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WO 2013/154632 PCT/US2013/021636

GAS TURBINE ENGINE BUFFER SYSTEM

CROSS-REFERENCE TO RELATED APPLICATIONS

ooo1]  This application claims priority to U.S. Provisional Application No.

61/592,918 which was filed on January 31, 2012.

BACKGROUND

00021 'This disclosure relates to a gas turbine engine, and more particularly to

a buffer system that can communicate a buffer supply air to multiple portions of the
gas turbine engine.

00031 (as turbine engines typically include at least a compressor section, a
combustor section and a turbine section. During operation, air is pressurized in the
compressor section and is mixed with fuel and burned in the combustor section to
generate hot combustion gases. The hot combustion gases are communicated through
the turbine section which extracts energy from the hot combustion gases to power the
compressor section and other gas turbine engine modes.

00041 During flight, ice can form on portions of a fan section of the engine,
such as on a spinner or nosecone of an upstream portion of the fan section. Ice build-
up on the spinner, nosecone or other hardware can result in reduced engine efficiency
and/or damage to downstream components caused by broken pieces of ice entering

the core flow path of the engine.

SUMMARY

00051 A gas turbine engine includes a buffer system. The buffer system can
include a first bleed air supply and a conditioning device that conditions the first bleed
air supply to render the buffer supply air at an acceptable temperature to anti-ice the
hardware of said fan section.

ooo6] In a further embodiment of the foregoing gas turbine engine
embodiment, the hardware includes a spinner.

00071 In a further embodiment of either of the foregoing gas turbine engine
embodiments, the buffer system communicates the buffer supply air to an interior

portion of the spinner.
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ooos] In a further embodiment of any of the foregoing gas turbine engine
embodiments, a passageway can communicate the buffer supply air from the buffer
system to the interior portion.

00091 In a further embodiment of any of the foregoing gas turbine engine
embodiments, the hardware can include a static nosecone.

ooo10] In a further embodiment of any of the foregoing gas turbine engine
embodiments, the first bleed air supply can be sourced from a stage of either a fan
section or a compressor section.

ooo11] In a further embodiment of any of the foregoing gas turbine engine
embodiments, the conditioning device can include a heat exchanger.

ooo12] In a further embodiment of any of the foregoing gas turbine engine
embodiments, the gas turbine engine can include a geared turbofan engine.

0o013] In a further embodiment of any of the foregoing gas turbine engine
embodiments, the buffer system can include a second bleed air supply and a valve that
selects between the first bleed air supply and the second bleed air supply to
communicate the buffer supply air.

ooo14] In a further embodiment of any of the foregoing gas turbine engine
embodiments, the buffer system can include a controller that selectively operates the
conditioning device.

ooo1s] In a further embodiment of any of the foregoing gas turbine engine
embodiments, the buffer system communicates a buffer supply air to hardware of a
fan section of the gas turbine engine.

[ooo16] In another exemplary embodiment, a gas turbine engine includes a fan
section and a compressor section in fluid communication with the fan section. A
combustor is in fluid communication with the compressor section, a turbine section is
in fluid communication with the combustor, and at least one shaft interconnects the
portion of the compressor section and the turbine section. A buffer system can
communicate a buffer supply air to at least a spinner of the fan section to anti-ice the
spinner.

ooo177 In a further embodiment of the foregoing gas turbine engine
embodiment, the buffer system can include a first bleed air supply and a conditioning
device that conditions the first bleed air supply to render the buffer supply air.

ooo18] In a further embodiment of either of the foregoing gas turbine engine

embodiments, the buffer system can include a first bleed air supply, a second bleed air
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supply, a valve that selects between the first bleed air supply and the second bleed air
supply, and a conditioning device.

[ooo19] In a further embodiment of either of the foregoing gas turbine engine
embodiments, a geared architecture can drive the fan section at a lower speed than the
compressor section.

0o0o20] In a further embodiment of any of the foregoing gas turbine engine
embodiments, the gas turbine engine can include a high bypass geared aircraft engine
having a bypass ratio of greater than about six (6).

