
Printed by Jouve, 75001 PARIS (FR)

(19)
E

P
3 

10
9 

40
4

A
1

TEPZZ¥_Z94Z4A_T
(11) EP 3 109 404 A1

(12) EUROPEAN PATENT APPLICATION

(43) Date of publication: 
28.12.2016 Bulletin 2016/52

(21) Application number: 15173387.0

(22) Date of filing: 23.06.2015

(51) Int Cl.:
F01D 5/18 (2006.01)

(84) Designated Contracting States: 
AL AT BE BG CH CY CZ DE DK EE ES FI FR GB 
GR HR HU IE IS IT LI LT LU LV MC MK MT NL NO 
PL PT RO RS SE SI SK SM TR
Designated Extension States: 
BA ME
Designated Validation States: 
MA

(71) Applicant: Siemens Aktiengesellschaft
80333 München (DE)

(72) Inventors:  
• Hull, Henrik

602 10 Norrköping (SE)
• Szijarto, Janos

61295 Finspong (SE)

(54) TURBINE ASSEMBLY

(57) The present invention relates to a turbine as-
sembly (10) comprising at least one basically hollow aer-
ofoil (12) with at least one trailing edge (14) comprising
at least two wall segments (16, 18) that each comprises
an inner surface (20, 22), wherein the inner surfaces (20,
22) face each other, and wherein the inner surfaces (20,
22) enclose at least one exit aperture (24) extending ba-
sically in span wise direction (26) of the at least one ba-
sically hollow aerofoil (12).

In order to provide a sufficient heat transfer and thus
cooling of the turbine assembly (10), it is proposed that
at least one of the inner surfaces (20, 22) of the at least
two wall segments (16, 18) of the trailing edge (14) com-
prises at least one surface increasing structure (28, 28’)
extending partially into the at least one exit aperture (24)
from one inner surface (20, 22) to the other inner surface
(20, 22).
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Description

Field of the Invention

[0001] The present invention relates to a turbine as-
sembly like an aerofoil-shaped turbine assembly such as
turbine rotor blades and stator vanes. The present inven-
tion further relates to a matrix component and method
for manufacturing said turbine assembly.

Background to the Invention

[0002] Modern turbines often operate at extremely
high temperatures. The effect of temperature on the tur-
bine blades, stator vanes and surrounding components
can be detrimental to the efficient operation of the turbine
and can, in extreme circumstances, lead to distortion and
possible failure of such components. In order to over-
come this risk, high temperature turbines may include
hollow blades or vanes comprising cooling passages for
a cooling medium to cool the blades and vanes during
operation of the turbine assembly.
[0003] Such blades or vanes with e.g. an inner serpen-
tine geometry for the cooling passages are typically made
by an investment casting process which uses a ceramic
core to define the various internal passages and further
structures. After casting, the ceramic core is removed
from the aerofoil by a leaching process.
[0004] The cooling passages terminate into a vertical
slot positioned at a trailing edge of the aerofoil. Due to
different flow dynamics inside the hollow aerofoil local
heat distribution along the slot may vary. Hence, selected
regions may overheat and be subjected to detrimental
heat effects which, in turn, can lead to failure of the aer-
ofoil and thus the turbine engine.
[0005] It is a first objective of the present invention to
provide an aerofoil-shaped turbine assembly such as a
turbine rotor blade and a stator vane with which the
above-mentioned shortcomings can be mitigated, and
especially that an effective cooling concept can be real-
ised which provides sufficient cooling and ensures effec-
tive heat transfer.
[0006] It is a second objective of the invention to pro-
vide an advantageous matrix component which reliably
forms the shape of the turbine assembly during the cast-
ing process. A third objective of the invention is to provide
a method for manufacturing a turbine assembly that is
reliable and time-efficient.
[0007] These objectives may be solved by a turbine
assembly, a matrix component and a method according
to the subject-matter of the independent claims.

Summary of the Invention

[0008] Accordingly, the present invention provides a
turbine assembly comprising at least one basically hollow
aerofoil with at least one trailing edge comprising at least
two wall segments that each comprises an inner surface,

