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THRUST REVERSER NOZZLE FOR A TURBOFAN GAS TURBINE ENGINE

TECHNICAL FIELD

The invention relates to a thrust reverser nozzle, and in particular to a thrust

reverser nozzle for a turbofan gas turbine engine. It also relates to a method of

providing aerodynamic braking of an aircratft.

BACKGROUND

It 1s generally desired to assist wheel braking using aerodynamic decelerating
means on aircrafts equipped with gas turbine engines because of the high
landing speeds of these aircrafts. The aerodynamic decelerating means are
especially useful on wet or icy runways to enhance the stopping capability of

aircrafts.

A thrust reverser nozzle is one example of aerodynamic decelerating means
used on aircrafts with one or more turbofan gas turbine engines. A thrust
reverser nozzle deflects at least a portion of the air from the gas turbine engine to
create a braking force slowing down the aircraft. The deflected air can come

from the by-pass flow or from both the by-pass flow and the core flow.

Overall, although existing designs of thrust reverser nozzles are generally
satisfactory when they are in the deployed position, it is still desirable to further
Improve the design of the stowed configuration of the thrust reverser nozzies for
turbofan gas turbine engines, so that the engines forward thrust performance is

not affected by the presence of the thrust reverser nozzles.
SUMMARY

In one aspect, the present concept provides a thrust reverser nozzle for a nacelle
of a turbofan gas turbine engine, the nacelle having a central axis and a
propulsive jet outlet, the thrust reverser nozzle comprising a first reverser door

and a second reverser door defining a portion of an aft section of the nacelle, the
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doors having a respective trailing edge adjacent to the propulsive jet outlet and
being asymmetrically pivotable between a stowed position and a deployed

position, one of the doors having a pivot axis closer to the central axis of the

nacelle than the other door.

In another aspect, the present concept provides a thrust reverser for a turbofan
engine having a central axis of rotation and an exhaust nozzle, the thrust
reverser comprising first and second deflectors pivotally attached to the engine
such that the first deflector pivots about a single non-translating first pivot axis
and the second deflector pivots about a single non-translating second pivot axis,
the first and second pivot axes extending generally transverse to the central axis,
the first and second deflectors pivoting between respective stowed and deflecting
positions, the first and second pivot axes being asymmetrically radially spaced

relative to the central axis.

In another aspect, the present concept provides a thrust reverser for a turbotan
engine having a central axis of rotation, the thrust reverser comprising at least
first and second deflectors located on opposite sides of the central axis of
rotation and having respective pivot axes, the pivot axes disposed at different

radial distances from the central axis.

In another aspect, the present concept provides a method of providing
aerodynamic braking of an aircraft using a turbofan gas turbine engine mounted
in a nacelle, the nacelle generally defining a central axis, the method comprising:
operating the engine; operating at least one actuator to pivot, from a stowed
position to a deployed position, a first and a second door provided at a rear
section of the nacelle, the first door pivoting around a first rotation axis and the
second door pivoting around a second rotation axis, one among the first rotation
axis and the second rotation axis being closer than the other to the central axis;
and then increasing output thrust generated by the engine with the doors in their

deployed position.

AMENDED SHEET
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Further details of these and other aspects of the improved thrust reverser nozzle

will be apparent from the detailed description and figures included below.
BRIEF DESCRIPTION OF THE FIGURES

For a better understanding and to show more clearly how it may be carried into
effect, reference will now be made by way of example to the accompanying

figures, in which:

FIG. 1 schematically shows a generic turbofan gas turbine engine to illustrate an
example of a general environment around which the improved thrust reverser

nozzle can be used;

FIG. 2A is a side view of an example of a nacelle without a thrust reverser

nozzie;

FIG. 2B is a side view of an example of a nacelle with the improved thrust

reverser nozzle in a direct thrust position;
FIG. 3 is a rear view of the nacelle shown in FIG. 2B:

FIG. 4 is a side view showing the interior of the aft section of the nacelle with the

thrust reverser nozzle of FIG. 2B;
FIG. 5 is a view similar to FIG. 4, with the doors in the deployed position:

FIG. 6 is a view similar to FIG. 5, showing the thrust reverser nozzle with the

fairings;

FIGS. 7A to 7E schematically show various configurations of the pivot axes with

reference to the central axis of the nacelle;

FIGS. 8A to 8E schematically show a variant of the different configurations for
the pivot axes;
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FIG. 9 shows another example of an improved thrust reverser nozzle, with the

doors in their stowed position;

FIG. 10 is a perspective view showing the thrust reverser nozzle of FIG. 9 with

the doors in their deployed position; and

FIG. 11 is a view similar to FIG. 10, with the doors being removed.

