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Specification
Title of Invention
A TWIN-AIRFCIL BLADE WITH SPACER STRIPS

The present invention relates to a blade possessing a
leading edge and a trailing edge.

In the description below, the terms "leading edge" and
"trailing edge" are defined relative to the normal flow
direction of air along the blade.

In a turbomachine, air is compressed by a plurality of
blade stages disposed axially along the main axis P of the
turbomachine, each stage comprising a series of blades
disposed around a circumference about said main axis P. Such
a stage is known as a bladed wheel. From a circumferential
platform centered on the main axis P, the blades extend
outwards substantially radially Lowards an annular casing.
The height of a blade is the radial dimension of the blade,
i.e. substantially the difference between the radius of the
casing and the radius of the platform.

As shown in Figure 1, which shows & portion of a bladed
wheel, each blade 1 of the bladed wheel extends between the
radially-outer surface (wall) 81 of the platform 80 and the
radially-inner surface (wall}) 21 of the casing 2C. Since the
blade 1 is constituted by a single airfoil, it is referred
to .as a single-airfoil blade. The radially-inner end 8 of
the blade 1 is secured to the platform 80. The radially-ocuter
end 9 of the blade 1 is fastened to the casing 90 if it
constitutes a stator vane, and otherwise it is free if it
‘constitutes a rotor blade. The bladed wheel thus has blades
1 lying between said wall 81 of the platform 80 and said wall
91 of the casing 90, which blades may be stator wvanes 1 or
rotor blades 1.

Each blade 1 possesses a leading edge 2 and a trailing
edge 3, with the axis A (axis of the blade) interconnecting
these two edges being substantially parallel to the main axis
P of the turbomachine. Each blade 1 is curved relative to
its axis A so that one of its faces interconnecting its leading
edge 2 and its trailing edge 3 is convex (convex face 4), while
the other face interconnecting its leading edge and its

trailing edge is concave (concave face 5).
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The number of blades on a bladed wheel is determined as
a.compromise between obtaining low weight for the bladed wheel,
obtaining high mechanical strength for a blade {when
subjected to thermal stresses and to mechanical stresses due
to the bladed wheel rotating at high speed), and maximizing
the aerodynamic efficiency of a blade, and consequently the
aercdynamic efficiency of the bladed wheel. At present, the
geometry of blades does not enable any significant
improvement to be achieved in the aercdynamic performance of
a bladed wheel carrying such blades.

The invention seeks to provide blades that provide
better aerodynamic efficiency, without compromising the
mechanical strength ¢f the blades.

This object is achieved by the fact that the blade
comprises a first airfoil possessing an inner face and an
outer face extending between the leading edge and the trailing
edge of the blade, a second airfeil possessing an inner face
and an outer face extending between its leading edge and its
trailing edge, the first airfoil and the secend airfoil being
in side by side alignment such that, cover substantially its
entire area, said inner face of the first airfoil faces said
inner face of the second airfoil, and at least one spacer strip
intereconnecting the inner face of the first airfoil and the
inner face of the second airfoilil, the at least one strip
extending to the trailing edge.

By means of these dispecsitions, the blade of the
“invention presents greater mechanical strength than a blade
constituted by a single airfoil. This increased mechanical
strength enables the mean thickness of each of the airfoils
constituting the blades to be reduced. This reduction in
thickness leads to improving the aerodynamic efficiency of
the blade, since the natural flow of air passing around the
airfoils is less disturbed. 1In addition, the strips guide
air between the two airfeils, with the guided air itself
contributing to guide the air that flows along the cuter walls
of the two airfoils at the trailing edge of the blade, in

particular because the strips extend as far as the trailing
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edge .of the blade. This minimize turbulence in the flow at
the trailing edge. Consequently, the zerodynamic efficiency
cf the blade is further improved.

Advantageously, the blade has a minimum of three strips.

This larger number of strips serves to stiffen the blade
better, and to provide better guidance to the flow of air in
the space between the first airfoil and the second airfoil.

