1 SPACECRAFT AFTERBODY DEVI CE This invention rel ates
to a spacecraft afterbody device particularly designed
to reduce the craft's aerodynanmi c drag during the

at nospheric flight phase. In particular it finds its
application in space vehicles that conprise a
traditional aerial engine for tlhe at nospheric flight
and rocket propulsion for the 5 flight outside the

at nosphere. A vehicle's resistance to novenent due to
its rear section is known as base drag. The fluid
flows that have difficulty following the rear profiles
of noving vehicles beconme turbul ent behind the
vehi cl e, which reduces pressure at the rear 10 of the
vehicle and creates a strong resistance to the
vehicle's forward novenent. Passive sol utions exi st
that reduce the rear drag of vehicles and in
particul ar solutions are known wherein a vehicle's
rear profile is realized as a cone by using an

i nflatable bladder as described for exa

docunent. DE 41 01 SPRRECRAET AF THRRPBY DEWGE,
profiles as described for exanple in docunent EP 0 15
273 850, one or nore annul ar appendages as in docunent
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Other realizations are based on active means such as mobile flaps as
described in document US 4 411 399 or an injection of fluid in the rear of the
vehicle in order to fill the depression.

20 Aerial vehicles propelled by jet engines present a jet pipe propelling nozzle
and the jet engines only create a small amount of drag because the jet of ejected
gases plays a role in the vehicle's aerodynamic profile.

n contrast an unused engine creates an enormous amount of drag (up to

one third of the vehicle’s total drag).



engi ne, which would entail designing a cunbersone

rel ease device ensuring that no debris could danmage

the shuttle or the jettisonable boosters. The sane

woul d apply to a space plane, for which the

jettisoning operation would remain risky. 10

Similarly, using active fluid-iénjection devices on a

space plane would require the fluid to be carried in
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25 This device only changes the annular diameter of the exhaust and the
shape of the walls facing the divergent nozzle along an axial symmetry in relation
to the axis of the divergent nozzle. |

As regards the stabilization of a towed vehicle by increasing its drag, it is
known from document US 5 871 173 to arrange blades that are deployed at the

30 rear of the vehicle like umbrella stays.

The specific case of a spacecraft designed for atmospheric flight using jet
engines and designed for flight outside the atmosphere using a rocket engine
leads to contradictory requirements with respect to performance.



desired, which is detrinental to the reduction of base
drag. 5 The presence of rocket propul sion therefore
presents a problemin atnospheric flight because it
generates a |lot of drag due to the cross-section of
the nozzle which is w de and fg%rs a straight cut at
the rear of the vehicle. The ai‘fn of the present
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25  extends beyond the rear of the vehicle’s fuselage, and to take a second position

fully deployed, increasing the vehicle’s aerodynamic drag.
the present invention thus realizes an active spacecraft drag reduction
device, whose weight increase is compensated for by making it perform control
assistance functions for most of the phases of flight outside the atmosphere and of
30 return and, in particular, aerodynamic functions when the rocket engine is off,

propulsive functions when the rocket engine is operating.



in figure 1: a schematic side view in cross-section of
the rear of a 5 spacecraft fitted wwth the device of
the invention, in figure 2: a perspective view of a
novabl e cover el ement of the device of the invention,
in figure 3: a rear view of a spacecraft fitted wth
the device of the invention, in figures 4A to 4E
schematic side views of an aircraft fitted with t
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25 and foils, before switching to a rocket type of propulsion.

The example shown in the figures corresponds to this last type of vehicle
fitted with its own atmospheric engines 9, represented in figures 4A to 4E and
fitted with at least one rocket engine 2 fitted with a nozzle 4 installed at the rear of
the vehicle as shown in figure 1.

30 The first function of the spacecraft afterbody device is to mask nozzle 4
during the vehicle's atmospheric flight phases, when the rocket engine is not used.

