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1 DEVI CE FOR REDUCI NG AERODYNAM C DRAG Thi s invention
relates to a device for reduci ng aerodynam ¢ drag
caused by the rocket engines of a spacecraft such as
a space plane in the flight phages where these

engi nes are not yet used while allow ng these engi nes
to operate in the atnosphere/ non-atnosphere
transition flight phases and in the subsequent 5
non- at nospheric flight phase. In particular it finds
its application for ace vehicles that conprise a
traditional e[éEVIaGEE REPUEINGABRQRYNAMIEC PRAM
and rocket propulsion for the flight outside the
atnosphere A vehicle's resistance to novenent due to

its r i
fl ovvs ﬁﬁévghdﬁeﬁtlbggwy@%o??m rﬁgg?ﬁ‘ %gﬁ{?%@ﬂ%g caused by
oh‘herrmukag engetescbfa bpacereaft suchl asta spacedlame in the flight phases

vehi cl e, which reduces ssure at t re of the .
v\@ﬁs?@ fieskerigings aiS 2o 5pb RecH uille, alftuing Jhese entifes to operate in
' S[rﬁo Heteifdndat pd traDn%ﬁﬁinVﬂlg%?lﬁHds@BSa;%'|ﬁtthe subsequent
educe the rea rag of vehiclés and in

pmn-latmbabheﬂﬂihghbnlsasne knovvn wherein a vehi cI e S

rear profile is re i ze one a :
01 at o paruls iy Aade 6, BPpeAIRRs forsRHEs Srifles that comprise 2
dipsditienal &bridilefyine 98P thaddimdgpheaw fllgHtl &6d irebket propu!smn for the
profiles as described for exanple in docunent EP O

2ffighbaatsidslbeatmespbettnnul ar appendages as in docunent

(540 A Ve kB0 0088051 By P B fown o base

s such as nobile slats as described in docunent
us 411 399 or anlntjectlon of fluid in the rea ff
the vERe dluidiflows deat bave difficuly falewings the re%rpiﬂawles of moving

V\?éHl&l}eﬁ%e%PrféeMrBHIehYBleﬁﬁg%g' ViicIB” SRR rediucBt g‘?%@sgjre at the rear

propel’Ting nozz €t engines only cre
sofethe veemivke tindfcreateg dostumgs&aslétang:aeto tife whdcletsdfor&ard movement.
s a role in the vehic

rof | Basdie Cenibians el iAo EPbivg: S ciedk GGtk pf vehicles and in
Sﬂﬁﬁ'ﬁﬁfé? SSB{%PQF ah kﬂg)ﬂrﬁ wherelrPa veRRid'Biresr Plofiid'® realized as a cone
by using an mﬂatable bladder as described for example in document DE 41 01
960, adding flow deflection profiles as described for example in document EP 0
273 850, one or more annular appendages as in document US 6 297 486, lateral
deflectors as in document US 6 926 345.

Other realizations are based on active means such as mobile slats 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.

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.

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

one third of the vehicle's total drag).
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2 That is why, for exanple, when the Anerican space

shuttle currently in service is transported by

airplane, it is equipped with a conical rear cover

masking the nozzles of its rocket engines. On the

ot her hand, this cover cannot be used when this

shuttlf IS, Ia nched 5 b cau th V\Ru d. be necessary tlv in
to jetihdh YbéP'o PEANE ’t‘fv Ent B rOEERN TRy ShUttie currently
W GikeVie Qiﬁsﬁﬂh@ﬂ'bydﬁ&blﬁﬂé Ng isPeGUIPPEE $MEa cohRas$ fear cover masking
devi ce ensuring that no debris coul d damage the
sﬂi‘@tﬂﬂﬁleﬂoﬁlmr%etse@glsesa mlarly, renovable active

g:\élaﬁsé G{hgﬂg‘?f hﬁi&a\w o%%%( ec%ﬂﬁ?ggég{}%g ?his shuttle is launched

Oﬁ@éa’ﬂslenﬂ WhER béOndutdshpy ®rjettisbheis hefyret Ggﬁtlrig ¢he rocket engine,
onplex to inplenent, since they nust be | oyed
mwhwbuwoyicbaﬁntwb d@&tgmngjrmlcumt&ﬁ@lﬁ@ns@e%% tgRsuring that no

rs in atnospheric
fﬁ?‘%ﬁ C&'@lgr#l ar ytHeggs}Jl"}ntgggEm]%/ %IF%I i njection
devi ceSimuztlyd reaguabe bbiived Idewd:esoarieeduffammr forda ispackeplane to use

vehi cl e, which would reduce its, payl oad. gi’é\rtlng
 berAuse thepare heavy angHeauredgyiceniiar oRRralng SEMs t o

realiz t t [
ot ‘PGS, SRS AL AELID fBrEnt i oy must be

r@epbdeyeebwgthwt qreating addd;eptab;tmthegmaeiwewmrdtmwd@t engine is
pr o of debr.is d .t risks of this debris

'Qr‘it?‘ﬁ ﬁ'&&eﬂ%&" tﬂ?‘?i?ﬂ'&' ?l&ghjo this, the present

' nventsmaﬁryomﬁ@s aéﬂﬂ?‘ﬂ'uﬁ:ﬁlrf é’c!ttohedéﬁbé‘ﬁ voLi€ eglive the fluid to be
20 aer odynam c “81 eq UI with at |east one engine

f tarried lmithewahlplen lqzl'eWOp ucen@ payleads proj ecting

S’V%S?dﬁ?ﬁq%ﬁ ?lftllgv\%r? I &e aﬁp oqftﬁlﬁsaﬁﬁggﬁg% tté r8dlize a rocket

V@r'ilglﬁé czzle eSS de\m:bcthat RONGHt! sideplel dbeasiot Gireler the starting up
el ement, for masking at |east one part of the nozzle

of theegm S Ianginet RPSes naederjpwlen Pﬁéblemsna%taé@ldsq projections of
98O aR4 Fre kN A BebRErRY BiiardP g oC.

