
Note: Within nine months of the publication of the mention of the grant of the European patent in the European Patent
Bulletin, any person may give notice to the European Patent Office of opposition to that patent, in accordance with the
Implementing Regulations. Notice of opposition shall not be deemed to have been filed until the opposition fee has been
paid. (Art. 99(1) European Patent Convention).

Processed by Luminess, 75001 PARIS (FR)

(19)
EP

3 
41

2 
86

7
B

1
*EP003412867B1*

(11) EP 3 412 867 B1
(12) EUROPEAN PATENT SPECIFICATION

(45) Date of publication and mention 
of the grant of the patent: 
03.01.2024 Bulletin 2024/01

(21) Application number: 17174866.8

(22) Date of filing: 07.06.2017

(51) International Patent Classification (IPC):
F01D 5/18 (2006.01)

(52) Cooperative Patent Classification (CPC): 
F01D 5/187; F01D 5/186; F05D 2260/22141 

(54) COOLED GAS TURBINE BLADE

GEKÜHLTE GASTURBINENSCHAUFEL

AUBE REFROIDIE DE TURBINE À GAZ

(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

(43) Date of publication of application: 
12.12.2018 Bulletin 2018/50

(73) Proprietor: Ansaldo Energia Switzerland AG
5401 Baden (CH)

(72) Inventor: NAIK, Shailendra
5412 GEBENSTORF (CH)

(74) Representative: Studio Torta S.p.A. et al
Via Viotti, 9
10121 Torino (IT)

(56) References cited:  
US-A- 4 303 374 US-A1- 2003 044 277
US-A1- 2005 265 837 US-B1- 7 563 073
US-B1- 7 862 299 US-B1- 8 162 609
US-B1- 8 366 392 US-B1- 8 585 365



EP 3 412 867 B1

2

5

10

15

20

25

30

35

40

45

50

55

Description

TECHNICAL FIELD

[0001] The present invention relates to a blade for a
gas turbine and to an electric power production plant
comprising said blade. In particular, the present invention
relates to an improved cooling of the blades of a gas
turbine. Preferably the electric power production plant is
connected to an electrical grid.

BACKGROUND

[0002] During the operation of the electrical energy
production plants, the blades of gas turbines are con-
stantly exposed to a hot gas flow coming from the com-
bustion chamber.
[0003] The temperature of the hot gas flowing in the
gas turbine affects the performance of the plant. In par-
ticular, performances of the plant increase with an in-
creasing temperature of the hot gas flowing inside the
turbine. However, the increase of the temperature of the
hot gas flowing in the gas turbine is limited by the thermal
resistance of the material constituting the blades.
[0004] To overcome this kind of limitation, in recent
years, a cooling system for the blades has been adopted.
Normally cooling air extracted from the compressor or
coming from a dedicated cooling air source is driven
through the blades. Examples of blades provided with a
cooling system are disclosed in documents US 7862299,
US 8,231,349 or EP 2107215.
[0005] However, introducing a large amount of cooling
air into the blades of the gas turbine would lead to ex-
cessive thermodynamic losses.

SUMMARY

[0006] The object of the present invention is therefore
to provide a blade having an optimized cooling system,
capable of improving the thermal resistance of the
blades, allowing a further increase of the temperature of
the gases flowing in the gas turbine and reducing the
thermodynamic losses thus consequently improving the
plant performances.
[0007] According to the present invention, there is pro-
vided a blade for a gas turbine as claimed in claim 1.
[0008] In this way the flow of the cooling fluid along the
suction side cooling path is a counter-current flow with
respect to the flow of the hot gas working fluid in the
expansion channel. This solution improves the heat ex-
change efficiency as the heat transfer obtained is higher
with counter-current than co-current exchange. As the
efficiency of the cooling is increased, a lower cooling fluid
flow rate can be drawn for cooling the blades. This lead
to a significant increase in the efficiency of the plant as
the cooling fluid is normally drawn from the compressor
of the plant.
[0009] Moreover, thanks to the claimed structure of the

suction side cooling path the cooling fluid is heated as it
travels through the suction side cooling path and then
released through the suction side discharge arrange-
ment which is close to the leading edge. In this way an
heated cooling fluid is discharged in the hot has working
fluid flow reducing thermodynamic losses.
[0010] According to a preferred embodiment of the
present invention, the suction side cooling path compris-
es a plurality of suction side cooling chambers in fluidic
discharge chamber comprising the suction side dis-
charge arrangement.
[0011] According to a preferred embodiment of the
present invention, the airfoil has a base and a tip; the
plurality of suction side cooling chambers extending sub-
stantially along a direction going from the base toward
the tip. According to a preferred embodiment of the
present invention, at least one suction side cooling cham-
ber is provided with at least one turbulator. In this way
the cooling efficiency of the suction side cooling path is
improved.
[0012] According to a preferred embodiment of the
present invention, the pressure side cooling path com-
prises a plurality of pressure side cooling chambers
which are in fluidic communication and arranged side by
side between the inner wall and the outer wall along the
pressure side; wherein the plurality of pressure side cool-
ing chambers comprises a pressure side inlet chamber,
which is the pressure side cooling chamber closest to
the leading edge, and at least one pressure side dis-
charge chamber, which is the pressure side cooling
chamber closest to the trailing edge; the pressure side
inlet chamber comprising the pressure side inlet and the
pressure side discharge chamber comprises at least one
pressure side discharge arrangement.
[0013] According to a preferred embodiment of the
present invention, the cooling arrangement comprises a
leading edge cooling path, which comprises an inner cen-
tral cooling chamber defined by the inner wall and a lead-
ing edge cooling chamber arranged between the inner
wall and the outer wall at the leading edge; the inner
central cooling chamber being in fluidic communication
with the leading edge cooling chamber; the leading edge
cooling path
comprising at least one leading edge inlet and at least
one leading edge discharge arrangement; the leading
edge discharge arrangement being arranged closer to
the leading edge than the leading edge inlet.
[0014] According to the present invention, the cooling
arrangement comprises a trailing edge cooling path
which is defined by a trailing edge cooling chamber ar-
ranged between the suction side inlet of suction side cool-
ing path and the trailing edge.
[0015] According to the present invention, the trailing
edge cooling path comprises at least one trailing edge
inlet and at least one trailing edge discharge arrange-
ment; the trailing edge discharge arrangement being ar-
ranged on the pressure side and configured to direct the
flow toward the trailing edge.
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[0016] It is furthermore another object of the present
invention to provide a plant for electric power production
having an improved power efficiency.
[0017] According to said object the present invention
relates to a plant for electric power production comprising
at least one gas turbine, which extends along a longitu-
dinal axis and comprises at least one row of blades cir-
cumferentially spaced and extending radially outwardly
from a respective supporting disc of the gas turbine; at
least one of the blades of the row being of the type
claimed in anyone of the claims 1-7.
[0018] According to a preferred embodiment of the
present invention, the plant comprises at least one com-
pressor which is connected to the gas turbine by a suction
line configured to draw cooling air from the compressor
and supply it to the cooling arrangement of the at least
one blade.

