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(54) TURBINE ENGINE ADVANCED COOLING SYSTEM

(57) A cooling system for a gas turbine is provided
that may include a drive shaft, a shield of a combustor
of the gas turbine engine, and a conduit. The drive shaft
may be configured to mechanically couple a compressor
of the gas turbine engine to a turbine of the gas turbine
engine. The shield may be positioned between the com-
pressor and the turbine. The combustor may be config-
ured to drive the turbine. The conduit may be configured
to supply a cooling fluid to a gap between an outer surface
of the drive shaft and the shield of the combustor.
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Description

TECHNICAL FIELD

[0001] This disclosure relates to turbine engines and,
in particular, to cooling systems of turbine engines.

BACKGROUND

[0002] Advancements in turbine engine design are
leading to increased fuel efficiency. However, designs
leading to increased fuel efficiency may have increased
run temperatures and increased fatigue on engine parts.

SUMMARY

[0003] A cooling system for a gas turbine engine may
be provided. The cooling system may include a drive
shaft, a shield of a combustor of the gas turbine engine,
and a conduit. The drive shaft may be configured to me-
chanically couple a compressor of the gas turbine engine
to a turbine of the gas turbine engine. The shield of the
combustor of the gas turbine engine may be positioned
between the compressor and the turbine. The combustor
may be configured to drive the turbine with a stream of
gas. The conduit may be configured to supply a cooling
fluid to a gap between an outer surface of the drive shaft
and the shield of the combustor.
[0004] A gas turbine engine may be provided that in-
cludes a compressor, a turbine, a drive shaft, a combus-
tor, and a conduit. The compressor may be linked to the
turbine by the drive shaft. The combustor may be ar-
ranged between the compressor and the turbine. An out-
er surface of the drive shaft and a shield of the combustor
may define an annular space along a length of the drive
shaft. The conduit may be configured to supply a cooling
fluid to the annular space along the length of the drive
shaft.
[0005] A method may be provided for cooling a drive
shaft of a gas turbine engine. A cooling fluid may be rout-
ed through a conduit to a gap between a panel and an
outer surface of the drive shaft. The drive shaft may link
a compressor and a turbine of the gas turbine engine.
The panel may at least partially wrap around the drive
shaft.

BRIEF DESCRIPTION OF THE DRAWINGS

[0006] The embodiments may be better understood
with reference to the following drawings and description.
The components in the figures are not necessarily to
scale. Moreover, in the figures, like-referenced numerals
designate corresponding parts throughout the different
views.
[0007] FIG. 1 illustrates a gas turbine engine with a
cooling system for the same.

