












































US 10,107,139 B1

1
ACOUSTIC LINERS FOR TURBINE
ENGINES

CROSS REFERENCE TO RELATED
APPLICATIONS

This application is a Continuation Application claiming
the benefit of priority from U.S. patent application Ser. No.
13/537,816, filed on Jun. 29, 2012, pending, which claims
priority to U.S. Provisional Patent Application Ser. No.
61/503,033, entitled “Compact, Lightweight, CMC (Ce-
ramic Matrix Composite)-Based Acoustic Liner for Sub-
sonic Jet Aircraft Engines—Offering High Temperature
Capability, Weight Reduction, and Broadband Acoustic
Treatment”, filed Jun. 30, 2011, the subject matter of which
is hereby incorporated by reference in its entirety.

ORIGIN OF THE INVENTION

The invention described herein was made by an employee
of the United States Government and may be manufactured
and used by or for the Government for Government pur-
poses without the payment of any royalties thereon or
therefore.

FIELD

The present invention generally pertains to noise reduc-
tion, and more specifically, to improved acoustic liners for
turbine engines.

BACKGROUND

Turbine engines generally produce a high level of noise
across a broad spectrum, and the turbofan engine is the
dominant contributor to overall aircraft noise. As such,
reduction of turbofan noise is important for aircraft compli-
ance with current and future noise regulations. Fan noise has
traditionally been reduced by a combination of passive liner
treatments and nacelle modifications. Conventional, passive
liners generally consist of a honeycomb core bonded
between a porous facesheet and an impervious backplate.
Such a configuration produces an array of independent,
one-dimensional, tuned waveguides that behave as local-
reacting absorbers. The acoustic absorption spectra of such
structures are characterized by a single peak at the system
resonance frequency and its odd harmonics with signifi-
cantly reduced absorption at other frequencies.

In an attempt to increase bandwidth, a Helmholtz reso-
nator could be used to reduce noise in lower frequencies, in
which the volume of the chamber is sufficiently large to
allow absorption of the low frequency. However, this typi-
cally means that all of the available volume is used to reduce
low frequency noise, and there is insufficient additional
volume for liner components targeting the higher frequen-
cies. Another approach to broadband noise reduction is to
provide an acoustic liner having cells of variable height,
where the cells are arranged from shortest height to tallest
height, gradually increasing with each successive cell.
Acoustic liner 100 of FIG. 1 shows such a design, where
cells 110 vary in height from 1.5 inches to 12 inches.
However, such configurations have unacceptable thickness
for many turbine engine designs. For instance, if the cells of
the acoustic liner are all oriented at a steep angle with
respect to the nacelle/exhaust nozzle, as is the case in FIG.
1, then the liner may become unacceptably thick. In par-
ticular, this is a significant concern in the core region of the
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engine, where the volume available for an acoustic liner is
limited and the trend tends to be for reduction of core
cross-sectional area. Accordingly, an acoustic liner that can
absorb a wide range of frequencies without having undue
thickness may be beneficial.

SUMMARY

Certain embodiments of the present invention may be
implemented and provide solutions to the problems and
needs in the art that have not yet been fully solved by
conventional acoustic liners. For example, certain embodi-
ments of the present invention increase the effective cell
height for lower frequency absorption by bending the cells,
putting holes between two or more cells, or both.

In one embodiment of the present invention, an apparatus
includes a straight cell section including a plurality of cells
with straight chambers. The apparatus also includes a bent
cell section including one or more cells that are bent to
extend chamber length without increasing the overall height
of the apparatus by the entire chamber length.

In another embodiment of the present invention, an appa-
ratus includes one or more cell tuples including a plurality
of cells. Each of the plurality of cells includes a respective
chamber. The respective chambers of two or more of the
plurality of cells are communicably connected via one or
more holes.

In another embodiment of the present invention, an acous-
tic liner includes a cell tuple including a plurality of cells. An
outer wall of one or more of the plurality of cells includes
a perforated septum configured to permit passage of air from
an airflow. At least two of the plurality of cells are connected
via one or more holes in cell chambers, forming a length that
is different than a height of at least one of the individual
cells.

BRIEF DESCRIPTION OF THE DRAWINGS

In order that the advantages of certain embodiments of the
invention will be readily understood, a more particular
description of the invention briefly described above will be
rendered by reference to specific embodiments that are
illustrated in the appended drawings. While it should be
understood that these drawings depict only typical embodi-
ments of the invention and are not therefore to be considered
to be limiting of its scope, the invention will be described
and explained with additional specificity and detail through
the use of the accompanying drawings, in which:

FIG. 1 illustrates an acoustic liner with adjacent cells of
variable height.

FIG. 2 illustrates an acoustic liner with a uniform height
and a honeycomb configuration.

FIG. 3 illustrates a broadband acoustic liner having a
straight cell section and a bent cell section, according to an
embodiment of the present invention.

FIG. 4 illustrates a broadband acoustic liner having a
straight cell section and a perforated cell section, according
to an embodiment of the present invention.

FIG. 5 illustrates arrangements of facesheet perforations
and holes between cells that create an extended effective
chamber length by connecting honeycomb cells, according
to an embodiment of the present invention.

FIG. 6 illustrates two cell honeycomb arrangements,
according to an embodiment of the present invention.

FIG. 7 illustrates four cell honeycomb arrangements,
according to an embodiment of the present invention.
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