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The gas turbine engine can have a gas path extending in serial flow communication across a compressor, a combustion chamber,
and a turbine, the turbine having at least one multistage turbine section having a front toward the combustion chamber and a rear
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(57) Abrege(suite)/Abstract(continued):

opposite the front, a plenum radially outward of the gas path, and a plurality of aperture sets interspaced from one another between
the front and the rear, the aperture sets providing fluid flow communication from the plenum to the gas path, and a cooling air path
having an outlet fluidly connected to the plenum at the rear of the plenum.



ABSTRACT

The gas turbine engine can have a gas path extending in serial flow communication
across a co'mpressor, a combustion chamber, and a turbine, the turbine having at least
one multistage turbine section having a front toward the combustion chamber and a
rear opposite the front, a plenum radially outward of the gas path, and a plurality of
aperture sets interspaced from one another between the front and the rear, the aperture
sets providing fluid flow communication from the plenum to the gas path, and a cooling

air path having an outlet fluidly connected to the plenum at the rear of the plenum.
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GAS TURBINE ENGINE AND COOLING AIR CONFIGURATION FOR
TURBINE SECTION THEREOF

TECHNICAL FIELD

[0001] The application related generally to gas turbine engines and, more particularly,

to turbine sections.
BACKGROUND OF THE ART

[0002] In order to control the temperature of components of turbine sections of gas
turbine engines, it was known to circulate cooling air from front to rear in a plenum
disposed radially externally to the turbine section. Apertures leading radially internally
were provided to allow the cooling air to exit the plenum and access the components to
be cooled. While such cooling air configurations were satisfactory to a certain degree,

there remained room for improvement.
SUMMARY

[0003] In one aspect, there is provided a gas turbine engine comprising a gas path
extending in serial flow communication across a compressor, a combustion chamber,
and a turbine, the turbine having at least one muiltistage turbine section having a front
toward the combustion chamber and a rear opposite the front, a plenum radially
outward of the gas path, and a plurality of aperture sets interspaced from one another
between the front and the rear, and the aperture sets providing fluid flow

communication from the plenum to the gas path, and a cooling air path having an outlet

fluidly connected to the plenum at the rear of the plenum.

[0004] In another aspect, there is provided a method of cooling a turbine section of a
gas turbine engine, the method comprising : conveying cooling air in a plenum
surrounding a main gas path in the turbine section, from a rear of the turbine section
towards a front of the turbine section, in a direction contrary to the direction of the main
gas path, and leaking a plurality of cooling flows from the plenum to the main gas path,

at a plurality of axially interspaced positions.
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DESCRIPTION OF THE DRAWINGS
[0005] Reference is now made to the accompanying figures in which:
[0006] Fig.1 is a schematic cross-sectional view of a gas turbine engine; and

[0007] Fig. 2 I1s a schematic cross-sectional view of a multistage turbine section of a

gas turbine engine.
DETAILED DESCRIPTION

[0008] Fig. 1 illustrates an example of a gas turbine engine. [n this example, the gas
turbine engine is a gas turboprop engine 10 of a type preferably provided for use in
subsonic flights, generally comprising in serial flow communication an intake 11 through
which air is drawn to subsequently be compressed by compressors 12. Fuel is added
to the compressed air in a combustor 13 for the combustion of the fuel and air mixture.
Combustion gasses then expand to drive turbine 14. In the specific case of a turboprop
engine, a power shaft 15 connected to one of the turbine 14 projects forwardly to
transmit a driving force to a propeller shaft 16 via a reduction gearbox generally shown

at 17. Other types of gas turbine engines can have corresponding arrangements.

[0009] The gas path across the compressor 12, combustion chamber 13, and the
turbine 14 can be referred to as the main gas path, and is typically annular in
configuration, the gas turbine engine 10 having a generally cylindrical geometry

centered around an axis of the power shaft 15.

[0010] The turbine 14 can include one or more turbine sections, and indeed, it is
common for gas turbine engines to include in sequence both a high pressure (HP)
turbine section 22 and a low pressure (LP) turbine section 20 housed in distinct
casings. Typically, both the low pressure turbine section 20 and the high pressure
turbine section 22 are “multistage” turbine sections in the sense that, as shown in the
example provided in Fig. 2, each one has more than one set 24, 26, 28 of rotating
blades and one or more sets 30, 32 of non-rotating vanes axially interspersing the sets
of rotating blades 24, 26, 28. Each set of blades 24, 26, 28 includes a plurality of
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circumferentially interspaced blades and each set of vanes 30, 32 includes a plurality of

circumferentially interspaced vanes.