DETAILED DESCRIPTION

FIG. 1 illustrates a turbofan gas turbine engine 10 of a type preferably provided
for use in subsonic flight, generally comprising in serial flow communication a fan
12 through which ambient air is propelled, a multistage compressor 14 for
pressurizing the air, a combustor 16 in which the compressed air is mixed with
fuel and ignited for generating an annular stream of hot combustion gases, and a
turbine section 18 for extracting energy from the combustion gases. FIG. 1 only
shows one example of the engine with which the improved thrust reverser nozzle

can be used. The improved thrust reverser nozzle can also be used with other

turbofan models.

Referring now to FIG. 2A, there is shown an example of a nacelle 20’ without a
thrust reverser nozzle. The turbofan gas turbine engine is located within the
nacelle and the nacelle is attached under the wings or on the fuselage of the

aircraft using an appropriate arrangement (not shown).

FIG. 2B shows an example of a nacelle 20 with the improved thrust reverser
nozzle 22. Ideally, the thrust reverser nozzle 22 is integrated within the outer and
inner dimensions of the original nacelle so that the direct thrust performance of
the engine is not affected. This way, the following key parameters of the nacelle
exhaust, i.e., the mixing length, throat location, exit shape of the exhaust, inner
and outer flow contour, base area, etc. are the same as the nacelle 20’ of

FIG. 2A. This ensures that the performance of the engine will be the same in the
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direct thrust mode of operation when using the nacelle 20 instead of the original

nacelle 20’°.

The thrust reverser nozzle 22 is provided in the aft section 20a of the nacelle 20.
It comprises an upper reverser door 24 and a bottom reverser door 26. Both
form a portion of the aft section 20a of the nacelle 20. Each door 24, 26 has a
trailing edge 24a, 26a adjacent to the propulsive jet outlet 28. When the doors
24, 26 are in the stowed position, their respective trailing edges 24a, 26a lay in a
common vertical plane. Also, the trailing edges 24a, 26a cooperate with the
trailing edge of jet pipe arms to form a planar exit that is the outlet 28 of the

propulsive jet.

It should be noted that although the doors are described in the detailed
description and shown in the drawings as being an upper reverser door and a
bottom reverser door movable in a vertical plane, the doors can also be

configured as a left door and right door movable in a horizontal plane.

FIG. 3 is a rear view of the nacelle 20 shown in FIG. 2B. This view shows the
upper reverser door 24 and the bottom reverser door 26 in their stowed position.
The trailing edges 24a, 26a of both doors 24, 26 partially define the exhaust
nozzle. The exhaust nozzle is concentric with a central axis 32 of the nacelle 20.
The doors 24, 26 are separated on each side by a fairing 34 which covers a part

of a door linkage system. Each fairing 34 includes a hinged flap 35 that is
described hereafter.

Referring now to FIG. 4, there is shown the interior of the aft section 20a of the
nacelle 20. This figure shows the linkage system for moving the doors 24, 26
from their stowed position to a deployed position, and vice-versa. The doors 24
26 are connected, on each side, to a fixed structure around which a linking arm
pivots. The fixed structure is hereby referred to as the jet pipe 36. The upper
door 24 has a curved or L-shaped linking arm 38 pivoting around a substantially

horizontal pivot axis 40 located slightly below the central axis 32. FIG. 4 further
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llustrates the bottom door 26 being connected to a substantially straight linking
arm 42 pivoting around a substantially horizontal pivot axis 44 located above the
center axis 32. It should be noted that the linking arms 42 of the bottom door 26
can also be L-shaped or have any other shape, in accordance with the design
requirements. The arms of both doors 24, 26 are connected to their respective
door at a point that is upstream their pivot axis 40, 44. This is advantageous in
terms of rigidity since the outer diameter of the doors 24, 26 is larger in the
upstream direction. Both arms are also curved to follow and fit in the space
defined by the inner and outer contours of the thrust reverser nozzle 22. The
arms 42 on both sides of the bottom door 26 are laterally offset with reference to

the arms 38 of the upper door 24 so as to prevent them from colliding.

