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(57) Abrégé/Abstract:

The invention concerns a turbine blade, comprising a root, a vane (12) comprising a leading edge and a trailing edge (17) and a
pressure-side wall and a suction-side wall, and comprising cooling vents (26, 27) at the trailing edge (17), this vane also
comprising: ¢ first (T1) and second (T2) serpentine circuits (T1); » each serpentine circuit (T1, T2) comprising several ducts (CA1,
CM1, CT1, CA2, CM2, CV2, CT2) extending in the span direction (EV), being connected to each other by angled portions; « each
serpentine circuit (Tl, T2) being supplied with air by its duct (CA1, CA2) that is closest to the leading edge (16); and in which the
vents (26, 27) are supplied by the first and by the second serpentine circuit (Tl, T2).
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Abstract:

The invention concerns a turbine blade, comprising a root, a vane {12) comprising a leading edge
and a trailing edge (17) and a pressure-side wall and a suction-side wall, and comprising cooling
vents (26, 27) at the trailing edge (17), this vane also comprising: * first (T1) and second (T2)
serpentine circuits (T1); + each serpentine circuit {T1, T2) comprising several ducts (CA1, CM1,
CT1, CA2, CM2, CV2, CT2) extending in the span direction {EV), being connected to each other by
angled portions; * each serpentine circuit (T1, T2) being supplied with air by its duct {CA1, CA2)
that is closest to the leading edge (16); and in which the vents (26, 27) are supplied by the first and
by the second serpentine circuit (T, T2).
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Description
Title: Turbine engine blade with improved cooling
TECHNICAL FIELD
The invention relates to a turbomachine vane, such as a turbojet engine,
a turboprop engine, or a gas turbine, and it applies especially to a high-pressure type

turbine vane.

STATE OF PRIOR ART

In such a turbojet type engine, marked by 1 in Fig. 1, airis letin into an
intake duct 2 to pass through a fan including a series of rotating blades 3 before splitting
into a central primary flow and a secondary flow surrounding the primary flow.

The primary flow is compressed by low-pressure 4 and high-pressure 5
compressors before reaching a combustion chamber &, after which it expands by passing
through a high-pressure turbine 7 and a low-pressure turbine 8, before being discharged
by generating auxiliary thrust. In turn, the secondary flow is propelled directly by the fan
to generate main thrust.

Each turbine 7, 8includes a series of radially oriented vanes spaced evenly
around an axis of rotation AX, with an outer casing 9 surrounding the entire engine.

Cooling the turbine vanes is ensured by circulating in each vane air taken
from upstream of the combustion chamber and let in at the root of the vane, this air being
discharged by drill holes and/or slots passing through the walls of these vanes.

Generally speaking, the cooling efficiency, and in particular the reduction
in the flow rate required to cool high-pressure turbine vanes, makes it possible to reduce
fuel consumption of a turbojet engine and increase the life time of the vanes.

Nevertheless, it appears that cooling of high-pressure turbine vanes
requires a constant improvement effort, especially due to the continuously changing
operating conditions, manufacturing processes and performance requirements.

In this context, the purpose of the invention is to provide a new vane

design with an improved c¢ooling circuit.
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DISCLOSURE OF THE INVENTION

To this end, one object of the invention is a turbine vane of a
turbomachine such as a turboprop or turbojet engine, comprising a root carrying a blade
extending along a span direction, this blade comprising a trailing edge provided with
cooling vents, as well as a first serpentine circuit and a second serpentine circuit, and
wherein:

-each serpentine circuit includes several ducts extending along the span
direction by being connected to each other through bent portions;

-each serpentine circuit is supplied with air from a mouth |ocated at the
root via its duct which is furthest from the trailing edge;

-the vents are supplied with cooling air from the first serpentine circuit
and from the second serpentine circuit.

With this arrangement, the number of circuits of the vane is limited since
it is not necessary to provide a circuit dedicated to cooling the trailing edge, which makes
it possible to facilitate manufacture of the root of the vane, especially at its root.

The invention also relates to a vane thus defined, wherein the first
serpentine circuit supplies the vents closest to the root with air, and wherein the second
serpentine circuit supplies the other vents with air.

The invention also relates to a vane thus defined, wherein the second
serpentine circuit supplies the vents closest te an apex part of the blade with air, and
wherein the first serpentine circuit supplies the other vents with air.

The invention also relates to a vane thus defined, wherein the first
serpentine circuit has an even number of ducts and the second serpentine circuit has an
odd number of ducts, or vice versa, wherein the first and second serpentine circuits are
terminated by a first and a second terminal duct respectively, these two terminal ducts
running along the trailing edge as an extension of each other, and by being separated from
each other by an inner partition wall of the blade.