DETAILED DESCRIPTION

[0008] A gas turbine engine may comprise, for exam-
ple, a compressor, a turbine, a drive shaft, a combustor,
a shield, and a cooling system. The drive shaft may me-
chanically link the compressor to the turbine. The shield
may be positioned between the drive shaft and the com-
bustor. The shield and the combustor may be positioned
between the compressor and the turbine.
[0009] The cooling system in the gas turbine engine
may include one or more conduits. A conduit may supply
a cooling fluid, such as air, to an annular space or gap
along the drive shaft. The annular space may be defined
by the shield and an outer surface of the drive shaft.
[0010] One technical advantage of the systems and
methods described below may be that the compressor
may operate at increased temperatures, increasing en-
gine efficiency, but causing greater thermal stresses on
engine parts. Cooling engine parts which heretofore have
not been previously cooled may counteract negative ef-
fects on reliability of the compressor or other parts of the
turbine engine otherwise caused by increased thermal
stresses.
[0011] FIG. 1 illustrates an example of a gas turbine
engine 100. The gas turbine engine 100 may include a
compressor 102, a turbine 104, a drive shaft 106, a com-
bustor 108, a shield 110 between the combustor 108 and
the drive shaft 106, and a cooling system 101. The gas
turbine engine 100 may be an engine in which air or an-
other gas is heated in the combustor 108, and the gas
expands to drive blades 126 (one shown) of the turbine
104. Examples of the gas turbine engine 100 may in-
clude, but are not limited to, a turbojet engine, a turbofan
engine, and a turboshaft engine. The gas turbine engine
100 may be referred to herein simply as the engine 100.
[0012] The compressor 102 of the engine 100 may be
a mechanical component that increases the pressure of
a fluid, such as air that enters the engine 100. The com-
pressor 102 may have an axial design and may include
one or more stages comprising stationary blades 118
and rotating disks 120, the rotating disks 120 coupled to
blades 122 that rotate with the disks 120. The disks 120
may be coupled to, or integral with, the drive shaft 106
or another shaft mechanically coupled to the drive shaft
106. Alternatively, the compressor 102 may have a cen-
trifugal design and may include one or more stages com-
prising stationary blades, rotating impeller disks, and a
drive shaft, among other components. Examples of com-
pressors may include axial flow compressors, centrifugal
flow compressors, or any other type of device that com-
presses a fluid, including, but not limited to compressors
which compress a fluid without any moving parts.
[0013] The turbine 104 may be a mechanical device
that converts energy from a fluid flow, such as from the
heated gas that flows from the combustor 108, to rota-
tional energy. The turbine 104 may include one or more
stages comprising stationary blades (not depicted), ro-
tating turbine disks 124 (one shown) coupled to rotating
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blades 126, and a drive shaft 106, among other compo-
nents. Examples of turbines may include impulse tur-
bines and reaction turbines.
[0014] The drive shaft 106 may be a mechanical com-
ponent that transmits torque (rotational force) between
two components. The drive shaft 106 may mechanically
couple the compressor 102 to the turbine 104. In some
configurations, the compressor 102 and the turbine 104
may be separate sections interconnected to one another
via multiple drive shafts. As such, the drive shaft 106 may
comprise a single part or multiple parts. The drive shaft
106 may be a solid or hollow cylinder or some other
shaped component. In the example illustrated in FIG. 1,
the drive shaft 106 comprises an extension 158 of the
compressor 102 and an extension 159 of the turbine 104,
where the extension 158 of the compressor 102 is cou-
pled to the extension 159 of the turbine 104 by a fastener
180.
[0015] The combustor 108 may be a component in
which a fuel is mixed with compressed air, ignited, and
burned. The combustor 108 may include, for example, a
case 112, a liner 130, and a fuel injector 128. Examples
of the combustor 108 may include can combustor, a can-
nular combustor, and an annular combustor.
[0016] The shield 110 may be a protective barrier po-
sitioned between the combustor 108 and the drive shaft
106. Alternatively or in addition, the shield 110 may be a
panel that wraps at least partially or completely around
the drive shaft 106. The panel may serve to limit turbu-
lence around the drive shaft 106 caused by the rotation
of the drive shaft 106. The shield 110 may form an outer
wall of an annular space 156 or gap, where an outer wall
of the drive shaft 106 forms an inner wall of the annular
space 156 or gap. Examples of the shield 110 may in-
clude a heat shield, a curved panel, and a panel of any
shape. As described in more detail below, the cooling
fluid may flow through the annular space 156.
[0017] The cooling system 101 may be one or more
components that cool a target portion of the engine 100.
The cooling system 101 may include a heat exchanger
116, a first conduit 150, a second conduit 152, a radial
pre-swirler 154, and an axial pre-swirler 155. The cooling
system 101 may include additional, fewer, or different
components than illustrated in FIG. 1. For example, the
cooling system 101 may not include the heat exchanger
116. The cooling system 101 may provide a cooling fluid,
such as cooling air 190 or cooled cooling air 192 to the
target portion of the engine 100. Each of the conduits,
including the first conduit 150 and the second conduit
152, may be a channel or pathway, not necessarily of
circular cross-section, which conveys the cooling fluid
such as the cooled cooling air 192 or the cooling air 190.
[0018] A compressor rear cone 160 may be a portion
of the drive shaft 106 or a portion of the compressor 102
where the radius of the drive shaft 106 or the radius of
the portion of the compressor 102 increases to encom-
pass or meet a compressor disk 120. The compressor
rear cone 160 and the drive shaft 106 may also be distinct

