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TRANSLATING INLET FOR ADJUSTING
AIRFLOW DISTORTION IN GAS TURBINE
ENGINE

FIELD OF THE INVENTION

[0001] The present subject matter relates generally to gas
turbine engines and more particularly to a translating inlet
for adjusting airflow distortion in a gas turbine engine.

BACKGROUND OF THE INVENTION

[0002] A gas turbine engine generally includes a core
having, in serial flow order, a compressor section, a com-
bustion section, a turbine section, and an exhaust section.
During operation, an engine airflow is provided to an inlet
of the compressor section where one or more axial com-
pressors progressively compress the air until it reaches the
combustion section. Fuel is mixed with the compressed air
and burned within the combustion section to provide com-
bustion gases. The combustion gases are routed from the
combustion section to the turbine section. The flow of
combustion gasses through the turbine section drives the
compressor section and is then routed through the exhaust
section, e.g., to atmosphere.

[0003] During operation, the gas turbine engine may
encounter airflow distortion in the engine airflow path
upstream of the compressor section, such as a circumferen-
tial or local flow disruption due to the angle of attack of the
gas turbine engine, a cross wind, or any other inlet anomaly.
Airflow distortion can be so uneven during operation as to
put portions of the compressor section at or below proper
stall pressure ratios. In many cases, sufficient stall margin
should be maintained in the compressor section in order to
prevent stall conditions from occurring during operation of
the gas turbine engine.

[0004] One approach to maintaining a desired stall margin
in a gas turbine engine is to close the variable guide vanes
at the inlet to the compressor section, thereby reducing air
flow and pressure in the compressor section below a pres-
sure sufficient to cause stall conditions. However, closing the
variable guide vanes can decrease the overall efficiency of
the gas turbine engine.

BRIEF DESCRIPTION OF THE INVENTION

[0005] Aspects and advantages of the invention will be set
forth in part in the following description, or may be obvious
from the description, or may be learned through practice of
the invention.

[0006] One example aspect of the present disclosure is
directed to a core engine of a gas turbine engine. The core
engine can include a compressor section, a combustion
section, and a turbine section in series flow and defining at
least in part an engine airflow path for the gas turbine engine.
The core engine can also include an inner flowpath surface
positioned at least partially within the compressor section
and defining at least in part the engine airflow path. The core
engine can also include a core casing at least partially
enclosing the compressor section and defining a forward
end. The core casing can include a translating inlet assembly
at the forward end. The translating inlet assembly and inner
flowpath surface can together define an inlet to the com-
pressor section. The translating inlet assembly can be move-
able between a first position defining a first inlet area at the
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inlet and a second position defining a second inlet area at the
inlet, with the first inlet area being greater than the second
inlet area.

[0007] Another example aspect of the present disclosure is
directed to a method for adjusting airflow distortion in a gas
turbine engine. The gas turbine engine can include a com-
pressor section, a combustion section, and a turbine section
in series flow. The compressor section, combustion section,
and turbine section can define at least in part an engine
airflow path. The gas turbine engine can include an inner
flow path surface positioned at least partially within the
compressor section and defining at least in part the engine
airflow path. The gas turbine engine can include a core
casing at least partially enclosing the compressor section and
defining a forward end. The method includes determining,
by one or more control devices, an airflow distortion con-
dition associated with the engine airflow path. The method
can also include controlling, by the one or more control
devices, a translating inlet assembly to adjust the airflow
distortion condition of the gas turbine engine. The core
casing can include the translating inlet assembly at the
forward end. The translating inlet assembly and inner flow
path surface can together define an inlet to the compressor
section. The translating inlet assembly can be moveable
between a first position defining a first inlet area and a
second position defining a second inlet area, with the first
inlet area being greater than the second inlet area.

[0008] Other example aspects of the present disclosure are
directed to gas turbine engines, devices, apparatus, and other
systems configured to adjust airflow distortion in the airflow
path of a gas turbine engine. Variations and modifications
can be made to these example aspects of the present disclo-
sure.

[0009] These and other features, aspects and advantages of
various embodiments will become better understood with
reference to the following description and appended claims.
The accompanying drawings, which are incorporated in and
constitute a part of this specification, illustrate embodiments
of the present disclosure and, together with the description,
serve to explain the related principles.

BRIEF DESCRIPTION OF THE DRAWINGS

[0010] A full and enabling disclosure of the present inven-
tion, including the best mode thereof, directed to one of
ordinary skill in the art, is set forth in the specification,
which makes reference to the appended figures, in which:
[0011] FIG. 1 is a schematic, cross-sectional view of a gas
turbine engine according to example embodiments of the
present subject matter.

[0012] FIG. 2 is schematic, cross-sectional view of a
forward end of an example gas turbine engine according to
example embodiments of the present disclosure.

[0013] FIG. 3 is schematic, cross-sectional view of a
forward end of an example gas turbine engine according to
example embodiments of the present disclosure.

[0014] FIG. 4 is a schematic, axial view of a forward end
of an example gas turbine engine according to example
embodiments of the present disclosure.

[0015] FIG. 5 is a schematic, axial view of a forward end
of an example gas turbine engine according to example
embodiments of the present disclosure.

[0016] FIG. 6 is schematic, cross-sectional view of a
forward end of an example gas turbine engine according to
example embodiments of the present disclosure.
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[0017] FIG. 7 is schematic, cross-sectional view of a
forward end of an example gas turbine engine according to
example embodiments of the present disclosure.

[0018] FIG. 8 is a schematic, axial view of an array of
instrumented guide vanes in an example gas turbine engine
according to example embodiments of the present disclo-
sure.

[0019] FIG. 9 is a schematic of an individual instrumented
guide vane in an example gas turbine engine according to
example embodiments of the present disclosure.

[0020] FIG. 10 depicts an example control device used in
a control system according to example embodiments of the
present disclosure.

[0021] FIG. 11 depicts a flow diagram of an example
method according to example embodiments of the present
disclosure.