The invention also relates to a vane thus defined, wherein the first

serpentine circuitincludes a first upstream duct, a first middle duct and a first terminal duct
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and wherein the second serpentine circuit includes a second upstream duct, a second
middle duct, a second downstream duct, and a second terminal duct, and wherein these
ducts are elongate.

The invention also relates to a vane thus defined, wherein the ducts of
the first serpentine circuit extend on the lower surface side by running along a lower
surface wall of the blade, and wherein the ducts of the second serpentine circuit extend on
the upper surface side by running along an upper surface wall of the blade.

The invention also relates to a vane thus defined, wherein the vane
includes a lower surface wall including cooling holes supplied with air from the first
serpentine circuit.

The invention also relates to a vane thus defined, obtained by casting a
metal material.

The invention also relates to a vane thus defined, obtained by additive
manufacturing.

The invention also relates to a vane thus defined, made of composite or
ceramic material.

The invention also relates to a vane thus defined, comprising a leading
edge and an upstream circuit dedicated to cooling this leading edge.

The invention also relates to a turbine comprising a vane according to one
of the preceding claims.

The invention alsc relates to an aircraft turbomachine comprising a

turbine thus defined.

BRIEF DESCRIPTION OF THE DRAWINGS
Figure 1 is a cross-section view of a known turbojet engine;
Figure 2 is an outer perspective view of a vane according to the invention;
Figure 3 is a representation of the intericr of the vane accerding to the
invention along three cross-sectional planes located at its base and its middle region as well

as atits apex and showing its internal cooling circuits.
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DETAILED DISCLOSURE OF PARTICULAR EMBODIMENTS

The vane according to the invention, marked 11 in Fig. 2, comprises a root
P by which it is attached in a recess of a rotor disc, and a blade 12 carried by this root P,
with a platform 13 connecting the root P to the blade 12. This vane 11, which is hollow,
includes inner circuits in which cooling air circulates, let in through mouths |ocated at a
radially inner face 14 of the root P.

In the example of the figures, this vane is a one-piece part produced by
casting a metal material, which is obtained by using a set of cores to delimit its internal
cooling ducts, these cores being removed after casting and cooling, for example with a
chemical etching process. It may also be made of composite or ceramic materials or
obtained by additive manufacturing.

The blade 12 extends along a so-called span axis EV substantially
perpendicular to an axis AX of rotation of the rotor carrying the vane, which is the
longitudinal axis of the engine. It comprises a leading edge 16 substantially parallel to the
span direction EV and located upstream AM or frontwardly of the vane, with respect to the
general direction of gas circulation in the engine. It includes a trailing edge 17 substantially
parallel to the leading edge 16 and spaced therefrom along the axis AX to be downstream
AV or rearwardly of the vane. |t also has an apex S substantially parallel to and spaced from
the base B along the span direction EV.

The two main walls of this vane are its lower surface wall 19, visible in Fig.
2, and its upper surface wall 21, which are spaced apart frem each other while being joined
atthe leading edge 16, at the trailing edge 17, and in the region of the apex S which includes
a wall oriented perpendicular to the span direction EV.

The leading edge 16 is domed and includes cooling holes 22 passing
through its wall. These holes 22 are supplied with air from an upstream circuit A of the
vane, schematically represented in Fig. 3. Fig. 3 is a representation of the interior of the
vane of Fig. 2 as three cross-sections in planes normal to the span direction EV. The first
cross-section |-l is located in proximity to the base B, the second cross-section II-1l is located
substantially midway between the base B and the apex S, and the third cross-section lll-lll

is located in proximity to the apex S.
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As visible in this Fig. 3, the upstream circuit A mainly includes a duct Al
running along the inner face of the leading edge and being supplied with air from a mouth
located at the inner face 14 of the vane. The air conveyed by this duct Al is discharged
through the holes 22 to form a cooling air film at the outer face of the leading edge.

The lower surface wall includes & first series of holes 23, and a second
series of holes 24 which pass through it and are supplied by a first serpentine circuit T1 so
as to form a film on the outer face of the lower surface 19 in order to protect it thermally.
The first series of holes 23 extends in the span direction and is located downstream of the
leading edge, and the second series of holes 24 is located downstream of the first series
and upstream of the trailing edge 17.

The holes 22, 23, 24, which are optional, may be cylindrical, oblong, with
flared or other shapes, with appropriate sizes and being separated from each other by an
appropriate pitch. They are optimised to generate an optimal outer air film in terms of
cooling.