wherein the inner surfaces face each other, and wherein
the inner surfaces enclose at least one exit aperture ex-
tending basically in span wise direction of the at least
one basically hollow aerofoil.
[0009] It is proposed that at least one of the inner sur-
faces of the at least two wall segments of the trailing edge
comprises at least one surface increasing structure ex-
tending partially into the at least one exit aperture from
one inner surface to the other inner surface.
[0010] Due to the inventive matter an effective cooling
can be provided. Furthermore, a heat transfer of the aer-
ofoil and especially the trailing edge can be increased in
comparison to state of the art systems. Thus, overheating
and detrimental effects can be prevented resulting in a
reliable turbine assembly and hence a secure turbine en-
gine operation.
[0011] Even if a term like aerofoil, edge, wall segment,
inner surface, exit aperture, surface increasing structure,
cooling passage, medium, area, exit opening, end, rim,
material, matric component or cavity is used in the sin-
gular or in a specific numeral form in the claims and the
specification the scope of the patent (application) should
not be restricted to the singular or the specific numeral
form. It should also lie in the scope of the invention to
have more than one or a plurality of the above mentioned
structure(s).
[0012] A turbine assembly is intended to mean an as-
sembly provided for a turbine engine, like a gas turbine,
wherein the assembly possesses at least one aerofoil.
The turbine assembly may be a part of a turbine wheel
or a turbine cascade with circumferential arranged aer-
ofoils. The turbine assembly may comprise in addition to
the aerofoil further structures, like a root portion and/or
an outer and/or an inner platform. The latter two would
be arranged at opposed ends of the aerofoil(s) and/or
the inner platform would be arranged between the aero-
foil and the root portion.
[0013] In this context a "basically hollow aerofoil"
means an aerofoil with a casing, wherein the casing en-
cases at least one cavity and/or an e.g. meandering cool-
ing passage. A structure, like a rib, which divides different
cavities/passages in the aerofoil from one another and
for example extends in a span wise direction of the aer-
ofoil, does not hinder the definition of "a basically hollow
aerofoil". In particular, the basically hollow aerofoil, re-
ferred to as aerofoil in the following description, has two
cooling regions, a channelled cooling region at a leading
edge of the aerofoil and pin-fin/pedestal cooling region
at the trailing edge. These regions could be separated
from one another through a rib.
[0014] The wall segment is preferably a part of either
a suction side or a pressure side of the aerofoil. Generally
the surface increasing structure may also be positioned
or arranged at or formed in a partitioning wall dividing the
exit aperture in the direction from the pressure to the
suction side.
[0015] In this context a "surface increasing structure"
is intended to mean any structure, like a knoll, rib, hoop
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or the like, which increases the surface of the wall to
which the structure is attached or where it is positioned
or in which it is formed that is feasible for a person skilled
in the art. The attachment may be facilitated by any con-
nection feasible for a person skilled in the art, like screw-
ing, welding, gluing, etc. Moreover, an effective surface
area comprises all surfaces that interact with the cooling
medium bypassing the surface increasing structure. In
the case of an embodiment of the surface increasing
structure as basically a knoll like rib the effective surface
comprises the surfaces extending along a width and
along a length of the surface increasing structure as well
as both sloping flanges of the surface increasing struc-
ture extending to the wall segment having the surface
increasing structure. For example, when the surface in-
creasing structure has a width of 0.4 mm, a height of 0.3
mm and a length of 1.4 mm the effective surface is 1.587
mm2.
[0016] Preferably, the at least one surface increasing
structure and the wall segment of the at least two wall
segments that is embodied with the at least one surface
increasing structure are embodied integrally with each
other. Hence, a secure attachment can be provided. Fur-
ther, the surface increasing structure can be cast during
the casing process of the turbine assembly and thus ad-
vantageously economising the manufacturing process.
Moreover, smooth junctions between the surface in-
creasing structure and the wall segment can be provided.
In this context "formed integrally" is intended to mean
that the surface increasing structure and the wall seg-
ment are built from the same piece, that they are a one-
piece part or that they cannot be separated from each
other without damaging at least one of the structures or
that there is a loss of function for at least one of the struc-
tures.
[0017] An "exit aperture" is intended to mean an open-
ing or hole which primary function is to provide an exit
for a selected structure or means, like a fluid, a gas, a
liquid or the like. Generally, another function may be also
possible, like a fastening function etc. The selected struc-
utre may be any structure feasible for a person skilled in
the art and is preferably a cooling medium traveling at
least one cooling passage inside of the aerofoil for ex-
ample with a flow path or direction leading basically from
the leading edge to the trailing edge. Additionally, the exit
aperture may have any shape or cross section feasible
for a person skilled in the art, like circular, triangular, rec-
tangular or oval etc. Preferably, the exit aperture is a slot.
The exit aperture or the slot, respectively, may extend
over a part of the trailing edge viewed in span wise di-
rection or basically all along a span wise extension of the
trailing edge.
[0018] Moreover, there may be a plurality of exit aper-
tures or slots, respectively, arranged in span wise direc-
tion one after the other. A span wise direction of the aer-
ofoil is defined as a direction extending basically perpen-
dicular, preferably perpendicular, to a direction from a
leading edge to a trailing edge of the aerofoil or the di-

