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(57) ABSTRACT

A radial air inlet for a gas turbine engine. The air inlet has
an inlet duct defined between two axially-spaced radially-
extending annular walls and has a plurality of circumieren-
tially-spaced axially-extending struts extending between the
annular walls adjacent a radially-outer portion of the air
inlet. At least one of the struts has an internal passage
extending between a first opening 1n a forward end of the
strut and a second opening 1n an aft end of the strut, the first
and second openings being axially spaced apart. A trans-
mission shait extends through the internal passage of said
strut.
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1
AIR INLET FOR A GAS TURBINE ENGINE

TECHNICAL FIELD

The application relates generally to gas turbine engines
and, more particularly, to air inlets for gas turbine engines.

BACKGROUND

Power 1s sometimes taken from one or more of the central
shafts of the turbomachinery of a gas turbine engine to drive
other components of the engine. This arrangement can
include the central shait of the engine being engaged to
another drive shatt that drives a gearbox of the engine.

SUMMARY

In one aspect, there 1s provided a gas turbine engine,
comprising: a compressor section and a turbine section
drivingly engaged with a drive shatt, the drive shaft being
rotatable about a center axis of the gas turbine engine; a
radial air inlet 1n fluid communication with the compressor
section, the radial air inlet having an inlet duct defined
between two axially-spaced radially-extending annular
walls and having a plurality of circumiferentially-spaced
axially-extending struts extending between the annular walls
adjacent a radially-outer portion of the air inlet, at least one
of the struts having an internal passage extending between a
first opening 1 a forward end of the strut and a second
opening 1n an ait end of the strut, the first and second
openings being axially spaced apart; and a transmission
shaft extending through the internal passage of said strut.

In another aspect, there 1s provided a drive system for a
gas turbine engine, comprising: an inlet duct having two
annular walls disposed about a center axis, each wall extend-
ing between an outer portion and an iner portion, the inner
portion being radially closer to the center axis than the outer
portion, the walls being axially spaced apart and defining an
annular air passage between the walls; a plurality of struts
being circumierentially spaced-apart within the ilet duct,
cach strut extending between the annular walls and through
the annular air passage, one of the struts having an internal
passage extending between a first opening 1n a forward end
of the strut and a second opening in an ait end of the strut,
the first and second openings being axially spaced apart; and
a transmission shait extending through the internal passage
and the first and second openings of said strut.

In a further aspect, there 1s provided a method of oper-
ating a gas turbine engine, comprising: drawing air from a
radially-outer portion of a radial air inlet of the engine to a
radially-inner portion of the air inlet, the air inlet having
circumierentially spaced-apart struts; and driving a rotatable
load of the engine with a transmission shaft extending across
the air inlet and through one of the struts.

DESCRIPTION OF THE DRAWINGS

Reference 1s now made to the accompanying figures in
which:

FIG. 1 1s a schematic cross-sectional view of a gas turbine
engine, according to an embodiment of the present disclo-
sure; and

FIG. 2A 1s an enlarged cross-sectional view of an air inlet
of the gas turbine engine of FIG. 1; and

FIG. 2B 1s a cross-sectional view of the air mlet of FIG.

2A taken along the line IIB-IIB 1n FIG. 2A.
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2
DETAILED DESCRIPTION

FIG. 1 illustrates a gas turbine engine 10 of a type
preferably provided for use in subsonic flight, generally
comprising in serial flow communication an air inlet 11, a
compressor section 12 for pressurizing the air from the air
inlet 11, a combustor 13 1n which the compressed air is
mixed with fuel and 1gnited for generating an annular stream
ol hot combustion gases, a turbine section 14 for extracting
energy from the combustion gases, and an exhaust outlet 15
through which the combustion gases exit the gas turbine
engine 10. The gas turbine engine 10 includes a propeller 16
which provides thrust for flight and taxiing. The gas turbine
engine 10 has a longitudinal center axis 17. A drive shait 19
mechanically couples the turbine section 14 and the com-
pressor section 12, and extends between them. The drive
shaft 19 1s coaxial with the center axis 17 of the gas turbine
engine 10 and rotatable about the center axis 17. The drive
shaft 19 allows the turbine section 14 to drive the compres-
sor section 12 during operation of the gas turbine engine 10.
In the depicted embodiment, the air inlet 11 1s positioned aft
of the compressor section 12.