DETAILED DESCRIPTION OF THE
INVENTION

[0022] Reference now will be made in detail to embodi-
ments of the present disclosure, one or more examples of
which are illustrated in the drawings. Fach example is
provided by way of explanation of the invention, not limi-
tation of the invention. In fact, it will be apparent to those
skilled in the art that various modifications and variations
can be made in the present invention without departing from
the scope or spirit of the present disclosure. For instance,
features illustrated or described as part of one embodiment
can be used with another embodiment to yield a still further
embodiment. Thus, it is intended that the present invention
covers such modifications and variations as come within the
scope of the appended claims and their equivalents.

[0023] Example aspects of the present disclosure are
directed to adjusting airflow distortion in a gas turbine
engine in real-time. Airflow distortion can be so uneven
during operation of the gas turbine engine as to put portions
of the compressor section at or below proper stall pressure
ratios, thereby reducing the operability of the gas turbine
engine. Increased stall margin headroom can therefore be
necessary to account for airflow distortion.

[0024] The gas turbine engine and method according to
example aspects of the present disclosure can increase the
operability of the aircraft’s gas turbine engine by making a
real-time assessment of airflow distortion in the engine
airflow path of the gas turbine engine and adjusting the
airflow distortion in the engine airflow path by operating a
translating inlet assembly to vary the amount and/or speed of
airflow into the engine airflow path of the gas turbine engine
based on the airflow distortion assessment. Real-time pres-
sure measurements obtained from the engine airflow path
can be used to make an assessment of airflow distortion
conditions in the gas turbine engine. Airflow distortion in the
engine airflow path can then be adjusted by opening or
closing the translating inlet assembly to increase or decrease
the amount of airflow and/or airflow speed into the engine
airflow path. By adjusting the airflow distortion in the engine
airflow path, the operability of the gas turbine engine can be
improved.

[0025] According to particular aspects of the present dis-
closure, a translating inlet assembly can be used to vary the
amount and/or speed of airflow entering the engine airflow
path in a gas turbine engine in response to airflow distortion
in the engine airflow path. The gas turbine engine can
include a compressor section, a combustion section, and a
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turbine section series flow and enclosed by a casing. The gas
turbine engine can include a translating inlet assembly at a
forward end of the casing. An engine airflow can enter the
gas turbine engine through an inlet to the compressor section
between a front edge of the translating inlet assembly and an
inner flowpath surface. The engine airflow can then flow
through the engine airflow path of the gas turbine engine.
The front edge of the translating inlet assembly can be
configured to move between a first position and a second
position in order to vary the area of the inlet to the com-
pressor section. For example, in an embodiment, the front
edge of the translating inlet assembly can move generally
along an axial direction in order to increase or decrease the
inlet area about the circumference of the inlet of the com-
pressor section of the gas turbine engine. In another embodi-
ment, the front edge of the translating inlet assembly can
move between a first position and a second position such that
the front edge of the translating inlet assembly translates at
least partially along a radial direction to increase or decrease
the inlet area. In an embodiment, the translating inlet assem-
bly can move between the first position and the second
position in a generally uniform manner about the circum-
ference of the gas turbine engine such that the inlet area of
the compressor section is generally uniform about the entire
circumference of the inlet. In another embodiment, the
translating inlet assembly can move to one or more inter-
mediate positions such that the inlet area in the one or more
intermediate positions is less than the inlet area in the first
position and more than the inlet area in the second position.

[0026] In an embodiment, the translating inlet assembly
can be configured to be controlled to move between posi-
tions in response to airflow distortion. For example, in one
embodiment, one or more pressure sensing devices can be
integrated into various components that extend into the
engine airflow path of the gas turbine engine. A distortion
condition assessment can be made based on the real-time
pressure measurements obtained from the pressure sensing
devices. For example, a non-uniform pressure profile across
the engine airflow path can indicate that airflow distortion is
present in the engine airflow path. The translating inlet
assembly can then be controlled to adjust the airflow dis-
tortion associated with the engine airflow path. For example,
the translating inlet assembly can be controlled to increase
or reduce the inlet area of the compressor section to allow or
restrict airflow into the engine airflow path, thereby reducing
the airflow distortion.

[0027] In this way, the gas turbine engine and method
according to example aspects of the present disclosure can
have a technical effect of adjusting the airflow distortion of
the gas turbine engine based on real-time airflow distortion
conditions. Further, this can allow an increase in the oper-
ability of the gas turbine engine by increasing the stall
margin headroom available for operational safety.

[0028] Reference will now be made in detail to present
embodiments of the invention, one or more examples of
which are illustrated in the accompanying drawings. The
detailed description uses numerical and letter designations to
refer to features in the drawings. Like or similar designations
in the drawings and description have been used to refer to
like or similar parts of the invention. As used herein, the
terms “first”, “second”, and “third” may be used inter-
changeably to distinguish one component from another and
are not intended to signify location or importance of the
individual components. The terms “upstream” and “down-
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stream” refer to the relative direction with respect to fluid
flow in a fluid pathway. For example, “upstream” refers to
the direction from which the fluid flows, and “downstream”
refers to the direction to which the fluid flows.

[0029] Referring now to the drawings, wherein identical
numerals indicate the same elements throughout the figures,
FIG. 1 is a schematic cross-sectional view of a gas turbine
engine in accordance with an example embodiment of the
present disclosure. More particularly, for the embodiment of
FIG. 1, the gas turbine engine is a high-bypass turbofan jet
engine 10, referred to herein as “gas turbine engine 10.”
Example aspects of the present disclosure can be used with
other suitable gas turbine engines without deviating from the
scope of the present disclosure.

[0030] As shown in FIG. 1, the gas turbine engine 10
defines an axial direction A (extending parallel to a longi-
tudinal centerline 12 provided for reference) and a radial
direction R. The gas turbine engine 10 also defines a
circumferential direction (not depicted). In general, the gas
turbine engine 10 includes a fan section 14 and a core engine
16, the fan section 14 configured in mechanical communi-
cation and positioned in flow communication with the core
engine 16.

[0031] The example core engine 16 depicted generally
includes a substantially tubular outer casing 18 which
defines a forward end that includes a translating inlet assem-
bly 112. Translating inlet assembly 112 and an inner flow-
path surface 114 together define an annular inlet 20. The
outer casing 18 encases, in serial flow relationship, a com-
pressor section including a booster or low pressure (LP)
compressor 22 and a high pressure (HP) compressor 24; a
combustion section 26; a turbine section including a high
pressure (HP) turbine 28 and a low pressure (LP) turbine 30;
and a jet exhaust nozzle section 32. A high pressure (HP)
shaft or spool 34 drivingly connects the HP turbine 28 to the
HP compressor 24. A low pressure (LP) shaft or spool 36
drivingly connects the LP turbine 30 to the LP compressor
22.