rection from a root portion to a tip of the aerofoil or the
direction from one platform to the opposed platform in
case of the embodiment of the aerofoil as a vane.
[0019] The phrase "extending partially into" should be
understood that the surface increasing structure origi-
nates at one wall segment and extends in direction to the
opposed wall segment or its inner surface, respectively,
thereby crossing a part of the exit aperture. Specifically,
the surface increasing structure does not physically con-
nect the two wall segments with each other. Thus, there
is always a gap between the top of the surface increasing
structure and the opposed arranged wall segment.
[0020] The dimensions of the exit aperture and of the
surface increasing structure depend on the dimensions
of the turbine assembly or its aerofoil, respectively. These
dimensions may be specified as relative values or as
absolute values.
[0021] Preferably, the at least one exit aperture has a
width extending from one inner surface to the other inner
surface and wherein the at least one surface increasing
structure has a height that is maximally 50% of the width
if the at least one exit aperture. Thus, a balance between
a sufficient area used for heat transfer and thus cooling
purposes and an unobscured flow path of the flow me-
dium, like cooling air, exiting at the exit aperture can be
provided. In the scope of maximally 50% should lie a
divergence from 50% of about 5% to 10%. Moreover, the
at least two wall segments are spaced apart a distance
from each other and wherein the at least one surface
increasing structure extends maximally along 50% of the
distance between the at least two wall segments. For
example in a turbine assembly with an aerofoil span of
about 70 millimetre (mm) the exit aperture may have a
width of about 0.5 mm to 0.9 mm, thus the height of the
surface increasing structure would maximally be about
0.25 mm to 0.45 mm.
[0022] Furthermore, it is provided that the at least one
aerofoil has a span in span wise direction and wherein a
width of the at least one surface increasing structure is
greater than 0.4% of the span of the at least one aerofoil
or preferably of about 0.4% to 1% of the span and most
preferably of about 0.5% of the span. Specifically, in case
of a turbine assembly with an aerofoil having a span of
70 mm the width of the at least one surface increasing
structure is greater than 0.4 mm. Moreover, a height of
the at least one surface increasing structure is greater
than 0.3% of the span of the at least one aerofoil or pref-
erably of about 0.3% to 1% and most preferably of about
0.4% of the span. Specifically, in case of a turbine as-
sembly with an aerofoil having a span of 70 mm the height
of the at least one surface increasing structure is greater
than 0.3 mm. Further, a length of the at least one surface
increasing structure is greater than 1% of the span of the
at least one aerofoil or preferably of about 1% to 3% and
most preferably of about 2% of the span. Specifically, in
case of a turbine assembly with an aerofoil having a span
of 70 mm the length of the at least one surface increasing
structure is greater than 1.4 mm. These dimensions and
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values have been shown to provide a sufficient area for
effective heat transfer. Additionally, a turbine assembly
with a thus dimensioned surface increasing structure can
be manufactured or casted easily resulting in a turbine
assembly without stability issues.
[0023] Generally, in case of more than one surface in-
creasing structure and/or cooling passage it may be pos-
sible to dimension each surface increasing structure as
well as an exit opening or cross section of each cooling
passage individually.
[0024] Advantageously, the turbine assembly com-
prises at least one cooling passage for a cooling medium
discharging in the at least one exit aperture, thus, pro-
viding a selected flow path for the cooling medium. Fur-
ther, the at least one cooling passage has a cross sec-
tional area and the at least one surface increasing struc-
ture has a cross sectional area. According to a preferred
embodiment of the invention the cross sectional area of
the at least one surface increasing structure is less than
60% of the cross sectional area of the at least one cooling
passage and preferably about 40% to 60% and most pref-
erably the cross sectional area of the at least one surface
increasing structure is maximally 50% of the cross sec-
tional area of the at least one cooling passage. Hence,
the portion of the cross sectional area of the cooling pas-
sage where the flow of the cooling medium is unhindered
by the surface increasing structure is large enough to
allow a sufficient amount of cooling medium to be dis-
charged from the cooling passage to bypass the surface
increasing structure for heat transfer and thus cooling.
[0025] Generally, it may be possible to arrange the sur-
face increasing structure at a random point along the exit
aperture. Preferably, the at least one surface increasing
structure is positioned at the hottest point of the at least
one aerofoil during operation of the turbine assembly.
Thus, the surface increasing structure can take effect at
the region of the aerofoil where cooling is needed the
most and the risk for detriment is highest. This location
can be determined beforehand of the casting of the aer-
ofoil with specific software under consideration of char-
acteristics of the turbine assembly as well as the used
turbine engine, like used materials, position of the turbine
assembly along the flow path of the cooling medium, tem-
peratures at selected positions of the turbine engine, flow
capacity and velocity, speed of the turbine engine etc.
[0026] The at least one cooling passage has an exit
opening and the at least one exit aperture has a depth
in a direction basically perpendicular to a span wise di-
rection of the basically hollow aerofoil. In this context an
"exit opening" is intended to mean the region where the
cooling medium, like air, is discharged from the cooling
passage and specifically into the exit aperture to be re-
leased from the turbine assembly into the surrounding
environment. In case of more than one cooling passage
the portions of the flow medium discharged from different
cooling passages can be merged after passing the exit
opening. The scope of a "basically perpendicular" ar-
rangement should also lie an arrangement of the depth