The first serpentine circuit T1 includes an upstream duct CAL, a middle
duct CM1 connected to the upstream duct CAL by a bent portion located at the apex S, and
a terminal duct CT1 connected to the middle duct by a bent portion located in proximity to
the base B. These three ducts CA1, CM1 and CT1 extend along the span direction EV, they
run along the inner face of the lower surface wall to cool it and are delimited by the inner
walls of the vane. The upstream duct CAL is located immediately downstream of the duct
Al of the upstream circuit A, the middle duct CM1 is located immediately downstream of
the upstream duct CAl, and the terminal duct CT1 is located immediately downstream of
the middle duct CM1, that s, in proximity to the trailing edge.

The upstream duct CAl is supplied with air from a mouth located at the
radially inner face 14 of the vane, the radial direction corresponding to the span direction
EV when the vaneis carried by the disc. Air thus circulates in this vane from the base to the
apex, and optionally supplies the first series of holes 23. The middle duct CM1 is supplied
with airfrom the upstream duct CAl via the bent portion, so that air circulates therein from

the apex S to the base B, and optionally supplies the second series of holes 24 with air. The
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terminal duct CT1 is supplied with air from the middle duct CM1 via the corresponding bent
portion, so that air circulates therein from the base B to the apex S.

Analogously, the upper surface wall may include cooling holes that pass
through it to form a cooling film at its radially outer face, these holes being supplied from
a second serpentine circuit T2.

This second serpentine circuit T2 includes an upstream duct CA2, a middle
duct CM2 connected to the upstream duct CA2 by a bent portion located at the apex S, a
downstream duct CV2 connected te the middle duct CM2 by a bent portion lecated at the
base B, and a terminal duct CT2 connected to the downstream duct CV2 by a bent portion
located in proximity to the apex S. These four ducts CA2, CM2, CV2 and CT2 extend along
the span direction EV, they run along the inner face of the upper surface wall to cool it by
being delimited by inner walls of the vane.

The upstream duct CA2 is located immediately downstream of the duct
Al of the upstream circuit A, the middle duct CM2 is located immediately downstream of
the upstream duct CA2, the downstream duct CV2 is located immediately downstream of
the middle duct CM2, and the terminal duct CT1 is located immediately downstream of the
downstream duct CV2, thatis, in proximity to the trailing edge.

The upstream duct CA2 is supplied with air from a mouth located at the
radially inner face 14 of the vane rooct, so that air circulates therein from the base to the
apex. The middle duct CM2 is supplied with air from the upstream duct CA2 via the bent
portion, so that air circulates therein from the apex S to the hase B. The downstream duct
CV2 is supplied with air from the middle duct CM2 via another bent portion, so that air
circulates therein from the base B to the apex S. The terminal duct CT2 is supplied with air
from the downstream duct CV2 via the corresponding bent portion, so that air circulates
therein from the apex to the base B.

In addition to supplying the cooling holes and cooling the lower surface
and upper surface, the two serpentine circuits TL and T2 also ensure supplying the trailing
edge with cooling air.

The trailing edge 17 which is tapered includes a series of cooling vents,

with small lengths and which extend parallel tothe span direction EV, by being spaced apart
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and as an extension of each other along the span direction EV, that is, the radial direction
when the vane is carried by a disc extending along a main axis. They are |ocated at a short
distance from the actual trailing edge.

These vents are divided into, on the one hand, radially inner vents 26
located on the side of the blade base between the first cross-section |-l and the second
cross-section II-1l, and on the other hand, radially outer vents 27 located between the
second cross-section ll-Il and the third cross-section llI-lll. The radially inner vents 26 are
thus closest to the base B, while the radially outer vents are closest to the apex 5. Each vent
blows air towards the trailing edge 17 which is provided with outer ribs channelling this air
in parallel to the axis AX.

The radially inner vents 26 are supplied with air from the terminal duct
CT1 of the first serpentine circuit T1 while the radially outer vents 27 are supplied with air
from the terminal duct CT2 of the second serpentine circuit T2.

Asvisible in Fig. 3, the terminal duct CT1 of the first serpentine circuit T1
extends over substantially half the height of the vane, from its base B to the second cross-
section II-Il. This terminal duct CT1 supplies radially inner vents 26 of the trailing edge with
cooling air.

Similarly, the terminal duct CT2 of the second serpentine circuit T2 also
extends over substantially half the vane height, from the apex S to the second cross-section
[I-1I. As visible in Fig. 3, the terminal duct CT2 of the second serpentine circuit T2 extends
as an extension of the terminal duct CT1 of the first serpentine circuit T1.

These two terminal ducts CT1 and CT2 are thus located as an extension
of each other, extending along the span direction, and running along the vents 26 and 27
which they supply. They are separated from each other by a partition wall 28 delimiting
their mutual ends located opposite to each other. As can be seen in Fig. 3, this partition
wall 28 is located at cross-section II-Il, that is, halfway up the vane in this example.

