1 AERCDYNAM C AND SPATI AL COWPCSI TE FLI GHT Al RCRAFT,
AND RELATED PI LOTI NG METHOD The subject of this
invention is an aerodynanic and spatial mxed flight
aircraft, and the related piloting nethod thereof.
The field of the invention is that of spaceplanes, 5
i.e. vehicles capable of taking off fromthe ground
like aircraft, reaching space and returning by | anding

on Earth also I|ke alrcraft These vehlcles nmust _be
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suborbital aircraft, which are unable to do so.
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unlike rockets, which are consumed during the launch at
the end of the flight. The term space may be understood
according to International Aerconautical Federation
terminology, which refers to the entire designated
15 wvolume outside the Earth's atmosphere, above one
hundred kilometres in altitude by convention. It may
also be considered as the volume where the atmosphere
is too rarefied to enable the flight of conventional
aircraft.

20 A distinction may be made between orbital aircraft,
which are capable of reaching the orbital speed at a
given altitude (of the order of 7.5 km/s at 200 km in
altitude), and suborbital aircraft, which are unable to
de so. OCrbital aifcraft are capable of becoming
25 satellites remaining for an almest indefinite time in
orbit after the propulsion phase, whereas suborbital
alrcraft follow a trajecteory which returns them to

Earth when the propulsion phase therecof is complete,



Earth when the propul sion phase thereof is conplete, 2
after a finite tinme, of the order of an hour and a

half, or less. Orbital aircrafd are distinguished

from suborbital aircraft particularly by the quantity

of energy to be carried to reach the orbital speed

and by 5 the specific design received to withstand the
consi derably greater overheating experienced on re-
entering the atnosphere. The present invention firsélg half
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20 the takeoff phase, is a space glider. This,space ,
gl | BERCEnaE (el itaPeacvatabEab Sought WRIY ¢ hE Eo orbital
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Earth in the sane "way as a supersonic glider, .
t hearfioié atava digh sparsroandawivichogt ebelarplals eof oorbital

cor%ggtagn ercor; ho ever, 25 the first stage retains
t he™dr dWbalRs*6f PAREToCKet, primarily the single use
and t he bhyhkeorsurptisowhdfch ergel dlrgudy) bewey thenmsubject

theogea( atgpsph%re.dA %gqo%ytfxaqple ofta sgaggglfgges are
wasC8ediigagfpgant industria evelopments, sp P
15 still wvery infrequent, and many only exist in the
project phase. A first example is the American shuttle
which is not, however, a spaceplane per se& but a two-
stage composite launcher, taking off like a rocket and
wherein only the second stage, which is released after
20 the takeoff phase, is a space glider. This space glider
has the dual advantage, sought with the invention, of
being able to be reused and land on Earth in the same
way as a supersonic glider, therefore at a high speed
and without being able to correct an error; however,
25 the first stage retains the drawbacks of the rocket,
primarily the single use and the high consumption cf
ergol to pull away from the near atmosphere.
A second example of a spaceplane was devised by
Scaled Composite; it also has two stages. A first
30 aerodynamic flight aircraft pulls another to around

15 km in altitude and releases it. The second aircraft



Scal ed Conposite; it also has two stages. A first 30
aerodynamc flight aircraft pulls another to around 15
kmin altitude and rel eases it.3 The second aircraft 3
has an anaerobi c rocket engine, capable of carrying
the payload to 100 kmin altitude. Said second stage
lands simlarly to that of the shuttle. A third,
substantially ol der, exanple, is the 5 Anerican X15

prot otype, which was released froma carrier_aircraft
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thereof, such as the Anerican space shuttle. 15 The
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aeronauti cal engines and rocket engines; a spacecraft

f ueBbrd wiake oxffenverhicaliani abhe ddwiet r praprdeaon mode
and_a_conventional ,aircraft_.(with-a pr Ller in_t
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15 The documents EP 0 264 030, GB 2 362 145, WO 98/30
449, WO.01/64513, Us 6 119 985, Us 6 745 979, US
2005/0279889, US &6 193 187 and FR 1 409 520
respectively illustrate a two-stage launcher; a
launcher wherein a balloon is the first stage; an

20 aircraft pulling another; a launcher wherein the first
stage is a composite propulsion launcher for
aeronautical engines and rocket engines; a spacecraft
fuelled with oxygen; three variable geometry aircraft;
and a conventicnal aircraft (with a propeller in the

25 embodiment shown) whereto orientation modification
nozzles have been adjocined, which are auxiliary engines
not involved in propulsion.