The invention also provides a bladed wheel including a
series of blades of the invention arocund its circumference.

The improvement in the aerodynamic efficiency of each
of the blades of the invention (compared with a single-airfoil
blade) as made possible by the gecometry of the blades of the
invention, allows the blades to be spaced more widely apart
around the circumference of the platform of the bladed wheel
compared with the spacing between the single-airfoil blades
on a prior art bladed wheel. Overall, in spife of the fact
that an individual blade of the invention may be heavier than
a single-airfoil blade, a bladed wheel of the invention can
nevertheless present weight that is equal to or less than the
weight of a bladed wheel fitted with single-airfcil blades,
and it can provide greater efficiency.

The invention can be well understoocd and its advantages
appear better on reading the following detailed description
of an embodiment given by way of non-limiting example. The
description refers to the accompanying drawings, in which:

Figure 1 is a perspective view of prior art blades:

Figure 2 is a perspective view of a blade of the
“invention:

Figure 3 is a cross-section on plane III-III of the
Figure 2 blade;

Figure 4 is a longitudinal section on plane IV-IV of
the Figure 3 blade; and

Figure 5 is a longitudinal section of ancther
embodiment of the Figure 3 blade.

Figure 2 shows a blade 100 of the invention mounted on
a platform 80. The blade 100 comprises a first airfoil 10

and a second airfeoil 20, each of these airfoils being similar
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to a single-airfoil blade and thus possessing a convex face,
a concave face, a leading edge, and a trailing edge. These
two airfoils are in side-by-side alignment so that, over
substantially its entire area, the concave face 15 of the
first airfoil 10 faces, the convex face 24 of the second
airfoil 20. A space 40 is thus defined between the first blade
10 and the second blade 20. The concave face 15 is thus
referred to as the inner face 15 of the first airfeil 10, and
the convex face 24 is thus referred to as the inner face 24
of the second airfoil 20. The convex face 14 of the first
alrfoil 10 and the concave face 25 of the second airfoil 20
constitute the outer faces of the blade 100. The convex face
14 is therefore referred to as the outer face 14 of the first
airfoil 10, and the concave face 15 is referred to as the outer
face 15 of the second airfoil 20. The blade 10 is therefore
referred to as a twin-airfcil blade. ‘

The inner face 15 of the first airfoil 10 and the inner
face 24 of the seccnd airfoil 20 are interconnected by one
Or more spacer strips 30 dispesed in the space 40. Each strip
possesses a leading edge 22, a trailing edge 23, and, between
them, a central portion with a radially-inner face 38 {(i.e.
facing towards the platform B0} and a radially-outer face 39
(i.e. facing towards the casing 90).

Each strip 30 is a continuous connecting element that
interconnects the two inner faces, the connecting element
forming both reinforcement that contributes to the mechanical
strength and cohesicn of the blade 100, and a guide along its
radially-inner face 38 and its radially-cuter face 39 for
‘guiding the flow of air between the first airfeoil 10 and the
second airfoil 20, The inside of each strip 30 may be hollow
or sclid.

The strips 30 extend substantially from the leading edge
12 of the first airfoil 10 and the leading edge 22 of the second
airfoil 20 to the trailing edge 13 of the first airfoil 10
and the trailing edge 23 of the second airfoil 20. The leading
edge 102 of the blade 100 is thus constituted by the leading
edges 12 and 22 of the first airfoil 10 and of the second
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airfoil 20, respectively. The trailing edge 103 of the blade
100 is constituted by the trailing edges 13 and 23 of the first
alrfoil 10 and of the second airfoil 20, respectively. Along
the directicn from the leading edge 102 towards the trailing
edge 103, the strips 30 are oriented substantially
perpendicularly to the leading edge 102 and to the trailing
edge 103.