BRIEF DESCRIPTION OF THE DRAWINGS

[0019] The present invention will now be described
with reference to the accompanying drawings, which il-
lustrate some non-limitative embodiment, in which:

- Figure 1 is a schematic lateral representation, with
parts removed for clarity and parts in section, of an
electric power production plant comprising accord-
ing to the present invention;

- Figure 2 is a schematic lateral view, with parts re-
moved for clarity and parts in section, of a first detail
of the blade of figure 2;

- Figure 4 is a top section view of the first detail of the
blade of figure 2;

- Figure 5 is an enlarged schematic section view of a
second detail of the blade according to the present
invention.

- Figure 6 is a schematic section view of the second
detail along plane VI-VI indicated in figure 5;

- Figure 7 is a schematic section view of the second
detail along plane VI-VI indicated in figure 5 accord-
ing to a further embodiment of the present invention.

DETAILED DESCRIPTION OF EXEMPLARY EMBOD-
IMENTS

[0020] In figure 1, reference numeral 1 indicates a gas
turbine plant for electrical energy production comprising
a compressor 3, a combustor 4, a gas turbine 5 and a
generator 7, which transforms the mechanical power
supplied by turbine 5 into electrical power to be supplied
to an electrical grid 8, connected to the generator 7 via
a switch 9.
[0021] A variant not shown provides for plant 1 to be
of the combined cycle type and including, in addition to
the gas turbine 5 and generator 7, also a steam turbine.
[0022] The gas turbine 5 extends along a longitudinal
axis A and is provided with a shaft 10 (also extending

along axis A) to which compressor 3 and generator 7 are
also connected. Gas turbine 5 comprises an expansion
channel 12 wherein the hot gas working fluid coming from
the combustor 4 flows in a direction D.
[0023] The expansion channel 12 has a section which
radially increases along the axis A in the direction D.
[0024] In the expansion channel 12 a plurality of stages
13 spaced along the longitudinal axis A is arranged. Each
stage 13 comprises a row of fixed blades and a row of
rotating blades (not illustrated in figure 1). Each row com-
prises circumferentially spaced blades extending radially
outwardly from a respective supporting disc.
[0025] In figure 2 a blade 15 of a stage 13 of the gas
turbine 5 is represented.
[0026] Preferably, blade 15 is a rotating blade, but it is
clear that the present invention can also be applied to
stator blades.
[0027] The blade 15 comprises a root 17, an airfoil 18
and a platform 20.
[0028] The root 17 is configured to be coupled to a
supporting disc (not illustrated in the accompanying fig-
ures) of the gas turbine 5. In particular, the disc has a
plurality of axial seats, which are circumferentially spaced
and engaged by respective roots 17 of the rotating blades
15.
[0029] The airfoil 18 extends from the root 17 and is
provided with base 21 coupled to the root 17 and a tip
22 which, in use, is radially opposite to the base 21.
[0030] The airfoil 18 is completely housed in the ex-
pansion channel 12 and defines the aerodynamic profile
of the rotating blade 15.
[0031] The airfoil 18 has a concave pressure side 24
(better visible in figures 3 and 4) and a convex suction
side 25, which, in use, extend axially between a leading
edge 27 and a trailing edge 28 and radially between the
base 21 and the tip 22.
[0032] The leading edge 27 is arranged upstream of
the trailing edge 28 along the direction D of the hot work-
ing fluid in the expansion channel 12.
[0033] The platform 20 is arranged between the root
17 and the airfoil 18.
[0034] Blade 15 is provided with a cooling arrangement
29. The cooling arrangement 29 comprise a plurality of
feeding channels 30 made in the root 17 and a plurality
of cooling paths 31 (not illustrated in figure 2 and better
visible in figures 3 and 4) made in the airfoil 18.
[0035] The feeding channels 30 are supplied with a
cooling fluid coming from a cooling fluid source 32.
[0036] Preferably, the cooling fluid source 32 is a por-
tion of the compressor 3. In figure 1 a suction line 33
dedicated to the suction of cooling air from the compres-
sor 3 and connected to the gas turbine 5 is shown.
[0037] Preferably, each feeding channel 30 is coupled
to a respective cooling path 31. According to a variant
not shown each feeding channels can be coupled to more
than one cooling path.
[0038] In the non-limiting embodiment here disclosed
and illustrated, the feeding channels 30 are four and the
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cooling paths 31 are four.
[0039] With reference to figure 3, the cooling arrange-
ment 29 comprises a suction side cooling path 31a mainly
dedicated to the cooling of the suction side 25, a pressure
side cooling path 31b mainly dedicated to the cooling of
the pressure side 24, a leading edge cooling path 31c
mainly dedicated to the cooling of the leading edge 27
and a trailing edge cooling path 31d mainly dedicated to
the cooling of the trailing edge 28.
[0040] In figure 3 a dashed line is used to schematically
indicate the cooling path 31a, a dashed-dotted line is
used to schematically indicate the pressure side cooling
path 31b, a dotted line is used to schematically indicate
the leading edge cooling path 31c, a solid line is used to
schematically indicate the trailing edge cooling path 31d.
The airfoil 18 comprises an outer wall 35 and an inner
wall 36.
[0041] The outer wall 35 defines at least in part the
aerodynamic profile of the blade 15 and has an external
face 37 which, in use, is arranged in contact with the hot
gas working fluid flowing in the expansion channel 12.
[0042] The inner wall 36 is enclosed by the outer wall
35 and may have cooling and structural functions.
[0043] In particular the inner wall 36 defines an inner
central cooling chamber 38, through which, in use, the
cooling fluid coming from a respective feeding channel
30 flows as will be detailed in the following.
[0044] The suction side cooling path 31a is defined be-
tween the inner wall 36 and the outer wall 35 and extends
at least partially along the suction side 25.
[0045] The suction side cooling path 31a comprises at
least one inlet 40 (better visible in figure 2) and at least
one discharge arrangement 41.
[0046] The inlet 40 being arranged closer to the trailing
edge 28 than the discharge arrangement 41.
[0047] In the non-limiting embodiment here disclosed
and illustrated, the suction side cooling path 31a com-
prises one inlet 40, which is defined by an aperture lo-
cated at the base 21 of the airfoil 18 and in fluidic com-
munication with the respective feeding channel 30 of the
root 17.
[0048] In the non-limiting embodiment here disclosed
and illustrated, the suction side cooling path 31a com-
prises one discharge arrangement 41 which will be de-
scribed in detail later.
[0049] In more detail, the suction side cooling path 31a
comprises a plurality of suction side cooling chambers
42 which are in fluidic communication and arranged side
by side between the inner wall 36 and the outer wall 35
along the suction side 25.
[0050] Each of the suction side cooling chambers 42
extends substantially along a direction going from the
base 21 toward the tip 22.
[0051] The plurality of suction side cooling chambers
42 comprises a suction side inlet chamber 42a, which is
the suction side cooling chamber 42 closest to the trailing
edge 28, and a suction side discharge chamber 42b,
which is the suction side cooling chamber 42 closest to

