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HIGH BLEED FLOW MUFFLING SYSTEM

ABSTRACT

High bleed flow muffling systems are disclosed. Example muffling devices according to
at least some aspects of the present disclosure may include a first orifice plate and a
second orifice plate at least partially defining a plenum arranged to receive the tlow of a
compressible fluid. The first orifice plate and the second orifice plate may be arranged to
produce cross-impinging flow such that flow through the orifices ot the first orifice plate
into the plenum is directed at the wall of the second orfice plate and such that flow
through the orifices of the second orifice plate is directed at the wall ot the first orifice
plate. Some example embodiments may include an inlet flow restrictor disposed

upstream of the first and second orifice plates.
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HIGH BLEED FLOW MUFFLING SYSTEM

BACKGROUND

[0001] The subject matter disclosed herein relates generally to muffling systems, and,
more specifically, to muffling devices capable of providing pressure drops, acoustic

improvements, and desirable flow properties.

[0002] In a gas turbine engine, air 1s pressurized in a compression module. The air
channeled through the compression module 1s mixed with fuel in a combustor and
ignited, generating hot combustion gases, which flow through turbine stages that extract
energy theretrom for powering the tan and compressor rotors and generate engine thrust

to propel an aircraft in flight or to power a load, such as an electrical generator.

[0003] In some gas turbine engines, a portion of the high-pressure air, such as, for
example, bleed air from a compressor, may be extracted or bled from the compressor for
various needs. These needs include, for example, compressor flow bleeding which may
be used to improve operability as well as to provide turbine cooling, bearing sump
pressurization, purge air, or aircraft environment control. The air may be bled off from
the compressor using bleed slots located over specific portions or stages of the

COMpressor.

[0004] In least some gas turbine engines, during engine operation occurring in some
operating conditions, the compressor may pump more air than is required for needs
including the combustion process. In order to manage operability of the engine and
combustion performance, a portion of the excess bleed air from the compressor may be
routed through bleed conduits and exhausted into the fan flow stream, engine exhaust, or
to ambient. The pressure and temperature of the air stream bled from the compressor may
be very high. For example, bleed air pressure may be greater than about 1375 kPa and the

bleed air temperature may be greater than about 538 degrees C. A transient bleed valve

-1-



CA 02811818 2013-04-04
256128

system (TBV) system i1s sometimes used for bleeding and exhausting the air removed
from the compressor. For example, the exhaust area of some conventional bleed systems
may be oversized to lower the flow velocity at the exhaust location to assure that the
acoustic requirements are met for the application. The exhaust area, as well as the
relatively gently expansions between the source pressure and exhaust, may contribute to

the relatively large size and/or weight of these systems.

[0005] The problem: In some applications (e.g., aircraft), it may be undesirable to use
large and/or heavy components to reduce noise gencrated by bleed air and/or to direct

bleed air 1into a fan flow stream or other locations.
BRIEF DESCRIPTION

[0006] At least one solution for the above-mentioned problem(s) is provided by the
present disclosure to include example embodiments, provided for illustrative teaching and

not meant to be limiting.

[0007] An example muftling device according to at least some aspects of the present
disclosure may include a muffling device body including an inlet (which may include an
inlet flow restrictor) arranged to direct a flow of a compressible fluid into an interior of
the muffling device body; a first orifice plate arranged to receive at least some of the flow
of the compressible fluid from the interior of the muffling device body, the first orifice

plate including at least one orifice extending through a wall; and/or a second orifice plate

arranged to receive at least some of the flow of the compressible fluid from the interior of
the muffling device body, the second orifice plate including at least one orifice extending
through a wall. The first orifice plate and the second orifice plate may at least partially
define a plenum arranged to receive the flow of the compressible fluid from the interior of
the muffling device body via the orifice of the first orifice plate and via the orifice of the
second orifice plate. The first orifice plate and the second orifice plate may be fluidicly
opposed such that the flow of the compressible fluid through the orifice of the first orifice
plate from the interior of the mufiling device body into the plenum is directed at the wall
of the second orifice plate and such that flow of the compressible fluid through the orifice
-
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of the second orifice plate from the interior of the mutfling device body into the plenum is

directed at the wall of the first orifice plate.

