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Description

[0001] The present invention relates to rotor blades.
[0002] Rotor blades are used in gas turbine engines
to interact with combustion gases to convert kinetic en-
ergy of the combustion gases into rotation of the rotor.
The efficiency of the engine is affected by the manner in
which the combustion gases flow around the rotor blades.
[0003] In related art, US 6,059,530 discloses an aero-
foil having twin ribs extending outwardly from a tip plate
between the leading and trailing edges, the twin ribs be-
ing spaced laterally apart so as to define an open-top tip
channel therebetween.
[0004] Us 2005/0232771 discloses a rotor tip arrange-
ment in which winglets extend from the end of the rotor
blade aerofoil walls. The winglets incorporate passages
which extend to coolant apertures or holes in order to
present a coolant flow about the tip of the turbine rotor
blade.
[0005] Examples of the present invention provide a ro-
tor blade having a trailing edge and a tip, the tip having
an outer face that extends beyond the section of the aer-
ofoil blade, in plan view, to form a winglet, which includes
at least two channels, each of the channels extending to
an outlet in the vicinity of the trailing edge. The two chan-
nels are defined by at least three walls upstanding at the
tip.
[0006] The blade may have a leading edge, at least
one of the channels extending to the outlet from the vi-
cinity of the leading edge. At least one of the channels
may have an inlet in the vicinity of the leading edge. At
least two channels may have an inlet in common. The
outer face may include a common upstream channel
which bifurcates to provide the said two channels.
[0007] There may be at least two channels which ex-
tend generally alongside each other over the uncovered
turning region of the blade. There may be at least two
channels which extend to the outlet from a position ap-
proximately midway between the leading and trailing
edges of the blade.
[0008] One or more of the walls may be canted toward
the pressure face of the blade.
[0009] The blade may further comprise at least one
recess in the outer face, the recess being closed to the
trailing edge.
[0010] In another aspect, examples of the invention
provide a gas turbine engine comprising at least one rotor
blade as aforesaid.
[0011] Examples of the present invention will now be
described in more detail, by way of example only, and
with reference to the accompanying drawings, in which:

Fig. 1 is a section through a gas turbine engine;
Fig. 2 is an enlarged partial perspective view of a
turbine stage of the engine of Fig. 1;
Fig. 3 is an end view of the tip of a turbine blade
which is an example embodiment of the invention;
Figs. 4 and 5 are sections of the tip of Fig. 3, at the

lines 4-4 and 5-5 of Fig. 3;
Figs. 6 and 7 correspond with Fig. 3, showing alter-
native examples; and
Figs. 8a to 8d are details corresponding with Figs.
3, 6 and 7, showing further examples.

