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(57) Abregée/Abstract:

A gas turbine engine component support assembly (30) comprises a pair of ring members (64) and (74) defining a slot in which
a cranked flange (28) extending from the inner surfaces of an array of combustion chamber discharge nozzles (22) is located.
One part (28B) of the cranked flange has projections (28C) which engage with radial slots (76) formed in one of the ring
members (74) to provide cross-key location of the discharge nozzles. The support assembly (30) Is located adjacent the radially
inner platform of an array of nozzle guide vanes (20), and also provides support and location for the vanes.
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ABSTRACT 2117241

A gas turbine engine component support assembly (30)
comprises a pair of ring members (64) and (74) defining a
slot in which a cranked flange (28) extending from the
inner surfaces of an array of combustion chamber discharge
nozzles (22) is located. One part (28B) of the cranked
flange has projections (28C) which engage with radial
slots (76) formed in one of the ring members (74) to
provide cross-key location of the discharge nozzles. The
support assembly (30) is located adjacent the radially
inner platform of an array of nozzle guide vanes (20), and

also provides support and location for the vanes.

[Fig. 2]
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IMPROVEMENTS IN OR RELATING TO GAS TURBINE ENGINES

The present invention relates to axial flow gas
turbine engines, in particular to static structures for
locating and supporting combustion chamber discharge
nozzles and the nozzle guide vanes downstream of such

discharge nozzles.

A conventional present day axial flow gas turbine
engine normally comprises, in axial flow sequence, a
compressor section, a combustor (which may be radially
disposed), in which compressed air from the high pressure
compressor is mixed with fuel and burnt, and a turbine
section driven by the products of combustion. In the case
of an aeroengine (excluding turboshaft aeroengines), all
the power developed by the turbine section is used to
drive the compréssor section, which can include a fan
propulsor. In the case of a turboshaft engine, or an
engine adapted for electrical power generation or marine
propulsion, the turbine section has an upstream part which
is used to drive the compressor section, and a downstiream
part comprising a poWer turbine on a power offtake shaft
which rotates independently of the rest of the turbine

section. | |
Note that in the present specification, the terms

"upstream” and "downstream" refer to the direction of
compressed alr and combustion gas flows through the axial

flow compressors and turbines of axial flow gas turbine
engines. Hence, for a component associated with a main gas

passage of such a ‘turbine or compressor, the upstream

direction is towards the front of the engine and the

downstream direction is towards its rear.
The products of combustion pass from the combustor

through discharge nozzles to the ({first stage of the
£urbine through an array of nozzle guide vanes. These
nozzle gquide vanes must be supported and located both
axially and radially to cope with the dynamic and thermal

loads occurring during engine operation.



10

15

20

25

30

35

2117241
- -

The downstream end of the combustor must also be
located and supported in such a way that it can cope with
the dynamic and thermal loads which occur during engine
operation. Furthermore, the support and location of the
nozzle guide vanes and the downstream portion of the
combustor should be such that loads applied to nozzle
guide vanes do not impose loads upon the downstream

portion of the combustor and vice versa.

An object of the present invention 1is to provide
improved means for supporting and locating the downstream
portion of the combustor relative to the nozzle guide vane

array.

Accordingly, the present invention provides an axial
flow gas turbine engine including combustion chamber
discharge nozzle means and an array of nozzle guide vanes
located downstream of the discharge nozzle means, the
nozzle quide vanes having inner platforms with upstream
portions extending towards the downstream end of the
discharge nozzle means, the discharge nozzle means being
cross-key located and supported by a support assembly
positioned adjacent- the upstream portions of the 1inner
platforms of the nozzle guide vanes, the support assembly
comprising ring means defining an axially extending
annular slot, the discharge nozzle means having flange
means located in the annular slot, the flange means having
angularly spaced radial projections located in complemen-
tary apertures providéd in the the ring means.

Preferably, the support assembly, in combination with
the inner platforms, defines an annular chamber adjacent
the upstream portions of the inner platforms, the support
assembly having cooling air metering holes therein for the
flow of cooling air into the annular chamber and the
upstream portions of the inner platforms having cooling
holes therein for flow of cooling air out of the annular
chamber onto outer surfaces of the inner platforms,

thereby to film cool the outer surfaces.
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The support assembly may comprise outer and inner
ring members having respective co-extending portions which
are secured in contact with each other along contact
faces.

The outer ring member may comprise a forwardly
extending flange having an outwardly turned flange portion
which cooperates with the nozzle guide vanes' inner
platforms to help define the annular chamber for the
supply of cooling air to the cooling air holes in the
inner platform extension. The outer ring member preferably
also comprises means for receiving location features
provided on the nozzle guide vanes' inner platforms.