Since the blade 100 comprises twe airfoils, it possesses
mechanical strength that is greater than that of a
single-airfoil blade. This increased strength enables the
mean thickness of each ¢of the airfoils constituting the blade
100 to be reduced, i.e. each of the first and second airfoils
10 and 20 present smaller thickness than would be presented
by a single-airfcil blade. The total weight of the blade 100
may even be substantially egual to the weight of a
single-airfcil blade.l. In addition, as.explained'above, the
blade 100 presents better aerodynamic efficiency than does
a single-airfoil blade, because of the strips 30. On a bladed
wheel having blades 100 of the invention, this improvement
in aerodynamic efficiency allows the blades 100 to be spaced
further apart from one another around the circumference of
the platform 80 of the bladed wheel, compared with the spacing
between single-airfeil blades on a prior art bladed wheel.
To sum up, a bladed wheel of the inventicn may thus be of weight
that 1is equal to or less than the weight of a bladed wheel
fittedwith single-airfoil blades. This results in . a decrease
in the weight of a turbomachine fitted with bladed wheels of
the invention, and thus to a decrease in its fuel consumption.

In addition, the blade 100 of the invention presents
greater ability to withstand high temperaftures than does a
single~airfoil blade, since the blade 100 possesses a larger
heat exchange area than does a single-airfoil blade.

The blade 100 may have a plurality of strips 30, for
example the blade may include a minimum of three strips, with
a first strip 30, situated in the range 0% to 30% of the height
of the blade 100, a last strip 30, situated in the range 70%
and 100% of the height of the blade 100, and a strip situated
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substantially in the middle of the height of the blade 10GC,
and where a height of 0% correspcnds to the radially-inner
end of the blade and a height of 100% corresponds to the
radially-outer end of the blade. Where apprcpriate,
~additional strips are situated at regular intervals between
the abeove strips.

It is important for the first strip 30, not to be too far
away from the platform 80 (specifically less than 30% of the
height of the blade 100) in order to be more effective in
decreasing the turbulence generated in the flow by the
radially-cuter surface 81 of the platform . 80. Similarly, it
is important for the last strip 30, not to be far toc far away
from the casing 90 (specifically at least 70% of the height
of the blade 100) in order to be more effective in decreasing
the turbulence generated in the flow by the radially-inner
surface 91 of the casing 90. -

The blade 100 may have a number of strips that is greater
than three, for example, four, five, six, seven, or more
distributed over its entire height. Figures 2 to 5 show a
blade 100 having five strips 30. In order to allow a
sufficient flow of air to pass between the first airfoil 10
and the second airfeil 20, and in order to minimize the weight
of the blade 100, it i1s nevertheless preferable for the number
of strips not to be too great. Thus, it is preferable for
the radial distance between two adjacent strips 30 to be
greater than the distance D between the inner face 15 of the
first airfoil 10 and the inner face 24 of the second airfoil
20.

The distance D between the inner face 15 of the first
airfoil 10 and the inner face 24 of the second airfoil 20 is
equal to no more than three times the maximum thickness of
the first c¢r the second airfoll. For example, the distance
D is may be of the same order of magnitude as said maximum
thickness.

The distance D between the first airfoil 10 and the
second airfoil 20 is preferably less than 15 millimeters (mm) .

For example, the distance Dmay lie in the range 2 mm to 5 mm.
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This distance Dmay vary along the strip 30 between its leading
edge 32 and its trailing edge 33, in which case the distance
D is the mean distance between the two airfoils.

Advantageously, in & bladed wheel having blades 100,
each of the strips 30 possesses a profile such that the
turbulence/vortices in the flow of air along said strip 30
is/are minimized. For example, the strips 30 extend
~substantially along the streamlines that would be followed
by the flow of air in the space 40 between the first airfoil
10 and the second airfoil 20 if the strips 30 were not present,
'in order to minimize disturbance te this flow of air.

In particular, the profile and the disposition of the
Tirst strip 30,, i.e. the strip closest to the wall
{(radially-outer surface B81l) of the platform 80, and the
profile and the dispcsition of the last strip 30y, i.e. the
strip closest to the wall (radially-inner surface 91) of the
casing 90, are of particular importance.