The partition wall 28 may be located at another position, its positioning
being conditioned by the dimensioning of the vane itself, that is, especially by the desired

distribution of air flow rate circulating in the first and in the second serpentine circuit. This
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partition wall 28 could thus be lecated at one third or two thirds the height of the vane,
depending on the scenaric contemplated.

The value and distribution of air flow rates in the first serpentine circuit
T1 and in the second circuit T2 is also conditioned by the size of the cooling vents of the
trailing edge, that is, by their flow cross-sectional area, which is another dimensioning
parameter.

In the example of the figures, the first serpentine circuit T1 includes three
ducts and the second one includes four ducts. Other numbers of ducts are contemplatable
for these serpentine circuits, as long as one of the serpentine circuits has an even number
of ducts while the other has an odd number of ducts. This difference in the parity of number
of ducts in the first and second serpentine circuits allows for terminal ducts to be located
opposite to each other to ensure that all the vents of the trailing edge are supplied. More
concretely, the serpentine circuit with an even number of ducts (excluding the terminal
duct) supplies the radially inner vents, whereas the serpentine circuit with an odd number
of ducts {excluding the terminal duct) supplies the radially outer vents.

Generally speaking, the vane according to the invention includes a
number of supply mouths at the radially inner face 14 of its root which may be limited to
three, namely one for the upstream circuit A, one for the first serpentine circuit T1, and
another for the second serpentine circuit T2, which simplifies manufacture of the root P.
Optionally, it is possible to add additional cooling airthrough the root at the ducts CM1 and

CM2 to compensate for air emitted by the cooling holes when they are present.
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Claims

1. Aturbine vane (11) of a turbomachine, comprising a root (P) carrying a
blade {12) extending along a span direction (EV), this blade {12) comprising a trailing edge
(17) provided with cooling vents (26, 27), as well as a first serpentine circuit {T1) and a
second serpentine circuit {T2), and wherein:

- each serpentine circuit (T1, T2) includes several ducts (CAL, CM1, CT1,
CA2, CM2, CV2, CT2) extending along the span direction (EV) by being connected to each
other through bent portions;

- each serpentine circuit (T1, T2) is supplied with air by a mouth located
at the root (P) via its duct (CAL, CA2) which is furthest from the trailing edge (17);

-the vents (26, 27) are supplied with cooling air from the first serpentine

circuit (T1) and from the second serpentine circuit (T2).

2. Thevane according to claim 1, wherein the first serpentine circuit (T1)
supplies the vents (26) closest to the root {P) with air, and wherein the second serpentine

circuit (T2) supplies the other vents (27) with air.

3. The vane according to claim 1, wherein the second serpentine circuit
(T2) supplies the vents (26) closestto an apex part(S) of the blade {12) with air, and wherein

the first serpentine circuit (T1) supplies the other vents {27) with air.

4. The vane according to claim 1, wherein the first serpentine circuit {T1)
has an even number of ducts and the second serpentine circuit (T2} has an odd number of
ducts, or vice versa, wherein thefirst and second serpentine circuits (T1, T2) are terminated
by a first and a second terminal duct (CT1, CT2) respectively, these two terminal ducts (CT1,
CT2) running along the trailing edge {17) as an extension cf each other, and by heing

separated from each other by an inner partition wall {28) of the blade {12).
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5. The vane according to claim 4, wherein the first serpentine circuit {T1)
includes a first upstream duct (CAl), a first middle duct (CM1) and a first terminal duct
(CT1) and wherein the second serpentine circuit {T2) includes a second upstream duct
{CA2), a second middle duct (CM2), a second downstream duct (CV2), and a second

terminal duct (CT2), and wherein these ducts are elongate.

6. The vane according to claim 1, wherein the ducts (CAl, CM1, CT1) of
the first serpentine circuit (T1) extend on the lower surface side by running along a lower
surface wall (19) of the blade (12), and wherein the ducts (CA2, CM2, CV2, CT2) of the
second serpentine circuit (T2) extend on the upper surface side by running along an upper
surface wall {21) of the blade {12}.

7.The vane according to claim 1, wherein the vane includes a lower
surface wall {19) including cocling holes (23, 24) supplied with air from the first serpentine

circuit (T1).

8. The vane according to claim 1, comprising a leading edge {16} and an

upstream circuit (A) dedicated to cooling this leading edge (16).

9. Thevane according to claim 1, obtained by additive manufacturing.

10. The vane according to claim 1, made of composite or ceramic

material.

11. A turbine comprising a vane according to claim 1.

12. An aircraft turbomachine comprising a turbine according to the

preceding claim.
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