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Description

[0001] The present disclosure concerns an aerofoil,
particularly an aerofoil configured to be joined to a second
component by bi-casting.

[0002] The aerofoil may be a vane, or a stator blade,
for use in a gas turbine engine. Such blades are typically
arranged to extend between two platforms and are
mounted in an endwall, which forms part of the platform.
The platform is typically a ring, around which multiple
vanes are mounted. The aerofoils are typically attached
to the platform by bi-casting. That is, the aerofoil is in-
serted into a slot, or opening in the platform, and a groove
on the aerofoil lines up with a groove on the platform,
forming a space into which liquid metal is poured. When
the metal solidifies, it joins the aerofoil to the platform
and retains it in position.

[0003] When components for the above assembly are
manufactured, clearance is typically provided between
the aerofoil and the platform. Thus, conventionally, a re-
cess or undercut may be machined into the platform,
which allows clearance between the aerofoil and the plat-
form. The undercut in the platform may be difficult to ma-
chine because the undercut is machined at the interior
of the ring, which may be difficult to access using con-
ventional machining tools.

[0004] Thus, animproved configuration of aerofoil and
platform, which is easier to manufacture, may be desir-
able.

[0005] As disclosed herein, there is provided an aero-
foil configured to be connected to a second component,
the aerofoil comprising a first face including a bi-cast
groove for joining the aerofoil to the second component
by bi-casting; a second face connected to a gas path
surface of the aerofoil; an angled sealing face between
the first and second face, the angled sealing face being
angled with respect to the second face and configured
to provide a sealing interface between the first face and
the second face; and a concave face forming a recessed
surface at the intersection of the sealing face and the
second face.

[0006] The aerofoil may comprise a through-hole, and
wherein one end of the through-hole opens at the con-
cave face.

[0007] In an arrangement, the second face may be
coated with a thermal barrier coating.

The angle between the angled sealing face and the sec-
ond face may be an obtuse angle. In an alternative ar-
rangement, the angle between the angled sealing face
and the second face may be a right angle.

[0008] The first face may be at the root of the aerofoil
or at the tip of the aerofoil.

[0009] The aerofoil may be a stator vane or a rotor
blade.

[0010] The cross-section of the recessed surface may
be a continuous curve between the sealing face and the
second face.

[0011] The cross-section of the recessed surface may
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include a discontinuity. In other words, it may have an L
shape, or include a corner.

[0012] As disclosed herein, there is also provided an
assembly comprising the aerofoil as set out above, and
the second component, wherein the aerofoil and second
component are joined by bi-cast metal filling the bi-cast
groove of the aerofoil and a corresponding bi-cast groove
on the second component.

[0013] As disclosed herein, there is also provided a
method of manufacturing an aerofoil comprising provid-
ing an aerofoil with a first face including a bi-cast groove;
a second face connected to a main body of the aerofoil;
and an angled sealing face between the first and second
face, the angled sealing face being angled with respect
to the second face and configured to seal the bi-cast
groove; and removing material at the intersection of the
angled sealing face and the second face to form a con-
cave face, thus forming a recessed surface.

[0014] As disclosed herein, there is also provided a
method of manufacturing an assembly comprising man-
ufacturing an aerofoil as set out above; and joining the
aerofoil to a second component by filling the bi-cast
groove of the aerofoil and a corresponding bi-cast groove
on the second component with bi-cast metal.

[0015] The skilled person will appreciate that except
where mutually exclusive, a feature described in relation
to any one of the above aspects may be applied mutatis
mutandis to any other aspect. Furthermore, except where
mutually exclusive, any feature described here may be
applied to any aspect and/or combined with any other
feature described herein.

