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Description

[0001] The invention relates to a blade for a turboma-
chine and more particularly to an airfoil portion of the
blade.

[0002] In modern day turbomachines various compo-
nents of the turbomachine operate at very high temper-
atures. These components include the blade or vane
component, which are in shape of an airfoil. In the present
application, only "blade", but the specifications can be
transferred to a vane. The high temperatures during op-
eration of the turbomachine may damage the blade com-
ponent, hence cooling of the blade component is impor-
tant. Cooling of these components is generally achieved
by passing a cooling fluid that may include air from a
compressor of the turbomachine through a core passage
way cast into the blade component.

[0003] An airfoil such as a blade has a leading edge
and a trailing edge. Cooling of the leading edge is very
important since the largest thermal load occurs at the
leading edge and the cooling flow affects the aerodynam-
ics and heat transfer of the entire airfoil. Currently, the
leading edge of the airfoil portion of the blade is cooled
by impingement cooling or by film cooling and the trailing
edge by matrix arrangement of ribs, pin-fins and so forth.
[0004] One such way of cooling is mentioned in US
patentno. 6,241,469 which describes a turbine blade with
a metal blade body and a protective coating constructed
of a porous intermetallic felt. In the blade body cooling
air channels are constructed that end at the intermetallic
felt in order to supply it with cooling air. The intermetallic
felt is formed from an iron or nickel aluminide alloy.
[0005] US patentno. 5,348,446 describes an airfoil for
a gas turbine engine which is constructed from a core
body formed of a conventional nickel-based super alloy
and leading and trailing edge components and squealer
tip formed of a nickel aluminide alloy. The nickel alumi-
nide components exhibit a high degree of thermal con-
ductivity and transfer heat from the leading edge and the
trailing edge into the core body by direct conduction.
[0006] It may be noted thatthe turbomachines as men-
tioned in these patents operate at high temperatures
which may cause the material inside the blade to melt
resulting in loss of stability.

[0007] Itis therefore an object of the present invention
to provide an approach for improved cooling of a tur-
bomachine blade.

[0008] The objectis achieved by ablade for a turboma-
chine according to claim 1.

[0009] The invention is based on the idea to use both
conduction and convection effects for cooling of the lead-
ing edge of the blade by including a material with special
properties inside the blade.

[0010] According to the invention the blade of the tur-
bomachine includes a cavity at the leading edge. The
cavity is at least partly filled by a material which is liquid
near the operating temperatures of the turbomachine. By
having a material which is liquid near the operating tem-
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peratures of the turbomachine, allows the heat transfer
from the leading edge to the other portions of the blade
through conduction and convection. The liquid material
transfers the heat through convection to the core region,
from where the heat is easily dissipated through a wall
which is cooled via cooling medium. In addition, the ro-
tation of the blade during operation of the turbomachine
also generates centrifugal force which aids in cooling by
convection in the cavity at the leading edge because
colder liquid material is forced in aradial direction towards
the outer portions of the cavity which is hot.

[0011] In one embodiment, the blade of the turboma-
chine has a root portion and an airfoil portion, wherein
the airfoil portion has the leading edge and the trailing
edge.

[0012] In one embodiment, the material is zinc. Zinc
has a high degree of thermal conductivity of about 116
Watt/meter*Kelvin andis in liquid state near the operating
temperatures of the turbomachine which aids in both the
heat transfer through conduction and convection.
[0013] In another embodiment, the material is alumin-
ium. Aluminium has a high thermal conductivity of about
240 Watt/meter*Kelvin. Furthermore, aluminium is liquid
at operating temperatures of the turbomachine.

[0014] In one embodiment, the cavity is defined by a
wall inside the blade having one or more cooling means.
The one or more cooling means allow efficient cooling of
the wall and thus dissipate the heat to the surroundings.
[0015] In one embodiment, the cooling means include
cooling channels, pins, and/or fins to allow efficient trans-
fer of heat and cooling of the blade.

[0016] The cooling channels include a cooling medium
such as a coolant or air to cool the inner portions of the
blade.

