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(57)  Cooling system for cooling a turbine blade (1)
of a gas turbine comprising a rotor with multiple turbine
blades and a stator surrounding the rotor and provided
with a stator heat shield (2), wherein the stator heat shield
(2) comprises a base element (3) covered with at least
one abradable thermal barrier coating (4) facing to a tip
region of the turbine blade (1) and wherein the cooling

Cooling system for cooling a turbine blade

system comprises means for generating a cooling air
flow, whereby said stator heat shield (2) is provided with
a plurality of cooling air holes (5) terminating in the area
of said tip region of said turbine blades (1) such that in
operation of the turbine a cooling air flow is directed to
the tip of respective turbine blades (1).
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Description
Technical Field

[0001] The present invention relates to a cooling sys-
tem for cooling a turbine blade of a gas turbine comprising
arotor with multiple turbine blades and a stator surround-
ing the rotor. The invention relates in particular to such
a cooling system of high-performance gas turbines, in
which due to the increased temperatures a stator heat
shield is provided, including at least one abradable ther-
mal barrier coating.

Background Art

[0002] It is desirable to operate for example gas tur-
bines at the highest possible temperature in order to in-
crease the efficiency and performance of the gas turbine
engine. In order to enable an operation of such high-
performance gas turbines at very high temperatures, it
has been proposed in the prior art to provide specific
cooling systems for cooling the turbine blades for avoid-
ing too high temperatures. In particular at the tip portion
of the turbine blades, the turbines are usually provided
with rather complex cooling systems, which run, for ex-
ample, by means of inner cooling paths in the turbine
blades or by means of a combination of cooling air sys-
tems and thermal barrier coatings on the metal turbine
parts.

[0003] In one of such known cooling systems, some
cooling of the turbine blades is achieved through con-
vection by providing passages for a flow of cooling air
from the compressor internally within the blades, so that
heat may be discharged from the metal structure of the
blade by the cooling air. For example, in GB 2 434 842
A a cooling arrangement for a turbine blade shroud is
disclosed, in which the turbine blade is provided with sev-
eral internal cooling passages and cooling air openings
such that a cooling air film is directed to the forward face,
the rearward face and/or the tip of the turbine blade. Such
a cooling arrangement is rather complex with respect to
its design and requires a time-consuming and costly
manufacturing method for its realization.

[0004] A very critical part in view of the cooling is the
tip region of turbine blades, as it is the hottest location of
the turbine blade and because it is difficult to provide
sufficient cooling at this specific location of the turbine.
This problem comes from the rather complex cooling ge-
ometries required to cool the tip of the turbine blade and
the heat pick-up of any cooling air that is brought through
the interior of the turbine blade to the area of the turbine
tip. Also due to the geometry and shape of the conven-
tional turbine blade tips and more especially a squealer
tip, the possibilities of an internal cooling by means of
cooling air passages are rather limited, and itis not simple
to create a sulfficient film of cooling air on the blade tip in
a homogeneous way. Nevertheless, such high-perform-
ance gas turbines require a cooling system, which pro-
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vides a sufficient cooling, in particular of the tip portion
of the turbine blades, in order to have an efficient oper-
ation performance of the turbine.

Summary of the Invention

[0005] In view of the above-described disadvantages,
it is an object of the present invention to provide an effi-
cient cooling system for cooling a turbine blade of a gas
turbine with a simple form of construction, which never-
theless allows a reduction of turbine cooling and leakage
air and leads to an increased turbine efficiency.

[0006] This problem is solved by means of a cooling
system with the features of claim 1. Further develop-
ments and preferred embodiments of the invention are
subject matter of the dependent claims.