in respect to the span wise direction that deviates up to
10% from the strict span wise orientation.
[0027] In a further realisation of the invention the at
least one surface increasing structure has a longitudinal
extension with a forward end and a rear end and wherein
the at least one surface increasing structure extends from
its forward end to its rear end along the depth of the at
least one exit aperture and wherein the forward end of
the at least one surface increasing structure is arranged
in the exit opening of the at least one cooling passage.
Due to this arrangement the cooling of the discharged
cooling medium can start to take effect directly after the
cooling medium exits the cooling passage. The arrange-
ment as "arranged in" should be understood as posi-
tioned at or starts/originates at/in the exit opening or di-
rectly adjacent to the exit opening. Thus, the exit opening
and the forward end are basically at the same depth
viewed in direction from the leading edge to the trailing
edge. The surface increasing structure with its forward
and rear ends is preferably embodied as a rib.
[0028] An especially effective heat transfer can be pro-
vided when the turbine assembly comprises a plurality
of surface increasing structures. Furthermore, it is ad-
vantageous when the plurality of surface increasing
structures extend basically in parallel towards each other,
thus minimising the risk of flow perturbation along the
flow path of the cooling medium after exiting the cooling
passage(s). A homogeneous discharge can be provided
when the surface increasing structures of the plurality of
surface increasing structures are arranged equally
spaced towards each other.
[0029] It is possible to arrange the surface increasing
structures in span wise direction of the aerofoil all along
the exit aperture. However, to allow a sufficient amount
of the cooling medium/air to exit the aerofoil unhindered
the positioning of the surface increasing structures (only)
at selected areas might be more advantageous. Hence,
the surface increasing structures can be arranged in one
or more groups with a selected number of surface in-
creasing structures. For example, it would be possible to
arrange a group of six surface increasing structures at
the region where the aerofoil will be hottest during oper-
ation of the turbine engine, like near the tip of the aerofoil.
[0030] In case of an embodiment with a plurality of sur-
face increasing structures and a plurality of cooling pas-
sages it is advantageous when each of the cooling pas-
sages of the plurality of cooling passages comprises at
least one surface increasing structure of the plurality of
surface increasing structures. Hence, good heat transfer
can be provided at each cooling passage. As stated
above, it might be more advantageous to position a se-
lected number of surface increasing structures at a se-
lected number of cooling passages out of the plurality of
cooling passages. Advantageous, each of these cooling
passages would have at least one surface increasing
structure. However, in case, for example, of a large tur-
bine assembly the cooling passage(s) might have a di-
mension that would allow to arrange more than one sur-
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face increasing structure per cooling passage.
[0031] Further, the at least one cooling passage has a
longitudinal extension and the at least one surface in-
creasing structure has a longitudinal extension. Accord-
ing to a further realisation of the invention the longitudinal
extension of the at least one surface increasing structure
and the longitudinal extension of the at least one cooling
passage are arranged aligned with each other. In other
words, the longitudinal extension of the at least one sur-
face increasing structure and the axial extension of the
at least one cooling passage extend basically coaxial with
each other or the direction of the flow path of the cooling
medium is coaxial to the extension of the surface increas-
ing structure. Hence, the risk of turbulences of the flow
medium after exiting the cooling passage is minimised.
[0032] The turbine assembly has a suction side and a
pressure side. Generally, the surface increasing struc-
ture can be arranged at either side or even at both sides.
However, to gain the highest cooling effect it is advanta-
geous when the wall seg-ment of the at least two wall
segments that is embodied with the at least one surface
increasing structure is positioned at the pressure side of
the at least one hollow aerofoil. In other words, the sur-
face increasing structure is a part of or formed in the
pressure side of the aerofoil or its inner surface, respec-
tively.
[0033] As stated above, the at least one surface in-
creasing structure has a rear end. Moreover, the trailing
edge has a termination rim. The term "rim" should be also
understood as edge or border. Beneficially, the rear end
of the surface increasing structure terminates flush with
the trailing edge termination rim. As a result, a homoge-
neously moulded or shaped trailing edge can be provided
minimising manufacturing problems and inaccuracies in
the finished turbine assembly. In this embodiment, the
length of the surface increasing structure is basically
equal to the depth of the exit aperture.
[0034] The cooling passage has a cross section and
two cooling passages have a span wise distance towards
each other. This span wise distance is basically the cross
section of the cooling passage. Furthermore, two surface
increasing structures have a span wise distance towards
each other that is basically the cross section of the cooling
passage. In other words, the spacing between two sur-
face increasing structures is the same as or equal to the
spacing between two cooling passages. Thus, a bal-
anced construction can be provided resulting in a stable
and robust turbine assembly.
[0035] In a further advantageous embodiment the aer-
ofoil is a turbine blade or turbine vane, and especially a
turbine blade.
[0036] It is a further object of the present invention to
provide a matrix component for manufacturing by a cast-
ing method with at least one casting material the inventive
turbine assembly.
[0037] It is provided that the matrix component com-
prises at least one cavity, wherein dimensions of the at
least one cavity are embodied in such a way so that during

the casting process with the at least one casting material
at least one surface increasing structure of the turbine
assembly is formed.
[0038] Due to this the surface increasing structure can
be formed reliably and easily during the manufacturing
or casting process, respectively, of the turbine assembly,
what further advantageously economising the manufac-
turing process. Moreover, smooth junctions between the
surface increasing structure and the wall segment can
be provided.
[0039] In his context the term "matrix" should be un-
derstood as tem-plate or blueprint. The casting material
may be any material feasible for a person skilled in the
art to form the shape and structures of the turbine as-
sembly, like a metal, a blended metal mixture or an alloy
etc. The matrix component may be manufactured or built
of any material feasible for a person skilled in the art that
can be removed after the casting process and may for
example be a ceramic material. Thus, the matric compo-
nent may be named ceramic core.
[0040] The invention further provides a method for
manufacturing the inventive turbine assembly by using
the inventive matrix component.
[0041] It is proposed that the method comprises at
least the steps of: Casting a casting material around the
matrix component and removing the matrix component
and thus obtaining the turbine assembly.
[0042] Due to this manufacturing process the surface
increasing structure can be integrated in the turbine as-
sembly effectively and reliably. Furthermore, an addition-
al manufacturing step for integration of the surface in-
creasing structure can be omitted saving time and costs.
[0043] The above-described characteristics, features
and advantages of this invention and the manner in which
they are achieved are clear and clearly understood in
connection with the fol-lowing description of exemplary
embodiments which are explained in connection with the
drawings.

