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COMBUSTI ON GAS DI SCHARGE NOZZLE FOR A ROCKET ENG NE
PROVI DED W TH A SEALI NG DEVI CE BETWEEN A STATI ONARY
PART AND A MOVI NG PART OF THE NOZZLE

Background of the Invention

Field of the Invention

The present invention relates to a nozzle for ejecting
conbustion gas of a rocket engine, which nozzle is
provided with a sealing device between a fixed part and
a noving part of the nozzle. The invention is
particularly applicable to a rocket engine of a space
vehi cle such as a spaceplane in particular. The noving
part is nore particularly produced in the form of
orientable flaps of the nozzle. This device, according
to one enbodi ment of the invention, is conbined with a
nozzl e di vergent cooling device.

Technol ogi cal background

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

Known adaptive nozzles on turbine engines are not used
on rocket engi nes because, notably in the case of space
applications of rocket engines, since the externa
environnment is at a pressure |lower than the pressure of
the hot gases, if the connection is not fluidtight, the
|atter gases wll flow through this connection to
outside the nozzle. This flow will create disturbing
forces, reducing the perfornmance by reducing the axial
flow rate ejected and may potentially, through therma
flux or fire, destroy the nmechanism that actuates the
petals or flaps of the noving 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 noving part and the
fixed part of the nozzle with respect to the hot gases
expanded i nsi de 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
nmoving part of the nozzle is situated and in order to
achieve this the invention proposes a nozzle for
ej ecting conbustion gas from a rocket engine conprising
a fixed part and a noving part, extending the fixed
part, said noving part, produced in the form of flaps,
being positioned downstream of the fixed part and
formng an extension of the nozzle, the nozzle
conprising a sealing device providing sealing between
the fixed part and the noving part in the conbustion
form of a flexible nenbrane resistant to a tenperature
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 nmoving part, flexible nenbrane form ng an annul ar
pipe, the device being provided wth nmeans for
injecting the gas at the flexible nenbrane between the
fixed part and the noving part extending said nozzle.

Thi s enbodi ment has the particul ar advantage firstly of
allow ng the creation of noving flaps while at the sane
time avoiding |osses of jet between the fixed part of
the nozzle and the noving parts and secondly of
[imting the tenperature to which the flaps and the
seal i ng nenbrane are subj ected.

In this case, the annular pipe is preferably configured
to distribute the gas over the perineter of the outlet
section of the fixed part of the nozzle.
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The annular pipe is advantageously situated in |ine
with an articulation of the noving part.

The flexible nmenbrane is a silica-based fabric able to
w thstand continuously a tenperature of at |east
1000°C.

According to one particular enbodinent, the barrier
conprises a ceramc insulator between two fabrics, one
of them consisting of a fabric mde from an
al um noborosilicate refractory ceramc fiber on the hot
face, the other of aramd fiber type such as
pol y- par aphenyl ene terephthalamde on the cold face,
the latter fabric being intended to give the product
mechani cal integrity.

The invention further relates to a rocket engine
conprising a nozzle with a fixed part, noving part and
sealing device as defined hereinabove, for which the
flaps are arranged around the exit section of the
rocket notor nozzle as an extension of the fixed part.

The flexible nmenbrane advantageously fornms an annul ar
pipe for injecting the exhaust gas of a turbine of a
turbopunp of the rocket engine between the fixed part
of the nozzle and the noving 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.

According to one particular enbodinent, the flaps are
articulated on a frame of the vehicle.

The frame advantageously fornms part of the rear
fusel age in which the rocket engine is install ed.

The flaps are preferably able to nove and able to all ow
the noving part to adopt:
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a closed cone shape, so as to provide an aerodynamc
external shape that mnimzes the drag of the base of
the vehicle during atnospheric flight with the rocket
engine not lit;

a cylinder shape (B) at the nonent of ignition of the
rocket engine;

a conical divergent shape (C) 1in 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 in altitude during rocket propelled
flight.