[0012] Referring to Fig. 1, a gas turbine engine is gen-
erally indicated at 10 and comprises, in axial flow series,
an air intake 11, a propulsive fan 12, an intermediate
pressure compressor 13, a high pressure compressor
14, a combustor 15, a turbine arrangement comprising
a high pressure turbine 16, an intermediate pressure tur-
bine 17 and a low pressure turbine 18, and an exhaust
nozzle 19.
[0013] The gas turbine engine 10 operates in a con-
ventional manner so that air entering the intake 11 is
accelerated by the fan 12 which produce two air flows: a
first air flow into the intermediate pressure compressor
13 and a second air flow which provides propulsive thrust.
The intermediate pressure compressor compresses the
air flow directed into it before delivering that air to the
high pressure compressor 14 where further compression
takes place.
[0014] The compressed air exhausted from the high
pressure compressor 14 is directed into the combustor
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 and 18 before being ex-
hausted through the nozzle 19 to provide additional pro-
pulsive thrust. The high, intermediate and low pressure
turbines 16, 17 and 18 respectively drive the high and
intermediate pressure compressors 14 and 13 and the
fan 12 by suitable interconnecting shafts 26, 28, 30.
[0015] Figure 2 illustrates one turbine stage of the en-
gine 10, in more detail. A turbine disc 40 carries a ring
of rotor blades 42 around its circumference. Each blade
42 extends generally radially out from the disc 40 to an
outermost tip 44. In the region between the disc 40 and
the tip 44, each blade 42 has an aerofoil section which,
in use, interacts with combustion gases passing through
the ring of blades 42, to drive the rotation of the disc 40.
The aerofoil section of each blade 42 has a leading edge
46 and a trailing edge 48. The faces of the blades 42 are
shaped to create a pressure side and a suction side by
aerodynamic lift, as the combustion gases pass.
[0016] A ring of static nozzle guide vanes 50 are pro-
vided upstream of the blades 42, to further improve the
flow characteristics of combustion gases through the
blades 42, thereby increasing the efficiency of the stage.
[0017] The tips 44 rotate in close proximity with a fixed
component 52, which may be a lining or shroud segment.
The pressure difference at the two surfaces of the blades
42 creates a tendency for combustion gas leakage from
the pressure side to the suction side, around the tip 44.
Examples can now be described for arrangements to
control leakage flow around the tips 44.
[0018] Figure 3 is an end view of a rotor blade 42, show-
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ing the tip 44 in plan. In figure 3, dotted lines indicate the
section of the aerofoil of the blade 42, including the lead-
ing edge 46, trailing edge 48, pressure side 54 and suc-
tion side 56. It can readily be seen that the tip 44 extends
beyond the faces 54, 56, as a winglet or mini shroud at
the tip of the blade 42.
[0019] Figure 3 shows the outer face 57 of the blade
tip 44, that is, the face which faces radially away from
the turbine disc 40, toward the fixed component 52. This
outer face includes, in this example, two channels 58.
Each channel 58 extends to an outlet 60 in the vicinity of
the trailing edge 48. In this example, each channel 58
has an inlet 62 in the vicinity of the leading edge 46.
Accordingly, each of the channels 58 extends to the outlet
60 from the inlet 62, in the vicinity of the leading edge
46. In this example, the channels 58 share the inlet 62.
That is, the channels 58 have an inlet 62 in common. It
can be seen from figure 3 that the two channels 58 ex-
tended generally alongside each other from the vicinity
of the leading edge, to the vicinity of the trailing edge 48.
In particular, the channels 58 are alongside each other
from a position 63 approximately midway between the
leading and trailing edges 46, 48 and are therefore along-
side each other over the relatively thin part of the blade
42, toward the rear of the blade. This part of the blade is
indicated generally in figure 3 by the numeral 64 and is
commonly known as the "uncovered turning region" of
the blade.
[0020] The two channels 58 are defined by walls 66
(figure 4), which are upstanding at the tip 44.
[0021] Figure 4 provides a simplified indication of the
path of leakage air seeking to leak over the tip 44 from
the pressure side 54 to the suction side 56. The path is
indicated by bold arrows. It can be seen that in order to
leak, gases must pass all three walls 66. In practice, gas-
es passing around the first wall 66 into the first channel
58 will tend to create a vortex in the channel 58. The
gases will then tend to move along the channel 58 toward
the low pressure at the outlet 60. This movement along
the channel 58 creates a crossflow to inhibit leakage fur-
ther downstream into the channel 58. Gases leaving the
outlet 60 will tend to fill the wake left by the trailing edge
48.
[0022] In the event that any gas leaks past the middle
wall 66 to the second channel 58, a similar vortex effect
will tend to occur, again resulting in drainage of the leak-
age gas along the channel 58 to the outlet 60, and cre-
ating crossflow to inhibit further leakage to the second
channel 58.
[0023] The channels 58 therefore provide a form of gut-
ter effect, tending to direct leakage gas to the outlet 60.
[0024] Leakage can be further inhibited in an optional
manner indicated in figure 5. In figure 5, the three walls
66 are shown canted or leaning. The walls 66 are canted
toward the pressure side 54, so that gas which passes
over a wall 66 to enter a channel 58 is confronted by
another wall on the far side of the channel 58, with a
concavity 68 at the floor of the channel 58. The walls 66