[0008] An example gas turbine engine according to at least some aspects of the present
disclosure may include a compressor; a combustor arranged to combust fuel In
compressed air received from the compressor; a turbine configured to receive hot,
pressurized gas from the combustor and to drive the compressor; and a bleed air system.
The bleed air system may include a bleed conduit arranged to withdraw bleed air from the
compressor and a muffling device arranged to discharge the bleed air. The muffling
device may include an inlet (which may include an inlet tflow restrictor) fluidicly coupled
to receive the bleed air from the bleed conduit, a first generally planar orifice plate and a
second generally planar orifice plate arranged generally in parallel to direct the bleed air
in a cross-impinging flow into a plenum, and an outlet arranged to discharge the bleed air

from the plenum.

10009] An example method of operating a muffling device according to at least some
aspects of the present disclosure may include receiving a flow of a compressible fluid into
an interior of a mufiling device body of a muffling device via an inlet (which may include
an inlet flow restrictor). The method may include directing the flow of the compressible
fluid from the interior of the muftling device body into a plenum at ieast partially defined
by substantially parallel first and second orifice plates, including directing a first portion
of the flow of the compressible fluid from the interior of the muffling device into the
plenum through at least one orifice extending through the first orifice plate generally
towards a wall of the second orifice plate, and directing a second portion of the flow of
the compressible fluid from the interior of the muftling device into the plenum through at
least one orifice extending through the second orifice plate generally towards a wall of the
first orifice plate. The method may include discharging the flow of the compressible fluid

from the plenum via an outlet.
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BRIEF DESCRIPTION OF THE DRAWINGS

[0010] The subject matter for which patent claim coverage 1s sought 1s particularly
pointed out and claimed herein. The subject matter and embodiments thereot, however,
may be best understood by reference to the following description taken 1n conjunction

with the accompanying drawing figures 1n which:

FIG. 1 is a schematic cross-sectional view of a gas turbine engine including an

example muffling device;
FIG. 2 is an elevation view of an example muffling device;
FIG. 3 is an isometric view of an example muffling device;
FIG. 4 is a partial cross-sectional view of an example muftling device;
FIG. 5 is a detailed view of example cross-impinging orifice plates;
FIG. 6 is a cross-sectional plan view of an example muftling device;
FIG. 7 is a cross-sectional view of an example mufiling device;
FIG. 8 is flow chart of an example method of operating a muftling device;

FIG. 9 is a detailed view of example cross-impinging orifice plates; and

FIG. 10 is a schematic cross-sectional view of an alternative example muftling

device;

FIG. 11 is a schematic cross-sectional view of an alternative example muttling

device;

FIG. 12 is an isometric view of an alternative inlet flow restrictor comprising a

substantially planar orifice plate;
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FIG. 13 is an isometric view of an alternative inlet flow restrictor comprising a

generally hemispherical shape; and

FIG. 14 is an isometric view of an alternative inlet flow restrictor comprising a
generally tubular shape, all in accordance with at least some aspects ot the present

disclosure.
DETAILED DESCRIPTION

[0011] In the following detailed description, reference is made to the accompanying
drawings, which form a part hereof. In the drawings, similar symbols typically identify
similar components, unless context dictates otherwise. The 1llustrative embodiments
described in the detailed description, drawings, and claims are not meant to be limiting.
Other embodiments may be utilized, and other changes may be made, without departing
from the spirit or scope of the subject matter presented here. It will be readily understood
that the aspects of the present disclosure, as generally described herein, and illustrated in
the figures, can be arranged, substituted, combined, and designed in a wide variety of
different configurations, all of which are explicitly contemplated and make part of this

disclosure.

[0012] The present disclosure includes, inter alia, gas turbine engines, muftling devices,

and methods of operating mufiling devices.

