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(57) Abrégée/Abstract:

A gas turbine engine turbine cooling system (137) includes an impeller (32) and a diffuser (42) directly downstream of the impeller
(32), a bleed for bleeding clean cooling air (97) from downstream of the diffuser (42), and one or more channels (150) In fluid
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(57) Abrege(suite)/Abstract(continued):

communication with the bleed. Each of the channels (150) having a generally radially extending section (162) followed by a
generally axially aftwardly extending section (163) terminating at an annular cooling air plenum (164) connected to accelerators
(165). The radially and axially aftwardly extending sections (162, 163) may be connected by a bend section (173) of the cooling air
channel (150) and the axially aftwardly extending section (163) may be angled radially inwardly going from the bend section (173)
to the cooling air plenum (164). Each of the cooling channels (150) includes an inner wall (152) formed by a forward end wall (96)
extending radially outwardly from an inner combustor casing (47), an annular cover (120) covering a radially inner portion (108) of
the forward end wall (96), and the inner combustor casing (47).




|
CA 02687800 2009-12-10

235484-2

TURBINE COOLING AIR FROM A CENTRIFUGAL COMPRESSOR

ABSTRACT

A gas turbine engine turbine cooling system (137)

P

includes an impeller (32) and a diffuser (42) directly

downstream of the impeller (32), a bleed for bleeding

P

clean cooling air (97) from downstream of the diffuser

(42), and one or more channels (150) 1in fluid

communication with the bleed. Each of the channels (150)

having a generally radially extending section (162)

followed by a generally axially aftwardly extending

section (163) terminating at an annular cooling air

plenum (164) connected to accelerators (1lo65). The

radially and axilally aftwardly extending sections (162,

163) may be connected by a bend section (173) of the

cooling air channel (150) and the axially aftwardly

extending section (163) may be angled radially inwardly

going from the bend section (173) to the cooling air

*

plenum (164). Each of the cooling channels (150)

includes an inner wall (152) formed by a forward end wall

(96) extending radially outwardly from an i1nner combustor

casing (47), an annular cover (120) covering a radially

inner portion (108) of the forward end wall (96), and the

inner combustor casing (47).
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TURBINE COOLING AIR FROM A CENTRIFUGAL COMPRESSOR

+]

BACKGROUND OF THE INVENTION

TECHNICAL FIELD

The present invention relates generally to gas turbine

engines having centrifugal compressors and, more

specifically, supplyling turbine coollng alr from a

centrifugal compressor.

BACKGROUND INFORMATION

A conventional gas turbine engine typically 1ncludes a
compressor, combustor and turbine, both rotating turbine
components such as blades, disks and retalners, and
stationary turbine components such as vanes, shrouds and

F
p—

frames routinely require cooling due to heating thereof

P

by hot combustion gases. Cooling of the turbine,

especially the rotating components, 1is 1mportant to the

proper function and safe operation of the engine.

Failure to adequately cool a turbine disk and 1ts

blading, for example, by providing cooling air deficient

in supply pressure, volumetric flow rate or temperature

margin, may be detrimental to the life and mechanical

ﬁ

integrity of the turbine. Depending on the nature and

ﬁ

extent of the cooling deficiency, the 1mpact on engine

operation may range from relatively benign blade tip

distress, resulting 1n a reductlon 1n engine power and

F

useable blade life, to a rupture of a turbine disk,

resulting 1n an unscheduled engine shutdown.

Balanced with the need to adequately cool the turbine 1s

ﬁ

the desire for higher levels of engine operating

ﬁ

efficiency which translate i1nto lower fuel consumption

and lower operating costs. Since turbilne cooling air 1s

_1..._
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typically drawn from one or more stages of the compressor
and channelled by various means such as pipes, ducts and

internal passageways to the desired components, such air

is not available to be mixed with fuel, i1gnited in the

combustor and undergo work extraction 1n the primary gas

.|

flowpath of the turbine. Total cooling flow bled from

the compressor is a loss 1n the engine operating cycle,
and it 1s desirable to keep such losses to a minimum.
Some conventional engilnes employ clean alr bleed systems
to cool turbine components 1n gas turbines using an

axi-centrifugal compressor as 1s done 1n the General

FElectric CFE738 engine. The turbine coolling supply air

exits the centrifugal diffuser through a small gap
between the diffuser exit and deswlrler 1nner shroud.
This air 1s then ducted radially 1nward by expensive

g

integrally cast passages to the inside of the 1nner

combustion case where 1t i1is then ducted i1nto an

accelerator via an arduous path where the airflow must

make several 90 degree turns generating losses (and thus

F

raising the temperature of the cooling air) before going

through the accelerator. After leaving the accelerator,

this cooling air travels up along a first stage turbine

disk into a first stage turbine blade. The various turns

F

of the cooling air are a loss 1n the englne operating

cycle, and 1t 1s desirable to keep such losses to a

minimum.