The inner ring member may comprise a forwardly
extending flange, which in conjunction with the forwardly
extending flange of the outer ring member defines the
axially extending annular slot for location of the flange
means of the discharge nozzle means. To complete cross-key
location of the discharge nozzle means, the forwardly
extending flange of the inner ring member can be formed
with a plurality of angularly spaced slots for cooperation
with the radial projections on the flange means.

The present invention will now be more particularly

described with reference to the accompanying drawings 1in

which:
Fig. 1 shows diagrammatically an axial flow gas

turbine engine;
Fig. 2 shows a portion of a gas turbine engine to a

‘larger scale, incorporating an embodiment of the present.

invention; and
Fig. 3 shows a partially developed view on arrow A in

Fig. 2.

Referring to Fig.l, a gas turbine engine 10 comprises
a compressor 12, a combustor 14 and a turbine 1l6. The
combustor 14 is of the can-annular type; that is, there

are a number of combustion chambers each having separate
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but circumferentially closely adjacent or contiguous
discharge nozzles, the combustion chambers being located
in an annular casing. In Fig. 1 the annular casing is not
shown but each combustion chamber is indicated at 18 and
an array of nozzle guide vanes 20 is located between the
downstream end of the combustion chambers 18 and the first
stage of the turbine 16.

Although the combustion chamber 18 1is shown as
axially disposed, some industrial and power generating
engines have combustion chambers which are radially
disposed, at least at their upstream ends, and the embodi-
ment of Fig. 2 is particularly applicable to these.

Referring more particularly to Fig. 2, this shows the
axially disposed downstream portion 18A of a combustion
chamber 18 and the nozzle guide vanes 20 in more detail.
Each combustion chamber 18 has a discharge nozzle 22 and
the combination of the discharge nozzles 22 define a
generally annular outlet divided by radially extending
side walls 23 of each discharge nozzle 22. Each discharge
nozzle has on its radially outer surface a circumferen-
tially and radially extending flange 24, termed a "rail".
Flanges or rails 24 on the individual discharge nozzles 22
together form a circumferential ring. Each rail 24 1s
provided with a plurality of circumferentially spaced
apart cooling air holes 26.

The radially inner wall 18B of each discharge nozzle
22 is provided with a circumferentially and inwardly
extending cranked flange 28 having an outer part 28A
inclined to the axial and radial directions and an axially.
extending inner part 28B. Flanges 28 of adjacent discharge
nozzles abut each other so that the outer parts 28A of the
flanges 28 collectivély form a frustum and the inner parts
28B collectively form a cylinder. Part 28A 1S provided
with a plurality of circumferentially spaced apart cooling
air holes 28C and part 28B is provided with a row of
circumferentially spaced apart radially inwardly extending
projections or teeth 28D. The flange part 28B and the
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projections 28D engage with a support structure 30, which
will be described in more detail below.

Each nozzle guide vane 20 comprises an aerofoil
portion 32, which is cast integrally with an outer plat-
form 34 and an inner platform 36. Platforms 34 and 36 are
provided with dogs 38 and 40 respectively, which are held
in a conventional manner in static structure (not shown)
of the engine, in order to locate the vanes and to support
them against loads imposed during engine operation.

The outer and inner platforms have forwardly project-
ing extensions '34A and 36A, respectively, which extend
towards the outer and inner walls 18A,18B, respectively,
of the discharge nozzles 22. The upstream ends of the
platform extensions 34A,36A overlap and embrace the
downstream ends of the discharge nozzles' outer and inner
walls such that respective gaps 35,37 remain for a flow of
film cooling air onto the platforms past their upstream
edges. Both of the extensions 34A and 36A are additionally
provided with holes 34B and 36B respectively for renewing
and adding to the flow of film cooling air over the
platforms.

A sheet metal seal assembly 42 is arranged to provide
a seal between the outer platforms 34 of the nozzle guide
vanes 20 and the adjacent parts of the discharge nozzles
92 of the combustion chambers 18. This seal assembly 42
comprises inner and outer ring members 44 and 46, which
extend axially in contact with each other and are secured
together by circumferentially spaced rivets 54. Inner ring
44 has two inwardly directed flanges 44A and 44B at. its
axially opposed ends, whereas outer ring 46 is. provided
with an inwardly directed flange 46A at its rear end and
an outwardly turned flexible lip 46B at its front end.