[0013] FIG. 1 is a schematic cross-sectional view of a gas turbine engine (G1E) 10
including an example muffling device 100, according to at least some aspects of the
present disclosure. GTE 10 may include a bleed system 40, which may incorporate
muffling device 100. GTE 10 may include a core gas turbine engine 12 that includes a
high-pressure compressor 14, a combustor 16, and/or a high-pressure turbine 18. GTE 10

may also include a low-pressure compressor 19, a low-pressure turbme 20, and/or a fan

assembly 22.
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[0014] In operation, air may flow through fan assembly 22. A portion of the air

discharged from fan assembly 22 may be channeled to high-pressure compressor 14,
where it may be further compressed and channeled to combustor 16. Products of
combustion from combustor 16 may be utilized to drive high-pressure turbine 18 and/or
low-pressure turbine 20. Another portion of the air discharged from fan assembly 22 may
bypass core gas turbine engine 10 (e.g., via fan duct 3) and/or may be referred to as a fan

flow stream 4.

[0015] At some operating conditions, a portion of the compressed air produced by high-
pressure compressor 14 may be routed through bleed system 40, thereby becoming bleed
air 2. Bleed air 2 from high-pressure compressor 14 may enter a bleed flow conduit 44.
Bleed air 2 may pass through bleed flow conduit 44 and enter muffling device 100, which
may direct bleed air 2 into a flow path, such as the fan flow stream 4. Flow of bleed air 2
through bleed flow conduit 44 may be controlled by a transient bleed valve 45. Mutiling
device 100, described in more detail herein below, may be in flow communication with
bleed flow conduit 44 such that the bleed air 2 is discharged as exit flow stream 5 into a
flow path, such as a fan duct 3 and mixes the air with another flow, such as fan tlow
stream 4. Some example embodiments may include a flow mixing vent system, such as
an aero chimney, as described in U.S. Patent Application Publication No. 2011/0265490,
which is incorporated herein by reference. An aero chimney and/or other plume control
device may be arranged to prevent exit flow 5 from impacting temperature sensitive
materials (e.g., materials capable of withstanding only relatively low temperatures).
Some example embodiments may be used in connection with louver systems, such as
those described in co-pending CA Patent Application No. 2,811,821, filed on even date
herewith, which i1s titled “MODULAR LOUVER SYSTEM™.

[0016] FIG. 2 is an elevation view of an example muffling device 100, according to at
least some aspects of the present disclosure. Muffling device 100 may include a muftling
device body 102. Muffling device 100 may be configured to receive a tlow 108 of a

compressible fluid into muffling device body 102 via an inlet 106 and/or may be

_6-
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configured to discharge tlow 108 from muffling device body 102 via an outlet 110. For
example, inlet 106 of muffling device 100 may receive bleed air 2 from bleed conduit 44
and/or may discharge bleed air 2 (as exit flow stream 5) via outlet 110 into fan flow
stream 4 (see, €.g., FIG. 1). In some example embodiments, muffling device 100 may be
arranged generally in an L-shape, with inlet 106 receiving flow 108 generally in a
horizontal direction and outlet 110 discharging flow 108 generally in a vertical direction.
In some example embodiments, inlet 106 may include a generally circular, horizontally
facing opening and/or outlet 110 may include an elongated, generally rectangular,

vertically facing opening.

[0017] FIG. 3 is an isometric view of an example muffling device 100, according to at
least some aspects of the present disclosure. Muttling device 100 may include a plenum
112 flwmdicly connected to outlet 110. Plenum 112 may be disposed at least partially
within muftling device body 102. Plenum 112 may be at least partially defined by a first
orifice plate 116 and/or a second orifice plate 120 (see, e.g., FIG. 6), which may be
generally planar and/or may be arranged generally in paraliel. Orifice plate 116 may
include a wall 132 through which orifices 114 may extend and/or orifice plate 120 may
include a wall 134 through which orifices 118 may extend (see, e.g., FIG. 6). At least a
portion of flow 108 may enter plenum 112 via orifices 114 and/or at least a portion of
flow 108 may enter plenum 112 via orifices 118. Flow 108 may exit plenum 112 via

outlet 110.

