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ABSTRACT

A multi-spool gas turbine engine comprises a low pressure (LP) spool and a high
pressure (HP) spool independently rotatable about a central axis. The LP pressure
spool has an LP compressor and an LP turbine. The HP spool has an HP turbine and
an HP compressor. An accessory gear box (AGB) is drivingly connected to the HP
spool. The LP compressor is disposed axially between the HP compressor and the
AGB. A gear train drivingly couples the LP compressor to the LP turbine. The gear train
IS integrated to the AGB.
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A MULTI-SPOOL GAS TURBINE ENGINE ARCHITECTURE

TECHNICAL FIELD

[0001] The application relates generally to gas turbine engine and, more particularly,

to a multi-spool engine architecture.

BACKGROUND OF THE ART

[0002] Multi-spool gas turbine engines typically have a tower shaft for providing a
drive input to an accessory gear box (AGB) asymmetrically mounted on a radially outer
surface of the engine case. Such engine architecture may contribute to an increase In

the diameter of the engine envelope. Also, the extension of the tower shaft through the

gaspath may impact the engine’s aerodynamic efficiency.
[0003] There is, thus, a need for improvement.

SUMMARY

[0004] In one aspect, there is provided a reverse flow gas turbine engine comprising:
a low pressure (LP) spool and a high pressure (HP) spool rotatable independently
about an engine axis; the LP spool comprising an LP turbine, an LP compressor and an
LP shaft drivingly connected to the LP turbine, the LP turbine disposed forward of the
LP compressor relative to a direction of travel of the engine; the HP spool comprising

an HP turbine, an HP compressor and an HP shaft drivingly connecting the HP turbine
to the HP compressor, the HP compressor disposed forward of the LP compressor and
In fluld communication therewith, the HP turbine disposed aft of the LP turbine and in
fluid communication therewith; an accessory gear box (AGB) drivingly connected to the
HP spool, the LP compressor disposed axially between the HP compressor and the

AGB, and a gear train drivingly coupling the LP shaft to the LP compressor, the gear

train disposed aft of the LP compressor.

[00058] In another aspect, there s provided a muliti-spool gas turbine engine
comprising: a low pressure (LP) spool; a high pressure (HP) spool, the LP spool and

the HP spool being independently rotatable about a central axis, the LP pressure spool
1
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comprising an LP compressor and an LP turbine, the HP spool comprising an HP
turbine and an HP compressor; an accessory gear box (AGB) drivingly connected to the
HP spool, the LP compressor disposed axially between the HP compressor and the

AGB, and a gear train drivingly coupling the LP compressor to the LP turbine, the gear

train disposed on an AGB facing side of the LP compressor.

DESCRIPTION OF THE DRAWINGS

[0006] Reference is now made to the accompanying figures in which:

[0007] Fig. 1 is a schematic cross-sectional view of a multi-spool gas turbine engine;

[0008] Fig. 2 is an enlarged cross-section of the engine shown in Fig. 1 and
llustrating a gear driven low pressure (LP) compressor and an axially mounted

accessory gearbox (AGB) driven centrally through the LP compressor;

[0009] Fig. 3 is an enlarged cross-section view similar to Fig. 2 and illustrating a gear

and shaft support arrangement in an internal cavity between the HP and the LP

cCOMpressor:;

[0010] Fig. 4 i1s an isometric view of a dual gear train between the LP shaft and the LP

COMpPressor;

[0011] Fig. 5 I1s an enlarged cross-section view similar to Fig. 3 but illustrating a

segmented LP shaft with a spline connection between the HP compressor and the LP

COMpPressor,

[0012] Fig. 6 1s a cross-section view illustrating an alternative in which the LP shaft is
not supported between the HP compressor and the LP compressor and in which the HP

shaft Is not interrupted to accommodate a support for the LP shaft.