[0011] The end of the turbine sections 20, 22 which receives the hot gas from the
combustor and therefore serves as the inlet for the main gas path will be referred to
herein as the front 34, or the front end, whereas the end of the turbine sections 20, 22
which communicates with the exhaust section and therefore serves as the outlet of the
main gas path will be referred to as the rear 36, or rear end. It will be understood that
the words front and rear are used herein for the sake of simplicity and ease of
reference, to facilitate the distinction of one end from the other, and are not intended to
refer to an orientation of the engine or of its axis relative to the position of the earth.
Accordingly, in the context of this specification, a turbine section of a gas turbine engine
having a vertically oriented axis would be referred to as having a front end and a rear
end even though the expressions upper end and lower end may be better adapted to

that specific scenario.

[0012] An example of a multi-stage turbine section 22 is presented in Fig. 2. In this
specific example, the multi stage turbine section 22 includes three blade sets 24, 26, 28
axially interspersed by two vane sets 30, 32. The multi stage turbine section 22 has a
front 34 which is fluidly connected to receive hot gasses directly or indirectly from the
combustor 13, and a rear 36 which conveys the hot gasses directly or indirectly to an
exhaust section. A plenum 38 is provided radially externally to the blade sets 24, 26, 28
and vane sets 30, 32. The plenum 38 is contained by a radially inner wall 42, a radially
outer wall 40, a front wall 44, and a rear wall 46. In this embodiment, the radially inner

wall 42 is a power turbine housing, and the radially outer wall 40 is a turbine support

case. In this specific example, the multi-stage turbine section is a low pressure turbine
section 22, although it will be understood that in another embodiment, the multi-stage
turbine section can be a high pressure turbine section 20, for instance. Accordingly, In
this case, the front wall 44 of the plenum 38 can connect an inter-turbine vane area 48
and the rear wall 46 of the plenum 38 can connect the turbine exhaust casing (not

shown), for instance. These latter features, and the amount of vanes sets and blade

sets, can vary in alternate embodiments.
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[0013] A plurality of aperture sets 50, 52, 54, 56 are provided across the radially inner
wall 42, the aperture sets 50, 52, 54, 56 being axially interspaced from one another
along the plenum 38. The aperture sets 50, 52, 54, 56 lead radially internally to provide
a path for the cooling air in the plenum 38 to cool corresponding hot turbine
components. The expression “set” is used to refer to the fact that there can be a
collection of occurrences circumferentially interspaced in disposition. For instance, a
blade set has a plurality of circumferentially interspaced blades, and an aperture set
can have a plurality of circumferentially interspaced apertures. This relates to the
annuiar configuration of the gas path and the generally cylindrical geometry of the gas
turbine engine. Alternately, an aperture set can include a radially and circumferentially
interspaced gap, whether that gap is circumferentially continuous our discontinuous.

The amount of aperture sets can vary in alternate embodiments.

[0014] In this specific embodiment, the cooling air configuration is provided with four
aperture sets 50, 52, 54, 56, each schematized with corresponding arrows leading
radially internally across the power turbine housing. In this embodiment, the aperture
sets 50, 52 near the front, where the gas has the most energy, are designed to allow a
greater flow rate of cooling air than the ones closer to the rear 54, 56, and this Is
especially true for the second aperture set 52 which leads to the blade shroud 60 and
which has the greatest flow rate of the four sets. In alternate embodiments, the number
of aperture sets can vary and the set which provides the greatest flow rate can be
another one of the sets. The cooling air circulated in the plenum 38 can be compressed
air obtained from the compressor 12, for instance, as it will be understood that there

must be a pressure differential, and a sufficiently high pressure of air in the plenum 38,

for the cooling air to flow from the plenum 38 to the turbine components and into the

main gas path.

