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COMBUSTION GAS DISCHARGE NOZZLE FOR A ROCKET ENGINE
PROVIDED WITH A SEALING DEVICE BETWEEN A STATIONARY
PART AND A MOVING PART OF THE NOZZLE

Background of the Invention

Field of the Invention

The present invention relates to a nozzle for ejecting
combustion gas of a rocket engine, which nozzle is
provided with a sealing device between a fixed part and
a moving part of the nozzle. The invention is
particularly applicable to a rocket engine of a space
vehicle such as a spaceplane in particular. The moving
part 1s more particularly produced in the form of
orientable flaps of the nozzle. This device, according
to one embodiment of the invention, is combined with a

nozzle divergent cooling device.

Technological background

The present invention is based on, and an improvement
of, a device with orientable flaps as described in
document EP 2 222 565 Al.

Known adaptive nozzles on turbine engines are not used
on rocket engines because, notably in the case of space
applications of rocket engines, since the external
environment is at a pressure lower than the pressure of
the hot gases, if the connection is not fluidtight, the
latter gases will flow through this connection to
outside the nozzle. This flow will create disturbing
forces, reducing the performance by reducing the axial
flow rate ejected and may potentially, through thermal
flux or fire, destroy the mechanism that actuates the
petals or flaps of the moving part of the nozzle and/or

the rear structure of the vehicle. One essential aspect
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that has to be mastered is therefore the creation of a
seal at the connection between the moving part and the
fixed part of the nozzle with respect to the hot gases

expanded inside the nozzle.

Brief description of the invention

It is an object of the invention to propose a solution
to this need for sealing at the section at which the
moving part of the nozzle is situated and in order to
achieve this the invention proposes a nozzle for
ejecting combustion gas from a rocket engine comprising
a fixed part and a moving part, extending the fixed
part, said moving part, produced in the form of flaps,
being positioned downstream of the fixed part and
forming an extension of the nozzle, the nozzle
comprising a sealing device providing sealing between
the fixed part and the moving part in the combustion
form of a flexible membrane resistant to a temperature
at the exit of the nozzle and connecting the end of the
fixed part to a border of the flaps or petals that form
the moving part, flexible membrane forming an annular
pipe, the device being provided with means for
injecting the gas at the flexible membrane between the

fixed part and the moving part extending said nozzle.

This embodiment has the particular advantage firstly of
allowing the creation of moving flaps while at the same
time avoiding losses of jet between the fixed part of
the nozzle and the moving parts and secondly of
limiting the temperature to which the flaps and the

sealing membrane are subjected.

In this case, the annular pipe is preferably configured
to distribute the gas over the perimeter of the outlet

section of the fixed part of the nozzle.
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The annular pipe is advantageously situated in 1line

with an articulation of the moving part.

The flexible membrane is a silica-based fabric able to
withstand continuously a temperature of at least
1000°C.

According to one particular embodiment, the barrier
comprises a ceramic insulator between two fabrics, one
of them <consisting of a fabric made from an
aluminoborosilicate refractory ceramic fiber on the hot
face, the other of aramid fiber type such as
poly-paraphenylene terephthalamide on the cold face,
the latter fabric being intended to give the product

mechanical integrity.

The invention further relates to a rocket engine
comprising a nozzle with a fixed part, moving part and
sealing device as defined hereinabove, for which the
flaps are arranged around the exit section of the

rocket motor nozzle as an extension of the fixed part.

The flexible membrane advantageously forms an annular
pipe for injecting the exhaust gas of a turbine of a
turbopump of the rocket engine between the fixed part
of the nozzle and the moving part extending said
nozzle, the pressure of the exhaust gases Dbeing
regulated so as to be higher than the pressure of the

gases leaving the fixed part of the nozzle.

According to one particular embodiment, the flaps are

articulated on a frame of the vehicle.

The frame advantageously forms part of the rear

fuselage in which the rocket engine is installed.

The flaps are preferably able to move and able to allow
the moving part to adopt:
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a closed cone shape, so as to provide an aerodynamic
external shape that minimizes the drag of the base of
the wvehicle during atmospheric flight with the rocket
engine not 1lit;

a c¢ylinder shape (B) at the moment of ignition of the
rocket engine;

a conical divergent shape (C) in the extension and
continuation of the exit section of the rocket engine
divergent so as to encourage the expansion of the

rocket engine jet.

The openness of the cone may be variable according to
the increase 1in altitude during rocket ©propelled
flight.

