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ABSTRACT

A turbomachine including at least two unducted propellers,
one of which is an upstream propeller and one a downstream
propeller, the upstream propeller including a plurality of
blades, at least one first blade of which has a different length
from that of a second blade.
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TURBOMACHINE WITH MULTI-DIAMETER
PROPELLER

GENERAL TECHNICAL FIELD

[0001] The present invention relates to turbomachines of
the type having a contra-rotating open rotor.

PRIOR ART

[0002] “Unducted” fan type engines (or turboprops of the
“Propfan” or “Open rotor” type) are a type of turbomachine
wherein the fan is attached outside the engine casing, in
contrast to conventional turbine engines (of the “turbofan”
type) wherein the fan is ducted.

[0003] Known in particular is the “Contra-Rotating Open
Rotor” (CROR), shown in FIG. 1, which is equipped with
two propellers rotating in opposite directions. It is of great
interest due to its particularly high propulsive efficiency.

[0004] The goal of this type of engine is thus to retain the
speed and the performance of a turbojet while having a fuel
consumption similar to that of a turboprop. Indeed, the fact
that the fan is not ducted makes it possible to increase the
diameter and the air flow usable for thrust.

[0005] However, the absence of a duct creates problems,
particularly acoustic problems, in certification. In fact, the
noise generated by open rotor propellers propagates in a free
field. Moreover, noise sources are very numerous in this type
of architecture. Regarding acoustic certification points, it is
known that the principal source of noise comes from vortex
structures leaving the blades of the upstream propeller and
striking the blades of the downstream propeller. Current
standards impose a maximum noise threshold in near-
ground zones, that is during takeoff and approach. These
standards are increasingly constraining as time passes and it
is important to anticipate this increasing severity, so that the
engines achieve them on the day of their entry into service.

[0006] Two different approaches exist for reducing this
interaction noise:

[0007] “clipping”: the downstream propeller is of
smaller diameter than the upstream propeller so that the
tip vortices emitted by the latter pass over the first, so
as to avoid noise-generating impact. This option, how-
ever, requires re-designing the blades of the down-
stream propeller by lengthening chords so as to ensure
sufficient thrust. Moreover, clipping does not allow the
impacts of vortex structures to be avoided when the
airplane is operating at an angle of attack;

[0008] modifying the geometry of the blades of the
upstream propeller so as to reduce the intensity of the
vortex structures emitted by the upstream propeller, and
their distribution in the wake. This allows unsteady
load fluctuations on the downstream propeller to have
a smaller amplitude. Cited for example are patent
applications FR2980818 and FR2999151. This option,
however, turns out to be complex and requires reducing
the load on the upstream propeller and its thrust.

[0009] It would therefore be desirable to find a simple and
effective unducted propeller architecture which is free of the
foregoing limitations, and allows a substantial and constant
improvement (even at large angles of attack) of the aero-
acoustic performance of the engine without loss of thrust.
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PRESENTATION OF THE INVENTION

[0010] The present invention proposes, according to a first
aspect, a turbomachine comprising at least two unducted
propellers including one upstream propeller and one down-
stream propeller, the upstream propeller comprising a plu-
rality of blades at least one first blade of which has a
different length from at least one second blade.

[0011] According to other advantageous and non-limiting
features:
[0012] two consecutive blades of the upstream propeller

have different lengths;

[0013] the blades of the upstream propeller are divided
into nE02; +oo[ groups of blades of equal length,
including at least one group of first blades and at least
one group of second blades;

[0014] all the groups of blades have different blade
lengths;

[0015] all the groups of blades have the same number of
blades;

[0016] the blades are positioned around the upstream
propeller so that each sub-assembly of n consecutive
blades comprises one blade from each group;

[0017] the upstream propeller comprises 2knkEN *,
blades, two diametrically opposed blades on the
upstream propeller belonging to the same group;

[0018] the upstream propeller comprises (2k+1)n, kE
N, blades, and at least one counterweight positioned
diametrically opposite to a first blade;

[0019] the number n of groups of blades is two or three;

[0020] the downstream propeller comprises a plurality
of blades having the length of the first blade;

[0021] said second blade is a truncated first blade;

[0022] said second blade is shorter than the first blade
by 0.5% to 5%;

[0023] the propellers are contra-rotating;

[0024] the downstream propeller is fixed.

