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(54) AN EXHAUST NOZZLE FOR A GAS TURBINE ENGINE

(57) There is disclosed an exhaust nozzle for a gas
turbine engine, the exhaust nozzle comprising an outer
frame extending along a longitudinal direction, a conver-
gent petal pivotably attached to the frame and extending
axially downstream and radially inward from the pivot,
radially within the frame, and a sealing hinge arrange-
ment between an upstream member and a downstream
member of the exhaust nozzle. One of the upstream
member or the downstream member defines a cylindrical
socket having an opening along a cylinder axis which
receives a corresponding cylindrical hinge element the

other of the downstream member or upstream member,
where the upstream member is defined by the frame and
the downstream member is the convergent petal; or the
exhaust nozzle further comprises a divergent petal down-
stream of the convergent petal and pivotably attached to
the convergent petal, the upstream member being the
convergent petal and the downstream member being the
divergent petal. A labyrinth seal is formed by an interface
between the cylindrical hinge element and the cylindrical
socket.
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Description

Field of disclosure

[0001] The present disclosure relates to an exhaust
nozzle for a gas turbine engine, and a gas turbine engine
comprising the exhaust nozzle.

Background

[0002] Gas turbine engines may use a variable geom-
etry convergent-divergent (con-di) exhaust nozzle to
maximise the production of thrust. A typical exhaust noz-
zle comprises a plurality of convergent petals which can
be pivoted to converge, to reduce the size of an area for
air flow exhausting from the engine. The convergent petal
and divergent petal are typically attached with a flexible
seal which allows for pivoting movement of the conver-
gent petal with respect to a frame, and of the divergent
petal with respect to the convergent petal.

Summary

[0003] According to a first aspect of the disclosure,
there is provided an exhaust nozzle for a gas turbine
engine, the exhaust nozzle comprising: an outer frame
extending along a longitudinal direction; a convergent
petal pivotably attached to the frame and extending ax-
ially downstream and radially inward from the pivot, ra-
dially within the frame; a sealing hinge arrangement be-
tween an upstream member and a downstream member
of the exhaust nozzle, wherein one of the upstream mem-
ber and the downstream member defines a cylindrical
socket having an opening along a cylinder axis which
receives a corresponding cylindrical hinge element of the
other of the downstream member and the upstream
member; wherein: the upstream member is defined by
the frame and the downstream member is the convergent
petal; or the exhaust nozzle further comprises a divergent
petal downstream of the convergent petal and pivotably
attached to the convergent petal, the upstream member
being the convergent petal and the downstream member
being the divergent petal; whereby a labyrinth seal is
formed by an interface between the cylindrical hinge el-
ement and the cylindrical socket.
[0004] The convergent petal may be configured to pivot
between a contracted position in which the convergent
petal is pivoted furthest radially inwards, and an expand-
ed position in which the convergent petal is pivoted fur-
thest radially outwards.
[0005] The convergent petal may be angled radially
inward at no more than 40 degrees with respect to the
longitudinal direction when in the contracted position, the
frame of reference being such that 0 degrees would cor-
respond to the convergent petal being parallel with the
longitudinal axis. The convergent petal may be angled
radially inward at no less than 10 degrees from the lon-
gitudinal direction when in the expanded position.