DETAILED DESCRIPTION

[0013] 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 in

2
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which the compressed air is mixed with fuel and ignited for generating an annular
stream of hot combustion gases, a turbine section 14 for extracting energy from the
combustion gases, an exhaust outlet 15 through which the combustion gases exit the
engine 10. The engine 10 further has a drive output shaft 16 having a front end
configured to drive a rotatable load (not shown). The rotatable load can, for instance,
take the form of a propeller or a rotor, such as a helicopter main rotor. Depending on
the intended use, the engine 10 can be configured as a turboprop engine or a
turboshaft engine. Fig. 1 illustrates a turboprop configuration. The gas turbine engine 10

has a centerline or longitudinal center axis 17 about which the compressor and turbine

rotors rotate.

[0014] The gas turbine engine 10 has an axially extending central core which defines
a gaspath 18 through which gases flow, as depicted by flow arrows in Fig. 1. The
exemplary embodiment shown in Fig. 1 is a “reverse-flow’ engine because gases flow
through the gaspath 18 from the air inlet 11 at a rear portion thereof, to the exhaust
outlet 15 at a front portion thereof. This is In contrast to “through-flow" gas turbine
engines in 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 gaspath 18 of the engine 10
disclosed herein can be better appreciated by considering that the gases flow through
the gaspath 18 in the same direction D as the one along which an aircraft engine travels
during flight. Stated differently, in the non-limitative example shown in Fig. 1, gases flow

through the engine 10 from a rear end thereof towards the output shaft 16.

[0015] It will thus be appreciated that the expressions “forward”™ and “aft” used herein
reter to the relative disposition of components of the engine 10, in correspondence to
the “forward” and “aft” 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 is “forward” of another component is arranged within the engine 10
such that it i1s located closer to output shaft 16 (e.g. closer to the propeller in a
turboprop application). Similarly, a component of the engine 10 that is “aft” of another

component is arranged within the engine 10 such that it is further away from the output
shaft 16.
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[0016] Still referring to 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 from the combustion gases before they exit the gaspath 18 via the exhaust
outlet 15. More particularly, the illustrated embodiment comprises a low pressure (LP)
spool 20 and a high pressure (HP) spool 40 mounted for rotation about the engine axis
17. The LP and HP spools 20, 40 are independently rotatable about the axis 17. The
term “spool” is herein intended to broadly refer to drivingly connected turbine and
compressor rotors and is, thus, not limited to a compressor and turbine assembly on a

single shaft. As will be seen hereinbelow, it also includes a rotary assembly with

multiple shafts geared together.

[0017] The LP spool 20 includes at least one component to compress the air that is
part of the compressor section 12, and at least one component to extract energy from
the combustion gases that is part of the turbine section 14. More particularly, the LP
spool 20 has an LP turbine 21, also known as a power turbine, which may Iinclude
different number of stages (three stages in the illustrated embodiment), and which
drives an LP compressor 22 (also referred to as a boost). The LP turbine 21 drives the
LP compressor 22, thereby causing the LP compressor 22 to pressurize incoming air
from the air inlet 11. The LP compressor 22 is disposed just forward of the air inlet 11.
Both the LP turbine 21 and the LP compressor 22 are disposed along the center axis
17. In the depicted embodiment, both the LP turbine 21 and the LP compressor 22
include rotatable components having an axis of rotation that is coaxial with the center
axis 17. It is understood that they may include one or more stages depending upon the

desired engine thermodynamic cycle.

[0018] The LP turbine 21 is forward of the LP compressor 22. The LP turbine 21 is
also aft of the exhaust outlet 15. The LP compressor 22 is forward of the air inlet 11.
This arrangement of the LP turbine 21 and the LP compressor 22 provides for a
reverse-flow engine 10 that has one or more LP compressor stages |located at the rear

of the engine 10, and which are driven by one or more low pressure turbine stages

located at the front of the engine 10.
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[0019] The LP spool 20 further comprises an LP shaft 23 coaxial with engine axis 17.
The LP turbine 21 is drivingly connected to the LP shaft 23. The LP shaft 23 allows the
LP turbine 21 to drive the LP compressor 22 during operation of the engine 10. As will
be discussed in greater details hereinbelow, the LP shaft 23 is drivingly coupled to the
LP compressor 22 via a gear train, thereby allowing the LP compressor 22 to run at a
different rotational speed from the LP turbine 21. This can provide more flexibility in the
selection of design points for the LP compressor 22 while at the same time allowing to
drivingly connect an axially mounted accessory gear box (AGB) to the HP spool 40
centrally through the LP compressor 22, thereby minimizing the engine envelope in a

direction radial from the engine axis 17 as compared to conventional boosted engine

with side-mounted AGBs driven via a tower shatft.