BRIEF DESCRIPTION OF THE INVENTION

A gas turbiline englne turbine cooling system i1ncludes an

H

annular centrifugal compressor 1mpeller of a high

pressure rotor, an annular centrifugal compressor

fr—

impeller of a high pressure rotor, and a diffuser

ﬁ

directly downstream of the 1mpeller. A cooling air bleed

for bleeding clean coolling ailr from a bleed location 1s

F

located downstream of an outlet of the diffuser. One or

more channels are in fluid communication with the cooling

r-

alr bleed means and each of the channels has a generally

_2_
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radially extending section followed by a generally

axlially a:

terminate

"twardly extending section. The channels

at and are 1n fluilid communication with an

annular cooling air plenum which 1s in fluid supply

communication with one or more accelerators.

gr—

An exemplary embodiment of the system 1ncludes the

cooling ailir bleed means having an annular manifold 1n

an outlet

fluid communication with the bleed location downstream of

B

P

of the diffuser and the bleed location located

where compressor discharge pressure alr enters a deswir]

H

cascade along an 1nternal radius portion of the deswir]

cascade.

An annular combustor stator assembly i1ncluded a

radially extending forward end wall extending radially

outwardly

from and jJoined to an 1nner combustor casing, a

ﬁ

radially outer portion of the forward end wall being an

aft wall of the diffuser, and a stator plenum disposed

between and in fluid communication with the impeller and

the annular cavity. The stator plenum 1s bounded by a

ﬁ

radially 1nner portion of the forward end wall and an

pr—

annular cover spaced axlally aftwardly of the radially

P

inner portion of the forward end wall. FEach of the

cooling channels has a channel inner wall running along a

P

radially outer portion of the forward end wall, the

annular cover, and the 1inner combustor casing.

The generally radially and axially aftwardly extending

sections may be connected by a bend section of the

cooling alr channel and the generally axially aftwardly

extending

section may be angled radially inwardly going

from the bend section to the coolling alr plenum.

Circumferentially spaced apart channel side walls may

extend outwardly from and be attached to the channel

inner wall and a channel outer wall may be spaced

outwardly from the channel 1nner wall and attached to the
channel side walls. Each of the cooling channels may
terminate at an aft conical section of the inner

combustor

casling between the annular cooling air plenum

_3_.
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and the cooling channels. Cooling alr apertures are

disposed through the aft conical section between the

annular cooling air plenum and the cooling channels.

+1

BRIEEF DESCRIPTION OF THE DRAWINGS

FIG. 1 1s a sectional view illustration of a gas turbine

engilne having a centrifugal compressor impeller forward

thrust apparatus.

FIG. 2 1s an enlarged sectional view illustration of the

gas generator 1llustrated in FIG. 1.

P

FIG. 3 1s an enlarged sectional view 1llustration of the

centrifugal compressor and the forward thrust apparatus
1llustrated 1n FIG. 2.

FIG. 4 1s an enlarged sectional view i1llustration of the

forward thrust apparatus and a turbine cooling system
11lustrated in FIG. 3.

n

fuser

FIG. 5 1s a perspective view 1llustration of a di:
and 1nner combustor casing in the gas generator
1llustrated in FIG. 4.

g

FIG. 6 1s a perspective view illustration of a cover over

the diffuser and inner combustor casing forming a plenum

therebetween 1n the gas generator illustrated in FIG. 4.

H

FIG. 7 1s a perspective view 1llustration of conical

diffusion holes through which impeller aft bleed air is

diffused into the plenum illustrated in FIG. 3.

ﬁ

FIG. 8 1s an enlarged sectional view illustration o:

bleeding impeller tip aft bleed flow between the impeller

and the diffuser and into the forward thrust apparatus
1llustrated in FIG. 4.

