
for commercial power production, or for any other use.

Many embodiments may be used to reduce noise in the
engine core, where minimization of the liner height can be
an enabling feature. For instance, the embodiments shown in
FIGS. 5-9 may be particularly well suited for this purpose,
where designers might be willing to trade treated surface
area for lower frequency limits. However, some embodi-
ments may be used for noise reduction in any other suitable
engine location including, but not limited to, the aft fan duct.
The embodiments depicted in FIGS. 3 and 4 may be better
suited for such an application.

Conventional Acoustic Liner Architecture
For absorption of a desired frequency, the cell cavity

height and width controls the frequency at which maximum
absorption occurs. FIG. 2 illustrates a single layer conven-

4
tional acoustic liner 200 with a uniform height and a
honeycomb configuration that is used in a fan exhaust duct.
A thin facesheet 210 having a plurality of holes 212 covers
cells 220 having respective cavities 222. Facesheet 210 may

5 be between 0.025 inches and 0.1 inches thick, with holes
having a diameter of approximately 0.030 inches to 0.050
inches. The geometry (i.e., thickness, hole diameter, and
porosity) of facesheet 210 controls the amount of acoustic
absorption that will occur. A thicker facesheet can contribute

10 to noise reduction and provide increased strength and impact
resistance. However, increased facesheet thickness also
increases the weight of the liner. Backplate 230 is attached
to the other side of cells 220 and is rigid.

15 The Relationship Between Cell Geometry and Absorption
Characteristics

In some embodiments, longer chamber lengths for lower
frequency absorption are achieved by bending cells such that
they can be packaged in the available space. When designing

20 an acoustic liner, cells may have any desired channel shape,
including, but not limited to, hexagonal, round, square,
rectangular, and half -sine channel shapes. However, the
hexagonal, or honeycomb, geometry may be superior due to
the improved strength that it provides.

25 Some embodiments use a quarter -wavelength resonator to
achieve sound absorption. The frequency that is absorbed for
a quarter -wavelength resonator is defined by:

30 _ C
f=  

4L

where f is the frequency in Hertz (Hz) where maximum
absorption occurs, c is the speed of sound in meters per

35 second (m/s), and L is the length of the cell in meters (m).
A Helmholtz resonator may also be used. The frequency

that is absorbed for a Helmholtz resonator is defined by:

40 
c S

f = I, VL

where S is the surface area of the orifice in m2, V is the
45 volume of the air within the cell in m3, and L is the thickness

of the facesheet in m. f and c are the same as above. In some
embodiments, all cells may be quarter -wavelength resona-
tors, all cells may be Helmholtz resonators, or a combination
of quarter -wavelength resonators and Helmholtz resonators

50 may be used for different cells.
Combined Straight and Bent Cell Acoustic Liners
FIG. 3 illustrates a broadband acoustic liner 300 having a

straight cell section 310 and a bent cell section 320, accord-
ing to an embodiment of the present invention. Straight cell

55 section 310 has cells with chambers oriented in a direction
orthogonal to the facesheet of acoustic liner 300, but some
variation in the orientation is possible. In FIG. 3, the shortest
chamber length in straight cell section 310 is 1.5 inches, but
this could be further reduced (e.g., to 0.5 inches) if desired

60 to address higher frequency noise.
Bent cell section 320 includes cells with bent chambers of

varying lengths to absorb progressively lower frequencies as
the overall length increases. In FIG. 3, the chambers are bent
at a right angle and packaged in such a way as to maximize

65 the use of the available volume, with a longest chamber
having a length of 13 inches, although bent cell section 320
only has a height of 7 inches. However, various cell geom-
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significantly reduced), thereby reducing the overall diameter
of the engine nacelle. This should result in reduced weight,
which, in turn, should reduce the amount of fuel that is
burned.

Furthermore, the low thermal conductivity of the CMC
material, compared to that of a metal liner, reduces the need
for cooling and thermal treatment in the liner areas. This
reduces the weight of the engine, and frees up volume that
may reduce the size of the engine core, allowing for a higher
bypass ratio (and hence, a propulsively more efficient)
engine with the same overall engine dimensions. Alterna-
tively, more room may be provided for engine accessories
and controls.