Each side of the thrust reverser nozzle 22 comprises a linear actuator 50 located
between the two doors 24,26 and in substantially a horizontal plane that contains
the center axis 32. Each actuator 50 has two links 52, 54, one being connected
to the upper reverser door 24 and the other to the bottom reverser door 26. The
linkage of the actuator 50 is asymmetrically connected to the doors 24, 26. as

further explained hereafter.

FIG. 5 shows the trust reverser nozzle 22 of FIG. 4 with the doors 24, 26 in their
deployed position. As can be appreciated, the doors 24, 26 are asymmetrically
pivoted form their stowed position to their deployed position. In the illustrated
embodiment, the trailing edge 24a of the upper door 24 pivots into the bottom
door 26. The doors 24, 26 are pivoted up to an angle where the propulsive jet
coming out of the engine is deflected by the doors 24, 26 and can generate a
force which axial component provides the retarding force to the aircraft.
Therefore, once the doors 24, 26 are in their deployed position, Increasing the

output thrust generated by the engine creates an aerodynamic decelerating

force.

As aforesaid, the linkage of the actuator 50 is asymmetrically connected to the
doors 24, 26. The door with the shortest hinge arm has the shortest link.
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The jet pipe 36 comprises two side arms 36a extending towards their rear. The
doors 24, 26 are designed with Complementary jet pipe portions 60, 62 attached
to the reverser doors inner skin. The complementary jet pipe portions 60, 62 fit
into a corresponding recess on the jet pipe 36 to obtain substantially a complete
jet pipe when the doors 24, 26 are in their stowed position. This way, when the
doors 24, 26 are in their stowed position, the jet pipe 36 can be almost identical
to the jet pipe within a nacelle that is not provided with the thrust reverser nozzle,
such as the nacelle 20’ of FIG. 2A.

If desired, it is possible to have one complementary jet pipe portion longer than
the other. For instance, the complementary jet pipe portion 60, or reverser door
iInner skin under the upper reverser door 24 can be longer to compensate the fact
that the door 24 is closer to the jet pipe 36 when set in the deployed position.
The corresponding recess of the jet pipe 36 will then be modified accordingly,
such as the extended recess 36b shown in stippled lines in FIG.6. This
participates in ensuring a good compatibility between the engine and the thrust
reverser nozzle by controlling the spacing ratio, i.e., the distance between the
door and the recess of the jet pipe 36. The increased distance between the door
and the exit plane of the jet pipe 36 will help maintaining the engine surge margin

when the reverser nozzle 22 is deployed.

FIG. 6 is a view similar to FIG. 5, showing the fairing 34 and the hinged flap 35.
The aft of the hinged flap 35 is outwardly pivoted when the doors 24, 26 move

from their stowed position to their deployed position. The flap 35 moves

outwards so as to make room to the longitudinal edge of the doors 24, 26. The
flaps 35 are biased towards the interior by a spring, for instance a leaf spring, but

are pushed toward the outside when the doors 24, 26 are rotated.

FIGS. 7A to 7E show different embodiments for the relative position of the pivot
axes with reference to the central axis of the nacelle 20. In all embodiments, one
of the doors has a pivot axis closer to the central axis 32 of the nacelle 20 than
the other door. In FIG. 7A, the pivot axis 44 of the bottom door 26 is above the

AMENDED SHEET
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central axis 32 of the nacelle 20 while the pivot axis 40 of the upper door 24 is
below the central axis 32. However, the pivot axis 40 of the upper door 24 is
closer to the central axis 32 than the bottom door 26. Both pivoting axes lay in a

common vertical plane.

In FIG. 7B, the pivot axis 40 of the upper door 24 is in registry with the central
axis 32. In FIG. 7C, the pivot axis 40 of the upper door 24 is above the central

axis 32. Both pivoting axes lay in a common vertical plane.

FIGS. 7D and 7E show variants that are applicable to either FIG. 7A, 7B or 7C. It
shows that the pivot axis 44 of the bottom door 26 can be offset by a distance “d”

that is either upstream or downstream with reference to the jet flow.