[0032] Additionally, for the embodiment depicted, the fan
section 14 includes a variable pitch fan 38 having a plurality
of fan blades 40 coupled to a disk 42 in a spaced apart
manner. As depicted, the fan blades 40 extend outwardly
from the disk 42 generally along the radial direction R. The
fan blades 40 and disk 42 are together rotatable about the
longitudinal centerline 12 by LP shaft 36 across a power
gear box 44. The power gear box 44 includes a plurality of
gears for adjusting the rotational speed of the LP shaft 36.
Additionally, for the embodiment depicted, the disk 42 of
the variable pitch fan 38 is covered by a rotatable front hub
46 aerodynamically contoured to promote an airflow
through the plurality of fan blades 40.

[0033] Referring still to FIG. 1, the example gas turbine
engine 10 additionally includes a plurality of circumferen-
tially-spaced outlet guide vanes 50. The plurality of outlet
guide vanes 50 are positioned downstream from the fan 38
along the axial direction A and extend outwardly from the
outer casing 18 of the core engine 16 generally along the
radial direction R. Each outlet guide vane 50 defines a center
of pressure 52 (shown in FIG. 2) and a pitch axis P extending
substantially parallel to the radial direction R. Notably, for
the embodiment depicted, the gas turbine engine 10 does not
include any outer casing enclosing the fan section 14 and/or
outlet guide vanes 50. Accordingly, for the embodiment
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depicted, the gas turbine engine 10 may be referred to as an
un-ducted single fan gas turbine engine 10.

[0034] For the example gas turbine engine 10 depicted, the
fan section 14, or more particularly, the rotation of the fan
blades 40 of the fan section 14, provides a majority of the
propulsive thrust of the gas turbine engine 10. Additionally,
the plurality of outlet guide vanes 50 are provided to
increase an efficiency of the fan section 14 as well as to
provide other benefits, such as, for example, decreasing an
amount of noise generated by the gas turbine engine 10.
[0035] During operation of the gas turbine engine 10, a
volume of air 56 passes over the plurality of blades 40 of the
fan section 14. A first portion of the volume of air 56, i.e.,
the first portion of air 60, is directed or routed through
annular inlet 20 into an engine airflow path 64 extending
through the compressor section, the combustion section 26,
the turbine section, and the exhaust section 32. The first
portion of air 60 may also be referred to as an engine airflow.
Additionally, a second portion of the volume of air 56, e.g.,
a second portion of air 62, flows around the core engine 16,
bypassing the core engine 16. The second portion of air 62
may also be referred to as a bypass airflow. The ratio
between the second portion of air 62 and the first portion of
air 60 is commonly known as a bypass ratio.

[0036] Referring still to FIG. 1, the pressure of the first
portion of air 60 is increased as it is routed through the LP
compressor 22 and subsequently through the HP compressor
24. The compressed first portion of air 60 is then provided
to the combustion section 26, where it is mixed with fuel and
burned to provide combustion gases 74. The combustion
gases 74 are routed through the HP turbine 28 where a
portion of thermal and/or kinetic energy from the combus-
tion gases 74 is extracted via sequential stages of HP turbine
stator vanes 76 that are coupled to the outer casing 18 and
HP turbine rotor blades 78 that are coupled to the HP shaft
or spool 34, thus causing the HP shaft or spool 34 to rotate,
thereby supporting operation of the HP compressor 24. The
combustion gases 74 are then routed through the LP turbine
30 where a second portion of thermal and kinetic energy is
extracted from the combustion gases 74 via sequential stages
of LP turbine stator vanes 80 that are coupled to the outer
casing 18 and LP turbine rotor blades 82 that are coupled to
the LP shaft or spool 36, thus causing the LP shaft or spool
36 to rotate, thereby supporting operation of the LP com-
pressor 22 and/or rotation of the fan 38. The combustion
gases 74 are subsequently routed through the jet exhaust
nozzle section 32 ofthe core engine 16 to provide propulsive
thrust to supplement propulsive thrust provided by the fan
section 14.

[0037] Referring still to FIG. 1, downstream of an annular
inlet 20 is one or more inlet guide vanes 100. In certain
example embodiments, inlet guide vane 100 may be con-
figured to open or close, thereby restricting the flow of the
first portion of air 60 into the engine airflow path 64
extending through the compressor section. In certain
example embodiments, inlet guide vane 100 can be an
instrumented guide vane 400 according to example embodi-
ments of the present disclosure as depicted, for instance, in
FIGS. 8 and 9.

[0038] Downstream of inlet guide vane 100 is one or more
struts 102 configured to mechanically couple outer casing 18
to the core engine 16. Strut 102 extends into the engine
airflow path 64 where first portion of air 60 flows over strut
102. In certain example embodiments, strut 102 is config-
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ured to obtain pressure measurements. Downstream of strut
102 is one or more variable guide vanes 104. Variable guide
vanes 104 are configured to open or close, thereby restricting
the flow of the first portion of air 60 into the engine airflow
path 64 extending through the compressor section. In certain
example embodiments, variable guide vane 104 can be an
instrumented variable guide vane 400 according to example
embodiments of the present disclosure as shown, for
instance, in FIGS. 8 and 9.

[0039] Referring now to FIGS. 2 and 3, a close-up, cross-
sectional view of the forward end of the example gas turbine
engine 10 of FIG. 1 according to example aspects of the
present disclosure is shown. As shown, the gas turbine
engine 10 includes at least one control mechanism 106
configured to adjust a variable guide vane 104. In certain
example embodiments, the gas turbine engine 10 may
include a plurality of control mechanisms 106, each indi-
vidual control mechanism 106 configured to adjust an indi-
vidual variable guide vane 104 or other member of the
airflow path.

