RAMJET INCLUDING A DETONATION CHAMBER, AND AIRCRAFT COMPRISING SUCH A
RAMJET The present invention relates to ramjets including a detonation chamber, as well as aircratft,
such as missiles or the like, propelled by such ramjets. 5 It is known that the operation of ramjets may
be based on the implementation of a thermodynamic detonation cycle during which the combustion by
detonation is effected very quickly in a very small thickness of detonating mixture, such that said
mixture does not have time to expand. Thus the increase in pressure is limited. 10 Such ramjets may
take the form of pulsed detonation engines (also designated as PDE), of which the operation is
characterised by tRAMIHgTof M(cetdnBNGh A thatrTie Nith @Nr €8 Aedibdsr/ANEl-Ax e AliXture (the
oxidant generally being air), then by tEgmlgﬁ‘(gpﬁét%,&ﬁ%%lgﬂggﬁlﬂe said e_xplosive_mixture _by a
supply of energy. An overpressure w st wall is 15 maintained in the
course of the displacement of the detonation wave along the detonation chamber, which momentarily

creates a thrust. {t4g W%ﬁﬁ?ﬁ%ﬁﬂﬁht% i@rlﬁiﬁj&@m&“ﬂﬁir‘iﬁ e aRres eRBERdAs Qi the
combustion reaction in the detonation chamber, then filling it with fresh explosive mixture before being
able to start a ne® BEHHARITNR/BIES B ESHE SR ﬂﬁﬂﬁ’aeﬁf?ﬁ@)ﬂ%?'?@mlﬂ%ver, the pulsed nature of
the thrust obtained by such ramjets (the frequency of which is generally between 50 Hz and 200 Hz)
creates, on the ope hand, a very severe vibratory environment for the rest of the aircraft carrying the
oot and et R o B SR AR S B L e R o
initiate the deton#ievmodieimjr aetsnpadicalaty duobipmvhiteh vine odonblistiboxijadetonaticessare used
which are not veryexplpsiugy TIN5 Sok°GRLAING iRas vanlions e ramisl wliigh, prerates with
an explosive fuel-air mixture’ and comprises: at least one detonation chamber which is equipped, at
its upstream endsanithraxtaie idjgestiont bsae andevtucexmmdindtes Hiatsndmeasstie gpressude $svith an
exhaust nozzle; "f'itnlu? t one air intake connected to said detonation chamber in order to be able to
supply it with air; and ™

10  Such ramjets may take the form of pulsed detonation engines (also designated as
PDE), of which the operation is characterised by the filling of a detonation
chamber with a fresh explosive fuel-oxidant mixture (the oxidant generally being
air), then by the initiation of the detonation of the said explosive mixture by a
supply of energy. An overpressure which appears in the region of athrust wall is

15 maintained in the course of the displacement of the detonation wave aong the
detonation chamber, which momentarily creates a thrust. It is then necessary to
wait for the emptying of the hot gases coming from the combustion reaction in the
detonation chamber, then filling it with fresh explosive mixture before being able

to start a new detonation wave to cause a new thrust impulse.

20 However, the pulsed nature of the thrust obtained by such ramjets (the frequency
of which is generally between 50 Hz and 200 Hz) creates, on the one hand, avery
severe vibratory environment for the rest of the aircraft carrying the ramjet and
necessitates, on the other hand, a significant supply of power with each cycle in
order to initiate the detonation, which proves particularly problematic when fuel-

25  oxidant mixtures are used which are not very explosive.

The object of the present invention is to remedy these drawbacks and, especialy,

to provide aramjet with improved performance.



means for injecting fuel into said detonation chamber, is remarkable: 10in that said detonation
chamber is annular and of the continuous detonation wave type; in that said fuel injection means are
formed for continuously injecting fuel directly into said detonation chamber just downstream of said air
injection base; and 15in that the injection of fuel and the injection of air into said detonation chamber
are carried out continuously separately from one another in the course of operation of said ramjet.
Thus by means of the invention the ramjet including azletonation chamber of the continuous
detonation wave type (also known as CDWE (continuous detonation 20wave engine)) makes it
possible to obtairT o itisisleetiol detortitioriehiembayent auntiteisamjetovhiotioropératesgasis ay

self-sustaining dwgg% H{I8VEP mixture and comprises:

- a least one detonation chamber which is equipped, at its upstream end,
with an air injection base and which terminates, at its downstream end,

5 with an exhaust nozzle;

- at least one air intake connected to said detonation chamber in order to be

ableto supply it with air; and
- means for injecting fuel into said detonation chamber,
Is remarkable:

10 - in that said detonation chamber is annular and of the continuous

detonation wave type;

- in that said fuel injection means are formed for continuously injecting fuel
directly into said detonation chamber just downstream of said air injection

base; and

15 - in that the injection of fuel and the injection of air into said detonation
chamber are carried out continuously separately from one another in the
course of operation of said ramjet.

Thus by means of the invention the ramjet including a detonation chamber of the
continuous detonation wave type (also known as CDWE (continuous detonation
20 wave engine)) makes it possible to obtain - inside the detonation chamber - a

continuous production of hot gases by self-sustaining detonation waves.