[0018] FIG. 4 1s a partial cross-sectional view of an example muffling device 100,
according to at least some aspects of the present disclosure. Muffling device 100 may
include an 1nlet flow restrictor 122, which may be disposed fluidicly downstream of inlet
106 and/or fluidicly upstream of an interior 104 of muffling device body 102. In some
example embodiments, inlet flow restrictor 122 may include a generally conical frustrum
including a side wall 124 and/or a downstream end wall 126. Inlet flow restrictor 122
may taper inwardly in a generally downstream direction. Side wall 124 may include a
plurality of holes 128 extending through the side wall. Holes 128 may be arranged to

direct flow 108 of the compressible fluid received via inlet 106 into interior 104 of

.7-



CA 02811818 2013-04-04
256128

muffling device body 102. Some example embodiments may include holes 128 having

substantially uniform sizes and/or having a plurality of different sizes. In some example
embodiments, adjacent rows of holes 128 may be offset and/or staggered, which may

improve flow uniformity.

[0019] In some example embodiments, inlet flow restrictor 122 may be contigured to
create a choked condition at a design flow rate. For example, the number, size, and/or
spacing of holes 128 and/or the length of inlet flow restrictor 122 may be selected to
provide a choked flow condition and/or to achieve acoustic characteristics. In some
example embodiments, inlet flow restrictor may operate as a secondary flow restrictor,
secondary to transient bleed valve 45 (FIG. 1). In some example embodiments,
downstream end wall 126 may be substantially solid (e.g., without holes). In some

example embodiments, downstream end wall 126 may include one or more holes.

[0020] Although some example embodiments described herein incorporate a basket-type
inlet flow restrictor, it is within the scope of the disclosure to use alternative inlet flow
restrictors. FIG. 12 is an isometric view of an alternative inlet flow restrictor 1100, which
may comprise a substantially planar orifice plate 1102 with a plurality of orifices 1104
extending therethrough. Orifices 1104 may be arranged in a generally staggered
arrangement. FIG. 13 is an isometric view of an alternative inlet flow restrictor 1200,

which may comprise a generally hemispherical shape 1202 with a plurality ot oritices
1204 extending therethrough. Orifices 1204 may be arranged in a generally staggered

arrangement. FIG. 14 is an isometric view of an alternative inlet flow restrictor 1300,
which may comprise a generally tubular shape 1302 with a plurality of orifices 1304
extending therethrough. Orifices 1304 may be arranged in a generally staggered

arrangement.

[0021] In some example embodiments, plenum 112 may be at least partially detined by a
downstream end wall 130 and/or an upstream end wall 136 (see, e.g., FIG. 4).
Downstream end wall 130 may be angled arranged such that plenum 112 tapers outwardly

in a direction generally towards outlet 110. In connection with orifice plate 116 (having
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orifices 114 through wall 132) and/or orifice plate 120 (having holes 118 through wall
134), upstream end wall 136 and/or downstream end wall 130 may at least partially define

plenum and/or may fluidicly interpose interior 104 and plenum 112.

[0022] FIG. 5 1s a detailed view of example cross-impinging orifice plates 116, 120,
according to at least some aspects of the present disclosure. Orifices 114 through orifice
plate 116 may be offset (e.g., not coaxial) with respect to orifices 118 through orifice
plate 120. For example, orifices 114 may be arranged relative to orifices 118 such that
flow through orifices 114 of first orifice plate 116 may be directed at wall 134 of second
orifice plate 120 and/or such that flow through orifices 118 of second orifice plate 120
may be directed at wall 132 of first onfice plate. Such a flow arrangement may be
referred to as cross-impinging. In some example embodiments, there may be no “line-of-
sight” through orifices 114 of first orifice plate 116 and orifices 118 of second orifice
plate 120. In various embodiments, the sizes and arrangement of orifices 114 of first
orifice plate 116 and/or orifices 118 of second orifice plate 120 may be configured to
achieve desired flow and/or acoustic characteristics. For example, diameters of orifices
114, 118, spacing between orifices 114, 118, and/or relative positions of orifices 114, 118
may be tuned to achieve desired tflow and/or acoustic characteristics. See, for example,
FIG. 9, which is a detailed view of example cross-impinging orifice plates 902, 904,
according to at least some aspects of the present disclosure. Orifice plate 902 may
include orifices 906 and/or orifice plate 904 may include orifices 908. As illustrated,

orifices 906 and orifices 908 may each be arranged in a triangular pattern, and orifices

906 may be offset from orifices 908.