parts coupled to one another.
[0019] During operation of the cooling system 101 and
the gas turbine engine 100, the cooling system 101 may
bleed the cooling air 190 off of the compressor 102 or
some other source, and route the cooling air 190 to the
heat exchanger 116. The heat exchanger 116 may in
turn produce the cooled cooling air 192. The conduits,
such as the first conduit 150 and a conduit formed by the
shield 110 and case 112, may route the cooled cooling
air 192 to one or more target locations. In a first config-
uration, the cooling system 101 may mix the cooled cool-
ing air 192 with compressor discharge air 191 to provide
sufficient flow through the axial pre-swirler 155 to cool
upper turbine components. The compressor discharge
air 191 may have a higher pressure than the cooled cool-
ing air 192. Accordingly, mixing the compressor dis-
charge air 191 and the cooled cooling air 192 may raise
the pressure of the cooled cooling air 192 to provide suf-
ficient flow through the axial pre-swirler 155. The com-
pressor discharge air 191 may include compressor outlet
air 114 that passes through a combustor chamber 189.
The compressor outlet air 114 may be compressed air
that exits the compressor 102, for example, through a
diffuser 198. The compressor discharge air 191 may pass
from the combustion chamber 189 through a hole (not
shown) in the case 112 and then mix with the cooled
cooling air 192. In a second configuration of the cooling
system 101, the cooling system 101 may not mix the
cooled cooling air 192 with the compressor discharge air
191. In a third configuration of the cooling system 101,
the cooling system 101 may not include the heat ex-
changer 116. Examples of the cooling system 101 may
include an air cooled cooling system, a liquid cooled sys-
tem, or any combination thereof.
[0020] The first conduit 150 may be a tube configured
to route the cooling fluid from the heat exchanger 116 or
other source to a gap or an annulus 157 formed between
the case 112 of the combustor 108 and the shield 110.
In an alternative example, the first conduit 150 may run
through or along the compressor discharge diffuser 198.
The second conduit 152 may comprise all or a portion of
the gap 156 between the shield 110 and a portion of the
drive shaft 106. The gap 156 may be referred to herein
also as an annular space. The cooling fluid, such as the
cooled cooling air 192, mixed with the compressor dis-
charge air 191 of higher pressure, may be routed from
the annulus 157 between the case 112 and the shield
110 through the radial pre-swirler 154. The cooling fluid
156 may the flow through all or a portion of the second
conduit 152. The radial pre-swirler 154 may be any com-
ponent configured to direct the cooling fluid in a direction
of rotation of the drive shaft 106. In some examples, the
radial pre-swirler 154 may accelerate the cooling fluid to
substantially the same rotational speed of the drive shaft
106.
[0021] A first portion 194 of the cooling fluid in the an-
nulus 157 between the case 112 of the combustor 108
and the shield 110 may be routed through the axial pre-
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swirler 155 toward a turbine disk 124 of the turbine 104.
A second portion 196 of the cooling fluid may be routed
to the second conduit 152 and flow along the drive shaft
106. A pressure applied against the cooling fluid may
force the cooling fluid to flow along the second conduit
152 in the annular space 156. The second portion 196
of the cooling fluid may flow toward the compressor 102
through the second conduit 152, between the shield 110
and the outer surface of the drive shaft 106, removing
heat from the drive shaft 106 as the cooling fluid flows.
[0022] In some configurations, not all of the second
portion 196 of the cooling fluid may flow toward the com-
pressor 102. Instead, a diverted portion 195 of the second
portion 196 cooling fluid exiting the radial pre-swirler 154
may flow against a base 125 of the turbine disk 124.
Alternatively, the diverted portion 195 of the cooling fluid
may come from another source or conduit.
[0023] The second portion 196 of the cooling fluid may
continue to flow along the outer surface of the drive shaft
106 including along an outer surface 163 of the compres-
sor rear cone 160. The cooling fluid may pass along the
outer surface 163 of the compressor rear cone 160 and
join the compressor outlet air 114.
[0024] The second conduit 152 may include a flow re-
strictor 162 within the second conduit 152. The flow re-
strictor 162 may be a knife seal, a pressure regulator, or
any other suitable device. The flow restrictor 162 may
govern the flow within the second conduit 152 to limit or
prevent the compressor outlet air 114 from flowing into
the second conduit 152. In addition, the flow restrictor
162 may allow the cooling fluid to flow through the second
conduit 152 and into the compressor outlet air 114, there-
by cooling the drive shaft 106 and, in some examples,
the compressor rear cone 160. In some examples, the
flow restrictor 162 may limit the flow of the cooling fluid
so as to limit efficiency loss from the cooling fluid joining
the compressor outlet air 114.
[0025] The gas turbine engine 100 may include more,
fewer, or different elements than illustrated in FIG. 1. For
example, the gas turbine engine 100 may also include
one or more compressor sections operating independ-
ently from one another and driven by one or more turbine
sections connected by separate and independent drive
shafts.
[0026] As indicated above, the cooling system 101 may
include additional, fewer, or different components than
illustrated in FIG. 1. In some examples, the source of the
cooling fluid may be air routed from an intake fan (not
shown) of the gas turbine engine 100. The cooling fluid
may be air other than the cooled cooling air 192. Instead,
for example, the air routed from the intake fan may be
the cooling fluid that is routed to the first conduit 150
without passing through a heat exchanger.
[0027] A method of cooling the gas turbine engine 100
may be provided. The cooling fluid may be routed through
the first conduit 150 to the gap 156 between the panel
110 and the outer surface of the drive shaft 106. The
drive shaft 106 may link the compressor 102 and the

