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(54) An enhanced cooling surface

(57)  Theinvention relates to a wall element (100) for
a gas turbine. The wall element (100) comprises a sur-
face running along a surface plane (103) of the wall ele-
ment (100). The surface comprises a profile (110) ex-
tending from the surface plane (103), wherein the profile
(110) has a cross section within a cross section plane
(106) which is perpendicular to the surface plane (103).
The profile (110) comprises along a direction (107) being
orientated parallel to the surface plane (103)afirst section
(1) which runs from the surface plane (103) to a first ele-
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vation plane (101) which is parallel to the surface plane
(103) and which is spaced from the surface plane (103),
a second section (ll) which runs from the first elevation
plane (101) to a second elevation plane (102) which is
parallel to the surface plane (103) and which is located
between the first elevation plane (101) and the surface
plane (103), a third section (Ill) which runs from the sec-
ond elevation plane (102) to the first elevation plane (101)
and a fourth section (IV) which runs from the first eleva-
tion plane (101) to the surface plane (103).
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Description
Field of invention

[0001] The presentinvention relates to a wall element
for a gas turbine. Furthermore, the invention relates to a
method for manufacturing the wall element.

Art Background

[0002] Various parts in industrial and aero gas tur-
bines, are exposed to hot gas streams. Hence, in partic-
ular the wall sections facing the hot gas stream have to
be cooled in order to increase the lifetime of the wall
sections.

[0003] In order to cool the wall sections, cooling air
streams are directed to the surfaces of the cooling wall
sections. The surfaces of the wall section may comprise
profiles with a variety of different shapes in order to in-
crease the surface area of the surface for improving a
heat transfer between the cooling gas and the wall sec-
tion.

[0004] In order to increase the surface area of the sur-
face, the size of the profiles may be increased. In partic-
ular, the profile extends from the surface of the wall sec-
tion in the direction to the cooling gas stream. The ex-
tending length in the direction to the cooling gas stream
is limited because the profile causes a disproportional
increase in pressure drop in proportion to the cooling
effectiveness by the cooling gas stream.

[0005] US 7,743,821 B2 describes a heat exchanger
which includes a tube having axially spaced fins or a con-
tinuously spirally wound fin about the tube. One or more
of the fins are dimpled, mechanically or molded, to pro-
vide concavities and projections on opposite sides of the
fins or alternating concavities and projections on an op-
posite side of the fins.

[0006] US 7,013,962 B2 describes a fluid cooler as-
sembly which comprises a vertically stacked first type
and second different type of tubular panel subassembly
construction integrated with a third subassembly of ex-
ternal corrugated fin construction positioned above and
below eachtubular panel subassembly. Furthermore, the
fluid cooler assembly comprises bell shaped manifold
end areas.

Summary of the Invention

[0007] Itis an objective of the present invention to im-
prove the cooling efficiency of a gas turbine.

[0008] This objective is solved by a wall element, by a
gas turbine and by a method for manufacturing the wall
element according to the independent claims.

[0009] According to a first aspect of the present inven-
tion, a wall element for a gas turbine is presented. The
wall element comprises a surface running along a surface
plane of the wall element. The surface comprises a profile
extending from the surface plane, wherein the profile has
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a cross section within a cross section plane which is sub-
stantially perpendicular to the surface plane. The profile
comprises along a direction being orientated parallel to
the surface plane and orientated within the cross section
plane a first section which runs from the surface plane
to a first elevation plane which is parallel to the surface
plane and which is spaced from the surface plane, a sec-
ond section which runs from the first elevation plane to
a second elevation plane which is parallel to the surface
plane and which is located between the first elevation
plane and the surface plane, a third section which runs
from the second elevation plane to the first elevation
plane and a fourth section which runs from the first ele-
vation plane to the surface plane.

[0010] According to a further aspect of the present in-
vention, a turbine comprising the above mentioned wall
element is presented.

[0011] According to a further aspect of the present in-
vention, a method for manufacturing the wall element is
presented. The wall element comprises a surface running
along a surface plane of the wall element, wherein the
surface comprises a profile extending from the surface
plane. The profile has a cross section within a cross sec-
tion plane which is perpendicular to the surface plane.
The method comprises the forming along a direction be-
ing orientated parallel to the surface plane and within the
cross section plane of a first section of the profile, which
runs from the surface plane to a first elevation plane
which is parallel to the surface plane and which is spaced
from the surface plane,of a second section of the profile,
which runs from the first elevation plane to a second el-
evation plane which is parallel to the surface plane and
which is located between the first elevation plane and
the surface plane, of a third section of the profile, which
runs from the second elevation plane to the first elevation
plane, and a fourth section of the profile, which runs from
the first elevation plane to the surface plane.