In fact, the fresh explosive mixture is formed continuously in the detonation

chamber at its upstream end. A detonation wave can be started by a conventional



means (exploding bridge wire, pre-detonation tube, etc.). This wave propagates circumferentially in the
fresh explosive mixture, whilst the hot gases which it produces expand in the rest of the detonation
chamber. As the injection of fresh fuel and air into the detonation chamber is continuous, when the
detonation wave 5 returns to its starting point it once again encounters the fresh explosive fuel-air
mixture and continues its circumferential movement which therefore becomes continuous. More
precisely, downstream of the detonation wave, and after the initial expansion of the hot gases, a layer
of fresh mixture develops which, because it is in contact with the hot gases and under some
conditions, causeseins 1expgicgrancgaiaracprsditimaioad detoatatio N naweavith propsgatasular

detonation champey i ingd in Whi er e i iQn e ving at a
plurality of kHz frgzédeﬁrql%ge%@ &o‘ fﬂ%}%o%?@c%&%%gﬁgrv\\%fﬁ‘cl%%ﬁgaa}%% %warjs/ e c?pen end of
the detonation chintbiseshetpand dintdpacest| of dteti deyormati exithasthenzAle tined njecttorobitdiedihrust. 15

Furthermore, fro int .of vi the.ther i e ﬂﬁéﬁ [ 1e ramjet according
to the invention kﬁfngéh a?‘rﬁéﬂéi@ﬁ((y:@ ?S&[OU%IL 0 ongér.@aga'?]e)}br%rgng ?mﬂg?é?’com u@?léo%&a@ %ﬁgtg@%ressure
implementedin aguisedaldtosariong payiia! whiehagaiikedopokssibtberirpahtexpiosiva dédelea the fuel
consumption for ivale (the [an ic ef 'g'timq being 20
accompanied by%ﬁ\%qcésﬁog%qﬁa |nc?§35tﬂ?f;rlijr@@%n?%ﬁ£gtﬁ)%e @%ﬁ%@%%@%@%&t e flight ceiling.
Moreover, the opeamatiingppsinkipre pretista donjestirednedfeththdgiepblian viare: asey dtefeteevibratory
environment cre Y, ' ine,, 1t i . jet.according
to the invention cou d|s:§en§§€v§ﬁt§ﬁ(ﬁ%{éggt%la%c‘é%%%a%?roéit er%@%gﬁgﬁg%&%%wﬁﬁum
operating Mach (fecabjcariipei toaortiatt Wit)) Bienjolfugrses @i Undeirsemeasisidi ansdeabsesdheuming an

oxidant carrigd ogpaard the yeniele, (WHCh FAUE TRENE M eI h@& an annular detonation

chamber is obtained in which a series of circumferential detonation waves moving

at aplurality of kHz frequencies (up to 30 kHz) produces hot gases which expand
towards the open end of the detonation chamber before being accelerated by the

exhaust nozzle in order to obtain thrust.

15  Furthermore, from the point of view of the thermodynamic cycle, the detonation
of the ramjet according to the invention has an efficiency 15 to 25 % greater than
that of a combustion at constant pressure implemented in a pulsed detonation
engine, which makes it possible in particular to reduce the fuel consumption for
equivalent performance (the improvement of the thermodynamic efficiency being

20 accompanied by a very substantia increase in combustion efficiency) and to

increase the flight ceiling.

Moreover, the operating principle of such a ramjet remedies the problem of the

very severe vibratory environment created by a pulsed detonation engine.

It will also be noted that:

25 - the ramjet according to the invention could dispense with an integrated
accelerator either by reducing the minimum operating Mach (for example
to Mach 1.2), or by functioning first in anaerobic mode by consuming an

oxidant carried on board the vehicle (which corresponds to an initial



acceleration in rocket mode), then switching as soon as possible to aerobic mode; and as the fuel and
the air are injected separately into the detonation chamber, any untimely ignition upstream of the
detonation chamber is prevented. SPreferably, the fuel can be injected into the detonation chamber
after having previously been at least partially vaporised. Preferably, said ramjet comprises an air
injection system which is interposed between said air inlet and said detonation chamber and which
comprises at least one channel, for example in the fora of an annular slot, which opens into said
10detonation chamber in order to supply it with air. Thus the air injection system enables distribution of
fresh air - previously slcagee efativm im opdettooea); s shsiohiog pe edonastpess htestoceembike
detonation chamber by r_mpere annular slots, whilst ensuring decoupling between the air intake
and the detonation chamber. Of course, the provision of channels other 15shapes to replace the
annular slots may be envisaged. Also, the ramjet according to the invention comprises means for local

control of the flow of freglfis RIHRAKI IS ONPEABCERAERY, ThisH daeRkEERERShERE incoming

air flow, for example along the o _ )
any untimely ignition upstream of the detonation chamber is prevented.

5 Preferably, the fuel can be injected into the detonation chamber after
having previously been at |east partially vaporised.

Preferably, said ramjet comprises an air injection system which is interposed
between said air inlet and said detonation chamber and which comprises at least
one channel, for example in the form of an annular slot, which opens into said

10  detonation chamber in order to supply it with air.