[0007] According to the present invention, a cooling
system for cooling a turbine blade of a gas turbine com-
prising a rotor with multiple turbine blades and a stator
surrounding the rotor and provided with a heat shield is
provided, wherein the stator heat shield comprises a
base element covered with at least one abradable ther-
mal barrier coating facing to a tip region of the turbine
blade, and wherein the cooling system comprises means
for generating a cooling air flow, characterized in that
said stator heat shield is provided with a plurality of cool-
ing air holes terminating in the area of said tip region of
said turbine blades such that in operation of the turbine
acooling air flow is directed to the tip of respective turbine
blades. By means of this, the cooling system for gener-
ating a cooling air flow is integrated within the stator heat
shield, and the cooling air flow is directly supplied to the
area of the adjacent blade tip of turbine blades. A more
efficient cooling in particular of the critical tip region of
turbine blades is hereby possible. It is not necessary to
provide complex and additional cooling means at the tur-
bine blade itself such that the all-in-all design of the cool-
ing system is comparatively simple. The plurality of cool-
ing air holes in the stator heat shield, which may be re-
alized, for example, by drilling, is arranged such that the
cooling air flow efficiently cools the tip region of the tur-
bine blades during the operation of the gas turbine. For
this purpose, the plurality of cooling air holes is arranged
in a specific pattern and at respective areas of the stator
heat shield adjacent to the tip regions of the turbine
blades. By using the stator heat shields for the purpose
of cooling the turbine blades, an internal cooling of the
blades is not required, and independently of the form of
turbine blades, an efficient cooling by means of a homo-
geneous cooling air flow is achieved.

[0008] According to one advantageous aspect of the
invention, the cooling air holes in the stator heat shield
extend through said base element as well as said at least
one thermal barrier coating of said stator heat shield.
That means, the cooling air holes pass completely
through the elements of the stator heat shield. The cool-
ing air holes of this preferred form of realization are there-
fore always open, and, when connected to the means for
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generating a cooling air flow, the cooling air flow sur-
rounding the blade tip of the turbine blade is always gen-
erated.

[0009] According to another preferred embodiment of
the cooling system according to the invention, the cooling
air holes are inclined with respect to a tip front line of the
turbine blades in an acute angle of in particular approx-
imately 45°. That means, the cooling air holes are inclined
to an outer surface of the heat shield and therefore to the
front of the turbine blade. When cooling air flows out of
the cooling air holes, the cooling air will therefore pass
laterally along the complete width of the tip region of the
turbine blade, and a more efficient cooling is achieved.
[0010] According to a further advantageous aspect of
the cooling system of the invention, the cooling holes
have an exit opening at a lateral position with regard to
said turbine blades. A cooling air flow is hereby generated
from a side portion of the tip region of the turbine blade.
By this, almost the complete cooling air flow coming from
the cooling air holes passes around the tip region of the
turbine blade. The amount of cooling air needed for the
required cooling effect is therefore reduced.

[0011] According to a further advantageous aspect of
the cooling system of the invention, the cooling holes are
initially closed by at least a part of said thermal barrier
coating before an operation of the turbine. The cooling
holes in the stator heat shield are, for example, initially
closed by means of the abradable thermal barrier coating
or a portion of this coating. When the cooling system with
the cooling holes integrated in the stator heat shields is
installed in the turbine for the first time and the turbine is
operated, the thermal barrier coating will be abraded by
the tip of the blade in the area of the turbine blades such
that the cooling holes will be opened only in the area
where the turbine blade is present. The cooling air flow
is therefore only given in the respective tip regions of the
turbine blades, which minimizes the cooling air need. On-
ly the cooling air holes in the stator heat shield are used
for the purpose of cooling the turbine blades, which are
in the respective pertinent area of the turbine blades. The
initial closure of the cooling air holes can be achieved,
for example, by only drilling cooling air holes in the base
element of the stator heat shield and by covering the
base element with the abradable thermal barrier coating
afterwards. During the operation of the turbine, the tur-
bine blade will then abrade this abradable thermal barrier
coating only in this area of the turbine blades such that
an efficient cooling of the tip region of the turbine blades
is provided with a reduced need of cooling air.

[0012] According to a further advantageous aspect of
the cooling system of the invention, the cooling air holes
have a constant diameter and a straight form through
said heat shield. The cooling air holes may therefore be
realized by a simple drilling processing. By means of the
straight form of the cooling air holes, a maximum pres-
sure of the cooling air flow at the exit opening close to
the blade tip is achieved.