[0020] Still referring to Fig. 1, it can be appreciated that the LP shaft 23 extends
axially forwardly from the LP turbine 21 for driving the output shaft 16. The LP shaft 23
is drivingly connected to the output shaft 16 via a suitable reduction gear box (RGB) 31.
A rotatable load, a propeller (not shown) according to the lillustrated example, Is
connectable to a front end of the output shaft 16. In this way, the LP turbine 21 can be
used to drive the rotatable load (e.q. the propeller) at a reduced speed relative to the
speed of the LP turbine 21. In such a configuration, during operation of the engine 10,
the LP turbine 21 drives the rotatable load such that a rotational drive produced by the
LP turbine 21 is transferred to the rotatable load via the LP shaft 23, the RGB 31 and
the output shaft 16 coming out forwardly from the RGB 31. The rotatable load can
therefore be any suitable component, or any combination of suitable components, that

's capable of receiving the rotational drive from the LP turbine section 21.

[0021] The RGB 31 processes and outputs the rotational drive transferred thereto
from the LP turbine 21 via the LP shaft 23 through known gear reduction technigques.
The RGB 31 allows for the load (e.g. the propelier according to the lillustrated turboprop

example) to be driven at its optimal rotational speed, which is different from the
rotational speed of the LP turbine 21. The RGB 31 is axially mounted at the front end of
the engine 10. The RGB 31 has an input and an output axis parallel (coaxial in the

llustrated embodiment) to the central axis 17 of the engine 10.
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[0022] In an alternate embodiment where the engine 10 is a turboshatft, the rotational
load (which may include, but is not limited to, helicopter main rotor(s) and/or tail rotor(s),
propeller(s) for a tilt-rotor aircraft, pump(s), generator(s), gas compressor(s), marine
propeller(s), etc.) is driven by the LP turbine 21 via the RGB 31, or the RGB 31 may be
omitted such that the output of the engine 10 is provided directly by the LP shaft 23.

[0023] The LP shaft 23 with the portions thereof extending forward and aft of the LP
turbine 21 provides the engine 10 with bidirectional drive. Modularity criteria for gas
turbine engines may motivate the use of distinct shaft sections in opposed axial
directions from the LP turbine 21. The LP shaft sections may be directly or indirectly
connected together. Alternately, as shown in Fig. 1, the LP shaft 23 can be integral with
a first portion of the LP shaft extending axially rearwardly from the LP turbine 21, and a
second portion (a power turbine segment) extending between the RGB 31 and the LP
turbine 21 forwardly from the LP turbine 21. Whether the LP shaft 23 is integral or

segmented, the LP turbine 21 provides rotational drive outputted at each end of the LP
shaft 23.

[0024] According to the non-limiting embodiment illustrated in Fig. 1, the LP shaft 23
IS a one piece shaft and extends axially through a central bore of the LP compressor 22
to a location aft of the LP compressor 22 for connection with an axially mounted boost
gear train disposed on an aft facing side of the LP compressor 22, as will discussed In
further details hereinbelow. The use of such a one piece LP shaft 23 may allow the
shaft to be introduced in the engine at the end of the assembly process in a single

operation, thereby simplifying the assembly procedure.

[0025] However, it is understood that the LP shaft 23 is not limited to the configuration
depicted in Fig. 1. As mentioned above, instead of being provided in the form of a one
piece through shaft, it could be divided into serially interconnectable sections. As
exemplified in Fig. 5, splines 90 or other suitable connections could be provided

between adjacent LP shaft sections 23a, 23b to transfer torque from the LP turbine 21.

[0026] In light of the preceding, It can be appreciated that the LP turbine 21 drives
both the rotatable load and the LP compressor 22. Furthermore, the rotatable load,

when mounted to the engine 10, and the LP compressor 22 are disposed on opposite
6
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ends of the LP turbine 21. It can thus be appreciated that one or more low pressure
turbine stages are used to drive elements in front of the LP turbine (e.g. propeller, RGB

31, etc.) as well as to drive elements to the rear of the LP turbine (e.g. LP compressor

22). This configuration of the LP turbine 21 allows it to simultaneously drive the

rotatable load and the LP compressor 22.