DETAILED DESCRIPTION OF THE INVENTION

Illustrated in FIG. 1, gas turbine engine 8 with a high
_4_
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pressure gas dgenerator 10 having a single stage

centrifugal compressor 18 as a final compressor stage and

an axlal forward thrust apparatus 34 for maintaining a

forward thrust on the high pressure rotor (12) for

helping to maintaln or control clearances or gaps between

the high pressure rotor 12 and stator throughout the high

pressure gas generator 10. Further referring to FIG. 2,

the high pressure gas generator 10 has a high pressure

rotor 12 including, 1n downstream flow relationship, a

high pressure compressor 14, a combustor 52, and a high

pressure turbine lo. The rotor 12 is rotatably supported

about an engine centerline 28 by a forward bearing 20 in

ke

a front frame 22 and a rear bearing 24 disposed

F

downstream of high pressure turbine 16 in a turbine frame
26.

The exemplary embodiment of the compressor 14 illustrated

hereiln 1ncludes a five stage axial compressor 30 followed

by the single stage centrifugal compressor 18 having an

annular centrifugal compressor impeller 32. Outlet guide
vanes 40 are disposed between the five stage axial

compressor 30 and the single stage centrifugal compressor

18. Further referring to FIGS. 3 and 5, compressor

discharge pressure (CDP) air 76 exits the impeller 32 and

passes through a diffuser 42 and then through a deswirl

cascade 44 1nto a combustion chamber 45 within the
compustor 5Z. The combustion chamber 45 is surrounded by

annular radially outer and inner combustor casings 46,

47. Ailr 76 1s conventionally mixed with fuel provided by

pr—

a plurality of fuel nozzles 48 and ignited and combusted

1n an annular combustion zone 50 bounded by annular

radially outer and inner combustion liners 72, 73.

The combustion produces hot combustion gases 54 which

flow through the high pressure turbine 16 causing

rotation of the high pressure rotor 12 and continue

—

downstream for further work extraction in a low pressure

turbine 78 and final exhaust as is conventionally known.

- 5 -
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In the exemplary embodiment depicted herein, the high

pressure turbine 16 1includes, in downstream serial flow

relationship, first and second high pressure turbine

stages oo, 50 having first and second stage disks 60, 62.

A high pressure shaft 64 of the high pressure rotor 12

connects the high pressure turbine 16 in rotational

driving engagement to the impeller 32. A first stage

nozzle 66 1s directly upstream of the first high pressure

turbine stage 55 and a second stage nozzle 68 is directly

F

upstream of the second high pressure turbine stage. An

annular cavity 74 1s radially disposed between the inner

combustor casing 47 and the high pressure shaft 64 of the

high pressure rotor 12.

Referring to FIG. 3, the compressor discharge pressure

F

(CDP) air 76 1s discharged from the impeller 32 of the

centrifugal compressor 18 and used to combust fuel in the

ﬁ

combustor 52 and to cool components of turbine 16

subjected to the hot combustion gases 54; namely, the

L

"1rst stage nozzle 66, a first stage shroud 71 and the

first stage disk 60. The compressor 14 includes a

forward casing 110 and an aft casing 114 as more fully
1llustrated in FIGS. 1 and 2. The forward casing 110

generally surrounds the axial compressor 30 and the aft

casing 114 generally surrounds the centrifugal compressor

- po—

‘user 42 directly downstream of

18 and supports the di

the centrifugal compressor 18. The compressor discharge

pressure (CDP) air 76 1s discharged from the impeller 32

r—

of the centrifugal compressor 18 directly into the

diffuser 42.

Referring to FIGS. 2, 3, and 4, the impeller 32 includes

p

a plurality of centrifugal compressor blades 84 radially

extending from rotor disc portion 82. Opposite and

axlally forward of the compressor blades 84 is an annular

plade tip shroud 90. The shroud 90 is adjacent to blade

ﬁ

Lips 86 of the compressor blades 84 defining an annular

blade tip clearance 80 therebetween. The blade tip
_6_
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clearance 80 wvaries 1n axial width W in a radial

direction R as measured from the engine centerline 28.

It 1s desirable to minimize the blade tip clearance 80
during the engine operating cycle and avoid or minimize
rubs between the shroud 90 and the blade tips 86 of the

compressor blades 84, particularly, during engine

accelerations such as during cold bursts.

gr—
pren

ficient forward rotor thrust to

It 1s known to provide su:

properly operate the 1mpeller 32 1n order to minimize the

blade tip clearance 80 during the engine operating cycle

1n general to maintaln or control clearances between the

high pressure rotor 12 and stator throughout the high

pressure gas generator 10. The forward thrust apparatus

34 1s designed to provide this forward rotor thrust and

1s 1llustrated in more detail in FIGS. 4-7.