The aircraft advantageously comprises a mechanism for
pivoting the flaps which is able to allow differential
openings or closings of said flaps which deflect the
jet of the rocket engine and thus create a lateral
thrust component that allows the vehicle to be steered

about the axes of pitch and vaw.

The flaps are preferably arranged in two rows with the
internal/external surfaces of adjacent flaps
overlapping one another and are suited to allowing a
variation in the exit section of the nozzle while at
the same time maintaining an overlap that minimizes

leaks of ejected combustion gas.

Brief description of the drawings

Further features and advantages of the invention will
become apparent from reading the following description
of one nonlimiting exemplary embodiment of the
invention, given with reference to the drawings which
depict:

figure 1: a schematic view in section of a nozzle

according to a first embodiment of the invention;
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figure 2: a schematic view in section of a nozzle
according to a second embodiment of the invention;
figure 3: a rear view of a particular arrangement
of flaps of the invention;

figure 4: a schematic view in section of the rear
of an aircraft equipped with a rocket engine equipped
with flaps according to the invention with the nozzle
in the open position;

figure 5: the rear of the aircraft of figure 4
with the flaps partially closing the nozzle of the
rocket engine;

figure 6: the rear of the aircraft of figure 4
with the flaps completely closing the nozzle of the

rocket engine

Detailed description of embodiments of the invention

The present invention relates first and foremost to a
system of flaps arranged in the form of petals around
the exit section of a nozzle of the rocket engine, and
which is mounted on a frame of the vehicle belonging to
the rear fuselage 1in which the rocket engine is
installed.

In the present invention, the flaps and the divergent
are designed in the traditional way according to the
temperature and mechanical loadings they have to
withstand. They may be made of metallic or ceramic
materials, be refractory or be cooled for example by an

internal circulation of cold propellants.

The invention applies in particular to a rocket engine

operating on a gas generator cycle.

The system articulating the moving flaps or petals of
the rocket engine nozzle is, in this instance, based on

a setup involving hinges, electromechanical actuators
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and link rods which allow the flaps to be angled so as

to close or open the nozzle in the moving part thereof.

Figure 1 depicts in section one of the flaps 2
articulated by an operating device, here produced in
the form of 1link rods 7, 9, levers and rocker arms 6, 8
which transmit commands, originating for example from
actuating cylinders 110, intended to orient the flaps.
The flaps are connected to a frame 100 on which pivot
points 102, 103 are created so as to allow the
rotational movements of the flaps and co-ordinate the

elements of the operating device.

The device activated by the actuating cylinders 110 is
connected to the controls of the craft or to the
navigation computer which controls the actuating

cylinders according to the phase of flight.

The device is designed to move each flap independently

or to control them altogether.

The flap 2 is positioned in the extension of the fixed

part 1 of a rocket engine nozzle.

The shape of the moving flaps and the dynamics thereof
are determined so as to obtain an overlapping of the
internal/external surfaces of adjacent moving elements
so as to allow a variation in the exit section of the
nozzle while at the same time minimizing leaks of
ejected combustion gas. According to figure 3, the
flaps are, for this reason, positioned in two rows in
which the flaps 2b of a first row have their lateral
ends partially overlapped by the flaps 2a of a second
row. The degree of overlap compared with the surface
area of the flaps is determined in order to minimize as
far as possible, or even completely eliminate, leaks
between the gaps between flaps over the entire range of

movement of these flaps in the manner of a system
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similar to an iris while maintaining a number of flaps
that is reasonable in relation to the complexity of the

controls and the mass of control devices carried.

Returning to figure 1, sealing means are positioned
between the fixed part 1 of the nozzle and the moving
part 2. These sealing means are produced in the form of
a flexible membrane 4 in the form of an annular pipe
connecting the distal end la of the fixed part 1 and
the edge 21, adjacent to this end, of the flaps 2, 2a,
2b that embody the moving part.

This is a flexible membrane, extending around the
perimeter of the junction between the fixed part and
the moving part, fixed loosely to these parts and
which, because of its curved or bellow shape, adapts to

the movement of the flaps.

The flexible membrane is of the flexible heat shield
type, produced using ceramic products, some of them
being capable of continuously withstanding temperatures
in excess of 1000°C or even 1300°C, the shield
comprising for example a ceramic insulator between two
fabrics, one of them such as a material consisting of
an aluminoborosilicate refractory ceramic fiber fabric
(known by the 3M company tradename of Nextel 440),
coated with an organic finishing layer on the hot face,
and the other of the aramid fiber type such as
poly-paraphenylene terephthalamide known by the
tradename Kevlar on the cold face, the latter fabric
being intended to give the product mechanical

integrity.