[0013] According to a further advantageous aspect of
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the cooling system of the invention, the cooling air holes
have a larger diameter in the base element as compared
to the abradable thermal barrier coating. With this design
of the cooling air holes, a kind of emergency cooling is
achieved in case that the thermal barrier coating of the
stator heat shield is completely abraded by the running
of the turbine blades. In such a case, the diameter of the
cooling air holes is automatically increased, and a larger
cooling air flow is generated. On the contrary, when the
stator heat shield is still in good shape and the thermal
barrier coating is present, the diameter of the cooling air
holes is reduced for the normal operation of the turbine,
with the cooling system according to the invention inte-
grated in the stator heat shield.

[0014] According to a further advantageous aspect of
the cooling system of the invention, the thermal barrier
coating is formed of a first inner layer and of a second
outer layer. The two separate layers of the thermal barrier
coating may be realized with the same material or with
adifferent material. The second outer layer of the thermal
barrier coating can specifically be used for the initial clos-
ing of the cooling air holes, whereas the cooling air holes
are only drilled in the firstinner layer of the thermal barrier
coating and/or a base element of the stator heat shield.
The cooling of the tip region of the turbine blade will there-
fore only come into effect in the respective pertinent ar-
eas, in which the turbine blade is running adjacent to the
stator heat shields. With the two-layer form of the abrad-
able thermal barrier coating of the stator heat shield, also
different characteristics with respect to the thermal re-
sistance and abrasion resistance can easily be realized.

Brief Description of the Drawings

[0015] In the following, the invention will be described
in more detail on the basis of several embodiments of
the invention, with reference to the attached drawings,
in which:

is a schematic cross-section view of a first em-
bodiment of the cooling system of the invention;
is a schematic cross-section view of the em-
bodiment of a cooling system of the invention
of Fig. 1 with the turbine blade running in the
abradable thermal barrier coating;

is a schematic cross-section view of a second
embodiment of the cooling system according to
the invention with initially closed cooling air
holes;

is a schematic cross-section view of the em-
bodiment of Fig. 3 with the turbine blade running
in a part of the abradable thermal barrier coat-
ing; and

is a schematic cross-section view of a third em-
bodiment of the cooling system according to the
presentinvention including an emergency cool-
ing means.

Fig. 1

Fig. 2

Fig. 3

Fig. 4

Fig. 5
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Ways of Carrying out the Invention