the leading edge 27.
[0052] The suction side inlet chamber 42a comprises
the inlet 40 and the suction side discharge chamber 42b
comprises the discharge arrangement 41.
[0053] In the non-limiting embodiment here disclosed
and illustrated, the suction side cooling path 31a com-
prises three suction side cooling chambers 42. In other
words, between the suction side inlet chamber 42a and
the suction side discharge chamber 42b only one suction
side intermediate chamber 42c is arranged.
[0054] In use, the cooling fluid coming from the respec-
tive feeding channel 30 of the root 17 flows along the
suction side inlet chamber 41a, along the suction side
intermediate chamber 42c along the suction side dis-
charge chamber 42b and exits through the discharge ar-
rangement 41 of the suction side discharge chamber 42b.
[0055] In other words, the flow of the cooling fluid along
the suction side cooling path 31a is a counter-current
flow with respect to the flow of the hot gas working fluid
in the expansion channel 12 having direction D.
[0056] The pressure side cooling path 31b is defined
between the inner wall 36 and the outer wall 35 and ex-
tends at least partially along the pressure side 24.
[0057] The pressure side cooling path 31b comprises
at least one inlet 44 (better visible in figure 2) and at least
one discharge arrangement 45.
[0058] The discharge arrangement 45 being arranged
closer to the trailing edge 28 than the inlet 44.
[0059] In the non-limiting embodiment here disclosed
and illustrated, the pressure side cooling path 31b com-
prises one inlet 44, which is defined by an aperture lo-
cated at the base 21 of the airfoil 18 and in fluidic com-
munication with the respective feeding channel 30 of the
root 17.
[0060] In the non-limiting embodiment here disclosed
and illustrated, the pressure side cooling path 31b com-
prises two discharge arrangements 45, which will be de-
scribed in detail later.
[0061] In more detail, the pressure side cooling path
31b comprises a plurality of pressure side cooling cham-
bers 47 which are in fluidic communication and arranged
side by side between the inner wall 36 and the outer wall
35 along the pressure side 24.
[0062] Each of the pressure side cooling chambers 47
extends substantially along a direction going from the
base 21 toward the tip 22.
[0063] The plurality of pressure side cooling chambers
47 comprises a pressure side inlet chamber 47a, which
is the pressure side cooling chamber 47 closest to the
leading edge 27, and at least one pressure side discharge
chamber 47b, which is the pressure side cooling chamber
47 closest to the trailing edge 28.
[0064] The pressure side inlet chamber 47a comprises
the inlet 44 and the pressure side discharge chamber
47b comprises at least one discharge arrangement 45.
[0065] In the non-limiting embodiment here disclosed
and illustrated, the pressure side cooling path 31b com-
prises three pressure side cooling chambers 47: one
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pressure side inlet chamber 47a and two subsequent dis-
charge chambers 47b, each of which is provided with at
least one discharge arrangement 45.
[0066] In use, the cooling fluid coming from the respec-
tive feeding channel 30 of the root 17 flows along the
pressure side inlet chamber 47a, along the pressure side
discharge chamber 47b adjacent to the pressure side
inlet chamber 47a and along the pressure side discharge
chamber 47b closest to the trailing edge 28 and exits
through the two discharge arrangements 45 of the pres-
sure side discharge chambers 47b.
[0067] In other words, the flow of the cooling fluid along
the pressure side cooling path 31b is a co-current flow
with respect to the flow of the hot gas working fluid in the
expansion channel 12 having direction D.
[0068] The leading edge cooling path 31c is defined
by the inner central cooling chamber 38 and by a leading
edge cooling chamber 49 arranged between the inner
wall 36 and the outer wall 35 at the leading edge 27. The
inner central cooling chamber 38 being in fluidic commu-
nication with the leading edge cooling chamber 49 by at
least one connecting aperture 50.
[0069] The inner central cooling chamber 38 and the
leading edge cooling chamber 49 extend substantially
along a direction going from the base 21 toward the tip 22.
[0070] The leading edge cooling path 31c comprising
at least one inlet 51 (better visible in figure 2) and at least
one discharge arrangement 53.
[0071] The discharge arrangement 53 being arranged
closer to the leading edge 27 than the inlet 51.
[0072] In the non-limiting embodiment here disclosed
and illustrated, the leading edge cooling path 31c com-
prises one inlet 51, which is defined by an aperture lo-
cated at the base 21 of the airfoil 18 and in fluidic com-
munication with the respective feeding channel 30 of the
root 17.
[0073] In the non-limiting embodiment here disclosed
and the leading edge cooling path 31c comprises a plu-
rality of discharge arrangements 53, which will be de-
scribed in detail later. Preferably the discharge arrange-
ments 53 are at least three: at least one discharge ar-
rangement 53 directed toward the leading edge 27, at
least one discharge arrangement 53 directed toward the
suction side 25 and at least one discharge arrangement
53 directed toward the pressure side 24.
[0074] In more detail, the leading edge cooling cham-
ber 49 comprises the discharge arrangements 53, while
the inner central cooling chamber 38 comprises the inlet
51.
[0075] In use, the cooling fluid coming from the respec-
tive feeding channel 30 of the root 17 flows along the
inner central cooling chamber 38, through the connecting
aperture 50, along leading edge cooling chamber 49 and
exits through the discharge arrangements 53 of the lead-
ing edge cooling chamber 49.
[0076] In other words, the flow of the cooling fluid along
the leading edge cooling path 31c is a co-current flow
with respect to the flow of the hot gas working fluid in the

