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LOW NOISE AEROENGINE INLET SYSTEM

CROSS-REFERENCE TO RELATED
APPLICATION

[0001] This application is a division of U.S. application
Ser. No. 14/463,077 filed Aug. 19, 2014, the entire contents
of which are incorporated by reference herein.

TECHNICAL FIELD

[0002] The described subject matter relates generally to
aeroengines, and more particularly to aircraft engine inlet
systems.

BACKGROUND OF THE ART

[0003] Future turboprop aircraft will be larger, heavier and
with more powerful engines. Traditionally the aircraft
engine industry has pointed to the propellers as the dominant
noise source, but with modern electronic propeller control
strategies, propeller contribution to the total noise of the
engine is reduced and compressor noise propagating from
the engine intake can become the dominant source of noise.
This is particularly true during the approach phase of flight
just before landing. At approach conditions the pressure
recovery performance of the engine inlet is less important
than in other flight phases since the engine operates at lower
power and the conditions are not maintained for long enough
to be significant for block fuel burn. Consequently, the
industry has made a great effort to improve inlet noise
attenuation capabilities, particularly under flight approach
conditions.

[0004] Accordingly, there is a need to provide an
improved engine inlet system for aircraft gas turbine
engines.

SUMMARY

[0005] In one aspect, there is provided an aeroengine
comprising: an inlet duct for directing an air flow from an
intake opening to a compressor, the inlet duct having a
section including opposed and substantially flat first and
second peripheral walls, a first deformable wall providing a
portion of the first peripheral wall and a second deformable
wall providing a portion of the second peripheral wall, the
first and second deformable walls being deformable between
undeployed and deployed positions, the first and second
deformable walls each including a plurality of panels piv-
otally connected one to another to allow pivotal movement
of the panels relative to respective adjacent ones of the
panels about respective parallel axes oriented transverse to
a direction of the air flow, the first and second deformable
walls in the undeployed position each being substantially flat
to substantially avoid interfering with the air flow and the
first and second deformable walls in the deployed position
each projecting into the inlet duct from a respective one of
the first and second peripheral walls to reduce an effective
cross-sectional area of the inlet duct to reduce line-of-sight
noise propagation.

[0006] Further details and other aspects of the described
subject matter will be apparent from the detailed description
and drawings included below.
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DESCRIPTION OF THE DRAWINGS

[0007] Reference is now made to the accompanying fig-
ures in which:
[0008] FIG. 1 is a schematic cross-sectional view of a

turboprop aeroengine as an example illustrating application
of the described subject matter;

[0009] FIG. 2 is a schematic partial cross-sectional view
of the turboprop aeroengine of FIG. 1, illustrating an inlet
system having a variable intake noise attenuation apparatus
in an undeployed position in an inlet duct; and

[0010] FIG. 3 is a schematic partial cross-sectional view
of the turboprop aeroengine of FIG. 1, illustrating the inlet
system having the variable intake noise attenuation appara-
tus in a deployed position in the inlet duct;

[0011] FIG. 4 is a schematic partial cross-sectional view of
a flexible skin with a plurality of acoustic cells attached
thereto according to one embodiment;

[0012] FIG. 5 is a schematic partial cross-sectional view
of a flexible skin with a plurality of acoustic cells attached
thereto, according to another embodiment;

[0013] FIG. 6 is a schematic partial perspective view of
the inlet system having the variable intake noise attenuation
apparatus in a deployed position in the inlet duct, according
to another embodiment;

[0014] FIGS. 7A and 7B are schematic partial cross-
sectional views of the inlet system of FIG. 6, illustrating the
variable intake noise attenuation apparatus in the respective
undeployed and deployed positions;

[0015] FIGS. 8A-8C are schematic illustrations of the
variable intake noise attenuation apparatus in the deployed
position, showing alternative structural arrangements;
[0016] FIGS. 9A and 9B are schematic partial cross-
sectional views of the variable intake noise attenuation
apparatus of FIG. 6, with acoustic cells in the respective
undeployed and deployed positions, and

[0017] FIG. 9C is a schematic partial cross-sectional view
of the inlet system of FIG. 6, showing an actuator.

[0018] It will be noted that throughout the appended
drawings, like features are identified by like reference
numerals.