Thus the air injection system enables distribution of fresh air - previously slowed
down in order to reach a subsonic speed - at the entrance of the detonation
chamber by one or more annular slots, whilst ensuring decoupling between the air
intake and the detonation chamber. Of course, the provision of channels other

15  shapesto replace the annular slots may be envisaged.

Also, the ramjet according to the invention comprises means for local control of
the flow of fresh air entering said detonation chamber.

Thus, by loca control of the incoming ar flow, for example along the
circumference of said detonation chamber, it is possible to modify locally, within
20 said chamber, the variation in the richness of the explosive fuel-air mixture by
increasing or decreasing the proportion of fresh air at any desired location in said
chamber. Such alocal adjustment of the richness of the explosive mixture allows
the orientation of the thrust at the outlet of the exhaust nozzle to be controlled,

without implementation of acomplex flow orientation system.

25 Furthermore, the ramjet may advantageously comprise at least one circuit for

cooling of said detonation chamber in which fuel can circulate before its injection



circumference of said detonation chamber, it is possible to modify locally, within 20 said chamber, the
variation in the richness of the explosive fuel-air mixture by increasing or decreasing the proportion of
fresh air at any desired location in said chamber. Such a local adjustment of the richness of the
explosive mixture allows the orientation of the thrust at the outlet of the exhaust nozzle to be
controlled, without implementation of a complex flow orientation system. S therein. This cooling circuit
(also designated as a regenerative circuit) makes it passible to pre-vaporise the fuel before its injection
into said detonation chamber, so as to obtain satisfactory mixing and detonation conditions without
carrying out prentieire). SPhisfersibipg saidutb(isg designateteasia sdganceatieasi oul)sivakeslt of said

detonation champer,. ] t hereof.. Thus & ' ber can be
Cooled with the ARSI Lo o B e S Bl O
possible to ensuss trtchehiaial sgssketiory wixhwe den detvoaticimaenbditions/apbosirepayisastsome of the
10 fuel to be injeg iiQiF'@a course of its circulation in said circuit. Direct injection of the pre-vaporised

fuel - in particular when said fuel is stored initially in the liquid state - guarantees the initiation and the
stability of the detonation of the explosive fuel-air mixture. Thus any problem associated with the

evaporation periqspbiiydrens Adushgnd b C@&@ﬂi@@'d@ﬂﬁtiaﬂ-l dalt sheulhibasnpest tgigsuch a

circuit could also participate in the cooling of the exterior wall of the ramjet.
etonation chamber, over at least a portion of the length thereof.

Thus the detonation chamber can be cooled with the aid of a part or al of the fuel
before it is injected into said chamber. This makes it possible to ensure the
thermal resistance of the detonation chamber by vaporising at least some of the
10 fue to beinjected in the course of its circulation in said circuit. Direct injection of
the pre-vaporised fuel - in particular when said fuel is stored initially in the liquid
state - guarantees the initiation and the stability of the detonation of the explosive
fuel-air mixture. Thus any problem associated with the evaporation period of the

drops of fuel and the chemical reaction.

15 It should be noted that such a circuit could aso participate in the cooling of the
exterior wall of the ramjet.

Moreover, said exhaust nozzle has no sonic throat and preferably has a short

length. In fact, as the flow is already supersonic downstream of the detonation

chamber, the exhaust nozzle without sonic throat makes it possible to obtain the
20  desired thrust.

Furthermore, said fuel injection means may comprise at least four supply units

(for example formed respectively by an angular supply segment and a

corresponding valve) regularly distributed along the circumference of said

detonation chamber, of which the associated fuel flows are either identical, or
25 different, or modifiable over time independently of one another.

Thus, by local control of the incoming fuel flow, it is possible to modify locally,



Moreover, said exhaust nozzle has no sonic throat and preferably has a short length. In fact, as the
flow is already supersonic downstream of the detonation chamber, the exhaust nozzle without sonic
throat makes it possible to obtain the 20desired thrust. Furthermore, said fuel injection means may
comprise at least four supply units (for example formed respectively by an angular supply segment
and a corresponding valve) regularly distributed along the circumference of said detonation chamber,
of which the associated fuel flows are either identical, ®r 25different, or modifiable over time
independently of one another. 6 within said chamber, the variation in the richness of the explosive
fuel-air mixture byiithtresasihghambes idesiagathenp rothertiohnessué ithe txplesiierf ud thie Sundipleunits.

Such al | adj [ ' IXELIE . | i thrust at
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orientation systeﬁmh_r@fdmblyadhjﬁmmhgtriMyicbpwtefsﬁpmlwm\mmmaltMSme/_vo and the

fuel supply flow of pieleanRIEdrRL BRI R AR IBASRUSYERRI AISH DA4ERN A 6 Table-flow
-flow distri t ue

distributor. Thus, the variable utor makes it possible to Increase the ow rate 10
associated Viith aMitisowupmiemsittaiidnofradanpleeffowonestatsodesewith a second supply unit,
diametrically opposite the first unit to which it is coupled. In this way a local variation of the richness of

the explosive fuel-air mixture can be obtained, which allows the orientation of the thrust at the outlet of
the exhaust nozZregi6"8a! Yosrigfigmetrically opposite supply units are coupled two by two and

the fuel supply flow of said coupled supply units is advantageously controlled by

means of a variable-flow distributor.