Brief Description of the Drawings

[0044] The present invention will be described with ref-
erence to drawings in which:

FIG 1: shows a schematically and sectional view of a
gas turbine engine comprising several inven-
tive turbine assemblies,

FIG 2: shows a perspective view of one turbine as-
sembly from FIG 1 with an aerofoil comprising
a trailing edge with an exit aperture,

FIG 3: shows two wall segments and the exit aperture
of the aerofoil from FIG 2 with surface increas-
ing structures at one wall segment,

FIG 4: shows one surface increasing structure from
FIG 3 in an enlarged view,
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FIG 5: shows a matrix component for a casting proc-
ess for the turbine assembly from FIG 2 with
cavities corresponding to the surface increas-
ing structures from FIG 4 and

FIG 6: shows a trailing edge region of the matrix com-
ponent from FIG 5 with cavities in an enlarged
view.

Detailed Description of the Illustrated Embodiments

[0045] The terms upstream and downstream refer to
the flow direction of the airflow and/or working gas flow
through the engine 68 unless otherwise stated. If used
and not otherwise stated, the terms axial, radial and cir-
cumferential are made with reference to a rotational axis
78 of the engine 68.
[0046] FIG 1 shows an example of a gas turbine engine
68 in a sectional view. The gas turbine engine 68 com-
prises, in flow series, an inlet 70, a compressor section
72, a combustion section 74 and a turbine section 76,
which are generally arranged in flow series and generally
in the direction of a longitudinal or rotational axis 78. The
gas turbine engine 68 further comprises a shaft 80 which
is rotatable about the rotational axis 78 and which ex-
tends longitudinally through the gas turbine engine 68.
The shaft 80 drivingly connects the turbine section 76 to
the compressor section 72.
[0047] In operation of the gas turbine engine 68, air
82, which is taken in through the air inlet 70 is compressed
by the compressor section 72 and delivered to the com-
bustion section or burner section 74. The burner section
74 comprises a burner plenum 84, one or more combus-
tion chambers 86 defined by a double wall can 88 (not
shown in detail) and at least one burner 90 fixed to each
combustion chamber 86. The combustion chamber(s) 86
and the burner(s) 90 are located inside the burner plenum
84. The compressed air passing through the compressor
section 72 enters a diffuser 92 and is discharged from
the diffuser 92 into the burner plenum 84 from where a
portion of the air enters the burner 90 and is mixed with
a gaseous or liquid fuel. The air/fuel mixture is then
burned and the combustion gas 94 or working gas from
the combustion is channelled via a transition duct 96 to
the turbine section 74.
[0048] The turbine section 76 comprises a number of
blade carrying production discs 98 or turbine wheels at-
tached to the shaft 80. In the present example, the turbine
section 76 comprises two discs 98 each carry an annular
array of turbine assemblies 10 which each comprises a
basically hollow aerofoil 12 (see FIG 2) embodied as a
turbine blade. However, the number of blade carrying
production discs 98 could be different, i.e. only one pro-
duction disc 98 or more than two production discs 98. In
addition, turbine assemblies 10 embodied as aerofoils
12 from turbine cascades 100 are disposed between the
turbine blades. Each turbine cascade 100 carries an an-
nular array of aerofoils 12 in the form of guiding vanes,