[0012] The wall element of a turbine describes a part
of a housing of a gas turbine component. For example,
the wall element may be a part of the combustor wall or
a part of the turbine nozzle wall. In general, the wall el-
ement may describe a housing of a gas turbine compo-
nent which is exposed to hot gas or steam. The wall el-
ement may be attached to the gas turbine in such a way
that one side of the wall element is exposed to a cooling
fluid passing the wall element and an opposed side of
the wall element may be exposed to a hot working fluid
of the gas turbine, such as hot gas, hot exhaust gas or
steam.

[0013] The surface running along the surface plane of
the wall element may describe the side of the wall which
is exposed to the hot working fluid or which is exposed
to the cooling fluid streaming through the cooling chan-
nel. In particular, the wall element may form a part of the
cooling channel. The surface of the wall section may com-
prise a curved or a plane shape. In particular, the surface
may form an annular shape around a centre line e.g.
around a turbine shaft of the turbine.
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[0014] The above described profile describes a three-
dimensional profile which extends from the surface. The
profile may form an asymmetrical profile or may be rota-
tionally symmetric. The first, second, third and fourth sec-
tions are located one after another along the direction.
Each section describes a predefined run (of the contour)
of the profile within the cross section plane. The three-
dimensional profile may be formed by rotating the cross
section plane around a symmetry axis being e.g. parallel
to a normal of the surface plane. The three-dimensional
profile is formed by rotating the cross section plane 360°
degree around the symmetry axis, for example.

[0015] The first section and the fourth section (i.e. the
contour of the first section and the contour of the fourth
section) run between the surface plane and the first ele-
vation plane. The second and the third section (i.e. the
contour of the second section and the contour of the third
section) run between the first elevation plane and the
second elevation plane.

[0016] The first elevation plane and the second eleva-
tion plane are parallel to the surface plane in the region
where the profile is formed at the surface. The first ele-
vation plane and the second elevation plane may be de-
fined spaced apart from the surface plane of the wall
element. The second elevation plane is defined between
the first elevation plane and the surface plane. In partic-
ular, the second elevation plane is spaced apart from the
first elevation plane.

[0017] Inanexemplary embodiment, the first elevation
plane and the second elevation plane are defined and
located in the environment of the body of the wall ele-
ment, such that the first section and the fourth section
are formed by an attached protrusion (e.g. a pimple) onto
the surface of the wall element and the second section
and the third section form a dimple. Alternatively, the first
elevation plane and the second elevation plane may be
located below the surface plane, i.e. within the body of
the wall element. Hence, the first section and the fourth
section form a groove or a dimple in the body of the wall
section and the second section and the third section form
a protrusion.

[0018] Moreover, a plurality of the above described
profiles may be formed onto or within the wall element.
Each of the profile may comprise the same shape or may
comprise a different shape between each other.

[0019] By the present invention, the surface area of a
profile onto the surface is increased without increasing
the height of the profile. In particular, the first elevation
plane is spaced from the surface plane. In conventional
approaches, in order to increase the surface of the profile,
the distance between the first elevation plane and the
surface planeisincreasedinordertoincrease the surface
area. By the approach of the present invention, an inter-
mediate second elevation plane is defined between the
first elevation plane and the surface plane. The profile
comprises a predefined run between the first elevation
plane and the second elevation plane.

[0020] In particular, metaphorically speaking a waved
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run of the profile between the first section and the fourth
section may be formed, wherein the profile comprises a
cross section with a contour which comprises two local
maxima (where the contour reaches the first elevation
plane) and three local minimum (e.g. a first local mini-
mum, where the contour reaches the second elevation
plane and further a second and third local minimum,
where the contour reaches the surface plane). Hence,
the surface area is increased without increasing the dis-
tance between the first elevation plane and the surface
plane, i.e. the height of the profile.

[0021] By increasing the surface area of the profile,
the heat transfer is improved, such that the wall element
may be cooled more efficiently. The way how to improve
the effectiveness of the cooling air is to give the profile
formed for example by a dimple or a protrusion on the
surface an extra (additional) surface area between the
first section and the fourth section. This extra surface
areais formed by the second section and the third section
e.g. by forming a further protrusion or a further dimple
within the profile formed by the first section and the fourth
section.