Thus, the variable-flow distributor makes it possible to increase the fuel flow rate
10 associated with a first supply unit and to reduce the flow rate associated with a
second supply unit, diametrically opposite the first unit to which it is coupled. In
thisway a local variation of the richness of the explosive fuel-air mixture can be
obtained, which allows the orientation of the thrust at the outlet of the exhaust

nozzle to be controlled.

15 Asavariant, independent control of the fuel flow of each of the supply units can

be implemented.
Moreover, in aparticular embodiment of the invention:

- the ramjet according to the invention may comprise at least two concentric
detonation chambers of the continuous detonation wave type capable of

20 being continuously supplied with air; and

- said fuel injection means can be formed for continuously injecting fuel

directly into at least one of said concentric detonation chambers.

Thus, it is possible to obtain satisfactory performance over awide range of overall

richness of the explosive fuel-air mixture. In fact, the fuel may be injected:



15As a variant, independent control of the fuel flow of each of the supply units can be implemented.
Moreover, in a particular embodiment of the invention:  the ramjet according to the invention may
comprise at least two concentric detonation chambers of the continuous detonation wave type capable
of 20being continuously supplied with air; and said fuel injection means can be formed for
continuously injecting fuel directly into at least one of said concentric detonation chambers. 7 either
into the two detonation chambers for operation of the ramjet with a high overall richness. In this case,
a sequential ignition of the concentric detonation chambers can be implemented in order to reduce the
ignition shocks; 5or intoetther ofith éheviovaedetoattbanctizanters for operatitivnod ftiies aunejewvitlitia a lower

overall richness. The syn Fl%\%%\?@%ﬁﬂ&t %ﬁ% %ggi@%g]m% (ﬁﬁﬁ%i%p @n%baégﬁ%wgplied with

fuel then results in the SUESOHIC cold flow coming from the other detonation cha r example,
when the ramjet is moudesehaihaheavolyers eamissile)itasentsie iablider $apphutiestdignttomal
detonation chamber - r %an the external detonation chamber - so as to better supply the base
region of the central body o#(t’e missile in order to limit the drag thereof and to reduce the signatures
thereof. It is obvious that the invention is not limited to two concentric detonation chambers, but could

also use moge than twoGQRESBHEGE EleRREQIRSRAITIPEIBambers for operation of the ramjet with
a lower overal richness. The supersonic flow of hot gases coming from

the detonation chamber supplied with fuel then results in the subsonic cold

flow coming from the other detonation chamber. For example, when the

ramjet is mounted on the body of a missile, it is preferable to supply the

10 internal detonation chamber - rather than the external detonation chamber -

S0 as to better supply the base region of the central body of the missilein

order to limit the drag thereof and to reduce the signatures thereof.

It is obvious that the invention is not limited to two concentric detonation

chambers, but could also use more than two concentric detonation chambers.

15 It will also be noted that said air intake can be axialy symmetrical, two-

dimensional, or indeed three-dimensional.

Moreover, the present invention aso relates to an aircraft which comprises at least

one ramjet of the type described above.

The figures of the appended drawings will provide a good understanding of how
20 theinvention can be carried out. In these drawings, identical references designate

similar e ements.

Fig. 1 is a schematic partial axial cross-section of a first example of a ramjet

according to the present invention.

Fig. 2 shows, in an enlarged schematic cross-sectiona view, an example of means
25 for adjustment of the air flow of the ramjet of Fig. 1.



151t will also be noted that said air intake can be axially symmetrical, two- dimensional, or indeed
three-dimensional. Moreover, the present invention also relates to an aircraft which comprises at least
one ramjet of the type described above. The figures of the appended drawings will provide a good
understanding of how 20the invention can be carried out. In these drawings, identical references
designate similar elements. Fig. 1 is a schematic partial axial cross-section of a first example of a
ramjet according to the present invention. 8 Fig. 3 is @ schematic partial axial cross-section of a
second example of a ramjet according to the present invention. Fig. 4 is a schematic partial axial
cross-section of &ithidis»asshtnafia partight axdeoaidsy secthen mieacecimeeaxmmpls! ofRigal)j et first

embodiment of aa@ﬂ@h@t{éﬁﬂé%@%‘?ﬂ?\ igﬂt%amber according to the present invention is shown
171t has a longit '

mounted on an aircra udinal axis of symmetry L-L. Upstream and downstream are
defined below in relation to the air flow direction. The ramjet Si which operates with an explosive

fuel-air mixture cpYPHS@Sa schematic partial axial cross-section of a third example of a ramjet

according to the present invention.