which are fixed to a stator 102 of the gas turbine engine
68. Between the exit of the combustion chamber 86 and
the leading turbine blades inlet guiding vanes or nozzle
guide vanes 104 are provided.
[0049] The combustion gas 94 from the combustion
chamber 86 enters the turbine section 76 and drives the
turbine blades which in turn rotate the shaft 80. The guid-
ing vanes 104 serve to optimise the angle of the com-
bustion or working gas 94 on to the turbine blades. The
compressor section 72 comprises an axial series of guide
vane stages 106 and rotor blade stages 108 with turbine
assemblies 10 or turbine blades or vanes, respectively.
[0050] FIG 2 shows in a perspective view a turbine
assembly 10 or turbine blade of the gas turbine engine
68 with an aerofoil 12.
[0051] The turbine assembly 10 comprises a basically
hollow aerofoil 12, with two cooling regions, specifically,
a channelled cooling region and a fin-pin/pedestal cool-
ing region (not shown in detail). The former is located at
a leading edge 110 and comprises a meandering cooling
channel 112 for a cooling medium 34 (see FIG 5) that
extend in span wise direction 26 of the aerofoil 12 and
different parts of the cooling channel 12 are separated
by ribs 114. The latter is located at a trailing edge 14 of
the aerofoil 12. The cooling channel 112 is spliced at the
trailing edge 14 in several cooling passages 32, 32’ (see
FIG 5) which were also separate by ribs 114. The cooling
channel 112 and the cooling passages 32, 32’ may be in
flow communication with each other or with other cooling
features of the aerofoil 12, like film cooling holes, im-
pingement devices or the like (not specified or shown).
[0052] The turbine assembly 10 further comprises a
platform 116 and a root portion 118, wherein the platform
116 is arranged in span wise direction 26 between the
aerofoil 12 and the root portion 118. Further, the aerofoil
12 may comprise, if embodied as guide vane, an outer
platform, embodied as a shroud, at its tip, which is not
shown in FIG 2.
[0053] The trailing edge 14 comprises two wall seg-
ments 16, 18, wherein the wall segment 16 is a part of a
pressure side 52 and the wall segment 18 is a part of a
suction side 120 of the aerofoil 12. Thus, the wall seg-
ments 16, 18 extend in a span wise direction 26 of the
aerofoil 12. Moreover, the wall segments 16, 18 each
comprise an inner surface 20, 22 (see FIG 3 and 4) that
face each other and that enclose an exit aperture 24,
wherein the cooling medium 34 is discharged from the
cooling passages 32, 32’ into the exit aperture 24 and
subsequently in the surrounding environment, like the
gas path in the compressor section 72 or the turbine sec-
tion 76. The exit aperture 24 extends in span wise direc-
tion 26 of the aerofoil 12 basically all along a span 30 of
the aerofoil 12. Furthermore, the exit aperture 24 has a
depth D in a direction 42 basically perpendicular to a
span wise direction 26 or the direction 42 from the leading
edge 110 to the trailing edge 52 of the aerofoil 12.
[0054] As can be seen in FIG 3 that shows an enlarged
part III of FIG 2 the inner surface 20 of the wall segment
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16 of the pressure side 52 of the aerofoil 12 comprises
several, in this exemplary embodiment six, surface in-
creasing structures 28, 28’. These surface increasing
structures 28, 28’ extend partially into the exit aperture
24 and specifically they originate from the inner surface
20 of the pressure side 52 (wall segment 16) to the op-
posed inner surface 22 of the suc-tion side 120 (wall seg-
ment 18).
[0055] Beforehand of specifying the characteristics of
the surface increasing structures 28, 28’ further the man-
ufacturing process will be described with reference to
FIG 5 and 6, wherein FIG 5 shows a matrix component
62 for the manufacturing of the turbine assembly 10 and
FIG 6 an enlarged part of a trailing edge region of the
matrix component 62.
[0056] For the manufacturing by a casting method with
a casting material 64 (the material out of which the turbine
assembly is made, e.g. stainless steel, see FIG 2) the
matrix component 62, like a core out of a ceramic mate-
rial, is used as a tem-plate to form the innards of the
aerofoil 12, like the cooling passages 32, 32’, the dividing
ribs 114, the exit aperture 24 or the surface increasing
structures 28, 28’ etc. Structures which are shown in FIG
5 and 6 in solid form are structures that will be holes,
openings or empty apertures in the resulting aerofoil 12.
Vacant spaces, in turn, will be solid structures in the re-
sulting aerofoil 12 or turbine assembly 10, respectively.
To mark the template structures in the matrix component
62 the reference numerals of the end structures (12, 16,
20, 24, 28, 28’, 32, 32’, 114) according to FIG 1 to 4 are
used in FIG 5 and 6 even if they are not actually shown.
[0057] The method for manufacturing the turbine as-
sembly by using the matrix component 62 comprises at
least the steps of: Casting a casting material 64 around
the matrix component 62 and removing the matrix com-
ponent 62 by a leeching process and thus obtaining the
turbine assembly 10 comprising the surface increasing
structures 28, 28’ due to the integrated cavities 66, 66’
in the matrix component 62.
[0058] The matrix component 62 comprises cavities
66, 66’ (note that the cavities are also marked with the
reference numerals for the corresponding surface in-
creasing structures 28, 28’ in FIG 5 and 6) which dimen-
sions are embodied in such a way so that during the
casting process with the casting material 64 the surface
increasing structures 28, 28’ of the turbine assembly 10
are formed.
[0059] Due to this manufacturing process the surface
increasing structures 28, 28’ and the wall segment 16
are embodied integrally with each other.
[0060] The features of the surface increasing struc-
tures will be described in reference to FIG 3 to 6. Even
if the surface increasing structures 28, 28’ as well as the
cooling passages 32, 32’ and the exit aperture 24 are
only indirectly shown through their corresponding struc-
tures in the matrix component 62 of FIG 5 and 6 some
features will be described in reference to these FIG be-
cause these FIG depict the features more clearly than