[0023] FIG. 6 1s a cross-sectional plan view of an example muffling device 100,
according to at least some aspects of the present disclosure. Flow 108 may enter muffling

device 100 through inlet 106. Flow 108 may be directed from inlet 106 into interior 104
of muftling device body 102 via inlet flow restrictor 122, such as via holes 128 in side
wall 124. Flow 108 may be directed along the outer sides (e.g., along orifice plate 116
and orifice plate 120) of plenum 112, such as by downstream end wall 126 of inlet flow

restrictor and/or upstream end wall 136 of plenum 112. Upstream end wall 136 of
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plenum 112 may include rounded corners 137 connecting to orifice plate 116 and/or

orifice plate 120, which may aid in smoothly directing flow 108.

[0024] Interior 104 of muffling device body 102 may be at least partially detined by side
wall 140 and side wall 142, which may taper inwardly in a generally downstream
direction. Muffling device body 102 may be generally widest at an upstream end near
inlet 106 and/or may be generally narrowest at a downstream end near downstream end
wall 130 of plenum 112. In some example embodiments, such tapering may provide a
substantially uniform static pressure distribution, which may provide a substantially even

flow distribution.

[0025] In some example embodiments, orifice plate 116 and orifice plate 120 may create
a cross-impinging flow into plenum 112. For example, an axis 144 of orifice 114 of first
orifice plate 116 may not be coaxial with an axis 146 of orifice 118 of second orifice plate
120. As a result, flow through orifice 114 of first orifice plate 116 may generally impinge
on wall 134 of second orifice plate 120 and/or flow through orifice 118 of second orifice

plate 120 may generally impinge on wall 132 of first orifice plate 116.

[0026] In some example embodiments, first orifice plate 116 and second orifice plate 120
may be disposed within interior 104 of muffling device body 102 such that flow 108 from
interior 104 through orifices 114 of first orifice plate 116 and/or flow through orifices 118
of second orifice plate 120 substantially changes direction (see, e.g., FIG. 7). For

example, flow from interior 104 (e.g., generally from inlet flow restrictor 122) through

orifices 114 and/or orifices 118 may change direction by about 90 degrees.

[0027] In an example embodiment operating at a design flow condition, static pressures at
various points may be as follows: point 204 about 1100 kPa; point 208 about 345 kPa;
point 210 about 160 kPa (FIGS. 6 and 7).

[0028] FIG. 7 is a cross-sectional view of an example muftling device 100, according to
at least some aspects of the present disclosure. First orifice plate 116, second orifice plate

120, and plenum 112 may be arranged such that flow 108 through orifices 114 of first
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orifice plate 116 into plenum 112 and/or flow through orifices 118 of second orifice plate
120 into plenum 112 substantially changes direction. For example, through orifices 114
and/or orifices 118 (e.g., from interior 104 of mufiling device body 102) into plenum 112

may change direction by about 90 degrees.

[0029] In some example embodiments, flow through first orifice plate 116 and/or second
orifice plate 120 may not be choked. In some example embodiments, flow through first

orifice plate 116 and/or second orifice plate 120 may be choked.

[0030] In some example embodiments, an effective flow area of first orifice plate 116 and
second orifice plate 118 may be greater than an effective flow area of inlet flow restrictor
122. In some example embodiments, an effective flow area of outlet 110 may be greater

than the effective flow area of first orifice plate 116 and second orifice plate 118.