DETAILED DESCRIPTION

[0019] FIG. 1 illustrates a turboprop acroengine as an
example of the application of the described subject matter,
which generally includes in serial flow communication
(indicated by arrows 11) a compressor section 12 for pres-
surizing air, a combustor 14 in which the pressurized air is
mixed with fuel and ignited for generating an annular stream
of hot combustion gases, and a turbine section 16 for
extracting energy from the combustion gases to drive the
compressor rotors in the compressor section 12 and to
further drive a propeller 18 through a reduction gear box 20.
[0020] It should be noted that the terms downstream and
upstream are defined with respect to the direction of the air
flow entering into and passing through the engine, indicated
by arrows 11 in FIG. 1.

[0021] In this example, the turboprop engine may provide
an inlet system 22 having an inlet duct 24 for directing the
air flow indicated by the arrows 11 in FIG. 1, from an inlet
opening 26 to a first compressor rotor (not numbered) of the
compressor section 12. The inlet duct 24 according to one
embodiment, may have an upstream portion 28 (intake
portion) and a downstream portion 30 (engine inlet portion)
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which is annular around the power shaft (not numbered) of
the engine, to direct the air flow in an annular stream toward
the first compressor rotor of the compressor section 12.
[0022] Referring to FIGS. 1-6 and according to one
embodiment, the upstream portion 28 of the inlet duct 24
may be defined with a peripheral wall (not numbered)
having opposed and substantially parallel top and bottom
walls 32, 34 with, for example, curved or rounded side walls
(not shown) or flat side walls 33 as shown in FIG. 6, to form
a substantially rectangular cross-section. A variable intake
noise attenuation apparatus (not numbered) may be provided
in the inlet system 22 disposed within the upstream portion
28 of the inlet duct 24 and may be selectively operative
between an undeployed position and a deployed position
which will be further discussed hereinafter.

[0023] The variable intake noise attenuation apparatus
according to one embodiment, may include two deformable
walls (or at least one deformable wall) which may be made
from flexible material to form flexible skins 36, 38, disposed
adjacent the respective top and bottom peripheral walls 32,
34. Flexibility of the flexible skins 36, 38 may be required
only in one direction in accordance with the direction of the
air flow 11. Each of the flexible skins 36, 38 may have a first
surface 42 exposed to the air flow to form part of an inner
surface of the inlet duct 24 and may have a second surface
44 opposite to the first surface 42. A plurality of acoustic
cells 40 may be attached to the second surface 44 of the
respective flexible skins 36, 38. The respective flexible skins
36 and 38 may have a plurality of small holes 41 (see FIGS.
4 and 5 in which only skin 38 is shown) extending there-
through and being in communication with the respective
acoustic cells 40.

[0024] When the variable inlet noise attenuation apparatus
is in the undeployed position as shown in FIG. 2, the flexible
skins 36, 38 are substantially flat with respect to the respec-
tive top and bottom peripheral walls 32, 34 such that the first
surface 42 (exposed to the air flow) of the respective flexible
skins 36, 38 extends substantially in the direction of the air
flow as indicated by the arrows 11 in FIG. 1, in order to
avoid interfering with the air flow. When the variable intake
noise attenuation apparatus is in the deployed position as
illustrated in FIG. 3, the respective flexible skins 36, 38 form
a curved profile 35 projecting from the respective top and
bottom peripheral walls 32, 34 inwardly into the inlet duct
24 in order to reduce noise in line-of-sight propagation.
[0025] The flexible skins 36, 38 having perforations in
communication with the acoustic cells 40 attached to the
second surface 44 (back surface), provide an acoustic treat-
ment area within the inlet duct 24 to absorb noise energy.
When the flexible skins 36, 38 change from a substantially
flat shape to the curved profile 35, the acoustic treatment
area provided by the flexible skins 36, 38 increases. When
the flexible skins 36, 38 are in the curved profile 35
projecting into the inlet duct 24, the curved profile 35 may
constitute a curved ridge extending substantially perpen-
dicular to the direction of the air flow, thereby reducing the
noise in line-of-sight propagation. The variable inlet noise
attenuation apparatus may be deployed during flight
approach or landing operations in order to reduce the level
of community noise.

[0026] The acoustic cells 40 may each have a bottom end
46 attached to the second surface 44 of the respective
flexible skins 36, 38 and a top end 48 distal to the bottom end
46. The top end 48 of the respective acoustic cells 40
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according to one embodiment may have a dimension smaller
than a dimension of the bottom end 46, as shown in FIG. 4,
such that angular spaces 50 formed between the adjacent
acoustic cells 40 allow the top ends 48 of the adjacent
acoustic cells 40 to move toward one another without
interference when the respective flexible skins 36, 38 are
bent to form the curved profile 35 which causes the second
surface 44 (back surface) to become a concave curvature.
For example, the acoustic cells 40 may be configured as
conical, truncated conical, trapezoidal, etc. which allows the
acoustic cells 40 on the respective flexible skins 36, 38 very
close one to another to have a relative acoustic treatment
effectiveness.