[0040] Referring still to FIGS. 2 and 3, translating inlet
assembly 112 is located on the forward end of outer casing
18. As shown in FIGS. 2 and 3, core engine 16 can include
an inner flowpath surface 114. Translating inlet assembly
112 can include a front edge 116 which can be moved by one
or more actuators 118. In an embodiment, a plurality of
actuators 118 can be spaced about the circumferential direc-
tion of gas turbine engine 10 to move front edge 116.
Together, front edge 116 and inner flowpath surface 114 can
define annular inlet 20, as shown in FIG. 1.

[0041] As illustrated in FIGS. 2 and 3, in some embodi-
ments, front edge 116 can be moved at least partially along
radial direction R between a first position and a second
position. For example, as shown in FIG. 2, front edge 116 is
in a first position such that front edge 116 defines a first
radius 120. As shown in FIG. 3, front edge 116 is in a second
position such that front edge 116 defines a second radius
122. As depicted in FIGS. 2 and 3, first radius 120 is greater
than second radius 122.

[0042] As depicted in FIGS. 2 and 3, first portion of air 60
enters core engine 16 by passing between front edge 116 and
inner flowpath surface 114. As depicted in FIGS. 2 and 3,
front edge 116 in the first position allows an increased first
portion of air 60 to enter engine flowpath 64 as compared to
front edge 116 in the second position. In another embodi-
ment not shown in FIGS. 2 and 3, front edge 116 can be
moved to one or more intermediate positions such that the
first portion of air 60 in the intermediate position is less than
the first portion of air 60 in the first position and more than
the first portion of air 60 in the second position.

[0043] In an example embodiment, front edge 116 can be
moved in response to a signal from a control device, such as,
for instance, control device 1000 depicted in FIG. 10. For
example, in an embodiment, front edge 116 can be moved in
response to a control signal sent to one or more actuators 118
that controls the one or more actuators 118 to move front
edge 116 to a particular setpoint, such as the first, second, or
intermediate positions. In this way, the amount of airflow
and/or the speed of airflow that flows through engine airflow
path 64 can be varied, thereby allowing the performance of
annular inlet 20 to be varied to match the airflow demand of
the LP compressor 22. In an embodiment, translating inlet
assembly 112 can be controlled to move front edge 116 to
move between the first, second, and intermediate positions
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to allow the performance of annular inlet 20 to be varied to
adjust airflow distortion to improve the operability of gas
turbine engine 10, or increase the stall margin of LP com-
pressor 22. For example, in certain embodiments, adjusting
the airflow distortion may include adjusting an inlet airflow
distortion and/or adjusting an airflow mismatch and/or air-
flow speed mismatch between LP compressor 22 and HP
compressor 24. Airflow and/or airflow speed mismatch can
occur because fans, such as variable pitch fan 38 in gas
turbine engine 10, may operate within a narrow speed range,
which may be elevated. In such configurations, low pressure
compressors, such as LP compressor 22, may operate at a
similarly elevated speed because they are mechanically
coupled to the variable pitch fan through a gearbox. In low
power conditions, a low pressure compressor, such as LP
compressor 22, may pump too much airflow for a high
pressure compressor, such as HP compressor 24, to accept.

[0044] Referring now to FIGS. 4 and 5, a schematic, axial
view of the example forward end of an example gas turbine
engine 10 depicted in FIGS. 2 and 3 is shown. As shown in
FIGS. 4 and 5, gas turbine engine 10 includes outer casing
18. Outer casing 18 includes translating inlet assembly 112
on a forward end. Translating inlet assembly 112 can include
a front edge 116. Gas turbine engine 10 can also include an
inner flowpath surface 114. Together, front edge 116 and
inner flowpath surface 114 can define annular inlet 20.

[0045] Front edge 116 can move between the first position,
as depicted in FIG. 4, and the second position, as depicted
in FIG. 5. In an embodiment, front edge 116 can move
between the first position and the second position in a
substantially uniform manner about the circumferential
direction of the gas turbine engine 10. For example, as
shown in FIGS. 4 and 5, front edge 116 can move between
the first position and second position such that annular inlet
20 is generally uniform around the circumferential direction
of the gas turbine engine 10. For example, front edge 116
could comprise a plurality of overlapping panels that can
open or close to move between the first position and second
position. Other embodiments of front edge 116 that are
moveable between the first position and second position in
a generally uniform manner about the circumferential direc-
tion of gas turbine engine 10 can be used without departing
from the scope or spirit of the present disclosure. Addition-
ally, in some embodiments, front edge 116 can move to the
one or more intermediate positions in a substantially uni-
form manner about the circumferential direction of the gas
turbine engine 10.

[0046] As depicted in FIG. 4, front edge 116 in the first
position defines the first radius 120 and a first circumference
124. As depicted in FIG. 5, front edge 116 in the second
position defines the second radius 122 and a second circum-
ference 126. As depicted in FIGS. 4 and 5, first radius 120
is greater than second radius 122 and first circumference 124
is greater than second circumference 126. Further, as
depicted in FIG. 4, front edge 116 and inner flowpath surface
114 together define a first area 128 of annular inlet 20. As
depicted in FIG. 5, front edge 116 and inner flowpath surface
114 together define a second area 130 of annular inlet 20. As
depicted in FIGS. 4 and 5, first area 128 is greater than
second area 130. During operation of gas turbine engine 10,
front edge 116 in the first position will allow an increased
first portion of air 60 to enter annular inlet 20 as compared
to the first portion of air 60 that can enter annular inlet 20
when front edge 116 is in the second position. Additionally
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and/or alternatively, front edge 116 in the first position will
allow first portion of air 60 to enter annular inlet 20 at a first
airflow speed and front edge 116 in the second position will
allow the first portion of air 60 to enter annular inlet 20 at
a second airflow speed. The airflow speed of the first portion
of air 60 in the second position is greater than the airflow
speed of the first portion of air 60 in the first position. In
another embodiment not shown in FIGS. 4 and 5, front edge
116 can be adjusted to one or more intermediate positions
such that the inlet area in the intermediate position is less
than the first area 128 and greater than the second area 130.
During operation of gas turbine engine 10, front edge 116 in
the intermediate position will allow a first portion of air 60
to enter the engine airflow path 64 that is less than the first
portion of air 60 in the first position and more than the first
portion of air 60 in the second position. Additionally and/or
alternatively, front edge 116 in the intermediate position will
allow a first portion of air 60 to enter annular inlet 20 at an
airflow speed that is less than the airflow speed of the first
portion of air 60 in the second position and greater than the
airflow speed of the first portion of air 60 in the first position.
[0047] Referring now to FIGS. 6 and 7, the same forward
end of gas turbine engine 10 depicted in FIGS. 2 and 3 is
shown according to additional example aspects of the pres-
ent disclosure. Structures that are the same or similar to
those shown in FIGS. 2 and 3 are referred to with the same
reference numerals.