000211 In yet another exemplary embodiment, a method of cooling a portion
of a gas turbine engine can include communicating a buffer supply air to at least one
bearing structure, the bearing structure defining a bearing compartment. The buffer
supply air can also be communicated from the bearing compartment to anti-ice
hardware of a fan section of the gas turbine engine.

000221 In a further embodiment of the foregoing method embodiment, the
hardware of the fan section includes a spinner.

[00023] In a further embodiment of any of the foregoing method embodiments,
a bleed air supply is cooled prior to communicating the buffer supply air.

000241 The various features and advantages of this disclosure will become
apparent to those skilled in the art from the following detailed description. The

drawings that accompany the detailed description can be briefly described as follows.

BRIEF DESCRIPTION OF THE DRAWINGS

[ooo2s] Figure 1 is a cross-section of a gas turbine engine.

[ooo26] Figure 2 is a schematic cross-section of a portion of the gas turbine
engine.

000271 Figure 3 is a schematic embodiment of a buffer system of the gas
turbine engine.

o0028] Figure 4 illustrates additional aspects of the buffer system of Figure 3.

000291 Figure 5 is a schematic of a buffer system.

DETAILED DESCRIPTION

000301 Figure 1 is a cross-section of a gas turbine engine 20. The gas turbine

engine 20 of the exemplary embodiment is a two-spool turbofan engine that generally

incorporates a fan section 22, a compressor section 24, a combustor section 26 and a
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turbine section 28. Alternative engines might include an augmenter section (not
shown) among other systems or features. The fan section 22 drives air along a bypass
flow path while the compressor section 24 drives air along a core flow path for
compression and communication into the combustor section 26. The hot combustion
gases generated in the combustor section 26 are expanded 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 turbofan engines and these teachings could extend to other types of turbine
engines, including but not limited to three-spool engine architectures and land based
applications.

000311 The gas turbine engine 20 generally includes a low speed spool 30 and
a high speed spool 32 mounted for rotation about an engine centerline longitudinal
axis A relative to an engine static structure 36 via several bearing structures 38. It
should be understood that various bearing structures 38 at various locations may
alternatively or additionally be provided.

000321 The low speed spool 30 generally includes an inner shaft 40 (i.e., a low
shaft) that interconnects a fan 42, a low pressure compressor 44 and a low pressure
turbine 46. 'The inner shaft 40 can be 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 (i.e., a high shaft) that interconnects a
high pressure compressor 52 and a high pressure turbine 54. In this example, the
inner shaft 40 and the outer shaft 50 are supported at a plurality of axial locations by
bearing structures 38 that are positioned within the engine static structure 36.

[00033] A combustor 56 is arranged between the high pressure compressor 52
and the high pressure turbine 54. A mid-turbine frame 57 of the engine static
structure 36 is arranged generally between the high pressure turbine 54 and the low
pressure turbine 46. The mid-turbine frame 57 can support one or more bearing
structures 38 in the turbine section 28. 'The inner shaft 40 and the outer shaft 50 are
concentric and rotate via the bearing structures 38 about the engine centerline
longitudinal axis A, which is collinear with their longitudinal axes. The inner shaft 40
and the outer shaft 50 can be either co-rotating or counter-rotating with respect to one
another.

[00034] The core airflow is compressed by the low pressure compressor 44 and

the high pressure compressor 52, is mixed with fuel and burned in the combustor 56,
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and is then expanded over the high pressure turbine 54 and the low pressure turbine
46. The mid-turbine frame 57 includes airfoils 59 which are in the core airflow path.
The high pressure turbine 54 and the low pressure turbine 46 rotationally drive the
respective low speed spool 30 and the high speed spool 32 in response to the
expansion.

000351 In some non-limiting examples, the gas turbine engine 20 is a high-
bypass geared aircraft engine. In a further example, the gas turbine engine 20 bypass
ratio is greater than about six (6:1). The geared architecture 48 of the example gas
turbine engine 20 includes an epicyclic gear train, such as a planetary gear system or
other gear system. The example epicyclic gear train has a gear reduction ratio of
greater than about 2.3. The geared architecture 48 enables operation of the low speed
spool 30 at higher speeds which can increase the operational efficiency of the low
pressure compressor 44 and low pressure turbine 46 and render increased pressure in
a fewer number of stages.