[0031] FIG. 8 1s flow chart of an example method 800 of operating a muffling device,
according to at least some aspects of the present disclosure. Method 800 may include an
operation 802, which may include receiving a flow of a compressible fluid into an interior
of a muffling device body of a muftling device via an inlet. Operation 802 may be
followed by an operation 804. Operation 804 may include directing the flow of the
compressible fluid from the interior of the muffling device body into a plenum at least
partially defined by substantially parallel first and second orifice plates. Operation 804
may include operation 806, which may include directing a first portion of the flow of the
compressible fluid from the interior of the muffling device into the plenum through at
least one orifice extending through the first orifice plate generally towards a wall of the
second orifice plate. Operation 804 may include operation 808, which may include
directing a second portion of the flow of the compressible fluid from the interior of the
muffling device into the plenum through at least one orifice extending through the second
orifice plate generally towards a wall of the first orifice plate. Operation 804 may be
followed by an operation 810. Operation 810 may include discharging the flow of the

compressible fluid from the plenum via an outlet.
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[0032] FIG. 10 is a schematic cross-sectional view of an alternative example muttling
device 950 and FIG. 11 is a schematic cross-sectional view of an alternative example
muffling device 950, according to at least some aspects of the present disclosure.
Muffling device 950 may include an inlet 952, which may receive bleed air 2 (FIG. 1).
Inlet 952 may deliver bleed air 2 to an interior 954 of a muffling device body 956 via an
inlet flow restrictor 958. Air may flow from interior 954 to an outlet 960 via one or more
orifice plates 962, which may be arranged to produce a cross-impinging flow. Generally,

muffling device 950 may be similar to muffling device 100 described above.

[0033] Some example embodiments according to at least some aspects of the present
disclosure may be constructed in a modular form. For example, an embodiment may
include an inlet flow restrictor 122, at one orifice plate 116, 120, and/or both an 1nlet flow
restrictor 122 and one or more orifice plates 116, 120. Some embodiments may be

readily reconfigurable, such as by being assembled using removable fasteners.

[0034] This written description uses examples to disclose the invention, including the
best mode, and also to enable any person skilled in the art to practice the invention,
including making and using any devices or systems and performing any incorporated
methods. The patentable scope of the invention is defined by the claims, and may include

other examples that occur to those skilled in the art in view of the description.
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CLAIMS

1. A mutftling device, comprising:

a muftling device body comprising an inlet arranged to direct a flow of a
compressible fluid into an interior of the muffling device body;

a first orifice plate arranged to receive the at least some of the flow of the
compressible fluid from the interior of the muffling device body, the first orifice plate
comprising at least one orifice extending through a wall; and

a second orifice plate arranged to receive the at least some of the flow of the
compressible fluid from the interior of the muffling device body, the second orifice plate
comprising at least one orifice extending through a wall;

whereln the first orifice plate and the second orifice plate at least partially
define a plenum arranged to receive the flow of the compressible fluid from the interior
of the muftling device body via the at least one orifice of the first orifice plate and via the
at least one orifice of the second orifice plate;

wherein the first orifice plate and the second orifice plate are fluidicly opposed
such that the tflow of the compressible fluid through the at least one orifice of the first
ortfice plate from the interior of the muffling device body into the plenum is directed at
the wall of the second orifice plate and such that flow of the compressible fluid through
the at least one orifice of the second orifice plate from the interior of the muffling device
body 1nto the plenum 1s directed at the wall of the first orifice plate;

wherein the inlet is fluidicly coupled to a bleed system associated with a gas
turbine engine; and

wherein the plenum 1s arranged to discharge into a fan flow stream of the gas

turbine engine.

2. The muftling device of claim 1, wherein an axis of the at least one
orifice of the first orifice plate is not coaxial with an axis of the at least one orifice of the

second orifice plate.

13-
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3. The muffling device of claim 1, further comprising an inlet flow

restrictor disposed fluidicly downstream of the inlet and fluidicly upstream of the interior

of the muffling device body.

“3 The muffling device of claim 3, wherein the inlet flow restrictor

comprises a plurality of orifices arranged in a generally staggered arrangement.

5. The mufthing device of claim 3,

wherein the inlet flow restrictor comprises a generally conical frustrum
comprising a side wall and a downstream end wall, the conical frustrum tapering
inwardly 1n a generally downstream direction; and

wherein the side wall comprises a plurality of holes extending therethrough
arranged to direct the flow of the compressible fluid into the interior of the muffling

device body.