[0006] The cylindrical socket of the upstream member
or the downstream member may define a radially inner
end stop configured to stop pivoting of the downstream
member beyond a point in a radially inward direction.
[0007] The cylindrical hinge element of the upstream
member or the downstream member may comprise a
radially outer end stop configured to stop pivoting of the
downstream member beyond a point in a radially outward
direction.
[0008] A gap may be defined between the socket and
the cylindrical hinge element of 1mm or less, preferably
of 0.5mm or less.
[0009] The exhaust nozzle may comprise a plenum
disposed radially outwardly from the labyrinth seal and
configured to receive high pressure air to flow from the
plenum and radially inwardly through the labyrinth seal.
[0010] The downstream member of the sealing hinge
arrangement may be configured to cooperate with a ra-
dially outer wall of the plenum to seal the plenum whilst
allowing pivoting movement of the downstream member
relative the upstream member.
[0011] The exhaust nozzle may comprise a divergent
petal pivotably attached at an upstream end to a down-
stream end of the convergent petal, and extending axially
downstream and radially outward from the pivot.
[0012] The sealing hinge arrangement may be a first
sealing hinge arrangement and the exhaust nozzle may
further comprise a second sealing hinge arrangement,
wherein the upstream member of the first sealing hinge
arrangement is defined by the frame, and the down-
stream member of the first sealing hinge arrangement is
the convergent petal, and wherein the upstream member
of the second sealing hinge arrangement is the conver-
gent petal, and the downstream member of the second
sealing hinge arrangement is the divergent petal.
[0013] The plenum may extend along a radially outer
side of the convergent petal and may be configured to
receive and provide high pressure air to flow through the
plenum and radially inwardly through the labyrinth seals
of the first sealing hinge arrangement and of the second
sealing hinge arrangement.
[0014] The plenum may comprise a radially outer wall
comprising an upstream part defined by the frame, and
a downstream part which is pivotable with respect to the
upstream part and may engage with the upstream part
to form a seal.
[0015] The divergent petal of the sealing hinge ar-
rangement may be configured to cooperate with the
downstream part of the radially outer wall of the plenum
to seal the plenum whilst allowing pivoting movement of
the divergent petal relative to the convergent petal.
[0016] The upstream member of the second sealing
hinge arrangement may define the cylindrical socket of
the second sealing hinge arrangement, and the socket
of the second sealing hinge arrangement may terminate
at a radially inner end, such that a tangent of the socket
at the radially inner end is parallel to the longitudinal di-
rection or extends in a direction having a radially outward
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component when the convergent petal is in the contract-
ed position. The tangent of the radially inner end may
also extend axially or radially outwardly when the con-
vergent petal is in any position between the contracted
position and the expanded position.
[0017] The divergent petal may be connected to the
frame by a linkage, such that the frame, convergent petal,
divergent petal, and a linkage form a four-bar linkage.
[0018] According to a second aspect, there is provided
a gas turbine engine comprising an exhaust nozzle in
accordance with the first aspect.

Brief description of the drawings

[0019] Embodiments will now be described by way of
example only, with reference to the Figures, in which:

Figure 1 is a sectional side view of a gas turbine
engine;

Figure 2 schematically shows a longitudinal cross-
section of a first example exhaust nozzle in a con-
tracted configuration;

Figure 3 schematically shows a longitudinal cross-
section of the first example exhaust nozzle in an ex-
panded configuration.

Figure 4 schematically shows a longitudinal cross-
section of a second example exhaust nozzle in a
contracted configuration; and

Figure 5 schematically shows a longitudinal cross-
section of the second example exhaust nozzle in an
expanded configuration.

Detailed Description

[0020] With reference to Figure 1, a gas turbine engine
is generally indicated at 10, having a principal and rota-
tional axis 11. The engine 10 comprises, in axial flow
series, an air intake 12, a propulsive fan 13, an interme-
diate pressure compressor 14, a high-pressure compres-
sor 15, combustion equipment 16, a high-pressure tur-
bine 17, an intermediate pressure turbine 18, a low-pres-
sure turbine 19 and an exhaust nozzle 20. A nacelle 21
generally surrounds the engine 10 and defines both the
intake 12 and the exhaust nozzle 20.
[0021] The gas turbine engine 10 works in the conven-
tional manner so that air entering the intake 12 is accel-
erated by the fan 13 to produce two air flows: a first air
flow into the intermediate pressure compressor 14 and
a second air flow which passes through a bypass duct
22 to provide propulsive thrust. The intermediate pres-
sure compressor 14 compresses the air flow directed into
it before delivering that air to the high-pressure compres-
sor 15 where further compression takes place.
[0022] The compressed air exhausted from the high-