00036] The low pressure turbine 46 pressure ratio is pressure measured prior
to inlet of low pressure turbine 46 as related to the pressure at the outlet of the low
pressure turbine 46 of the gas turbine engine 20. In another non-limiting embodiment,
the bypass ratio of the gas turbine engine 20 is greater than about ten (10:1), the fan
diameter is significantly larger than that of the low pressure compressor 44, and the
low pressure turbine 46 has a pressure ratio that is greater than about 5 (5:1). The
geared architecture 48 of yet another embodiment is an epicyclic gear train with a
gear reduction ratio of greater than about 2.5:1. It should be understood, however, that
the above parameters are only exemplary of one embodiment of a geared architecture
engine and that the present disclosure is applicable to other gas turbine engines
including direct drive turbofans.

000371 In this embodiment of the example gas turbine engine 20, a significant
amount of thrust is provided by a bypass flow B due to the high bypass ratio. The fan
section 22 of the gas turbine engine 20 is designed for a particular flight condition--
typically cruise at about 0.8 Mach and about 35,000 feet. This flight condition, with
the gas turbine engine 20 at its best fuel consumption, is also known as bucket cruise.
TSFC (Thrust Specific Fuel Consumption) is an industry standard parameter of fuel
consumption per unit of thrust.

[00038] Fan Pressure Ratio is the pressure ratio across the fan section 22

without the use of a Fan Exit Guide Vane system. The low Fan Pressure Ratio



WO 2013/154632 PCT/US2013/021636

according to one non-limiting embodiment of the example gas turbine engine 20 is
less than 1.45.

000391 Low Corrected Fan Tip Speed is the actual fan tip speed divided by an
industry standard temperature correction of “T7 / 518.7°°. T represents the ambient
temperature in degrees Rankine. The Low Corrected Fan Tip Speed according to one
non-limiting embodiment of the example gas turbine engine 20 is less than about
1150 fps (351 m/s).

ooo40] Figure 2 illustrates a portion 100 of a gas turbine engine, such as the
gas turbine engine 20. The portion 100 can include one or more bearing structures 38.
Only one bearing structure 38 is depicted in Figure 2 to schematically illustrate its
features, but this is in no way intended to limit this disclosure.

000411 The bearing structure 38 supports a shaft 61, such as the outer shaft 50,
which supports a rotor assembly 63, such as a rotor assembly of the compressor
section 24 or the turbine section 28, through a hub 65. In this example, the shaft 61 is
a tie shaft that that connects the high pressure compressor 52 to the high pressure
turbine 54. The rotor assembly 63 carries at least one airfoil 67 for adding or
extracting energy from the core airflow.

000421 The bearing structure 38 defines a bearing compartment B that houses
one or more bearings 71. The bearing compartment B contains a lubricant for
lubricating (and acting as a cooling medium to) the bearings 71. One or more seals 73
(two shown) contain the lubricant within the bearing compartment B. The seals 73 of
the bearing compartment B must be pressurized to prevent the lubricant from leaking
out during certain flight conditions, including both steady-state and transient. A
buffer system can be used to communicate a buffer supply air to the bearing
compartment B in order to provide adequate pressurization of the seals 73 without
exceeding material and/or lubricant temperature limitations. Example buffer systems
that can be used for this and other purposes, including spinner anti-icing, are detailed
below.

[00043] Figure 3 illustrates an example buffer system 60 that can communicate
a buffer supply air 62 to a first portion of the gas turbine engine 20, such as to one or
more bearing structures 38 (shown schematically in Figure 3) and a second portion of
the gas turbine engine, such as hardware of the fan section 22. For example, the
buffer supply air 62 can be communicated to a spinner 45 or static nosecone of the fan

section 22. The buffer supply air 62 pressurizes (by surrounding with cool air) the
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outside of the bearing compartment(s) of one or more bearing structure 38 to maintain
sufficient pressure differential between the buffer cavity and the bearing compartment
cavity and maintain bearing compartment seal leakage inflow at an acceptable
temperature. The buffer supply air 62 can also be used to anti-ice the spinner 45 or
other fan section 22 hardware during flight conditions where icing is possible.