The flanges 44A and 46A of the rings 44 and 46 are
axially spaced by an amount sufficient to allow the seal
assembly to clip over a short radially projecting flange
or rail 34C on the outer platform 34 of each nozzle guide
vane 20. Flanges 44A and 46A are sufficiently engaged with
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the rails 34C that the forward end of the outer ring 46
resiliently engages the rails 24 on the discharge nozzles
22 and the flange 44B of inner ring 44 slides over the
upstream end of the extended platform portion 34A. The

‘angled lip 46B provides a lead in to aid insertion of the

discharge nozzles 22 during assembly of the engine.
As the means of support 30 for the discharge nozzles

22 is at an inner location, the seal assembly 42 only
needs to provide a seal and a controlled cooling air flow.
In order to avoid opposing thermal loading across the
radial height of the discharge nozzle between the inner
support and the outer seal assembly, the outer seal

assembly 42 is as flexible as possible.

Referring particularly to Fig. 3, the outer ring 46
is provided with a plurality of spaced apart very narrow
slots 50 which terminate in small holes 52 drilled only
through ring 46. Slots 50 render the upstream or forward

end of ring 46 sufficiently flexible to allow assembly of

the engine and to allow for relative radial movement
between the discharge nozzles 22 and the nozzle guide
vanes 20 during engine operation. In the present instance,
holes 52 and slots 50 are shown as provided between every

‘alternate pair of rivets 54 to obtain the desired flexi-

bility in a high grade proprietary sheet alloy, such as
Haynes 25 (Trade Mark), with a thickness of about lmm.

Inner sheet metal ring 44 can conveniently be made of the
same material. The small holes 52 are stress relieving

features to prevent overstressing of the sheet material at

‘the rear ends of the slots as it flexes during assembly’

and operation of the engine.

Cooling air inlet holes 56, drilled through both
rings 44 and 46, are provided to allow air to enter the
outer annular space 58 created between the seal assembly
42 and the outer platform extension 34A of the nozzle
guide vanes 20. Air entering through holes 56 feeds the
outflow of air through the circumferential row of cooling
holes 34B in platform extensions 34A. Holes 34B are angled
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rearwardly and are sufficiently closely spaced to enable
the air flowing out of them to spread out and perform a
film cooling function, as known per se, on the inner

surface of the nozzle guide vane platform 34.
Also, cooling air can enter through the drillings 26

in the rails 24. This supplements the air flow through the
slots 50 and leakage flow between ring 46 and rail 24 to
cool the outsides of the discharge nozzles 22 and ensure a
flow of film cooling air through the gap 35 between the
outsides of the discharge nozzles and the inner surfaces
of the upstream ends of the nozzle guide vane outer
platform extensions 34A.

It will be appreciated that the seal assembly 42 acts
only as a seal between the discharge nozzle 22 and the
nozzle quide vanes 20 and does not provide any mechanical
support for these components. It also helps to meter
cooling air supplies to the outer surfaces of the dis-
charge nozzles 22 and the outer platforms 34 of the nozzle
guide vanes 20.

The discharge nozzle and nozzle guide vane support
assembly 30 comprises outer and inner ring members 60 and
72 which both have radially inner radially co-extending
portions 61,73 whiCh are sec'ured together in contact with
each other along plane contact faces Dby circumferentially
spaced bolts (not shown).

The outer part of ring member 60 comprises a fprward—
ly extending flange 62 having a radially outwardly turned
flange or lip 64, the rear face of which engages, Or is

closely adjacent to, the forward edge of the vane's 1inner.

platform extension 36A. This defines a chamber 70 for the
supply of cooling air to the row of rearwardly inclined
holes 36B in the inner platform extension 36A, which
fulfil a similar purpose to the holes 34B in the outer
platform. The outer part of ring member 60 also comprises
a rearwardly extending portion 65 having a circumferen-
tially extending slot 66 in which front lugs or flanges
36C of the nozzle guide vane inner platforms 36 are
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located. Holes 68 are drilled through the radially outer
part of ring member 60 so that the chamber 70 is supplied
with cooling air. The other feature of ring member 60 1is
the circumferentially spaced array of teeth 69 provided at
the rear of portion 65. These teeth 69 are provided, as
known, to engage with neighbouring static structure (not
shown) to provide cross-—kéy location for the front of the
nozzle guide vanes 20.

The inner ring member 72 has a forwardly extending
flange 74, which in conjunction with the forwardly extend-
ing flange 62 of ring member 60 defines an annular slot or
mouth 75 sized to receive the rearwardly extending inner
part 28B of the cranked flange 28 supporting the discharge
nozzle 22. To complete cross-key location of the discharge
nozzles, flange 74 is formed with a plurality of circum-
ferentially equi-spaced slots 76 in which are received
corresponding teeth 28D projecting inwardly from the
flange part 28B.