turbine 104 of the gas turbine engine100. The panel 110
may wrap around the drive shaft 106. The cooling fluid
may be routed along the outer surface of the drive shaft
106 for a length of the drive shaft 106. The length of the
drive shaft 106 and the gap 156 may span from the com-
pressor 102 to the turbine 104.
[0028] Alternatively or in addition, a flow against the
cooling fluid may be generated that is sufficient to force
the cooling fluid along the outer surface of the drive shaft
106 into compressor discharge air 114. Alternatively or
in addition, the flow against the cooling fluid may be gen-
erated that is sufficient to prevent a non-cooling fluid from
entering the gap 156 between the panel 110 and the outer
surface of the drive shaft 106. In one example, the cooling
fluid may pass through the annular space 156 extending
from the compressor rear cone 160 to the turbine disk
124.
[0029] In one example, a gas turbine engine may be
provided that includes a compressor, a turbine, a drive
shaft, a combustor, and a conduit. The compressor may
be linked to the turbine by the drive shaft. The combustor
may be arranged between the compressor and the tur-
bine. An outer surface of the drive shaft and a shield of
the combustor may define an annular space along a
length of the drive shaft. The conduit may be configured
to supply a cooling fluid to the annular space along the
length of the drive shaft.
[0030] All of the discussion, regardless of the particular
implementation described, is exemplary in nature, rather
than limiting. For example, although the cooling fluid has
been described as air, another fluid may also be used as
the cooling fluid, including, but not limited to, bleed air,
cooled air, cooled cooling air, cooled duct off-take air, or
any liquid. Duct off-take air may be air taken from a fan
bypass duct.
[0031] While various embodiments have been de-
scribed, it will be apparent to those of ordinary skill in the
art that many more embodiments and implementations
are possible. Accordingly, the embodiments described
herein are examples, not the only possible embodiments
and implementations.
[0032] The subject-matter of the present invention re-
lates, inter alia, to the following aspects:

1. A cooling system comprising:

a drive shaft configured to mechanically couple
a compressor of a gas turbine engine to a turbine
of the gas turbine engine;
a shield of a combustor of the gas turbine engine,
the shield positioned between the compressor
and the turbine, the combustor configured to
drive the turbine with a stream of gas; and
a conduit configured to supply a cooling fluid to
a gap between an outer surface of the drive shaft
and the shield of the combustor.

2. The system of aspect 1 further comprising a radial
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pre-swirler configured to direct the cooling fluid,
which is supplied by the conduit, to the gap in a di-
rection of rotation of the drive shaft.
3. The system of aspect 1, wherein the shield of the
combustor is stationary relative to the drive shaft and
the drive shaft rotates about an axis of the drive shaft.
4. The system of aspect 1, wherein the conduit is
configured to supply the cooling fluid along the outer
surface of drive shaft between the compressor and
the turbine as the drive shaft rotates.
5. The system of aspect 1, wherein the conduit is a
first conduit and a second conduit is defined by the
outer surface of the drive shaft and the shield of the
combustor.
6. The system of aspect 5, wherein the second con-
duit includes a flow restrictor.
7. The system of aspect 6, wherein the flow restrictor
comprises a knife seal.
8. A gas turbine engine comprising:

a compressor;
a turbine;
a drive shaft, the compressor linked to the tur-
bine by the drive shaft;
a combustor arranged between the compressor
and the turbine, wherein an outer surface of the
drive shaft and a shield of the combustor define
an annular space along a length of the drive
shaft; and
a conduit configured to supply a cooling fluid to
the annular space along the length of the drive
shaft.

