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GAS TURBINE ENGINE WITH MODULAR CORES AND PROPULSION UNIT

BACKGROUND OF THE INVENTION

[0001] This application relates to a gas turbine engine, wherein a core engine is
mounted separately from a propulsion unit.

[0002] Gas turbine engines are known, and have typically included a fan delivering a
portion of air into a bypass duct, and a second portion of air into a core flow leading into a
compressor section. The air is compressed in the compressor and delivered downstream into a
combustion section where it is mixed with fuel and ignited. Products of this combustion pass
across turbine rotors which are driven to rotate, and in turn rotate the compressor and fan section.
Historically one turbine section drove both a compressor stage and a fan at the same speed.
More recently it has been proposed to incorporate a gear reduction such as the fan can rotate at
slower speeds than the compressor stage. With this arrangement, the outer diameter of the fan
can increase, and the outer diameter of the turbine and compressor sections can decrease.

[0003] Historically, the fan and compressors have been mounted coaxially, and have
been driven by turbines that are at a rear end of the engine, with the fan and compressor at a
forward end. It has typically not been possible to service any portion of the engine, without
removing the concentrically rotating turbines, compressors and fan as a combined unit. At a

minimum, service is made complex by the inter-relationships of these sections.

SUMMARY OF THE INVENTION

[0004] In a featured embodiment, a gas turbine engine has a propulsion unit including
a fan, and a free turbine connected to drive the fan about a first axis. A plurality of core engines
include at least a compressor, a combustion section, and a turbine. The core engine turbine is
connected to drive the compressor. The compressor and core engine turbine rotate about a
second axis. The plurality of core engines has an output from the core engine turbines passing
over the free turbine.

[0005] In another embodiment according to the previous embodiment, a gear

reduction is provided between the free turbine and fan.
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[0006] In another embodiment according to the previous embodiment, the fan
delivers propulsion air into a main duct downstream of the fan.

[0007] In another embodiment according to the previous embodiment, an inlet to the
core engine is from an ambient inlet separate from the main duct.

[0008] In another embodiment according to the previous embodiment, an inlet duct
delivers air from the main duct downstream of the fan across the plurality of core engines.

[0009] In another embodiment according to the previous embodiment, a connecting
duct communicates gases downstream of the core engine turbines from the plurality of core
engines across the free turbine.

[0010] In another embodiment according to the previous embodiment, gases
downstream of the common free turbine are directed back into the main duct.

[0011] In another embodiment according to the previous embodiment, gases directed
downstream of the common free turbine are directed into the main duct through struts.

[0012] In another embodiment according to the previous embodiment, core engines
are mounted to rotate about an angle which is generally perpendicular to a rotational axis of the
fan.

[0013] In another embodiment according to the previous embodiment, the fan
delivers propulsion air into a main duct downstream of the fan.

[0014] In another embodiment according to the previous embodiment, an inlet to the
core engine is from an ambient inlet separate from the main duct.

[0015] In another embodiment according to the previous embodiment, an inlet duct
delivers air from the main duct downstream of the fan across the plurality of core engines.

[0016] In another embodiment according to the previous embodiment, gases
downstream of the common free turbine are directed back into the main duct.

[0017] In another embodiment according to the previous embodiment, gases directed
downstream of the common free turbine are directed into the main duct through struts.

[0018] In another featured embodiment, a method of providing a gas turbine engine
includes the steps of providing a propulsion unit incorporating a free turbine and a fan, and

mounting a plurality of core engines to the propulsion unit, with the core engines each including
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a compressor, a turbine and a combustor, such that the plurality of core engines in combination
provide gases to drive the free turbine.

[0019] In another embodiment according to the previous embodiment, free turbine
drives the fan through a gear reduction.

[0020] In another embodiment according to the previous embodiment, an inlet duct
taps air from a main duct downstream of the fan, with the single inlet duct delivering air into the
plurality of core engines.

[0021] In another embodiment according to the previous embodiment, the fan
delivers propulsion air into a main duct.

[0022] In another embodiment according to the previous embodiment, air delivered
into the plurality of core engines coming from an ambient ram inlet.

[0023] In another embodiment according to the previous embodiment, the plurality of
core engines receive inlet air from a tap into the main duct.

[0024] In another embodiment according to the previous embodiment, a single
connecting duct communicates gases downstream of the plurality of core engines across the free
turbine.