The aircraft advantageously conprises a nechanism for
pivoting the flaps which is able to allow differenti al
openings or closings of said flaps which deflect the
jet of the rocket engine and thus create a |lateral
t hrust conponent that allows the vehicle to be steered
about the axes of pitch and yaw.

The flaps are preferably arranged in two rows with the
i nt er nal / ext er nal surfaces of adj acent fl aps
overl apping one another and are suited to allowing a
variation in the exit section of the nozzle while at
the same tinme maintaining an overlap that mnimzes
| eaks of ejected conbustion gas.

Brief description of the draw ngs

Further features and advantages of the invention wll
beconme apparent from reading the follow ng description
of one nonlimting exenplary enbodi nent of t he
invention, given wth reference to the draw ngs which
depi ct:

figure 1: a schematic view in section of a nozzle
according to a first enbodi nent of the invention;
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figure 2: a schematic view in section of a nozzle
according to a second enbodi nent of the invention;
figure 3: a rear view of a particular arrangenent
of flaps of the invention;

figure 4: a schematic view in section of the rear

of an aircraft equipped wth 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
wth the flaps partially closing the nozzle of the
rocket engine;

figure 6: the rear of the aircraft of figure 4
with the flaps conpletely closing the nozzle of the
rocket engine

Det ai |l ed description of enbodi nents of the invention

The present invention relates first and forenost 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 nounted on a frane of the vehicle belonging to
the rear fuselage in which the rocket engine is
i nstal |l ed.

In the present invention, the flaps and the divergent
are designed in the traditional way according to the
tenperature and nechanical |loadings they have to
w thstand. They may be nade of netallic or ceramc
materials, be refractory or be cooled for exanple 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 noving flaps or petals of
t he 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 noving part thereof.

Figure 1 depicts in section one of the flaps 2
articulated by an operating device, here produced in
the formof link rods 7, 9, levers and rocker arns 6, 8
which transmt commands, originating for exanple 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 novenents of the flaps and co-ordinate the
el ements of the operating device.

The device activated by the actuating cylinders 110 is
connected to the controls of the craft or to the
navigation conputer which <controls the actuating
cylinders according to the phase of flight.

The device is designed to nove each flap independently
or to control them altogether.

The flap 2 is positioned in the extension of the fixed
part 1 of a rocket engi ne nozzle.

The shape of the noving flaps and the dynam cs thereof
are determned so as to obtain an overlapping of the
internal /external surfaces of adjacent noving elenents
so as to allow a variation in the exit section of the
nozzle while at the sane tine mnimzing |eaks of
ej ected conbustion 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 |ateral
ends partially overlapped by the flaps 2a of a second
row. The degree of overlap conpared with the surface
area of the flaps is determned in order to mnimze as
far as possible, or even conpletely elimnate, |eaks
bet ween the gaps between flaps over the entire range of
novenent of these flaps in the manner of a system
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simlar to an iris while maintaining a nunber of flaps
that is reasonable in relation to the conplexity of the
controls and the mass of control devices carried.

Returning to figure 1, sealing neans are positioned
between the fixed part 1 of the nozzle and the noving
part 2. These sealing neans are produced in the form of
a flexible menbrane 4 in the form of an annul ar pipe
connecting the distal end l1la of the fixed part 1 and
the edge 21, adjacent to this end, of the flaps 2, 2a,
2b that enbody the noving part.

This is a flexible nenbrane, extending around the
perinmeter of the junction between the fixed part and
the noving part, fixed l|loosely to these parts and
whi ch, because of its curved or bell ow shape, adapts to
t he novenent of the fl aps.