[0022] Summarizing, by forming the profiles as de-
scribed above to a surface of a wall element, the cooling
air efficiency is improved, the hot metal temperatures are
reduced, the total cooling air requirements are reduced
and the engine efficiency may be improved.

[0023] According to a further exemplary embodiment,
the first section and the fourth section are formed with a
first curved shape. In particular, the first section and the
fourth section may have a curved shape within the cross
section plane, such as a parabolic run. Moreover, the
first and the fourth section may comprise an S-shaped
run within the cross section plane. By having a curved
shape, the manufacturing is simplified and the local
stress concentrations reduced. Additionally or alterna-
tively, the run of the profile in the first section and/or the
fourth section may comprise a linear run.

[0024] According to a further exemplary embodiment,
the second and the third section are formed with a second
curved shape. Additionally or alternatively, the run of the
profile in the second section and/or the third section may
comprise a linear run.

[0025] According to a further exemplary embodiment,
the first section and the fourth section in combination
form a protrusion, wherein the second section and the
third section form a dimple.

[0026] Hence, the first section and the fourth section
define a first sub-profile defining the larger, outer shape
of the profile. The second and the third section define an
inner, smaller second sub-profile, which is located within
the (edges of the) first sub-profile. In particular, the ex-
tension direction with respect to the surface plane of the
first sub-profile defined by the first and fourth section is
opposed with respect to the extending direction of the
second sub-profile defined by the second and third sec-
tion.

[0027] According to another exemplary embodiment,
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the first section and the fourth section in combination
form a dimple (e.g. also called cavity) and wherein the
second section and the third section in combination form
a protrusion (e.g. also called projection).

[0028] According to a further exemplary embodiment,
the first section and the fourth section in combination
form within the cross section plane a triangular, trapezoi-
dal or a parabolic shaped profile between the surface
plane and the first elevation plane. The second section
and the third section in combination form within the cross
section plane a triangular, trapezoidal or a parabolic
shaped dimple. In other words, the first section and the
fourth section in combination form along the cross section
plane a protrusion, wherein the second and third section
in combination form along the cross section plane a cut
out (dimple) in the center are of the protrusion formed
between the first and fourth section.

[0029] According to a further exemplary embodiment,
the profile further comprises along the direction a fifth
section and a sixth section, wherein the fifth section and
the sixth section are located along the direction between
the second section and the third section, wherein the fifth
section runs from the second extension plane to a third
extension plane which is parallel to the surface plane.
The sixth section runs from the third extension plane to
the second extension plane. By the present exemplary
embodimentitis indicated, that between the second sec-
tion and the third section a plurality of further sections
may be interposed along the direction so that a plurality
of different shapes of the profile between the first eleva-
tion plane and the surface plane may be formed, so that
the overall surface area of the profile and hence of the
wall element may be increased.

[0030] It has to be noted that embodiments of the in-
vention have been described with reference to different
subject matters. In particular, some embodiments have
been described with reference to apparatus type claims
whereas other embodiments have been described with
reference to method type claims. However, a person
skilled in the art will gather from the above and the fol-
lowing description that, unless other notified, in addition
to any combination of features belonging to one type of
subject matter also any combination between features
relating to different subject matters, in particular between
features of the apparatus type claims and features of the
method type claims is considered as to be disclosed with
this application.

Brief Description of the Drawings

[0031] The aspects defined above and further aspects
of the present invention are apparent from the examples
of embodiment to be described hereinafter and are ex-
plained with reference to the examples of embodiment.
The invention will be described in more detail hereinafter
with reference to examples of embodiment but to which
the invention is not limited.
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Fig. 1 shows a cross-sectional view of the cross sec-
tion plane of the wall element according to an exem-
plary embodiment of the present invention;

Fig. 2 shows a perspective view of profiles of the wall
element, wherein the first and fourth sections form
protrusions and the second and third sections form
dimples according to an exemplary embodiment of
the present invention;

Fig. 3 shows a cross-sectional view of the perspec-
tive view of the wall element shown in Fig. 2 accord-
ing to an exemplary embodiment of the present in-
vention;

Fig. 4 shows a perspective view of profiles of the wall
element, wherein the first and fourth sections form
dimples and the second and third sections form pro-
trusions according to an exemplary embodiment of
the present invention; and

Fig. 5 shows a cross-sectional view of the perspec-
tive view of the wall element shown in Fig. 4 accord-
ing to an exemplary embodiment of the present in-
vention.