[0027] Optionally, the acoustic cells 40 according to
another embodiment may be spaced apart one from another
by a gap between the adjacent acoustic cells 40 as shown in
FIGS. 3-5 in order to avoid interference between adjacent
acoustic cells when the respective flexible skins 36, 38 are
bent to cause the second surface 44 (the back surface) to
become a concave curvature (the curved profile 35 of the
deployed position). In this arrangement, the acoustic cells 40
may offer more configuration selections. For example, the
acoustic cells 40 may be selected not only from conical,
truncated conical and trapezoidal, but also from other shapes
such as cylindrical, square, semi sphere, etc.

[0028] The flexible skins 36, 38 according to one embodi-
ment may be positioned in the upstream portion 28 of the
inlet duct 24, with one positioned in a relatively upstream
location and the other positioned in a relatively downstream
location. In such a location arrangement, the curved ridges
formed by the respective flexible skins 36, 38 which extend
substantially perpendicular to the direction of the air flow
and are indicated by the curved profile 35, may be positioned
in a sequence in the direction of the air flow in order to avoid
formation of a narrow throat in the inlet duct 24, thereby
maximizing line-of-sight blockage for noise attenuation,
without creating excessive throttling.

[0029] Installation of the flexible skins may be achieved in
different ways. The flexible skins 36, 38 according to one
embodiment may be made of sheet metal, composite, re-
informed composite or thermal plastic material which can be
resiliently deformed such as by bending. An aperture 52 (see
FIGS. 2 and 3) may be provided in the respective top and
bottom peripheral walls 32, 34 of the inlet duct 24 and may
be covered by the respective flexible skins 36, 38 when in
the substantially flat shape in the undeployed position. The
respective flexible skins 36, 38 in their curved profile 35
may project through the respective apertures 52 into the inlet
duct 24. The flexible skins 36, 38 may be sized greater than
the aperture 52 in the air flow direction, and equal or slightly
smaller than the aperture 52 in the direction transverse to the
air flow direction. The flexible skins may be placed outside
of the inlet duct. The flexible skins 36, 38 may be affixed to
the respective top and bottom peripheral walls 32, 34 at one
of'the respective front or rear edges of the aperture 52. At the
other of the forward and rear edges of the aperture 52, a free
end (not numbered) of the flexible skins 36, 38 may overlap
a portion of the respective top and bottom peripheral walls
32, 34 and may be movable relative to the respective top and
bottom peripheral walls 32, 34. The free end of the respec-
tive flexible skins 36, 38 may be operatively connected to a
linear actuator 54 which may be disposed outside of the inlet
duct 24 and may be supported by the engine. It should be
understood that a nacelle skin (not shown) of the aeroengine
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may be positioned around the upstream portion 28 of the
inlet duct 24 and the flexible skins 36, 38 with the attached
acoustic cells 40 as well as the linear actuator 54 may be
covered by the nacelle skin.

[0030] The flexible skins 36, 38 according to one embodi-
ment may have a substantially flat original shape in an
unloaded state as shown in FIG. 2 which can be selectively
forcibly bent to form the required curved profile 35 in a
loaded state as shown in FIG. 3, by for example a pushing
force. When the linear actuator 54 is not actuated, the
flexible skins 36, 38 will recover into their unloaded state in
which they have the substantially flat original shape.

[0031] Alternatively, the flexible skins 36, 38 according to
another embodiment may be made in the curved profile 35
as their original shape in the unloaded state, as shown in
FIG. 3 and can be selectively forcibly pulled by the linear
actuator 54 to become substantially flat in the loaded state.
When the linear actuator 54 is not actuated, the flexible skins
36, 38 may recover their original curved profile 35 of the
unloaded state.