expansion channel 12 having direction D.
[0077] The trailing edge cooling path 31d is defined by
a trailing edge cooling chamber 55 arranged between
the inlet 40 of suction side cooling path 31a and the trail-
ing edge 28.
[0078] The trailing edge cooling chamber 55 extends
substantially along a direction going from the base 21
toward the tip 22.
[0079] The trailing edge cooling path 31d comprises
at least one inlet 57 (better visible in figure 2) and at least
one discharge arrangement 58.
[0080] The discharge arrangement 58 being arranged
on the pressure side 24 and configured to direct the flow
toward the trailing edge 28.
[0081] In the non-limiting embodiment here disclosed
and illustrated, the trailing edge cooling path 31d com-
prises one inlet 57, which is defined by an aperture lo-
cated at the base 21 of the airfoil 18 and in fluidic com-
munication with the respective feeding channel 30 of the
root 17.
[0082] In the non-limiting embodiment here disclosed
and illustrated the trailing edge cooling path 31d com-
prises one discharge arrangement 58, which will be de-
scribed in detail later.
[0083] In more detail, the trailing edge cooling chamber
55 comprises the discharge arrangements 58 and the
inlet 57. In use, the cooling fluid coming from the respec-
tive feeding channel 30 of the root 17 flows along the
trailing edge cooling chamber 55 and exits through the
discharge arrangement 58 toward the trailing edge 28.
[0084] The suction side cooling chambers 42, the pres-
sure side cooling chambers 47, the leading edge cooling
chamber 49 and the trailing edge cooling chamber 55
can be optionally provided with at least one turbulator in
order to improve the cooling effect.
[0085] In particular, the suction side cooling chambers
42, the pressure side cooling chambers 47 and the trailing
edge cooling chamber 55 may comprise turbulators de-
fined by ribs which project from at least one internal face
of the respective chamber and are angled with respect
to the direction of the cooling fluid inside the chamber.
Preferably said turbulators project from three adjacent
internal faces of the respective chamber.
[0086] The leading edge cooling chamber 49 may com-
prise a plurality of turbulators defined by ribs projecting
from at least one internal face of the leading edge cooling
chamber 49. Said ribs have a trapezoidal-shaped sec-
tion. Preferably said turbulators are arranged staggered
with respect to the inlet holes of the cooling arrangements
53 at least on the two internal faces of the leading edge
cooling chamber 49 which are respectively closest to the
pressure side 24 and to the suction side 25.
[0087] In figures 5 and 6 the shape of a discharging
arrangement is illustrated.
[0088] Preferably, the discharging arrangement 41 of
the suction side cooling path 31a, the discharge arrange-
ments 45 of the pressure side cooling path 31b, the dis-
charge arrangements 53 of the leading edge cooling path

7 8 



EP 3 412 867 B1

6

5

10

15

20

25

30

35

40

45

50

55

31c and the discharge arrangement 58 of the trailing edge
cooling path 31d have all the structure illustrated in fig-
ures 5 and 6.
[0089] According to a variant not illustrated, at least
one of the discharge arrangement 41 45 53 58 have the
structure illustrated in figures 5 and 6.
[0090] In figure 5 and 6 only the discharge arrange-
ment 45 is illustrated. However, as the structure of the
remaining discharge arrangements 41 53 58 is substan-
tially identical to the structure of the discharge arrange-
ment 45, the following considerations can be considered
valid also for the discharge arrangements 41 53 58.
[0091] Discharge arrangement 45 extends through the
outer wall 35 from the respective internal face of the pres-
sure side discharge cooling chamber 47b to the external
face 37 of the outer wall 35.
[0092] With reference to figure 6, the discharge ar-
rangement 45 comprises a plurality of inlet holes 60, an
outlet common slot 61 and a plurality of connecting chan-
nels 63, each of which is configured to connect a respec-
tive hole 60 with the outlet common slot 61.
[0093] Preferably the inlet holes 60 are identical to
each other. Preferably the connecting channels 63 are
identical to each other.
[0094] The connecting channels 63 are diverging to-
ward the outlet common slot 61. In other words, the con-
necting channels 63 have a passage area which gradu-
ally increases toward the outlet common slot 61.
[0095] The increase of the passage area starts from
an inlet section 65 of the connecting channels 63 and
ends at an outlet section 66 of the connecting channels
63. The inlet section 65 of each connecting channel 63
being in contact with the respective inlet hole 60 and the
outlet section 66 of each connecting channel 63 being in
contact with the outlet common slot 61.
[0096] The passage area of the inlet holes 60 is con-
stant.
[0097] As better visible in figure 5, the passage area
of the inlet hole 60 is smaller than the passage area of
the inlet section 65 of the respective connecting channels
63.
[0098] In the non-limiting example here disclosed and
illustrated the passage area of the inlet section 65 of the
respective connecting channels 63 is 10-20% greater
than the passage area of the inlet hole 60.
[0099] Moreover, in the non-limiting example here dis-
closed and illustrated, the area ratio between inlet section
65 and outlet section 66 of the connecting channels 63
is comprised between 3,5 to 5.
[0100] Preferably, the inlet holes 60 are substantially
aligned along a direction F on the respective internal face
of the pressure side discharge cooling chamber 47b.
Preferably, the inlet holes 60 are arranged equally
spaced from each other.
[0101] Preferably, the outlet common slot 61 is sub-
stantially aligned along a direction parallel to direction F.
Direction F is substantially a straight line extending from
the base 21 to tip 22 of the airfoil 18.