[0027] Still referring to Fig. 1, the HP spool 40 has at least one component to
compress the air that is part of the compressor section 12, and at least one component
to extract energy from the combustion gases that is part of the turbine section 14. The
HP spool 40 is also disposed along the center axis 17 and includes a HP turbine 41
(also referred to as the compressor turbine) drivingly engaged (e.g. directly connected,)
to an HP compressor 42 by an HP shaft 43 rotating independently of the LP shaft 23. In
the illustrated embodiment, the HP shaft 43 is a hollow shaft which rotates around the
LP shaft 23. That is the LP shaft 23 extends axially through the HP shaft 43. The HF
turbine 41 and the HP compressor 42 may include one or more stages of rotors,
depending upon the desired engine thermodynamic cycle, for example. In the depicted
embodiment, the HP compressor 42 includes a centrifugal compressor 42a or impeller
and an axial compressor 42b, both of which are driven by the HP turbine 41. During

operation of the engine 10, torque is transferred from HP turbine 41 to the HP

compressor 42 via HP shaft 43.

[0028] In the exemplified reverse flow engine configuration, the HP turbine 41 is aft of
the LP turbine 21, and forward of the combustor 13. The HP compressor 42 is aft of the

combustor 13, and forward of the LP compressor 22. From this arrangement of the HP

turbine 41 and the HP compressor 42, it can be appreciated that during operation of the
engine 10, the LP compressor 22 driven by the LP turbine 21 feeds pressurized air to
the HP compressor 42. Therefore, the pressurized air flow produced by the LP
compressor 22 is provided to the HP compressor 42 and contributes to the work of both

the LP turbine 21 and the HP turbine 41. This arrangement provides for a boosted

reverse flow engine.

[0029] It can thus be appreciated that the presence of the above-described LP and

HP spools 20, 40 provides the engine 10 with a "split compressor’ arrangement. More
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particularly, some of the work required to compress the incoming air is transferred from
the HP compressor 42 to the LP compressor 22. In other words, some of the

compression work is transferred from the HP turbine 41 to the more efficient LP turbine
21. This transfer of work may contribute to higher pressure ratios while maintaining a
relatively small number of rotors. In a particular embodiment, higher pressure ratios
allow for higher power density, better engine specific fuel consumption (SFC), and a
lower turbine inlet temperature (sometimes referred to as "14") for a given power.
These factors can contribute to a lower overall weight for the engine 10. The transfer of
compression work from the HP compressor 42 to the LP compressor 22 contrasts with
some conventional reverse-flow engines, in which the high pressure compressor (and

thus the high pressure turbine) perform all of the compression work.

[0030] In light of the preceding, it can be appreciated that the LP turbine 21 Is the
“low-speed” and “low pressure” turbine section when compared to the HP turbine 41.
The LP turbine 21 is sometimes referred to as the “power turbine”. The turbine rotors of
the HP turbine 41 spin at a higher rotational speed than the turbine rotors of the LP

turbine 21 given the closer proximity of the HP turbine 41 to the outlet of the combustor
13. Consequently, the compressor rotors of the HP compressor 42 may rotate at a

higher rotational speed than the compressor rotors of the LP compressor 22.

[0031] The HP turbine 41 and the HP compressor 42 can have any suitable
mechanical arrangement to achieve the above-described split compressor functionality.
For example, and as shown In Fig. 1, the HP shaft 43 extends concentrically about the

LP shaft 23 and is independently rotatable relative thereto. The relative rotation
between the HP shaft 43 and the LP shaft 23 allow the shafts 23, 43 to rotate at

different rotational speeds, thereby allowing the HP compressor 42 and the LP
compressor 22 to rotate at different rotational speeds. The HP shaft 43 can be

mechanically supported by the LP shaft 23 using bearings or the like.