therefore co-operate with the fixed component 52 to pro-
vide a form of labyrinth seal, further inhibiting gas leakage
around the tip 44.
[0025] Figure 6 is a similar view to figure 3, showing
an alternative example of a rotor blade. In this example,
the outer face of the blade tip 44a, that is, the face which
faces radially away from the turbine disc 40, toward the
fixed component 52, includes two channels 58a. Each
channel 58a extends to an outlet 60a in the vicinity of the
trailing edge 48. In this example, the two channels do not
each extend to the leading edge 46. Instead, the two
channels 58a meet at a bifurcation 70. A common up-
stream channel 72 has an inlet 74 in the vicinity of the
leading edge 46 and extends to the bifurcation 70, to
communicate with the channels 58a. The bifurcation 70
is at or closer to the leading edge 46 than a position gen-
erally midway between the leading and trailing edges 46,
48. It can be seen from figure 3 that the two channels
58a extend generally alongside each other from the bi-
furcation 70 to the vicinity of the trailing edge 48. In par-
ticular, the channels 58a are alongside each other from
a position 63 approximately midway between the leading
and trailing edges 46, 48 and are alongside each other
over the uncovered turning region 64 of the blade 42.
[0026] The two channels 58a are again defined by
walls 66a generally as illustrated in figure 4, and which
are upstanding at the tip 44a. Accordingly, in order to
leak, gases in the uncovered turning region of the blade
must pass three walls 66a. In practice, gases passing
into either of the channels 58a will tend to enter the chan-
nel and create a vortex, as described above in relation
to figure 4. The gases will then tend to move along the
channel 58a toward the low pressure at the outlet 60a.
Again, this movement along the channel 58a creates a
crossflow to inhibit leakage further downstream. Gases
leaving the outlet 60a will tend to fill the wake left by the
trailing edge 48.
[0027] Leakage can be further inhibited by the use of
canted walls, in the manner indicated in figure 5.
[0028] Figure 7 is a similar view to figure 3, showing
an alternative example of a rotor blade. In this example,
the outer face of the blade tip 44b, that is, the face which
faces radially away from the turbine disc 40, includes, in
this example, two channels 58b. Each channel 58b ex-
tends to an outlet 60b in the vicinity of the trailing edge
48. One of the channels 58b extends from an inlet 74a
at the leading edge 46. The other channel 58b is shorter,
beginning part way along the tip 44, to extend over all or
most of the uncovered turning region 64. It can be seen
from figure 7 that the two channels 58b extend alongside
each other from a position 63 approximately midway be-
tween the leading and trailing edges 46, 48 and are along-
side each other over the uncovered turning region 64 of
the blade.
[0029] The two channels 58b are again defined by
walls 66b generally as illustrated in figure 4, and which
are upstanding at the tip 44. Accordingly, in order to leak,
gases in the uncovered turning region of the blade must
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pass three walls 66b. In practice, gases passing into ei-
ther of the channels 58b will tend to enter the channel
and create a vortex, as described above in relation to
figure 4. The gases will then tend to move along the chan-
nel 58b toward the low pressure at the outlet 60b. Again,
this movement along the channel 58b creates a crossflow
to inhibit leakage further downstream. Gases leaving the
outlet 60b will tend to fill the wake left by the trailing edge
48.
[0030] Leakage can be further inhibited by the use of
canted walls, in the manner indicated in figure 5.
[0031] The views of fig 8 illustrate various alternative
arrangements at the vicinity of the leading edge 46. In
fig 8a, two channels 58c extend from the leading edge
46 but have no inlet at the leading edge 46. Accordingly,
gas enters the channels 58c only by leakage around the
tip 44. The two channels 58c are not connected to each
other.
[0032] In figure 8b, two channels 58d extend from the
leading edge 46 but have no inlet at the leading edge 46.
Accordingly, gas enters the channels 58d only by leakage
around the tip 44. The channels 58d are connected to
each other in the vicinity of the leading edge 46.
[0033] In figures 8c and 8d, two channels 58e extend
from the leading edge 46. In each drawing, one or other
of the channels 58e has an inlet 74 in the vicinity of the
leading edge 46. The other channel 58e has no inlet. The
two channels 58e are not connected to each other.
[0034] In any of the examples described above, the tip
44 could be formed to define at least one recess 76 in
the outer face, as illustrated in figures 6 and 7. It can be
seen (Figs. 6 and 7) that the recesses 76 are closed to
the trailing edge and thus do not provide the gutter func-
tion for channelling leakage gas to the trailing edge 48.
[0035] The walls 66 may carry abrasive material on the
upper edges. This allows the engine to be set up with
closer tolerances between the tip 44 and the fixed com-
ponent 52, allowing the abrasive material to abrade the
fixed component 52, in the event of contact. This closer
tolerance further inhibits leakage flow. The wall 66 may
be locally widened to accommodate abrasive material, if
required.
[0036] It is envisaged that the examples illustrated
above, and alternative examples, will exhibit improved
blade tip sealing properties and thus reduce blade tip
leakage flow. A reduction in blade tip leakage flow is ex-
pected to result in fewer losses arising from aerodynamic
mixing of high and low pressure gases around the aerofoil
and this, in turn, is expected to result in improved aero-
dynamic efficiency of each blade and thus of the stage,
resulting in improved specific fuel consumption for the
engine.
[0037] Improved blade tip sealing and reduced blade
tip leakage flow is also expected to reduce the temper-
ature of components of the blade, particularly at the tip,
resulting in improved life expectancy and allowing the
weight of components to be reduced to allow higher blade
speeds or a reduction in stress within the components.