[0016] Embodiments will be more clearly understood
from the following description, given by way of non-limi-
tative example only, with reference to the accompanying
drawings in which:

Figure 1 shows schematically a longitudinal cross-
section through a ducted fan gas turbine engine;

Figure 2 shows an isometric view of a typical single
stage cooled turbine;

Figure 3 shows an aerofoil and platform joined to-
gether with bi-cast grooves according to the prior art;

Figure 4 shows an aerofoil according to the present
disclosure and a platform joined using bi-casting ac-
cording to the present disclosure;

Figure 5 shows an alternative arrangement of an aer-
ofoil according to the present disclosure and a plat-
form joined using bi-casting; and

Figure 6 shows a cross-section of an aerofoil accord-
ing to the present disclosure mounted in a platform
at each of its ends, the aerofoil being joined using
bi-casting.
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[0017] With reference to Figure 1, a ducted fan gas
turbine engine generally indicated at 10 has a principal
and rotational axis X-X. The engine comprises, in axial
flow series, an air intake 11, a propulsive fan 12, an in-
termediate pressure compressor 13, a high-pressure
compressor 14, combustion equipment 15, a high-pres-
sure turbine 16, and intermediate pressure turbine 17, a
low-pressure turbine 18 and a core engine exhaust noz-
zle 19. A nacelle 21 generally surrounds the engine 10
and defines the intake 11, a bypass duct 22 and a bypass
exhaust nozzle 23.

[0018] The gas turbine engine 10 works in a conven-
tional manner so that air entering the intake 11 is accel-
erated by the fan 12 to produce two air flows: a first air
flow A into the intermediate pressure compressor 13 and
a second air flow B which passes through the bypass
duct 22 to provide propulsive thrust. The intermediate
pressure compressor 13 compresses the air flow A di-
rected into it before delivering that air to the high pressure
compressor 14 where further compression takes place.
[0019] The compressed air exhausted from the high-
pressure compressor 14 is directed into the combustion
equipment 15 where it is mixed with fuel and the mixture
combusted. The resultant hot combustion products then
expand through, and thereby drive the high, intermediate
and low-pressure turbines 16, 17, 18 before being ex-
hausted through the nozzle 19 to provide additional pro-
pulsive thrust. The high, intermediate and low-pressure
turbines respectively drive the high and intermediate
pressure compressors 14, 13 and the fan 12 by suitable
interconnecting shafts. Other gas turbine engines to
which the present disclosure may be applied may have
alternative configurations. By way of example such en-
gines may have an alternative number of interconnecting
shafts (e.g. two) and/or an alternative number of com-
pressors and/or turbines. Further the engine may com-
prise a gearbox provided in the drive train from a turbine
to a compressor and/or fan.

[0020] The performance of gas turbine engines,
whether measured in terms of efficiency or specific out-
put, is improved by increasing the turbine gas tempera-
ture. It is therefore desirable to operate the turbines at
the highest possible temperatures. For any engine cycle
compression ratio or bypass ratio, increasing the turbine
entry gas temperature produces more specific thrust (e.g.
engine thrust per unit of air mass flow). However as tur-
bine entry temperatures increase, the life of an un-cooled
turbine falls, necessitating the development of better ma-
terials and the introduction of internal air cooling.
[0021] In modern engines, the high-pressure turbine
gas temperatures are hotter than the melting point of the
material of the blades and vanes, necessitating internal
air cooling of these aerofoil components. During its pas-
sage through the engine, the mean temperature of the
gas stream decreases as power is extracted. Therefore,
the need to cool the static and rotary parts of the engine
structure decreases as the gas moves from the high-
pressure stage(s), through the intermediate-pressure
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and low-pressure stages, and towards the exit nozzle.
[0022] Figure 2 shows an isometric view of a typical
single stage cooled turbine in which there is a nozzle
guide vane in flow series with a turbine rotor. The nozzle
guide vane includes an aerofoil 31 which extends radially
between inner 32 and outer 33 platforms. The turbine
rotor includes a blade mounted to the peripheral edge of
a rotating disc. The blade includes an aerofoil 32 which
extends radially outwards from an inner platform 34. The
radially outer end of the blade includes a shroud which
sits within a seal segment 35. The seal segment is a
stator component and attached to the engine casing. The
arrows in Figure 2 indicate cooling flows.

[0023] Internal convection and external films are the
prime methods of cooling the gas path components - aer-
ofoil, platforms, shrouds and shroud segments etc. High-
pressure turbine nozzle guide vanes (NGVs) consume
the greatest amount of cooling air on high temperature
engines. High-pressure blades typically use about half
of the NGV flow. The intermediate-pressure and low-
pressure stages downstream of the HP turbine use pro-
gressively less cooling air.