6. The muffling device of claim 5, wherein the downstream end wall
comprises a plurality of holes extending therethrough arranged to direct the tlow of the

compressible fluid into the interior of the muffling device body.

7. The muftling device of claim 1,
wherein the plenum comprises an outlet arranged to discharge the tflow of the
compressible fluid; and

wherein the plenum tapers outwardly in a direction generally towards the

outlet.

8. The muffling device of claim 1, wherein the first orifice plate and the
second orifice plate are disposed within the interior of the muffling device body such that
the flow of the compressible fluid from the interior of the muffling device body through
the at least one orifice of the first orifice plate changes direction by about 90 degrees and

the tlow of the compressible fluid from the interior of the muffling device body through

the at least one orifice of the second orifice plate changes direction by about 90 degrees.

-14-
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9. The muffling device of claim 1, wherein the plenum i1s disposed
between the first orifice plate and the second orifice plate such that the flow of the
compressible fluid through the at least one orifice of the first orifice plate into the plenum
changes direction by about 90 degrees and the tlow of the compressible fluid through the
at least one orifice of the second orifice plate into the plenum changes direction by about

90 degrees.

10. A method of operating a muftling device, the method comprising:
recetving a flow of a compressible tluid into an interior of a muffling device
body of a muffling device via an inlet, wherein receiving the flow of the compressible
fluild into the interior of the muftling device body comprises receiving bleed air
discharged from a compressor of a gas turbine engine;
directing the flow of the compressible fluid from the intertor of the muftfling
device body into a plenum at least partially defined by substantially parallel first and
second orifice plates, including
directing a first portion of the flow of the compressible fluid from the
interior of the muffling device into the plenum through at least one orifice extending
through the first orifice plate generally towards a wall of the second orifice plate, and
directing a second portion of the flow of the compressible fluid from the
interior of the muftling device into the plenum through at least one orifice extending
through the second orifice plate generally towards a wall of the first orifice plate; and

discharging the tlow of the compressible fluid from the plenum via an outlet.

11.  The method of claim 10,
wherein directing a first portion of the flow of the compressible fluid from the
interior of the muffling device into the plenum through at least one orifice extending

through the first orifice plate generally towards a wall of the second orifice plate

comprises impinging the first portion of the flow of the compressible fluid on the wall of

the second orifice plate; and

wherein directing a second portion of the flow of the compressible fluid from

the interior of the muftling device into the plenum through at least one orifice extending
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through the second orifice plate generally towards a wall of the first orifice plate

comprises impinging the second portion of the flow of the compressible fluid on the wall

of the first orifice plate.

12.  The method of claim 10, wherein receiving a flow of a compressible
fluid 1nto the interior of the muftling device body comprises directing the flow of the
compressible fluid through an inlet flow restrictor fluidicly interposing an inlet of the

muffling device body and the interior of the muffling device body.

13.  'The method of claim 12, wherein directing the tflow of the compressible
fluid through the inlet flow restrictor comprises directing the flow of the compressible
fluid through a plurality of holes extending through a sidewall of the inlet flow restrictor,
the inlet flow restrictor comprising a generally conical frustrum comprising the side wall
and a downstream end wall, the conical frustrum tapering inwardly in a generally

downstream direction.

14.  The method of claim 12, wherein directing the flow of the compressible
fluid through the inlet flow restrictor comprises causing flow sufficient to create a choked

condition at the inlet flow restrictor.

15. A mufiling device, comprising:

a mufitling device body comprising an inlet arranged to direct a flow of a
compressible fluid into an interior of the muffling device body:

a first orifice plate arranged to receive the at least some of the flow of the
compressible fluid from the interior of the muffling device body, the first orifice plate
comprising at least one orifice extending through a wall; and

a second orifice plate arranged to receive the at least some of the flow of the
compressible fluid from the interior of the muffling device body, the second orifice plate

comprising at least one orifice extending through a wall;
wherein the first orifice plate and the second orifice plate at least partially

define a plenum arranged to receive the flow of the compressible fluid from the interior

