1 CONTINUOUS DETONATION WAVE ENGINE AND AIRCRAFT PROVIDED WITH SUCH AN
ENGINE DESCRIPTION 5 The present invention relates to a continuous detonation wave engine
operating with a detonating fuel/oxidant mixture, as well as to a flying craft that is provided with such
an engine. 10It is known that most propulsion systems that are used in the aeronautics and space field
are based on a constant pressure thermodynamic combustion cycle. It is also known that the use of a
constant volume thermodynamic combustion cycle allows the theoretical performance of an engine to
be substantially increased 15 (by 15 to 25%). However, due to the displacement speeds of most
aircraft, the realisatio t mbusti ro t ujte difficult and results in
systems that are co ..Hé&?ﬁi@p\gﬁgfgﬁé. . @&%Mﬁ%@@@% AE@&%@% eRation cycle can
provide the same advantages in 2(PROVS DEOA QY I8TBLIOA K BRIGNIREON cycle is very similar to a
constant volume cycle (the reaction occurs very quickly in a very low thickness of mixture that does not
have enough time to dilate in order to limit the increase in pressure) and corresponds to
thermodynamic €ffie8aSrRANEOIN even slightly better. 25 A Pulsed Detonation Engine (PDE) is known
as a detonation engine, for which a tube, which is closed at one of its ends, is filled with a fresh
fuel/oxidant Pnixture, and then a detonation is initiated in this fresh mixture. For the entire time that the
detonation wave Theveessanigbatiengthatddive fubentauove detenstion exasts amithe apesohgnd and
momentarily creates a thrust. It is.then necessary to wait for the 30dischar f the hot gases
originating from twg?é er%tf%%ﬁ‘“rg%%?/?ﬁ)ﬂ &ﬁre(ﬁ t%xeyfjrengs welf aso aﬁly' N9 et ﬂ1§th|s pm\%leg

with such an engine.

10 It is known that most propulsion systems that are used in the aeronautics and

space field are based on a constant pressure thermodynamic combustion cycle.

It is aso known that the use of a constant volume thermodynamic combustion
cycle alows the theoretical performance of an engine to be substantially increased
15  (by 15 to 25%). However, due to the displacement speeds of most aircraft, the
realisation of constant volume combustion proves to be quite difficult and results

in systems that are complex and difficult to implement.

The use of athermodynamic detonation cycle can provide the same advantages in
20 terms of energy efficiency. A detonation cycle is very similar to a constant
volume cycle (the reaction occurs very quickly in avery low thickness of mixture
that does not have enough time to dilate in order to limit the increase in pressure)

and corresponds to thermodynamic efficiency that is even slightly better.

25 A Pulsed Detonation Engine (PDE) is known as a detonation engine, for which a
tube, which is closed at one of its ends, is filled with a fresh fuel/oxidant mixture,
and then a detonation is initiated in this fresh mixture. For the entire time that the
detonation wave moves aong the length of the tube, an overpressure exists on the
closed end and momentarily creates a thrust. It is then necessary to wait for the

30 discharge of the hot gases originating from the chemical reaction in the tube, and



2 then for it to be refilled with a fresh mixture, before being able to initiate a new detonation wave and
to obtain a new thrust pulse. The pulsed nature of the thrust (operating between 50 and 200 Hz)
generates a 5 vibration environment that is very severe for the rest of the engine and, in addition,
requires energy to be provided during each cycle in order to initiate the detonation, which can
constitute a significant problem in terms of overall effigiency when the intention is to use low
detonation fuel/oxidising agent pairings. These characteristics limit its use to highly specific
applications (for 10example, in simple and inexpensive subsonic systems) or to highly complex
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Continuous 15 Dedtoration WevecahahthrabtiEiDaviB) ithpespitilss. In such a continuous detonation engine,
a continuous production of hot gases originating from self-sustained detonation waves is generated in

an annular chamber. A fuel/oxidant mixture is continuously injected at one of the ends of the annular
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10 example, in simple and inexpensive subsonic systems) or to highly complex

systems associating a plurality of PDE type tubes.

In order to overcome the problem of the very severe vibration environment that is,
a priori, generated by a pulsed detonation engine, the use of a Continuous
15  Detonation Wave Engine (CDWE) is possible. In such a continuous detonation
engine, a continuous production of hot gases originating from self-sustained
detonation waves is generated in an annular chamber. A fuel/oxidant mixture is
continuously injected at one of the ends of the annular chamber. A detonation
wave is then initiated. This wave is circumferentially propagated in the fresh
20  detonating mixture, whereas the hot gases that it produces expand into the rest of
the annular chamber. As the injection of fresh mixture is continuous, when the
wave returns to its start point it re-encounters fresh mixture and continues its

circumferential movement, which thus becomes continuous.

25 An annular chamber is thus available in which a series of circumferential
detonation waves, running at a frequency of several kHz (up to 30 kHz), produces
hot gases that expand toward the open end of the chamber. There is therefore, as
is the case for a constant pressure combustion chamber, a generator of hot gases
that constitute, upon exiting the detonation chamber, a supersonic flow, the

30 characteristics of which arerelatively uniform.