[0024] The high-pressure turbine aerofoils are cooled
by using high pressure air from the compressor that has
by-passed the combustor and is therefore relatively cool
compared to the gas temperature. Typical cooling air
temperatures are between 800 and 1000 K, while gas
temperatures can be in excess of 2100 K.

[0025] The coolingairfrom the compressorthatis used
to cool the hot turbine components is not used fully to
extract work from the turbine. Therefore, as extracting
coolant flow has an adverse effect on the engine oper-
ating efficiency, it is important to use the cooling air ef-
fectively. Ever increasing gas temperature levels com-
bined with a drive towards flatter combustion radial pro-
files, in the interests of reduced combustor emissions,
have resulted in an increase in local gas temperature
experienced by the extremities of the blades and vanes,
and the working gas annulus endwalls.

[0026] Unless otherwise stated, geometric references
to axial, radial, circumferential, fore and aft, and longitu-
dinal will be in relation to the principal axis of the engine
(XX, Figure 1), with upstream and downstream, in rela-
tion to the main gas path flow direction. Chord relates to
the separation between the leading edge and trailing
edge of an aerofoil, and span is used in relation to the
radial extent ofthe aerofoil. The staggerangle isthe angle
between the aerofoil chord line and principal axis of the
engine.

[0027] The propulsive fan 12, the intermediate and
high pressure compressors 13, 14, and the high, inter-
mediate and low pressure turbines 16, 17, 18 include
aerofoil components, which may be, for example, rotor
blades, stator blades or vanes.

[0028] The aerofoil components are joined to a plat-
form or endwall, which may be, a hub, a shroud or a vane
ring.

[0029] The aerofoil components can be attached to the
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platform by a bi-casting process. This is a process in
which liquid metal, known as bi-cast metal, is poured into
a space between two components, filling the space. The
bi-cast metal may join the two components once it has
solidified. Thus, the components may be provided with
bi-cast grooves, which extend into the body of the re-
spective components on which they are formed. When
the two components are positioned adjacent to each oth-
er, the two grooves line up with each other, and create
a space between the two components. When the bi-cast
metal is poured in and solidifies, the space formed by the
two grooves is filled. The bi-cast metal thus joins and
secures the components to each other.

[0030] A previously known configuration of bi-casting
connection is shown in Figure 3. The aerofoil 100 com-
prises a first face 102 including a bi-cast groove 106,
which faces a corresponding bi-cast groove 107 on the
platform 101. The aerofoil has a second face 108, which
joins, or is part of, the external, or gas washed surface
of the aerofoil. Thatis, this face continues along the span
of the aerofoil, and is the face over which the main air
flow of the engine passes.

[0031] Between the first face 102 and the second face
108, there may be provided an angled sealing face 103,
which serves to seal the first face 102 from the second
face 108, and stop gas path air from coming into contact
with the bi-cast metal. This angled sealing face 103 may
be angled at an obtuse angle from the second face, or
may form a right angle with the second sealing face.
[0032] In order to provide clearance, an undercut re-
cess 104 may be provided in the platform 101. The gap
formed by this recess between the aerofoil 100 and the
platform 101 may also be purged with cooling air to pre-
vent gas path air (i.e. air in the main flow through the
engine) from collecting in the groove and overheating the
aerofoil and platform.

[0033] In the arrangements of the present disclosure,
arecessed surface is provided in the aerofoil. Thismeans
that an undercut is not required to be machined into the
platform, which improves ease of manufacture.

[0034] In an arrangement shown in Figure 4, an aero-
foil 201 is configured to be joined to a platform 202 by bi-
casting. The platform 202 is an example of a second com-
ponent to which the aerofoil is configured to be bi-cast.
The aerofoil includes a first face 203 including a bi-cast
groove 204 for joining the aerofoil to the second compo-
nent by bi-casting. That is, the platform 202 includes a
corresponding bi-cast groove 210, which faces the bi-
cast groove 204 of the aerofoil when the aerofoil is in-
serted into the platform. Then, liquid metalmay be poured
into the space, thus joining and securing the aerofoil to
the platform.