Referring to FIGS. 3 and 4, an annular combustor stator

assempbly 94 1includes an annular radially extending

forward end wall 96 extendlng radially outwardly from and
jolned to the i1nner combustor casing 47 by an annular
pend 98. The exemplary annular combustor stator assembly

94 1llustrated herein 1s a unitary one piece element made

from a single or one piliece casting. A radially outer

portion of the forward end wall 96 forms an aft wall 100

of the diffuser 42. An impeller bleed means 101 for

bleeding 1mpeller tip aft bleed flow 102 from between the
impeller 32 and the diffuser 42 and flow the aft bleed

flow 102 1nto an annular stator plenum 104 of the annular
combustor stator assembly 94 as illustrated in greater
detail in FIG. 8. The stator plenum 104 is bounded by a

radlally 1nner portion 108 of the forward end wall 96 and

an annular cover 120 further illustrated in FIGS. 5 and

6. The annular cover 120 includes a cover aft wall 123

having a planar annular wall section 127 followed by a

conical wall section 131. The annular cover 120 1is

attached to the forward end wall 96 and the inner

P

combustor casing 47 and may be made of sheet metal.

- ] -
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b

The impeller tip aft bleed flow 102 is diffused through a

g

circumferentially arrayed plurality 122 of conical

diffusion holes 124 in the 1nner portion 108 of the

forward end wall 90 as further i1llustrated in FIG. 7.

The conical diffusion holes 124 are illustrated herein as

peing conical but may be otherwise shaped. The conical

diffusion holes 124 are also illustrated herein as being

axially or circumferentially or axially and

circumferentially angled which provides longer holes for

a greater amount of diffusion with lower airflow losses
through the holes.

Referring more specifically to FIGS. 3 and 4, the annular

cavity 74 which is radially disposed between the inner

F

compustor casing 47 and the high pressure shaft 64 of the

high pressure rotor 12 is axially sealed by forward and
aft thrust balance seals 126, 128. Note that the annular

cover 120 1s attached to the inner combustor casing 47

att of the forward thrust balance seal 126. The forward

thrust balance seal 120 1s located on a radially outer

gr—

surtace 135 of an aft conical arm 130 of the impeller 32

of the rotor 12 i1mmediately aft of an impeller bore 132

—

of the impeller 32. The forward thrust balance seal 126

seals against a forward thrust balance land 134 mounted

r—

on a radially inner surface 136 of the inner combustor

casing 47. The aft thrust balance seal 128 is located on

the radially outer surface 135 of the high pressure shaft

o4 of the rotor 12 and seals agalinst an aft thrust

palance land 138 mounted to and extends radially

cutwardly of a plenum casing 158 used for cooling the

high pressure turbine 16. Incorporating the rotating

B

forward thrust balance seal directly on the impeller o:

the rotor 12 provides a more efficient stator

architecture design allows for a low-loss clean air bleed

circult to cool the turbine.

High pressure alr in the stator plenum 104 is created by

diffusing the impeller tip aft bleed flow 102 through the
._8_
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P

1)

conlcal diffusion holes 124 in the inner portion 108 of

the forward end wall 96. The high pressure air in the
stator plenum 104 1s metered by precisely sized angled

metering holes 139 1in the inner combustor casing 47 (also

1llustrated in FIG. 5) to flow into the annular cavity 74

which provides a positive axial thrust in the forward
direction F on the impeller 32. This relatively higher
static pressure air 1n the stator plenum 104 pressurizes

the annular cavity 74 between the inner combustor casing

47 and the high pressure shaft 64 of the high pressure
rotor 12 (the stator and the rotor) and between the

forward and aft thrust balance seals 126, 128 which

pushes the 1mpeller 32 forward to provide the necessary

amount of forward rotor thrust.

Referring to FIGS. 4 and 5, the design of the size of the

angled metering holes 139 is used to precisely control

the amount of forward rotor thrust. The metering holes

139 are circumferentially angled. Bleeding air through

the conical diffusion holes 124 in the inner portion 108

p—— P
o

of the forward end wall 96 increases the amount of

impeller tip aft bleed flow 102 and enables the impeller

tip aft bleed flow 102 to achieve an empirically-derived

optimal amount of the impeller tip aft bleed flow rate

which, 1n turn, increases centrifugal compressor

efficiency.