Therefore, the majority of aircraft projects in
space, and the only ones to have flown have multiple

30 stages. This design appears to pbe more advantageous in

that it allows a more beneficial ratio between the




not involved in propul sion. Therefore, the majority of
aircraft projects in space, and the only ones to have
flown have nultiple 30 stages.? This design appears to
be nore advantageous in that it allows a nore
beneficial ratio between the 4 effective mass and the
mass at takeoff, which offers the possibility of
associating a greater quantity of fuel wth the

payl oad and therefore propel sane further
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used conposite aerobi ¢ and anaero propul si on,
to eireutabaasuccessiawel yoi mdihestdense catirmdpaoe anbereof
in space., This idea is used in the invention
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flights but wherein the Ijft is |ess satisfactory. On
t he ot hefome aircraft used composite aerobic and anaerobic
15 propulsion, to circulate successively in the dense
atmosphere and in space. This idea is wused in the
invention, more effectively however as prior designs do
not generally make it possible to do away with the
constraint of multiple stages. The main reason lies in
20 a different cheoice of wings, as 1t appeared to the
present inventors that the wings generally proposed for
said prior designs were short, delta-shaped wings with
a large back-sweep, well-suited to supersonic flights
but wherein the 1lift is less satisfactory. On the other
25 hand, the design according to the invention uses a long,
straight wing, with a small back-sweep, to provide a
satisfactory lift in the dense atmosphere and up to a
high altitude. These porticons of the voyage are
completed without problems at subsonic speed. The
30 rocket propulsion only starts at a relatively high

atmosphere so that the aerodynamic forces remain



25 hand, the design according to the invention uses a
| ong, stralght wing, with a snmall back-sweep,

provide a satisfactory lift ir the dense atnnsphere
and up to a high altitude. These portions of the
voyage are conpleted w thout problens at subsonic
speed. The 30 rocket propulsion only starts at a
relatively high atnosphere so that the aerodynanic
forces remain 5_ manageable for the wing. In this
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soptim Seohhtheatdmﬁﬁf&l’yi c 4| kobtdiniefpI®rgf lighter design
consunption, altitude 10 and nass; this led to the
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andsggigckttgoaghgbg to optimse the total mass, and
the rocket propulsron in particular, as |ess mass for
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and | ess fuel for. t 15 _at heric fli and aga
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fl € a conv "aircra pi Fot1'ng
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underline the advantage of bei_ng abl e

implies less rocket propulsion and less fuel for the
15 atmospheric flight, and again less mass and less fuel
for the atmospheric flight: it was possible to achieve
a relatively simple, light and energy-efficient
aircraft to carry its own fuel, without a separate
auxiliary launcher or in-flight refuelling, and capable
20 of starting and ending the flight like a conventional
aircraft, with piloting and horizontal orientation. It
is necessary to underline the advantage of being able
to pilot and direct the aircraft during the return
flight, compared to gliding returns, to improve the
25 safety of manned flights. In this way, the aircraft
will be able to cover significant distances after the
return thereof into the atmosphere and choose the
landing strip. The end of flight speed will be much

slower than with a delta wing vehicle devised for

30 supersonic flight.



to pilot and direct the aircraft during the return
flight, conpared to gliding returns, to i nprove the 25
safety of manned flights. In tHis way, the aircraft
will be able to cover significant distances after the
return thereof into the atnosphere and choose the

| anding strip. The end of flight speed will be nuch
slower than with a delta wing vehicle devised for 30

supersonic flight. 6 An aimof the inventjon is to d
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aeronautical engines positioned on the fuselage or in
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possibilities™at both low altitude and high altitude.
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(ragyreabetwearnbdrhe takal mass ofiehbehai ref af thand fheelage,
aeronautical engines positioned on the fuselage or in
15 the fuselage, and ergel propulsion units. This
composition guarantees satisfactory riloting
possibilities at both low altitude and high altitude.

Preferentially, the wing span and the length of
the fuselage are 1in a ratio between 1 and 2; more

20 preferentially, between 1 and 1.4. The surface loading
(ratio between the total mass of the aircraft and the
wing surface, which determines the altitude reached in
subsonic flight) is preferentially between 2.5 and
3.3 m? per tonne. The unladen mass 1s preferentially

25 Dbetween 40% and 60% of the laden mass.

According to an important possibility, the ergol
tanks are positicned in a rear portion of the fuselage,
the wing is positioned on said rear portion, a front
portion of the fuselage comprises a cabin for the pilot

30 and the passengers and the aircraft comprises a forward

tail group placed on said front peortion. The aircraft



wi ng surface, which determnes the altitude reached in
subsonic flight) is preferentially between 2.5 and

3.3 n2 per tonne. The unladen nass is preferentially
25 between 40% and 60% of the | aden nmass. According to
an inportant possibility, the ergol tanks are _
positioned in a rear portion of the fuselage, the

W ng is positioned on said rear portion, a front
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pr oguﬁgﬂéaeu supptpatdatilyl Pergengicular to the trajectory,
15 and a fourth aercdynamic flight landing step after

repositioning the aircraft substantially in the
direction of the trajectory between the third £flight
step and the fourth flight step.