PRESENTATION OF THE FIGURES

[0025] Other features and advantages of the first invention
will appear upon reading the description that follows of a
preferred embodiment. This description will be given with
reference to the appended drawings wherein:

[0026] FIG. 1, previously described, shows an example of
a contra-rotating open rotor;

[0027] FIG. 2a shows an unducted upstream propeller of
a known turbomachine;

[0028] FIGS. 24 and 2¢ show two embodiments of an
upstream propeller of a turbomachine according to the
invention;

[0029] FIG. 3 illustrates the displacement of the stream-
lines observed in an embodiment of a turbomachine accord-
ing to the invention.

DETAILED DESCRIPTION

Open Rotor

[0030] Referring to FIG. 1, a turbomachine 1 is proposed
comprising at least two unducted propellers 10, 11 including
one upstream propeller 10 and one downstream propeller 11
(in the direction of flow of the fluid). It will be understood
that other propellers can be positioned downstream of the
first ones.
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[0031] This turbomachine 1 is preferably of the “open
rotor” type (CROR) and also comprises a gas generator 4
(i.e. the “core” of the turbomachine, carrying out in particu-
lar the combustion of the fuel), central with respect to the
axis of flow of the gases (in a casing), comprising a turbine
driving in rotation the propellers 10, 11, which in this
example are contra-rotating (i.e. the upstream propeller 10
has a direction of rotation opposite to that of the downstream
propeller 11). The turbomachine can just as well be an open
rotor “pusher” (the propellers 10, 11 are downstream of the
gas generator 4, and “push” the turbomachine 1) as an open
rotor “puller” (the propellers 10, 11 are upstream of the gas
generator 4 and “pull” on the turbomachine 1).

[0032] It will also be noted that the propellers 10, 11 are
not necessarily contra-rotating and that the second propeller
11 can in addition be a stator (i.e. a fixed propeller), the
turbomachine 1 then being of the type called USF (“Un-
ducted Single Fan”).

[0033] In any case, each propeller 10, 11 has a plurality of
blades 2 extending substantially radially from the central
casing. The propellers 10, 11 define around the casing an
unducted fan of the turbomachine 1.

Configuration of the Blades

[0034] In known fashion, see FIG. 2a, the blades 2 of the
propellers 10, 11 are of the same length. In other words, the
“radius” (i.e. the distance to the axis of rotation of the
propeller 10, 11) from the tip of all the blades is constant.
Hereafter in the present description, the term “length” of the
blade will be employed for convenience, but it will be
understood that by length of a blade 2 is meant the radius at
its tip, i.e. the distance between the axis of rotation of the
propeller 10, 11 bearing the blade 2 (generally the axis of
rotation of the propellers 10, 11 because it is common) and
the tip of the blade 2.

[0035] The present turbomachine is distinguished in that,
in contrast, at least one first blade 2a of the upstream
propeller 10 has a different length from at least one second
blade 25, 2¢ of the upstream propeller 10 (in other words, the
upstream propeller comprises at least two blades 24, 25, 2¢
with different lengths). By convention, the first blade 24 is
selected longer than the second blade 25, 2¢, it will be seen
below that there can be several lengths of the second blade
2b, 2c.

[0036] This makes it possible for the vortex structures
emitted by the blades 2a, 25, 2¢ of the upstream propeller 10
to strike the blades 2 of the downstream propeller 11 at
different radial positions.