The gas turbine engine 10 (sometimes referred to herein
simply as “engine 10”’) has a central core 18 through which
gases flow and which includes some of the turbomachinery
of the engine 10. The engine 10 1s a “reverse-flow” engine
10 because gases flow through the core 18 from the air inlet
11 at a rear portion, to the exhaust outlet 15 at a front portion.
This 1s 1n contrast to “through-flow™ gas turbine engines 1n
which gases flow through the core of the engine from a front
portion to a rear portion. The direction of the flow of gases
through the core 18 of the engine 10 disclosed herein can be
better appreciated by considering that the gases tlow through
the core 18 1n the same direction D as the one along which
the engine 10 travels during tlight. Stated diflerently, gases
flow through the engine 10 from a rear end towards the
propeller 16. In the embodiment of FIG. 1, the engine 10 has
multiple spools which perform compression to pressurize
the air received through the air inlet 11, and which extract
energy Ifrom the combustion gases before they exit the core
18 via the exhaust outlet 15. The spools and this engine
architecture are described in greater detail in U.S. patent
application Ser. No. 15/266,321 filed on Sept. 15, 2016, the
entire contents of which are hereby incorporated by refer-
ence.

It will thus be appreciated that the expressions “forward”
and “aft” used herein refer to the relative disposition of
components of the engine 10, in correspondence to the
“forward” and “ait” directions of the engine 10 and aircraft
including the engine 10 as defined with respect to the
direction of travel. In the embodiment shown, a component
of the engine 10 that 1s “forward” of another component 1s
arranged within the engine 10 such that 1t 1s located closer
to the propeller 16. Similarly, a component of the engine 10
that 1s “aft” of another component 1s arranged within the
engine 10 such that 1t 1s further away from the propeller 16.

Still referring to FIG. 1, a rotatable transmission shait 20
of the engine 10 extends across the air inlet 11. As described
in greater detail below, the transmission shait 20 extends
through one of the structural supports, or struts 30, of the air
inlet 11. The transmission shait 20 transmits a rotational
drive force to a rotatable load 36 of the engine 10. The
transmission shait 20 also transmits a rotational drive force
from the rotatable load 36. The rotatable load 36 can
therefore be any suitable component, or any combination of
suitable components, that 1s capable of receiving or convey-
ing a rotational drive to/from the transmission shaft 20.
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In the depicted embodiment, the transmission shait 20
transmits a rotational force to a first rotatable load 36A

located on one side of the air inlet 11, and transmits a
rotational force to a second rotatable load 36B located on the
other side of the air inlet 11. The two sides of the air inlet 11
are axially spaced apart along the center axis 17. In the

depicted embodiment, the transmission shaft can also
receive the rotational force from either one of the first and

second rotatable loads 36A.,36B. The transmission shaft 20

1s mechanically coupled at a first end 21 A of the transmis-
sion shaft 20 to the first rotatable load 36A, and mechani-
cally coupled at an opposite second end 21B to the second
rotatable load 36B of the engine 10. By “mechanically
coupled”, 1t 1s understood that the transmission shaft 20 can
be, at either one of 1ts ends 21 A,21B, directly engaged to the
rotatable load 36, or indirectly engaged to the rotatable load
36 via another rotating component.

In FIG. 1, the first rotatable load 36A includes the drive
shaft 19 of the engine 10, and the second rotatable load 36 A
includes an accessory gearbox 40 of the engine 10. The
accessory gearbox 40 (sometimes referred to herein simply
as “AGB 407) receives a rotational output from the trans-
mission shaft 20 and in turn drives accessories (e.g. fuel
pump, starter-generator, o1l pump, scavenge pump, etc.) that
contribute to the functionality of the engine 10. The AGB 40
can be designed with side-facing accessories, top-facing
accessories, or rear-facing accessories depending on the
installation needs. In the depicted embodiment, the first and
second rotatable loads 36 A,36B are axially-spaced apart on
opposite sides of the air inlet 11. More particularly, the drive
shait 19 1s forward of the air inlet 11 and the AGB 40 1s aft
of the air inlet 11. In the depicted embodiment, the air inlet
11 therefore separates the drive shatt 19 from the AGB 40,
and prevents the direct transmission of rotational force
between the drive shait 19 and the AGB 40. In such an
engine architecture, the transmission shait 20 helps to trans-
ter rotational force between the drive shait 19 and the AGB
40.