[0048] As depicted in FIGS. 6 and 7, translating inlet
assembly 112 is located on the forward end of outer casing
18. As shown in FIGS. 6 and 7, core engine 16 can include
an inner flowpath surface 114. Translating inlet assembly
112 can include a front edge 116 which can be moved by one
or more actuators 118. In an embodiment, a plurality of
actuators 118 can be spaced about the circumferential direc-
tion of gas turbine engine 10 to move front edge 116.
Together, front edge 116 and inner flowpath surface 114 can
define annular inlet 20, as shown in FIG. 1.

[0049] As illustrated in FIGS. 6 and 7, in some embodi-
ments, front edge 116 can be moved at least partially along
axial direction A between a first position and a second
position. For example, as shown in FIG. 6, front edge 116 is
in a first position such that annular inlet 20 has a first inlet
area 128. As shown in FIG. 7, front edge 116 is in a second
position such that annular inlet 20 has a second inlet area
130. As shown in FIG. 6, front edge 116 is in a first position
such that front edge 116 defines a first radius 120. As shown
in FIG. 7, front edge 116 is in a second position such that
front edge 116 defines a second radius 122. As depicted in
FIGS. 6 and 7, first radius 120 and second radius 122 are
equal. In another embodiment, first radius 120 can be
different than second radius 122.

[0050] As depicted in FIGS. 6 and 7, first portion of air 60
enters core engine 16 by passing between front edge 116 and
inner flowpath surface 114. As depicted in FIGS. 6 and 7,
front edge 116 in the first position allows an increased first
portion of air 60 to enter engine flowpath 64 as compared to
front edge 116 in the second position. Additionally and/or
alternatively, front edge 116 in the first position will allow
first portion of air 60 at a first airflow speed and front edge
116 in the second position will allow the first portion of air
60 at a second airflow speed. The airflow speed of the first
portion of air 60 in the second position is greater than the
airflow speed of the first portion of air 60 in the first position.
In another embodiment not shown in FIGS. 6 and 7, front
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edge 116 can be moved to one or more intermediate posi-
tions such that the first portion of air 60 in the intermediate
position is less than the first portion of air 60 in the first
position and more than the first portion of air 60 in the
second position. Additionally and/or alternatively, front
edge 116 in the intermediate position will allow a first
portion of air 60 at an airflow speed that is less than the
airflow speed of the first portion of air 60 in the second
position and greater than the airflow speed of the first portion
of air 60 in the first position.

[0051] In an embodiment, front edge 116 can move
between the first position, second position, and intermediate
position in a substantially uniform manner about the cir-
cumferential direction of the gas turbine engine 10. For
example, front edge 116 can move along the axial direction
between the first, second, and intermediate positions such
that annular inlet 20 is generally uniform around the cir-
cumferential direction of the gas turbine engine 10. For
example, front edge 116 could comprise a solid front edge
configured to move along the axial direction A and maintain
a fixed radius in the first, second, and intermediate positions.
Other embodiments of front edge 116 that can move
between the first, second, and intermediate positions in a
generally uniform manner about the circumferential direc-
tion of gas turbine engine 10 can be used without departing
from the scope or spirit of the present disclosure.

[0052] In an example embodiment, front edge 116 can be
moved in response to a signal from a control device, such as,
for instance, control device 1000 depicted in FIG. 10. For
example, in an embodiment, front edge 116 can be moved in
response to a control signal sent to one or more actuators 118
that controls the one or more actuators 118 to move front
edge 116 to a particular setpoint, such as the first, second, or
intermediate positions. In this way, the amount and/or speed
of airflow that flows through engine airflow path 64 can be
varied, and the performance of annular inlet 20 can be varied
to match the airflow demand of the L.P compressor 22. In an
embodiment, translating inlet assembly 112 can be con-
trolled to move front edge 116 to move between the first,
second, and intermediate positions to allow an increased or
decreased first portion of air 60 to flow into the engine
airflow path 64 or an increased or decreased airflow speed of
first portion of air 60 to adjust airflow distortion to improve
the operability of gas turbine engine 10 or increase the stall
margin of LP compressor 22. For example, in certain
embodiments, adjusting the airflow distortion may include
adjusting an inlet airflow distortion and/or adjusting an
airflow or airflow speed mismatch between LP compressor
22 and HP compressor 24.

[0053] Referring generally to FIGS. 2-7, during operation
of gas turbine engine 10, front edge 116 of translating inlet
assembly 112 can be configured to be controlled to adjust
airflow distortion in engine airflow path 64. For instance, a
control device, such as control device 1000 shown in FIG.
10, can obtain measurements from one or more pressure
sensor devices, and determine that an area of the engine
airflow path is experiencing airflow distortion, such as
airflow separation. The control device can then control
translating inlet assembly 112 to adjust the airflow distor-
tion, by, for example, sending a control signal to one or more
actuators 118 to move front edge 116 between the first,
second, and intermediate positions to increase or decrease
the first portion of air 60 or to increase or decrease an airflow
speed of first portion of air 60 flowing into the engine airflow
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path 64. In this way, airflow distortion in a gas turbine
engine can be adjusted, and moreover, reduced, thereby
improving operability of the gas turbine engine.

[0054] In one embodiment, one or more pressure sensor
devices can be located at least partially within engine airflow
path 64. In one embodiment, the one or more pressure sensor
devices can be at least partially integrated into one or more
members in the engine airflow path 64, such as an instru-
mented guide vane 400 as shown in FIGS. 8 and 9. In
another embodiment, the one or more pressure sensor
devices can be integrated into inlet guide vane 100 or strut
102. Other pressure sensor devices can also be used without
departing from the scope or spirit of the present disclosure.
Using measurements obtained by the one or more pressure
sensor devices, an airflow distortion assessment can be
determined.