[0102] With reference to figure 5, the discharge ar-
rangement 45 extends along a main axis G which is in-
clined with respect to the external face 37 of the outer
wall with an angle α.
[0103] In other words, the inlet holes 60 and the con-
necting channels 63 and the outlet common slot 61 ex-
tends along said main axis G as shown in the cross sec-
tion of figure 5. The depth DH of the inlet holes 60 is
10-20% of the total depth Dtot of the outer wall 35; where-
in both depth DH and depth Dtot are measured along the
main axis G.
[0104] The depth DC of the connecting channels 63 is
50%-70% of the total depth Dtot of the outer wall 35;
wherein both depth DC and depth Dtot are measured
along the main axis G. Depth DS of the outlet common
slot 61 is 20-30% of the total depth Dtot of the outer wall
35; wherein both depth DS and depth Dtot are measured
along the main axis G. Obviously the angle α of inclination
and the total depth of the outer wall 35 measured along
the main axis G can be different for each one of the dis-
charge arrangements 41 45 53 58.
[0105] In the non-limiting example here disclosed and
illustrated, the angle α of discharge arrangement 58 is
equal or greater than the angle α of discharge arrange-
ment 45.
[0106] In use, the cooling fluid coming from the respec-
tive pressure side discharge cooling chamber 47b is di-
vided by the plurality of inlet holes 60, flows into the re-
spective connecting channels 63 and joins at the outlet
common slot 61. A single wide and homogenous flow of
cooling fluid exits from the outlet common slot 61 as in-
dicated also by the arrow in figure 6.
[0107] The presence of a plurality of inlet holes 60 hav-
ing a defined passage area regulates the flow rate of the
cooling fluid exiting through the discharge arrangement
45.
[0108] The presence of an outlet common slot 61 im-
proves the film cooling efficiency as the external face 37
of the outer wall 35 is lapped by a cooling flow which is
wide and homogeneous.
[0109] Due to the increased cooling efficiency lower
amounts of cooling air is required for the blade. Due to
this the overall efficiency of the gas turbine is increased.
[0110] In figure 7 a further embodiment of the dis-
charge arrangement 145 is illustrated. The same refer-
ence numbers used for the cooling arrangement 45 of
figures 5 and 6 are used also in figure 7 for indicating
similar or identical parts.
[0111] According to said embodiment, the discharge
arrangement 145 comprises at least two discharge
groups 146
[0112] In the non-limiting example here disclosed and
illustrated, the discharge arrangement 145 comprises
three discharge groups 146.
[0113] Each discharge group 146 comprises a plurality
of inlet holes 160, an outlet common slot 161 and a plu-
rality of connecting channels 163, each of which is con-
figured to connect a respective hole 160 with the outlet
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common slot 161.
[0114] In particular, each connecting channel 163 have
an inlet section 165 and an outlet section 166; the inlet
section 165 of each connecting channel 163 being in con-
tact with the respective inlet hole 160 and the outlet sec-
tion 166 of each connecting channel 163 being in contact
with the outlet common slot 161. The passage area of
each inlet hole 160 is preferably smaller than the passage
area of the inlet section 165 of the respective connecting
channels 163 analogously to the embodiment illustrated
in figure 6.
[0115] In the non-limiting example here disclosed and
illustrated, each discharge group 146 comprises a three
inlet holes 160, an outlet common slot 161 and three
connecting channels 163, each of which is configured to
connect a respective hole 160 with the outlet common
slot 161.
[0116] The inlet holes 160 of each group 146 are equal-
ly spaced one from the other.
[0117] The discharge groups 146 are spaced one from
the other. Preferably the discharge groups 146 are equal-
ly spaced one from the other.
[0118] In use the cooling fluid coming from the respec-
tive pressure side discharge cooling chamber 47b is di-
vided by the plurality of inlet holes 160, flows into the
respective connecting channels 163 and joins at the out-
let common slots 161. In the non-limiting example here
disclosed and illustrated, three homogenous flows of
cooling fluid exits from the outlet common slots 161 as
indicated also by the arrows in figure 7.
[0119] Finally, it is clear that modifications and variants
can be made to the blade and the gas turbine described
herein without departing from the scope of the present
invention, as defined in the appended claims.