[0037] In fact, each blade tip vortex emitted follows the
streamline passing through the blade tip fairing (i.e. the tip)
of the blade 2a, 26, 2¢ of the upstream propeller. This
streamline is constrained by the contraction of the flow due
to the suction of the propellers.

[0038] Consequently, if a second blade 2b, 2¢ of the
upstream propeller 10 has a reduced length, the streamline
passing by its blade tip fairing has a smaller radius than that
of a first blade 2a of greater length. Thus, as shown by FIG.
3, the vortex caused by a second blade 25, 2¢ strikes the
downstream propeller 11 lower than that caused by a first
blade 2a. In this fashion, the vortices of the upstream
propeller 10 associated with the different blades 2a, 25, 2¢
strike the same blade 2 of the downstream propeller 11 at
different radial positions (whereas the impacts were all at the
same place for an upstream propeller 10 with uniform blade
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lengths), thus allowing de-phasing of the acoustic sources,
leading to a reduction of the radiated acoustic level.
[0039] This configuration applies in the case where the
vortices of the upstream propeller 10 strike the downstream
propeller 11 (entirely or partially), that is the downstream 11
is either not clipped, or is insufficiently clipped. In a pre-
ferred embodiment, all the blades 2 of the downstream
propellers 11 have the same length, and in particular the
length of the first blade 2a of the upstream propeller 10.
[0040] Preferably, a second blade 2b, 2¢ is simply a
shortened first blade 2a. In other words, the design of the
blade is not modified; only the end is truncated.

[0041] This modification must not be too great so as not to
modify the aerodynamic performance of propellers 10, 11,
but must be done sufficiently to de-phase the acoustic
sources. Advantageously, said second blade 25, 2¢ (in par-
ticular the shorter of the second blades 256, 2c¢ if there are
several lengths) is shorter than the first blade 2a by 0.5% to
5%.

[0042] An asymmetrical steady-state calculation has in
fact made it possible to determine that a reduction in the
radius of a second blade 25, 2¢ (with respect to a first blade
2a) of the upstream propeller 10 by 0.8% (with constant
blade pitch) incurs, at cruise altitude, a loss of thrust 0 0.3%
on this blade 25, 2¢ and a negligible loss on a blade 2 of the
downstream propeller 11. The efficiency of one blade of the
upstream propeller 10 thus drops 0.02 points, and that of a
blade of the downstream propeller 0.05 points, which is
acceptable.

[0043] The same calculation for takeoff gives a loss of
1.3% for thrust on this blade 25, 2¢ and a negligible loss for
a blade 2 of the downstream propeller 11. The efficiency of
a blade of the upstream propeller 10 thus drops 0.15%, and
that of a blade of the downstream propeller 11 is not affected.
[0044] If the losses of thrust are too great, it is possible to
select a common pitch for all the blades (of the same
propeller: downstream, upstream or both) allowing the
thrust to be recovered.

[0045] One additional consequence of the variation of the
lengths of the blades 25, 2¢ of the upstream propeller 10 is
the modification of the azimuthal propagation speeds of the
vortices in the inter-blade flow. In fact, the peripheral speed
Ui of the tip of a second blade 25, 2¢ is reduced propor-
tionally to the reduction of the radius (Ui=QRi, where Q is
the speed of rotation of the upstream propeller 10 and Ri the
radius of the second blade 25, 2¢). This modification of
speed brings about a temporal de-phasing of the acoustic
sources in addition to the spatial de-phasing.

[0046] The azimuthal speed of the marginal vortex escap-
ing from the tip of the second blade 25, 2¢ is therefore
reduced as well. For a sufficient length variation between the
first and second blades 2a, 26, 2¢, the propagation in
azimuth of the vortices between the propellers 10, 11, and
therefore the interaction with the downstream propeller 11,
is no longer axisym metrical. Likewise, this modification
produces a temporal de-phasing of the acoustic sources.
[0047] In addition to introducing an additional de-phasing
between the sources, there results a modification of the
periodicity of the interactions, and therefore of their fre-
quencies in the audible spectrum. Assuming that acoustic
energy is conserved, the noise levels can be reduced locally
(in frequency) and the linewidth (i.e. frequency peak in the
acoustic spectrum) can spread, or even split into different
interaction lines at lower frequencies.
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Groups of Blades

[0048] According to advantageous embodiments, the first
and second blades 2a, 2b, 2¢ are organized according to
certain pre-determined patterns. In particular, it is desirable
that two consecutive blades 2a, 2b, 2¢ of the upstream
propeller 10 have different lengths, i.e. that the first blades
2a, are separated by second blades 25, 2c.