The engine 10 also has a tower shaft 51 that has a first
geared end S1A and a second geared end 51B. The first end
51A of the tower shait 51 1s mechanically coupled to the
transmission shaft 20, and the second end 51B of the tower
shaft 51 1s mechamically coupled to the drive shait 19. The
second end 51B of the tower shait 51 meshes with the drive
shaft 19 at a location that 1s forward of a low pressure
compressor and ait of a high pressure compressor of the
compressor section 12. The second end 21B of the trans-
mission shait 20 1s directly engaged to an input gear 41 of
the AGB 40. The tower shait 51, in conjunction with the
transmission shait 20, mechanically couples and links the
compressor section 12 to the AGB 40.

During operation of the engine 10, the drive shaft 19
transmits a rotational drive to the tower shaft 531 which in
turn drives the transmission shaft 20 to thereby drive the
input gear 41 and the accessories of the AGB 40. During
some operating modes of the engine 10, for example engine
start, a starter-generator accessory of the AGB 40 drives the
input gear 41 of the AGB 40, which 1n turn transmits a
rotational drive to the transmission shaft 20, which then
transmits the rotational drive to the tower shaft 51 and thus
to the drive shait 19 of the engine 10.

Referring to FIG. 2A, the air mlet 11 1s a radial air inlet
11 because, during operation of the engine 10, air 1s drawn
into the engine via the air inlet 11 along a substantially radial
direction. The air inlet 11 1s therefore the first point of entry
of air into the core 18 of the engine 10.
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4

The air ilet 11 has an 1nlet duct 21 along which air flows
as 1t drawn 1nto the engine 10. The inlet duct 21 1s defined
by two radially-extending annular walls 22A,22B. Fach wall
22A.,22B 1s shown as being an integral body. In an alternate
embodiment, one or both of the walls 22A,22B 1s made up
of wall segments. Each annular wall 22A,22B extends
between a radially-outer portion 23A and a radially-inner
portion 23B. The radially-inner portion 23B 1s a portion of
cach wall 22A,22B that 1s radially inward (1.e. closer to the
center axis 17 of the engine 10) than the radially-outer
portion 23A. Each wall 22A,22B therefore extends from an
outer surface or portion of the engine 10 radially mwards
toward the core 18. The walls 22A,22B 1n the depicted
embodiment also have portions extending in an axial direc-
tion as well. The radially-inner portions 23B of each wall
22A,22B have trailing ends 24 which, in the frame of
reference of the engine 10, are defined by both axial and
radial direction vectors. An air opening 25 1s defined at the
radially-outer portions 23A of the walls 22A,22B. The air
opening 23 1s circumierential because 1t spans a portion or
all of the circumierence of the 1nlet duct 21. The air opening
235 extends through an outermost surface 26 of the engine 10.
The outermost surface 26 may be located 1 an engine
covering, such as a nacelle or casing. The air opening 25
may be provided with a screen, filter, or mesh to prevent the
ingress of foreign objects into the engine 10.

The walls 22A,22B are axially spaced apart from one
another. In the depicted embodiment, the wall 22B 1s aft of
the wall 22A m a direction along the center axis 17. The
axial offset between the annular walls 22A,22B defines an
inner volume of the inlet duct 21 through which air i1s
conveyed toward the compressor section 12. The spaced-
apart walls 22A,22B therefore define an annular air passage
27 between them. The air passage 27 1s an annular volume
that extends radially imnwardly at the radially-outer portions
23 A and which has both axial and radial direction vectors at
the radially-inner portion 23B of the walls 22A,22B.