3 The advantage of this CDWE engine is that, in terms of the thermodynamic cycle, the detonation has
the potential (as is the case for a PDE engine) for 15 to 25% greater efficiency than that of constant
pressure combustion. Furthermore, its operating principle prevents the generation of a very severe
vibration 5environment, as is the case for a pulsed detonation engine (PDE). Nevertheless, the
applications of this CDWE continuous detonation eng®e are limited by the use of a closed, generally
annular shape for the detonation chamber. This annular chamber comprises, at the upstream end, a
transverse surface 10 (referred to as injection base hereafter) that represents a ring shape, that is to

say its width is ¢ sta dits le ined b neral line f a clgsed curve, generally a
closed circle. Ho ﬁﬁﬁ%ﬁ&ﬁ%&?\&g %Feb%?s'@a%q P@%ﬂ%ﬁ'é%%ymﬂﬂlﬁ gy gtlvely
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Therefore, it is diffic It to 5.desi n an a_Eger 0 atln #6 Vfﬁ broad flelg of use

whilst complylng% (ﬁ"%?ﬁ}s &féﬂ%%n ?/ at all
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according tothe UMTBPE Lo BN 00 BB A G S D operates with a detonating
fueI/_OX|dant rr_nxture and which comprlses at least one detonation chamber; 25an injection system for
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extend on either lsrd&mﬂnpummusetuﬁrabmdagmmrally amnulatldnapm‘anmhmermdlslpmﬂbd.ln said
detonation cham?ﬁ% tgr{rqllﬁlgrt € chamber comprises, at the upstream end, a transverse surface
10 (referred to as injection base hereafter) that represents a ring shape, that is to say
its width is constant and its length is defined by a genera line forming a closed
curve, generally a closed circle. However, the maximum performance levels can
only be achieved within arelatively narrow range of local operating conditions (in
particular richness of the fuel/oxidising agent mixture). Therefore, it is difficult to
15 design an annular chamber operating within a very broad field of use whilst
complying with the conditions that are required to obtain satisfactory energy

efficiency at al points of this chamber.

The object of the present invention is to improve the aforementioned continuous
20 detonation engine, in particular by overcoming these disadvantages.

To this end, according to the invention, said continuous detonation wave engine,
which operates with a detonating fuel/oxidant mixture and which comprises:
-  a least one detonation chamber;

25 - aninjection system for continuously injecting the detonating mixture into
said detonation chamber at an upstream end, said detonation chamber comprising
an injection base at said upstream end, as well as two walls which extend on
either side of thisinjection base; and

- initiation means which are disposed in said detonation chamber, to initiate

30 in the detonating mixture a detonation wave which is then propagated in said



30in the detonating mixture a detonation wave which is then propagated in said 4 mixture and is the
cause of successive self-initiated detonation waves, so as to generate continuous production of hot
gases, is noteworthy in that said detonation chamber comprises an injection base of which the length
is defined by an open line, so as to form a detonation chamber 5 having an elongate form in a
transverse plane, and in that said injection system is disposed so as to inject the fuel/oxidant mixture
into said detonation chamber at at least one portion of said injection base. This injection system in
particular is formed so as to generate (jointly with the wave initiated by the initiation means) specific

local conditions thattallow said series of detonation Waﬁﬁ.g?%%%Oinitiated to be creaged in said
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5 aving an elongate form in a transverse plane, and in that said injection system is

disposed so as to inject the fuel/oxidant mixture into said detonation chamber at at

least one portion of said injection base. This injection system in particular is

formed so as to generate (jointly with the wave initiated by the initiation means)

specific local conditions that allow said series of detonation waves (naturally

10 initiated) to be created in said detonation chamber.

In this way, by virtue of the invention, a continuous detonation wave engine is
obtained that comprises a detonation chamber that does not have (and is not
limited to) a (closed) annular shape and can have multiple other different (open)

15  shapes, as specified hereafter.

This detonation chamber comprises an elongate upstream injection base, the
length of which can be of any open, but not closed, shape, in particular straight or
curved, as opposed to an annular chamber. This chamber further comprises two
20 walls, which are preferably paralel, that extend on either side of this injection
base. Said chamber thus has a three-dimensional geometric shape having faces
(flat or non-flat) that meet at edges. Said chamber can, in particular, be in the
shape of any type of hexahedron (polyhedron having six flat faces), and in
particular a parallelepiped (hexahedron having parallel faces in pairs). In the case
25  of arectangular injection base that is thus defined by a straight line, the chamber
can, for example, assume the general shape of a rectangular parallelepiped (all of

the faces of which are rectangles).

By virtue of the multitude of shapes that can be contemplated for the detonation
30 chamber according to the invention, the possible applications of said engine are

increased considerably in relation to a conventional annular detonation chamber



20 walls, which are preferably parallel, that extend on either side of this injection base. Said chamber
thus has a three-dimensional geometric shape having faces (flat or non-flat) that meet at edges. Said
chamber can, in particular, be in the shape of any type of hexahedron (polyhedron having six flat
faces), and in particular a parallelepiped (hexahedron having parallel faces in pairs). In the case 25 of
a rectangular injection base that is thus defined by a #raight line, the chamber can, for example,
assume the general shape of a rectangular parallelepiped (all of the faces of which are rectangles).
By virtue of the multitude of shapes that can be contemplated for the detonation 30chamber according
to the invention, the .possible applications of said en creased c er in relation to a
conventional anneﬁﬂg'rp' ﬂ?étﬁ%ﬁgcﬁgﬁ@ ?e%\é%cgﬂé (ﬁ g‘%’é@?ﬂf qg@é?ﬁ&@ﬂ%@foﬁmentioned
disadvantages, aspsgitiediberbsfteafter. It will be noted that, inside the detonation chamber, downstream
of the initial 5 detonation wave (that is initiated by the initiation means), there is a layer of fresh
mixture (injected by the injection system) which, as it is in contact with the hot gases and under
particular conditions/ihabeaotbe tefinadide dreatspnasdmeanaan pavwiestregmnvofl giee' misielto a new
self-initiated detonation.wave. A d|n toﬁiﬁg ntlo a|d series of successiv (ina ion waves
(self-nitiated, tha 405090 Wy B AT e, SRR ot of the
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systems or even ramje

|nject|on system) of local conditions allowing automatic initiation each time.
Beyond the injection zone, along the length of the injection base, the detonation

wave degenerates into a single compression wave.

15
Within the context of the present invention, the ends of the detonation chamber (at
each end of the injection base) can be opened or closed, independently of each
other, and the initiation (implemented by said initiation means) can be located
anywhere along the length of the injection base of the chamber.