[0025] In another featured embodiment, an aircraft incorporating at least one gas
turbine engine has an aircraft wing mounting a gas turbine engine. The gas turbine engine
includes a propulsion unit including a fan, and a free turbine connected to drive the fan about a
first axis, and a plurality of core engines. The core engines include at least a compressor, a
combustion section, and a turbine. The core engine turbine is connected to drive the compressor.
The compressor and core engine turbine rotate about a second axis. The plurality of core engines
has an output from the core engine turbines passing over the free turbine.

[0026] These and other features of this application will be best understood from the

following specification and drawings, the following of which is a brief description.



WO 2013/119535 PCT/US2013/024720

BRIEF DESCRIPTION OF THE DRAWINGS
[0027] Figure 1 schematically shows a prior art gas turbine engine.
[0028] Figure 2 is a cross-sectional view of an inventive gas turbine engine.
[0029] Figure 3 is a partial view of a portion of the Figure 2 engine.
[0030] Figure 4 is an alternative embodiment.
[0031] Figure 5A shows a first embodiment.
[0032] Figure 5B shows an alternative embodiment.

[0033] Figure SC shows yet another embodiment.

DETAILED DESCRIPTION

[0034] Figure 1 schematically illustrates a known gas turbine engine 20. The gas
turbine engine 20 is disclosed herein as a two-spool turbofan that generally incorporates a fan
section 22, a compressor section 24, a combustor section 26 and a turbine section 28.
Alternative engines might include an augmentor section (not shown) among other systems or
features. The fan section 22 drives air along a bypass flowpath while the compressor section 24
drives air along a core flowpath for compression and communication into the combustor section
26 then expansion through the turbine section 28. Although depicted as a turbofan gas turbine
engine in the disclosed non-limiting embodiment, it should be understood that the concepts
described herein are not limited to use with turbofans as the teachings may be applied to other
types of turbine engines including three-spool architectures.

[0035] The engine 20 generally includes a low speed spool 30 and a high speed spool
32 mounted for rotation about an engine central longitudinal axis C relative to an engine static
structure 36.

[0036] The low speed spool 30 generally includes an inner shaft 40 that
interconnects a fan 42, a low pressure compressor 44 and a low pressure turbine 46. The inner
shaft 40 is connected to the fan 42 through a geared architecture 48 to drive the fan 42 at a lower
speed than the low speed spool 30. The high speed spool 32 includes an outer shaft 50 that

interconnects a high pressure compressor 52 and high pressure turbine 54. The inner shaft 40
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and the outer shaft 50 are concentric and rotate about the engine central longitudinal axis C
which is collinear with their longitudinal axes.

[0037] The core airflow is compressed by the low pressure compressor 44 then the
high pressure compressor 52, mixed and burned with fuel in the combustor 56, then expanded
over the high pressure turbine 54 and low pressure turbine 46. The turbines 46, 54 rotationally
drive the respective low speed spool 30 and high speed spool 32 in response to the expansion.

[0038] An aircraft wing 352 is shown with the gas turbine engine 20 mounted
somewhat forwardly of the engine. A pylon 351 mounts the gas turbine engine to the wing 352.
As shown, a disk burst zone A extends for about 30° across an exit point of the gas turbine
engine. This is an area where portions of the gas turbine engine which may fracture, such as
portions of the rotor disks, could fly outwardly and damage the wing, as an example. A
limitation on the design of where to mount a gas turbine engine is that the disk burse zone A
cannot extend across the area where a fuel tank 400, shown schematically, is mounted. Thus,
this has somewhat limited the mounting of gas turbine engines in the past.

[0039] As can be appreciated from Figure 1, the turbines, compressors are all inter-
related and rotate on a common axis with the extending spools 30/32. As can be appreciated
from Figure 1, it is somewhat difficult to remove the turbine, compressors, or fans separately
from one another for service.

[0040] Figure 2 shows an inventive engine 100. Air at 114 approaches a fan rotor
111 which is driven to rotate with a fan hub 110. A shaft 120 is driven through a gear reduction
118, which is in turn driven by a shaft 125. Shaft 125 is driven by a free turbine 127. A duct
310 communicates products of combustion from a core engine 130 that includes low pressure
turbine 170, a high pressure turbine 160, a combustor 155, and a compressor section including a
high pressure compressor 150 and a low pressure compressor 145. A spool 165 rotates the low
pressure spool while a spool 175 rotates the high pressure spool.