The streamlines of the flcow between the airfoiis are
defined in particular by the wall 81 of the platform 80 and
the wall 91 of the casing 90, respectively at the
radially-inner and radially-ocuter ends of the blade, i.e. the
streamlines close to these walls are substantially parallel
to said walls.. . Thus, the first strip 30, is substantially
parallel to the wall 81 of the platform 80, and the last strip
30, is substantially parallel to the wall 91 of the casing 90,
as shown in Figures 4 and 5.

For example, at least one of the strips 30 is
rectilinear.

By way of example, at least one of the strips 30 possesses
curvature in at least one plane extending in the height
direction of said blade (i.e. a radial plane containing the
main axis P cf the turbomachine).

It is also possible for the strips 30 not to follow the
flow of air in the space 40 as would occur if the strips 30
were not present, and on the contrary for these strips to force
the air to flow more towards the roots of the blades 100. As

a general rule, it is known that divergence cccurs in the flow



(19) JP 2009-168024 A 2009.7.30

of air between two blades (i.e. the flow of air passing between
two adjacent blades tends to rise from the root towards the
tip of the blade as it flows along the blades), and that this
is undesirable. By forcing the air flow in the space 40 to
flow more towards the root of the kblade 100, the fiow of air
between two adjacent blades 100 dis influenced, thereby

contributing to . reducing the divergence in this flow of air.

In Figures 2 and 4, each of the strips 30 is shown as
having constant thickness between its leading edge 32 and its
trailing edge 33 (where the thickness of a strip 30 is its
dimension in the height direction of the blade 100 to which
it belongs). Consequently, the leading edges 32 and the
trailing edges 33 of the strips 30 are substantially
rectangular. Alternatively, the thickness of a strip 30 may
diminish going from its middle towards its leading edge 32
50 that the leading edge 32 forms a sharp edge: Furthermcre,
or alternatively, the thickness of a strip 30 may diminish
going from its middle towards its trailing edge 33 such that
the trailing edge 33 forms a sharp edge. As a result, the
disturbance to the flow of air in the space 30 between the
first airfoil 10 and the second airfoil 20 is diminished
conmpared with the disturbance produced by a strip of constant
thickness.

This reduction in the thickness of the strip 30 may be
progressive, or else the thickness may be substantially
constant along the strip 30 and decrease only in the vicinity
of the ends (leading edge 32 and/or trailing edge 33), as shown
in Figure 5.

The profile of the inner/outer face of a blade or an
airfoil is defined as the surface geometry of said face. For
example, the profiles of the inner face 15 of the first airfoil
‘and of the inner face 24 of the second airfoil are identical,
and the profiles of the cuter face 14 of the first airfoil
and of the outer face 25 of the second airfoil are identical.
Nevertheless, the different shape of the blade 100 of the
invention compared with a single-airfoil blade leads to a

modification to the aercdynamic characteristics of the blade
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100. Advantageously, the outer face 14 of the first airfoil

10, the inner face 15 of the first airfeil 10, the inner face
24 of the second airfoil 20, and the outer face 25 of the second
airfoilil 20 all have profiles that are different, such that

the flow of air in the space 40 between the first airfoil 10

and the second airfoil 20 and around the blade 100 is cptimized.
Furthermore, the profile c¢f the outer face 14 of the first
alirfoil 10 is different from the profile of the convex face

4 of a single-airfoil blade, and the profile of the outer face
25 of the second airfoil 20 is different from the profile cof
the concave face 5 of a single-airfoil blade of the prior art.

In particular, the preofiles of the inner and outer faces of
the first airfoil 10 and the profiles of the inner and outer
faces of the second airfoil 20 differ respectively from the
profiles of the inner and outer faces of a first airfoil and
the preofiles of the inner and outer faces of a second airfoil
of the kind placed close to each other without any connecting
strips 30 between them.