20

Due to the aforementioned specific features of the present invention, numerous
applications can be contemplated, in particular for liquid propellant rocket

engines, turbine engine systems or even ramjets.

25 In one specific embodiment, said injection system is capable of producing the
injection over a variable length along the length of said injection base, which
provides the following advantages:

- apossihility of optima operation over a wide range as regards requested
thrust (for a ramjet application) or total richness (for a turbine engine

30 application): a larger or smaller portion of the length of the chamber is



25In one specific embodiment, said injection system is capable of producing the injection over a
variable length along the length of said injection base, which provides the following advantages: a
possibility of optimal operation over a wide range as regards requested thrust (for a ramjet application)
or total richness (for a turbine engine 30application): a larger or smaller portion of the length of the
chamber is 6 supplied and the rest is only supplied by the oxidising agent (air, a priori); and a
limitation of the start-up shock and a progressive increase in speed. S5Furthermore, in this case, if two
engines of this type are mounted on a flying craft so as to generate propulsions respectively on either

side of an axis of rotation of S%J P{f{g{% ft, a rotation Oﬁ‘ﬁf aft about this axis ca

generated from an asyrﬁﬂ?gu r{ )}m oﬂﬁﬁg i ft §%@9?8 At RUCH an engine
on each wing of an aer@pkne, the |nject|on base being defined each 10 time along the trailing edge of
the corresponding wing nd & eate carr out different injections on these two
engines. It is thus pdsS| é'?b }Sﬂt%@%eﬁ %t‘p %?glﬁ'ﬂ i ga%%%é@?fr%?ﬁ%&ﬂé‘? ¢tion modulation.
15In addition, the englne can advantageously comprise at least one cooling circuit for said detonation

chamber, in Whl CII’CU fuel canfctlrculate befo&hl ? 0éected |nt SHaudc: mber. P eferably,
said cooling Tirc {’J bgtc?ésgs t'one® SRR RGN aton champ yl(g\ge(; Ieasta

portion of its Iengiha@@bmaweyprﬂwlmmmeoummm @#nebs doofeahusingahlratasomef of the fuel
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whilst vaporlsmg%{ VSbE Ofafﬁgtﬁtj&rié) 42 KL cu%e%’rl’aI injection of
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10 time along the trailling edge of the corresponding wing, and create a yawing
moment by carrying out different injections on these two engines. It is thus
possible to create an aid for controlling the craft by asymmetric injection

modulation.

15 In addition, the engine can advantageously comprise at least one cooling circuit
for said detonation chamber, in which cooling circuit fuel can circulate beforeit is
injected into said chamber. Preferably, said cooling circuit extends along at least
one side wall of said detonation chamber, over at least a portion of its length.

20 In this way, the detonation chamber can be cooled using al or some of the fuel
before injecting it into said chamber. This ensures the thermal resistance of the
detonation chamber whilst vaporising at least some of the fuel to be injected as it
circulates in said circuit. Direct injection of the pre-vaporised fuel ensures
initiation and the stability of the detonation of the fuel-air detonating mixture.

25 Problems associated with delays in the evaporation of the fuel droplets and
chemical reaction are aso prevented.

Furthermore, in one particular embodiment, said detonation chamber has a
bifurcation at the injection base, alowing at least two elongate branches to be

30 created beyond said bifurcation, each of which is supplied with detonating



chemical reaction are also prevented. Furthermore, in one particular embodiment, said detonation
chamber has a bifurcation at the injection base, allowing at least two elongate branches to be
30created beyond said bifurcation, each of which is supplied with detonating 7 mixture by said
injection system, which allows the creation of two propulsive lines by propagation of the waves in the
two branches. In this case, said injection system advantageously can be formed so as to supply
5each of these branches over a longer or shorter length and thus provide a possibility of controlling
(vector thrust) the flying craft equipped with said engine. Furthermore, in one particular embodiment,
said engine comprises, in addition to said bifurcation chamber, an annular detonation chamber, and
said bifurcation 10! EHHLe B4 8 JPHSCERI: P4SLEls AHCRLR LR s, G5oR, B FOBHIS amber.
This particular ermhesibyerighgysionobihesytresidvuhstagebrafciesinnular chamber (ensured operating
stability) and those of a bifurcation chamber:  optimal operation over a wide range of conditions
(thrust/richness): a larger or smaller portion of the length of the chamber is supplied and the 15rest is
only supplied by thehixichse)gaid énjetaionasysien) seNinitegondy tan sieformesharks eolsuiyannular

chamber is sarted; ang 4RI\ oA BHPSIO" (APPSO and thus provice a

possibility of controlling (vector thrust) the flying craft equipped with said engine.

Furthermore, in one particular embodiment, said engine comprises, in addition to
said bifurcation chamber, an annular detonation chamber, and said bifurcation
10  chamber is connected to said annular chamber so as to form a hybrid chamber.
This particular embodiment thus combines the advantages of an annular chamber
(ensured operating stability) and those of a bifurcation chamber:
- optima operation over a wide range of conditions (thrust/richness): a
larger or smaller portion of the length of the chamber is supplied and the
15 rest is only supplied by the oxidising agent (air, a priori);
- limitation of the start-up shock: only the annular chamber is started; and
- distributed propulsion (and distributed control).

Furthermore, in one particular embodiment, said hybrid chamber isin the form of
20 an annular detonation chamber that is provided with concentric extensions (or
branches) of variable feed lengths. These concentric extensions can be disposed
inside said annular detonation chamber or outside said annular detonation
chamber. It is then easy to modulate the thrust in a continuous manner by
supplying a longer or shorter length of the extensions with fuel (or fuel and
25 oxidising agent for a rocket system). In the same way, it is easy to control the

orientation of the thrust (for aramjet or arocket).

The present invention further relates to a propulsive system (for example, of the
ramjet, turbine engine or rocket type) for a flying craft, that is provided with at
30 least one continuous detonation wave engine, as previously described.



