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(54) Gas turbine engine internal air system

(57) In a gas turbine engine internal cooling system
a high pressure turbine disc is cooled by an air flow di-
rected at the face of the disc by nozzles formed in the
inner platforms of the downstream guide vane annulus.
A proportion of the cooling air collected in a plenum ad-
jacent the disc is inducted into a second part of the vane
internal cooling system is via a multi-pass system of

passages is used to cool the vane internally and is ex-
hausted through trailing edge apertures into the gas
stream. Because of the variation of temperature and
static pressure across the radial distance of the annular
gas stream the air flow is metered internally and distrib-
ute between exit apertures along the height of the vane
trailing edge to provide required cooling and exit flow.
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Description

[0001] The invention relates to a gas turbine engine
internal air system. In particular the invention concerns
the control and distribution of internal cooling air in the
guide vanes of a high pressure turbine section of a gas
turbine propulsion engine.
[0002] An engine internal air system has several im-
portant functions to perform for the safe and efficient op-
eration of the engine. These include internal engine
cooling, prevention of hot gas ingestion into the turbine
disc cavities, cooling static and rotary components
amongst others. Since an increasing amount of work is
done on the air as it progresses through the compressor
the air is usually taken as early as possible from the
compressor commensurate with the requirements of
each particular function. However in the case of cooling
functions etc. in the region of a high pressure turbine the
air is normally derived from a late stage of the compres-
sor so that considerable work has been performed on it
so it must be efficiently controlled and distributed in or-
der to minimise performance losses.
[0003] In the HP turbine section cooling air is used to
control the temperature of both static and rotative com-
ponents, nozzle guide vanes and discs etc, by either
cooling or heating them to ensure even temperature dis-
tribution to improve efficiency by controlling thermal
growth. Thus blade tip and seal clearances may be
maintained at optimum dimensions to maximise effi-
ciency. High thermal efficiency requires high turbine en-
try temperature and heat conduction from the turbine
blades into the turbine disc requires the disc to be cooled
to prevent thermal fatigue and to control expansion and
contraction rates and nozzle guide vanes must also be
cooled internally. A particular problem arises in the HP
turbine where in the latest generation of engines partic-
ular attention is paid to cooling the first stage disc and
the immediately following nozzle guide vane annulus.
These NGV's incorporate trailing edge film cooling ap-
ertures so that internal distribution of cooling air inside
the NGV is important as well as controlling the flow of
air through the exit apertures into the gas path.
[0004] According to one aspect of the present inven-
tion a gas turbine engine internal air system including a
multi-pass cooling arrangement for airfoil members in a
non-rotary turbine stage wherein, in use, cooling flow
from a source of cooling fluid flow is directed through a
first passage in each of the airfoil members into a ple-
num adjacent a disc of a neighbouring rotary stage, and
the airfoil members are each formed with a second in-
ternal cooling passage including an entry orifice com-
municating with the plenum and a number of exit aper-
tures at least one of which receives cooling flow from
the second cooling passage via fluid flow restricting
means which restricts fluid flow through said aperture
relative to at least one other of the exit apertures.
[0005] The invention will now be described in greater
detail with reference, by way of example only, to an em-