[0041] An inlet duct 195 communicates air from a turning duct 185 into the low
pressure compressor 145. An opening 190 takes air from a main duct 105. A pylon 200 mounts

the engine 100 to an aircraft wing 352.
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[0042] A centerline X of core engine 130 incorporating the compressor sections 145,
150, combustor 155 and compressor sections 160 and 170 is offset by an angle B from a center
line C of the shaft 120/125. Thus, the fan rotor 111 rotates about axis C while the core engine
130 rotates about an axis X, which is offset by an angle B. The angle B may be some non-zero
angle, or as described below, may be zero in at least some embodiments. In embodiments which
position the core engine to be offset, the angle B may be greater than zero and less than or equal
to about 90°. Note, other angles can be utilized. The burst zone features are maximized across
this range.

[0043] For purposes of the Figure 2 embodiment, and for moving the burst zone A,
the angle B should be greater than zero.

[0044] As further shown, a strut 210 extends from the pylon 200 and mounts to the
duct 310.

[0045] In the engine 100, rather than delivering air into a core airflow at a fan side of
the engine, all of the air is delivered into the duct 105. A propulsion unit including the free
turbine 127, gear reduction 118, and fan rotor 111 deliver this air beyond struts 116, and to an
outlet 410 of a cowl 411. This provides the bulk of the propulsion for the engine. The inlet 190
into the turning duct 185 takes a portion of the air and delivers it into the inlet 195 for the
compressor 145. The air is compressed, delivered into the higher compressor section 150, into
the combustion section 155, and across turbines 160 and 170, which in turn drive the
compressors 150 and 145. Outlet gases downstream of the turbine section 170 passes through
the duct 310, and is driven across the free turbine 127. The free turbine 127 drives gear
reduction 118 to in turn cause the fan blades 111 to rotate.

[0046] Air downstream of the free turbine section 127 passes back outwardly and into
the duct 105 through openings in struts 116.

[0047] As can be appreciated from Figure 2, since the core engine 130 is mounted at
an axis which is non-parallel to the axis C, the disk burst zone A is shifted, or angled, forwardly
away from the wing 352. Now, the engine may be mounted further rearwardly underneath the
wing than has been the case in the prior art. Essentially, a core engine, mounted at an axis which

is non-parallel to the axis of a propulsion unit C would achieve this benefit whenever the axis X
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is mounted to extend toward the wing 352. That is, if the angle B has at least a component
extending toward the wing 352 from the propulsion unit drive axis C, then this forward
movement of the disk burst zone A will be achieved. The amount of movement can be
controlled by changing the size of the angle B. A method of selecting the angle B to position to
disk burst zone A such that the engine can be mounted further rearwardly under the wing would
also be apparent from the above disclosure.

[0048] As can be appreciated in Figure 3, there are a plurality of struts 116 delivering
air back into the duct 105. Generally the struts which deliver air into the duct are not aligned
with the opening 190 into the turning duct 185.

[0049] An embodiment 600 is shown schematically in Figure 4. As shown, a core
engine 608 may communicate gas flow from an inlet duct 606, through a compressor and turbine
section as shown in Figure 2. Products of the combustion downstream of the turbine sections in
the core engine 608 pass into a connecting duct 610, and then across a free turbine 612. The free
turbine 612 may drive the fan rotor 602. The outlet gas from the free turbine 612 may be
directed through the struts 614 and into a main duct 604. As shown in this Figure, there is a
separate propulsion unit including the free turbine 612 and fan rotor 602. This may also include
a gear reduction in some embodiments. The separate propulsion unit is positioned forward or
toward the inlet of the gas turbine engine 600, while the core engine is spaced rearwardly of the
propulsion unit, and is separate from the propulsion unit. With this embodiment, servicing of the
core engine relative to the propulsion unit is simplified compared to the prior art.

[0050] The fan 602 is positioned at an inlet end of a main air duct 604. The free
turbine is between the inlet end and the core engine 608 relative to an axial dimension extending
along a rotational axis of the fan, and from the inlet end toward an outlet end of the main duct.

[0051] Figures SA-5C show the power of having a separate propulsion unit and core
engines in providing modular sizing. The propulsion units 508 can be greatly increased in size.
Thus, for example, Figure SA shows a 30,000 thrust pound engine, Figure 5B a 60,000 thrust
pound engine and Figure 5C a 90,000 thrust pound engine. The propulsion units 508 are all
sized up accordingly. A duct 506 receives ram ambient air from an ambient inlet as shown at R,

and directs it into a core engine 504. the core engine 504 has an output which communicates
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with a connecting duct 502, which communicates products of combustion back to a free turbine
within the propulsion unit 508. Of course, the use of a turning duct within the main duct, as
shown for example in Figure 2, may be used here.