[000o44] The buffer system 60 may include a first bleed air supply 64 and a
conditioning device 80. The first bleed air supply 64 can be sourced from the fan
section 22, the low pressure compressor 44 or the high pressure compressor 52. In the
illustrated non-limiting example, the first bleed air supply 64 is sourced from a middle
stage of the high pressure compressor 52. The conditioning device 80 can condition
the first bleed air supply 64 to render a buffer supply air 62 having an acceptable
temperature for buffering the environments surrounding the bearing structures 38 and
for anti-icing the spinner 45 or other fan section 22 hardware. In other words, the
conditioning device 80 prepares a buffer supply air 62 of a temperature that is
adequate to both cool a bearing structure 38 and provide enough heat to anti-ice the
spinner 45 without over-temping the spinner 45 or any other fan section 22 hardware
(i.e., the buffer supply air 62 temperature is below the hardware temperature limits).
The conditioning device 80 could include an air-to-air heat exchanger, a fuel-to-air
heat exchanger, or any other suitable heater exchanger.

[00o4s] In one embodiment, the buffer supply air 62 may be communicated
from the conditioning device 80 to a bearing structure 38 and then in an axially
upstream direction UD to anti-ice the spinner 45. Alternatively, separate buffer
supply airs 62 could be communicated to the bearing structures 38 and the spinner 45.
A portion 62B of the buffer supply air 62 can also be communicated in a downstream
direction D to condition other portions of the gas turbine engine 20. Although shown
schematically, the buffer supply air 62 can be communicated between the
conditioning device 80, the bearing structures 38 and the spinner 45 via buffer tubing,
conduits, or other passageways. Such tubing, conduits and/or passageways could be
routed throughout the gas turbine engine 20. The type, location and configuration of
such tubing, conduits and/or passageways are not intended to limit this disclosure.

ooo4s] Referring to Figure 4, the buffer supply air 62 may be communicated
to an interior portion 47 of the spinner 45. It should be understood that Figure 4 is not
shown to the scale it would be in practice but is exaggerated to better illustrate the

various features of the buffer system 60. A passageway 49 that is in fluid
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communication with the buffer system 60 can be positioned to direct the buffer supply
air 62 into interior portion 47 to anti-ice an exterior surface 51 of the spinner 45.

000471 In the embodiments shown in Figures 3 and 4, the buffer system 60
includes a controller 70. The controller 70 is programmed to command the
communication of buffer supply air 62 to the interior portion 47 of the spinner 45 for
anti-icing purposes in response to detecting a flight condition where ice build-up at
the spinner 45 is possible and/or provide adequate differential pressures across the
primary bearing compartment seals at all engine operating flight conditions. Spinner
anti-icing is generally required below an altitude of 22,000 feet (6,705.6 meters),
especially on cold days, although it can be provided at other flight conditions. The
controller 70 could also generate a signal to command operation of the conditioning
device 80 for controlling the temperature of the buffer supply air 62 for different
flight conditions (See Figure 3).

ooo4s] The buffer system 60 can further include a sensor 99 for detecting
flight conditions of the gas turbine engine 20. The sensor 99 and the controller 70 can
be programmed to detect any flight condition. Also, the sensor 99 can be replaced by
any control associated with the gas turbine engine 20 or an associated aircraft. Also,
although shown as a separate feature, the controller functionality could be
incorporated into another portion of the buffer system 60, such as the conditioning
device 80.