Furthermore, in one particular embodiment, said hybrid chamber is in the form of 20 an annular
detonation chamber that is provided with concentric extensions (or branches) of variable feed lengths.
These concentric extensions can be disposed inside said annular detonation chamber or outside said
annular detonation chamber. It is then easy to modulate the thrust in a continuous manner by
supplying a longer or shorter length of the extensions gvith fuel (or fuel and 25oxidising agent for a
rocket system). In the same way, it is easy to control the orientation of the thrust (for a ramjet or a
rocket). The present invention further relates to a propulsive system (for example, of the ramjet,

turbine engine or rocket type) for a flying craft, that is provided with at 3Qleast one continuous
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capable of modulatig%éﬂe injectian. It is thus possible ?nerate an asymmetric.injection modulation
i el

that can assist in I I ?{Hbeﬁ%‘.‘g rhtt! Srﬁgsﬁ Rt%gﬁ%mmmgﬁ%eﬂgc cfpying craft,

in particular an asToghtanieotEossEss shat ihgrontide diviiib fayi mongiake. and/or a propulsive system, as
previously described. 10The present invention can also be applied to an energy generation system

that is installéd on the ground, in particular a gas turbine, that is provided with at least one continuous
detonation wave Emngpresens iprnayitas fuctbecrideids toldiyiggrsfinithpasiqeadad adraplagsaprovide an
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previously described.

10  The present invention can aso be applied to an energy generation system that is
installed on the ground, in particular a gas turbine, that is provided with at least
one continuous detonation wave engine, as previously described.

The figures in the appended drawings provide an understanding of how the
15 invention can be redlised. In these figures, identical reference numerals designate
similar elements.

Figures 1 and 2 are highly schematic perspective views of a continuous detonation
wave engine according to the invention, for two different shapes of detonation

20 chamber, respectively.

Figure 3 is a perspective schematic view of a specific embodiment of an engine

according to the invention, comprising a bifurcation detonation chamber.
25  Figure 4 isaschematic plan view of figure 3.

Figure 5 is a schematic view of a specific embodiment of an engine according to
the invention, comprising a hybrid chamber.

30 Figures6 and 7 are schematic views of embodiments of an engine having a hybrid

chamber, comprising internal and external extensions, respectively.



Figures 1 and 2 are highly schematic perspective views of a continuous detonation wave engine
according to the invention, for two different shapes of detonation 20chamber, respectively. Figure 3 is
a perspective schematic view of a specific embodiment of an engine according to the invention,
comprising a bifurcation detonation chamber. 25Figure 4 is a schematic plan view of figure 3. Figure 5
is a schematic view of a specific embodiment of an ergyine according to the invention, comprising a
hybrid chamber. 9 The engine 1 according to the invention and schematically shown in figure 1 is a
continuous detonation wave engine and belongs to a propulsive system 2 intended to be used in the
aeronautics and/or space field by being mounted on a flying 5craft. In a conventional manner, this
continuous detonation wave engine 1 operates with a detonating mixture of fuel and oxidant
(particularly air) ar engipeies;oora gy ty et omahniem aed: sthatkat sl lgreholetoimefigoretiaimber 3;

ixtire into senc SLLUMAGH AR S S A A BHEAS 24N SBRhate from
conventional stotagisenuseth$rbthedhépaadtitSiaitiitiospanesfiel 8 thabaireysmowntdul ghiysstilyamatically.
These conventional jnitiation means 8 (for example, an exploding wire or a pre-detonation tube) are
disposed in 2aid 8@{ ination chamber 3 so as to initiate in the detonating mixture a detonation wave
which is then propagated in said mixture and is the cause of successive self-initiated detonation
waves, so as to 95 %ecrgﬁgenti ona manner, this continuous detonation wave engine 1 operates with
a detonating mixture of fuel and oxidant (particularly air) and comprises, in a
conventional manner:
10 - a least one detonation chamber 3;
- an injection system 4 for continuously injecting the components (fuel,
oxidant) of said detonating mixture into said detonation chamber 3 at an upstream
end 5. These components can originate from conventiona storage means 6 and 7,
and
15 - initiation means 8 that are shown highly schematicaly. These
conventional initiation means 8 (for example, an exploding wire or a pre-
detonation tube) are disposed in said detonation chamber 3 so as to initiate in the
detonating mixture a detonation wave which is then propagated in said mixture
and is the cause of successive self-initiated detonation waves, so as to generate
20  continuous production of hot gases, escaping from the chamber 3 through an open

downstream end 9.

It should be noted that, in this description, the notions of upstream and

downstream are defined in relation to the general direction of flow E of the gases.
25

According to the invention, said detonation chamber 3 comprises, at the upstream

end 5 (relative to said direction E), at the inlet, a transverse surface referred to as

injection base 10. This surface is transverse in relation to the longitudinal

direction of the chamber 3, which is generally defined by the general direction of
30 flow E of the gases. This injection base 10 has a length L1 which is defined by an

open line so as to form a detonation chamber 3 having an elongate, and not



20 continuous production of hot gases, escaping from the chamber 3 through an open downstream
end 9. It should be noted that, in this description, the notions of upstream and downstream are defined
in relation to the general direction of flow E of the gases. 25 According to the invention, said detonation
chamber 3 comprises, at the upstream end 5 (relative to said direction E), at the inlet, a transverse
surface referred to as injection base 10. This surface jgtransverse in relation to the longitudinal
direction of the chamber 3, which is generally defined by the general direction of 30flow E of the
gases. This injection base 10 has a length Li which is defined by an open line so as to form a

detonation chamber havin longate, a ot 1 nular, shape. erse plane. In terms
of the ikt L2 oPHE I DAL AR B db Bt L LIERS ot o beream
injection base 10bzss Ithvecar &egttriebinipuie preferplel yaristatarly 5 straight or curved, but not
closed, as opposed to a conventional annular chamber. The chamber 3 further comprises two walls 12