Claims

1. Blade for a gas turbine (5) comprising:

an airfoil (18) having a leading edge (27), a trail-
ing edge (28), a pressure side (24) and a suction
side (25);
the airfoil (18) comprising an outer wall (35) and
an
inner wall (36) substantially enclosed by the out-
er wall (35);
and a cooling arrangement (29) which compris-
es a suction side cooling path (31a) defined at
least partially along the suction side (25) be-
tween the outer wall (35) and the inner wall (36);
the suction side cooling path (31a) having at
least one suction side inlet (40) and at least one
suction side discharge arrangement (41) ex-
tending through the outer wall (35); the suction
side inlet (40) being arranged closer to the trail-
ing edge (28) than the suction side discharge
arrangement (41); wherein

the cooling arrangement (29) comprises a trail-
ing edge cooling path (31d), which is defined by
a trailing edge cooling chamber (55) arranged
between the suction side inlet (40) of suction
side cooling path (31a) and the trailing edge
(28); wherein the trailing edge cooling path (31d)
comprises at least one trailing edge inlet (57)
and at least one trailing edge discharge arrange-
ment (58); the trailing edge discharge arrange-
ment (58) being arranged on the pressure side
(24) and configured to direct the flow toward the
trailing edge (28);
characterised
in that the suction side discharge arrangement
(41)comprises a plurality of inlet holes (60; 160),
at least one outlet common slot (61; 161) and a
plurality of connecting channels (63; 163), each
of which is configured to connect a respective
hole (60;160) with the outlet common slot (61;
161).

2. Blade according to claim 1, wherein the suction side
cooling path (31a) comprises a plurality of suction
side cooling chambers (42) in fluidic communication
and arranged side by side; the plurality of suction
side cooling chambers (42) comprising a suction side
inlet chamber (42a), which is the suction side cooling
chamber closest to the trailing edge (28), and a suc-
tion side discharge chamber (42b), which is the suc-
tion side cooling chamber closest to the leading edge
(27); the suction side inlet chamber (42a) comprising
the suction side inlet (40) and the suction side dis-
charge chamber (42b) comprising the suction side
discharge arrangement (41).

3. Blade according to claim 2, wherein the airfoil (18)
has a base (21) and a tip (22); the plurality of suction
side cooling chambers (42) extending substantially
along a direction going from the base (21) toward
the tip (22).

4. Blade according to claim 2 or 3, wherein at least one
suction side cooling chamber (42) is provided with
at least one turbulator.

5. Blade according to anyone of the foregoing claims,
wherein the cooling arrangement (29) comprises a
pressure side cooling path (31b) which is defined
between the inner wall (36) and the outer wall (35)
and extends at least partially along the pressure side
(24); the pressure side cooling path (31b) comprising
at least one pressure side inlet (44) and at least one
pressure side discharge arrangement (45); the pres-
sure side discharge arrangement (45) being ar-
ranged closer to the trailing edge (28) than the pres-
sure side inlet (44).

6. Blade according to claim 5, wherein the pressure
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side cooling path (31b) comprises a plurality of pres-
sure side cooling chambers (47) which are in fluidic
communication and arranged side by side between
the inner wall (36) and the outer wall (35) along the
pressure side (24); wherein the plurality of pressure
side cooling chambers (47) comprises a pressure
side inlet chamber (47a), which is the pressure side
cooling chamber (47) closest to the leading edge
(27), and at least one pressure side discharge cham-
ber (47b), which is the pressure side cooling cham-
ber (47) closest to the trailing edge (28); the pressure
side inlet chamber (47a) comprising the pressure
side inlet (44) and the pressure side discharge cham-
ber (47b) comprises at least one pressure side dis-
charge arrangement (45).

7. Blade according to anyone of the foregoing claims,
wherein the cooling arrangement (29) comprises a
leading edge cooling path (31c), which comprises
an inner central cooling chamber (38) defined by the
inner wall (36) and a leading edge cooling chamber
(49) arranged between the inner wall (36) and the
outer wall (35) at the leading edge (27); the inner
central cooling chamber (38) being in fluidic commu-
nication with the leading edge cooling chamber (49);
the leading edge cooling path (31c) comprising at
least one leading edge inlet (51) and at least one
leading edge discharge arrangement (53); the lead-
ing edge discharge arrangement (53) being ar-
ranged closer to the leading edge (27) than the lead-
ing edge inlet (51).

8. Plant for electric power production comprising at
least one gas turbine (5), which extends along a lon-
gitudinal axis (A) and comprises at least one row of
blades (15) circumferentially spaced and extending
radially outwardly from a respective supporting disc
of the gas turbine (5); at least one of the blades (15)
of the row being of the type claimed in anyone of the
foregoing claims.

9. Plant according to claim 8, comprising at least one
compressor (3) which is connected to the gas turbine
(5) by a suction line (33) configured to draw cooling
air from the compressor (3) and supply it to the cool-
ing arrangement (29) of the at least one blade (15).

Patentansprüche

1. Schaufel für eine Gasturbine (5), umfassend:

ein Schaufelprofil (18), das eine Vorderkante
(27), eine Hinterkante (28), eine Druckseite (24)
und eine Saugseite (25) aufweist;
wobei das Schaufelprofil (18) eine Außenwand
(35) und eine Innenwand (36), die im Wesentli-
chen von der Außenwand (35) umschlossen

wird, umfasst;
und eine Kühlanordnung (29), die einen Saug-
seiten-Kühlpfad (31a) umfasst, der mindestens
teilweise entlang der Saugseite (25) zwischen
der Außenwand (35) und der Innenwand (36)
definiert ist;
wobei der Saugseiten-Kühlpfad (31a) mindes-
tens einen Saugseiten-Einlass (40) und mindes-
tens eine Saugseiten-Auslassanordnung (41)
aufweist, die sich durch die Außenwand (35) er-
streckt; wobei der Saugseiten-Einlass (40) nä-
her an der Hinterkante (28) als die Saugseiten-
Auslassanordnung (41) angeordnet ist;
wobei die Kühlanordnung (29) einen Hinterkan-
ten-Kühlpfad (31d) umfasst, der durch eine Hin-
terkanten-Kühlkammer (55) definiert ist, die zwi-
schen dem Saugseiten-Einlass (40) des Saug-
seiten-Kühlpfads (31a) und der Hinterkante (28)
angeordnet ist; wobei der Hinterkanten-Kühl-
pfad (31d) mindestens einen Hinterkanten-Ein-
lass (57) und mindestens eine Hinterkanten-
Auslassanordnung (58) umfasst; wobei die Hin-
terkanten-Auslassanordnung (58) auf der
Druckseite (24) angeordnet und dazu konfigu-
riert ist, die Strömung zur Hinterkante (28) hin
zu leiten;
dadurch gekennzeichnet, dass die Saugsei-
ten-Auslassanordnung (41) eine Mehrzahl von
Einlassöffnungen (60; 160), mindestens einen
gemeinsamen Auslassschlitz (61; 161) und eine
Mehrzahl von Verbindungskanälen (63; 163)
umfasst, von denen jeder dazu konfiguriert ist,
eine Öffnung (60; 160) jeweils mit dem gemein-
samen Auslassschlitz (61; 161) zu verbinden.