[ooo49] Figure 5 illustrates another example buffer system 160 that can be
incorporated into a gas turbine engine, such as the gas turbine engine 20, for
pressurizing bearing compartments and anti-icing fan section 22 hardware. In this
disclosure, like reference numerals indicate similar features, whereas reference
numerals with an added prefix numeral of “1” indicate slightly modified features.
The buffer system 160 is similar to the buffer system 60 detailed above except, in this
example, the buffer system 160 is a multi-source buffer system that includes a second
bleed air supply 166 in addition to a first bleed air supply 164. In the exemplary
embodiment, the first bleed air supply 164 is a low pressure bleed air supply and the
second bleed air supply 166 is a high pressure bleed air supply that includes a
pressure that is greater than the pressure of the first bleed air supply 164. The buffer
system 160 could also embody a two-zone, multi-source system that separately

addresses low and high pressure requirements.
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000501 The first bleed air supply 164 can be sourced from the fan section 22,
the low pressure compressor 44 or the high pressure compressor 52. In the illustrated
non-limiting example, the first bleed air supply 164 is sourced from an upstream stage
of the high pressure compressor 52. However, the first bleed air supply 164 could be
sourced from any location that is upstream from the second bleed air supply 166. The
second bleed air supply 166 can be sourced from the high pressure compressor 52,
such as from a middle or downstream stage of the high pressure compressor 52. The
second bleed air supply 166 could also be sourced from the low pressure compressor
44 or the fan section 22 depending on where the first bleed air supply 164 is sourced
from.

ooos1] The buffer system 160 can also include a valve 168 that is in
communication with both the first bleed air supply 164 and the second bleed air
supply 166. Although shown schematically, the first bleed air supply 164 and the
second bleed air supply 166 can be in fluid communication with the valve 168 via
buffer tubing, conduits, or other passageways. Check valves can also be used to
prevent the second bleed air supply 164 from backflowing into the first bleed air
supply 166.

000521 The valve 168 can select between the first bleed air supply 164 and the
second bleed air supply 166 to communicate a buffer supply air 162 having a desired
temperature and pressure to select portions of the gas turbine engine 20, including to
the fan section 22 hardware for anti-icing purposes. The valve 168 communicates
either the first bleed air supply 164 or the second bleed air supply 166 to a
conditioning device 180 to condition the air supply and render the buffer supply air
162.

000s3] The valve 168 can be a passive valve or a controller base valve. A
passive valve operates like a pressure regulator that can switch between two or more
sources without being commanded to do so by a controller, such as an engine control
(EEC). The valve 168 of this example uses only a single input which is directly
measured to switch between the first bleed air supply 164 and the second bleed air
supply 166.

[000s4] 'The valve 168 could also be a controller based valve. For example, the
buffer system 160 could include a controller 170 in communication with the valve
168 for selecting between the first bleed air supply 164 and the second bleed air

supply 166. The controller 170 is programmed with the necessary logic for selecting
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between the first bleed air supply 164 and the second bleed air supply 166 in response
to detecting a pre-defined power condition of the gas turbine engine 20. The
controller 170 could also be programmed with multiple inputs.

[000ss] The determination of whether to communicate the first bleed air supply
164 or the second bleed air supply 166 as the buffer supply air 162 is based on a
power condition of the gas turbine engine 20. The term “power condition” as used in
this disclosure generally refers to an operability condition of the gas turbine engine
20. Gas turbine engine power conditions can include low power conditions and high
power conditions. Example low power conditions include, but are not limited to,
ground operation, ground idle and descent idle. Example high power conditions
include, but are not limited to, takeoff, climb, and cruise conditions. It should be
understood that other power conditions are also contemplated as within the scope of
this disclosure.

000s6] In one exemplary embodiment, the valve 168 communicates the first
bleed air supply 164 (which is a relatively lower pressure bleed air supply) to the
conditioning device 180 in response to identifying a high power condition of a gas
turbine engine 20. The second bleed air supply 166 (which is a relatively higher
pressure bleed air supply) is selected by the valve 168 and communicated to the
conditioning device 180 in response to detecting a low power condition of the gas
turbine engine 20. Both sources of bleed air are intended to maintain the same
minimum pressure delta across the bearing compartment seals. L.ow power conditions
require a relatively higher stage pressure source to maintain adequate pressure
differential, while high power conditions can meet requirements with a relatively
lower stage pressure source. Use of the lowest possible compressor stage can to meet
the pressure requirements and minimize supply temperature and any negative
performance impact to the gas turbine engine 20.

