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(54) Method for modifying a gas turbine blade

(57) A method for modifying a gas turbine blade (1)
provided with an internal cooling circuit (3) in which a
cooling fluid flows provides for calculating a distribution
of the external temperature (TE) of the blade (1); identi-
fying critical zones of the blade (1) in which the external
temperature (TE) of the blade (1) exceeds a predeter-
mined limit (TL); and calculating a configuration of a plu-
rality of through holes (16) to be made in the blade (1)
and connected to the cooling circuit (3) of the blade (1)
for lowering the external temperature (TE) of said critical
zones below the predetermined limit (TL).
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Description

[0001] The present invention relates to a method for
modifying a gas turbine blade. Specifically, the present
invention relates to a method for modifying a gas turbine
blade which, during system operation, highlighted dam-
ages caused by overheating.
[0002] A known type of gas turbine blade extends
along a longitudinal axis and is provided with a cooling
circuit in which a cooling fluid, generally air, flows. The
cooling circuit includes a pipe coil-arranged inside the
blade, which communicates with the outside of the blade
by means of channels, essentially orthogonal to the blade
axis and leading at the trailing edge of the blade. The air
flow which flows in the cooling circuit removes heat by
convection and lowers the temperature of the blade.
[0003] However a cooling circuit of this type is not al-
ways sufficient to ensure an adequate level of cooling,
above all when the external wall of the blade is subjected
to high temperature gas flows. Therefore, the material of
the blade overheats and undergoes thermo-mechanical
fatigue damages (cracks).
[0004] The leading edge of the blade is the zone which
is the most subjected to this type of damage because its
geometric conformation makes the internal convection
cooling thereof extremely difficult.
[0005] Conventionally, the blades which show thermo-
mechanical fatigue damages are repaired and reinstalled
on the turbine because replacing the damaged blade with
a new blade is too expensive. Repairing the damage,
however, does not eliminate the problem of thermo-me-
chanical fatigue damages, which reoccur after a short
time and essentially in the same points.
[0006] It is an object of the present invention to provide
a method for modifying a gas turbine blade which is free
from the drawbacks of the prior art noted herein; specif-
ically, it is an object of the present invention to provide a
method for modifying a gas turbine blade which results
in a blade able to bear the thermal stresses to which the
operating blade is subjected and which, at the same time,
is simple and quick to be applied.
[0007] In accordance with these objects, the present
invention relates to a method for modifying a gas turbine
blade provided with an internal cooling circuit in which a
cooling fluid flows; the method being characterized in that
it includes the steps of:

calculating a distribution of the external temperature
of the blade;
identifying critical zones of the blade in which the
external temperature of the blade exceeds a prede-
termined limit;
calculating a configuration of a plurality of through
holes to be made in the blade and connected to the
cooling circuit of the blade to cool said critical zones.

[0008] Further features and advantages of the present
invention will be apparent from the following description

of a non-limitative embodiment thereof, with reference to
the figures in the accompanying drawings, in which:

- figure 1 is a perspective view, with parts in section
and parts removed for clarity, of a first detail of a gas
turbine blade;

- figure 2 is a section view, with parts removed for
clarity, of the blade in figure 1;

- figure 3 is a perspective view, with parts in section
and parts removed for clarity, of a detail of a gas
turbine blade modified in accordance with the meth-
od according to the present invention;

- figure 4 is a section view, with parts removed for
clarity, of the blade in figure 3;

- figure 5 is a flow chart of the method for modifying a
blade according to the present invention;

- figure 6 is a flow chart of a detail of the method for
modifying a blade in figure 5;

- figure 7 is a flow chart of a detail of the method for
modifying a blade in figure 5;

- figure 8 is a flow chart of a detail of the method for
modifying a blade in figure 5; and

- figure 9 is a flow chart of a detail of the method for
modifying a blade in figure 5.