[0055] Additionally, in another example embodiment, a
plurality of pressure sensing devices can be spaced about the
circumferential direction of gas turbine engine 10. For
example, gas turbine engine 10 can include a plurality of
instrumented guide vanes 400 spaced about the circumfer-
ential direction of gas turbine engine 10 as depicted in FIG.
8. Using measurements obtained by the pressure sensor
devices, an airflow distortion assessment can be made. For
example, a non-uniform pressure profile across the circum-
ferential direction of the engine airflow path could indicate
that airflow distortion is present in a particular area of engine
airflow path 64. Additionally, the one or more pressure
sensor devices can be used at least in part for determining an
airflow and/or airflow speed mismatch between two com-
pressors, such as an LP compressor 22 and HP compressor
24. One or more actuators 118 then be controlled to move
front edge 116 of translating inlet assembly 112 to increase
or decrease the first portion of air 60 flowing into engine
airflow path 64, thereby adjusting, and further, reducing the
airflow distortion.

[0056] Referring now to FIG. 8, a schematic, axial view of
an array of individual guide vanes 104 in the example gas
turbine engine 10 of FIG. 1 is shown. As shown, a plurality
of individual guide vanes 104 are configured in a circum-
ferential array located in the engine airflow path 64 upstream
of the LP Compressor 22. As depicted in FIG. 8, five
instrumented guide vanes 400, as discussed below in greater
detail with respect to FIG. 9, are included in the array of
individual guide vanes 104. As will be discussed in greater
detail below with reference to FIG. 9, each individual
instrumented guide vane 400 is configured with a pressure
sensing device. As shown in FIG. 8, the pressure sensing
device includes one or more taps 202 extending through the
individual instrumented guide vane 400 and one or more
local transducers 204 configured to measure an air pressure
from the one or more taps 202. However, it will be apparent
to those skilled in the art will that the pressure sensing
device can be any suitable device configured to sense
pressure without departing from the scope or spirit of the
present disclosure. According to example aspects of the
present disclosure, one or more pressure sensor devices,
such as an array of instrumented guide vanes depicted in
FIG. 8, can be used for obtaining one or more measurements
to determine an airflow distortion condition in the engine
airflow path, such as an inlet airflow distortion. Additional
pressure sensor devices not depicted can also be used for
obtaining measurements to determine other airflow distor-
tion conditions, such as an airflow and/or airflow speed
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mismatch between two compressors, such as a LP compres-
sor 22 and HP compressor 24 (see e.g., FIG. 1). As shown
in FIG. 8, local transducer 204 is configured to send data
indicative of an air pressure to a digital communication bus
206. Digital communication bus 206 then sends the data
indicative of an air pressure to controller 208. In an embodi-
ment, controller 208 can be a control device programmed to
perform operations, such as control device 1000 depicted in
FIG. 10. Controller 208 can control various actuators based
on the data indicative of an air pressure, such as one or more
actuators 118 of a translating inlet assembly 112.

[0057] FIG. 9 is a schematic of an individual instrumented
guide vane 400 for an example gas turbine engine according
to example embodiments of the present disclosure. Instru-
mented guide vane 400 can be a variable guide vane 104 or
a stationary guide vane 100. As depicted in FIG. 9, instru-
mented guide vane 400 can be configured in a nonsymmetri-
cal airfoil shape generally having a “tear drop” shape with
a leading edge 410, a pressure side 420, and a suction side
430. However, in other example embodiments, the instru-
mented guide vane 400 may instead define any other suitable
symmetrical or nonsymmetrical shape or configuration. In
some implementations, leading edge 410 can be configured
within engine airflow path 64 such that first portion of air 60
flowing downstream of annular inlet 20 first comes into
contact with leading edge 410 before flowing over pressure
side 420 and suction side 430 and continuing into LP
compressor 22.

[0058] Referring still to FIG. 9, one or more leading edge
taps 412, pressure side taps 422 and/or suction side taps 432
are integrated into instrumented guide vane 400. The leading
edge taps 412, pressure side taps 422, and suction side taps
432 are depicted in phantom. As depicted in FIG. 9, two
leading edge inlets 414 are spaced radially along leading
edge 410 to allow air from an engine airflow, such as first
portion of air 60, to enter leading edge inlet 414 and flow
through leading edge tap 412 to a local transducer 204 (not
shown in FIG. 9). In another embodiment, a single leading
edge inlet 414 and leading edge tap 412 can be integrated
into leading edge 410. In another embodiment three or more
leading edge inlets 414 and leading edge taps 412 can be
integrated into leading edge 410.

[0059] Referring still to FIG. 9, two pressure side inlets
424 are spaced axially along pressure side 420 to allow an
engine airflow, such as air from first portion of air 60, to
enter pressure side inlet 424 and flow through pressure side
tap 422 to a local transducer 204 (not shown in FIG. 9). In
another embodiment, a single pressure side inlet 424 and
pressure side tap 422 are integrated into pressure side 420.
In another embodiment three or more pressure side inlets
424 and pressure side taps 422 are integrated into pressure
side 420.

[0060] Referring still to FIG. 9, two suction side inlets 434
are spaced axially along suction side 430 to allow air from
an engine airflow, such as first portion of air 60, to enter
suction side inlet 434 and flow through suction side tap 432
to a local transducer 204 (not shown in FIG. 9). The suction
side inlets 434 are depicted in phantom. In another embodi-
ment a single suction side inlet 434 and suction side tap 432
are integrated into suction side 430. In another embodiment,
three or more suction side inlets 434 and suction side taps
432 are integrated into suction side 430.

[0061] Referring still to FIG. 9, in an embodiment, local
transducer 204 (not shown) can be configured to provide



US 2017/0284297 Al

measurements of a pressure differential between a pressure
side tap 422 and a suction side tap 432. In another embodi-
ment, local transducer 204 (not shown) can be configured to
provide measurements of absolute pressures from a pressure
side tap 422 and a suction side tap 432.