[0035] The aerofoil 201 further comprises a second
face 205 which joins, or is part of the external, or gas
washed surface of the aerofoil. In other words, the second
face 205 is connected to the external main body of the
aerofoil. That is, this face continues along the span of
the aerofoil, and is the face over which the main air flow
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of the engine passes.

[0036] The second face 205 may be coated with a ther-
mal barrier coating 209, which insulates the body of the
aerofoil 201 from the gas path air, which is at a high tem-
perature. The thermal barrier coating may be any suitable
coating knowninthe art, such as yttria-stabilized zirconia.
The thermal barrier coating may comprise two layers, the
layers being a bond layer and a top layer. The bond later
may be platinum, aluminium, platinum aluminide, or a
CoNiCrAlY, and the top layer may be yttria-stabilized zir-
conia. Any other suitable coating and combination of lay-
ers may also be used.

[0037] The aerofoil 201 further comprises an angled
sealing face 206 located between the first and second
face. In other words, the angled sealing face 206 joins
the first face 203 to the second face 205. The angled
sealing face 206 is angled with respect to the second
face 205. The angle may be an obtuse angle, as shown
in Figure 4, or may be a right angle, as shown in Figure
5. The angled sealing face 206 serves to provide a seal-
ing interface between the first face 203 and the second
face 205. This may prevent leakage of bi-cast material
during the bi-casting process, and prevent gas path air
from coming into contact with the bi-cast metal. It may
also maintain the aerofoil at the correct radial position.
[0038] The aerofoil 201 further comprises a concave
face 207 forming a recessed surface at the intersection
of the sealing face and the second face. That is, between
the angled sealing face 206 and the second face 205, a
concave recess is formed. The concave face forming a
recessed surface may be referred to generally as a "re-
cess". It will be understood that these two terms are in-
terchangeable.

[0039] The concave face 207 can be thought of as at
the location at which the join or "corner" between the
second face 205 and the angled sealing face 208 would
have been if the recess were not otherwise present. The
recess may be integrally formed. Alternatively, the aer-
ofoil may be formed initially with a corner between the
second face 205 and the angled sealing face 206. Sub-
sequently, the removal of material at this location then
forms the recess.

[0040] The concave face 207 forming a recess can be
formed, for example, by milling, to remove the material
at the corner or intersection between the second face
205 and the angled sealing face 206. Because the ma-
terial to be removed is on the outside of the aerofoil, a
variety of machining processes can be used to remove
the material and thus form the recess. Suitable methods
of machining are, for example, grinding, milling, electro-
chemical machining (ECM), electrical discharge machin-
ing (EDM). It will be noted that this list is non-exhaustive
and other methods of machining may be suitable. These
processes allow easier and cheaper manufacture com-
pared to the prior art, in which complicated milling of the
platformin order to form an undercut must be undertaken.
[0041] The cross-sectional shape of the concave face
207 may be a continuous curve between the sealing face
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208 and the second face 205, as shown in Figure 4. This
may have the advantage of avoiding stress concentra-
tions. The continuous curve may be of any suitable
shape, and may be determined by the shape of the tool
used to form the recess.

[0042] Figure 4 shows an arrangement in which the
recess forms a smooth continuous curve between the
second face 205 and the angled sealing face 206. How-
ever, the concave face may also take other shapes, such
as the one shown in Figure 5, which has two straight
sides with a right angle therebetween. This forms an L
shape.

[0043] It will also be understood that "concave" does
not necessarily mean that the surface has a smooth or
continuous curve. The term "concave" can also refer to
a shape which curves inwards, but also has corners or
discontinuities, such as in, for example, a "concave pol-
ygon". Thus, the recessed surface may have a disconti-
nuity or corner. In other words, there may be a step
change in the gradient of the surface, causing a sudden
change of direction.