5 InFig. 1, afirst embodiment of aramjet S1 with a detonation chamber according
to the present invention is shown mounted on an aircraft 1. It hasa longitudinal
axis of symmetry L-L. Upstream and downstream are defined below in relation to

the air flow direction.
The ramjet S1 which operates with an explosive fuel-air mixture comprises

10 - acircular annular detonation chamber 2 which is equipped, at its upstream
end, with an air injection base 3 and which terminates, at its downstream
end, with an exhaust nozzle 4 without a sonic throat. The detonation

chamber 2 is of the continuous detonation wave type;

- an annular air intake 5 which is connected to the detonation chamber 3 in
15 order to be able to supply it with air (which is symbolised by the arrow
F1); and

- means 6 for continuously injecting fuel (symbolised by the arrow F2)
directly into the detonation chamber 2 just downstream of the air injection

base 3, for example through said air injection base as shown in Fig. 1.

20  During operation of the ramjet S1, the injection of fuel F2 and the injection of air
F1 into the detonation chamber 2 are carried out separately from one another and
continuously. In other words, the fresh explosive fuel-air mixture is formed in the

detonation chamber 2. According to the invention, no premixing is carried out.

Furthermore, the ramjet S1 comprises an air injection system 7 which is annular



10a circular annular detonation chamber 2 which is equipped, at its upstream end, with an air injection
base 3 and which terminates, at its downstream end, with an exhaust nozzle 4 without a sonic throat.
The detonation chamber 2 is of the continuous detonation wave type; an annular air intake 5 which
is connected to the detonation chamber 3 in 150rder to be able to supply it with air (which is
symbolised by the arrow F1); and means 6 for continuously injecting fuel (symbolised by the arrow F2)
directly into the detonation chamber 2 just downstreara of the air injection base 3, for example through
said air injection base as shown in Fig. 1. 20During operation of the ramjet Si, the injection of fuel F2
and the injection asfdaiirElliatent ésd stematen kdtaedndhe airartakeddondtise petenaliyfrohamher another

and ContinUOUS|y2.l?ﬁé%ﬁrhﬁ%{:ﬂ%nt%\zs{éﬁ?‘e ESRIRRLE F%&?A&g]ﬁjﬂf{%ﬁ%ﬁ@%ﬁj %Wﬁ%g’f&ﬂﬂéﬂon

chamber 2. According to the invention, no premnlixing IS carrie circular and Is interposed
between the air inte&enBl and tiseppbyoctzaimel aprenibgri atoTtne ditan@ctiochsysbem?7 Coemrises for

example an a””%&‘%%i%ﬁ’é{hécpl (PN P @&%ﬁﬁt’ri%”aﬁHBl%‘ry%é”&ek‘ﬂofed?ﬂég H@r&esgggfyaﬂon

chamber 2. Of course, as a varlant, a plurality of concentric annular slots or any other ed supply 5
channel geometrghaondl geoineple casihdek: impramertetiple of Fig. 1, the fuel injection means comprise
four supply units 6 regularly distributed along the circumference of the detonation chamber 2. Each
supply unit 6 is formed by an angttlJIar sup{)ly segment 9 (for example in the form of a multiperforation

of the air injectiobHESFRALE OV Arde 10tEOHE ARECHRE SRSNBEPRIRI S PPl units 6
regularly distributed along the circumference of the detonation chamber 2. Each

supply unit 6 is formed by an angular supply segment 9 (for example in the form
of amultiperforation of the air injection base 3) and a valve 10, connected thereto
10 by achannel 11.

The diametrically opposite supply units 6 may be coupled two by two and the fuel
supply flow of said coupled supply units is advantageously controlled by means of
a variable-flow distributor 12 connected to the corresponding valves 10 (a single
valve is shown in Fig. 1). In other words, in this example two variable-flow

15  distributors 12 are used, each distributor 12 controlling two coupled supply units
6.

Thus, the variable-flow distributor 12 makes it possible to increase the fuel flow
rate associated with a first supply unit 6 and to reduce the flow rate associated
with a second supply unit 6, diametrically opposite the first unit to which it is
20 coupled. Thus a loca variation of the richness of the explosive fuel-air mixture
can be obtained, which enables control of the orientation of the thrust at the outlet

of the exhaust nozzle 4.

Also, as Fig. 2 shows, the ramjet S1 also comprises means 13 (not shown on Fig.
1) for loca control of the flow of fresh air entering the detonation chamber 4 by
25 meansof theannular slot 8.

In particular, the control means may be in the form of one or more motorised slide

valves 13 capable of reducing, over a defined angular portion, the thickness of the



The diametrically opposite supply units 6 may be coupled two by two and the fuel supply flow of said
coupled supply units is advantageously controlled by means of a variable-flow distributor 12 connected
to the corresponding valves 10 (a single valve is shown in Fig. 1). In other words, in this example two
variable-flow 15distributors 12 are used, each distributor 12 controlling two coupled supply units 6.
Thus, the variable-flow distributor 12 makes it possible to increase the fuel flow rate associated with a
first supply unit 6 and to reduce the flow rate associate® with a second supply unit 6, diametrically
opposite the first unit to which it is 20 coupled. Thus a local variation of the richness of the explosive
fuel-air mixture ctiarisecvdstaimetionghitiorohtieslobBbtrol of the orientation of the thrust at the outlet of
the exhaust nozzle 4. Also, as Fig. 2 shows, the ramjet Si also comprises means 13 (not shown on
Fig. 1) for local control of the flow of fresh air entering the detonation chamber 4 by 25means of the
annular slot 8. 10Hedgefsd@NBular section of the slot 8. Thus Fig. 2 shows: by solid lines, a first
end position of a slide valve 13 in which the angular portion of the transverse annular section of the