[0049] To this end, the blades 2a, 25, 2¢ of the upstream
propeller 10 are advantageously divided into nE[2; +oof
groups of blades of equal length, including at least one group
of first blades 2a and at least one group of second blades 25,
2¢. All the groups of blades 2a, 25, 2¢ have different blade
2a, 2b, 2¢ lengths. For convenience, it is possible to consider
that the first group includes all the longest blades (the first
blades 2a) and that the n-1 other groups are groups of
second blades 25, 2c¢ sorted by decreasing lengths: the
second group includes all the longest of the second blades,
the nth group includes the shortest of the second blades, etc.

[0050] This number n of groups of blades 2a, 25, 2¢ is
preferably two (the case of FIG. 2b) or three (the case of
FIG. 2¢, wherein there are two second blade lengths: the
blades 25 form one group of second blades of “medium”
length and the blades of 2¢ one group of second blades of
“short” length), but it can be greater. It will be noted that in
the case of at least three groups, the length of the blades
associated with each of the groups are selected to be
regularly distributed between that of the nominal length (that
of'the first blade 2a) and that of the shortest second blade 25,
2¢ (the length whereof is advantageously between 98.5%
and 99.5% of that of the first blade 2a).

[0051] Denoting these lengths as L,,;, and L.
for example

we have

maxs

. Lnax = Linin
Ligzim} = Lopin + i X —,

where L, is the length of the blades of the ith group.

[0052] All the groups of blades 2a, 25, 2¢ can comprise an
equal number of blades 2a, 25, 2¢ (as is the case with FIG.
2b, wherein there are two groups of six blades 2a, 25, 2¢),
or different numbers of blades (as is the case with FIG. 2¢,
wherein there are three groups, including one group of four
first blades 24, one group of six second blades 25 and one
group of two second blades 2¢). This can allow that two
adjoining blades 24, 25, 2¢ are always of one group j and one
group j+1,j€11; n-11, i.e. that there is always a difference
in length, but a minimal difference, between two adjoining
blades.

[0053] The distribution of groups of blades 2a, 25, 2¢ can
also be the object of different variants, preferably taking the
form of a pattern repeating itself for each m&ln; +oof
consecutive blade.

[0054] In an optimal mode, the blades 2a, 25, 2¢ are
positioned around the upstream propeller 10 so that each
sub-assembly of n consecutive blades 2a, 2b, 2¢ (ie.
sequences of n blades) comprises one blade 2a, 256, 2¢ from
each group, in other words that the upstream propeller 10
conforms to a pattern with an order equal to the number n of
groups (i.e. the pattern repeats every n blades, in other words
m=n). For example, the sequence of blades 24, 25, 2¢ can
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conform to the pattern 1, 2, .. .,n, 1,2, ...,n, 1,2, ...
, 1, etc. That is the case for FIG. 25: the sequence of blades
is 2a, 2b, 2a, 2b, etc.

[0055] It is noted that if n>2, there potentially exists a
considerable discontinuity of length between the blades
numbered n (the shortest) and f (the longest), which is why
more complex patterns (but always following a pattern of
order n (for example, if n=5: 1, 3, 5, 4, 2) are possible.

Balancing

[0056] Preferably, the upstream propeller 10 is configured
s0 as to avoid any imbalance. In the simplest case, the
upstream propeller 10 comprises 2kn, kEN *, blades 2a, 25,
2¢, where n is still the number of groups, each comprising
an even number (2k) of blades (there is then necessarily an
even number of blades no matter the parity of n).