[0017] The wall defines the cavity which extends into
the core region from the leading edge of the blade. Heat
is transferred via the material in the cavity to the wall from
the leading edge to the core region of the blade, which
prevents the leading edge from being over heated.
[0018] The surface area of the cavity proximal to the
core region of the blade is greater than the surface area
of the cavity at the leading edge. Greater surface area
proximal to the core region enables higher cooling and
dissipation of heat.

[0019] In one embodiment, at least one of the leading
edge, trailing edge, the core region and the wall defining
the cavity are formed from a super alloy. Super alloys
have excellentmechanical strength and creep resistance
at high temperatures. In addition, the super alloys have
good surface stability and are corrosion resistant.
[0020] The above-mentioned and other features of the
invention will now be addressed with reference to the
accompanying drawings of the present invention. The
illustrated embodiments are intended to illustrate, but not
limit the invention. The drawings contain the following
figures, in which like numbers refer to like parts, through-
out the description and drawings.
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FIG. 1 is a schematic diagram of a blade of a tur-
bomachine; and

FIG. 2 shows a radial sectional view through the ex-
emplary blade of the turbomachine along the lines
II-Il of FIG. 1.

[0021] Embodiments of the present invention de-
scribed below relate to a blade component in a turboma-
chine. However, the details of the embodiments de-
scribed in the following can be transferred to a vane com-
ponent without modifications, that is the terms "blade" or
"vane" can be used in conjunction, since they both have
the shape of an airfoil. The turbomachine may include a
gas turbine, a steam turbine, a turbofan and the like.
[0022] FIG. 1 is a schematic diagram of an exemplary
blade 1 of a rotor (not shown) of a turbomachine, such
as a gas turbine. The blade 1 includes an airfoil portion
2 and a root portion 3. The airfoil portion 2 projects from
the root portion 3 in a radial direction as depicted, wherein
the radial direction means a direction perpendicular to
the rotation axis of the rotor. Thus, the airfoil portion 2
extends radially along a longitudinal direction of the blade
1. The blade 1 is attached to a body of the rotor (not
shown), in such a way that the root portion 3 is attached
to the body of the rotor whereas the airfoil portion 2 is
located at a radially outermost position. The airfoil portion
2 has an outer wallincluding a pressure side 6, also called
pressure surface, and a suction side 7, also called suction
surface. The pressure side 6 and the suction side 7 are
joined together along an upstream leading edge 4 and a
downstream trailing edge 5, wherein the leading edge 4
and the trailing edge 5 are spaced axially from each other
as depicted in FIG. 1.

[0023] In accordance with the aspects of the present
technique, one or more cooling holes 8 are present on
the pressure side 6 and the suction side 7 of the blade
as depicted in FIG. 1. The cooling holes 8 aid in film
cooling of the blade 1 as will be described in more detail
with reference to FIG. 2.

[0024] Furthermore, it may be noted that the blade 1
may be cast as a single component or may alternatively
be assembled from multiple components. The multiple
component blade may include a leading edge compo-
nent, a trailing edge component and a core region com-
ponent. The components may be cast separately and
thereafter joined together by bonding or brazing for ex-
ample.

[0025] Referring now to FIG. 2, a radial sectional view
of the blade 1 of the gas turbine at the airfoil portion 2
along the lines II-1l in FIG.1 is depicted. The blade 1 in-
cludes an outer wall 21 extending from the leading edge
4 to the trailing edge 5. Additionally, the blade 1 includes
aninnerwall 22 adjacent the outer wall 21 extending from
the leading edge 4 to the trailing edge 5 of the blade.
[0026] Typically, the blade 1 may have three regions,
namely the leading region 29, the trailing region 31 and
the core region 30 between the leading region 29 and
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the trailing region 31. Additionally, the blade 1 may also
include a cavity 20 or webs which are structures cast
inside the blade 1 extending from the pressure side 6 to
the suction side 7 of the blade 1. These structures such
as ribs, fins or pins may be casted or machined inside
the components such as at the core region 30 or the
trailing region 31 of the blade 1.

[0027] Inthe presently contemplated configuration, the
blade 1 comprises the cavity 20 at the leading edge 4
which is defined by a wall 23. As illustrated in FIG. 2, the
wall 23 separates the leading region and the core region
of the blade 1. In accordance with aspects of the present
technique, the extent or boundary of the cavity 20 is de-
fined by the wall 23.