pressure compressor 15 is directed into the combustion
equipment 16 where it is mixed with fuel and the mixture
combusted. The resultant hot combustion products then
expand through, and thereby drive the high, intermediate
and low-pressure turbines 17, 18, 19 before being ex-
hausted through the nozzle 20 to provide additional pro-
pulsive thrust. The high 17, intermediate 18 and low 19
pressure turbines drive respectively the high-pressure
compressor 15, intermediate pressure compressor 14
and fan 13, each by suitable interconnecting shaft.
[0023] Other gas turbine engines to which the present
disclosure may be applied may have alternative config-
urations. By way of example such engines may have an
alternative number of interconnecting shafts (e.g. two)
and/or an alternative number of compressors and/or tur-
bines. Further the engine may comprise a gearbox pro-
vided in the drive train from a turbine to a compressor
and/or fan.
[0024] Figure 2 shows a first example exhaust nozzle
20 having a variable converging-diverging (con-di) ex-
haust in a contracted configuration.
[0025] The nozzle 20 comprises a radially outer sup-
port frame 30 extending from an upstream end (left side
in the Figures) to a downstream end (right side in the
Figures) along a longitudinal axis 50, which is coaxial
with the rotational axis 11 of the gas turbine engine 10
described with reference to Figure 1, when the nozzle 20
is mounted in the gas turbine engine 10. The frame 30
comprises an annular portion 30a which is coaxial with
the longitudinal axis 50 and which converges from the
upstream end to the downstream end (i.e. the radius of
the annular portion 30a reduces in a downstream direc-
tion along the longitudinal axis 50).
[0026] The nozzle 20 comprises a plurality of conver-
gent petals 32 which are angularly distributed about the
longitudinal axis 50 within the nozzle 20 at an upstream
end of the nozzle 20, and a corresponding plurality of
divergent petals 34 which are angularly distributed about
the longitudinal axis 50 within the nozzle 20 downstream
of (and connected to) the plurality of convergent petals
32. The plurality of convergent petals 32 and divergent
petals 34 are configured to provide a converging and
then diverging cross-sectional area for air flow exhaust-
ing from the gas turbine engine 10, for example to choke
the flow and achieve supersonic exit velocities in the di-
vergent section.
[0027] The extent of convergence of the convergent
petal 32 and the extent of divergence of the divergent
petal 34 is variable, as will be explained below. In the
contracted configuration, the convergent petal 32 is in a
contracted position in which it is at a maximum conver-
gence within its range of angular travel (i.e. it reduces
the air flow area to a minimum along the longitudinal axis
50). In this example, the convergent petal 32 in the con-
tracted position is angled radially inwardly at an angle of
approximately 40 degrees with respect to the longitudinal
axis 50 (with the frame of reference being such that 0
degrees would correspond to the convergent petal 32
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being parallel with the longitudinal axis 50). In other ex-
amples, the angle of the convergent petal with respect
to the longitudinal axis in the contracted position may be
less than 40 degrees, such as 35 degrees or 30 degrees.
[0028] In the contracted configuration shown in Figure
2, the divergent petal 34 is in a corresponding maximum
dilated position within its range of angular travel, in which
it is at a maximum divergence from a point to which it is
connected to the convergent petal 32 (i.e. it is pivoted
radially outwardly at a maximum angle with respect to
the longitudinal axis 50).
[0029] The configuration of each convergent petal 32
and respective divergent petal 34 is identical in this ex-
ample, and as such it will be described below with respect
to a single convergent petal 32 and respective divergent
petal 34.
[0030] The frame 30 comprises a first frame extension
30b extending radially inwards from the annular portion
30a of the frame 30 at an upstream end of the frame 30.
The convergent petal 32 is pivotably attached to the first
frame extension 30b at a first pivot point comprising a
first sealing hinge arrangement 36. The convergent petal
32 extends axially downstream and radially inwardly from
the first pivot point (i.e. from the first sealing hinge ar-
rangement 36), in the contracted position.
[0031] The divergent petal 34 is pivotably attached to
a downstream end of the convergent petal 32, at a second
pivot point comprising a second sealing hinge arrange-
ment 38 such that the divergent petal extends down-
stream and radially outwardly from the second pivot point
(i.e. from the second sealing hinge arrangement 38). The
divergent petal 34 is pivotably attached to a linkage 40
at a point on the divergent petal 34 downstream of the
second sealing hinge arrangement 38. The linkage 40 is
pivotably attached to a second frame extension 30c
which extends radially inwardly from the annular portion
30a of the frame 30, at a location on the annular portion
30a downstream of the first frame extension 30b. The
divergent petal 34 is connected to the linkage 40 and
convergent petal 32 such that it extends axially down-
stream and radially outwardly form the second sealing
hinge arrangement 38.
[0032] The frame 30, convergent petal 32, divergent
petal 34 and linkage 40 therefore form a four-bar linkage,
such that pivoting movement of the convergent petal 32
induces predictable pivoting movement of the divergent
petal 34. Whilst all members of the four-bar linkage are
of constant length, the four-bar linkage is said to have
one degree of freedom (i.e. such that for each angular
position of the convergent petal 32 there is a single cor-
responding angular position of the divergent petal 34).
[0033] The linkage 40 in this example is a thrust linkage
comprising a telescopic extension. The thrust linkage 40
is actuatable to change in length, so that the pivoting
movement of the divergent petal 34 in response to piv-
oting movement of the convergent petal 32 can be ad-
justed, thereby providing a second degree of freedom in
the four-bar linkage.