[0015] In a first scenario the cooling air can be introduced into the plenum 38 across
the front wall 44. In this scenario, the air will circulate first across the first and second

aperture sets 50, 52, and continue on to reach the third 54 and eventually the fourth 56
aperture set. In this sequence, the cooling air will tend to be strongly swallowed by the

first and second aperture sets 50, 52, especially given the fact that the second aperture
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set 52 allows the greatest flow rate (combination of fluid circulation cross-section,

pressure differential, and any other relevant aerodynamic consideration) of all aperture
sets Iin this embodiment. The flow rate continuing inside the plenum 38 after the second
aperture set 52 will equal the sum of the flow rates across the third and fourth aperture
sets 54, 56 In this embodiment, and will correspond to less than half of the flow rate
across the front wall 44. The velocity of the cooling air will depend on the flow rate and
the fluid circulation cross section (in addition to other aerodynamic considerations), and
if the fluid circulation cross section downstream of the second aperture set 52 is
comparable to the fluid circulation cross section upstream of the second aperture
set 52, the velocity of the cooling air will be lower downstream of the second aperture
set 52. The expression fluid circulation cross-section refers to a cross-sectional area

generally perpendicular to the direction of fluid flow.

[0016] The flow rate through aperture sets 50, 52, 54, 56 depends on the pressure
differential, and the absolute pressure in the plenum 38 can decrease downstream of
the second aperture set 52 due to evacuation of fluid across the second aperture
set 52. The circulating cooling air flow will pick up heat from the power turbine housing,
and when it ultimately reaches the fourth aperture set 56, leading to the third power
turbine vane set 28, the cooling efficiency will be limited by the flow rate (affected by
amount of remaining cooling air and by pressure in plenum 38, and any other relevant
aerodynamic consideration) and the temperature of the cooling air across the fourth
aperture set 56, which will be higher than the temperature of the cooling air across the
first aperture set 50. The air being strongly swallowed by the first set 50 or sets 50, 52
of apertures, in the front portion of the plenum 38, the pressure and fiow rate available
for the last set or sets of apertures 54, 56 is reduced in the rear portion of the plenum,
and this reduced amount of remaining air has received heat from the power turbine
housing as it circulates from front 34 to rear 36, and can be less effective in performing
its cooling function when it reaches the last set or sets 54, 56 of apertures at the
rear 36.

[0017] In a second scenario, rather than feeding the cooling air at the front 34 of the

plenum 38, the cooling air is conveyed and fed into the plenum 38 at the rear 36 of the
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turbine section 22, and is then circulated from the rear 36 to the front 34, in a direction
opposite to the direction of the gas in the main gas path. It was found that in some
embodiments, this second scenario can lead to better air usage. Indeed, in the
llustrated embodiment, for instance, the full pressure is available at the fourth aperture
set 56, and the flow rate across the fourth aperture set 56 being limited, a relatively high
flow rate still circulates between the fourth 56 and third 54 aperture sets. The fourth and
third aperture sets 56, 54 being directed respectively to the third turbine stage 32, 28
and the second turbine stage 30, 26, tip clearance of the blades 26, 28 of these stages
may be better controlled than in the first scenario. Indeed, it will be understood that in
this scenario, for a given embodiment, the velocity of the air circulating between the
fourth and third aperture sets 56, 54 will be greater than the velocity of the air circulating
in the first scenario presented above. The amount of heat per amount of gas received
from the power turbine housing will be lower in the second scenario than in the first
scenario because the heat will be distributed to more gas (given volume of gas at
higher pressure), and the time of exposure of the gas to the heat of the power turbine
housing will be reduced given the higher velocity. The gain in efficiency can be
achieved by positioning the inlet 62 of the plenum 38 (or otherwise said the outlet 62 of
the cooling air path 64) in a manner for the cooling air path to reach aperture sets
having smaller fluid flow cross-sectional areas (aperture sets 54 and 56 in this case)
before reaching the aperture set having the greatest fluid flow cross-sectional area
(aperture set 52 In this case), for instance. Using specifically sized apertures for the
aperture sets associated to the different turbine stages, one can control how much air is

fed from the plenum 38 to satisfy the air requirement for each stage.

[0018] In the embodiment illustrated, a cooling air path 64 is provided radially externally
to the plenum 38, to allow the cooling air to reach the inlet of the plenum 38, at the rear
36 of the turbine section 22. More specifically, the cooling air path is provided by an
additional casing 66 provided externally to the turbine support case. In an alternate
embodiment, the cooling air path 64 can be embodied in a different manner. For

Instance, the cooling air path 64 can be provided in the form of an external tube.
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[0019] The above description iIs 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. For example, while the example
presented above and Illustrated presents the cooling air configuration and the
associated turbine section in the context of a turboprop engine, other embodiments can
be adapted to the turbine sections of other gas turbine engines, such as turbofan or
turboshaft engines, for instance. While the example presented above and illustrated
was presented in the context of a low pressure turbine section, it will be understood that
other embodiments can be adapted to the context of higher pressure turbine sections.
Still other 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.
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CLAIMS