A turbine cooling system 137 with very low turning losses

1s 1llustrated in FIG. 3. The turbine cooling system 137

1s used to cool high-pressure turbine (HPT) first stage

blades 92 of the first stage disk 60 with clean cooling

alr 97 1in order to minimize sand and/or dirt ingested

into HPT blade cooling passages and, thus, prevent

pr—

plocking of the small blade cooling passages and

consequent blade faillure. The clean cooling air 97 is

bled at a bleed location 95 downstream of an outlet 140

— yr—

of the diffuser 42 as the CDP air 76 enters the deswirl

cascade 44 along an internal radius portion 133 thereof.

- O —
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The clean cooling air 97 bled 1n this manner is

ﬁ

substantially free of particulate matter which could clog

fine coollng passages 1n the first stage blades 92 of the

first stage disk 60.

Referring to FIGS. 3-5, the clean cooling air 97 1s bled

into and collected 1n an annular manifold 148 and flowed

radially i1nwardly through at least one or more cooling

*

alr channels 150. The exemplary embodiment of the

turbine cooling system 137 illustrated herein includes

two cooling ailr channels 150. Each of the cooling air

channels 150 has a channel inner wall 152 formed and

Jr—

running along a radially outer portion 156 of the forward

end wall 96, the annular cover 120, and the inner
combustor casing 47. The channel inner wall 152 includes
a generally radially extending radial wall section 153
connected to a generally axially aftwardly extending

axlal wall section 155 by a curved wall section 159.

Circumferentially spaced apart channel side walls 160

extend outwardly from the channel inner wall 152. A

channel outer wall 154 spaced outwardly from the channe:
inner wall 152 1s attached to the channel side walls 160

thus sealing the cooling air channel 150. The channel

inner and outer walls 152, 154 may be made from sheet

metal. The cooling air channel 150 terminates at an aft

P

conical section 16l of the inner combustor casing 47.

The cooling air channel 150 thus includes a generally

—t

radially extending section 162 followed by a generally

axlially aftwardly extending section 163 which terminates

b

at the aft conical section 161. A bend section 173 of

the cooling air channel 150 connects the generally
radially extending section 162 to the generally axially
aftwardly extending section 163. The generally axially
aftwardly extendling section 163 is slightly angled

radially 1nwardly going from the bend section 173 to the

aft conical section 161 and the cooling air plenum 164.

This provides a substantially straight flowpath for the
- 10 -
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clean cooling air 97 with a minimal amount of flow
turning losses through the combustor 52. This provides

cooling passages 147 for the clean cooling air 97 that

run along along the radially outer portion 156 of the

forward end wall 96, the annular cover 120, and the inner

combustor casing 4/. The cooling passages 147 provide a

straight through uninterrupted flowpath through the

combustor 52 with no turning losses.

Cooling alr apertures 157 1n the aft conical section 161

allow the clean cooling air 97 to flow directly into an
annular cooling ailr plenum 164 within the plenum casing
158. The clean cooling ailr 97 1s accelerated by a one or

more accelerators 1lod attached to the plenum casing 158

at an aft end of the cooling air plenum 164. The

channels 150 terminate at and are in fluid communication
with the annular cooling alr plenum 164 which is in fluid
supply communication with the one or more accelerators

1le5. The accelerators 165 1nject the clean cooling air

97 1nto a stage one disk forward cavity 166 at a high

ﬁ

tangential speed approaching wheel speed of the first

H

stage disk 60 at a radial position of the accelerator

165. The clean cooling air 97 then flows through and
cools the stage disk 60 and the first stage blades 92.

The cooling air channels 150 terminating at the aft
conical section 161 directly bounding the cooling air

plenum 104 helps to provide a substantially straight

flowpath for the clean cooling alir 97 with a minimal

1)

amount of flow turning losses through the combustor 52.

While there have been described herein what are

k)

considered to be preferred and exemplary embodiments of

the present i1nvention, other modifications of the

invention shall be apparent to those skilled in the art

from the teachings herein and, i1t 1s therefore, desired

to be secured 1n the appended claims all such

modifications as fall within the true spirit and scope of

the i1nvention.

- 11 -
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CLAIMS

What 1s claimed is:

1. A gas turbine engine turbine cooling system

(137) comprising:

1)

an annular centrifugal compressor impeller (32) of

a high pressure rotor (12) and a diffuser (42) directly

pr—

downstream of the impeller (32),

a cooling air bleed means for bleeding clean

|

cooling air (97) from a bleed location (95) downstream of
an outlet (140) of the diffuser (42),

one or more channels (150) in fluid communication

with the cooling air bleed means,

H

each of the one or more channels (150) having a

generally radially extending section (162) followed by a

generally axlally aftwardly extending section (163), and

the one or more channels (150) terminating at and

1n fluid communication with an annular cooling air plenum

(164) having one or more accelerators (165).