associated slot 8 has a Smaximum thickness el: and by broken lines econd osition of the
slide valve 13, after disrﬁyacair('n@r']p ?ﬁ’e?(e}l(';rfsﬁsg?erggﬁ\'&ﬂeo El%él'ggevrﬁféﬁﬁo%ﬂdv Q}'/?ﬁggf%‘en&%%rthe arrow
D), in which the angulamppditanobdfttiee thansseess aranuhar ssesioticof dhéhessssaiEdtiddtsBi@das a

minimum thlgkness ez, }n%x?r%u?net ickness el; and

- by broken lines, a second end position of the dlide valve 13, after
displacement thereof upstream (the displacement being symbolised by the
arrow D), in which the angular portion of the transverse annular section of
the associated slot 8 has aminimum thickness €2, i.e. €2 < el).

10  Thus, by loca control of the incoming air flow, it is possible to modify localy,
within said chamber, the variation in the richness of the explosive fuel-air mixture
by increasing or decreasing the proportion of fresh air. Such alocal adjustment of
the richness of the explosive mixture enables a control of the orientation of the
thrust at the outlet of the exhaust nozzle.

15 Moreover, in contrast to the example of Fig. 1, the ramjet S2 illustrated by Fig. 3,
comprises two concentric annular detonation chambers 2A and 2B of the
continuous detonation wave type which are supplied continuously with air F1
originating from the air intake 5. The detonation chambers 2A and 2B - the
external chamber 2B surrounding the internal chamber 2A - are similar to the

20  detonation chamber 2 described in relation to Fig. 1.

Also, as Fig.3 shows, a cooling circuit 14 of the detonation chambers 2A and 2B -
in which fuel F2 can circulate before its injection therein - is integrated with the
ramjet S2. The cooling circuit 14 is in the form of annular conduits 15 which are

independent of one another.

25 Each annular conduit 15 extends aong a side wall of one of the detonation



10Thus, by local control of the incoming air flow, it is possible to modify locally, within said chamber,
the variation in the richness of the explosive fuel-air mixture by increasing or decreasing the proportion
of fresh air. Such a local adjustment of the richness of the explosive mixture enables a control of the
orientation of the thrust at the outlet of the exhaust nozzle. 15Moreover, in contrast to the example of
Fig. 1, the ramjet S2 illustrated by Fig. 3, comprises two concentric annular detonation chambers 2A
and 2B of the continuous detonation wave type whichiare supplied continuously with air Fl originating
from the air intake 5. The detonation chambers 2A and 2B - the external chamber 2B surrounding the
internal chamberchamlsrs 8ivilaB t@rththe daeedherioh vinirhlierd elesdribaddidsr thetidetamsFfan 1. Also,
as Fig.3 shows, oling circuit 14 of the detonation chambers 2A and 2B - in which fuel F2 can
circulate before its injection therein - is integrated with the ramjet S2. The cooling circuit 14 is in the
form of annular conduits 15 which are independent of one another. 11 chambers 2A, 2B, on the face

thereof which is gripRteshiRitarg3dhassetRnalinaRAIeEACTHeRBaLIb Epdpialendalarshksaken itself in

order to enable circulation of the fuel from upstream to downstream from the air injection base 3, along

the side 5 wall of H& EOMeYPSRAMYA ONAFHFEEh HoMetng A L i) eRaA e oA IR #H8pstream in
order to injeet fug &R dp threcsmrapsed igraaibhEfeyighaiabel the beserbragdisibaiedritahige 3.  In this

example, the means 6 for injecting fuel into the detonation chambers 2A and 2B also comprise the

annular conduits W5 ST BERERHD ARieeldirb Bt 1 eneren g der i Byhe Mg i h 18 H8%sponding
channels 11. 3 asillustrated in Fig. 3.

In this example, the means 6 for injecting fuel into the detonation chambers 2A
and 2B also comprise the annular conduits 15. Said conduits are connected to the

10  valves 10 by means of the corresponding channels 11.

The fuel injection means 6 are formed for continuously injecting fuel directly into
at least one of the two concentric detonation chambers 2A, 2B, by means of the

corresponding conduits 15.
Thus the fuel may be injected:

15 - either into the two detonation chambers 2A and 2B for operation of the

ramjet S2 with ahigh overal richness,

- or into one of the two detonation chambers 2A, 2B for operation of the

ramjet S2 with alower overall richness.

It is obvious that the cooling circuit 14 of the ramjet S2 of Fig. 3 could likewise be
20 used ontheramjet S1 of Fig. 1.