1. A gas turbine engine comprising a gas path extending in serial flow communication
across a compressor, a combustion chamber, and a turbine, the turbine having at ieast
one multistage turbine section having a front toward the combustion chamber and a
rear opposite the front, a plenum radially outward of the gas path, and a plurality of
aperture sets interspaced from one another between the front and the rear, the aperture
sets providing fluid flow communication from the plenum to the gas path, and a cooling

air path having an outlet fluidly connected to the plenum at the rear of the plenum.

2. The gas turbine engine of claim 1 wherein each one of the aperture sets includes a

plurality of circumferentially interspaced apertures.

3. The gas turbine engine of claim 1 wherein the aperture sets include at least a first
aperture set, and a second aperture set, and a third aperture set at corresponding axial
positions from the front to the rear, the first aperture set having a cross-sectional flow
area greater than a cross-sectional flow area of either one of the second aperture set or

the third aperture set.

4. The gas turbine engine of claim 3 wherein one of said aperture sets provides fluid
flow communication from the plenum to the gas path via a shroud of a pressure turbine

blade stage.

5. The gas turbine engine of claim 4 wherein the pressure turbine blade stage is a first
stage of the multistage turbine section, further comprising a pressure turbine vane
stage adjacent the first stage, towards the rear, and a second pressure turbine blade

stage adjacent the pressure turbine vane stage, towards the rear, the second aperture

set providing fluid flow communication to the gas path via a shroud of the pressure

turbine vane stage.

6. The gas turbine engine of claim 3 wherein the third aperture set provides fluid flow
communication from the plenum to the gas path immediately upstream of a rearmost

pressure turbine blade stage of the multistage turbine section.

7. The gas turbine engine of claim 3 wherein the aperture sets further include at least a
fourth aperture set, the fourth aperture set being located axially between the first

aperture set and the front of the multistage turbine section.
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8. The gas turbine engine of claim 3 wherein the first aperture set is located closer to
the front than to the rear of the multistage turbine section.

9. The gas turbine engine of claim 1 wherein the plenum has a radially inner wall and a
radially outer wall, further comprising a cooling air path wall radially outwardly of the
radially outer wall of the plenum, the cooling air path extending between the cooling air

path wall and the radially outer wall of the plenum.

10. The gas turbine engine of claim 1 wherein the cooling air path is provided In the
form of a tube extending radially outwardly of the plenum.

11. The gas turbine engine of claim 1 wherein the cooling air path has an inlet

connected to collect compressed air from the compressor.

12. The gas turbine engine of claim 1 wherein the plenum extends radially between a

turbine housing and a turbine support case.

13. The gas turbine engine of claim 1 wherein the multistage turbine section is a low
pressure turbine section, the turbine further having a high pressure turbine section
fluidly connected between the low pressure turbine section and the combustion

chamber.

14. The gas turbine engine of claim 13 wherein the plenum extends axially between an

inter turbine vane area at front and turbine exhaust case at rear.

15. A method of cooling a turbine section of a gas turbine engine, the method
comprising : conveying cooling air in a plenum surrounding a main gas path in the
turbine section, from a rear of the turbine section towards a front of the turbine section,

in a direction contrary to the direction of the main gas path, and leaking a plurality of

cooling flows from the plenum to the main gas path, at a piurality of axially interspacead

positions.

16. The method of claim 15 further comprising conveying cooling air from a compressor

of the gas turbine engine to the plenum.

17. The method of claim 15 wherein the axially interspaced cooling flows have different

flow rates, one of said cooling flows having a greater flow rate than the flow rates of the
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other cooling flows, said cooling flow having the greater flow rate being located closer o

a the front of the turbine section than to the rear of the turbine section.

18. The method of claim 17 wherein the cooling flow having the greater flow rate Is
conveyed across a shroud of a first pressure turbine blade stage of a multiple stage

turbine section, relative the fluid flow direction, and other ones of the cooling flows are

directed to other ones of the stages.

19. The method of claim 15 further comprising receiving hot gasses produced by the
combustor from the front of the turbine section, extracting energy from the hot gasses
via a plurality of blade stages of the turbine section, and exhausting the hot gasses

towards the rear.

10
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