Assembly 30 is a simple two component arrangement
which provides a controlled circumferential mouth 75 for
supporting and locating the downstream end of the dis-
charge nozz.les and provides adequate seallng and control
of cooling flows to the inner platforms of the nozzle
gulde vanes. This means Of supporting the downstream ends
of the combustion chambers 18 allows relative axial
movement between the discharge nozzles 22 and the nozzle
guide vanes 20, whilst reacting other dynamic and thermal
loading occurring during engine operation. Also, in the
event of engine surge, 'when the direction of foxces.
generated by the air passing through the discharge nozzles
is reversed, the arrangement will provide them with the
necessary positive location.

The overall combination of the inner seal and support
assembly 30 and the outer seal assembly 42 further pro-
vides a minimum of opposing thermal loads across the
radial height of the discharge nozzle side walls 23
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between the inner and outer supporting and sealing ar-

rangements.
It should be noted that the part 28A of the flange 28

is provided with cooling air inlet openings 28C, supple-
mented by leakage flow through the slots 76 past the part
28B, so cooling the undersides of the discharge nozzles 22
and ensuring a flow of cooling air through the gap between
the underside of the discharge nozzles and the upstream
ends of the outer surfaces of the nozzle guide vane inner
platform extensions 36A.

A matter of interest concerning the nozzle guide vane
platform extensions 34A,36A 1is connected with reducing
aerodynamic losses. The extension of the platforms to
embrace and overlap the outlet from the discharge nozzles
22 reduces or eliminates the bow wave effect which would
otherwise arise if the outlet from the discharge nozzles
22 was aligned with the inlet to the nozzle guide vanes 20
defined by the outer platform 34. The presence of a ‘bow
wave causes hot streaks on the platforms of the nozzle
guide vanes due to impingement of the hot combustion gases
on the surfaée. This is detrimental to component perior-

mance and life.

It will be appreciated from the above that, in
cooperation with the flanges 28 and 24 on the discharge
nozzles 22, the seal assemblies 30 and 42 are intended to
provide adequate sealing at the interface between the
discharge nozzles and the nozzle guide vanes and control
cooling air flows to the nozzle guilde vane outer plat-

forms, while producing an even distribution of cooling:ailr:

flow into the main flow.
One of the advantages of seal assembly 42 is that no

significant additional loads are imposed on the nozzle
guide vanes because it allows relative thermal expansion
between the inner support assembly 30, the discharge
nozzles 22 and the outer seal assembly itself without
creating opposing thermal loads across these three compo-
nents. Such additional 1loads could interfere with the
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freedom of the individual nozzle guide vanes to tilt along
the lengths of their existing chordal seals (such as
flanges 36C, 38 and 40 in Fig.2) in response toO differen-

tial loads.
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CLAIMS

1. An axial flow gas turbine engine including combustion
chamber discharge nozzle means and an array of nozzle guide vanes
located downstream of the discharge nozzle means, sald discharge
nozzle means having a downstream end, the nozzle guide vanes
having inner platforms with upstream portions extending towards
the downstream end of the discharge nozzle means, the discharge
nozzle means being cross-key located and supported by a support
assembly positioned adjacent the upstream portions of the inner
platforms of the nozzle guide vanes, the support assembly
comprising ring means defining an axially extending annular slot,
the discharge nozzle means having flange means located in the
annular slot, the flange means having angularly spaced radial

projections located in complementary apertures provided in the

ring means.

2. An axial flow gas turbine engine according to claim 1,
wherein the support assembly, in combination with the 1inner
platforms, defines an annular chamber adjacent the upstream
portions of the inner platforms, the support assembly having
cooling air metering holes therein for the flow of cooling air
into the annular chamber and the upstream portions of the inner
platforms having cooling holes therein for flow of cooling air
out of the annular chamber onto outer surfaces of the inner

platforms, thereby to film cool the outer surfaces.

3. An axial flow gas turbine engine according to claim 1
or claim 2, wherein the support assembly comprises outer and
inner ring members having respective co-extending portions which

are secured in contact with each other along contact faces.

4 . An axial flow gas turbine engine according to claim 2 1in
which the outer ring member comprises a forwardly extending

flange having an outwardly turned flange portion
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which cooperates with the nozzle gquide vanes' inner

platforms to help define the annular chamber for the

supply o©0f cooling air to the cooling air holes in the

~inner platform extension.

5. An axial flow gas turbine engine according to claim 3
or claim 4 in which the outer ring member includes means
for receiving location features provided on the nozzle

guide vanes' inner platforms.

6. An axial flow gas turbine engine according to claim
4, in which the inner ring member comprises a forwardly
extending flange, which in conjunction with the forwardly
extending flange of the outer ring member defines the
axially extending annular slot for ioéation of the flange

means of the discharge nozzle means.

7. An axial flow gas turbine engine according to claim
6, in which the forwardly exteriding flange of the inner
ring member is formed with a plurality of angularly spaced
slots for cooperation with the radial projections on the

flange means.
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