To achieve this, it comprises at least one cover element, an example of
realization of which is shown in figures 1 and 2 as a panel with a conical shape 3.



of the fusel age, the cover elenent preferably

conpri ses several panels 3a, 3b, 3c, 3d arranged so
as to prolong the fusel age and whi ch extend beyond the
rear of the vehicle's fuselage to forma shell around
the nozzle in a position A nasging the 5 nozzle. The
cover elenent or elenents can be noved separately and
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25 Rotating link 7 is offset perpendicularly to the element’s axis of rotation D so
that the panels can be moved.
According to an advantageous property of the invention, at least one part of
cover element 3, 3a, 3b, 3c, 3d is continuously movable, using actuator 6,
between the masking and drag reduction position A and the fully deployed position
30 B, to intermediate positions C4, C,, C; for correcting the vehicle trajectory.
in particular, according to the example shown in figures 4A to 4E, the cover

element comprises at least one generally upper panel 3a and a generally lower



panel 3b designed to be noved separately and to

achi eve control of the vehicle during stalls and
dives. In the context of the exanple of figure 2, the
cover elenent conprises at |east two generally

| ateral panel's 3c, 3d designed to achieve control of
the vehicle 5 during a spin. 1% this Iast case the
cover el ement conprises four panels 3a, 3b, 3c
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25 separately in a horizontal plane, these latter operatmg according to the principle of
the invention adding a spin control.
Figure 4A corresponds to masking position A, which permits a decrease in
base drag and a decrease in aerodynamic loads on the nozzle. In the case of a
space plane it is used during aeronautical ascent, during which ascent the plane is
30 under atmospheric control.

For a jettisonable propulsion stage or booster fitted with the device of the

invention, this position can be used during the recovery of the stage or booster or,




7 in the case of a reusable |auncher for the cruising
phase of the return to the launch base. In this

position the two or four petals made up by panels 3a,
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This operating mode is used in particular during the final approach for a
space plane or a reusable launcher. This is then a matter of controlling the gliding
speed.

25 More or less strong aerodynamic braking is achieved by opening the petals
more or less between the position in figure 4A and that in figure 4C.

It can also be used during the transonic passage upon reentry of a vehicle
with zero [ift gradient such as a jettisonable propulsion stage or a reusable
launcher, or in the case of a straight-wing space plane.

30 it can also be used while securing in the case of incidents during the
powered phase of a space plane.

Figure 4D corresponds to an intermediate position for increasing thrust in
rocket mode.



Fi gure 4D corresponds to an internediate position for
increasing thrust in rocket node. 8 In this

operati ng node, cover elenent 3, 3a, 3b, 3c, 3d can be

noved between maski ng and drag reduction position A

and fully deployed position B, to internediate

positions for controlling the rbcket engi ne. In

addition, this position provides the vehicle with

pr ot ect iromlagmemngtmede Scavef edangendf 3, 3a, B.e3kudsl caw be moved
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ex %‘EI%?SQ/ﬁhﬁ eRgingshBisti at e opening of the petals. In
this 1 ﬂﬁ@?@é;ﬂtd?ﬁ tﬁ'@ﬁ@talsté’r% dpened d%hﬁgﬁgﬂ'»t 68Rideethe atmosphere

moved in i cul ar bet ween maski ng and reducti on
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pet als t a scree protects the rear part
of rearofiteévehides r om hi gh altltude rocket engine jet
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endage [ n the cl osed on a

B afuds sroken G 16t Siaiie: A rshans el Mlpbthe cover
2@ o HavFgaNigh eanal rdsRidriceosititr & ckaesd SleScovandiehtintdileemade of a

Iaunchers durln? t he rocket - propel | ed ascent in

t he
uppegh thermakrssiskance matanal af flegakse a coating resistant to the heat of the
jet covers the internal surface facing the jet of the cover elements.

This allows in particular the weight of the thermal protections required at the

rear of the vehicle to be decreased and the petals of the device thus operate as an-
25 aerodynamic appendage in the closed position and as a fire wall in the open
position.