Multiple air inlet struts 30 are located within the 1nlet duct
21. Each strut 30 1s part of the fixed structure of the engine
10. Each strut 30 1s a stationary component that helps to
prevent ingress nto the engine 10 of large foreign objects,
and helps to provide structure to the air inlet 11. The struts
30 are circumierentially spaced-apart from one another
within the inlet duct 21. Each strut 30 extends between the
annular walls 22A,22B and through the annular air passage
27. Each strut 30 1s attached to the annular walls 22A,22B.
In the depicted embodiment, each strut 30 i1s integral with
the walls 22A,22B. In an alternate embodiment, one or more
of the struts 30 can be removably mounted to the walls
22A,22B. Each of the struts 30 1n the depicted embodiment
1s a radial air inlet strut 30 because 1t extends radially
inwardly. Stated differently, each strut has a radial span
defined between a radially-outer edge 31 A near the radially-
outer portions 23A of the walls 22A,22B, and a radially-
inner edge 31B near the radially-inner portions 23B of the
walls 22A,22B. The mner edge 31B 1s radially closer to the
center axis 17 than the outer edge 31A. The position of the
edges 31A,31B of the strut 30 relative to the engine may
vary, and what remains constant 1s that the edge 31B 1s
radially inward of the edge 31A. In the embodiment of FIG.
2A, each strut 30 also has an axial span defined between the
annular walls 22A,22B of the inlet duct 21.

Referring to FIGS. 2A and 2B, one or more of the struts
30 1s shaped like an airfoil. The airfo1l shape of the strut 30
helps to guide the tlow of air through the air inlet 11. Each
airfoil-shaped strut 30 includes the radially-outer edge 31A
which forms the leading edge of the strut 30, and the
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radially-inner edge 31B forms the trailing edge of the strut
30. The trailing edge 31B 1s radially closer to the center axis
17 than the leading edge 31A. The chord C of the strut 30
1s therefore defined along a line extending between the
leading and trailing edges 31A,31B. The chord C therefore
extends 1n a substantially radial direction. By “substantially
radial”, 1t 1s understood that 1n the frame of reference of the
engine 10, the magnitude of the radial direction vector of the
chord C 1s much greater than the magmtude of the axial
direction vector of the chord C.

Still referring to FIGS. 2A and 2B, one or more of the
struts 30 1s at least partially hollow. The surfaces of the strut
30 define an 1nner cavity or passage 33 within the strut 30.
The inner passage 33 1s a volume delimited by the surfaces
of the strut 30. The strut 30 also has openings at opposed
axial ends. More particularly, the strut 30 has an opening
34 A at forward end of the strut 30, and an opening 34B at
an opposite aft end of the strut 30. The first and second
openings 34A,34B are spaced apart along the center axis 17.
In FIG. 2A, each of the walls 22A,22B has an opening 335
aligned with the first and second openings 34A.,34B. More
particularly, the wall 22 A has an opening 35A aligned with
the first opening 34 A 1n the strut 30, and the wall 22B has
an opening 358 aligned with the second opening 34B. In an
alternate embodiment, there 1s only one opening for each of
the walls 22A.,22B of the inlet duct 21. The first and second
openings 34A,34B define a through passage extending from
one end of the strut 30 to the other. In the depicted embodi-
ment, the first and second openings 34A,34B are aligned
along a substantially axial direction A. By “substantially
axial”, 1t 1s understood that 1n the frame of reterence of the
engine 10, the axial direction vector 1s predominant. Stated
differently, the magnitude of the axial direction vector,
which 1s parallel to the center axis 17 of the engine 10, 1s
much greater than the magmtude of the radial direction
vector. In an alternate embodiment, the first and second
openings 34A.,34B are aligned 1n another direction that has
a more important radial direction vector, and which 1is
consequently not the substantially axial direction A.

Still referring to FIGS. 2A and 2B, the rotatable trans-
mission shait 20 of the engine 10 extends through the inner
passage 33 of the strut 30 and through the first and second
openings 34A,34B. The transmission shait 20 1s shown 1n
FIG. 2A through a cut-away portion of the strut 30. Some or
all of the transmission shaft 20 1s disposed within the strut
30 and extends through the openings 34A,34B of the strut
30. In the depicted embodiment where the first and second
openings 34A,34B are aligned along the substantially axial
direction A, the transmission shait 20 also extends through
the strut 30 in the substantially axial direction A. Stated
differently, a shaft axis 21C of the transmission shait 20 has,
in the frame of reference of the engine 10, an axial direction
vector which 1s parallel to the center axis 17 of the engine
10 and which 1s predominant. Stated differently, the axial
direction vector of the shaft axis 21C has a magnitude that
1s much greater than the magnitude of the radial direction
vector of the shaft axis 21C. In FIG. 2B, the shatt axis 21C
1s normal to the plane of the illustrated cross-section.