[0028] The cavity 20 is at least partly filled with a ma-
terial 19 which is liquid at the operating temperature of
the turbomachine. The material 19 is a metal with high
thermal conductivity such as, but not limited to zinc or
aluminium. The material 19 may also include any other
material with similar characteristics or properties such as
turning into liquid state at the operating temperatures of
the turbomachine.

[0029] Inaccordance with aspects of the present tech-
nique, a cooling passage 25 is located adjacent the wall
23. The cooling passage 25 allows air from the surround-
ing to be directed inside the blade, the cool air dissipates
the heat from the wall 23 and directs the air outside the
blade via one or more cooling holes 8 located on both
the pressure side and the suction side of the blade for
film cooling. More particularly, the cooling holes 8 are
present on the outer wall of the blade.

[0030] Duringthe operation of the gas turbine, temper-
ature at the leading edge 4 may exceed 900 degree cen-
tigrade and the temperature at the interior of the blade
may be in the range of about 750 degree centigrade.
Metals such as aluminium and zinc have a low melting
point and therefore melt at the operating temperatures.
Forexample, zinc has a melting point ofabout 420 degree
centigrade and aluminium has a melting point of about
660 degree centigrade. At operating temperatures these
materials are in a liquid state and hence also transfer
heat due to convection besides transferring the heat
through conduction. More particularly, the heated mate-
rial at the leading edge moves due to convection to the
cooler portion that is near the wall 23, the heat from the
material 19 is transferred to the wall 23, which is there-
after dissipated to the surroundings via the air passing
through the cooling channels 26. Additionally, the cen-
trifugal force created due to rotation of blade 1 during
operation ameliorates the transfer of heat from the lead-
ing edge 4 to the wall 23 and subsequently to the cooling
passage 25 of the blade 1.

[0031] As will be appreciated, aluminium has a high
thermal conductivity of about 240 Watt/meter*Kelvin and
zinc has thermal conductivity of about 116 Watt/me-
ter*Kelvin. Thereby, transfer of heat from the leading
edge to other parts of the blade is achieved in a short
duration.
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[0032] Inthe presently contemplated configuration, the
cavity 20 is completely filled with the material 19. How-
ever, in one embodiment the cavity 20 is only partially
filled with the material 19. The material 19 while changing
state from solid to liquid may expand; hence, partially
filling the cavity 20 with the material 19 prevents stress
on the wall 23 and the leading edge 4 to increase due to
expansion of the material 19.

[0033] During operation of the gas turbine, heat from
the leading edge 4 is transferred to the wall 23. More
particularly, heat from the leading edge 4 is transferred
to the wall 23 through conduction as well as convection.
The wall 23 includes one or more cooling means such
as cooling channels 26, which allow a cooling medium,
such as but not limited to air to pass through. In one
embodiment, the cooling medium may also include a
coolant, oil or steam for example. The cooling medium
passes through the cooling channels 26 and thereby dis-
sipates heat from the wall 23 via the cooling holes 8.
Thus, the temperature of the blade 1 is reduced.
[0034] Additionally, the cooling passage 25 dissipates
the heat from the wall 23 through the cool air passing
through the cooling passage 25; the air is thereafter dis-
charged from the blade through the cooling holes 8 (see
also FIG. 1).

[0035] The blade 1 may also include an insert 24 lo-
cated adjacent the wall 23 as depicted in FIG. 2. The
insert 24 is formed of a material such as, but not limited
to steel. The insert 24 aids in cooling of the wall 23 by
causing impingement of cool air flowing through the cool-
ing passage 25 along the surface of the wall 23.

[0036] It may be noted that the shape of the cavity 20
and of the wall 23, respectively, proximal to the core re-
gion 30 is such that the wall 23 has a greater surface
area than at the leading edge 4, as illustrated in FIG. 2.
[0037] Furthermore, the wall 23 may also include struc-
tures such as ribs, pin-fins and so forth, resulting in an
enlarged surface area of the wall 23 to aid in cooling of
the blade 1. In the presently contemplated configuration,
the wall 23 includes cooling channels 26 for cooling of
the blade 1. The cooling medium such as air after dissi-
pating the heat from the wall 23 is exited to the surround-
ings through the cooling holes 8 as depicted.