and 13 that are parallel, for example, and that extend longitudinally on either side of this injection base
10. The chambefBithugstraana ilh]'mafnh'nmlmmatrmgﬂhapfeahﬁ\dpmfdm(ﬂmmtmyﬂat), in
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downstream endThdhehtwiberadlsfd2rendcd@pases two walls 12 and 13 that are paralel, for
example, and that extend longitudinally on either side of this injection base 10.
The chamber 3 thus has a three-dimensional geometric shape having faces (flat or
non-flat), in particular six faces, that meet at edges. In the examples of figures 1
10  and 2, the chamber 3 comprises the following faces:
- theinjection base 10 at the upstream end 5;
- anopen face 14 at the downstream end 9;
- thetwowalls 12 and 13; and
- twofaces 15 and 16 at the two ends of the injection base 10 along the open

15 line.

The chamber 3 can in particular be in the genera shape of any type of hexahedron
(polyhedron having six flat faces) and in particular that of a parallelepiped
(hexahedron having parallel facesin pairs).

20
In the example of figure 1, the length of the injection base 10 is defined by a

curved line, asillustrated for example by aline 17.

Furthermore, in the case of arectangular injection base 10 that is thus defined by a

25 straight line (according to the length L1 of the rectangle, as illustrated by a line
18), the chamber 3 can, for example, assume the shape of a rectangular
parallelepiped (al of the faces of which are flat and are rectangles), as shown in
figure 2.



two faces 15 and 16 at the two ends of the injection base 10 along the open 15line. The chamber 3
can in particular be in the general shape of any type of hexahedron (polyhedron having six flat faces)
and in particular that of a parallelepiped (hexahedron having parallel faces in pairs). 20 In the example
of figure 1, the length of the injection base 10 is defined by a curved line, as illustrated for example by
a line 17. Furthermore, in the case of a rectangular injgction base 10 that is thus defined by a 25
straight line (according to the length Li of the rectangle, as illustrated by a line 18), the chamber 3 can,
for example, assume the shape of a rectangular parallelepiped (all of the faces of which are flat and

are rectangles), as shown in figure 2. 11 In this way, the engine 1 according to the,invention

comprises a cwdRR i S HAF bAE TR PR TV AN GaT i) o8 v R, but can

have multiple othehaghierehtisivajues. ridt lither(acde saustolichitgd ctdh @nnsianiian sisapd, ibjgctian system 4

is disposed so a?éto i%?tthe fﬁg}%(@({'gant rglj]xture at at least one portion 20 of said injection base 10,
y

as shown in figu e é'MFe% ' %re%t goﬁﬁirticularly formed so as to generate (jointly with the
wave initiated by the initiation means 8) specific local conditions, which allow the creation of the series

of detonation wayes naturall&lo(iﬁniti%;egé in the tdetonatiiinn .chtamber 3. The s#\ecifi%!rocal conditions

for creating this seties P AGoTEHEH WAVSS E LN BA' §Rrired 'lﬂ/eg boé}%ﬁ%'ﬂi ed e t?opﬁticularly in

an empirical martoen; ddteheofuabiobiootemit imietican anaaiessd ¢fer gordionp ) ah ssighliofectionitass a pre- 15

detonation tube) gre disposed in_said dzetﬁxﬂation chamber 3 Sq as to %'nitilat? i? the egetonat'ng mixture a
Jina i

detonation wave 8 Which 15" {Her}lf[')%beagate(ﬁslr'}n %fdorﬁi%?r i the ﬁ’S‘F]bC.Pu UIELh ??ir{Pow F) of

the injection basgd@atel(jpithtby caiibdlw watennaitictdty lnyitibésicisiatoassigand &osaaodincoVesas 22. This
wave is propagateg iy e MERRASIPRAIRE ISR 81Re LAdDISCHRRRERS: 10al ey hot gases
10 initiated) in the detonation chamber 3. The specific local conditions for creating
this series of detonation waves can be defined by a person skilled in the art,

particularly in an empirical manner.

The conventional initiation means 8 (for example, an exploding wire or a pre-

15  detonation tube) are disposed in said detonation chamber 3 so as to initiate in the
detonating mixture a detonation wave 8 which is then propagated in said mixture
in the longitudinal direction (arrow F) of the injection base 10 and is the cause of
automatically initiated successive detonation waves 22. This wave is propagated
in the fresh detonating mixture along the injection base 10, whereas the hot gases

20 that it produces expand into the rest of the chamber 3 (as shown by the lines 23
illustrating the expansion of the detonation products) and will be evacuated
through the open end 9 of the detonation chamber 3. These hot gases which
expand toward the open end 9 of the chamber 3 can be used in different ways,
particularly by being accelerated by a pipe so asto obtain athrust.

25
Beyond the injection zone (or portion) 20, aong the injection base 10, the
detonation wave degenerates into a single compression wave 24, as shown in
figure 2. In the example of figure 2, various injection zones 25 have been
provided, only some of which are supplied (arrows 26).