In the third example according to Fig. 4, the ramjet S3 is similar to the ramjet S2
of Fig.3 (although the cooling circuit 14 is not shown for reasons of clarity),
except for the fact that it also includes an external trap 16 making it possible to
collect the boundary layer which has developed on the fuselage of the aircraft 1



The fuel injection means 6 are formed for continuously injecting fuel directly into at least one of the two
concentric detonation chambers 2A, 2B, by means of the corresponding conduits 15. Thus the fuel
may be injected: 15either into the two detonation chambers 2A and 2B for operation of the ramjet S2
with a high overall richness; or into one of the two detonation chambers 2A, 2B for operation of the
ramjet S2 with a lower overall richness. It is obvious that the cooling circuit 14 of the ramjet S2 of
Fig. 3 could likewise be 20used on the ramjet 51 of Fip 1. In the third example according to Fig. 4, the
ramjet S3 is similar to the ramjet S2 of Fig.3 (although the cooling circuit 14 is not shown for reasons
of clarity), excepufistréaanfattttieatiit bitekérel Udws dmeexiemsbtyaghas aakitaké pafsidichotbellect the

boundary layer W&%#Sﬁ (ﬂ?&?lg%%%ﬂﬂﬁ%t st%ﬁg'%plt&g g'gcraft 1 12 upstream of the air intake 5.
or e 5 of whic

Thus there is a very s airin e extension directly constitutes the exhaust nozzle 4.
The external trap 16, in the form of an annular passage, is interposed between the air intake 2 and the

body of the aircrafhd @aeRtaRg LI NG HHERAIY G eRGrRIrLBBIEERS 1R ORER IS e ReipiR nozzle 4.

The ramjet S3 may also comprise an internal trap 17 arran&ted in the upstream part of the side wall of

the external trap 36, WG n7aRbG: bRshsMidhe asntt & a: BftENesINGEedNd Y e idntake 5 in

order to re-inject 3 HtthecpeAis BRssautdiibe@dernal trap 16. 10At the outlet of the chamber, the
jet of hot gases at the outlet of the detonation

The ramjet S3 may also comprise an internal trap 17, arranged in the upstream
part of the side wall of the external trap 16, which makes it possible to collect a
part of the flow received by the air intake 5 in order to re-inject it into the annular
passage of the external trap 16.

10 At the outlet of the chamber, the jet of hot gases at the outlet of the detonation
chambers 2A and 2B more or less drives the air stream trapped by the externa
and internal traps 16 and 17. Regardless of the intensity of the driving effect (low
or high), the drag associated with these traps 16 and 17 is substantially limited by
using their air streamsin order to supply the base region of the central body of the

15  aircraft 1.

Moreover, an auxiliary injection of pure oxygen into the air stream passing
through the air intake 5 or the air injection system 7 may be carried out in order to

dope said air stream F1 and ensure satisfactory operation at reduced Mach.

Thus by means of the invention a ramjet is obtained which has a very short
20 detonation chamber by comparison with known ramjets having a detonation
chamber:

- which frees the entire front portion of the aircraft 1 (no long ventral or side

intake of air which often requires complicated mechanical designs);

- which can operate at richness 1 (whereas it is difficult to make a
25 conventional hydrocarbon ramjet operate at a burned richness above 0.75)



chambers 2A and 2B more or less drives the air stream trapped by the external and internal traps 16
and 17. Regardless of the intensity of the driving effect (low or high), the drag associated with these
traps 16 and 17 is substantially limited by using their air streams in order to supply the base region of
the central body of the 15aircraft 1. Moreover, an auxiliary injection of pure oxygen into the air stream
passing through the air intake 5 or the air injection system 7 may be carried out in order to dope said
air stream El and ensure satisfactory operation at redu®ed Mach. Thus by means of the invention a
ramjet is obtained which has a very short 20 detonation chamber by comparison with known ramjets
having a detonation chamtiibel; aghiethtirélbs ietias itieenfiastynponitiared btheade; rakkes nopesstblentral or
side intake of air which requi ' iC ' ; ' e the better
thermodynamic perform@r@?%ﬁ@ﬁﬁgﬁmﬁgg%ﬁ&g@%ﬁ& %ﬁ@%ﬁ%ﬂ%’ﬂ@zﬁ%@@v 0 a#zct:éz)llected
and therefore the size offttieeair imtake iin @i tegoprddteedsiy@eatahtuit il and which can
function from Mach 1.2 by virtue of the thermodynamic cycle 5which increases the pressure in the

detonation chamber or chambers. 14 CLAIMS 1. Ramjet which operates with an explosive fuel-air
mixture and comprises:Wh'Ch can function from Mach 1.2 by virtue of the thermodynamic cycle

5 which increases the pressure in the detonation chamber or chambers.



at least one detonation chamber (2, 2A, 2B) which is equipped, at its Supstream end, with an air
injection base (3) and which terminates, at its downstream end, with an exhaust nozzle (4); at least
one air intake (5) connected to said detonation chamber (2, 2A, 2B) in order to be able to supply it with
air (F1); and means (6) for injecting fuel into said detonation chamber (2, 2A, 2B), 10characterised in
that: said detonation chamber (2, 2A, 2B) is annular and of the continuous detonation wave type;

said fuel injection means (6) are formed for continuousdy injecting fuel (F2) directly into said detonation
chamber just downstream of said air 15injection base; and the injection of fuel and the injection of air
into said detonation chamber are carried out continuously separately from one another in the course of
operation of said ramjet (Si, S2, S3). 2. Ramjet acCtrlidd o claim 1, characterised in that it also
comprises an air 20 injection system (7) which is interposed between said air inlet (5) and said
detonation chamber (2, 2A, 2B) and which comprises at least one channel (8), for example in the form

of an annular slot- whic/REPEANRE QRErdsRMANGR BraleHEs THEbAE M LB BRAICARRNSRS: 15 3.