[0009] In figure 1, reference number 1 indicates a
blade of a gas turbine (not shown in the accompanying
figures for simplicity), which extends along an axis A and
is provided with a cooling circuit 3 in which a cooling fluid
flows.
[0010] With reference to figure 2, the blade 1 compris-
es a leading edge 4, a trailing edge 5, a lower base 6,
and an upper base 7, opposite to the lower base 6.
[0011] The cooling circuit 3 includes a pipe 9, coil-ar-
ranged and essentially defined by three segments 9a,
9b, 9c parallel to the axis A, an exhaust channel 10 ar-
ranged on the lower base 6 of the blade 1, and a plurality
of channels 12, essentially arranged orthogonally to axis
A of the blade along the trailing edge 5 of the blade 1.
[0012] The cooling fluid, generally air, enters the pipe
9 at the upper base 7 of the blade 1, flows in the pipe 9
and exits from the blade 1 through the exhaust channel
10 and the channels 12 (as shown by the arrows in figure).
The cooling fluid flow inside the cooling circuit 3 allows
to remove heat by convection and thus to lower the ex-
ternal temperature TE of the blade 1.
[0013] Figure 3 shows the blade 1 modified in accord-
ance with the method for modifying a gas turbine blade
according to the present invention. Specifically, the mod-
ified blade 1 includes a plurality of film cooling holes 16
arranged along the leading edge 4. In the accompanying
figures and in the examples described, the film cooling
holes 16 are made along the leading edge 4, which is
the most stressed zone from a thermal point of view dur-
ing the operation of the blade 1 and thus requires a more
incisive cooling action. It is understood that the method
for modifying a blade, which will be described hereinafter,
provides for calculating the optimal configuration, design-
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ing and making the film cooling holes 16 in each zone of
the blade 1 which has shown thermal strength problems.
[0014] Figure 4 shows the cooling circuit 3 of the blade
1 modified in accordance with the method for modifying
a blade according to the present invention. The segment
9a of the modified cooling circuit 3 is directly connected
to the through holes 16. Through the holes 16 the cooling
fluid flows, which laps on the external surface of the mod-
ified blade 1, thus promoting the lowering of the external
temperature TE in the zone located about the holes 16.
In the case of the example shown in the accompanying
figures, the zone of the blade 1 which is externally lapped
by the cooling fluid is the leading edge 4.
[0015] With reference to figure 5, the method for mod-
ifying a gas turbine blade according to the present inven-
tion essentially includes the steps of:

- calculating a distribution of the external temperature
TE of the blade 1 (block 20);

- identifying critical zones of the blade 1 in which the
external temperature TE of the blade exceeds a pre-
determined limit TL (block 21);

- calculating a configuration of a plurality of through
holes 16 to be made in the blade 1 for lowering the
external temperature TE in said critical zones below
the predetermined limit TL (block 22); and

- selectively calculating a new configuration of the
cooling circuit 3 of the blade 1 (block 23).

[0016] Preferably, such a method applies to blades
which have shown the presence of cracks during the lab-
oratory tests which are normally carried out after approx-
imately 25000 working hours. These tests usually include
the use of fluorescent fluids which penetrate into the
cracks, thus highlighting them.
[0017] With reference to figure 6, for calculating the
distribution of the external temperature TE of the blade
1 (block 20), the method firstly includes supplying a nu-
meric model of the cooling circuit 3 of the blade 1 (block
26). Specifically, the numeric model of the cooling circuit
3 is essentially a combination of models (curve, pipe,
bottleneck), the fluid-dynamic variable simulation of
which is known.
[0018] The method then includes measuring a flow rate
QM of the cooling fluid flowing in the cooling circuit 3 of
the blade 1 (block 27); preferably, such a measurement
is experimentally carried out by connecting the blade 1
to a pressurized circuit (not shown in the accompanying
figures) provided with flow rate meters.
[0019] Subsequently, the numeric model of the cooling
circuit 3 is calibrated according to the flow rate value QM
of the cooling fluid (block 29) and tentative values TET of
the external temperature of the blade 1 along a plurality
of sections of the blade are determined (block 30).
[0020] At this point, the method includes calculating
the values of the internal heat exchange coefficient CI
and the values of the external heat exchange coefficient
CE along the plurality of sections of the blade (block 31).