FIG 3 and 4.
[0061] The surface increasing structures 28, 28’ ex-
tend basically in parallel towards each other and are ar-
ranged equally spaced towards each other (see FIG 6).
[0062] As can be seen in FIG 3 and 6 each of the cool-
ing passages 32, 32’ of the plurality of cooling passage
32, 32’ comprises one surface increasing structure 28,
28’ of the plurality of surface increasing structures 28,
28’. Further, each surface increasing structure 28, 28 has
a longitudinal extension 44 and each cooling passage
32, 32’ has a longitudinal extension 50. The longitudinal
extension 44 of each surface increasing structure 28, 28’
and the longitudinal extension 50 of each cooling pas-
sage 32, 32’ are arranged aligned with each other or are
arranged coaxial towards each other.
[0063] Moreover, each cooling passage 32, 32’ has a
cross section 56 and two cooling passages 32, 32’ have
a span wise distance 58 towards each other. The span
wise distance 58 between two cooling passages 32, 32’
is basically the cross section 56 of one cooling passage
32, 32’. Furthermore, two surface increasing structures
28, 28’ have a span wise distance 60 towards each other
that is basically the cross section 56 and thus the span
wise distance 58 of the (two) cooling passage(s) 32, 32’.
[0064] Further, the exit aperture 24 has a width W ex-
tending from inner surface 20 to inner surface 22. To
allow sufficient cooling medium 34 to exit the cooling pas-
sages 32, 32’ and thus the aerofoil 12 the dimensions of
each surface increasing structure 28, 28’ is balanced with
the dimensions of the corresponding cooling passage
32, 32’ and with the exit aperture 24. Hence, each surface
increasing structures 28, 28’ has a height h that is max-
imally 50% of the width W of the exit aperture 24. Fur-
thermore, a cross sectional area 38 of each surface in-
creasing structure 28, 28’ is maximally 50% of a cross
sectional area 36 of each cooling passage 32, 32’ (see
FIG 3 and 6).
[0065] As can be seen in FIG 4, which shows one sur-
face increasing structure 28 in more detail, a width w of
the surface increasing structure 28 is about 0.5% of the
span 30 of the aerofoil 12. A height h of the surface in-
creasing structure 28 is about 0.4% of the span 30 and
a length 1 of the surface increasing structure 28 is about
2% of the span 30. Specifically, the width w is greater
than 0.4 mm, the height h is greater than 0.3 mm and the
length 1 is greater than 1.4 mm. In case of a turbine as-
sembly 10 with an aerofoil 12 having a span of 70 milli-
metre (mm) the width w will be 0.4 mm, the height h will
be 0.3 mm and the length 1 will be 1.4 mm. For this values
an effective surface 122 of the surface increasing struc-
ture 28 is 1.587 mm2 (see dotted area in FIG 4).
[0066] Each cooling passage 32, 32’ has an exit open-
ing 40 to discharge the cooling medium 34 into the exit
aperture 24 (see FIG 6). The longitudinal extension 44
of each surface increasing structure 28, 28’ has a forward
end 46 (towards the leading edge 110) and a rear end
48 (towards the trailing edge 52). The surface increasing
structure 28, 28’ extends from its forward end 46 to its
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rear end 48 along the depth D of the exit aperture 24.
Moreover, the forward end 46 of each surface increasing
structure 28, 28’ is arranged in the exit opening 40 of the
corresponding cooling passage 32, 32’ (see also FIG 6).
[0067] Additionally, the rear end 48 of each surface
increasing structure 28, 28’ terminates flush with a ter-
mination rim 54 of the trailing edge 14 (see FIG 6).
[0068] It should be noted that the term "comprising"
does not exclude other elements or steps and "a" or "an"
does not exclude a plurality. Also elements described in
association with different embodiments may be com-
bined. It should also be noted that reference signs in the
claims should not be construed as limiting the scope of
the claims.
[0069] Although the invention is illustrated and de-
scribed in detail by the preferred embodiments, the in-
vention is not limited by the examples disclosed, and oth-
er variations can be derived therefrom by a person skilled
in the art without departing from the scope of the inven-
tion.

Claims

1. Turbine assembly (10) comprising at least one ba-
sically hollow aerofoil (12) with at least one trailing
edge (14) comprising at least two wall segments (16,
18) that each comprises an inner surface (20, 22),
wherein the inner surfaces (20, 22) face each other,
and wherein the inner surfaces (20, 22) enclose at
least one exit aperture (24) extending basically in
span wise direction (26) of the at least one basically
hollow aerofoil (12),
characterised in that,
at least one of the inner surfaces (20, 22) of the at
least two wall segments (16, 18) of the trailing edge
(14) comprises at least one surface increasing struc-
ture (28, 28’) extending partially into the at least one
exit aperture (24) from one inner surface (20, 22) to
the other inner surface (20, 22).

2. Turbine assembly according to claim 1, wherein the
at least one exit aperture (24) has a width (W) ex-
tending from one inner surface (20, 22) to the other
inner surface (20, 22) and wherein the at least one
surface increasing structure (28, 28’) has a height
(h) that is maximally 50% of the width (W) of the at
least one exit aperture (24).

3. Turbine assembly according to claim 1 or 2, wherein
the at least one aerofoil (12) has a span (30) in span
wise direction (26) and wherein a width (w) of the at
least one surface increasing structure (28, 28’) is
about 0.5% of the span (30) of the at least one aer-
ofoil (12) and/or wherein a height (h) of the at least
one surface increasing structure (28, 28’) is about
0.4% of the span (30) of the at least one aerofoil (12)
and/or wherein a length (1) of the at least one surface

increasing structure (28, 28’) is about 2% of the span
(30) of the at least one aerofoil (12) and specifically,
the width (w) of the at least one surface increasing
structure (28, 28’) is greater than 0.4 mm and/or the
height (h) of the at least one surface increasing struc-
ture (28, 28’) is greater than 0.3 mm and/or the length
(1) of the at least one surface increasing structure
(28, 28’) is greater than 1.4 mm.