[0032] Still referring to the embodiment shown In Fig. 1, the engine 10 also includes
an accessory gearbox (AGB) 50. The AGB 50 receives a rotational input from the HP
spool 40 and, In turn, drives accessories (e.g. fuel pump, starter-generator, oil pump,

scavenge pump, etc.) that contribute to the functionality of the engine 10. The AGB 50
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can be designed with side-facing accessories, top-facing accessories, or rear-facing

accessories depending on the installation needs.

[0033] According to the illustrated embodiment, the AGB 50 is concentrically mountea
axially aft of the LP compressor 22 as an axial extension of the engine envelope. The
axial positioning of the AGB 50 allows minimizing the overall radial envelope of the
engine as compared to a split compressor or boosted engine having the AGB mounted
on a side of the engine and connected to the HP spool via a tower shaft. In the

llustrated embodiment, the AGB 50 is accommodated within the envelope of the engine

in a plane normal to the central axis 17.

[0034] In the illustrated embodiment, the AGB input drive axis is coaxial to the LP
compressor centerline and, thus, the engine axis 17. By so aligning the input axis of the
AGB 50 relative to the LP compressor centerline, the drive input to the AGB 50 can be
provided centrally through the LP compressor 22, thereby eliminating the need for a
tower shaft and an externally mounted gear arrangement. However, unlike conventional
reverse flow engines (like the well-known PT6 engine manufactured by Pratt & VWhitney
Canada), which do not include a compressor boost, the presence of the LP compressor
22 axially between the HP compressor 42 and the AGB 50 physically interferes with the
connection of the AGB 50 with the HP spool 40, which is disposed on the opposed
axially facing side of the LP compressor 22. In the Illustrated embodiment, this
particular problem is overcome by extending the HP shaft 43 through a central bore or
passage in the LP compressor 22. The HP shaft 43 thus provides a drive input to the

AGB 50 coaxial to the engine axis 17. According to the embodiment illustrated in Figs.

1-3, the HP shaft 43 is segmented between the HP compressor 42 and the LP
compressor 22 to allow for the introduction of a bearing 52 mounted to a support 53 to

provide support to the LP shaft 23 between the HP compressor 42 and the LP
compressor 22. As best shown In Fig, 3, a gear 54 Is provided to drivingly couple the
HP compressor shaft segment 43a of the HP shaft 43 to an AGB drive input shaft
segment 43b, which may also be viewed as being an extension of the HP shaft 43. The
gear 54 may be provided in the form of a bevel gear having a 1.1 speed ratio. As
shown In Fig. 3, the bevel gear may be set to have a rotation axis perpendicular to the

rotation axis of the HP shaft segments 43a, 43b. Such a gear arrangement allows for

9
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the installation of a support and bearing structure for supporting the LP shaft 21. Such a
support may be suitable when the LP shaft 43 is provided in the form of a one-piece

shaft or in order to address specific shaft dynamic requirements.

[0035] The AGB drive input shaft segment 43b projects axially into the AGB 50 anad Is
provided at a distal end thereof with a gear 56, which is in meshing engagement with an
associated AGB output gear 58. In the illustrated example, the AGB output gear 58 has
a rotation axis parallel to the engine axis 1/7. The output gear 58 Is drivingly connected
to accessories (not shown). It Is understood that the accessories gear train in the AGB

50 can adopt various configurations, including multiple outputs and different gear ratios.

[0036] Referring to Figs. 1 and 2, it can be appreciated that a boost gear train 62 Is
iIntegrated to the AGB 50 to drivingly couple the LP shaft 23 and, thus, the LP turbine 21
to the LP compressor 22. As mentioned herein above, the gear connection between the
LP turbine 21 and the LP compressor 22 is advantageous In that it allows driving the LP

compressor 22 at a different speed than the LP turbine 21. It can thus allow for overall

thermodynamic cycle performance improvement.