000571 The conditioning device 180 of the buffer system 160 could include a
heat exchanger or an ejector. An ejector adds pressure (using a small amount of the
second bleed air supply 166) to the first bleed air supply 164 to prepare the buffer
supply air 162.

oo0s8] Although the different examples have a specific component shown in
the illustrations, embodiments of this disclosure are not limited to those particular

combinations. It is possible to use some of the components or features from one of

10
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the examples in combination with features or components from another one of the
examples.

000591 The foregoing description shall be interpreted as illustrative and not in
any limiting sense. A worker of ordinary skill in the art would understand that certain
modifications could come within the scope of this disclosure. For these reasons, the
following claims should be studied to determine the true scope and content of this

disclosure.

11
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CLAIMS
What is claimed is:
1. A gas turbine engine, comprising:
a buffer system, wherein said buffer system includes:
a first bleed air supply; and
a conditioning device that conditions said first bleed air supply to render said
buffer supply air at an acceptable temperature for pressurizing said at least one

bearing structure and anti-icing said hardware of said fan section.

2. The gas turbine engine as recited in claim 1, wherein said hardware includes a
a spinner.
3. The gas turbine engine as recited in claim 2, wherein said buffer system

communicates said buffer supply air to an interior portion of said spinner to anti-ice

said spinner.

4. The gas turbine engine as recited in claim 3, comprising a passageway that

communicates said buffer supply air from said buffer system to said interior portion.

5. The gas turbine engine as recited in claim 1, wherein said hardware includes a

static nosecone.

6. The gas turbine engine as recited in claim 1, wherein said first bleed air supply
is sourced from a stage of one of a fan section and a compressor section of the gas

turbine engine.

7. The gas turbine engine as recited in claim 1, wherein said conditioning device

is a heat exchanger.

8. The gas turbine engine as recited in claim 1, wherein the gas turbine engine is

a geared turbofan engine.

12
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0. The gas turbine engine as recited in claim 1, wherein said buffer system
includes a second bleed air supply and a valve that selects between said first bleed air
supply and said second bleed air supply to communicate said buffer supply air to said

hardware.

10. The gas turbine engine as recited in claim 1, wherein said buffer system

includes a controller that selectively operates said conditioning device.
11. The gas turbine engine as recited in claim 1, wherein the buffer system

communicates a buffer supply air to hardware of a fan section of the gas turbine

engine.

13
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12. A gas turbine engine, comprising:

a fan section;

a compressor section in fluid communication with said fan section;

a combustor in fluid communication with said compressor section;

a turbine section in fluid communication with said combustor;

at least one shaft that interconnects at least a portion of said compressor
section and said turbine section; and

a buffer system that communicates a buffer supply air to at least a spinner of

said fan section to anti-ice said spinner.

13. The gas turbine engine as recited in claim 12, wherein said buffer system
includes a first bleed air supply and a conditioning device that conditions said first

bleed air supply to render said buffer supply air.

14. The gas turbine engine as recited in claim 12, wherein said buffer system
includes a first bleed air supply, a second bleed air supply, a valve that selects
between said first bleed air supply and said second bleed air supply, and a
conditioning device that conditions one of said first bleed air supply and said second

bleed air supply to render said buffer supply air.

15. The gas turbine engine as recited in claim 12, comprising a geared architecture

that drives said fan section at a lower speed than said compressor section.

16. The gas turbine engine as recited in claim 12, wherein the gas turbine engine

is a high bypass geared aircraft engine having a bypass ratio of greater than six (6).

17. The gas turbine engine as recited in claim 12, wherein the gas turbine engine

includes a low Fan Pressure Ratio of less than 1.45.

14
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18. A method of buffering portions of a gas turbine engine, comprising:
communicating a buffer supply air to at least one bearing structure, the bearing
structure defining a bearing compartment; and
communicating the buffer supply air from the bearing compartment to anti-ice

hardware of a fan section of the gas turbine engine.

19. The method as recited in claim 18, wherein the hardware of the fan section

includes a spinner.
20. The method as recited in claim 18, comprising the step of:

cooling a bleed air supply prior to the steps of communicating the buffer

supply air.

15
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