[0038] Passages can be incorporated within any of the
examples described, to convey cooling air to outlets at
appropriate positions.
[0039] Many variations and alternatives can be envis-
aged to the examples described above. Different wall
shapes could be envisaged, and different wall sections
could be used, such as canted, sloping or stepped sec-
tions. The depth and width of the various channels may
be substantially constant along the length of the channel,
or may be varied at different positions along the length.
The exposed surfaces of the tip may be protected with
anti-abrasion coatings.
[0040] In the examples described above, each gutter
channel leads to a respective outlet, but a common outlet
could be provided for one or more channels.
[0041] The examples described above can be used in
turbine blades for aero engines, marine engines or in-
dustrial engines. The arrangements can be incorporated
within cooled or uncooled turbine blades. The arrange-
ments can be incorporated within turbine blades de-
signed for contact or noncontact at their tips.

Claims

1. A rotor blade (42) having a trailing edge (48) and a
tip (44), the tip having an outer face (57) that extends
beyond the section of the aerofoil blade, in plan view,
to form a winglet (44), which includes at least two
channels (58), each of the channels extending to an
outlet (60) in the vicinity of the trailing edge, wherein
the two channels (58) are defined by at least three
walls (66) upstanding at the tip (44).

2. A blade (42) according to claim 1, wherein the blade
has a leading edge (46), at least one of the channels
(58) extending to the outlet (60) from the vicinity of
the leading edge.

3. A blade (42) according to claim 1 or 2, wherein at
least one of the channels (58) has an inlet (62, 74)
in the vicinity of the leading edge (46).

4. A blade (42) according to claim 1, 2 or 3, wherein at
least two channels (58) have an inlet (62, 74) in com-
mon.

5. A blade (42) according to any preceding claim,
wherein the outer face (57) includes a common up-
stream channel (72) which bifurcates to provide the
said two channels (58).

6. A blade (42) according to any preceding claim,
wherein at least two channels (58) extend generally
alongside each other over the uncovered turning re-
gion (64) of the blade.

7. A blade (42) according to any preceding claim,
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wherein at least two channels (58) extend to the out-
let (60) from a position (63) approximately midway
between the leading and trailing edges (46, 48) of
the blade.

8. A blade (42) according to claim 1, wherein one or
more of the walls (66) is canted toward the pressure
face (54) of the blade.

9. A blade (42) according to any preceding claim,
wherein the blade further comprises at least one re-
cess (76) in the outer face (57), the recess being
closed to the trailing edge (48).

10. A gas turbine engine (10) comprising at least one
rotor blade (42) as defined in any preceding claim.

Patentansprüche

1. Laufschaufel (42) mit einer Abströmkante (48) und
einer Spitze (44), wobei die Spitze eine Außenseite
(57) aufweist, die sich in der Draufsicht über den
Abschnitt der Flügelprofillaufschaufel erstreckt, um
ein Winglet (44) zu bilden, das wenigstens zwei Ka-
näle (58) aufweist, wobei sich jeder der Kanäle zu
einem Auslass (60) in der Nähe der Abströmkante
erstreckt, wobei die beiden Kanäle (58) definiert sind
durch wenigstens drei Wände (66), die an der Spitze
(44) aufrecht stehen.