The membrane is fixed to the divergent and to the flaps
for example mechanically using known technigues notably
given that the temperature there is relatively low,
between 600 and 1000°C at most.
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Use will be made for example of a fixing using fixing
holes of the slot type at the border of the flexible
membrane, pegs on the cold faces of the divergents,
these pegs being fitted by welding or brazing for
example, which i1s 1likewise a Kknown process, whether

used on ceramic or on metal.

The pegs, which are threaded at their free end, are

passed through the slots in the flexible membrane.

Nuts screwed onto the pegs clamp the flexible membrane.

A strip that is pierced to accommodate the pegs is
possibly added between the nuts and the membrane in
order to provide a better seal between membrane and

divergent.

A space 1is left between the distal end of the fixed
part and the adjacent edge of the flaps rather than
having the edges butting together.

This space forms a gap between the fixed part and the
moving part, which gap can vary as the orientation of

the flaps changes, thereby simplifying flap control.

This gap between the flaps and the divergent measures a
few millimeters, for example 1 to 4 mm, and needs to be
as small as possible while at the same time accounting
for clearances, differential expansions or other

constraints present in this part of the divergent.

To this end, the sealing device formed by the membrane
between the fixed part of the nozzle and the moving
part is situated in line with the articulation of the
moving part and compensates for the wvariations in

distance between the fixed part and the moving part.
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According to figure 2, the membrane accommodates ducts
5 conveying exhaust gas from a turbopump, as depicted

in figure 4.

The turbopump according to the example comprises a
turbine 52a and pumps 52b, 52c¢ which supply the rocket
engine 10 with oxidant from a reservoir 53 through
pipes 53a, 53b and with fuel from a reservoir, not

depicted, through pipes 54a, 54b.

According to the example, the sealing device made up of
the flexible membrane 4 forms an annular pipe for
injecting the exhaust gases from the turbine of the
turbopump between the fixed part 1 and the moving part
2.

The annular pipe distributes the flow of turbine
exhaust gases carried by the ducts 5 to the perimeter

of the exit section of the fixed nozzle.

These gases will spread out in the pipe created by the
flexible membrane 4 1in order to be distributed
uniformally between the moving part 1 and the fixed
part 2 and are therefore introduced between the fixed
part and the moving part inside the nozzle with a

radial distribution.

The flexible membrane 4 which connects the external lip
of the fixed part 1 to each border of the moving flaps
2 1is made for example from a silica-based and/or
ceramic-based fabric able to withstand very high
temperatures, typically a fabric able to withstand
continuously a temperature of 1000°C, the fabric being,

for example, at least 1 mm thick.

The effect it has 1s to seal the fixed part of the
nozzle with respect to the moving part and conduct the

turbine exhaust gases which are at approximately
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700°C/800°C towards the stream of propulsion gas inside
the nozzle. Without this cooling, the gases arriving at
the gap between the divergent/flaps would be at around
1500°C and this would cause problems with the operation

of the flaps and the long-term integrity thereof.

The pressure of the exhaust gases is regulated so that
it is higher than the pressure of the gases of the
nozzle which have already been greatly expanded in this
section where their pressure 1is around 200 mbar. An
exhaust gas pressure typically of 1 Dbar makes it
possible for example to oppose the nozzle gases. The
exhaust gas pressure 1is regulated through the overall
design of the turbopump device, pipework, leak orifice,
possibly with the addition of sonic regulating throats

on the piping.

The turbine exhaust gases are thus used to form a
cushion of gas that opposes the ability of the rocket
engine combustion gases to leave between the fixed part
and the moving part thereby avoiding losses in rocket
engine efficiency and damage to the rear zone of the

vehicle.

Furthermore, the turbine exhaust gases flow along the
wall toward the divergent outlet and thus protect the
moving parts from the heat of the jet of the rocket

engine.

The flaps are, for example, moving flaps able to adopt
various positions according to the phase of flight of

the aircraft.

According to figure 4, the flaps 2 are positioned in
the form of a conical divergent in the extension of and
in continuity with the exit section of the fixed part
of the rocket engine nozzle. The shape of the moving

part, and notably the exit angle thereof, in this case
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is suited to being compatible with this continuity so

as to encourage the expansion of the rocket engine jet.

This configuration offers a gain in engine performance
and notably the openness of the cone may be variable,
via the flap actuators, according to the increase in

altitude during rocket propelled flight.

According to figure 5 the flaps are configured to form
a c¢ylinder behind the fixed part of the nozzle, for
example at the moment of rocket engine ignition, in

order to improve combustion in the engine.