The rocket propulsion 1is preferentially with

20 variable thrust.

These aspects of the invention along with others
will now be described with reference to the figures,
wherein:

- figures 1 and 2 are an oblique view and a front

25 view cf the aircraft,

- and figure 3 illustrates a step of the flight.

The aircraft comprises a fuselage 1 having a
general cylindrical shape but tapering to the front to
a nose 2. From the fuselage 1 protrude a transverse

300 wing 3 with a significant elongation in the lateral

direction of the aircraft and a small back-sweep and



20 variable thrust. These aspects of the invention

along wiwth others wll now be described with
reference to the figures, wher®ein: - figures 1 and 2
are an oblique view and a front 25 view of the
aircraft, - and figure 3 illustrates a step of the

flight. The aircraft conprises a fuselage 1 having a
general cylindrical shape but tapering to the front to

a nose 2. Fromthe fuselage 1 protrude a transverse 3
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B 51h2ahge HarGk-sweRren, ale te that aff aa conventional
conventional aircraft. The wing 3 is in this case
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fusekagatl eandaa 1) bhaph dfeiagrionaliti cded ehgpbneiguportant to
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nounted on the lateral sides o(? the fuselage 1
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i nt ggeat ed; i fhibeesbbdihne ofmdlecddisehaghel, lateral sides
of the fuselage 1 somewhat above same via fixing masts
15 and platforms extending out from the fuselage 1. This
design is not obligatory and the aeronautical engines 7
could be integrated in the structure of the fuselage 1,
air intakes of same offering access to the combustion
air and an outlet to the combustion gases.
20 The main interior arrangements of the aircraft are
as follows. The veolume of the fuselage 1 is divided
into three main compartments by a front partition and a
rear partition 9. A front compartment 10 housed by the
nose 2 and at the front of the front partition 8
25 contains the control systems. A median compartment 11
is in this case the cabin containing the pilot and the
passengers. The cabin is airtight, pressurised,
equipped with doors and windows for access and
observation, and equipped with equipment and fittings
30 for transporting people. A rear compartment 13 at the

rear of the rear partition 9 is assigned to propulsion.



air intakes of sanme offering access to the conbustion
air and an outlet to the conbustion gases. 20 The main
interior arrangenents of the ai%Ycraft are as follows.
The volune of the fuselage 1 is divided into three
mai n conpartnents by a front partition and a rear
partition 9. A front conpartnent 10 housed by the

nose 2 and at the front of the front partition 8 25

contains the control systenms. A nedian conpartnent 11
is Th CRI®IAESS thardabrrIesnttaisngd 4 iNPi Lot 2ai¢ tte fuel
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30 for transporti peopl e. A rear conpartnent, 13 .
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tank, 18 than the ergol tanks .14 and 15 an rein_.
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reference 19 and are positioned at the ends_of 15 the
wi ngedr bheeReEgrapRar d9 and MRt inedmt ofhe ends of

15 the wing 3, oriented upwards and downwards to control
aircraft rolling movements. Cther nczzles 20 and 21 are
positioned on the nose 2 of the aircraft and directed
in vertical and horizontal direction 1in order to
contrel pitching and yaw movements.

20 The aeronautical engines 7 and the rocket
propulsion units 16 and 17, all arranged to exert a
thrust to the front of the aircraft and therefore
propel same, are the main engines thereof. The
nozzles 20 and 21 are small auxiliary engines with nc

25 effect on the propulsion per se, as they only exert a
rotation action by means o¢f a displacement in the
lateral directidn.