The strips 30 extend from the leading edge 102 to the
trailing edge 103 of the blade 100, as shown in Figure 5.
Alternatively, the strips 30 may begin at a certain distance
from the leading edge 102, extending as far as the trailing
edge 103, as shown in Figure 4. Thus, the leading edges 32
of the strips 30 begin at a position that is set back by a
distance d from the leading edge 102 of the blade 100. By
way of example, this distance d is less than 10% of the
distance hetween the leading edge 102 and the trailing edge
103.

The plane or the surface containing a strip 30 is
substantially perpendicular to the inner faces 15, 24 of the
airfoils joined together by the strip 30. Alternatively, a
strip 30 may twist about the median curve joining the leading
edge 32 of the strip to its trailing edge 33. Such twisting
serves to ensure that the strips 30 follow substantially the
streamlines that would be followed by the flow ¢f air in the

space 40 between the first airfoil 10 and the second airfeil
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20 were the strips 30 not present, so as to minimize
disturbance to this flow of air.

The blade may be made of a variety of materials: steel,
superalloy based on nickel or cobalt, titanium alloy,
aluminum alloy, or a composite material with a matrix, e.g.
a polymer, ceramic, or metal matrix reinforced by fibers, e.qg.
fibers of carbon, kevliar, glass, or metal.

The blade 100 of the invention can be fabricated using
a variety of methods, depending on the material constituting
the blade 100.

In the above description, the biade 100 has two airfoils.
Alternatively, the blade 100 could have more than twe airfoils.
For example, the blade 100 could aiso have a third airfoil
situated between the first airfoil 10 and the second airfoil
20, the third airfoil possessing first and second faces
extending between the leading edge 102 and the trailing edge
103 of the blade 100, the first face being connected to the
inner face 15 of the first airfoeoil 10 at least by one spacer
.strip 30, and the second face 1s also connected to the innexr
face 24 of the second alrfecil 20 at least by said spacer strip
30.

Thus, the blade 100 has three airfoils, the third airfoil
being situated between the first airfoil 10 and the second
alrfoil 20. These three airfoils . are . aligned side by side
so that, over substantially its entire area, the concave face
15 of the first airfoil 10 faces the convex face (first face)
of the third airfoil, and, over substantially its entire area,
the convex face 24 of the second airfoil 20 faces the concave
face of the third airfoil. The strips 30 connecting the first
atrfoil 10 tc the second airfoll 20 pass through the third
alrfoil (or become part of saild third airfoil where they
intersect said third airfeoil, depending on the way in which
the blade is fabricated). It may also be considered that each
strip 30 is made up of two portions, a first portion
interconnecting the first airfoil 10 and the third airfoil,
and, in alignment with said first porticn, a second portion

connecting the thirdairfoil to the second airfoil 20.
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This three-zirfoil blade 100 is aerodynamically more
efficient than a two-airfoil blade 100 since the flow of air
between the airfoils and along the outside of said blade is
better guided. Conseguently, 1t is pessible to reduce the
total number of blades 100 on a bladed wheel by spacing them
further apart, thereby obtaining a bladed wheel that is
lighter in weight than a bladed wheel made up of
single-airfoil blades.

The invention applies to a turbomachine including at
least one blade 100 of the invention.

The invention i1s described abcve for non-cooled
low-pressure turbine rector blades or stator vanes. The
invention alsc applies to rotor blades or stator vanes for
a non-cooled high-pressure turbine.
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Claims

1. A turbomachine blade (100) possessing a leading edge (102)
and a trailing edge (103), the blade being characterized in
that it comprises a first airfoil (10) possessing an inner
face (15) and an outer face (14) extending between said
leading edge {102) and said trailing edge (103), a second
airfoil (20) possessing an inner face (24) and an outer face
{25) extending between said leading edge (102) and said
trailing edge (103), said first airfoil (10) and said second
airfoil (20) being in side-by-side alignment such that, over
substantially its entire area, said inner face (15) of the
first airfoil (10} faces said inner face (24) of the second
airfoil (20}, and at least one spacer strip (30)
interconnecting said inner face (15) of the first airfoil (10)
and said inner face (24) of the second airfoilj{ZO), sald at
least one strip (30) extending to said trailing edge (103).