[0062] FIG. 10 depicts an example control device used in
a control system according to example embodiments of the
present disclosure. As shown, the control device(s) 1000 can
include one or more processors 1012 and one or more
memory devices 1014. The one or more processors 1012 can
include any suitable processing device, such as a micropro-
cessor, microcontroller, integrated circuit, logic device, or
other suitable processing device. The one or more memory
devices 1014 can include one or more computer-readable
media, including, but not limited to, non-transitory com-
puter-readable media, RAM, ROM, hard drives, flash drives,
or other memory devices.

[0063] The one or more memory devices 1014 can store
information accessible by the one or more processors 1012,
including computer-readable instructions 1016 that can be
executed by the one or more processors 1012. The instruc-
tions 1016 can be any set of instructions that when executed
by the one or more processors 1012, cause the one or more
processors 1012 to perform operations. The instructions
1016 can be implemented in software written in any suitable
programming language or can be implemented in hardware.
In some embodiments, the instructions 1016 can be executed
by the one or more processors 1012 to cause the one or more
processors 1012 to perform operations, such as the opera-
tions for controlling a translating inlet assembly to adjust
airflow distortion in a gas turbine engine as described with
reference to FIG. 11.

[0064] Referring to FIG. 10, the memory devices 1014 can
further store data 1018 that can be accessed by the proces-
sors 1012. The data 1018 can include, for instance, operating
parameters, pressure measurements obtained from the
engine airflow path, and other data. The data 1018 can also
include data associated with models and algorithms used to
perform the example methods according to example aspects
of the present disclosure, such as models and algorithms for
determining a distortion condition.

[0065] The control device(s) 1000 can further include a
communications interface 1020. The communications inter-
face 1020 can be configured to communicate with aircraft
systems over a communication network 1040. For instance,
the communications interface 1020 can receive data indica-
tive of a pressure obtained by a pressure sensing device,
such as a tap 202 and local transducer 204. In one embodi-
ment, the communications interface 1020 can provide con-
trol commands to an engine control system 1050 that has one
or more actuators to control various components of the gas
turbine engine 10, such as, but not limited to, an actuator 118
of a translating inlet assembly 112. The communications
interface 1020 can include any suitable components for
interfacing with one more other devices, including for
example, transmitters, receivers, ports, controllers, antennas,
or other suitable components.

[0066] The technology discussed herein makes computer-
based systems, as well as actions taken and information sent
to and from such systems. One of ordinary skill in the art
will recognize that the inherent flexibility of computer-based
systems allows for a great variety of possible configurations,
combinations, and divisions of tasks and functionality
between and among components. For instance, processes
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discussed herein may be implemented using a single com-
puting device or multiple computing devices working in
combination. Databases, memory, instructions, and applica-
tions may be implemented on a single system or distributed
across multiple systems. Distributed components may oper-
ate sequentially or in parallel.

[0067] Referring now to FIG. 11, a flow diagram of an
example method (1100) according to example embodiments
of the present disclosure is depicted. FIG. 11 can be imple-
mented by one or more control devices, such as the control
device 1000 depicted in FIG. 10. In addition, FIG. 11 depicts
steps performed in a particular order for purposes of illus-
tration and discussion. Those of ordinary skill in the art,
using the disclosures provided herein, will understand that
the various steps of any of the methods disclosed herein can
be modified, adapted, expanded, rearranged and/or omitted
in various ways without deviating from the scope of the
present disclosure.

[0068] At (1102), the method can include obtaining one or
more measurements from one or more pressure sensor
devices. The one or more measurements can be obtained by,
for example, a local transducer 204 operatively connected to
an instrumented guide vane 400 as shown in FIGS. 8 and 9.
Alternatively, the one or more measurements can be
obtained from any other suitable pressure sensor device.

[0069] At (1104), the method can include determining a
distortion condition associated with the engine airflow path
of a gas turbine engine from the one or more measurements.
For example, using the one or more measurements, a dis-
tortion condition can be determined, such as a local flow
disruption in the engine airflow path 64 of the gas turbine
engine 10 that causes portions of the L.P compressor 22 to be
at or below pressures sufficient to cause stall conditions.

[0070] At (1106), the method can include determining a
control signal for activation of a translating inlet assembly
based at least in part on the distortion condition assessment.
For example, a set point can be determined for a translating
inlet assembly 112 to increase the airflow through the
translating inlet assembly 112 in order to energize an area of
the engine airflow path 64 that is experiencing a local flow
disruption. A control signal representing the determined set
point of the translating inlet assembly 112 can then be sent
to one or more actuators 118 in order to adjust the translating
inlet assembly 112.

[0071] At (1108), the method can include controlling the
translating inlet assembly 112 to adjust the distortion con-
dition based on the control signal. For example, one or more
actuators 122 can move front edge 116 of translating inlet
assembly 112 based on the control signal. The translating
inlet assembly 112 can be then controlled to move to the
determined set point to adjust the airflow distortion. In this
way, a translating inlet assembly 112 can adjust the airflow
distortion associated with the gas turbine engine.

[0072] 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. Such
other examples are intended to be within the scope of the
claims if they include structural elements that do not differ
from the literal language of the claims, or if they include
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equivalent structural elements with insubstantial differences
from the literal languages of the claims.

What is claimed is:

1. A core engine for a gas turbine engine, comprising:

a compressor section, a combustion section, and a turbine
section defining at least in part an engine airflow path
for the core engine;

an inner flowpath surface positioned at least partially
within the compressor section and defining at least in
part the engine airflow path;

a core casing at least partially enclosing the compressor
section and defining a forward end, the core casing
comprising a translating inlet assembly at the forward
end, the translating inlet assembly and inner flowpath
surface together defining an inlet to the compressor
section, the translating inlet assembly moveable
between a first position defining a first inlet area at the
inlet and a second position defining a second inlet area
at the inlet, the first inlet area being greater than the
second inlet area.

2. The core engine of claim 1, wherein the translating inlet
assembly allows a first engine airflow at a first airflow speed
into the engine airflow path in the first position, wherein the
translating inlet assembly allows a second engine airflow at
a second airflow speed into the engine airflow path in the
second position, wherein at least one of the first engine
airflow is greater than the second engine airflow or the first
engine airflow speed is less than the second engine airflow
speed.