[0034] The nozzle 20 further comprises an actuation
arrangement comprising a unison ring 60 disposed radi-
ally outwardly of the first sealing hinge arrangement 36.
The unison ring 60 is annular and extends around the
longitudinal axis 50 within the annular portion 30a of the
frame 30. The unison ring 60 is moveable in an axial
direction (i.e. along the longitudinal axis 50), and axial
movement of the unison ring 60 is controlled by an actu-
ator 66 to which the unison ring is attached.
[0035] A roller 62 is fixedly attached to the unison ring
60 at a radially inner side of the unison ring 60. A curved
cam 64 is fixedly attached to the convergent petal 64 and
is configured to engage and cooperate with the roller 62
so that axial movement of the roller 62 induces radial
movement of the cam 64, and therefore pivoting move-
ment of the convergent petal 32 about its pivot point.
[0036] Each sealing hinge arrangement 36, 38 is de-
fined between an upstream member and a downstream
member. In the first sealing hinge arrangement 36, the
first frame extension 30b defines the upstream member
and the convergent petal 32 is the downstream member.
In the second sealing hinge arrangement 38 the conver-
gent petal 32 is the upstream member and the divergent
petal 34 is the downstream member.
[0037] In the first sealing hinge arrangement 36, the
upstream member (i.e. the first frame extension 30b) de-
fines a first cylindrical socket 42a having an opening
along a cylinder axis. The downstream member of the
first sealing hinge arrangement 36 (i.e. an upstream end
of the convergent petal 32) comprises a first cylindrical
hinge element 44a which is configured to be received in
the opening of the first socket 42a of the first frame ex-
tension 30b. The first socket 42a is configured to receive
the first hinge element 44a to form a labyrinth seal by an
interface between the first socket 42a and the first hinge
element 44a.
[0038] The second sealing hinge arrangement 38 is
similar to the first sealing hinge arrangement 36. In the
second sealing hinge arrangement 38, the upstream
member (i.e. a downstream end of the convergent petal
32) defines a second cylindrical socket 42b having an
opening along a cylinder axis. The downstream member
of the second sealing hinge arrangement 38 (i.e. an up-
stream end of the divergent petal 34) comprises a second
cylindrical hinge element 44b which is configured to be
received in the opening of the second socket 42b of the
convergent petal 32. The second socket 42b is config-
ured to receive the second hinge element 44b to form a
labyrinth seal by an interface between the second socket
42b and the second hinge element 44b.
[0039] In this example, the first cylindrical socket 42a
has an extension (in this example a linear extension from
the cylindrical profile of the socket) on a radially inner
side to define a radially inner end stop 46 which is con-
figured to stop pivoting of the convergent petal 32 radially
inwardly beyond the contracted position (i.e. to stop piv-
oting movement of the convergent petal 32 further radi-
ally inward from the contracted position). In some exam-