Some embodiments of the present invention use bent
cells, holes between cells, or a combination thereof to
increase effective cell length and reduce the overall height of
an acoustic liner. Some embodiments also incorporate ther-
mally tolerant, strong, lightweight materials, such as CMC
materials, to reduce liner weight and size. This allows engine
weight to be reduced for greater fuel efficiency and/or frees
up space for additional engine components.

It will be readily understood that the components of
various embodiments of the present invention, as generally
described and illustrated in the figures herein, may be
arranged and designed in a wide variety of different con-
figurations. Thus, the detailed description of the embodi-
ments of the present invention, as represented in the attached
figures, is not intended to limit the scope of the invention as
claimed, but is merely representative of selected embodi-
ments of the invention.

The features, structures, or characteristics of the invention
described throughout this specification may be combined in
any suitable manner in one or more embodiments. For
example, reference throughout this specification to "certain
embodiments," "some embodiments," or similar language
means that a particular feature, structure, or characteristic
described in connection with the embodiment is included in
at least one embodiment of the present invention. Thus,
appearances of the phrases "in certain embodiments," "in
some embodiment," "in other embodiments," or similar
language throughout this specification do not necessarily all
refer to the same group of embodiments and the described
features, structures, or characteristics may be combined in
any suitable manner in one or more embodiments.

It should be noted that reference throughout this specifi-
cation to features, advantages, or similar language does not
imply that all of the features and advantages that may be
realized with the present invention should be or are in any
single embodiment of the invention. Rather, language refer-
ring to the features and advantages is understood to mean
that a specific feature, advantage, or characteristic described
in connection with an embodiment is included in at least one
embodiment of the present invention. Thus, discussion of
the features and advantages, and similar language, through-
out this specification may, but do not necessarily, refer to the
same embodiment.

10
Furthermore, the described features, advantages, and

characteristics of the invention may be combined in any
suitable manner in one or more embodiments. One skilled in
the relevant art will recognize that the invention can be

5 practiced without one or more of the specific features or
advantages of a particular embodiment. In other instances,
additional features and advantages may be recognized in
certain embodiments that may not be present in all embodi-
ments of the invention.

10 One having ordinary skill in the art will readily under-
stand that the invention as discussed above may be practiced
with steps in a different order, and/or with hardware ele-
ments in configurations which are different than those which

15 are disclosed. Therefore, although the invention has been
described based upon these preferred embodiments, it would
be apparent to those of skill in the art that certain modifi-
cations, variations, and alternative constructions would be
apparent, while remaining within the spirit and scope of the

20 invention. In order to determine the metes and bounds of the
invention, therefore, reference should be made to the
appended claims.

The invention claimed is:
25 1. An apparatus, comprising:

a single layer acoustic liner for absorbing sound waves,
said single layer acoustic liner comprising:

a plurality of cells with straight chambers, each cell with

30 
a straight chamber having a length and an opening at
one end for receiving sound waves directly from the
environment;

a plurality of cells with a bent chamber, each cell with a
bent chamber having a length and an opening at one

35 end for receiving sound waves directly from the envi-
ronment

wherein the openings for the plurality of cells with
straight chambers and the plurality of cells with a bent
chamber are coplanar to create a single layer acoustic

40 
liner.

2. The apparatus of claim 1, wherein the plurality of cells
with a bent chamber each have a different length that is
configured to optimally absorb different frequencies.

3. The apparatus of claim 2, wherein the plurality of cells
45 with a bent chamber have a rectangular, curved, "S" -shaped,

or irregularly shaped geometry.
4. The apparatus of claim 2, wherein two or more of the

plurality of bent cells have different geometries from one
another.

50 
5. The apparatus of claim 1, wherein at least one of the

plurality of cells with a bent chamber comprises a hole
operably connecting its chamber to a chamber of an adjacent
cell.

6. The apparatus of claim 1, wherein the apparatus com-

55 
prises a ceramic matrix composite material.
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