[0052] As shown in the Figure 5A, the axis of rotation C of the propulsion unit is
perpendicular to the axis of rotation X of the core engine 504.

[0053] However, other orientations can be utilized such as shown in the above
embodiments. When it is desired to size the propulsion unit up, a second core 504 may be
utilized as shown in Figure 5B. In this manner, only a single core need to engineered, and
several sizes of engine can be achieved by simply adding additional cores. As can be
appreciated in Figure 5B, the size of the ducts 506 and 502 may be larger given the twin cores.

[0054] Figure 5C shows the use of three cores. Of course, any number of cores can
be utilized to achieve increased sizing of the thrust capacity of an engine. The internal
mechanical and fluid details of the Figure SA-C embodiments may be as shown in Figures 1-4.

[0055] Details of Figures 1-4 are claimed in co-pending U.S. Application Serial No.
13/370,750 filed on even date herewith and entitled “Gas Turbine Engine With Separate Core
and Propulsion Unit.”

[0056] The core engines not only allow economies from the modular engines, but
also provide redundancies to protect against the failure of any one of the core engines.

[0057] Although an embodiment of this invention has been disclosed, a worker of
ordinary skill in the art would recognize that certain modifications would come within the scope
of this invention. For that reason, the following claims should be studied to determine the true

scope and content of this invention.



Claims

1. A gas turbine engine comprising:

a propulsion unit including a fan, and a free turbine connected to drive said fan about
a first axis;

a plurality of core engines, said core engines including at least a compressor, a
combustion section, and a turbine, said core engine turbine connected to drive said
compressor, and said compressor and said core engine turbine rotating about non-parallel axes to
said first axis;

said plurality of core engines having an output from said core engine turbines passing
over said free turbine; and

said propulsion unit being positioned forwardly, and toward an inlet of the gas turbine
engine relative to said core engines, and said core engines spaced rearwardly of the

propulsion unit, and being separate from said propulsion unit.

2 The gas turbine engine as set forth in claim 1, wherein a gear reduction is provided

between said free turbine and said fan.

3. The gas turbine engine as set forth in claim 1, wherein said fan delivering propulsion

air into a main duct downstream of said fan.

4, The gas turbine engine as set forth in claim 3, wherein an inlet to said core engines is

from an ambient inlet separate from said main duct.

5. The gas turbine engine as set forth in claim 3, wherein an inlet duct delivers air from

said main duct downstream of said fan across said plurality of core engines.
6. The gas turbine engine as set forth in claim 3, wherein a connecting duct
communicates gases downstream of said core engine turbines from said plurality of core

engines across said free turbine.

7. The gas turbine engine as set forth in claim 6, wherein gases downstream of said free

turbine are directed back into said main duct.

8. The gas turbine engine as set forth in claim 7, wherein gases directed downstream of



said common free furbine are directed into said main duct through shuts.
9. A gas turbine engine comprising:

a propulsion unit including a fan, and a free turbine connected to drive said fan about
a first axis;

a plurality of core engines, said core engines including at least a compressor, a
combustion section, and a turbine, said core engine turbine connected to drive said
compressor, and said compressor and said core engine turbine rotating about axes noncoaxial
to said first axis;

said propulsion unit being positioned forwardly, and toward an inlet of the gas turbine engine relative to
said core engines, and said core engines spaced rearwardly of the propulsion unit, and being separate from said

propulsion unit;
said plurality of core engines having an output from said core engine turbines passing

over said free turbine; and

wherein said core engines are mounted to rotate about axes which are generally

perpendicular to said first axis of said fan.

10. The gas turbine engine as set forth in claim 9, wherein said fan delivering propulsion

air into a main duct downstream of said fan.

11 The gas turbine engine as set forth in claim 10, wherein an inlet to said core engines is

from an ambient inlet separate from said main duct.

12, The gas turbine engine as set forth in claim 10, wherein an inlet duct delivers air from

said main duct downstream of said fan across said plurality of core engines.

13, The gas turbine engine as set forth in claim 12, wherein gases downstream of said

common free turbine are directed back into said main duct.

14. The gas turbine engine as set forth in claim 13, wherein gases directed downstream of

said common free turbine are directed into said main duct through struts.
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