The flexible nenbrane is of the flexible heat shield
type, produced using ceramc products, sone of them
bei ng capabl e of continuously w thstanding tenperatures
in excess of 1000°C or even 1300°C, the shield
conprising for exanple a ceramc insulator between two
fabrics, one of them such as a material consisting of
an alum noborosilicate refractory ceramc fiber fabric
(known by the 3M conpany tradenane of Nextel 440),

coated with an organic finishing |ayer on the hot face,

and the other of the aramd fiber type such as
pol y- par aphenyl ene t er epht hal am de known by t he
tradenane Kevlar on the cold face, the latter fabric
being intended to give the product mechani ca

integrity.

The nenbrane is fixed to the divergent and to the fl aps
for exanple nmechanically using known techni ques notably
given that the tenperature there is relatively |ow,
bet ween 600 and 1000°C at nost.
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Use will be made for exanple of a fixing using fixing
holes of the slot type at the border of the flexible
menbrane, pegs on the cold faces of the divergents,
these pegs being fitted by welding or brazing for
exanple, which is likewse a known process, whether
used on ceram c or on netal

The pegs, which are threaded at their free end, are
passed through the slots in the flexible nmenbrane.

Nuts screwed onto the pegs clanp the flexible nenbrane.

A strip that is pierced to accommobdate the pegs is
possi bly added between the nuts and the nenbrane in
order to provide a better seal between nenbrane and
di vergent.

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

This space forns a gap between the fixed part and the
nmoving part, which gap can vary as the orientation of
the flaps changes, thereby sinplifying flap control.

This gap between the flaps and the divergent neasures a
fewmllineters, for exanple 1 to 4 mm and needs to be
as small as possible while at the sanme tinme accounting
for clearances, differenti al expansions or other
constraints present in this part of the divergent.

To this end, the sealing device fornmed by the nenbrane
between the fixed part of the nozzle and the noving
part is situated in line with the articulation of the
moving part and conpensates for the variations in
di stance between the fixed part and the noving part.
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According to figure 2, the nmenbrane accommodates ducts
5 conveyi ng exhaust gas from a turbopunp, as depicted
in figure 4.

The turbopunp according to the exanple conprises a
turbi ne 52a and punps 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
depi cted, through pipes 54a, 54b.

According to the exanple, the sealing device nade up of
the flexible nenbrane 4 forns an annular pipe for
injecting the exhaust gases from the turbine of the
t urbopunp between the fixed part 1 and the noving part
2.

The annular pipe distributes the flow of turbine
exhaust gases carried by the ducts 5 to the perineter
of the exit section of the fixed nozzle.

These gases will spread out in the pipe created by the
flexible nmenbrane 4 in order to be distributed
uniformally between the noving part 1 and the fixed
part 2 and are therefore introduced between the fixed
part and the noving part inside the nozzle with a
radi al distribution.

The flexi ble nenbrane 4 which connects the external lip
of the fixed part 1 to each border of the noving fl aps
2 is mde for exanple from a silica-based and/or
ceram c-based fabric able to wthstand very high
tenperatures, typically a fabric able to wthstand
continuously a tenperature of 1000°C, the fabric being,
for exanple, at least 1 mmthick.

The effect it has is to seal the fixed part of the
nozzle with respect to the noving part and conduct the
turbine exhaust gases which are at approxinately
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700°C/800°C towards the stream of propul sion gas inside
the nozzle. Wthout this cooling, the gases arriving at
the gap between the divergent/flaps would be at around
1500°C and this would cause problens with the operation
of the flaps and the long-termintegrity thereof.

The pressure of the exhaust gases is regulated so that
it is higher than the pressure of the gases of the
nozzl e which have already been greatly expanded in this
section where their pressure is around 200 nbar. An
exhaust gas pressure typically of 1 bar nakes it
possible for exanple to oppose the nozzle gases. The
exhaust gas pressure is regulated through the overall
design of the turbopunp device, pipewrk, 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
engi ne conbustion gases to | eave between the fixed part
and the noving part thereby avoiding |osses in rocket
engine efficiency and damage to the rear zone of the
vehi cl e.

Furthernore, 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
engi ne.