30



20 that it produces expand into the rest of the chamber 3 (as shown by the lines 23 illustrating the
expansion of the detonation products) and will be evacuated through the open end 9 of the detonation
chamber 3. These hot gases which expand toward the open end 9 of the chamber 3 can be used in
different ways, particularly by being accelerated by a pipe so as to obtain a thrust. 25 Beyond the
injection zone (or portion) 20, along the injection basg 20, the detonation wave degenerates into a
single compression wave 24, as shown in figure 2. In the example of figure 2, various injection zones
25 have been provided, only some of which are supplied (arrows 26). 12 Within the context of the

present inventio e ends 15 and 16 of the detonation chambey 3 ané) 0 or closed
independently OM%”O%%EOE{%LQJ[ & ?Hmé%'ﬁ?ir}%fe%i%goaﬂ E@eglﬁﬁfgtﬂ%oﬁ?@gﬁ's 8) can be
located anywherelziobertBecan dxesiopehasiecldsel)i ndepenadritie oiudththdetivdrsiFapeerthate;ahee
contemplated for.the detopation chamher 3, according to the jnvention, the possible applications of the
engine 1 are conSMEAA TSR e L L HOes B e M AEDAT B Gty annler
detonation chamtherirjedticnwase bdumerous applications can be contemplated, in particular for liquid
propellant rocket engines, turbine engine systems or even ramjets. Furthermore, the injection system 4

injects the cBnventional fuel separately from 15 the air. The injection of a pre-mixture is thus not
intended, which 8xoidstaanpfrisle onubibide of psiapesiiet ttan detcoatsomptiiednioetiRe Meoaatien, in the

case of a fuel that, can be_stored, such as a liquid hydrocarbon, it is al]so possihle to pravide a
regenerative circﬁtrﬂaf'r]]rl% sﬁo r%) 'ﬁg%}l}ﬁgﬁfﬁé?ugﬁl bet%eré)-?%g%ﬁsagg {8%1?8% I s?rqjeegﬂgqu}eand thus
satisfactory mixirageacdrésderabtipn noeditdneta detiabtaioed 20mwightomgreemgixedhaRiaderably, this

regenerative circuit for.c OH%SFCLéini”aWhiCh fu%l circulates, extends along at least one side wall of

said detonation cRamper : JUEr Arfeacra por 13N O its length. In one specific embodiment, said

injection system 4 is capable of producing the 25 injection over a variable length along said injection

base 10. It is thu ssible to_provide various.injection,zones 25 along the injection.base 10, a variable
momber of which B ORI A PRBER DR Car e Hotem 088 N bl i o
injection means faofielisetvadbeiengeasotudnne srgbnekgstems or even ramjets.

Furthermore, the injection system 4 injects the conventional fuel separately from
15  theair. Theinjection of a pre-mixture is thus not intended, which avoids any risk
of ignition upstream of the detonation chamber 3. Moreover, in the case of a fuel
that can be stored, such as a liquid hydrocarbon, it is also possible to provide a
regenerative circuit (not shown) alowing the fuel to be pre-vaporised (before its
injection) and thus satisfactory mixing and detonation conditions to be obtained
20 without pre-mixing. Preferably, this regenerative circuit (or cooling circuit), in
which fuel circulates, extends aong at least one side wall of said detonation

chamber 3, over at least a portion of its length.

In one specific embodiment, said injection system 4 is capable of producing the

25 injection over avariable length along said injection base 10. It is thus possible to
provide various injection zones 25 along the injection base 10, a variable number
of which can be supplied (arrows 26 in figure 2). It is thus possible to provide
separate injection means for these various injection zones 25.

30 By virtue of this specific embodiment, it is possible to supply a larger or smaller

portion of the detonation chamber 3 with fuel and/or oxidising agent so as to



modulate the thrust (for an aerobic system, only a modulation of fuel injection is provided). If two
engines 1 of this type are mounted on a flying craft so as to generate 5 propulsions on either side of
an axis of rotation, respectively, a rotation of said flying craft can be generated about this axis by
producing an asymmetric injection. By way of illustration, such an engine 1 can be mounted on each of
the wings of an aeroplane (not shown), the injection lisse 10 of the chamber 3 being defined each time
along the trailing edge of the corresponding wing, and a yawing 10 moment can be created by
carrying out different injections on these two engines 1. It is thus possible to create a possibility of

contributing to the control of a flying craft by asymmetric injection modulation, by providing.a
propulsive systemggg@%%gwmam%q@{&ﬁ%%%vﬂﬁyvﬁﬁé%qgfj%% é]nféé)'.q%%ﬂrghsermore, in
one specific embadivigael). said detonation chamber 3 has a bifurcation 27 at the injection base 10, as
shown in figures 3 and 4, so as to create, beyond this bifurcation 27, at least two elongate branches 28

and 29 and to thus form a bifurcation chamber 30. Each of these branches 28 and 29 is supplied with
detonating mixtuté twosaijingsclicnf shisseypd,aas thosksdedim diglyied tnpfsesieas 20 génefalots

representing_injection lines. This. specific embodiment allows the creation of twg (or mare).propulsive
s by progagath PR AR LT HoH5 (oARGHE Br A L e A AL SR Ehome 1
comprises, in addliyiow teraftiatamae@rgehensibetr abdunf thiss advire rbg npootiedi nue ans asy panttridar the
injection system 4 and thenitiation means 8 that are necessayy for,its operatipn, even if, for 25 the
sake of simplifyir{ajﬁgg%}zév%vé'%é}y' H%Je Eﬂg)nr%b&ejr%h%v%ngéneeﬁ{s%mpﬁ i .g%?gzog gﬁ%ﬁ zgtgewell asin
figures 5 to 7. In iguys a0 2&r tiptade éotioshoivts lecemeetitofodse détohtiecharabes2Bdag been
shown by means H%i%rr WS Fti In tgﬁa cgag%gfl a bggr%aot*'%ecgoarmbeénSI tr\ll% riln'eacr%on S sltem 4 can
supply each of 30the rancﬂesm'ZJSalang SGE B Igiger of shor{%engp, AHuERR yr}%e double
arrows D1 and Daomégucarvherrédiedpicavigeng puisdithdrsnbdinjealisimopnabese tivb @ngtresdf the thrust
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said engine 1. These e suppli engths which can ary over time
and independenttyaif by ctsptimastbcHundotionommdul atnensycifio\e thbo dinpeopukdnoavey siefig e 5, said

e oA AP A MRS A A A eonelon e 23
(by a longer or shorter link) so as to obtain a hybrid
15 Furthermore, in one specific embodiment, said detonation chamber 3 has a
bifurcation 27 at the injection base 10, as shown in figures 3 and 4, so as to create,
beyond this bifurcation 27, at least two elongate branches 28 and 29 and to thus
form a bifurcation chamber 30. Each of these branches 28 and 29 is supplied with
detonating mixture by said injection system 4, as illustrated in figure 4 by series
20 31 of dots representing injection lines. This specific embodiment allows the
creation of two (or more) propulsive lines by propagating the waves in the two (or
more) branches 28 and 29. Of course, each engine 1 comprises, in addition to a
detonation chamber, al of the aforementioned means, in particular the injection
system 4 and the initiation means 8 that are necessary for its operation, evenif, for
25 the sake of simplifying the drawing, only the chambers have been shown in
figures 3 and 4, as well as in figures 5 to 7. In figures 4 to 7, the direction of

displacement of the detonation waves 22 has been shown by means of arrows F.