The rotatable transmission shait 20 therefore extends
across the radial air inlet 11 by extending through the 1nterior
of the radial strut 30 1n the air inlet duct 21. By being housed
within the strut 30, the transmission shaft 20 is shielded from
the flow of air through the air inlet 11, which helps to
mimmize losses. A drive system 1s thus formed by the
transmission shait 20 extending through one of the inlet
radial struts 30 of the gas turbine engine 10, and facilitates
the transier of power through the radial 1nlet strut 30.
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The transmission shaft 20 1s rotationally supported by
bearings 37. In the embodiment of FIG. 2A, the transmission
shaft 20 1s supported by first and second bearings 37A,37B.
Each bearing 37A.,37B 1s located outside the inlet duct 21.
More particularly, the first bearing 37A 1s disposed on a side
of one of the annular walls 22A outside the mlet duct 21
adjacent to the strut 30. The second bearing 37B 1s disposed
on a side of the other annular wall 22B outside the inlet duct
21 adjacent to the strut 30. The bearings 37A,37B are, 1n the
depicted embodiment, provided as close as possible to the
inlet duct 21. The first and second bearings 37A,37B are
axially offset from one another along the center axis 17. The
bearings 37A.,37B are aligned along the substantially axial
direction A. The first and second bearings 37A,37B are
located at the same radial distance from the center axis 17 of
the engine 10. Each bearing 37A,37B 1s mounted to one of
the walls 22A,22B of the inlet duct 21. More particularly, a
bracket 38 mounts each bearing 37A,37B to a corresponding
wall 22A,22B of the inlet duct 21. In an alternate embodi-
ment, each bearing 37A,378 1s mounted directly to the strut
30. In the depicted embodiment, none of the bearings
37A,37B are provided in the strut 30. In an alternate
embodiment, one or more of the bearings 37 1s provided
within the mnner passage 33 of the strut 30. An example of
such a bearing 37 includes a journal bearing.

Providing the bearings 37A,37B on either side of the strut
30 helps the transmission shaft 20 sizing criteria to be
focused on power rather than rotor dynamics. This may
contribute to lowering the outside diameter (OD) of the
transmission shait 20, thereby helping to mimmize the size
of the strut 30 required to house the transmission shaft 20,
and thus minimize any losses associated with the strut 30.

Referring to FIGS. 2A and 2B, there 1s also disclosed a
method of operating the engine 10. The method includes
drawing air into the air inlet 11 from a radially-outer portion
to a radially-inner portion of the air inlet 11. The air inlet 11
has circumiferentially spaced-apart struts 30. The method
also includes driving one or more rotatable loads 36 of the
engine 10 with the transmission shaft 20. The transmission
shaft 20 extends across the air inlet 20 and through one of
the struts 30.

The above description 1s meant to be exemplary only, and
one skilled 1in the art will recognize that changes may be
made to the embodiments described without departing from
the scope of the invention disclosed. For example, although
the engine 10 1s shown as being a turboprop, it will be
appreciated that the engine 10 can have suitable (through-
flow from front to rear) by-pass ducting and be used as a
turbofan as well. Still other modifications which fall within
the scope of the present invention will be apparent to those
skilled 1n the art, 1n light of a review of this disclosure, and
such modifications are intended to fall within the appended
claims.

The mvention claimed 1s:

1. A gas turbine engine, comprising;:

a compressor section and a turbine section drivingly
engaged with a drive shait, the drive shait being
rotatable about a center axis of the gas turbine engine;

a radial air inlet 1n fluid communication with the com-
pressor section, the radial air inlet having an inlet duct
defined between two axially-spaced radially-extending
annular walls and having a plurality of circumieren-
tially-spaced axially-extending struts extending
between the annular walls adjacent a radially-outer
portion of the air inlet, at least one of the struts having
an 1ternal passage extending between a first opening 1n
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a forward end of the strut and a second opening 1n an
ait end of the strut, the first and second openings being
axially spaced apart; and

a transmission shaft extending through the internal pas-

sage of said strut.

2. The gas turbine engine as defined 1n claim 1, wherein
the first and second openings 1n said strut are aligned along
a substantially axial direction, the transmission shaft extend-
ing through the openings 1n the substantially axial direction.