The flaps are, for exanple, noving 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 formof 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 noving
part, and notably the exit angle thereof, in this case
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is suited to being conpatible 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 variabl e,
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 cylinder behind the fixed part of the nozzle, for
exanple at the nonent of rocket engine ignition, in
order to inprove conbustion in the engine.

According to figure 6 the flaps are closed to adopt a
cone shape so as to provide an aerodynam c external
shape which mnimzes the drag of the base of the
vehicle during atnospheric flight when the rocket
engine is not lit, something which, in the case of a
spacepl ane, offers an inprovenent in the performance of
the aircraft when propelled by its aerobic engine or
engi nes, or when gliding.

In addition, the flap pivoting nechanism allows
differential openings or closings which deflect the jet
of the rocket engine and thus create an off-axis thrust
conponent that allows the vehicle to be steered about
the axes of pitch and yaw.

The invention is not limted to the exanples depicted
and in particular the nunber of flaps depicted in the
figures is nonlimting.
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CLAI N5

1. A nozzle for ejecting conbustion gas from a rocket
engine (10) conprising a fixed part (1) and a noving
part (2), extending the fixed part, said noving part,
produced in the form of flaps (2a, 2b), being
positi oned downstream of the fixed part and formng an
extension of the nozzle, characterized in that it
conprises a sealing device providing sealing between
the fixed part and the noving part and in the formof a
flexible nmenbrane (4) resistant to a |local tenperature
of the conbustion gases leaving the nozzle and
connecting the end of the fixed part to a border of the
flaps or petals that formthe noving part, and in that
the flexible nenbrane (4) fornms an annular pipe, the
device being provided wth neans (5) for injecting the
exhaust gas from a turbine (52a) of a turbopunp at the
fl exi ble nmenbrane between the fixed part (1) and the
nmovi ng part (2) extending said nozzle.

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

3. The nozzle as clained in claim 1l or 2, for which
the annul ar pipe is situated in line wth an
articulation (6) of the noving part.

4. The nozzle as clainmed in any one of the preceding
cl ai s, for which the flexible nenbrane is a
silica-based fabric able to wthstand continuously a
tenperature of at |east 1000°C.

5. The nozzle as clainmed in any one of the preceding
clains, for which the barrier conprises a ceramc
i nsul ator between two fabrics, one of them consisting
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of a fabric nmade from an al um noborosilicate refractory
ceramc fiber on the hot face, the other of aramd
fiber type such as poly-paraphenyl ene terephthal am de
on the cold face, the latter fabric being intended to
gi ve the product nmechanical integrity.

6. A rocket engine conprising a nozzle with a fixed
part (1), noving part (2) and sealing device as clained
in any one of the preceding clains, for which the flaps
are arranged around the exit section of the rocket
not or nozzle as an extension of the fixed part.

7. The rocket engine as clained in claim6, for which
the flexible nmenbrane forns an annular pipe for
injecting the exhaust gases from the turbine (52a) of
the turbopunp supplying the rocket engine between the
fixed part of the nozzle and the noving 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 conprising a rocket engine as clained
in claim 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) forns part of the rear fuselage (101) in
whi ch the rocket engine (10) is installed.

10. The aircraft as clained in claim8 or 9, for which
the flaps (2a, 2b) are able to nove and able to all ow
the noving part to adopt:

a closed cone shape (A), so as to provide an
aerodynam c external shape that mnimzes the drag of
the base of the vehicle during atnospheric flight wth
the rocket engine not lit;

a cylinder shape (B) at the nonent of ignition of the
rocket engine;
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a conical divergent shape (C 1in 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 clainmed 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 <clained in claim 10 or 11
conprising a nechanism (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 «create a |ateral t hr ust
conponent that allows the vehicle to be steered about
the axes of pitch and yaw.

13. The aircraft as clained in any one of clains 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
allowng a variation in the exit section of the nozzle
while at the sane tinme nmaintaining an overlap that
m ni m zes | eaks of conbustion gas.