In the case of a bifurcation chamber 30, the injection system 4 can supply each of
30 thebranches 28 and 29 over alonger or shorter length, asillustrated by the double

arrows D1 and D2 in figure 4, and thus provide a possibility of realising vector



10 chamber 34. This specific embodiment thus combines the advantages of an annular chamber
(ensured operating stability) and those of a bifurcation chamber: optimal operation over a wide range
of conditions (thrust/richness): a larger or smaller portion of the length of the chamber is supplied and
the rest is only supplied by the oxidising agent (air, a priori); 15limitation of the start-up shock: only the
annular chamber that is disposed upstream is startedi4nd distributed propulsion (and distributed
control). Furthermore, said annular chamber 33 of this hybrid chamber 34 can also be 20connected,
via one or more bifurcations 27, to one or more additional extensions 35 (or branches). Moreover, in

ific embodiment in figures 6 and 7, a hybrid chamber 37. 38 can be pravided that is i
i orm of m arAUP BEIo RGNS kD S IO LRI U R ROHO s BB Gons 30,

40. These extensieasid@, plfcirs! danfigniyeial teiqiippdd Withaanléagtiambeesshidnefesbdy, these
extonal poripheR) b e FAnLIes e ) SE AP Ve VLM bIEHbetUnGHRE, HEre B by
arrows D3A to Dailepetdeddytof 3aEREhbn. one specific embodiment, in order to obtain a variation in
the length of5the fuel supply, it is possible, for example, to provide a disc that rotates between
Furthermore, in one specific embodiment, shown in figure 5, said engine 1 can
comprise, in addition to a bifurcation chamber 30, an annular detonation chamber
33 of the conventional type. Moreover, said bifurcation chamber 30 is connected
to said annular chamber 33 (by a longer or shorter link) so as to obtain a hybrid
10 chamber 34. This specific embodiment thus combines the advantages of an
annular chamber (ensured operating stability) and those of a bifurcation chamber:
- optima operation over a wide range of conditions (thrust/richness): a
larger or smaller portion of the length of the chamber is supplied and the
rest is only supplied by the oxidising agent (air, a priori);
15 - limitation of the start-up shock: only the annular chamber that is disposed
upstream is started; and
- distributed propulsion (and distributed control).

Furthermore, said annular chamber 33 of this hybrid chamber 34 can aso be
20  connected, via one or more bifurcations 27, to one or more additiona extensions
35 (or branches).

Moreover, in one specific embodiment, shown in figures 6 and 7, a hybrid
chamber 37, 38 can be provided that is in the form of an annular detonation
25  chamber 36 provided (via bifurcations 27) with extensions 39, 40. These
extensions 39, 40 are concentric in relation to the annular chamber 36. Preferably,
these extensions 39, 40, of which there are four, for example, are evenly
distributed over the (internal or external) periphery of the annular chamber 36 and
can have variable feed lengths, as shown by arrows D3A to D3B and D4A to
30 D4B. In one specific embodiment, in order to obtain a variation in the length of

the fuel supply, it is possible, for example, to provide a disc that rotates between



15 the fuel supply system 4 and the detonation chamber 3 and which exposes, to a greater or lesser
extent, oblong openings provided in a fuel header. In the specific variant in figure 6, the concentric
extensions 39 are disposed 5 radially inside said annular detonation chamber 36, whereas, in the
variant in figure 7, the concentric extensions 40 are disposed radially outside said annular detonation
chamber 36. It is then easy to continuously modulate 1Be thrust by supplying a longer or shorter 10
length (D3A to D3B and D4A to D4B) of these extensions 39, 40 with fuel (or with fuel and oxidising
agent for a rocket system). Similarly, it is possible to easily control the orientation of the thrust (for a

ramjet or a rocket). .Sych a hybrid chambey 37, 38 can in particular be used to replace a single
annutar 15chambS? ST GHEB SRR Ao LA SO PP TERR B T P R amgine
16 CLAIMS 1. Cgretiten o $esesioaatnt) sihoagemgnegemiiogiiita auddieasding fuel/oxidant mixture
and comprising: 5at least one detonation chamber (3); an injection system (4) for continuously

injecting the detonating mixture into said detonation chamber at an upstream end (5), said detonation
chamber (3) comprighegspecifijectmiatage (i) ate;atteupstoeatri erdichsdhy BN alle (idydsayiwhich

extend on elgher rsal\gfal?)]; tmgtlj%]%%lltl(? %nbn%?gf. %Qt%nation chamber 36, whereas, in the variant in
figure 7, the concentric extensions 40 are disposed radially outside said annular
detonation chamber 36.

It is then easy to continuously modulate the thrust by supplying alonger or shorter

10 length (D3A to D3B and D4A to D4B) of these extensions 39, 40 with fuel (or
with fuel and oxidising agent for a rocket system). Similarly, it is possible to
easily control the orientation of the thrust (for aramjet or arocket).