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ples, the second socket of the convergent petal may al-
ternatively, or additionally, define a similar radially inner
end stop configured to stop the divergent petal from piv-
oting radially inward beyond a point.
[0040] In this example, a gap defined between the first
and second sockets 42a, 42b and the first and second
hinge elements 44a, 44b respectively, is 1mm. This en-
sures that the gap is small enough to provide a suitable
labyrinth seal, whilst being large enough to permit pivot-
ing, and to account for manufacturing tolerances. In some
examples, the gap may be less than 1mm, such as
0.5mm, or less than 0.5mm to provide a better labyrinth
seal.
[0041] Figure 3 shows the first example exhaust noz-
zle 20 of Figure 2 in an expanded configuration. In the
expanded configuration, the actuator 66 has moved the
unison ring 60 and roller 62 axially downstream, such
that the cam 64 is moved radially outwardly (for example
under a biasing force or aerodynamic forces within the
nozzle). This pivots the convergent petal 32 radially out-
wardly until the convergent petal 32 is in an expanded
position, in which it is pivoted furthest radially outward.
The convergent petal 32 in the expanded position is an-
gled radially inwardly at an angle of approximately 10
degrees with respect to the longitudinal axis 50. In other
examples, the angle of the convergent petal with respect
to the longitudinal axis in the expanded position may be
more than 10 degrees, such as at least 15 degrees or at
least 20 degrees.
[0042] In the expanded configuration, the divergent
petal 34 is in a minimum dilation position within its range
of travel in which it is as a minimum divergence from the
point at which it is connected to the convergent petal 32
for a given thrust linkage 40 length (i.e. it is pivoted at a
minimum angle with respect to the longitudinal axis 50
for a given thrust linkage 40 length).
[0043] The convergent petal 32 is pivotable between
the contracted position (Figure 2) and the expanded po-
sition (Figure 3). The first and second cylindrical sockets
42a, 42b and respective first and second cylindrical hinge
elements 44a, 44b are configured so that a labyrinth seal
is formed and maintained between the respective up-
stream member and the downstream member whilst al-
lowing pivoting movement of the downstream member
with respect to the upstream member between the con-
tracted configuration and the expanded configuration.
[0044] The second socket 42b terminates at a radially
outer end and a radially inner end to define the opening
for receiving the second hinge element 44b. In this ex-
ample, a tangent 48 of the radially inner end of the second
socket 42b extends axially when the convergent petal 32
is in the contracted position (Figure 2), and in a direction
having a radially outward component when the when the
convergent petal 32 is in the expanded position (Figure
3). This ensures that the tangent 48 of the radially inner
end of the second socket 42b always extends either ax-
ially or partially radially outwardly. In other examples, the
tangent of the second socket may already extend in a