[0037] The LP shaft 23 projects all the way to the aft end of the engine into the AGB
50 axially beyond the HP shaft 43 for connection with the gear train 62. The gear train
62 comprises an input gear 60 provided at the distal end portion of the LP shaft 23, the
end portion which projects outwardly of the HP shaft 43. The input gear 60 is in
meshing engagement with a second gear 66 mounted at an aft end of a transfer shaft
63 having a rotation axis parallel to the engine axis 17. A third gear 70 is provided at an

opposed forward end of the transfer shaft 68 for meshing engagement with a fourth

gear 72 provided at the distal end of a LP compressor shaft 74 projecting axially from
an aft facing surface of the LP compressor 22. As shown in Figs. 1 and 2, the LP
compressor shaft 74 Is a hollow shaft extending concentrically about the HP shaft 43.
The LP compressor shaft 74 ends at a location forward of the HP shaft 43, to thereby
allow the HP shaft 43 to be drivingly connected to gear 58. It can be appreciated that
the relative lengths of the shafts 23, 43, 74 projecting into the AGB 50 allows for the

various gear connections (the innermost shaft having the deepest AGB penetration).

10
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[0038] The boost gear train 62 can adopt various configurations and iIs, thus, not
imited to the single gear train architecture shown in Figs. 1 and 2. For Instance, as
shown in Fig. 4, the gear train 62 could be provided as a dual gear train to provide first
and second drive inputs to the LP compressor 22. The dual gear train 62 could
comprise first and second sets of gears provided on opposed lateral sides of the LP

shaft 23 and drivingly connected to the same input gear 60. The gears may be identical

to the gears described above with respect to Figs. 1 and 2.

[0039] As mentioned herein above, the gear connection between the LP turbine 21
and the LP compressor 22 also allows driving the LP compressor at a different speed
than the LP turbine. It can thus allow for overall thermodynamic cycle performance
improvement. The positioning of the gear train 62 at the aft end of the engine in a
common housing with the AGB 50 contributes to facilitate the engine assembly and
eliminate the need for a separate casing and lubricating structure for the boost gear
train 62. One containment and lubricating system can be used for both the AGB gears
56, 58 and the boost gear train 62. Such an integration of the AGB and the boost gear
train In @ common housing facilitate the access to the gears for adjustment purposes
while minimizing part counts. However, it is understood that the boost gear train 62
could be provided as a separate unit on the AGB facing side of the LP compressor 22
and, thus, axially aft of the LP compressor 22 in a reverse flow engine configuration.
The fact the boost gear train 62 has a drive input coaxial to the engine axis 17 also

provides for a compact geared engine arrangement while at the same time contributing

to ease the assembly process.

[0040] In the embodiment illustrated in Fig. 1, the case of the air inlet forms part of the
AGB 50 and boost gear train 62 housing. However, it is understood that the AGB and

the boost gear train 62 could be packaged as a stand-alone unit.

[0041] As can be appreciated from Fig. 3, the gear 54 and the bearing 52 are housed
In an internal cavity 80 radially inwardly of the gaspath 18 between the HP compressor
42 and the LP compressor 22. The internal cavity 80 is bounded by the compressor
inner gaspath wall 82. The internal cavity 80 communicates with the AGB 50 via the

central bore extending axially through the LP compressor 22, thereby providing for a

11
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combined bearing/gear train oil chamber. Access to the gear 54 and bearing 52 may
be provided by a split casing assembly including first and second separable casing
sections 82, 84 having an interface 86 axially between the HP compressor 42 and the
LP compressor 22. The casing assembly may form part of a split inlet guide vane
structural case architecture. For instance, the first casing section 82 could be a cast
stator including a circumferential row of guide vanes 83 and the second casing section
84 could be another cast stator including another circumferential of guide vanes 85. The
guide vanes 85 and 83 cooperate to direct the flow of air from the LP compressor 22 to
the HP compressor 42. The adjacent guide vanes 83, 85 are, thus, part of two separate
castings. The interface 86 may be provided in the form of axially facing flanges
depending radially inwardly from the inner endwall of the separate vane castings. Any

suitable fasteners may be used to releasably retain the casing sections together.

[0042] As shown in Fig. 5, the internal cavity 80 could also house a connecting
structure (e.g. the spline 90) for drivingly connecting a first LP shaft section 23a to a
second LP shaft section 23b axially between the HP compressor 42 and the LP
compressor 22. This would facilitate access different support and coupling structures all

at once. Furthermore, as shown in Fig. 5, the bearing 52 may be provided at the spline

connection 90.