Ramjet according to either claim 1 or claim 2, characterised in that it comprises means (13) for local
control of the flow of fregh A PrUCIR AR S5 RHBE HBRe4) APl equipped, t its
5 upstream end, with an air injection base (3) and which terminates, at its

downstream end, with an exhaust nozzle (4);

- a least one air intake (5) connected to said detonation chamber (2, 2A,
2B) in order to be able to supply it with air (F1); and

- means (6) for injecting fuel into said detonation chamber (2, 2A, 2B),
10 characterised in that:

- said detonation chamber (2, 2A, 2B) is annular and of the continuous
detonation wave type;

- said fuel injection means (6) are formed for continuously injecting fuel
(F2) directly into said detonation chamber just downstream of said air

15 injection base; and

- the injection of fuel and the injection of air into said detonation chamber
are carried out continuously separately from one another in the course of
operation of said ramjet (S1, S2, S3).

2. Ramjet according to claim 1, characterised in that it also comprises an air
20 injection system (7) which is interposed between said air inlet (5) and said
detonation chamber (2, 2A, 2B) and which comprises at least one channel (8), for
example in the form of an annular slot, which opens into said detonation chamber

in order to supply it with air.



4. Ramjet according to any one of claims 1 to 3, characterised in that it Scomprises at least one circuit
(14) for cooling of said detonation chamber (2A, 2B) in which fuel (F2) can circulate before its injection
therein. 5. Ramjet according to the preceding claim, characterised in that said cooling circuit (14)
extends along at least one side wall of said detonation chamber (2A, 2B), over at least a portion of the
length thereof. 106.Ramjet according to any one of claims 1 to 5, characterised in that said exhaust
nozzle (4) has no sonic throat. 7. Ramjet according t@sany one of claims 1 to 6, characterised in that
said fuel injection means comprise at least four supply units (6) regularly distributed along the
circumference of3aid d&anpdicacatrampeio(2jthe, eB)nofl wiichethe 2,5akaectiatsddual flavitare either

identical, or differ ifiafl er time ind ently, of omgﬁ . I: ding to the
preceding claim,%pgc%f%r(i)@e%?}?\ Tf%\i: ];Céljiclglam(%dﬁgéﬂl)& og%%ﬁtséﬁ S?Jdgply uni%'sr(;é; areﬁggﬁ%ﬁed two by
two; and tetohabiasupipniiev(b24aidBoupled supply units is controlled by means of 20a

variable-flow distributor (12). 9. Ramjet according to any one of claims 1 to 8, characterised in that:

4. Ramjet according to any one of claims 1 to 3, characterised in that it
5 comprises at least one circuit (14) for cooling of said detonation chamber (2A,

2B) in which fuel (F2) can circulate before itsinjection therein.

5. Ramjet according to the preceding claim, characterised in that said cooling
circuit (14) extends along at least one side wall of said detonation chamber (2A,
2B), over at least a portion of the length thereof.

10 6. Ramjet according to any one of clams 1 to 5, characterised in that said

exhaust nozzle (4) has no sonic throat.

7. Ramjet according to any one of claims 1 to 6, characterised in that said
fuel injection means comprise at least four supply units (6) regularly distributed
along the circumference of said detonation chamber (2, 2A, 2B), of which the
15  associated fuel flows are either identical, or different, or modifiable over time

independently of one another.
8. Ramjet according to the preceding claim, characterised in that:
- said diametrically opposite supply units (6) are coupled two by two; and

- the fuel supply flow of said coupled supply units is controlled by means of
20 avariable-flow distributor (12).

9. Ramjet according to any one of claims 1 to 8, characterised in that:

- it comprises at least two concentric detonation chambers (2A, 2B) of the

continuous detonation wave type capable of being continuously supplied



16 with air; and said fuel injection means (6) are formed for continuously injecting fuel (F2) directly into
at least one of said concentric detonation chambers (2A, 2B). 510.Ramjet according to any one of
claims 1 to 9, characterised in that said air intake (5) is axially symmetrical. 11.Aircraft, characterised
in that it comprises at least one ramjet (Si, S2, S3) of the type specified in any one of claims 1 to 10.
10 15

16

with air; and

- said fuel injection means (6) are formed for continuously injecting fuel
(F2) directly into at least one of said concentric detonation chambers (2A,
2B).

5 10. Ramjet according to any one of claims 1 to 9, characterised in that said air

intake (5) is axially symmetrical.

11.  Aircraft, characterised in that it comprises at least one ramjet (S1, S2, S3)
of the type specified in any one of claims 1 to 10.

10

15