2. Schaufel gemäß Anspruch 1, wobei der Saugseiten-
Kühlpfad (31a) eine Mehrzahl von Saugseiten-Kühl-
kammern (42) in Fluidkommunikation und nebenei-
nander angeordnet umfasst; wobei die Mehrzahl von
Saugseiten-Kühlkammern (42) eine Saugseiten-
Einlasskammer (42a), die die Saugseiten-Kühlkam-
mer ist, die der Hinterkante (28) am nächsten liegt,
und eine Saugseiten-Auslasskammer (42b) um-
fasst, die die Saugseiten-Kühlkammer ist, die der
Vorderkante (27) am nächsten liegt; wobei die Saug-
seiten-Einlasskammer (42a) den Saugseiten-Ein-
lass (40) umfasst und die Saugseiten-Auslasskam-
mer (42b) die Saugseiten-Auslassanordnung (41)
umfasst.

3. Schaufel gemäß Anspruch 2, wobei das Schaufel-
profil (18) eine Basis (21) und eine Spitze (22) hat;
wobei sich die Mehrzahl von Saugseiten-Kühlkam-
mern (42) im Wesentlichen entlang einer Richtung
erstreckt, die von der Basis (21) zur Spitze (22) hin
geht.

4. Schaufel gemäß Anspruch 2 oder 3, wobei mindes-
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tens eine Saugseiten-Kühlkammer (42) mit mindes-
tens einem Turbulator ausgestattet ist.

5. Schaufel gemäß einem der vorhergehenden An-
sprüche, wobei die Kühlanordnung (29) einen
Druckseiten-Kühlpfad (31b) umfasst, der zwischen
der Innenwand (36) und der Außenwand (35) defi-
niert ist und sich mindestens teilweise entlang der
Druckseite (24) erstreckt; wobei der Druckseiten-
Kühlpfad (31b) mindestens einen Druckseiten-Ein-
lass (44) und mindestens eine Druckseiten-Auslas-
sanordnung (45) umfasst; wobei die Druckseiten-
Auslassanordnung (45) näher an der Hinterkante
(28) als der Druckseiten-Einlass (44) angeordnet ist.

6. Schaufel gemäß Anspruch 5, wobei der Drucksei-
ten-Kühlpfad (31b) eine Mehrzahl von Druckseiten-
Kühlkammern (47) umfasst, die in Fluidkommunika-
tion und nebeneinander zwischen der Innenwand
(36) und der Außenwand (35) entlang der Druckseite
(24) angeordnet sind; wobei die Mehrzahl von Druck-
seiten-Kühlkammern (47) eine Druckseiten-Einlass-
kammer (47a), die die Druckseiten-Kühlkammer
(47) ist, die der Vorderkante (27) am nächsten liegt,
und mindestens eine Druckseiten-Auslasskammer
(47b) umfasst, die die Druckseiten-Kühlkammer (47)
ist, die der Hinterkante (28) am nächsten liegt; wobei
die Druckseiten-Einlasskammer (47a) den Druck-
seiten-Einlass (44) umfasst und die Druckseiten-
Auslasskammer (47b) mindestens eine Drucksei-
ten-Auslassanordnung (45) umfasst.

7. Schaufel gemäß einem der vorhergehenden An-
sprüche, wobei die Kühlanordnung (29) einen Vor-
derkanten-Kühlpfad (31c) umfasst, der eine innere
mittige Kühlkammer (38) umfasst, die durch die In-
nenwand (36) und eine Vorderkanten-Kühlkammer
(49) definiert ist, die zwischen der Innenwand (36)
und der Außenwand (35) an der Vorderkante (27)
angeordnet ist; wobei die innere mittige Kühlkammer
(38) in Fluidkommunikation mit der Vorderkanten-
Kühlkammer (49) ist; wobei der Vorderkanten-Kühl-
pfad (31c) mindestens einen Vorderkanten-Einlass
(51) und mindestens eine Vorderkanten-Auslassa-
nordnung (53) umfasst; wobei die Vorderkanten-
Auslassanordnung (53) näher an der Vorderkante
(27) als der Vorderkanten-Einlass (51) angeordnet
ist.

8. Anlage zur Produktion elektrischen Stroms, umfas-
send mindestens eine Gasturbine (5), die sich ent-
lang einer Längsachse (A) erstreckt und mindestens
eine Reihe von Schaufeln (15) umfasst, die in Um-
fangsrichtung beabstandet sind und sich von einer
jeweiligen Trägerscheibe der Gasturbine (5) radial
nach außen erstrecken; wobei mindestens eine der
Schaufeln (15) der Reihe der Art ist, die in einem der
vorhergehenden Ansprüche beansprucht ist.

9. Anlage gemäß Anspruch 8, umfassend mindestens
einen Kompressor (3), der mit der Gasturbine (5)
über eine Saugleitung (33) verbunden ist, die dazu
konfiguriert ist, Kühlluft von dem Kompressor (3) zu
beziehen und sie der Kühlanordnung (29) der min-
destens einen Schaufel (15) zuzuführen.