Specifically, the external heat exchange coefficient CE is
preferably calculated by means of the fluid-dynamic anal-
ysis of the thermal flow between gas and blade 1, while
the internal heat exchange coefficient CI is preferably
calculated by means of a one-dimensional thermal anal-
ysis to evaluate the thermal flow between cooling fluid
and blade 1.
[0021] Finally, if the internal heat exchange coefficient
CI and the external heat exchange coefficient CE are not
the same, the method includes updating the value or the
values of the tentative external temperature TET, other-
wise the tentative values TET are considered as external
temperature TE of the blade 1 (block 33).
[0022] With reference to figure 7, the step of calculating
the configuration of the plurality of holes 16 (block 22)
includes calculating the number N of through holes 16
and the diameter D of the holes 16 to be made in the
blade 1. Specifically, the method provides for determining
a tentative diameter value DT of the holes 16 (block 35);
determining a tentative number of holes NT (block 36);
calculating external temperature values TE of the blade
1 according to the tentative number of holes NT and to
the tentative diameter value DT (block 37); updating the
tentative number of holes NT if at least one external tem-
perature value TE is higher than the predetermined limit
TL and updating the tentative diameter value DT of the
holes 16 if at least one external temperature value TE is
higher than the predetermined limit TL (critical condition)
and if the tentative number of holes NT is higher than a
maximum number of holes NL, defined beforehand on
the basis of structural considerations.
[0023] With reference to figure 8, the step of calculating
the configuration of the plurality of holes 16 (block 22)
may be similarly carried out by firstly determining a ten-
tative number of holes NT (block 50); determining a ten-
tative diameter DT (block 51); calculating the external
temperature TE of the blade 1 according to the tentative
diameter value DT of the holes 16 and the tentative
number of holes NT (block 52); updating the tentative
diameter DT if at least one external temperature value
TE is higher than the predetermined limit TL and finally
updating the tentative number of holes NT if at least one
external temperature value TE is higher than the prede-
termined limit TL and if the tentative diameter value DT
is higher than a maximum diameter value DL.
[0024] With reference to figure 9, once the configura-
tion of a plurality of holes 16 (block 22) has been calcu-
lated, the method provides for selectively calculating a
new configuration of the cooling circuit 3 of the blade 1
(block 23). Specifically, the calculation of the new con-
figuration of the cooling circuit 3 is carried out if the avail-
able flow rate QM of the cooling fluid which is measured
on the blade 1 before making the holes 16 is not sufficient
for the new cooling system 3 provided with film cooling
holes 16. Therefore, the method firstly provides for meas-
uring the available flow rate QM of cooling fluid (block
60); such a measurement is carried out experimentally
on the blade 1 which needs to be modified.
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[0025] Subsequently, the method provides for calcu-
lating the requested flow rate QC of the cooling fluid flow-
ing in the cooling circuit 3 connected to the holes 16 (block
61); such a flow rate QC is calculated considering the
previously described numeric model. At this point, if the
requested flow rate QC is higher than the available flow
rate QM, the method provides for modifying the cooling
circuit 3 so that the requested flow rate QC is either lower
than or equal to the available flow rate QM.
[0026] Specifically, modifying the cooling circuit 3 in-
cludes calculating new tentative passage sections ST of
the cooling circuit 3 (block 62) and recalculating the re-
quested flow rate QC (block 61) assuming that the cooling
circuit is provided with the new tentative passage sec-
tions ST. If the requested, newly calculated flow rate QC
is still higher than the available flow rate QM, the tentative
passage sections ST are updated (block 62) and the re-
quested flow rate QC is recalculated (block 61).
[0027] Once the optimal configuration of the cooling
holes 16 and of the cooling circuit 3 has been obtained,
the method provides for making holes 16 in the blade 1
according to the calculated configuration of the holes 16,
and for possibly modifying the sections of the cooling
circuit 3 of the blade 1 according to the calculated new
configuration of the cooling circuit 3.
[0028] The present invention has the following advan-
tages.
[0029] Firstly, in virtue of the method according to the
present invention, it is possible to reuse a blade damaged
by thermal stresses ensuring its correct cooling in oper-
ating conditions. This implies a considerable economic
saving because the replace of the damaged blade with
a new blade or the frequent repair of the damaged blade
is avoided.
[0030] Furthermore, the method according to the
present invention is particularly fast and effective for de-
signing the configuration of film cooling holes and of the
cooling circuit. Indeed, the method may essentially be
fully automated and uses practical and fast calculation
tools.
[0031] It is finally apparent that changes and variations
may be made to the method described herein without
departing from the scope of the appended claims.