[0038] As previously noted, the middle portion of the
blade 1 which is also known as the core region 30 is
defined by the inner wall 22 which extends throughout
the extent of the blade 1. The core region 30 of the blade
1 may include structures 36 such as fins, ribs for cooling.
It may be noted that for a vane configuration, an insert
may also be presentin the core region defining core cool-
ing passages. The insert present in the vane configura-
tion aids in impingement cooling of the core region of the
vane. It may be noted that the insert may be formed of a
material such as but not limited to steel.

[0039] In accordance with aspects of the present tech-
nique, the core cooling passages 33 allows air from the
surrounding inside the core region 30 to cool the core
region.
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[0040] With continuing reference to FIG. 2, a matrix
arrangement 32 of ribs is present at the trailing region 31
of the blade for allowing air to efficiently cool the trailing
region 31.

[0041] It may be noted that the blade 1 may be formed
of a superalloy such as but not limited to a nickel based
superalloy. Typically, the outer wall 21, the inner wall 22
and the wall 23 may be formed of a superalloy. In addition,
the leading edge 4, the trailing edge 5, the core region
may be formed of a superalloy. Super alloys have excel-
lent mechanical strength and creep resistance at high
temperatures. In addition, the super alloys have good
surface stability and are corrosion resistant.

[0042] Although the invention has been described with
reference to specific embodiments, this description is not
meant to be construed in a limiting sense. Various mod-
ifications of the disclosed embodiments, as well as alter-
nate embodiments of the invention, willbecome apparent
to persons skilled in the art upon reference to the de-
scription of the invention. Itis therefore contemplated that
such modifications can be made without departing from
the embodiments of the present invention as defined.

Claims
1. A blade (1) for a turbomachine, comprising:

- a leading edge (4) and a trailing edge (5), and
- a cavity (20) located at the leading edge (4)
characterized in that the cavity (20) is at least
partly filled by a material (19) whichis liquid near
operating temperature of the turbomachine.

2. The blade (1) according to claim 1, further compris-
ing aroot portion (3) and an airfoil portion (2) wherein
the leading edge (4) and the trailing edge (5) are
located at the airfoil portion (2).

3. The blade (1) according to claims 1 and 2, wherein
the material (19) is a metal.

4. The blade (1) according to claims 1 to 3, wherein the
material (19) is zinc.

5. The blade (1) according to claims 1 to 3, wherein the
material (19) is aluminium.

6. The blade (1) according to any of the claim 1 to 5,
wherein the cavity (20) at the leading edge (4) is
defined by a wall (23) of the blade having one or
more cooling means formed thereon.

7. Theblade (1) according to claim 6, wherein the cool-
ingmeans comprise at least one of cooling channels,

pins, fins, ribs.

8. Theblade (1) according to claim 7, wherein the cool-



10.

1.

12.

13.

14.

15.

16.

7 EP 2 540 970 A1

ing channels (26) comprise a cooling medium.

The blade (1) according to any of the claim 1 to 8,
wherein the cavity (20) is defined by the wall (23),
the cavity (20) extending from the leading edge (4)
to a core region (3) of the blade (1).

The blade (1) according to any of the claims 1 to 9,
wherein a surface area of the cavity (20) proximal to
the core region (30) is greater than a surface area
of the cavity (20) proximal to the leading edge (4).

The blade (1) according to any of the claims 1 to 10,
further comprising an insert (24) separating the wall
(23) defining the cavity from the core region.

The blade (1) according to any of the claims 1 to 11,
further comprising a cooling passage (25) adjacent
the insert (24).

The blade (1) according to any of the claims 1 to 12,
further comprising one or more cooling holes (8) lo-
cated at a pressure side (6) and a suction side (7)
of the blade (1).

The blade (1) according to any of the claim 1 to 13,
wherein at least one of the leading edge (4), the trail-
ing edge (5), the core region (30) and the wall (23)
defining the cavity (20) is formed from a super alloy.

A turbomachine comprising a blade (1) according to
any of the preceding claims 1 to 14.

The turbomachine according to claim 15, wherein
turbomachine is a gas turbine.
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