2 . A system as claimed 1in Claim 1, further

comprising the cooling air bleed means including an

annular manifold (148) in fluid communication with the
bleed location (95) downstream of an outlet (140) of the
diffuser (42).

3. A system as claimed in Claim 2, further

B

comprising the bleed location (95) located downstream o:
an outlet (140) of the diffuser (42).

4 . A system as claimed in Claim 1, further
comprilising:

an annular combustor stator assembly (94)

including a radially extending forward end wall (96)

extending radially outwardly from and joined to an inner

combustor casing (47),

—

a radially outer portion of the forward end wall

_12_
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(96) being an aft wall (100) of the diffuser (42),

a stator plenum (104) disposed between and in

fluid communication with the impeller (32) and the

annular cavity (74),

the stator plenum (104) being bounded by a

radlally inner portion (108) of the forward end wall (96)

F
—

and an annular cover (120) spaced axially aftwardly of

the radially inner portion (108) of the forward end wall
(96), and

each of the cooling channels (150) having a

channel 1nner wall (152) running along a radially outer

portion (156) of the forward end wall (96), the annular

cover (120), and the 1inner combustor casing (47).

o. A system as claimed 1n Claim 4, further

comprising:

the annular cover (120) including a cover aft wall

(123) having a planar annular wall section (127) followed

by a conical wall section (131),

circumferentially spaced apart channel side walls
(160) extending outwardly from and attached to the
channel 1inner wall (152), and

a channel outer wall (154) spaced outwardly from
the channel 1nner wall (152) and attached to the channel

side walls (160).

0. A system as claimed 1in Claim 5, further

r—

comprising each of the cooling channels (150) terminating

at an aft conical section (161) of the inner combustor
casing (47) between the annular cooling air plenum (164)

and the coollng channels (150) and cooling air apertures

(157) disposed through the aft conical section (161)
petween the annular cooling air plenum (164) and the

cooling channels (150).

7. A system as claimed 1n Claim 1, further

comprising the generally radially and axially aftwardly

_13_
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extending sections (162, 163) being connected by a bend

section (173) of the cooling air channel (150) and the

generally axilally aftwardly extending section (163) being

angled radially inwardly going from the bend section

(1/3) to the cooling air plenum (164).

3 . A system as claimed in Claim 7, further
comprising the bleed location (95) located where

compressor discharge pressure air (76) enters a deswirl

1)

cascade (44) along an 1nternal radius portion (133) of

the deswirl cascade (44).

9. A gas turblne engine assembly comprising:
a combustor (52) between a high pressure

compressor (14) and a high pressure turbine (16),

a high pressure rotor (12) including a centrifugal

compressor (18) having an annular centrifugal compressor

ﬁ

impeller (32) directly adjacent to and downstream of a
diffuser (42),

a cooling air bleed means for bleeding clean

)

cooling air (97) from a bleed location (95) downstream oO:
an outlet (140) of the diffuser (42),

one or more channels (150) in fluid communication

with the cooling air bleed means,

—

each of the one or more channels (150) having a

generally radially extending section (162) followed by a

generally axially aftwardly extending section (163), and

the one or more channels (150) terminating at and

in fluid communication with an annular cooling air plenum

(164) having one or more accelerators (165).

10. An engine as claimed in Claim 9, further
comprising:

an annular combustor stator assembly (94)

1ncluding a radially extending forward end wall (96)

extending radially outwardly from and joined to an inner

combustor casing (47),

_14_
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a radially outer portion of the forward end wall

(90) being an aft wall (100) of the di:
disposed between and in

(32) and the

ﬁ
p—

fuser (42),

a stator plenum (104)

fluid communication with the impeller

annular cavity (74),
the stator plenum (104) being bounded by a

(108) of the forward end wall (96)

radially 1nner portion
(120) spaced axially aftwardly of

108) of the forward end wall

and an annular cover

the radially 1inner portion (

(96), and
- the cooling channels (150) having a

each of
formed by and running along a

radially outer portion (156) of the forward end wall

(96), the annular cover (120),

channel inner wall (152)

and the 1nner combustor

casing (47).

_15...
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