direction having a radially outward component when the
convergent petal is in the contracted position, and may
extend in a direction having a larger radially outward com-
ponent as the convergent petal moves to the expanded
position.
[0045] Having the tangent 48 of the radially inner end
of the second socket 42b extend axially or radially out-
wardly at all positions between the contracted position
and the expanded position ensures that in use, when
exhaust gasses flow in a downstream direction, the air
flow would have to change direction by at least 180 de-
grees in order to pass through the labyrinth seal of the
second sealing hinge arrangement 38. This provides for
improved sealing performance.
[0046] Figures 4 and 5 show a second example ex-
haust nozzle 120 having a variable converging-diverging
(con-di) exhaust in a contracted configuration and an ex-
panded configuration respectively.
[0047] The second example exhaust nozzle 120 is sim-
ilar to the first example exhaust nozzle 20, in that it com-
prises the frame 30 having the annular portion 30a, the
first frame extension 30b and the second frame extension
30c. It comprises a plurality of convergent petals 132
which are pivotably attached to respective first exten-
sions 30b with a first sealing hinge arrangement 136, and
a plurality of divergent petals 134 which are pivotably
attached to respective convergent petals 132 with a sec-
ond sealing hinge arrangement 138 in a similar manner
as described with reference to Figures 2 and 3.
[0048] In this example, the positions of the convergent
petal 132 and the divergent petal 134 (i.e. the angles of
the petals with respect to the longitudinal axis 50) in the
contracted configuration (Figure 4) and the expanded
configuration (Figure 5) are the same as the positions of
the convergent petal 32 and the divergent petal 34 in the
first example exhaust nozzle 20 in the corresponding
contracted and expanded configurations.
[0049] The first sealing hinge arrangement 136 com-
prises an upstream member (i.e. the first frame extension
30b) defining the first cylindrical socket 42a with an open-
ing as described in the first example exhaust nozzle 20,
and a downstream member (i.e. the convergent petal
132) having a first cylindrical hinge element 144a which
is configured to be received in the first socket 42a.
[0050] The second sealing hinge arrangement 138
comprises an upstream member (i.e. the convergent pet-
al 132) having the second socket 42b with an opening,
and a downstream member (i.e. the divergent petal 134)
having a second cylindrical hinge element 144b which is
configured to be received in the second socket 42b.
[0051] The second example exhaust nozzle 120 differs
from the first example exhaust nozzle 20 in that the first
hinge element 144a comprises a radially outer end stop
152a configured to engage with (i.e. abut) a radially outer
portion of the first socket 42a so as to stop further pivoting
of the convergent petal 132 in a radially outward direction,
beyond the expanded position. The particular form of the
radially outer end stop is an elongate trench extending
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outwardly from the cylindrical portion of the first hinge
element with respect to the cylinder axis so as to engage
an angular end of the cylindrical socket to prevent radi-
ally-outward angular movement of the convergent petal
132.
[0052] The second hinge element 144b also comprises
a similar radially outer end stop 152b configured to en-
gage with a radially outer portion of the second socket
42b so as to stop pivoting of the divergent petal 134 fur-
ther radially outward beyond a point such as a maximum
dilated position.
[0053] In some examples, only one of the first cylindri-
cal hinge element and the second cylindrical hinge ele-
ment may comprise the respective radially outer end
stop.
[0054] The second example exhaust nozzle 120 differs
further from the first example exhaust nozzle 20 in that
the second example exhaust nozzle 120 comprises a
plenum 154 disposed radially outwardly from the laby-
rinth seal of the first sealing hinge arrangement 136 and
extending along a radially outer side of the convergent
petal 132. The plenum 154 is configured to receive high
pressure air to flow from the plenum 154 and radially
inwardly through the labyrinth seal of the first sealing
hinge arrangement 36 and the second sealing hinge ar-
rangement 138.
[0055] The plenum 154 is defined between a radially
outer wall 156, the first frame extension 30b, and the
convergent petal 132. The radially outer wall 156 com-
prises an upstream wall 158, and a downstream wall 160
which is pivotable with respect to the upstream wall 158,
and engages with the upstream wall 158 to form a seal.
The upstream wall 158 comprises a cylindrical profile
which cooperates with a corresponding cylindrical profile
of the downstream wall 160 to form a labyrinth seal be-
tween them according to the principles described above.
The high-pressure air through the plenum 154 is colder
than the gas flowing through the engine core, such that
the seal between the cylindrical profile of the upstream
wall and the cylindrical profile of the downstream wall
may be a contacting face seal.
[0056] In this example, the divergent petal 134 com-
prises a cylindrical portion which extends from the sec-
ond radially outer end stop 152b of the cylindrical hinge
element 144b, and which is configured to slidingly coop-
erate with a corresponding cylindrical profile of the down-
stream wall 160 of the radially outer wall 156 to form a
seal between the second sealing hinge arrangement 38
and the radially outer wall 156 of the plenum 154. This
seals the plenum whilst allowing pivoting movement of
the divergent petal 134 relative to the convergent petal
132.
[0057] Providing a sealed plenum 154 as described
above enables air to be retained in the plenum at elevated
pressure relative to the surrounding environment, such
that it can be driven radially inward through the labyrinth
seals of the first and second sealing hinge arrangements
136, 138 as a leakage flow, to prevent hot exhaust gasses