[0032] Alternatively, the flexible skins 36, 38 according to
a further embodiment may be made from a suitable material
having sufficient flexibility and may be attached to a device
to cover and seal an opening of an air chamber 58 as shown
in FIGS. 2 and 3. The air chamber 58 may be in commu-
nication with an air source (not shown) of the engine and
may be operatively connected to an air pressure control
device 60 which selectively changes air pressure in the air
chamber 58 in order to selectively forcibly deform the
respective flexible skins 36, 38 into the required shape. For
example, the flexible skins 36, 38 may be made in a
substantially flat profile as the original shape in an unloaded
state and may be deformed into the curved profile 35 by
increasing the air pressure within the air chamber 58 to
create the loaded state, or may be made in the curved profile
35 as the original shape in an unloaded state and may be
deformed into a substantially flat shape by reducing air
pressure in the air chamber 58 to create the loaded state.
When the material of the flexible skins 36, 38 in this
embodiment is resilient but not generally elastically stretch-
able, the respective flexible skin 36, 38 may be configured
to have a limited wavy portion (not numbered) as shown in
FIG. 2 which can be stretched as shown in FIG. 3, to allow
the substantially flat flexible skins 36, 38 to be stretched to
form the curved profile 35 when in the loaded state for the
deployed position. The wavy portion of the respective
flexible skins 36, 38 may be positioned beyond the edge of
the apertures 52 of the respective top and bottom peripheral
walls 32, 34 of the inlet duct 24 such that the wavy portion
of the respective skins 36, 38 is well covered by the
respective top and bottom peripheral walls 32, 34 and is not
exposed to the air flow passing through the inlet duct 24.

[0033] The curved profile 35 of the respective flexible
skins 36, 38 may be configured to prevent unacceptable
levels of inlet pressure distortion in the aeroengine.

[0034] Optionally, the upstream portion 28 of the inlet
duct may have flat side walls 33 as shown in FIG. 6, and a
strip (not shown) curved in the required profile (or pegs,
bumpers or other similar means) may be attached to the
inner surface of the flat side walls 33 to accurately limit the
curvature of the flexible skins in the deployed position and
to provide air seals between the sidewalls and the side edges
of the flexible skins in the deployed position.
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[0035] Referring to FIGS. 1 and 6-9C and according to
another embodiment, the flexible skins may be replaced by
a plurality of panels 64 which may be rigid and configured
to form deformable walls 63a and 6356 (only 635 is shown
in FIGS. 7A-9C for simplicity of illustration). The panels 64
in each of the deformable walls 63a and 635 are pivotally
connected one to another, for example by hinges (not
numbered) to allow pivotal movement of the panels 64
relative to respective adjacent panels 64, about respective
parallel pivotal axes 66, which are shown in FIGS. 7A and
7B extending into the paper of the drawings. The parallel
pivotal axes 66 are oriented transverse to the direction of the
air flow 11. The deformable walls 63a and 635 provide a
portion of each of the respective top and bottom peripheral
walls 32, 34 and are deformable between the undeployed
position as shown in FIGS. 7A and 9A, and the deployed
position as shown in FIGS. 7B and 9B. The panel 64 located
at one end of the deformable wall 63a or 635 (such as at the
most upstream end of the deformable wall) may be affixed
to the peripheral top or bottom wall and the panel 64 located
at the other end of the deformable wall (such as at the most
downstream end thereof) may be moveably supported on a
track to allow a center portion of the deformable wall 63a or
635 to be pushed into the inlet duct in a direction transverse
to the direction of air flow 11, while one end of the
deformable wall 63a or 635 is withdrawn on the supporting
track, in a direction against the direction of air flow 11.

[0036] As shown in FIGS. 8A-8C, the deformable wall
63a or 635 may be formed with panels 64 which may be
identical, or different in dimension in the direction of the air
flow 11. In one example shown in FIG. 8A, the deformable
wall 63a or 635 may be formed by only two panels 64
pivotally joined together or as shown in FIGS. 8B and 8C,
or formed by multiple panels 64 to provide a smoother
curved profile of the deformable wall 634 or 635 when in the
deployed position.

[0037] Optionally, similar to the embodiments described
with reference to FIGS. 2-5, the deformable walls 63a, 635
formed with the pivotally connected panels 64 may also
have a plurality of holes extending through the respective
panels (thus through the deformable walls) between the
surface of the deformable wall 63a, 635 exposed to the air
flow 11 and the opposite surface of the deformable wall 63a,
635 (at the back thereof), similar to the holes 41 illustrated
in FIGS. 4 and 5. These holes are in fluid communication
with respective acoustic cells 40. As shown in FIGS. 9A and
9B, each panel 64 may include one or more rows of the cells
40, oriented transverse to the direction of the air flow 11.
Adjacent rows of acoustic cells 40 attached to the back
surface of each panel 64 may be one row spaced apart from
another, similar to that shown in FIG. 5, or may be closely
disposed one row of acoustic cells 40 immediately adjacent
another, as shown in FIGS. 9A and 9B. The acoustic cells 40
located immediately adjacent the respective pivotal axes 66,
may be configured to form a triangular space therebetween
in order to allow the adjacent panels to be pivoted toward
one another when pushed into the inlet duct 24.