FIGS. 8A to 8E show alternative embodiments of the pivot axes. In these
embodiments, the pivot axis 40 of the upper door 24 is above the central axis 32
while the pivot axis 44 of the bottom door 26 is slightly below the central axis 32.
In FIG. 8B, the pivot axis 44 of the bottom door 26 is in registry with the central
axis 32 of the nacelle 20. In FIG. 8C, the pivot axis 44 of the bottom door 26 is
slightly above the central axis 32 of the nacelle 20. Both pivoting axes lay in a

common vertical plane.

FIGS. 8D and 8E show the pivot axes being offset, either upstream or
downstream. Again, this is applicable to either FIG. 8A, 8B or 8C.

FIG. 9 shows a variant of the thrust reverser nozzle 22. In the illustrated
embodiment, the fairing 34 is fixed. The flaps 70 form the rear portion of the jet
pipe arms and of the continuation of the fairing 34. Each flap 70 is pivotable with
reference to a vertical axis substantially located at the forward end of the flap.
The flaps pivot inward the reverser nozzle when the reverser doors 24, 26 are
moved from their stowed to their deployed position and come back to their

stowed position when the reverser doors move from their deployed to their

stowed position.
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FIG. 10 shows the doors 24, 26 in their deployed position.

FIG. 11 shows the deployed position of the thrust reverser nozzle 22, but without
the doors. As can be appreciated, the flaps 70 were allowed to pivot slightly
Inwards so as to provide room for the sides of the doors and also to concentrate

the jet towards the center when the thrust reverser nozzle 22 is deployed.

Overall, the thrust reverser nozzle 22 has many advantages, including being a
simple and robust construction that is foremost capable of duplicating the forward
thrust performance of a nacelle that is not fitted with a thrust reverser. This is
made possible because the thrust reverser installation does not substantially
change the nacelle key design parameters such as nacelle length, base area,
mixing length, throat location, inner and outer flow surfaces. When in its
deployed position, the thrust reverser nozzle 22 is also capable of providing a

retarding force to the aircraft during landing.

The asymmetrical pivoted doors have many advantages. One is that the bottom
door 26 can be pivoted more than the upper door 24. This can generate a net
force pushing the aft section 20a of the nacelle 20 upwards, thereby creating a

nose-down pitching moment to improve control of the aircraft on the ground.

The above description is meant to be exemplary only, and one skilled in the art
will recognize that other changes may also be made to the embodiments
described without departing from the scope of the invention disclosed as defined
by the appended claims. For instance, the present invention is not limited to a
thrust reverser nozzle with an upper door pivoting into the bottom door. One can
design a reverser nozzle with the bottom door pivoting into the upper door. To
achieve this, one needs to only permute the above described position of the
pivoting axis of the doors with reference to the central axis of the reverser nozzle.
The linkage arm can be different from what is shown in the drawings. For
Instance, both arms can be L-shaped. Although not desirable for a number of

design and structural considerations, only one actuator can also be provided for
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the whole system. In this case, the actuator is located between the two reverser
doors, as previously described. In an alternate embodiment, instead of placing
the actuators between the two doors in a plane substantially horizontal and
containing the reverser nozzle central axis (FIGS. 4, 5), a dedicated actuator per
door can be installed in a substantially vertical plane that contains the reverser
nozzle central axis. In this latter case, each actuator is located in the plane of
symmetry of each door, and each actuator controls the position of their dedicated
reverser door. One end of the actuator is pivotally mounted on the jet pipe while
its other end, the piston rod is directly and pivotally mounted to the dedicated
reverser door, thus eliminating the need of links 52 and 54 of FIGS. 4, 5. The
thrust reverser nozzle of the invention can be considered for installation on new
engines and nacelles as well as retro-fits. Still other modifications which fall
within the scope of the present invention will be apparent to those skilled in the

art, in light of a review of this disclosure, and such modifications are intended to

fall within the appended claims.

10



CA 02660001 2012-03-16

11

What 1s claimed is:

1 A thrust reverser nozzle for a nacelle of a turbofan gas turbine engine, the nacelle
having a central axis and a propuisive jet outlet, the thrust reverser nozzle comprising a jet pipe
terminating aft in a pair of side arms, a first reverser door and a second reverser door defining a
portion of an aft section of the nacelle, the doors having a respective trailing edge adjacent to
the propulsive jet outlet and being asymmetrically pivotally joined to said side arms about first
and second pivot axes, respectively, for deployment between a stowed position and a radially
outward deployed position, one of the doors having its pivot axis closer to the central axis of the

nacelle than is the pivot axis of the other door.