[0016] A first example of realization of the cooling sys-
tem for turbine blades of the present invention is shown
in respective schematic cross-section views in Figs. 1
and 2. The cooling system is integrated within a stator
heat shield 2 having in this embodiment a base element
3 and an abradable thermal barrier coating 4, in which a
plurality of cooling air holes 5 is formed. The cooling air
holes 5 in this embodiment of the invention are always
open, with an exit opening 6 on the upper side facing to
the critical tip region of a turbine blade (not shown in Fig.
1). The cooling system is furthermore provided with
means for generating a cooling air flow, which is arranged
outside of the stator heat shield 2 shown in Figs. 1 and
2. The cooling air holes 5 in this first embodiment are
inclined at approximately 45° with respect to the upper
surface of the stator heat shield 2 and therefore also with
respect to the front line of a turbine blade 1 (cf. Fig. 2).
An exit opening 6 of the cooling air holes 5 is arranged
in a lateral position of the tip region of the turbine blade
1 when the turbine is operated. The cooling air flow ac-
cording to the arrow in Fig. 2 will therefore pass from one
lateral side of the tip region of the turbine blade 1 to the
other side and will provide an efficient cooling of in par-
ticular the tip region of this turbine blade 1. This cooling
effectis also supported by the inclined form of the plurality
of cooling air holes 5. In this first embodiment, the cooling
air holes 5 go completely through the material of both
elements of the stator heat shield 2, namely the base
element 3 and the abradable thermal barrier coating 4,
which is in this field also denominated as a TBC. The
plurality of cooling air holes 5 is, for example, realized by
means of a drilling processing and with appropriate di-
ameters for providing a sufficient cooling air flow to the
tip region of the turbine blade 1. With this design of a
cooling system, which is completely integrated in the sta-
tor heat shields 2 adjacent to the tip region of the turbine
blade 1, acomplex and costly cooling arrangement within
the turbine blade 1 itself is avoided. The cooling system
of the invention may easily be integrated within existing
gasturbines. The base element 3 of the stator heat shield
2 is realized through an appropriate metal or metal alloy,
whereas the TBC or thermal barrier coating 4 consists
preferably of a ceramic material, such as an Yttria-stabi-
lized zirconia (YSZ), which provides the desired low heat-
conductivity and the protection of the outer stator ele-
ments of the gas turbine. Between the base element 3
and the thermal barrier coating 4, a bond coat 7 is pro-
vided for connecting the two elements to one another.
When the gas turbine is run and the turbine blade 1 con-
tacts the abradable thermal barrier coating 4, a portion
of the material of the thermal barrier coating 4 will be
removed, as it is shown in Fig. 2. The cooling air hole 5
being provided at a lateral position of the tip region of the
turbine blade 1 remains open, with its exit opening 6 in
such a form that a homogeneous air flow of cooling air
is applied to the tip region of the turbine blade 1. With
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this form of realization, the cooling system may easily be
integrated within a given turbine design. Independent of
the amount of removal of material in the abradable ther-
mal barrier coating 4, still a sufficient cooling air flow is
provided through the exitopenings 6 at any circumstance
by means of the cooling system of the invention. The
multiple cooling air holes 5 in the stator heat shield 2 may
preferably be arranged in a specified pattern and with
respect to the position of the turbine blades 1 running
within the gas turbine in operation. For example, the mul-
tiple cooling air holes 5 are arranged in a concentrated
form in the areas where the turbine blades 1 will be
mounted, facing to the respective stator heat shields 2.
[0017] The further schematic cross-section views of
Figs. 3 and 4 of the attached drawings show a second
embodiment of the cooling system for cooling a turbine
blade of the invention. Contrary to the first example of
realization, in this second embodiment the cooling air
holes 5 are initially closed by means of an outer layer 42
of the thermal barrier coating 4. The thermal barrier coat-
ing 4 is here realized in a two-layer form with a first inner
layer 41 and a second outer layer 42, which can be made
of the same ceramic material or of different types of ce-
ramic materials. In the initial form of the stator heat shield
2, the multiple cooling air holes 5 are closed by means
of the outer layer 42 of the thermal barrier coating 4.
According to the invention, the cooling blade will be run
as close as possible to the heat shields 2 in order to
achieve a sufficient cooling effect. Since it cannot be pre-
dicted beforehand, which one of the plurality of stator
heat shields 2 will have the closest gap to the tip of the
turbine blades 1, the cooling air holes 5 of this form of
realization are designed and manufactured such that
they are closed by default and will only be opened if the
gap between the stator heat shields 2 and the turbine
blade 1 is small enough.

[0018] According to the invention, this is achieved by
means of the second outer layer 42 of the thermal barrier
coating 4, which initially closes the cooling air holes 5
formed in the base element 3, the bond coat 7 and the
inner layer 41 of the thermal barrier coating 4, as can be
seen when comparing Fig. 3 and Fig. 4 of the attached
drawings. When the turbine blade runs in the thermal
barrier coating 4, at least to a certain extent, the outer
layer 42 will be abraded and consequently the cooling
air holes 5 will be opened, so that the efficient cooling by
means of the cooling air flow supplied to the tip region of
the turbine blade 1 is achieved. This form of realization
allows using only the respective cooling air holes 5 of the
plurality of cooling air holes 5, which will bring an effective
cooling of the blade tip, and the requirement of cooling
air pressure and the amount of cooling air are reduced.
Also in this second embodiment, the cooling air holes 5
arearranged in a lateral position with regard to the turbine
blade 1 and are inclined at approximately 45°with respect
to the front line of the tip of the turbine blade. However,
this does not limit the scope of protection of the present
invention, and the cooling air holes 5 may be not inclined
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or inclined at another degree and may be arranged at a
different position or may be arranged over the whole ex-
tension of the respective stator heat shields 2 such that
a kind of regular pattern of cooling air holes 5 is provided
all around the outer turbine parts. Preferably, the thermal
barrier coating 4 is here also realized on the basis of a
ceramic material, which can be the same for the outer
layer 42 and the inner layer, but which can also be dif-
ferentin any of these two layers. The bond coat 7 provides
a secure fitting of the abradable thermal barrier coating
4 to the base element 3, which is preferably made from
a metal alloy.