This operating mode is applicable to a space plane, jettisonable boosters
and reusable launchers during the rocket-propelled ascent in the upper
atmosphere or in a vacuum.

30 This operation corresponds to a method of optimizing the space plane's
rocket engine according to which at least one cover element of the device is

moved to positions assisting the rocket engine jet breakup, between a position



30 This operation corresponds to a nethod of

optim zing the space plane's rocket engi ne according

to which at | east one cover elenent of the device is

noved to positions assisting the rocket engine jet

breakup, between a position 9 nmasking a nozzle of a

rocket engine of the plane A afd a fully depl oyed

position for aerodynanically braking the plane B.

Fi gasking B mlee@‘pm ratket engine oS thel pJane A ansta dullyzdanleyed position

of 5 This is a node of

opfeO?% |gﬁﬁperc?@1$'%gﬂp rr#’%he preV| ous one, in which

the adfigaret4d carresppads fwaqiositibe qﬁ@Ealoszatidmmfsthe rocket engine's
egtorial control of the thrust and therefore control

of “aircraft. This node of operation therefore, of
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the | Oﬂmli Uehphéd thatOthel AEh-BpBREng adragiee flight Sdmaini concems the
fi ure4 tablllzatlgn close to zero

sl Pgedel the pefalz waersas dn ,thq.]ap?rﬁgng PEH@SSTF@%&%}%” it is the
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posi ti d¥are precigily. ethese s i’@ht FAMEIRE CYebA RfEARE of system
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are increasing thrust by assisting the jet breakup a
hi ffhthellengitydivabhiah éicidenee balance as shown in figure 4B, stablhzatlon close

to zero incidence and slip as shown in figure 4C during the transonic phase and
25 aerodynamic braking during the approach with an intermediate position of the
petals between the positions in figure 4A and 4C.

For the second domain, the functions covered by the device of the invention
are increasing thrust by assisting the jet breakup at high altitude andfor thrust
vectorization as shown in figure 4E, protecting certain éfterbody parts from rocket

30 engine jet breakup, examples in figures 4D and 4E.
Of course, to realize the operating modes of this invention, the aircraft is
fitted with complementary sub-assemblies comprising a set of actuators 6 fitted in
an appropriate way between the fuselage and the petal panels. These actuators,



vectorization as shown in figure 4E, protecting

certain afterbody parts fromrocket 30 engine jet

breakup, exanples in figures 4D and 4E. O course, to
realize the operating nodes of this invention, the

aircraft is fitted wwth conplenentary sub- assenbl i es
conprising a set of actuators 6%itted in an

appropriate way between the fuselage and the petal
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petals 3a to 3d are connected. ck In figure each
pet®fS-al so conprises a fastening point for an actuator

Advantageously, the fuselage is prolonged by a tapered annular covering
25 10 to which the panels or petals 3a to 3d are connected.
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Back in figure 1, each petal also comprises a fastening point for an actuator
6 repeated on the space plane’s fuselage such that the movement of actuator 6
allows a wider or narrower cpening of the petal, as required.

The shape of the panels forming the petals contributes in itself to the rigidity

30 of these petals and to their resistance to the forces they are subject to.

The invention therefore makes it possible to eliminate the rocket engine
control devices and in particular the actuators and their power source, to reduce
the thermal protection of the bottom of the vehicle,




6 repeated on the space plane's fusel age such that the
novenment of actuator 6 allows a w der or narrower

openi ng of the petal, as required. The shape of the

panels form ng the petals contributes in itself to the
rigidity 30 of these petals and to their resistance

to the forces they are subject’to. The invention

therefore nmakes it possible to elimnate the rocket, )
engi ne todeuGetheggas beagedar the allifudecgantip! system and in particular
aC¥Héa§rﬁéIF roeRet thilfdrs ?ﬁ’éﬁedre 34 46 stabfiz HNisHicle 019 vacuum and to

thermal protection of the bottomof the vehicle,
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the cover elenent can have an oval cross-section if