The embodiment illustrated essentially herein was
designed to transport four passengers and one pilot to

30 an altitude of approximately 100 km, therefore a
payload of 500 kg. The length of the aircraft is 10 to



aircraft rolling novenents. O her nozzles 20 and 21
are positioned on the nose 2 of the aircraft and
directed in vertical and hori#Bntal direction in
order to control pitching and yaw novenents. 20 The
aeronautical engines 7 and the rocket propul sion
units 16 and 17, all arranged to exert a thrust to
the front of the aircraft and therefore propel sane
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ineluding the pavigad, cIhe thrust ok the 3000 to 7000 1of
15 {13.3 kN to 31.1 kN)Y, the thrust of the rocket
propulsion units from 150 to 400 kN, and the noczzles 19,
20 and 21 may each have approximately 400 N of thrust.
In order to reduce the unladen mass, the structure of
the aircraft will be advantageously made cf composite
20 materials as for the tanks, or made of aluminium-based
light alloy such as aluminium-lithium.
How the aircraft completes the flights for which
it was devised will now be described.
A first step relates to the takeoff and climbing
25 flight to an altitude of up to 12, or 14 toc 18 km
approximately, preferentially above the general air
traffic altitudes. Only the aeronautical engines 7 are
used for this. No in-flight fuelling 1is performed,

either with fuel for the aeronautical engines 7, or

30 with ergel for the fixed engines 16 and 17: the

aircraft carries all its fuel. The wing 3 1s designed




aeronauti cal engines may be from 3000 to 7000 | bf 15
(13.3 kNto 31.1 kN), the thrust of the rocket

propul sion units from 150 to 486 kN, and the nozzles
19, 20 and 21 may each have approxi mtely 400 N of
thrust. |In order to reduce the unladen nmass, the
structure of the aircraft will be advantageously nade
of conposite 20 naterials as for the t anks, or nade of
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15 starts at this high altitude due to the rarefied
atmosphere, which makes it possible to retain a light
structure and, in correlation, require a lower fuel
mass. The mass of ergol required is in turn reduced due
to the firing of the rocket propulsion units 16 and 17

20  at high altitude, owing to the subsonic flight. The
rocket propulsion units 16 and 17 are started up
successively in order to limit the forces in the first
thrust phase. It is envisaged to mask the air inlet of
the aeronautical engines 7 to prevent them from being

25 subject to overheating and excessive gas velocities.
The flight speed becomes supersonic, up to
approximately Mach 3 or Mach 4. When -the ergol has been
used up, the rocket propulsion units 16 and 17 are
switched off but the aircraft continues to climb by

30 inertia up to an altitude of up to 80 to 120 km.



approximately 70 with respect to the horizontal. The

forces on the aircraft structure are reduced as the

firing of the rocket propul siohZ2units 16 and 17 only

15 starts at this high altitude due to the rarefied

at nosphere, which nmakes it possible to retain a |ight
structure and, in correlation, require a | ower fuel
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15 incidence, the aeronautical engines 7 are fired or not,
and the aircraft returns to Earth either by gliding or
by means of motorised flight to a landing strip.

Some applications of the invention may be space
tourism, the completion of microgravity experiments,

20 the use of the aircraft as a first reusable stage of a

satellite, or'rapid passenger transfer.




passengers sought shoul d not exceed approximtely 5 g.
At the altitude of approximately 25 km the speed of
the aircraft returns to a subsédic level, the

aircraft retrieves an aeronautical flight angle of 15
i ncidence, the aeronautical engines 7 are fired or

not, and the aircraft returns to Earth either by
gliding or by nmeans of notorised flight to a |anding
strip. Some applications of the_invention may be space
tourism the conpletion of nkkP&Y¥Pavity experinents,
20 the use of the aircraft as a first reusabl e stage
of a satellite, or rapid passenger transfer. 13

CLAI M5B 11.ARicrabéftconprmpsiagng fasefagelagewi ng (83ng (3),

aeronautical engines (,7) and rocket propul sigqn wunits .
(16503972 CEharhet oraneer 39 L Hat t RET ng HQLY xedb EoBuTsion
essgnttal yest nai)?hbh&&@&IeQﬁMQﬂ nHde d1od ek dhg S5is fixed,

direction of the fuselage, and has a greater span than
t heepeRpthadl vt hetradehdge ans Alrariechccor di et olateral

| aj char act ' at e, uW.n
T engtheSF P Re Lt a9 Phdande o Pafal, P cher
andtBe Bendthcodf thacdasdilaget.o cl aim 1, characteri sed
in that the wing span and the I ength of the fusel age
are in aratio between 1 and 1.4. 15 4. Aircraft

accordi ng tQ;aR¥aet akabiBihgt @od.clLLharact&fisedtéPised in
that it conprises a surface l'oading consisting of
bet Weah 2h® ariB. Spequand e ekepath pdnide fuselage are

10 in a ratio between 1 and 2.

3. Aircraft according to claim 1,characterised in
that the wing span and the length of the fuselage are
in a ratio between 1 and 1.4.

15

20

4. Aircraft according to any of claims 1 to 3,
characterised in that 1t comprises a surface loading
consisting of between 2.5 and 3.3 square metres per
tonne.