Detailed Description

[0032] The illustrations in the drawings are schemati-
cal. It is noted that in different figures, similar or identical
elements are provided with the same reference signs.
[0033] Fig. 1showsawallelement 100 of agasturbine.
The wall element 100 comprises a surface running along
a surface plane 103 of the wall element 100. The surface
comprises a profile 110 extending from the surface plane
103. The profile 110 has a cross-section within a cross
section plane 106 which is perpendicular to the surface
plane 103. The profile 110 comprises along a direction
107 being orientated parallel to the surface plane 103 a
first section | which runs from the surface plane 103 to a
first elevation plane 101 which is parallel to the surface
plane 103 and which is spaced from the surface plane
103. Furthermore, the profile 110 comprises along the
direction 107 a second section |l which runs from the first
elevation plane 101 to a second elevation plane 102
which is parallel to the surface plane 103 and which is
located between the first elevation plane 101 and the
surface plane 103. Furthermore, the profile 110 compris-
es along the direction 107 a third section Il which runs
from the second elevation plane 102 to the first elevation
plane 101. Furthermore, the profile 110 comprises along
the direction 107 a fourth section IV which runs from the
first elevation plane 101 to the surface plane 103.
[0034] The above described run of the profile along
the direction 107 may be taken from the view of the cross
section plane 106 from Fig. 1. In the exemplary embod-
iment shown in Fig. 1, the profile 110 forms a protrusion
between the first section | and the fourth section IV along
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the direction 107. Between the first section | and the
fourth section IV the second section Il and the third sec-
tion Ill form a dimple. Hence, by forming the dimple in
the second section Il and third section lll, the overall sur-
face area of the profile 110 is increased. In particular, the
dimple is formed between a high point (local maximum)
104 of the first section | at the first elevation plane 101
and a further high point (further local maximum) 104 of
the fourth section IV at the first elevation plane 101,
wherein the dimple has a low point (local minimum) 105
at the second elevation plane 102.

[0035] The high points 104 may define the point or the
points on the first section | and the fourth section IV which
comprises the largest distance (i.e. in direction of the
normal of the surface plane 103) to the surface plane
103. The high points 104 define a local maximum of the
profile 110, at which the algebraic sign of the first deri-
vation of the contour of the profile 110, in particular the
tangent, changes. The high points 104 are located onto
the first elevation plane 101 which defines the largest
distance to the surface plane 103. Between the first ele-
vation plane 101 and the surface plane 103, the second
elevation plane 102 is located. The run of the profile along
the direction 107 between the second section Il and the
third section lll is defined between the second elevation
plane 102 and the first elevation plane 101. As can be
taken from Fig. 1, the second section Il is defined be-
tween the high point 104 of the first section | and the low
point 105, which is a point on the second elevation plane
102. The third section Il is defined between the low point
105 and the high point 104 of the fourth section IV.
[0036] As shown in Fig. 1, the profile 110 forms along
the direction 107 within the cross section plane a para-
bolic run in the first section | and the fourth section IV.
Furthermore, as shown in Fig. 1, the profile forms along
the direction 107 a protrusion layout between the first
section | and the fourth section IV. The second section
Il and the third section Il are located between the first
section | and the fourth section IV and form a dimple (cut-
out) in the cup shaped protrusion.

[0037] Fig. 2 shows a pattern of profiles 110 formed
along the surface plane 103 of the wall element 100. Each
profile 110 forms between the first section | and the fourth
section |V a protrusion, wherein at a cone section of the
protrusion a dimple is formed, wherein the dimple is de-
fined between the second section Il and the third section
Il as shown more detailed in Fig. 1.

[0038] Fig. 3 shows a cross-section of the profiles
shown in Fig. 2. As can be taken from Fig. 3, the sections
| to IV are arranged along the direction 107 one after
another. Within the cross section plane 106 the profile
110 forms two high points 104 on the first elevation plane
101 (shown in Fig. 1) and one low point 105 located on
the second elevation plane 102 which is located between
the first elevation plane 101 and the surface plane 103.
[0039] Fig. 4 shows a wall section 100 with a pattern
of profiles 110, wherein each profile 110 forms between
the first section | and the fourth section IV a dimple. Ata
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core section, which is defined by the second section Il
and the third section Ill, the profile 110 comprises a pro-
trusion for increasing the surface area.