3. The gas turbine engine as defined in claim 1, wherein
the transmission shaft 1s mechanically coupled at a first end
to a first rotatable load of the gas turbine engine disposed on
one side of the inlet duct, and mechanically coupled at a
second end to a second rotatable load disposed on another
side of the inlet duct, the first load includes the drive shaft
and the second rotatable load includes an accessory gearbox
of the gas turbine engine, the drive shaft being disposed
forward of the radial air inlet, and the accessory gearbox
being disposed aft of the radial air inlet.

4. The gas turbine engine as defined 1n claim 3, wherein
the first rotatable load includes a tower shait mechanically
coupled at a first end to the first end of the transmission
shaft, a second end of the tower shaft being mechanically
coupled to the drive shatt.

5. The gas turbine engine as defined in claim 1, further
comprising first and second bearings supporting the trans-
mission shaft, the first bearing disposed on a side of one of
the annular walls outside the inlet duct adjacent to said strut,
and the second bearing disposed on a side of the other
annular wall outside the 1nlet duct adjacent to said strut.

6. The gas turbine engine as defined in claim 5, wherein
the first and second bearings are aligned along a substan-
tially axial direction.

7. The gas turbine engine as defined 1n claim 1, wherein
ne 1let duct includes an air opening being defined between
ne annular walls at the radially outer portion of the air inlet,
e air opening extending through an outermost surface of
e engine.

8. The gas turbine engine as defined in claim 1, wherein
at least one of the struts has an airfoil shape.

9. The gas turbine engine as defined in claim 8, wherein
said strut having the airfoil shape includes a leading edge
and a trailing edge, the trailing edge being radially closer to
the center axis than the leading edge, a chord of said strut
extending 1 a substantially radial direction between the
leading and trailing edges.

10. The gas turbine engine as defined 1n claim 1, wherein
cach strut has an axial span defined between the annular
walls of the 1nlet duct, and a radial span defined between an
outer edge and an inner edge, the inner edge being radially
closer to the center axis than the outer edge.

11. A dnive system for a gas turbine engine, comprising:

an inlet duct having two annular walls disposed about a

center axis, each wall extending between an outer

t
t
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portion and an inner portion, the nner portion being
radially closer to the center axis than the outer portion,
the walls being axially spaced apart and defimng an
annular air passage between the walls;

a plurality of struts being circumierentially spaced-apart

within the 1nlet duct, each strut extending between the
annular walls and through the annular air passage, one
of the struts having an internal passage extending
between a first opening 1n a forward end of the strut and
a second opening 1n an ait end of the strut, the first and
second openings being axially spaced apart; and

a transmission shaft extending through the internal pas-

sage and the first and second openings of said strut.

12. The drive system as defined in claim 11, wherein the
first and second opemings in said strut are aligned along a
substantially axial direction, the transmission shaft extend-
ing through the openings in the substantially axial direction.

13. The drive system as defined in claim 11, wherein at
least one of the struts has an airfoil shape.

14. The drive system as defined 1n claim 13, wherein said
strut having the airfoil shape includes a leading edge and a
trailing edge, the trailing edge being radially closer to the
center axis than the leading edge, a chord of said strut
extending 1 a substantially radial direction between the
leading and trailing edges.

15. The drnive system as defined 1n claim 11, wherein each
strut has an axial span defined between the annular walls of
the ilet duct, and a radial span defined between an outer
edge and an 1nner edge, the inner edge being radially closer
to the center axis than the outer edge.

16. A method of operating a gas turbine engine, compris-
ng:

drawing air from a radially-outer portion of a radial air

inlet of the engine to a radially-inner portion of the
radial air 1nlet, the radial air inlet having circumieren-
tially spaced-apart struts; and

driving a rotatable load of the engine with a transmission

shaft extending across the radial air inlet and through
one of the struts.

17. The method as defined 1n claim 16, wherein driving
the rotatable load 1includes driving the rotatable load with the
transmission shait being oriented 1 a substantially axial
direction.

18. The method as defined 1n claim 16, further comprising
supporting the transmission shaft at each of axially-opposed
sides of the radial air inlet.

19. The method as defined 1n claim 16, wherein driving
the rotatable load includes driving an accessory gearbox of
the engine with the transmission shaft.

20. The method as defined 1n claim 19, wherein driving
the accessory gearbox includes driving a tower shait of the
engine with a drive shait of the engine, and driving the
transmission shaft with the tower shatt.
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