9. The gas turbine engine of aspect 8, wherein the
annular space spans the length of the drive shaft
from a compressor rear cone shaft to where the con-
duit supplies the cooling fluid to the annular space.
10. The gas turbine engine of aspect 9, wherein the
annular space is configured to supply the cooling
fluid to mix with compressor discharge air at the com-
pressor.
11. The gas turbine engine of aspect 8, wherein the
annular space spans the length of the drive shaft
from a turbine disk of the turbine to a point where
the conduit supplies the cooling fluid to the annular
space.
12. The gas turbine engine of aspect 11, wherein the
annular space is configured to supply the cooling
fluid to the turbine disk.
13. The gas turbine engine of aspect 8, wherein the
cooling fluid is air.
14. The gas turbine engine of aspect 8 further com-
prising a heat exchanger configured to generate the
cooling fluid as cooled duct off-take air.
15. The gas turbine engine of aspect 8, wherein the
conduit is configured to direct the cooling fluid onto
the outer surface of the drive shaft.
16. A method comprising:

routing a cooling fluid through a conduit to a gap
between a panel and an outer surface of a drive
shaft, the drive shaft linking a compressor and
a turbine of a gas turbine engine, the panel
wraps around the drive shaft.

17. The method of aspect 16, further comprising rout-
ing the cooling fluid along the outer surface of the
drive shaft for a length of the drive shaft, wherein the
length of the drive shaft and the gap span from the
compressor to the turbine.
18. The method of aspect 16, further comprising gen-
erating a flow against the cooling fluid sufficient to
force the cooling fluid along the outer surface of the
drive shaft into compressor discharge air.
19. The method of aspect 18, further generating the
flow against the cooling fluid sufficient to prevent a
non-cooling fluid from entering the gap between the
panel and the outer surface of the drive shaft.
20. The method of aspect 16, further comprising rout-
ing the cooling fluid through an annular space ex-
tending from a compressor rear cone to a turbine
disk.

Claims

1. A cooling system comprising:

a drive shaft (106) configured to mechanically
couple a compressor (102) of a gas turbine en-
gine to a turbine (104) of the gas turbine engine;
a shield (110) of a combustor (108) of the gas
turbine engine, the shield (110) positioned be-
tween the compressor (102) and the turbine
(104), the combustor (108) configured to drive
the turbine (104) with a stream of gas; and
a conduit (150) configured to supply a cooling
fluid to a gap (156) between an outer surface of
the drive shaft (106) and the shield (110) of the
combustor.

2. The system of claim 1 further comprising a radial
pre-swirler (154) configured to direct the cooling flu-
id, which is supplied by the conduit, to the gap (156)
in a direction of rotation of the drive shaft (106).

3. The system of any of claims 1 to 2, wherein the shield
(110) of the combustor is stationary relative to the
drive shaft (106) and the drive shaft rotates about an
axis of the drive shaft.

4. The system of any of claims 1 to 3, wherein the con-
duit (150) is configured to supply the cooling fluid
along the outer surface of drive shaft (106) between
the compressor (102) and the turbine (104) as the
drive shaft rotates.
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5. The system of any of claims 1 to 4, wherein the con-
duit (150) is a first conduit (150) and a second conduit
(152) is defined by the outer surface of the drive shaft
and the shield (110) of the combustor.

6. The system of claim 5, wherein the second conduit
(152) includes a flow restrictor (162).

7. The system of claim 6, wherein the flow restrictor
(162) comprises a knife seal.

8. The system of any of claims 1 to 7, wherein the gap
(156) includes an annular space that spans the
length of the drive shaft (106) from a compressor
rear cone (160) to where the conduit (150) supplies
the cooling fluid to the annular space.

9. The system of claim 8, wherein the annular space is
configured to supply the cooling fluid to mix with com-
pressor discharge air (191) at the compressor.

10. The system of any of claims 1 to 9, wherein the gap
(156) includes an annular space that spans the
length of the drive shaft from a turbine disk (124) of
the turbine to a point where the conduit (150) sup-
plies the cooling fluid to the annular space.

11. The system of claim 10, wherein the annular space
is configured to supply the cooling fluid to the turbine
disk (124).

12. The system of any of claims 1 to 11, wherein the
cooling fluid is air.

13. The system of any of claims 1 to 12 further compris-
ing a heat exchanger (116) configured to generate
the cooling fluid as cooled duct off-take air.

14. The system of any of claims 1 to 13, wherein the
conduit (150) is configured to direct the cooling fluid
onto the outer surface of the drive shaft (106).

15. A method comprising:

routing a cooling fluid through a conduit (150) to
a gap (156) between a panel (110) and an outer
surface of a drive shaft (106), the drive shaft
linking a compressor (102) and a turbine (104)
of a gas turbine engine, the panel wraps around
the drive shaft.
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