2. Schaufel (42) nach Anspruch 1, wobei die Schaufel
eine Anströmkante (46) aufweist, wobei sich wenigs-
tens einer der Kanäle (58) aus der Nähe der An-
strömkante zu dem Auslass (60) erstreckt.

3. Schaufel (42) nach Anspruch 1 oder 2, wobei we-
nigstens einer der Kanäle (58) einen Einlass (62, 74)
in der Nähe der Anströmkante (46) aufweist.

4. Schaufel (42) nach Anspruch 1, 2 oder 3, wobei we-
nigstens zwei Kanäle (58) einen Einlass (62, 74) ge-
meinsam haben.

5. Schaufel (42) nach einem der vorstehenden Ansprü-
che, wobei die Außenseite (57) einen gemeinsamen
Stromaufwärtskanal (72) aufweist, der sich gabelt,
um die beiden Kanäle (58) vorzusehen.

6. Schaufel (42) nach einem der vorstehenden Ansprü-
che, wobei sich die wenigstens zwei Kanäle (58) all-
gemein über den unbedeckten Drehbereich (64) der
Schaufel erstrecken.

7. Schaufel (42) nach einem der vorstehenden Ansprü-
che, wobei sich wenigstens zwei Kanäle (58) von
einer Position ungefähr in der Mitte zwischen der
Anströmkante und der Abströmkante (46, 48) der

Schaufel zu dem Auslass (60) erstrecken.

8. Schaufel (42) nach Anspruch 1, wobei eine Wand
oder mehrere der Wände (66) zu der Druckseite (54)
der Schaufel abgeschrägt ist bzw. sind.

9. Schaufel (42) nach einem der vorstehenden Ansprü-
che, wobei die Schaufel ferner wenigstens eine Aus-
sparung (76) in der Außenseite (57) umfasst, wobei
die Aussparung zu der Abströmkante (48) verschlos-
sen ist.

10. Gasturbinenmotor (10), umfassend wenigstens eine
Laufschaufel (42) nach einem der vorstehenden An-
sprüche.

Revendications

1. Aube de rotor (42) ayant un bord de fuite (48) et une
pointe (44), la pointe ayant une face externe (57) qui
s’étend au-delà de la section de l’aube à profil aéro-
dynamique, en vue en plan, pour former une ailette
(44), qui comprend au moins deux canaux (58), cha-
que canal s’étendant vers une sortie (60) à proximité
du bord de fuite, les deux canaux (58) étant définis
par au moins trois parois (66) verticales au niveau
de la pointe (44).

2. Aube (42) selon la revendication 1, l’aube ayant un
bord d’attaque (46), au moins l’un des canaux (58)
s’étendant vers la sortie (60) à partir de la proximité
du bord d’attaque.

3. Aube (42) selon la revendication 1 ou 2, au moins
l’un des canaux (58) ayant une entrée (62, 74) à
proximité du bord d’attaque (46).

4. Aube (42) selon la revendication 1, 2 ou 3, au moins
deux canaux (58) ayant une entrée (62, 74) en com-
mun.

5. Aube (42) selon l’une quelconque des revendica-
tions précédentes, la face externe (57) comprenant
un canal en amont (72) qui bifurque pour créer lesdits
deux canaux (58).

6. Aube (42) selon l’une quelconque des revendica-
tions précédentes, au moins deux canaux (58)
s’étendant généralement côte à côte sur la région
rotative découverte (64) de l’aube.

7. Aube (42) selon l’une quelconque des revendica-
tions précédentes, au moins deux canaux (58)
s’étendant vers la sortie (60) d’une position (63) à
environ à mi-chemin entre les bords d’attaque et de
fuite (46, 48) de l’aube.
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8. Aube (42) selon la revendication 1, une ou plusieurs
parois (66) étant inclinées vers la face de pression
(54) de l’aube.

9. Aube (42) selon l’une quelconque des revendica-
tions précédentes, l’aube comprenant en outre au
moins un renfoncement (76) dans la face externe
(57), le renfoncement étant fermé sur le bord de fuite
(48).

10. Moteur à turbine à gaz (10) comprenant au moins
une aube de rotor (42) selon l’une quelconque des
revendications précédentes.

9 10 
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