[0019] Figure 5 of the attached drawings shows a third
example of realization of a cooling system for cooling a
turbine blade integrated within a stator heat shield 2 in a
schematic cross-section. This third embodiment is simi-
lar to the above-described second embodiment of the
invention and comprises athermal barrier coating 4 made
of afirstinnerlayer 41 and a second outer layer 42, which
initially closes the plurality of cooling air holes 5. When
the gas turbine is operated and the tip of the turbine
blades 1 comes in close contact with the stator heat
shields 2, the outer layer 42 of the thermal barrier coating
4 will be abraded and the exit opening 6 will afterwards
be open, so that a cooling air flow is supplied through the
cooling air holes 5, which are in a position adjacent to
the tip region of the turbine blade. In this example of re-
alization, the cooling system is furthermore provided with
an emergency cooling element in the form of an emer-
gency cooling hole 8 in the base element 3 and the bond
coat 7, having a larger diameter as compared to the cool-
ing diameter of the cooling air holes 5 in the thermal bar-
rier coating 4. With this design according to the present
invention, an emergency cooling is achieved for the case
that the thermal barrier coating falls off. In this event, the
larger diameter emergency cooling hole 8 will automati-
cally be opened, and the amount of cooling air flow will
thereby be increased. Any deterioration of the turbine
blades 1 is hereby avoided also in cases in which the
complete thermal barrier coating 4 spalls off and until the
stator heat shield 2 is exchanged during the upcoming
maintenance of the gas turbine. In this form of realization
shown in Fig. 5 of the drawings, the diameter of the emer-
gency cooling hole 8 is approximately twice the diameter
of the cooling air hole 5. Also in this example of realiza-
tion, the cooling air holes 5 extend in an inclined angle
at approximately 45° compared to the upper surface of
the stator heat shield 2, and therefore to a front line of
the turbine blade 1.

[0020] However, the present invention is not limited to
this exemplary form of realization, and the cooling air
hole 5 may have a different extension and a different
position than shown in Fig. 5 of the drawings. It is to be
noted that in the drawings only a single cooling air hole
5 is shown, but that the cooling system of the invention
has a plurality of cooling air holes 5 in any of the stator
heat shields 2.
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Claims

1. Cooling system for cooling a turbine blade (1) of a
gas turbine comprising a rotor with multiple turbine
blades and a stator surrounding the rotor and pro-
vided with a stator heat shield (2), wherein the stator
heatshield (2) comprises abase element (3) covered
with at least one abradable thermal barrier coating
(4) facing to a tip region of the turbine blade (1) and
wherein the cooling system comprises means for
generating a cooling air flow, characterized in that
said stator heat shield (2) is provided with a plurality
of cooling air holes (5) terminating in the area of said
tip region of said turbine blades (1) such that in op-
eration of the turbine a cooling air flow is directed to
the tip of respective turbine blades (1).

2. Cooling system according to claim 1, characterized
in that said cooling air holes (5) extend through said
base element (3) as well as said at least one thermal
barrier coating (4) of said stator heat shield (2).

3. Cooling system according to claim 1 or 2, charac-
terized in that said cooling air holes (5) are inclined
with respect to a blade tip front line in an acute angle
of in particular approximately 45°.

4. Cooling system according to any one of the preced-
ing claims, characterized in that said cooling air
holes (5) have an exit opening (6) at a lateral position
with regard to said turbine blades (1).

5. Cooling system according to any one of the preced-
ing claims, characterized in that said cooling air
holes (5) are initially closed by at least a part of said
thermal barrier coating (4) before operation of said
turbine.

6. Cooling system according to any one of the preced-
ing claims, characterized in that said cooling air
holes (5) have a constant diameter and straight form
through said heat shield (2).

7. Cooling system according to any one of the preced-
ing claims 1 to 5, characterized in that said cooling
air holes (5) have a larger diameter in said base el-
ement (3) as compared to in said at least one abrad-
able thermal barrier coating (4).

8. Cooling system according to any one of the preced-
ing claims, characterized in that said thermal bar-
rier coating (4) is formed of a first inner layer (41)
and a second outer layer (42).

9. Cooling system according to claim 8, characterized
in that in said second outer layer (42) of said thermal
barrier coating (4) the cooling air holes (5) are initially
closed before operation of the turbine.
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