5. Aircraft according to any of claims 1 to 4,
characterised in that it has an unladen mass between
40% and 60% of a laden mass.

25 6. Aircraft according to any of c¢laims 1 to 5,

characterised in that the ergol tanks (16, 17) are
pesitioned in a rear portion (13) of the fuselage (1),
the wing (3) is positioned on said rear porticn, a

front portion (11) of the fuselage comprises a cabin



20 5. Aircraft according to any of clains 1 to 4,
characterised in that it has an unl aden mass between
40% and 60% of a | aden nass. 2546. Aircraft according
to any of clains 1 to 5 characterised in that the
ergol tanks (16, 17) are positioned in a rear portion
(13) of the fuselage (1), the wing (3) is positioned
on said rear portion, a front portion (11) of the
fusel age conprises _a cabin 14 and the aircra

ConPRHS68Ca AT S toup TR BE81 £ cd Ui, o Bt ioned

POrth08s1d- fALREr ghtraepording to any of claims 1 to

6, b5 characterised in that it conprises a pair of

rocket propulsion units. 8. Aircraft according to any

of clai 1.to 7 characterised in_that Jdt TpLi SEs

2 | andi ni RAFoTaT e PG char Ao fESERSa o 6
of ehair8aBtdrise8, irchanaet el sednipgtrildsad ht EoipricFesrocket

orientation nodification nozzles (19, 20, 21),

i ncPLaPRYSiBNI PR Secont rol nozzl es positioned on w ng

tips and pitching 15 and yaw nozzl es positioned at the

front of the fuselage. 10. Piloting nethod of an

ai rcraft8cohpresafig acddindichg essemnal lof stiaight ande 7,

eIonﬁated mﬁng &n,thg %at?ral direction.of a fusela €6

of therarrtrartd 28 thafacteFPERALFHSt Rat 2P 00nFrides ) -
10a first aerodynamic flight step at a subsonic speed

between Mach 0.5 and Mach 0.8 using aeronautica

engi nes W thouerahtf ldgfnrding uskl i #yy #ise€dbpdmspaketo 8,

laugﬁgrgékgpisgﬁep Hﬁingthat it comprises orientation

modification nozzles (19, 20, 21), including rolling
control nozzles positioned on wing tips and pitching

15 and yaw nozzles positioned at the front of the fuselage.

10. Piloting method of an aircraft comprising a
fixed, essentially straight and elongated wing in the
lateral direction of a fuselage of the aircraft,

20 characterised in that it comprises a first aerodynamic
flight step at a subsonic speed between Mach 0.5 and
Mach 0.8 using aeronautical engines without in-flight
refuelling, a second space launch flight step using
rocket propulsion units after controlling an aircraft

25 inclination change between the first step and the
second step, a third gliding descent step with the
fuselage substantially perpendicular to the trajectory,
and a fourth aerodynamic flight landing step after
repositioning the aircraft substantially in the

30 direction of the trajectory between the third flight
step and the fourth f£light step.




rocket propulsion units after controlling an aircraft

25 inclination change between the first step and the

second step, a third gliding dé8cent step with the

fusel age substantially perpendicular to the

trajectory, and a fourth aerodynamc flight |anding

step after repositioning the aircraft substantially

in the 30 direction of the trajectory between the

third flight step and the fourth flight step. 15 11.
Aircraft piloting nmethod according to claim 10,
ChaFaCteiiseﬂikﬁréﬁétp&ﬁ%t&ﬁ%k%btmaaﬂﬁé%dHHﬂﬁhV%éhclaim 10,
variable thrust. 5 127 Arcraft piloting method
accohdragteoiekdi mn0 that 1thecheeaketr immpulsidmat is with
t he four%ﬂ SEEF iﬁ performed i n aerodynam c propelled

and’ 3tibsBnFcFright. 10 13. Aircraft piloting method
saccording to claims 10, 11 or 12, characterised in

that the aerodynamc flight is continued to an

al titudeldf Birreast EZleﬂnMWW’@r@aﬁC%H@tr}%gto claim 10

met hod agcor dj . ai - I C Krisedp i
in ?ﬁat§?he gg?%&%%&%ﬁ%egfiéﬁt &gun%er 6?n2%5§fﬁa Bo2s
subseniforspdednbetwedpniach PrbpaidedMackl Gubsonic flight.

10 13. Aircraft piloting method according to claims
10, 11 or 12, characterised in that the aerodynamic

flight is continued to an altitude of at least 12 km.

14 Aircraft pilcoting method according to claims 10
15 to 13, characterised in that the aerodynamic fiight is
performed at a subsonic speed between Mach 0.5 and

Mach C.6.