Revendications

1. Aube pour turbine à gaz (5) comprenant :

un profil aérodynamique (18) présentant un bord
d’attaque (27), un bord de fuite (28), un côté
pression (24) et un côté aspiration (25) ;
le profil aérodynamique (18) comprenant une
paroi externe (35) et une paroi interne (36) sen-
siblement entourée par la paroi externe (35) ;
et un agencement de refroidissement (29) qui
comprend un trajet de refroidissement côté as-
piration (31a) défini au moins partiellement le
long du côté aspiration (25) entre la paroi exter-
ne (35) et la paroi interne (36) ;
le trajet de refroidissement côté aspiration (31a)
présentant au moins une entrée côté aspiration
(40) et au moins un agencement de décharge
côté aspiration (41) s’étendant à travers la paroi
externe (35) ; l’entrée côté aspiration (40) étant
disposée plus proche du bord de fuite (28) que
l’agencement de décharge côté aspiration (41) ;
dans lequel l’agencement de refroidissement
(29) comprend un trajet de refroidissement de
bord de fuite (31d), qui est défini par une cham-
bre de refroidissement de bord de fuite (55)
agencée entre l’entrée côté aspiration (40) du
trajet de refroidissement côté aspiration (31a)
et le bord de fuite. (28) ; dans lequel le trajet de
refroidissement de bord de fuite (31d) comprend
au moins une entrée de bord de fuite (57) et au
moins un agencement de décharge de bord de
fuite (58) ; l’agencement de décharge de bord
de fuite (58) étant disposé du côté pression (24)
et configuré pour diriger l’écoulement vers le
bord de fuite (28) ;
caractérisé en ce que l’agencement de déchar-
ge côté aspiration (41) comprend une pluralité
de trous d’entrée (60 ; 160), au moins une fente
de sortie commune (61 ; 161) et une pluralité de
canaux de connexion (63 ; 163), dont chacun
est configuré pour connecter un trou respectif
(60 ; 160) à la fente de sortie commune (61 ;
161).

2. Aube selon la revendication 1, dans laquelle le trajet
de refroidissement côté aspiration (31a) comprend
une pluralité de chambres de refroidissement côté
aspiration (42) en communication fluidique et dispo-
sées côte à côte ; la pluralité de chambres de refroi-
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dissement côté aspiration (42) comprenant une
chambre d’entrée côté aspiration (42a), qui est la
chambre de refroidissement côté aspiration la plus
proche du bord de fuite (28), et une chambre de dé-
charge côté aspiration (42b), qui est la chambre de
refroidissement côté aspiration la plus proche du
bord d’attaque (27) ; la chambre d’entrée côté aspi-
ration (42a) comprenant l’entrée côté aspiration (40)
et la chambre de décharge côté aspiration (42b)
comprenant l’agencement de décharge côté aspira-
tion (41).

3. Aube selon la revendication 2, dans laquelle le profil
aérodynamique (18) présente une base (21) et une
pointe (22) ; la pluralité de chambres de refroidisse-
ment côté aspiration (42) s’étendant sensiblement
dans une direction allant de la base (21) à la pointe
(22).

4. Aube selon la revendication 2 ou 3, dans laquelle au
moins une chambre de refroidissement côté aspira-
tion (42) est dotée d’au moins un turbulateur.

5. Aube selon l’une quelconque des revendications
précédentes, dans laquelle l’agencement de refroi-
dissement (29) comprend un trajet de refroidisse-
ment côté pression (31b) qui est défini entre la paroi
interne (36) et la paroi externe (35) et s’étend au
moins partiellement le long du côté pression(24) ; le
trajet de refroidissement côté pression (31b) com-
prenant au moins une entrée côté pression (44) et
au moins un agencement de décharge côté pression
(45) ; l’agencement de décharge côté pression (45)
étant disposé plus proche du bord de fuite (28) que
l’entrée côté pression (44).

6. Aube selon la revendication 5, dans laquelle le trajet
de refroidissement côté pression (31b) comprend
une pluralité de chambres de refroidissement côté
pression (47) qui sont en communication fluidique
et agencées côte à côte entre la paroi interne (36)
et la paroi externe (35) le long du côté pression (24) ;
dans lequel la pluralité de chambres de refroidisse-
ment côté pression (47) comprend une chambre
d’entrée côté pression (47a), qui est la chambre de
refroidissement côté pression (47) la plus proche du
bord d’attaque (27), et au moins une chambre de
décharge côté pression (47b). ), qui est la chambre
de refroidissement côté pression (47) la plus proche
du bord de fuite (28) ; la chambre d’entrée côté pres-
sion (47a) comprenant l’entrée côté pression (44) et
la chambre de décharge côté pression (47b) com-
prend au moins un agencement de décharge côté
pression (45).

7. Aube selon l’une quelconque des revendications
précédentes, dans laquelle l’agencement de refroi-
dissement (29) comprend un trajet de refroidisse-

ment de bord d’attaque (31c), qui comprend une
chambre de refroidissement centrale interne (38) dé-
finie par la paroi interne (36) et une chambre de re-
froidissement de bord d’attaque (49) disposée entre
la paroi interne (36) et la paroi externe (35) au niveau
du bord d’attaque (27) ; la chambre de refroidisse-
ment centrale interne (38) étant en communication
fluidique avec la chambre de refroidissement de bord
d’attaque (49) ; le trajet de refroidissement de bord
d’attaque (31c) comprenant au moins une entrée de
bord d’attaque (51) et au moins un agencement de
décharge de bord d’attaque (53) ; l’agencement de
décharge de bord d’attaque (53) étant agencé plus
proche du bord d’attaque (27) que l’entrée du bord
d’attaque (51).

8. Installation de production d’énergie électrique com-
prenant au moins une turbine à gaz (5), qui s’étend
le long d’un axe longitudinal (A) et comprend au
moins une rangée d’aubes (15) espacées circonfé-
rentiellement et s’étendant radialement vers l’exté-
rieur à partir d’un disque de support respectif de la
turbine à gaz (5) ; au moins une des aubes (15) de
la rangée étant du type revendiqué dans l’une quel-
conque des revendications précédentes.

9. Installation selon la revendication 8, comprenant au
moins un compresseur (3) qui est relié à la turbine
à gaz (5) par une conduite d’aspiration (33) configu-
rée pour aspirer de l’air de refroidissement à partir
du compresseur (3) et l’amener au dispositif de re-
froidissement ( 29) de la au moins une aube (15).
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