[0044] As set out above, the cross-sectional shape of
the concave face 207 may be an L shape between the
second face 205 and the angled sealing face 206.. That
is, a right angle is formed in the face. This may allow the
radial position of the face to be more easily measured
and thus better controlled. Alternatively, the concave face
207 may have a different shape which includes a corner,
with the angle of a corner being a different angle to a
right angle. Rather, the angle could be any angle which
results in a generally concave shape. It will be appreci-
ated that the shape of the recess may be determined by
the method chosen to form the recess.

[0045] It will also be noted that, in Figure 5, the angled
sealing face 206 is at a right angle to the second face
205, and at a right angle to the first face 203. However,
arrangements are possible in which the concave face
207 has a discontinuity (for example, is an L-shape) and
the angled sealing face is at an obtuse angle to the sec-
ond face 205, as shown in Figure 4. Likewise, the reverse
arrangement, in which the angled sealing face 206 is at
a right angle to the second face 205, and the concave
face 207, and thus the recess surface, has a cross-sec-
tion which is a continuous curve, as shown in Figure 4.
[0046] It will be noted that Figure 5 does not show a
thermal barrier coating. It will however be appreciated
that a thermal barrier coating similar to that shown in
Figure 4 could be provided in the arrangement of Figure
5.

[0047] The aerofoil may further comprise a purge flow
hole 208, which may take the form of a through hole. One
end of the through hole may be in the concave face 207,
and the other end may be at the interior of the aerofoil
such that it connects with a cooling air flow path within
the aerofoil. Thus, cooling air flows from the cooling air
flow path into the recess, which purges gas path air from
the space formed between the recess and the platform.
If this purge air were not provided, gas path air may oth-
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erwise fill the space, and overheat the aerofoil and plat-
form, which could in turn cause oxidation and reduce the
life of the components.

[0048] A purge flow hole may also be provided in the
platform, passing from the outside of the platform to the
space between the aerofoil recess and the platform.
Purge flow holes may also be provided in both the aerofoil
and the platform.

[0049] Figure 6 shows an aerofoil 301 according to the
present disclosure mounted in two platforms 302 and
303. This may be, for example, a stator vane mounted
between two endwalls in a vane ring. Figure 6 thus shows
a section through the aerofoil in context. It will be under-
stood that Figure 6 shows a single aerofoil 301 with two
walls 301a and 301b. Wall 301a is mounted at one end
in a first part 302a of platform 302, and at the other end
in a first part 303a of platform 303. Wall 301 is mounted
at one end in a second part 302b of platform 302, and at
the other end in a second part 303b of platform 303.
[0050] The middle of the aerofoil 301 may be hollow,
and cooling air may pass into the middle of the blade
through inlet passages 304 and 306. Alternatively, one
end of the vane 301 may be sealed (not shown), and
cooling air may enter through a single end of the aerofoil.
Cooling air may then be diverted through the purge air
holes 305 in order to purge the gap between the platform
and the aerofoil.

[0051] As set out above, the recess is machined into
the aerofoil between the second face and the angled seal-
ing face. This means that complicated machining of the
platform is not required to provide an undercut. It also
provides a location face so that the purge air holes can
be drilled accurately. Further still, when a thermal barrier
coating is sprayed onto the second face, the thermal bar-
rier coating can be allowed to overspray into the recess,
which ensures that the coating does not fade out before
the boundary of the gas path surface, and also means
that the purge flow holes are not blocked by the coating.
[0052] When the purge flow holes are provided in the
aerofoil, the concave face 207 forming a recessed sur-
face means that the correct location for drilling of the
purge flow holes can be located easily by virtue of it being
in the recess. In contrast, in arrangements in which the
recess is formed in the platform, the purge flow hole must
be drilled very close to the intersection, or corner between
the angled sealing face and the second face so that it
lines up with the undercut recess in the platform, but care
must be taken not to drill through the angled sealing face,
which would adversely affect the purge flow. Thus, pro-
viding the recess on the aerofoil allows for simple and
accurate location of the purge flow hole 208.