2. The thrust reverser nozzle as defined in claim 1, wherein the doors are movable in a

substantially vertical plane.

3. The thrust reverser nozzle as defined in claim 2, wherein the first reverser door is above

the second reverser door in the stowed position.

4. The thrust reverser nozzle as defined in claim 1, wherein the trailing edges of the doors

are coplanar with a plane substantially perpendicular to the center axis.

5. The thrust reverser nozzle as defined in claim 1, wherein the pivot axis of one of the

doors intersects the central axis.

6. The thrust reverser nozzle as defined in claim 1, wherein the pivot axes of the doors are

on the same side with reference to the central axis.

7. The thrust reverser nozzle as defined in claim 1, wherein the pivot axes of the doors are

longitudinally, with reference to the central axis, in alignment with each other.

8. The thrust reverser nozzle as defined in claim 1, wherein the pivot axes of the doors are

longitudinally, with reference to the central axis, offset with reference to each other.
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Q. The thrust reverser nozzle as defined in claim 1, wherein the first reverser door is closer

to the engine in the deployed position than the second reverser door.

10. The thrust reverser nozzle as defined in claim 1, wherein the doors are separated by
opposite longitudinally-disposed fairings, each fairing comprising an inwardly-biased portion

pivotally mounted and outwardly movable when the doors are in their deployed position.

11, The thrust reverser nozzle as defined in claim 1, wherein the doors are connected to at
least one actuator, the actuator having one end connected to a fixed structure and having
another end connected to a linkage, the linkage having a first arm connected to the first reverser

door and a second arm connected to the second reverser door.

12. The thrust reverser nozzle as defined in claim 11, wherein the first arm and the second

arm of the at least one actuator have an unequal length.

13. The thrust reverser nozzle as defined in claim 1, wherein each door has an inner jet pipe

portion complementary to said jet pipe to which the thrust reverser nozzle is mounted.

14, The thrust reverser nozzle as defined in claim 1, further comprising a pair of opposite
outwardly-biased flaps adjacent to the propulsive jet outlet and between the doors, the flaps
being inwardly pivoted in a substantially horizontal plane when the doors are in their deployed

position to deflect gases from the engine towards the center of the propulsive jet outlet.

15. The thrust reverser nozzle as defined in claim 1, wherein each door is connected to one
actuator substantially located in a plane of symmetry of the door, the actuator having one end
pivotally connected to a fixed structure and having a piston rod directly connected to the door.

16. The thrust reverser nozzle as defined in claim 1, wherein each door is connected to its
pivot axis by a linking arm, each linking arm being connected to the corresponding door at a

location upstream the corresponding pivot axis when the doors are in their stowed position.
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17. The thrust reverser nozzle as defined in claim 1, wherein the first and second door pivot

axes are disposed in a common plane which is perpendicular to the central axis.

18. The thrust reverser nozzle as defined in claim 1, wherein each pivot axis is closer to the

other door than to the door to which the respective pivot is connected.

19. The thrust reverser nozzle as defined in claim 16, wherein one linking arm is shorter
than the other.
20. The thrust reverser nozzle as defined Iin claim 19, wherein in the deployed position the

trailing edge of one door is between the engine and the trailing edge of the other door.

21, The thrust reverser nozzle as defined in claim 1, wherein the first pivot axis of the first
reverser door is the only pivot axis of the first reverser door and the second pivot axis of the

second reverser door is the only pivot axis of the second reverser door.

22. The thrust reverser nozzle as defined in claim 1, wherein the doors are asymmetrically
pivotal between said stowed position and said deployed position by motion consisting of

respective rotation about single sald pivot axes.

23. The thrust reverser nozzle as defined in claim 1, wherein the first pivot axis of the first

reverser door is fixed and the second pivot axis of the second reverser door is fixed.