[0043] According to another aspect shown in Fig. 6, no support structure could be
provided In the internal cavity 80 for supporting the LP shaft 23. As such no
discontinuity in the HP shaft 43 is required to accommodate a LP shaft support and,
thus, the HP shaft 43 could extend continuously from the HP compressor 42 to the AGB
50 and the gear 54 could be omitted.

[0044] It can thus be appreciated that at least some of the embodiments of the
engine 10 disclosed herein provide a mechanical architecture of turbomachinery that
allows for a split compressor system in a compact PT6 type configuration. Such a split

compressor engine in a reverse flow or through flow configuration may be used for
aircraft nose installations, as well as for wing installations. The boost gear train 62
eliminates the need for a tower shaft for connecting the AGB 50 to the HP spool 40.

Indeed, with this engine architecture, the HP shaft can be axially directly connected to

12
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the AGB, the AGB having an input axis coaxial to the engine axis 17. In this way no
shaft has to be passed across the gaspath to drivingly connect the HP spool 40 to the
AGB 50, thereby avoiding performances losses. The compressor aerodynamics can be
improved by eliminating the service strut typically used to pass the tower shaft. The
engine weight may be reduced by eliminating the need of an upstream transfer case.
The position of the hardware used to build the gear trains may be designed for an
optimal clearance from the LP rotor center. It can also be appreciated that at least some
embodiments allow to locate the AGB along the engine centerline aft of the LP

compressor. This may provide installation benefits, reduce cost and weight relative to

an externally mounted tower shaft driven AGB.

[0045] 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
departing from the scope of the invention disclosed. Modifications which fall within the
scope of the present invention 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.

13
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CLAIMS
1. Avreverse flow gas turbine engine comprising:

a low pressure (LP) spool and a high pressure (HP) spool rotatable independently of

one another about an engine axis;

the LP spool comprising an LP turbine, an LP compressor and an LP shaft drivingly

connected to the LP turbine, the LP turbine disposed forward of the LP compressor

relative to a direction of travel of the engine;

the HP spool comprising an HP turbine, an HP compressor and an HP shaft drivingly
connecting the HP turbine to the HP compressor, the HP compressor disposed forwara
of the LP compressor and in fluid communication therewith, the HP turbine disposed aft

of the LP turbine and in fluid communication therewith;

an accessory gear box (AGB) drivingly connected to the HP spool, the LP compressor

disposed axially between the HP compressor and the AGB, and

a gear train drivingly coupling the LP shaft to the LP compressor, the gear train

disposed aft of the LP compressor.

2. Ihe reverse flow gas turbine engine defined in claim 1, wherein the gear train

coupling the LP shaft to the LP compressor and the AGB share a common housing.

3. Thereserve flow gas turbine engine defined in claim 1, wherein the P shaft

extends axially through a central bore of the LP compressor and projects axially aft of

the LP compressor.

4. The reverse flow gas turbine engine defined in claim 3, wherein the LP shaft

extends into the AGB.

5. The reserve flow gas turbine engine defined In claim 3, wherein the gear train is

disposed in the AGB and is drivingly coupled to an aft end of the LP shaft.
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6. The reverse flow gas turbine engine defined in claim 1, wherein the gear train Is a

dual gear train comprising first and second drive inputs to the LP compressor.

/. The reverse flow gas turbine engine defined in claim 5, wherein the gear train
comprises first and second sets of gears, the LP shaft being drivingly coupled to both

sald first and second sets of gears for driving the LP compressor.

8. The reverse flow gas turbine engine defined in claim 1, wherein the LP shaft is a
one piece shaft having a power turbine shaft portion extending forwardly of the LP

turbine and a LP compressor shaft portion extending rearwardly from the LP turbine to

a location aft of the LP compressor.

9. The reverse flow gas turbine engine defined in claim 8, wherein the LP shaft
extends centrally through the HP shaft, and wherein the LP shaft is supported by at
least one bearing mounted in an internal cavity disposed between the HP compressor
and the LP compressor and radially inwardly of an annular gas path between the HP

compressor and LP compressor.

10. The reverse flow gas turbine engine defined in claim 9, wherein the HP shaft
comprises a first shaft section projecting aft of the HP compressor and a second shaft
section projecting axially through the LP compressor into the AGB, and wherein a gear

Is disposed in the internal cavity to drivingly connect the first shaft section to the second

shaft section.