t hengdipaeecmar®. conprised two engines or nore. 12

CLAIMS 1 - Afterbody device for a spacecraft (1)

fitted with at | east one rocket engine (2) at the

rear of the craft characterized in that it conprises

at | east one novable cover elenment (3, 3a, 3b, 3c,

3d), designed to take a first position, masking and
reducing the vehicle's rear drag (A), where it

prol ongs the vehicle's 5 fusel age around at | east one

part of a rocket engine nozzle (4) of the vehicle and

ext ends beyond the rear of the vehicle' s fusel age, and

to take a second position fully depl oyed (B)

i ncreasing the vehicle's aerodynanmi c drag. 2-

Spacecraft afterbody device characterized in that said

cover elenment (3, 3a, 3b, 3c, 3d) prolonging the

vehicle's fuselage is hinged (5) on said fuselage. 10

3- Spacecraft afterbody device characterized in that

at | east one part of



the cover elenent (3, 3a, 3b, 3c, 3d) can be noved
Wth respect to the fuselage via an actuator (6). 4-
Spacecraft afterbody device according to any one of
claims 1 to 3 characterized in that at |east one part
of the cover elenent (3, 3a, 3b, 3c, 3d) is 15

conti nuously novabl e between tﬁg maski ng and drag
reduction position (A and the fully depl oyed position
(B), to internediate positi &lsAIBtS C2, C3) for
correcting the vehicle trajectory. 5- Spacecraft

af t er body device according to any one of clains 1 to 4
characterized in that at | east one part of the cover

L2, g i e T8 e e

depngired(2) ad ithe oear(dB)the tafi chiaractedzett in thasit tconipsiséo bt least one

RN L A N ——
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25 gxenideyrRYoRd e teal of e véKICIBRTLSAIAGS draltoltBRE BBddc¥nd position
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i nt _%'Fyrfi.ﬂp‘ (Byinqreasinghervenioly naemiyaingrasm
resi stapce. gpacﬁ@:%ﬂeéffeﬂgédﬁetvﬁ.‘ém)‘ac@ﬁ\ﬂea% ﬁ%&%’égﬂ t?%ler element

to any one of the preceding clains characterize

t hd®, ¥hSbcdrield) eralanging thervshicleessfuselage i hipgerk(53 onZaid fuselage.
b, 3ca_3d ,
103 C3 )Sﬁcbé%ﬁ?tteﬁ% e‘v&gf&h%g%@%#eg N EIIH'!Z I%l(te?%%t one part of

‘o

and extendin e e rear e ve
f udlee sg‘@raﬁ*@ng@t;ér da.eBly, Jmidpcan be3nodd Bittacespeaf to the fuselage

af tv?afg’rﬁgé’tugl%}’té:)e according to claim7 characterized in
that the cover ‘el enent conprises at |east one

gener al #y ufmscepaficdftefiBzly devcenacagediagablanyl aweof claims 1 to 3
pa . [ t o, achi eve ntrol of the. vehig|e ,
G Tacieod T YRS 1B 850 58 or 8 chor.Aembnl &) Bagb: 3c. 39) s
15de\¢bnmL:msI@rrrdbvajnlé betwennthé maskirar bed idegy rédmlctidiTQbsiti@rlﬁ? (A) and
co ghent conprl s t. [ east. {wo gener ra .
it ity 3ERRled BORlr BB isaeiels Bodft G B, Gadbr corecting
veltihelehicle trajpgtory.spi n. 10 - Spacecraft afterbody
devi ce accordi ng t ny. one of the preceding clajns,
char act &fi zéqﬁc@ﬁﬁ%%?@c%e BFRABIRY e Aprongesf claims 1 to 4
parRiicledted #Pthabat 163€) ond Parldfang eavarseidRbal @, 8k03bN4c, 3d) is
around, the nozzle (4) of the vehicle. 11 - Spacecraft

2051 MAVBBIGy beeeRethgc rBEKNG 21ich deag, reduction pasitionr Gdeandgthe fully

deployed position (B), to intermediate positions for controlling the rocket engine.