[0038] An actuator 68 may be provided in the inlet system
22, for example using hydraulic power to push a piston rod
70 which may be oriented transverse to the direction of the
air flow 11 and which is operatively connected to a middle
panel 64 of each deformable wall 63a or 635, for deploying
or undeploying the deformable wall 63a or 635, as shown in
FIGS. 9A and 9B.



US 2018/0187599 Al

[0039] Optionally, the actuator 68 may be provided as in
FIG. 9C, with the piston rod 70 oriented in the direction of
the air flow 11 and pivotally connected to one end of an
L-shaped arm 72. The L-shaped arm 72 may be pivotally
supported on a stationary structure of the inlet system and
may be pivotally connected at the other end to one of the
panels 64 of the deformable wall 63a or 635. In operation,
when the piston rod 70 of the actuator 68 is pushed to
extend, resulting in rotation of the L-shaped arm 72 in a
clock-wise direction as indicated by arrow 74 and further
resulting in an upward motion of the end of the L-shaped
arm 72 pivotally connected to the panel 64. A push force is
created as indicated by arrow 76, which forces the deform-
able wall 63a or 635 into the deployed position.

[0040] Other features of the inlet system 22 having the
pivotally connected panels to form the deformable walls, are
similar to the embodiments described above with reference
to FIGS. 1-5, and will not be redundantly described herein.
[0041] Optionally, bleed air extraction for ejectors or
similar suction devices for boundary layer control, may help
with more difficult inlet geometries because the duration of
approach or landing flight conditions is short and is not at
critical engine power levels.

[0042] The above description is meant to be exemplary
only, and one skilled in the art will recognize that changes
may be made to the embodiments described without depart-
ing from the scope of the described subject matter. For
example, the described subject matter may be applicable to
aeroengines configured differently from the turboprop aero-
engine illustrated in the drawings. Modifications which fall
within the scope of the described subject matter will be
apparent to those skilled in the art, in light of a review of'this
disclosure, and such modifications are intended to fall within
the appended claims.

1. An aeroengine comprising: an inlet duct for directing an
air flow from an intake opening to a compressor, the inlet
duct having a section including opposed and substantially
flat first and second peripheral walls, a first deformable wall
providing a portion of the first peripheral wall and a second
deformable wall providing a portion of the second peripheral
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wall, the first and second deformable walls being deform-
able between undeployed and deployed positions, the first
and second deformable walls each including a plurality of
panels pivotally connected one to another to allow pivotal
movement of the panels relative to respective adjacent ones
of the panels about respective parallel axes oriented trans-
verse to a direction of the air flow, the first and second
deformable walls in the undeployed position each being
substantially flat to substantially avoid interfering with the
air flow and the first and second deformable walls in the
deployed position each projecting into the inlet duct from a
respective one of the first and second peripheral walls to
reduce an effective cross-sectional area of the inlet duct to
reduce line-of-sight noise propagation.

2. The aeroengine as defined in claim 1, wherein the
plurality of panels includes a panel located at one end of
each of the first and second deformable walls movably
supported on a respective track to allow the first and second
deformable walls to project into the inlet duct.

3. The acroengine as defined in claim 1 wherein the panels
are identical.

4. The acroengine as defined in claim 1 wherein the panels
are different in one dimension thereof.

5. The aeroengine as defined in claim 1 wherein each of
the first and second deformable walls comprises a first
surface exposed to the air flow and a second surface opposite
to the first surface, a plurality of holes extending through the
respective first and second deformable walls between the
first and second surfaces, in communication with respective
acoustic cells attached to the second surface of the respec-
tive first and second deformable walls.

6. The aeroengine as defined in claim 1 wherein the
respective first and second deformable walls each form a
respective ridge extending substantially perpendicular to a
direction of the air flow.

7. The aecroengine as defined in claim 6 wherein the first
and second deformable walls form the respective ridge in a
sequence in the direction of the air flow.
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