According to figure 6 the flaps are closed to adopt a
cone shape so as to provide an aerodynamic external
shape which minimizes the drag of the base of the
vehicle during atmospheric flight when the rocket
engine is not 1lit, something which, in the case of a
spaceplane, offers an improvement in the performance of
the aircraft when propelled by its aerobic engine or

engines, or when gliding.

In addition, the flap pivoting mechanism allows
differential openings or closings which deflect the jet
of the rocket engine and thus create an off-axis thrust
component that allows the vehicle to be steered about

the axes of pitch and vaw.

The invention is not limited to the examples depicted
and in particular the number of flaps depicted in the

figures is nonlimiting.
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CLAIMS

1. A nozzle for ejecting combustion gas from a rocket
engine (10) comprising a fixed part (1) and a moving
part (2), extending the fixed part, said moving part,
produced in the form of flaps (2a, 2b), being
positioned downstream of the fixed part and forming an
extension of the nozzle, characterized 1in that it
comprises a sealing device providing sealing between
the fixed part and the moving part and in the form of a
flexible membrane (4) resistant to a local temperature
of the combustion gases leaving the nozzle and
connecting the end of the fixed part to a border of the
flaps or petals that form the moving part, and in that
the flexible membrane (4) forms an annular pipe, the
device being provided with means (5) for injecting the
exhaust gas from a turbine (52a) of a turbopump at the
flexible membrane between the fixed part (1) and the

moving part (2) extending said nozzle.

2. The nozzle as c¢laimed in claim 1 for which the
annular pipe is configured to distribute the gas over
the perimeter of the outlet section of the fixed part
(1) of the nozzle.

3. The nozzle as claimed in claim 1 or 2, for which
the annular pipe 1s situated in 1line with an

articulation (6) of the moving part.

4. The nozzle as claimed in any one of the preceding
claims, for which the flexible membrane is a
silica-based fabric able to withstand continuously a

temperature of at least 1000°C.

5. The nozzle as claimed in any one of the preceding
claims, for which the barrier comprises a ceramic

insulator between two fabrics, one of them consisting
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of a fabric made from an aluminoborosilicate refractory
ceramic fiber on the hot face, the other of aramid
fiber type such as poly-paraphenylene terephthalamide
on the cold face, the latter fabric being intended to

give the product mechanical integrity.

6. A rocket engine comprising a nozzle with a fixed
part (1), moving part (2) and sealing device as claimed
in any one of the preceding claims, for which the flaps
are arranged around the exit section of the rocket

motor nozzle as an extension of the fixed part.

7. The rocket engine as claimed in c¢laim 6, for which
the flexible membrane forms an annular pipe for
injecting the exhaust gases from the turbine (52a) of
the turbopump supplying the rocket engine between the
fixed part of the nozzle and the moving part extending
said nozzle, the pressure of the exhaust gases being
regulated so as to be higher than the pressure of the

gases leaving the fixed part of the nozzle.

8. An aircraft comprising a rocket engine as claimed
in c¢laim 6 or 7, for which the flaps (2a, 2b) are

articulated on a frame (100) of the vehicle.

9. The aircraft as claimed in claim 8, for which the
frame (100) forms part of the rear fuselage (101) in

which the rocket engine (10) is installed.

10. The aircraft as claimed in claim 8 or 9, for which
the flaps (2a, 2b) are able to move and able to allow
the moving part to adopt:

a c¢losed cone shape (A), so as to provide an
aerodynamic external shape that minimizes the drag of
the base of the vehicle during atmospheric flight with
the rocket engine not 1lit;

a c¢ylinder shape (B) at the moment of ignition of the

rocket engine;
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a conical divergent shape (C) in the extension and
continuation of the exit section of the rocket engine
divergent so as to encourage the expansion of the

rocket engine jet.

11. The aircraft as claimed in claim 10, for which the
openness of the cone can be varied according to the

increase in altitude during rocket propelled flight.

12. The aircraft as c¢laimed in c¢laim 10 or 11
comprising a mechanism (6, 7, 8, 9) for pivoting the
flaps which is able to allow differential openings or
closings of said flaps which deflect the jet of the
rocket engine and thus c¢reate a lateral thrust
component that allows the vehicle to be steered about

the axes of pitch and vaw.

13. The aircraft as claimed in any one of claims 8 to
12, for which the flaps (2a, 2b) are arranged in two
rows with the internal/external surfaces of adjacent
flaps overlapping one another and are suited to
allowing a variation in the exit section of the nozzle
while at the same time maintaining an overlap that

minimizes leaks of combustion gas.