6-  Spacecraft afterbody device according to any one of claims 1 to 5
characterized in that at least one part of the cover element (3, 3a, 3b, 3¢, 3d) can
be moved between the masking and drag reduction position (A) and the fully

25 deployed position (B), to positions for themmally protecting the rear of the vehicle,
at least the internal wall of the cover having high thermal resistance.

7-  Spacecraft afterbody device according to any one of the preceding
claims characterized in that the cover element comprises several panels (3a, 3b,
3c, 3d) arranged so as to prolong the fuselage and extending beyond the rear of

30 the vehicle's fuselage and separately movable.



claims characterized in that the cover el enent

conpri ses panels designed to form a screen that

opposes the rocket engine's jet breakup and to refocus

the jet to increase the engine's thrust. 15 12 -

Spacecraft conprising a spacecraft afterbody device
according to any one of the pF%cedi ng cl ai ns

characterized in that the spacecraft is a space ﬁl ane

(11) fiBred Shacecraftneiigshedy devegjiaceerdirg) tor glaine He characterized in
at rd ' 0 - t

forqp%gbrsedg? ?i]%lbtgﬁté't ?é}g IZ%tsoérter% e%r@sg%%era %glépr#ﬁ (d%%)gl (3a) and a
corgeneeilin dpwerpanetidb) desigoedtadachiseocantp! ohtheofehidieadugng stalls
1 ta‘ﬁduve%har acterized in that the plane's trajectory

is corrected by noving at | east one cover elenent (3a,

53b) of 8he dEpaceeraftt afterbddy devdiataecqrdinigt tcodaing @ ch&acterized in

C3 n osi tion maski t | ane’ rocket

e ST eE oBiiert efmaMee o erish fuf clenersly ¢ 8fAl Rgpels (30, 30)
f ordeaighedi ithachioe! dontrobsfaké vehitlbuhgaspirkd 14 - Met hod

Lo <40 St Seksvar i caarlonis o A o e
t o clalms RhareteRizbd afltHan thd ddverleleh@f o e§ PBREls (3a, 3b, 3¢, 3d)
el enent (3a, 3b) of the device is noved to positions

1045 &rapgeR)as H%tafszm aroHpd the neazledde akihs, vehistaneen a

posi ti o reasddolera . i f '
pos L1 081 TRSa Iy o SERIG a5 ord/of B6 proceing

ae P_lswés raglerigedinthahietdeveneemenhecrp)jsestiaselsi designed to form
L1 8 00 gk SoRESE ol SRS b OTRLgFLF, FKES: o et t
po&q?@%hé@lginéa,th@sy bet ween a position masking the

15BN, 518 02 HacBA R EE s lachife bt S5RE R torang 1
any one of the preceding claims characterized in that the spacecraft is a space
plane (11) fitted with atmospheric engines (9) for the atmospheric flight phases of
the plane.

13- Method for correcting the trajectory of a space plane (11) comprising

20  a device according to any one of claims 1 to 11 characterized in that the plane’s
trajectory is corrected by moving at least one cover element (3a, 3b) of the device
to intermediate positions (C4, Cz, C;) between a position masking the plane’s
rocket engine nozzle (A) and a fully deployed position (B) for aerodynamically

| braking the plane.

25 14 - Method for optimizing the rocket engine of a space plane (11)
comprising a device according to any one of claims 1 to 11 characterized in that at
least one cover element (3a, 3b) of the device is moved to positions assisting the
rocket engine jet breakup, between a position masking a nozzle of a rocket engine
of the plane (A) and a fully deployed position for aerodynamically braking the

30 plane (B). the plane’s trajectory is corrected by moving at least one cover element
(3a, 3b) of the device to intermediate positions (C4, Cz, C3) between a position
masking the plane's rocket engine nozzle (A) and a fully deployed position (B) for
aerodynamically braking the plane.