from flowing radially outwardly through the sealing hinge
arrangements 136, 138 into the plenum and surrounding
equipment.
[0058] The second example exhaust nozzle 120 com-
prises a similar actuation arrangement to move the noz-
zle 120 between the contracted configuration and the
expanded configuration as that described with reference
to Figures 2 and 3, but the actuation arrangement differs
in that the cam 64 is attached to the downstream end
160 of the outer wall 156 of the plenum 154. Since the
convergent petal 132 and divergent petal 134 are at-
tached to the downstream end 160 of the outer wall 156
of the plenum 154 at the second sealing hinge arrange-
ments 128 in this example, pivoting of the downstream
wall 160 induces corresponding pivoting of the conver-
gent petal 132 and the divergent petal 134.
[0059] Although it has been described that there are
two sealing hinge arrangements in the exhaust nozzle,
it should be appreciated that there may be only a single
sealing hinge arrangement, which may be the first sealing
hinge arrangement or the second sealing hinge arrange-
ment. In other examples, the plenum may only extend to
one labyrinth seal.
[0060] Although it has been described that the exhaust
nozzle is a convergent-divergent nozzle, in other exam-
ples, the exhaust nozzle may only have a variable con-
verging exhaust, without a divergent section.
[0061] Throughout the description, the term "cylindri-
cal" is intended to include partially cylindrical as well as
fully cylindrical.
[0062] Although it has been described that the up-
stream member defines the cylindrical socket of the first
and second labyrinth seal, and the downstream member
defines the cylindrical hinge element of the first and sec-
ond labyrinth seal, it will be appreciated that the down-
stream member may define a socket of the first and/or
second labyrinth seal, and the upstream member my de-
fine a corresponding cylindrical hinge element of the first
and/or second labyrinth seal.