24, An aircraft engine thrust reverser comprising:
a jet pipe having a central axis and terminating aft in a pair of side arms;

first and second thrust reverser doors surrounding said jet pipe and asymmetrically

joined to said side arms at first and second pivot axes, respectively;

said first and second doors terminating aft with said side arms in a common nozzle outlet

in a stowed position; and

one of said first and second pivot axes being radially closer to said central axis to permit
radially outward deployment of said first and second doors about said first and second pivot

axes, with one door pivoting asymmetrically aft into the other door.
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25. A reverser according to claim 24 wherein said first and second doors and side arms
have corresponding trailing edges collectively defining a planar nozzle outlet in said stowed

position.

26. A reverser according to claim 25 wherein said first door is joined to said first pivot axis by
a first hinge arm, and satd second door s joined to said second pivot axis by a second hinge

arm, and both hinge arms are affixed to their respective door upstream from said pivot axes in

sald stowed position.

27. A reverser according to claim 26 wherein:
said jet pipe includes opposite recesses extending aft between said side arms,; and

said first and second doors include corresponding jet pipe portions attached therein and
complementing said jet pipe recesses to collectively obtain a substantially complete exhaust

nozzle terminating at said nozzle outlet when said doors are stowed.

28. A reverser according to claim 27 wherein said first and second doors and jet pipe
converge aft with decreasing diameter in said stowed position, with the radially outer surfaces of
said doors defining corresponding portions of an external nacelle, and said jet pipe portions
adjoin said jet pipe to collectively define said exhaust nozzle for efficiently discharging exhaust

from said aircratt engine.

29. A reverser according to claim 27 wherein one of said first and second hinge arms is
shorter than the other hinge arm to effect said deployment of said doors.

30. A reverser according to claim 27 wherein said first and second hinge arms have different

configurations, with one hinge arm being longitudinally curved and the other being longitudinally

straight.

31. A reverser according to claim 27 further comprising a common linear actuator joined to

said first and second doors by corresponding links having different lengths to effect said

deployment of said doors.



CA 02660001 2012-03-16

19

32. A reverser according to claim 27 wherein said first hinge arm extends forwardly
upstream from said first pivot axis to said first door in said stowed position, and extends

oppositely aft from said first pivot axis to said first door in a deployed position of said first door.

33. A reverser according to claim 27 wherein said second hinge arm extends forwardly
upstream from said second pivot axis to said second door in said stowed position, and extends
oppositely aft from said second pivot axis to said second door in a deployed position of said

second door.

34, A reverser according to claim 27 wherein said first and second pivot axes are disposed
in a common vertical plane at different radial distances from said central axis, and said first and

second doors are disposed on opposite vertical sides of said central axis.

35. A reverser according to claim 34 wherein said first pivot axis Is disposed radially

between said second pivot axis and said second door.

36. A reverser according to claim 34 wherein said second pivot axis is disposed radially

between said first pivot axis and said second door.

37. A reverser according to claim 34 wherein one of said first and second pivot axes Is

coplanar with said central axis.

38. A reverser according to clam 34 wherein said first and second pivot axes are

respectively disposed on said opposite sides of sald central axis.

39. A reverser according to claim 34 wherein both of said first and second pivot axes are

disposed on the same vertical side of said central axis.

40, A reverser according to claim 34 wherein said first door and said second pivot axis are

disposed vertically above said central axis on the same side thereof.
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41. A reverser according to claim 34 wherein said first door and said first pivot axis are

disposed vertically above said central axis on the same side thereof.

42. A reverser according to claim 34 wherein said first and second pivot axes are disposed
on said opposite sides of said central axis closer to said second and first doors than to said first

and second doors, respectively.

43. A reverser according to claim 34 wherein said first and second hinge arms extend
upstream from said first and second pivot axes to said first and second doors, respectively, and

cross each other longitudinally in said stowed position.

44, A reverser according to claim 27 wherein said first and second pivot axes are axially

offset from each other along said central axis.

45, A reverser according to claim 44 wherein said second pivot axis is disposed aft of said

first pivot axis.

46. A reverser according to claim 44 wherein said second pivot axis is disposed forward of

sald first pivot axis.

47, A reverser according to claim 44 wherein said first pivot axis is disposed radially below
said central axis adjacent said second door, and said second pivot axis is disposed radially

above said central axis adjacent said first door.

48. A reverser according to claim 44 wherein said first pivot axis is disposed radially above
said central axis adjacent said first door, and said second pivot axis is disposed radially below

said central axis adjacent said second door.
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