Such a hybrid chamber 37, 38 can in particular be used to replace a single annular
15  chamber or concentric annular chambers in a ramjet, a turbine engine or a rocket
engine



10initiation means (8) which are disposed in said detonation chamber (3), to initiate in the detonating
mixture a detonation wave (22) which is then propagated in said mixture and is the cause of
successive self-initiated detonation waves, so as to generate continuous production of hot gases,
escaping through a downstream end (9) of said detori@ion chamber (3), characterized in that said
detonation 15 chamber (3) comprises an injection base (10) of which the length is defined by an open
line (17, 18), so as to form a detonation chamber (3) having an elongate form in a transverse plane,
and in that said ir(ﬁlaéilcm %ystem (4) is disposed so as to inject the fuel/oxidant mixture into said
detonation chamber (3) at at least one portion (20) of said injection base (10). 20 2. Engine according

to claim 1, characterized_in that said jnjection base (10) is.defined by an open curved line (17). 3.
Engine accordingto cla%f?'lt!'?ff%céqﬂ%'ﬂpth% id%ﬂ%%orﬁ’%%@ﬁr@;) @%dé‘fi Eégopen
straight line (18).fu#l/oxigiare atcridngdedtiipesiapim 1 or claim 3, characterized in that said injection

chreutate befre peiry WS A ELIHEDHROHEHElnber. 6, Engine according to claim 5,
characterized in that-sab;hdngm@migggjaﬁegapfm}smn@em@mjeamgidﬁemmhsagjrdmﬂon _
characterized n 11 SAHIORRSHATON ARV PROP A SR alors e ERBH Sabe (10),
comprising an injection base (10) at said upstream end, and two walls (12, 13)
which extend on either side of thisinjection base; and
10 - initiation means (8) which are disposed in said detonation chamber (3), to
initiate in the detonating mixture a detonation wave (22) which is then propagated
in said mixture and is the cause of successive sdlf-initiated detonation waves, so
as to generate continuous production of hot gases, escaping through a downstream
end (9) of said detonation chamber (3), characterized in that said detonation
15  chamber (3) comprises an injection base (10) of which the length is defined by an
open line (17, 18), so as to form a detonation chamber (3) having an elongate
form in a transverse plane, and in that said injection system (4) is disposed so as
to inject the fuel/oxidant mixture into said detonation chamber (3) at at least one
portion (20) of said injection base (10).
20
2. Engine according to clam 1, characterized in that said injection base (10)

is defined by an open curved line (17).

3. Engine according to claim 1, characterized in that said injection base (3) is
25  defined by an open straight line (18).

4. Engine according to either claim 1 or claim 3, characterized in that said

injection system (4) is capable of producing the injection over avariable length.

30 5. Engine according to any one of the preceding claims, characterized in that

it comprises at least one cooling circuit for said detonation chamber, in which



10 allowing at least two elongate branches (28, 29) to be created beyond said bifurcation, each of
which can be supplied with detonating mixture by said injection system (4). 8. Engine according to
claim 7, characterized in that said injection system (4) 15is capable of supplying these branches (28,
29) over different lengths which can vary over time ari independently of one another. 9. Engine
according to either claim 7 or claim 8, characterized in that it further comprises an annular detonation
chamber (33, 36) a n that sal Obifurcatio ber (30) is connected to saéd nnular chamber
(35, 38) 50 as o RO 5 510 cHin 80 (BACH PO S DRGNS0y B A acterized
in that said hybridrehatseber (37, 38) takes the form of an annular detonation chamber (36) provided
with 25concentric extensions (39, 40) of variable feed lengths. 11. Engine according to claim 10,
characterized in that said concentric extensions (39) are disposed outside said annular detonation
chamber (36). 18.13. E@r@ma&waiing w%mimn I8, petiticadiari aegain i i drw@ﬂﬁgrizied;im that it is

e s e e o el e e s o e

portion of its length.

7. Engine according to any one of the preceding claims, characterized in that
said detonation chamber (30) has a bifurcation (27) at the injection base (10),

10 adlowing a least two elongate branches (28, 29) to be created beyond said
bifurcation, each of which can be supplied with detonating mixture by sad
injection system (4).

8. Engine according to claim 7, characterized in that said injection system (4)
15 is capable of supplying these branches (28, 29) over different lengths which can

vary over time and independently of one another.

9. Engine according to either claim 7 or claim 8, characterized in that it
further comprises an annular detonation chamber (33, 36) and in that said

20  bifurcation chamber (30) is connected to said annular chamber (33, 36) so as to
form a hybrid chamber (34, 37, 38).

10. Engine according to clam 9, characterized in that said hybrid chamber
(37, 38) takes the form of an annular detonation chamber (36) provided with
25  concentric extensions (39, 40) of variable feed lengths.

11. Engine according to claim 10, characterized in that said concentric

extensions (39) are disposed outside said annular detonation chamber (36).

30 12 Engine according to claim 10, characterized in that said concentric

extensions (40) are disposed inside said annular detonation chamber (36).



engine or rocket type, characterized in that it is provided with at least one engine (1) such as that
specified in any one of claims 1 to 12. 15. Propulsive system according to claim 14, characterized in
that it is 10provided with at least two engines (1), each of which comprises an injection system (4)
capable of modulating the injection. 16. Flying craft18haracterized in that it is provided with at least
one propulsive system (2) such as that specified in either claim 14 or claim 15. 15 20 25

13. Energy generation system, in particular a gas turbine, characterized in that
it is provided with at least one engine (1) such as that specified in any one of
clams1to12.

5 14 Propulsive system for flying craft, in particular of the ramjet, turbine
engine or rocket type, characterized in that it is provided with at least one engine
(1) such asthat specified in any one of clams 1 to 12.
15. Propulsive system according to clam 14, characterized in that it is
10 provided with at least two engines (1), each of which comprises an injection
system (4) capable of modulating the injection.
16. Flying craft, characterized in that it is provided with at least one

propulsive system (2) such asthat specified in either claim 14 or claim 15.
15

20

25
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