11. The reverse flow gas turbine engine defined in claim 10, wherein the gear is a

bevel gear having a rotation axis perpendicular to the engine axis.

12. The reverse flow gas turbine engine defined in claim 1, comprising a split casing
Including first and second separable casing sections having an interface between the
HP compressor and the LP compressor to provide access to an internal cavity disposed

radially inwardly of an annular gaspath between the LP and HP compressors, the

Internal cavity housing at least one bearing supporting the LP shaft.

13. The reverse flow gas turbine engine defined in claim 12, wherein the HP shaft has
a first shaft section projecting aft of the HP compressor and a second shaft section
15
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projecting axially through the LP compressor into the AGB, and wherein the first and
second shaft sections are drivingly connected by a bevel gear housed in the internal

cavity, the at least one bearing being disposed between said first and second shaft

sections of the HP shaft.

14. The reverse flow gas turbine engine defined in claim 1, wherein the AGB has an

input axis coaxial to the engine axis.

15. The reverse flow gas turbine engine defined in claim 14, wherein the HP shaft
extends axially through a central bore of the LP compressor and project axially aft of the

LP compressor in driving engagement with the AGB.

16. A multi-spool gas turbine engine comprising:. a low pressure (LP) spool; a high
pressure (HP) spool, the LP spool and the HP spool rotatable independently of one
another about a central axis, the LP pressure spool comprising an LP compressor and
an LP turbine, the HP spool comprising an HP turbine and an HP compressor; an
accessory gear box (AGB) drivingly connected to the HP spool, the LP compressor
disposed axially between the HP compressor and the AGB, and a gear train drivingly

coupling the LP compressor to the LP turbine, the gear train disposed on an AGB facing

side of the LP compressor.

17. The multi-spool gas turbine engine defined in claim 16, wherein the LP spool
comprises an LP shaft extending axially from the LP turbine through a central bore of

the LP compressor and in driving engagement with the gear train.

18. The multi-spool gas turbine engine defined in claim 17, wherein the LP compressor
has a hollow compressor shaft portion extending concentrically about the LP shaft on
the AGB facing side of the LP compressor, the hollow compressor shaft portion being

drivingly connected to the LP shaft by the gear train.

19. The multi-spool gas turbine engine defined in claim 18, wherein the HP spool
comprises a HP shaft drivingly connected to the HP turbine and extending axially
though the central bore of the LP compressor between the LP shaft and the hollow
compressor shaft portion of the LP compressor, the HP shaft being drivingly connected

to the AGB.
16
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20. The multi-spool gas turbine engine defined in claim 19, wherein the LP shaft

extends into the AGB axially beyond the HP shaft and the hollow compressor shaft

portion of the LP compressor.

21. The multi-spool gas turbine engine defined in claim 20, wherein the HP shaft ends

axially between the hollow compressor shaft portion of the LP compressor and the LP

shaft.

22. The multi-spool gas turbine engine defined in claim 19, wherein the HP shaft

comprises first and second shaft sections drivingly coupled by a bevel gear disposed In
a cavity between the HP compressor and the LP compressor radially inwardly of a gas

path between the HP and LP compressors.

23. The multi-spool gas turbine engine defined in claim 22, wherein at least one

bearing is provided in the cavity between the first and second shaft sections of the HP

shaft, the at least one bearing supporting the LP shaft.

24. The multi-spool gas turbine engine defined in claim 17, wherein the gear train is a
dual gear train comprising first and second sets of gears respectively disposed on

opposed lateral sides of the LP shaft to provide first and second drive inputs to the LP

COMpressor.

25. The multi-spool gas turbine engine defined in claim 22, wherein the cavity is
defined by first and second casing sections having a mounting interface disposed
between the HP compressor and the LP compressor, the first and second casing

sections being separable to provide access to said cavity.

26. The multi-spool gas turbine engine defined in claim 16, wherein the engine is an
aircraft engine having a reverse flow configuration including an air inlet disposed aft of
the LP compressor along a direction of travel of the aircraft engine, and wherein the
AGB Is disposed aft of the air inlet.
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