Claims

1. An exhaust nozzle (20) for a gas turbine engine, the
exhaust nozzle (20) comprising:

an outer frame (30) extending along a longitu-
dinal direction;
a convergent petal (32) pivotably attached to the
frame (30) and extending axially downstream
and radially inward from the pivot, radially within
the frame (30);
a sealing hinge arrangement (36,38) between
an upstream member and a downstream mem-
ber of the exhaust nozzle (20), wherein one of
the upstream member and the downstream
member defines a cylindrical socket (42a,42b)
having an opening along a cylinder axis which
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receives a corresponding cylindrical hinge ele-
ment of the other of the downstream member
and upstream member;
wherein:

the upstream member is defined by the
frame and the downstream member is the
convergent petal (32); or
the exhaust nozzle (20) further comprises
a divergent petal (34) downstream of the
convergent petal (32) and pivotably at-
tached to the convergent petal (32), the up-
stream member being the convergent petal
(32) and the downstream member being the
divergent petal (34);

whereby a labyrinth seal is formed by an inter-
face between the cylindrical hinge element
(44a,44b) and the cylindrical socket (42a,42b).

2. The exhaust nozzle (20) according to any one of the
preceding claims, wherein the convergent petal (32)
is configured to pivot between a contracted position
in which the convergent petal (32) is pivoted furthest
radially inwards, and an expanded position in which
the convergent petal (32) is pivoted furthest radially
outwards.

3. The exhaust nozzle (20) according to Claim 2,
wherein the convergent petal (32) is angled radially
inward at no more than 40 degrees with respect to
the longitudinal direction when in the contracted po-
sition.

4. The exhaust nozzle (20) according to Claim 2 or
Claim 3, wherein the convergent petal (32) is angled
radially inward at no less than 10 degrees from the
longitudinal direction when in the expanded position.

5. The exhaust nozzle (20) according to any one of
Claims 2 to 4, wherein the cylindrical socket
(42a,42b) of the upstream member or the down-
stream member defines a radially inner end stop con-
figured to stop pivoting of the downstream member
beyond a point in a radially inward direction.

6. The exhaust nozzle (20) according to any one of
Claims 2 to 5, wherein the cylindrical hinge element
(44a,44b) of the upstream member or the down-
stream member comprises a radially outer end stop
configured to stop pivoting of the downstream mem-
ber beyond a point in a radially outward direction.

7. The exhaust nozzle (20) according to any one of the
preceding claims, wherein a gap is defined between
the socket (42a,42b) and the cylindrical hinge ele-
ment (44a,44b) of 1mm or less, preferably of 0.5mm
or less.

8. The exhaust nozzle (20) according to any one of the
preceding claims, comprising a plenum disposed ra-
dially outwardly from the labyrinth seal and config-
ured to receive high pressure air to flow from the
plenum and radially inwardly through the labyrinth
seal.

9. The exhaust nozzle (20) according to Claim 8,
wherein the downstream member of the sealing
hinge arrangement (36,38) is configured to cooper-
ate with a radially outer wall of the plenum to seal
the plenum whilst allowing pivoting movement of the
downstream member relative the upstream member.

10. The exhaust nozzle (20) according to any one of the
preceding claims, comprising a divergent petal (34)
pivotably attached at an upstream end to a down-
stream end of the convergent petal (32), and extend-
ing axially downstream and radially outward from the
pivot.

11. The exhaust nozzle (20) according to Claim 10,
wherein the sealing hinge arrangement (36,38) is a
first sealing hinge arrangement and the exhaust noz-
zle further comprises a second sealing hinge ar-
rangement;

wherein the upstream member of the first seal-
ing hinge arrangement (36,38) is defined by the
frame (30), and the downstream member of the
first sealing hinge arrangement (36,38) is the
convergent petal (32), and
wherein the upstream member of the second
sealing hinge arrangement is the convergent
petal (32), and the downstream member of the
second sealing hinge arrangement is the diver-
gent petal (34).

12. The exhaust nozzle (20) according to Claim 8 and
Claim 11, wherein the plenum extends along a radi-
ally outer side of the convergent petal (32) and is
configured to receive and provide high pressure air
to flow through the plenum and radially inwardly
through the labyrinth seals of the first sealing hinge
arrangement and of the second sealing hinge ar-
rangement.

13. The exhaust nozzle (20) according to Claim 12,
wherein the plenum comprises a radially outer wall
comprising an upstream part defined by the frame,
and a downstream part which is pivotable with re-
spect to the upstream part and engages with the up-
stream part to form a seal.

14. The exhaust nozzle (20) according to Claim 13,
wherein the divergent petal (34) of the sealing hinge
arrangement is configured to cooperate with the
downstream part of the radially outer wall of the ple-
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num to seal the plenum whilst allowing pivoting
movement of the divergent petal (34) relative to the
convergent petal (32).

15. A gas turbine engine comprising an exhaust nozzle
(20) according to any one of the preceding claims.
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