3. The core engine of claim 1, wherein the translating inlet
assembly is configured to be controlled based on an airflow
distortion in the engine airflow path, and wherein the airflow
distortion is an inlet airflow distortion.

4. The core engine of claim 1, wherein the compressor
section includes a first compressor and a second compressor,
wherein the translating inlet assembly is configured to be
controlled based on an airflow distortion in the engine
airflow path, and wherein the airflow distortion is an airflow
mismatch between the first and second compressors.

5. The core engine of claim 1, wherein the translating inlet
assembly is configured to be controlled based on an airflow
distortion in the engine airflow path, the core engine further
comprising:

one or more pressure sensor devices located at least
partially in the engine airflow path for obtaining one or
more measurements associated with airflow distortion;

wherein the translating inlet assembly is configured to be
controlled based at least in part on signals from the one
or more pressure sensor devices.

6. The core engine of claim 1, wherein the core engine
defines a circumferential direction, wherein the translating
inlet assembly is movable between the first position and the
second position in a substantially uniform manner about the
circumferential direction of the core engine.

7. The core engine of claim 1, wherein the translating inlet
assembly is additionally movable to an intermediate posi-
tion, wherein the intermediate position defines an interme-
diate inlet area, wherein the intermediate inlet area is less
than the first inlet area and greater than the second inlet area.

8. The core engine of claim 7, wherein the translating inlet
assembly is movable between the first, second, and inter-
mediate positions based on signals from a controller to
adjust an airflow distortion in the engine airflow path.
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9. The core engine of claim 1, wherein the translating inlet
assembly defines a front edge, wherein the core engine
defines an axial direction, wherein the front edge of the
translating inlet assembly moves between the first position
and the second position at least partially along the axial
direction.

10. The core engine of claim 1, wherein the translating
inlet assembly defines a front edge, wherein the core engine
defines a circumferential direction, wherein the front edge
defines a first circumference in the first position, wherein the
front edge defines a second circumference in the second
position, wherein the second circumference is less than the
first circumference.

11. A method for adjusting airflow distortion in a gas
turbine engine on an aircraft, the gas turbine engine com-
prising a compressor section, a combustion section, and a
turbine section in series flow, the compressor section, com-
bustion section, and turbine section defining at least in part
an engine airflow path, the gas turbine engine further com-
prising an inner flow path surface positioned at least par-
tially within the compressor section and defining at least in
part the engine airflow path, the gas turbine engine further
comprising a core casing at least partially enclosing the
compressor section and defining a forward end, the method
comprising:

determining, by one or more control devices, an airflow

distortion condition associated with the engine airflow
path; and

controlling, by the one or more control devices, a trans-

lating inlet assembly to adjust the airflow distortion
condition of the gas turbine engine, wherein the core
casing comprises the translating inlet assembly at the
forward end, the translating inlet assembly and inner
flow path surface together defining an inlet to the
compressor section, the translating inlet assembly
moveable between a first position defining a first inlet
area and a second position defining a second inlet area,
the first inlet area being greater than the second inlet
area.

12. The method of claim 11, wherein the translating inlet
assembly is additionally movable to an intermediate posi-
tion, wherein the intermediate position defines an interme-
diate inlet area, wherein the intermediate inlet area is less
than the first inlet area and greater than the second inlet area.

13. The method of claim 12, wherein the translating inlet
assembly allows a first engine airflow into the engine airflow
path in the first position, wherein the translating inlet assem-
bly allows a second engine airflow into the engine airflow
path in the second position, wherein the translating inlet
assembly allows an intermediate engine airflow into the
engine airflow path in the intermediate position, wherein the
intermediate engine airflow is less than the first engine
airflow and greater than the second engine airflow.

14. The method of claim 12, wherein controlling the
translating inlet assembly comprises moving the translating
inlet assembly between the first, second, and intermediate
positions.

15. The method of claim 11, wherein controlling the
translating inlet assembly to adjust the airflow distortion
condition comprises controlling the translating inlet assem-
bly to reduce the airflow distortion condition.

16. The method of claim 11, wherein determining the
airflow distortion condition associated with the engine air-
flow path comprises obtaining one or more measurements
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using one or more pressure sensor devices, wherein control-
ling the translating inlet assembly to adjust the airflow
distortion comprises controlling the translating inlet assem-
bly based at least in part on the one or more measurements
obtained using the one or more pressure sensor devices.

17. The method of claim 11, wherein the translating inlet
assembly defines a front edge, wherein the core engine
defines an axial direction, wherein the front edge of the
translating inlet assembly moves between the first position
and the second position along the axial direction.

18. The method of claim 11, wherein the translating inlet
assembly defines a front edge, wherein the core engine
defines a circumferential direction, wherein the front edge
defines a first circumference in the first position, wherein the
front edge defines a second circumference in the second
position, wherein the second circumference is less than the
first circumference.

19. A gas turbine engine system for an aircraft compris-
ing:

a compressor section, a combustion section, and a turbine
section defining at least in part an engine airflow path
for the core engine;

an inner flowpath surface positioned at least partially
within the compressor section and defining at least in
part the engine airflow path;

a core casing at least partially enclosing the compressor
section and defining a forward end, the core casing
comprising a translating inlet assembly at the forward
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end, the translating inlet assembly and inner flowpath
surface together defining an inlet to the compressor
section, the ftranslating inlet assembly moveable
between a first position defining a first inlet area at the
inlet and a second position defining a second inlet area
at the inlet, the first inlet area being greater than the
second inlet area; and

a controller operably connected to the translating inlet

assembly, the controller comprising one or more pro-

cessors and one or more memory devices located on an

aircraft, the one or more memory devices storing

instructions that when executed by the one or more

processors cause the one or more processors to perform

operations, the operations comprising:

determine an airflow distortion condition within the
engine airflow path; and

control the translating inlet assembly to adjust an
airflow through the airflow passage to adjust the
determined airflow distortion condition.

20. The gas turbine engine system of claim 19, wherein
the core engine comprises one or more pressure sensor
devices located at least partially in the engine airflow path
configured to obtain measurements to determine the airflow
distortion condition, wherein the translating inlet assembly
is controlled by the controller based at least in part on
measurements obtained by the one or more pressure sensors.
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