-16-
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of the muffling device body via the at least one orifice of the first orifice plate and via the
at least one orifice of the second orifice plate;

wherein the first orifice plate and the second orifice plate are fluidicly opposed
such that the flow of the compressible fluid through the at least one orifice of the first
orifice plate from the interior of the muffling device body into the plenum 1s directed at
the wall of the second orifice plate and such that flow of the compressible fluid through
the at least one orifice of the second orifice plate from the interior of the muffling device
body 1nto the plenum 1s directed at the wall of the first orifice plate;

whereln the plenum comprises an outlet arranged to discharge the flow of the
compressible fluid;

wherein the plenum tapers outwardly in a direction generally towards the
outlet; and

wherein the 1nlet 1s fluidicly coupled to a bleed system associated with a gas

turbine engine.

16.  The muftling device of claim 15,

further comprising an inlet flow restrictor disposed fluidicly downstream of the
inlet and fluidicly upstream of the interior of the muffling device body;

wherein the 1nlet flow restrictor comprises a generally conical frustrum
comprising a side wall and a downstream end wall, the conical frustrum tapering
inwardly 1n a generally downstream direction; and

wherein the side wall comprises a plurality of holes extending therethrough
arranged to direct the flow of the compressible fluid into the interior of the muffling

device body.

17.  The mutfling device of claim 15, wherein the first orifice plate and the
second orifice plate are disposed within the interior of the muffling device body such that
the flow of the compressible fluid from the interior of the muffling device body through
the at least one orifice of the first orifice plate changes direction by about 90 degrees and
the tlow of the compressible fluid from the interior of the muffling device body through

the at least one orifice of the second orifice plate changes direction by about 90 degrees.
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18.  The muffling device of claim 15, wherein the plenum 1is disposed
between the first orifice plate and the second orifice plate such that the flow of the
compressible fluid through the at least one orifice of the first orifice plate into the plenum
changes direction by about 90 degrees and the flow of the compressible fluid through the
at least one orifice of the second orifice plate into the plenum changes direction by about

90 degrees.

19. A method of operating a muffling device, the method comprising:

receiving a flow of a compressible fluid into an interior of a muftling device
body of a muffling device via an inlet, wherein receiving the tlow of the compressible
fluid into the interior of the muffling device body comprises receiving bleed air
discharged from a compressor of a gas turbine engine, wherein receiving the flow of the
compressible fluid into the interior of the muffling device body further comprises
directing the flow of the compressible fluid through an inlet flow restrictor fluidicly
interposing the inlet of the muffling device body and the intertor of the muffling device
body, wherein directing the flow of the compressible fluid through the inlet flow
restrictor comprises directing the flow of the compressible fluid through a plurality of
holes extending through a sidewall of the inlet flow restrictor, the inlet flow restrictor
comprising a generally conical frustrum comprising the side wall and a downstream end
wall, the conical frustrum tapering inwardly in a generally downstream direction;

directing the flow of the compressible fluid from the interior of the muftling
device body i1nto a plenum at least partially defined by substantially parallel first and
second orifice plates, including

directing a first portion of the flow of the compressible fluid from the interior
of the muffling device into the plenum through at least one onfice extending through the
first orifice plate generally towards a wall of the second orifice plate, and

directing a second portion of the flow of the compressible fluid from the
interior of the muffling device into the plenum through at least one orifice extending
through the second orifice plate generally towards a wall of the first orifice plate; and

discharging the flow of the compressible fluid from the plenum via an outlet.
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20.  The method of claim 19, wherein directing the first portion of the flow
of the compressible fluid from the interior of the mufiling device into the plenum through
the at least one orifice extending through the first orifice plate generally towards the wall
of the second orifice plate comprises impinging the first portion of the flow of the

compressible fluid on the wall of the second orifice plate; and

wherein directing the second portion of the flow of the compressible fluid from
the interior of the mutiling device into the plenum through the at least one orifice
extending through the second orifice plate generally towards the wall of the first ortfice
plate comprises impinging the second portion of the flow of the compressible fluid on the

wall of the first orifice plate.

21.  The method of claim 19, wherein directing the flow of the compressible
tluid through the 1nlet flow restrictor comprises causing flow sufficient to create a choked

condition at the inlet flow restrictor.
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