[0053] When athermal barrier coating is applied to the
gas path surfaces of the components, this is typically
done by spraying the coating on to the surfaces. At the
edge of the gas path surfaces, where spraying is stopped,
it is difficult to stop the spraying at exactly the correct
location and maintain the optimum thickness of the coat-
ing. The coating may either fade out before the edge of
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the surface where the spraying has been stopped, or may
overspray onto another surface. Both fading out of the
coating (i.e. underspray) and overspray can have unde-
sirable effects. Fade out means that the thermal barrier
coating is not as effective in the locations where the fad-
ing occurs, and overspray may result in poor sealing if it
is oversprayed onto a sealing surface, or may block the
purge spray holes if it is oversprayed onto the location
of a purge flow hole.

[0054] As shown in Figure 4, the recess of the present
disclosure allows the thickness of the coating 209 to be
maintained to the end of the gas washed surface, be-
cause a small amount of overspray into the aerofoil re-
cess does not adversely affect the sealing or the purge
flow holes. Thus, the effectiveness of the thermal barrier
coating can be improved, whilst reducing the risk of the
thermal barrier coating adversely affecting other parts of
the assembly.

[0055] It will be understood that the invention is not
limited to the embodiments above described and that var-
ious modifications and improvements can be made with-
outdeparting from the concepts described herein. Except
where mutually exclusive, any of the features may be
employed separately or in combination with any other
features, and the disclosure extends to and includes all
combinations and sub-combinations of one or more fea-
tures described herein.

Claims

1. An aerofoil (201) configured to be connected to a
second component (202), the aerofoil comprising:

afirstface (203) including a bi-cast groove (204)
for joining the aerofoil to the second component
by bi-casting;

a second face (205) connected to a gas path
surface of the aerofoil;

an angled sealing face (206) between the first
and second face, the angled sealing face being
angled with respect to the second face and con-
figured to provide a sealing interface between
the first face and the second face; and

a concave face (207) forming a recessed sur-
face at the intersection of the sealing face and
the second face.

2. The aerofoil (201) according to claim 1, further com-
prising a through-hole (208), wherein one end of the
through-hole opens at the concave face (207).

3. The aerofoil (201) according to claim 1 or 2, wherein
the second face (205) is coated with a thermal barrier
coating (209).

4. The aerofoil (201) according to any preceding claim,
wherein the angle between the angled sealing face
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(206) and the second face (205) is an obtuse angle.

5. The aerofoil (201) according to any one of claims
1-3, wherein the angle between the angled sealing
face (206) and the second face (205) is a right angle.

6. The aerofoil (201) according to any preceding claim,
wherein the first face (203) is at the root of the aer-
ofoil.

7. The aerofoil (201) according to any one of claims
1-6, wherein the first face (203) is at the tip of the
aerofoil.

8. The aerofoil (201) according to any preceding claim,
wherein the aerofoil is a stator vane.

9. The aerofoil (201) according to any one of claims
1-7, wherein the aerofoil is a rotor blade.

10. The aerofoil (201) according to any preceding claim,
wherein the cross-section of the recessed surface is
a continuous curve between the angled sealing face
(206) and the second face (205).

11. The aerofoil (201) according to any one of claims
1-10, wherein the cross-section of the recessed sur-
face includes a discontinuity.

12. Anassembly comprising the aerofoil (201) according
to any preceding claim, and the second component
(202), wherein the aerofoil and second component
are joined by bi-cast metal filling the bi-cast groove
of the aerofoil (204) and a corresponding bi-cast
groove (210) on the second component.

13. A method of manufacturing an aerofoil comprising:

providing an aerofoil (201) with a first face (203)
including a bi-cast groove (204); a second face
(205) connected to a main body of the aerofoil;
and an angled sealing face (206) between the
first and second face, the angled sealing face
being angled with respect to the second face
and configured to seal the bi-cast groove; and
removing material at the intersection of the an-
gled sealing face and the second face to form a
concave face (207), thus forming a recessed
surface.

14. Amethod of manufacturing an assembly comprising:

manufacturing an aerofoil (201) according to the
method of claim 13; and

joining the aerofoil to a second component (202)
by filling the bi-cast groove (204) of the aerofoil
and a corresponding bi-cast groove (210) on the
second component with bi-cast metal.
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