Claims

1. A method for modifying a gas turbine blade (1) pro-
vided with an internal cooling circuit (3) in which a
cooling fluid flows; the method being characterized
in that it includes the steps of:

calculating a distribution of the external temper-
ature (TE) of the blade (1);
identifying critical zones of the blade (1) in which
the external temperature (TE) of the blade (1)
exceeds a predetermined limit (TL);
calculating a configuration of a plurality of

through holes (16) to be made in the blade (1)
and connected to the cooling circuit (3) of the
blade (1) for lowering the external temperature
(TE) of said critical zones below the predeter-
mined limit (TL).

2. A method according to claim 1, characterized in
that the step of calculating the configuration of a plu-
rality of holes (16) includes the step of calculating
the number (N) of holes (16) and the diameter (D)
of the holes (16) to be made in the blade (1).

3. A method according to claim 2, characterized in
that the step of calculating the number (N) of holes
(16) and the diameter (D) of the holes (16) includes
the step of determining a tentative diameter value
(DT) of the holes (16); determining a tentative
number of holes (NT); calculating the external tem-
perature (TE) values of the blade (1) according to the
tentative number of holes (NT) and to the tentative
diameter value (DT); updating the tentative number
of holes (NT) if at least one external temperature val-
ue (TE) is higher than the predetermined limit (TL).

4. A method according to claim 3, characterized in
that the step of calculating the number (N) of holes
(16) and the diameter (D) of the holes (16) includes
the step of updating the tentative diameter value (DT)
if the tentative number of holes (NT) is equal to a
maximum number of holes (NL) and if at least one
external temperature value (TE) is higher than the
predetermined limit (TL).

5. A method according to claim 2, characterized in
that the step of calculating the number (N) of holes
(16) and the diameter (D) of the holes (16) includes
the step of determining a tentative number of holes
(NT); determining a tentative diameter value (DT);
calculating the external temperature values (TE) of
the blade (1) according to the tentative diameter val-
ue (DT) and to the tentative number of holes (NT);
updating the tentative diameter value (DT) if at least
one external temperature value (TE) is higher than
the predetermined limit (TL).

6. A method according to claim 5, characterized in
that the step of calculating the number (N) of holes
(16) and the diameter (D) of the holes (16) includes
the step of updating the tentative number of holes
(NT) if the tentative diameter value (DT) is equal to
a maximum diameter value (DL) and if at least one
external temperature value (TE) is higher than the
predetermined limit (TL).

7. A method according to anyone of the preceding
claims, characterized in that the step of calculating
the distribution of the external temperature (TE) of
the blade (1) includes the steps of:
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providing a numeric model for the cooling circuit
(3) of the blade (1);
measuring a flow rate (QM) of cooling fluid flow-
ing in the cooling circuit (3) of the blade (1);
determining a distribution of tentative external
temperature values (TET) of the blade (1) along
a plurality of sections of the blade (1);
calculating the values of the internal heat ex-
change coefficient (CI) between the blade (1)
and the cooling fluid and the values of the ex-
ternal heat exchange coefficient (CE) between
the blade (1) and a working fluid in the turbine
along the plurality of sections of the blade (1);
updating the distribution of the tentative external
temperature values (TET) of the blade (1) if the
external heat exchange coefficient (CE) is differ-
ent from the internal heat exchange coefficient
(CI).

8. A method according to anyone of the preceding
claims, characterized in that it includes the step of
selectively calculating a new configuration of the
cooling circuit (3) of the blade (1).

9. A method according to claim 8, characterized in
that the step of selectively calculating a new config-
uration of the cooling circuit (3) of the blade (1) in-
cludes:

measuring an available flow rate (QM) of cooling
fluid flowing in the cooling circuit (3) of the blade
(1);
measuring a requested flow rate (QC) of cooling
fluid flowing in the cooling circuit (3) connected
to the holes (16);
if the requested flow rate (QC) is higher than the
available flow rate (QM), modifying the cooling
circuit

(3) so that the requested flow rate (QC) is lower than
or equal to the available flow rate (QM).

10. A method according to claim 9, characterized in
that the step of modifying the cooling circuit (3) in-
cludes the steps of calculating new tentative pas-
sage sections (ST) of the cooling circuit (3); calcu-
lating the requested flow rate (QC) in the modified
cooling circuit (3) with the new tentative passage
sections (ST); updating the new tentative passage
sections (ST) of the cooling circuit (3) if the requested
flow rate (QC) is higher than the available flow rate
(QM).

11. A method according to anyone of the preceding
claims, characterized in that it includes the step of
making the holes (16) according to the calculated
configuration.
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