[0040] Fig. 5 shows a cross-sectional view of the em-
bodiment shown in Fig. 4. As can be taken from Fig. 5,
each profile 110 comprises along its cross section plane
106 a dimple between the first section | and the fourth
section 1V, wherein between the first section | and the
fourth section |V, the second section Il and the third sec-
tion 1ll are located which form a protrusion in the core
area of the dimple shape of the profiles 110 forincreasing
the surface area of each profile 100.

[0041] According to the embodiments each single pro-
trusion or dimple of the profiles 110 may be rotational
symmetric. In other embodiments it may also be advan-
tageous if the protrusion or dimple may not be rotational
symmetric, e.g. if formed as a cube or a block.

[0042] The invention may be applied to any turbine
nozzle component, i.e. a surface washed by a hot gas.
Besides wall elements or heat shields, also platforms of
blades or vanes could be considered. The profiles 110
may be located on laminar surfaces that are anyhow
present to guide the hot gases.

[0043] 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.

Claims

1. Wallelement(100) for a gas turbine, the wall element
(100) comprising

a surface running along a surface plane (103)
of the wall element (100),

wherein the surface comprises a profile (110)
extending from the surface plane (103),
wherein the profile (110) has a cross section
within a cross section plane (106) which is per-
pendicular to the surface plane (103),

wherein the profile (110) comprises along a di-
rection (107) being orientated parallel to the sur-
face plane (103)

a) a first section (l) which runs from the sur-
face plane (103) to a first elevation plane
(101) which is parallel to the surface plane
(103) and which is spaced from the surface
plane (103),

b) a second section (II) which runs from the
first elevation plane (101) to a second ele-
vation plane (102) which is parallel to the
surface plane (103) and which is located be-
tween the first elevation plane (101) and the
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surface plane (103),

¢) a third section (Ill) which runs from the
second elevation plane (102) to the first el-
evation plane (101), and

d) a fourth section (IV) which runs from the
first elevation plane (101) to the surface
plane (103).

Wall element (100) according to claim 1,
wherein the first section (I) and the fourth section
(IV) are formed with a first curved shape.

Wall element (100) according to claim 1 or 2,
wherein the second section (I1) and the third section
(1) are formed with a second curved shape.

Wall element (100) according to one of the claims 1
to 3,

wherein the first section (I) and the fourth section
(IV) form a protrusion, and

wherein the second section (I1) and the third section
(1) form a dimple.

Wall element (100) according to one of the claims 1
to 4,

wherein the first section (I) and the fourth section
(IV) in combination form a dimple, and

wherein the second section (I) and the third section
(1) in combination form a protrusion.

Wall element (100) according to one of the claim 1
to 5,

wherein the first section (I) and the fourth section
(IV) in combination form within the cross section
plane a triangular, trapezoidal or a parabolic shaped
profile between the surface plane (103) and the first
elevation plane (101), and

wherein the second section (I1) and the third section
(Ill) in combination form within the cross section
plane a triangular, trapezoidal or a parabolic shaped
dimple.

Wall element (100) according to one of the claim 1
to 6,

wherein the profile (110) further comprises along the
direction (107)

e) a fifth section, and
f) a sixth section,

wherein the fifth section and the sixth section are
located between the second section (1) and the third
section (lll),

wherein the fifth section runs from the second ele-
vation plane (102) to a third elevation plane which is
parallel to the surface plane (103), and

wherein the sixth section runs from the third elevation
plane to the second elevation plane (102).
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8.

Turbine comprising
a wall element (100) as set forth in one of the claims
1to07.

Method of manufacturing a wall element (100) for a
gas turbine,

wherein the wall element (100) comprises a surface
running along a surface plane (103) of the wall ele-
ment (100), wherein the surface comprises a profile
(110) extending from the surface plane (103),
wherein the profile (110) has a cross section within
a cross section plane (106) which is perpendicular
to the surface plane (103),

wherein the method comprises

forming along a direction (107) being orientated par-
allel to the surface plane (103)

a) a first section (I) of the profile (110), which
runs from the surface plane (103) to a first ele-
vation plane (101) which is parallel to the surface
plane (103) and which is spaced from the sur-
face plane (103),

b) a second section (I1) of the profile (110), which
runs from the first elevation plane (101) to a sec-
ond elevation plane (102) which is parallel to the
surface plane (103) and which is located be-
tween the first elevation plane (101) and the sur-
face plane (103),

c) a third section (lll) of the profile (110), which
runs from the second elevation plane (102) to
the first elevation plane (101), and

d) a fourth section (1V) of the profile (110), which
runs from the first elevation plane (101) to the
surface plane (103).
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