4. Turbine assembly according to any preceding claim,
characterised by at least one cooling passage (32,
32’) for a cooling medium (34) discharging in the at
least one exit aperture (24) and wherein the at least
one cooling passage (32, 32’) has a cross sectional
area (36) and wherein the at least one surface in-
creasing structure (28, 28’) has a cross sectional ar-
ea (38) and wherein the cross sectional area (38) of
the at least one surface increasing structure (28, 28’)
is maximally 50% of the cross sectional area (36) of
the at least one cooling passage (32, 32’).

5. Turbine assembly according to any preceding claim,
characterised by at least one cooling passage (32,
32’) for a cooling medium (34) discharging in the at
least one exit aperture (24) and wherein the at least
one cooling passage (32, 32’) has an exit opening
(40) and wherein the at least one exit aperture (24)
has a depth (D) in a direction (42) basically perpen-
dicular to a span wise direction (26) of the basically
hollow aerofoil (12) and wherein the at least one sur-
face increasing structure (28, 28’) has a longitudinal
extension (44) with a forward end (46) and a rear
end (48) and wherein the at least one surface in-
creasing structure (28, 28’) extends from its forward
end (46) to its rear end (48) along the depth (D) of
the at least one exit aperture (24) and wherein the
forward end (46) of the at least one surface increas-
ing structure (28, 28’) is arranged in the exit opening
(40) of the at least one cooling passage (32, 32’).

6. Turbine assembly according to any preceding claim,
characterised by a plurality of surface increasing
structures (28, 28’) and wherein the plurality of sur-
face increasing structures (28, 28’) extend basically
in parallel towards each other and/or are arranged
equally spaced towards each other.

7. Turbine assembly according to any preceding claim,
characterised by a plurality of surface increasing
structures (28, 28’) and a plurality of cooling passag-
es (32, 32’) for a cooling medium (34) discharging in
the at least one exit aperture (24) and wherein each
of the cooling passages (32, 32’) of the plurality of
cooling passages (32, 32’) comprises at least one
surface increasing structure (28, 28’) of the plurality
of surface increasing structures (28, 28’).

8. Turbine assembly according to any preceding claim,
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characterised by at least one cooling passage (32,
32’) for a cooling medium (34) discharging in the at
least one exit aperture (24) and wherein at least one
cooling passage (32, 32’) has a longitudinal exten-
sion (50) and the at least one surface increasing
structure (28, 28’) has a longitudinal extension (44)
and wherein the longitudinal extension (44) of the at
least one surface increasing structure (28, 28’) and
the longitudinal extension (50) of the at least one
cooling passage (32, 32’) are arranged aligned with
each other.

9. Turbine assembly according to any preceding claim,
wherein the wall segment (16) of the at least two wall
segments (16, 18) that is embodied with the at least
one surface increasing structure (28, 28’) is posi-
tioned at a pressure side (52) of the at least one
hollow aerofoil (12).

10. Turbine assembly according to any preceding claim,
wherein the at least one surface increasing structure
(28, 28’) has a rear end (48) and wherein the trailing
edge (14) has a termination rim (54) and wherein the
rear end (48) terminates flush with the termination
rim (54) of the trailing edge (14).

11. Turbine assembly according to any preceding claim,
wherein the at least one surface increasing structure
(28, 28’) and the wall segment (16) of the at least
two wall seg-ments (16, 18) that is embodied with
the at least one surface increasing structure (28, 28’)
are embodied integrally with each other.

12. Turbine assembly according to any preceding claim,
characterised by at least two cooling passages (32,
32’) for a cooling medium (34) discharging in the at
least one exit aperture (24) and by at least two sur-
face increasing structures (28, 28’), wherein each of
the cooling passages (32, 32’) of the at least two
cooling passages (32, 32’) has a cross section (56)
and the at least two cooling passages (32, 32’) have
a span wise distance (58) towards each other and
wherein the span wise distance (58) between the at
least two cooling passages (32, 32’) is basically the
cross section (56) of the cooling passage (32, 32’)
and wherein the at least two surface increasing struc-
tures (28, 28’) have a span wise distance (60) to-
wards each other that is basically the cross section
(56) of the cooling passage (32, 32’).

13. Turbine assembly according to any preceding claim,
wherein the at least one basically hollow aerofoil (12)
is a turbine blade or vane.

14. Matrix component (62) for manufacturing by a cast-
ing method with at least one casting material (64)
the turbine assembly (10) according to claims 1 to
13, characterised by at least one cavity (66, 66’),

wherein dimensions of the at least one cavity (66,
66’) are embodied in such a way so that during the
casting process with the at least one casting material
(64) at least one surface increasing structure (28,
28’) of the turbine assembly (10) is formed.

15. A method for manufacturing a turbine assembly (10)
according to claims 1 to 13 by using the matrix com-
ponent (62) according to claim 14,
characterised at least in the steps of:

- Casting a casting material (64) around the ma-
trix component (62) and
- Removing the matrix component (62) and thus
obtaining the turbine assembly (10).
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