[0057] Two diametrically opposed blades 2a, 25, 2¢ are
then selected on the upstream propeller 10 so as to belong to
the same group (hence the absence of imbalance despite the
varied lengths of the blades 24, 25, 2¢).

[0058] It should be noted that, if these 2kn blades are
organized in sequences of n blades comprising one blade 24,
2b, 2¢ from each group, (in other words, the particular case
wherein the number of sequences is even), then the number
of sequences is 2k, and two diametrically opposed blades 24,
2b, 2¢ belong automatically to the same group (and balanc-
ing is consequently achieved).

[0059] It will be noted that the propeller 10 conforming to
FIG. 2¢ observes this distribution principle, which makes it
possible to avoid the use of any counterweight.

[0060] Iftheupstream propeller 10 comprises (2k+1)n, k&
N, blades 24, 25, 2¢, where n is still the number of groups,
each comprising an odd number (2k+1) of blades (this
including the particular case of a provision of 2k+1
sequences of n blades), the preferred configuration depends
on the parity of n, but at least one counterweight positioned
diametrically opposite to the first blade 2a becomes neces-
sary.

[0061] If n is even, the total number of blades 2a, 25, 2¢
remains even, which means that each blade has a diametri-
cally opposed blade, but it is impossible to ensure that two
diametrically opposed blades 24, 25, 2¢ always belong to the
same group. In other words, there necessarily exist at least
one pair of diametrically opposed blades comprising a first
blade 2a and a second blade 2b, 2¢. The latter is then
equipped with a counterweight if necessary.

[0062] Ifn is odd, the total number of blades 2a, 25, 2¢ is
odd, which means that there are no diametrically opposed
blades 2a, 2b, 2¢, hence the use of counterweights. In this
case, the counterweights will be distributed between several
diametrically opposed blades.

[0063] In another embodiment, the counterweights can be
located at other places in the rotor.

1. A turbomachine comprising at least two unducted
propellers including one upstream propeller and one down-
stream propeller, the upstream propeller comprising a plu-
rality of blades at least one first blade of which has a tip
radius different from at least one second blade.

2. The turbomachine according to claim 1, wherein two
consecutive blades of the upstream propeller have different
tip radii.

3. The turbomachine according to claim 1, wherein the
blades of the upstream propeller are divided into n&[[ 2;+V|
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groups of blades with equal tip radius, including at least one
group of first blades and at least one group of second blades.

4. The turbomachine according to claim 3, wherein all the
groups of blades have different blade tip radii.

5. The turbomachine according to claim 3, wherein all the
groups of blades comprise an equal number of blades.

6. The turbomachine according to claim 5, wherein the
blades are positioned around the upstream propeller so that
each sub-assembly of n consecutive blades comprises one
blade from each group.

7. The turbomachine according to claim 3, wherein the
upstream propeller comprises 2kn,kEN *, blades, two dia-
metrically opposed blades on the upstream propeller belong-
ing to the same group.

8. The turbomachine according to claim 3, wherein the
upstream propeller comprises (2k+1)n, kEN | blades, the
turbomachine comprising at least one counterweight posi-
tioned diametrically opposite to a first blade.

9. The turbomachine according to claim 3, wherein the
number n of groups of blades is two or three.

10. The turbomachine according to claim 1, wherein said
second blade is a truncated first blade.

11. The turbomachine according to claim 1, wherein said
second blade is shorter than the first blade by 0.5% to 5%.

12. The turbomachine according to claim 1, wherein the
downstream propeller comprises a plurality of blades having
the tip radius of the first blade.

13. The turbomachine according to claim 1, wherein the
propellers are contra-rotating.

14. The turbomachine according to claim 1, wherein the
downstream propeller is fixed.

#* #* #* #* #*
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