bodiment illustrated in the accompanying drawing.
[0006] Referring now to the drawing there is shown at
2 a high pressure (HP) turbine rotor assembly compris-
ing a disc 4 which carries a multiplicity of HP turbine
blades, one of which is indicated at 6, spaced apart cir-
cumferentially around its outer periphery. In the partic-
ular example this is a shroudless turbine stage so that
a series of shroud liner segments 8 are arranged cir-
cumferentially end-to-end around the interior of a tur-
bine casing 10 encircling the rotor assembly. A clear-
ance distance is maintained between the tips of turbine
blades 6 and the inner circumferential surface of liner
segments 8 by means of a tip control clearance system
not shown in the drawing, and which is not of concern
to the present invention.
[0007] Immediately downstream of the HP turbine
stage there is an annular array of HP turbine nozzle
guide vanes, of which one is indicated at 12, partly cut-
away to reveal its internal cooling system. A multiplicity
of such NGV's 12 are arranged in part circumferential
segments between inner and outer segmented annular
platforms 14,16 respectively in end-to-end relationship
around the annular gas path. Each NGV has an internal
cooling system divided into two parts: the first part com-
prises a leading edge passage 20 which receives a ra-
dially inward flow of cooling air from a manifold 22 en-
circling the annular stator stage and directs it into an
inner plenum, and a second multi-pass part which re-
ceives air from the plenum and exhausts it into the gas
stream.
[0008] Cooling air in manifold 22 is derived from a
bleed (not shown) in the HP compressor section of the
engine and is first used for cooling the guide vane lead-
ing edge passages 20 because of their relatively high
temperature. This first pass of the cooling air is ducted
radially inwards from manifold 22 through the engine
casing 10 into radially outer ends of each the guide vane
passages 20. The cooling air passes down the leading
edge passage 20 in a radially inward direction and exits,
through a pre-swirl exit nozzle 24 formed in the inner
NGV platform 16, into an inner plenum chamber 26 ad-
jacent the rear face of HP turbine disc 4. The pre-swirl
nozzles 24 are angled so as to direct air at the rear face
of disc 4 with a circumferential component of swirl
matching the rotation of the disc, at least partially, in or-
der to minimise energy input to the air.
[0009] Plenum 26 acts as a source of internal air for
several functions. Roughly half of the air flow through
the plenum 26 is drawn into the second part of the in-
ternal cooling system of the NGV's 12. The air is drawn
from plenum 26 through a series of straight, i.e. radial,
entry apertures 28 formed in the underside of inner plat-
forms 16 into an internal passage 30 in the interior of
the NGV.
[0010] Relative to the direction of flow in the gas path
this passage 30 is behind the leading edge passage 20,
in a downstream direction, and separated therefrom by
dividing wall 29 on its upstream side. The passage 30
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leads in the downstream into a trailing edge cavity 39 in
flow communication with exit apertures 32,34 towards
the trailing edge 36 of the vane which exhaust into the
gas stream. The passage 30 is defined on its down-
stream side by a radially outward extending internal wall
38 which extends circumferentially between the side
walls of the internal cavity and radially part way from
inner platform 16 towards outer platform 18. Over the
radially outer end of internal wall 38 there is thus defined
a throat through which internal air passes into the trailing
edge cavity 39. A plurality of substantially parallel, lon-
gitudinally extending ribs 40,42 which extend between
the downstream side of the radial wall 38 and the trailing
edge of the cavity 39. The first, radially outer rib 40, near
to or at the tip of wall 38, acts as an air flow metering
means and partitions the trailing edge exhaust aper-
tures into an outer group 32 and a radially inner group
34. Further ribs 42, substantially parallel to rib 40, ex-
tend longitudinally from internal wall 38 towards the
downstream limit of the internal cavity 39.
[0011] Temperature and pressure conditions are not
uniform in the annular gas path. It is found that, generally
speaking, gas path temperatures are highest towards
the radially outer regions but that static pressure head
of the gas stream is lowest towards the radially inner
regions. As a result therefore, the exit apertures 32,34
are best sized accordingly to take account of where ex-
tra cooling air is required, and where flow is best restrict-
ed to avoid unfavourable flow bias. The two groups of
exit apertures 32,34 are thus fed internally with cooling
air through a distribution system, utilising the internal
ribs 40,42, which takes account of the varying gas path
pressures and temperatures. The first, radially outer rib
40 which extends from wall 38 to the trailing edge 36
and partitions the apertures of differing sizes thereby
functioning as a flow metering rib to limit flow to the ra-
dially inner apertures 34 in the region of lowest gas path
pressures. Flow through the larger apertures 32 is de-
termined by the total area of the apertures and the pres-
sure drop between the cavity 39 upstream of the rib 40
and the gas stream in the vicinity of the radially outer
region of the gas path. Flow through the smaller aper-
tures 34 is determined by the total area of the aperture
and the pressure drop between the cavity 39 down-
stream of the rib 40 and the gas stream in the vicinity of
the radially inner region of the gas path.
[0012] The further ribs 42 are used in the illustrated
embodiment for cooling enhancement by increasing the
surface area of the internal cavity in contact with cooling
flow thereby enhancing heat absorption in the region of
the lower cooling flow. The metering effect of the rib 40
and the total areas of the cooling flow exit apertures
32,34 are balanced to produce a required cooling effect.
The further cooling ribs 42 may serve a secondary me-
tering function to distribute exit flow between the remain-
ing exit apertures.
[0013] In the embodiment illustrated, and being de-
scribed, the internal passage 30 has several internal

cooling enhancement ribs 37 which, as previously men-
tioned, increase the internal surface area of the cooling
passage exposed to cooling flow. As shown these ribs
37 are formed as internal collars but other configurations
may be chosen to suit a particular vane and operating
environment. Similarly in other embodiments the size,
shape, number etc. of cooling exit apertures and flow
distributing metering ribs may be selected as appropri-
ate. Also, although the flow restricting means in the il-
lustrated embodiment comprises a metering rib other
ways of metering flow may be employed, for example,
a flange pierced by at least one aperture may be used,
the size of the aperture or apertures producing the re-
quired pressure drop and maximum flow rate.

Claims

1. A gas turbine engine internal air system including a
multi-pass cooling arrangement for airfoil members
in a non-rotary turbine stage wherein, in use, cool-
ing flow from a source of cooling fluid flow is directed
through a first passage in each of the airfoil mem-
bers into a plenum adjacent a disc of a neighbouring
rotary stage, and the airfoil members are each
formed with a second internal cooling passage in-
cluding an entry orifice communicating with the ple-
num and a number of exit apertures at least one of
which receives cooling flow from the second cooling
passage via fluid flow restricting means which re-
stricts fluid flow through said aperture relative to at
least one other of the exit apertures.

2. A gas turbine engine internal air system as claimed
in claim 1 wherein the exit apertures are located in
the trailing edge of the airfoil.

3. A gas turbine engine internal air system as claimed
in claim 1 or claim 2 wherein the fluid flow restricting
means comprises an internal orifice restriction.

4. A gas turbine engine internal air system as claimed
in claim 3 wherein the internal orifice restriction is
formed in a flow passage by a restricting member
in close proximity to an adjacent passage wall.

5. A gas turbine engine internal air system as claimed
in claim 4 wherein the restricting member compris-
es a cooling enhancement rib extending across the
interior of the cooling passage.

6. A gas turbine engine internal air system as claimed
in any preceding claim comprising part of a multi-
pass internal cooling system for a nozzle guide
vane.
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