2. Ablade (100} according to claim 1, characterized in that
it includes at least three strips (30).

3. Ablade (100) according to claim 2, characterized in that
it includes a first strip (30,) situated in the range 0% to
30% up the height of the blade (100), a last strip (30,)

situated in the range 70% and 100% up the height of the blade
(100}, and a strip (30) situated substantially halfway up the
height of the blade (100), a height of 0% corresponding to
the radially-inner end of the blade (100) and a height of 100%
corresponding to the radially-outer end cf the blade (100).

4. A blade (100) according toc any one of claims 1 to 3,
characterized in that the thickness of said at least one strip
(30} increases from its middle towards the leading edge {32)
cf said at least one strip (30) such that said leading edge
(32) forms a sharp edge.

5. A blade (100} according to any one of claims 1 to 4,
characterized in that the thickness of said at least one strip
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(3C) decreases from its middle towards the trailing edge {33)
of said at least one strip (30) such that said trailing edge
{33) forms a sharp edge.

6. A blade (100) according to any one of claims 1 to 5,
characterized in that said outer face (14) of the first
airfoill (10), said inner face (15} of the first airfoil (10},
sald inner face (24) of the second airfoil (20), and said outer
face (25) cf the second airfoil (20) all have different
profiles.

7. A blade (100) according tc any one of claims 1 to 6,
characterized in that the distance {D) between said inner face
{15) of the first airfecil and said inner face (24) of the
second airfoil is no greater than three times the maximum
thickness of said first or second airfoil (10 or 20).

8. A blade (100) according to c¢laim 7, characterized in that
the distance (D) is less than 15 mm.

9. A blade (100) according to any one of claims 1 to 8,
characterized in that at least one of sald strips (30) is
rectilinear.

10. A blade (100) according to any one of claims 1 to 9,
characterized in that at least one of said strips (30)
possesses curvature in at least one plane extending in the
height direction of said blade.

11. A blade (100) according to any one of claims 1 to 10,
characterized in that it further comprises a third airfoil
situated between saild first airfeil (10) and said second
airfoil (20}, said third airfoil possessing a first face and
‘a second face extending between sald leading edge (102) and
said trailing edge (103} of the blade (100), said first face
being connected to sald inner face (15) of the first airfecil
(10} by said at least one strip (30), and said second face
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being connected to the inner face (24) of the second airfoil
(20) by said at least one strip (30).

12. A bladed wheel including on its circumference a series

of blades [(100) according to any . one of claims 1 to 11.

13. A bladed wheel according to claim 12, characterized in
that sald strips (3C) follcow substantially the streamlines
that would bhe followed by the flow of air in the space {(40)
between the first airfoil (10} and the second airfoil (20)
1f said strips (30) were not present, so as to minimize

disturbance to said flow of air.

14. A turbomachine including at least one blade (100)

according to any one cf claims 1 to 11.

1. Abstract

The invention relates to a blade (100) possessing a
leading edge (102) and a trailing edge (103}, the blade (100)
comprising a first airfoil (10) possessing an inner face (15)
and an outer face (14) extending between said leading edge
(102) and said trailing edge (103), a second airfoil (20)
possessing aninner face (24) and an outer face (25) extending
between said leading edge (102) and said trailing edge (103},
and at least one spacer strip (30} interconnecting said inner
face (15) of the first airfoil (10) and said inner face (24)
of the second airfoil {20), said at least one strip (30)
extending to said trailing edge (103), the distance (D)
between the inner face (15) of the first airfoil and the inner
face (24) of the second airfoil being of the same order of
magnitude as the maximum thickness of the first or the second
airfoil (10 or 20).

2. Representative Drawing
FIG. 2
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