ures and advantages e |nv%nt| oh will be

bet t erngl rmdﬂhﬁ dloel présentemhm@ntmepdsss ai dnwwfmfreducmg a vehicle's
non- I imting exan‘pl e of realization of the. i nventa
virenedypamic éHag EsuipRe With Rsleaghi e gngipe fitte with a jet pipe

propelling nozzle projecting beyond the rear of the vehicle’s fuselage and getting
wider the farther away it gets from the rear of the vehicle’s fuselage, which
comprises at least one element, for masking at least one part of the nozzle, in
resorbable material designed to be eliminated in the nozzle’s flow once the engine
is ignited.

Other features and advantages of the invention will be better understood in
reading the description of a non-limiting example of realization of the invention with
reference to the drawings, which show:

in figure 1: an exploded schematic representation of a space plane
comprising the device according to the invention,

in figure 2:  a half-view in cross-section of an example of realization of a

device according to the invention,
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in figure 1: an expl oded schematic representation of a
space plane 30 conprising the device according to the
invention, in figure 2: a half-view in cross-section
of an exanpl e of realization of ga device according to
the i nvention, in figure 3: a table representing

E,P et ggeg}%ﬁﬁgp b% t?tﬁlgb rﬁfg‘%%mgﬁbl W eq'g?é tuﬁebygg\gﬁcbgfgg)i?n following

t i igAKIBAtfARe hgirfe, fofMké nfaskiig BicfMenti of the devitedof the invention as
schermatic representation in cross-section of the

i adungtiogrofdiine’s of the device of the invention on an
S e S e e

for redu the aero

asf thesgwice of thecnvention smaneaifcraft ilselagelhe principle
of the_invention is to useéf\ pas?lve devi c%ﬂ;hat &an . ;
be el THiSHBVERHIYY PIPROSESCR &€ reduging: the,agrqdynamic drag of a

| W | ffer a ver

l1Qg ’%@g“ofg%}i?gg t g\ér%e;ﬂ %%ﬁ ty %ér)lgg: él?%'Oobt ai ned Y

througﬁhetpnrdmlegof tAdcndentiare inftot bse | anvpassiven deyice that can be
cFinfiztein v e @Gkl soBner fast AeDiF & Rniedgdpiecesseive device can

aé{sﬁroffew&' \Férg IrighfSQolﬂﬁoﬁ @he Péﬂ%bﬂlt;f erdstlis oBfaisedPtHrbugh its design.

ling t e ground. The exanpl e represented in
fi gur eThe idevicesphthe mvmeon dgjwiesignednia allew the prppekignition of the

2 fi d with t
215G IE‘Eler'r‘?gaB‘éJh%oC%@eter gl J°Be%PPl?D§?‘g§§gaJ{égzlébﬁgn, s0 as to
SBVSiE the #8Rs of Bebrigfaliid® w@hhung nozzl e of the
engi ne gets wi der the farther_ away it gets fromthe

rear of he exampie epresanieed|iadiouss 1tls ias SPAGRIPIanshgqyjpred with at

B o M B Bl D2 #BRaectng bevona the

Nk I0f Ahe flladesd of tie spaceiplaneconbusti on, fusion,
sublimation or by breakdown when it is sub ect ed

heat fTBWJetdB@EgN@ﬂe{"GQU@ZZJﬁ ot the, epgBie getsny ége(fagﬁher away it
OB FEHATE el 40005 5 s iy R

nozzl eThef htaskmg:eiet\me ecwhpesess ati geastedne masking element 5 in
resorbable material, i.e. a material that is eliminated by combustion, fusion,
sublimation or by breakdown when it is subjected to a heat flow, designed to be
dissolved or eliminated (by combustion, sublimation, liquefaction, pulverization or
other phenomenon of thermal destruction) in the nozzle's flow once the engine is
ignited.

The masking element covers at least one part of the nozzle, the rear part of
the nozzle 3 as represented in figure 2.

According to the example, the fuselage extends around a combustion
chamber 10 of the engine and around at least one part of the nozzle (3) of said
engine.

The device.is attached to the vehicle's fuselage at the rear extremity of this
fuselage in order to cover the part of the nozzle not masked by the fuselage and
extend the latter via a conical shape reducing the vehicle’s drag in its atmospheric

flight phase.
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25 The maski ng el enent covers at |east one part of the
nozzle, the rear part of the nozzle 3 as represented
in figure 2. According to the exanple, the fusel age

extends around a conbustion chgber 10 of the engine
and around at |east one part of the nozzle (3) of said

Fusel a5otte e sERel B b BPER AR ARG o of the nstallation

obfitle deviceuEihetiRfemis oRintdieraR fudetageos. rrasked by
the fuselage and extend the latter via a con

shape The weasiing plerent; is|secyred iythenraay of ammq ¢ of the vehicle
%%moggage},x,néh mesfdr@ 4 gives a schematic

resen Cross-section of the installation of
t he deVo @ﬂ!owfthei'reto be ectisent) te remowablerfadng mmvisa‘gleam designed to

e naskl el enent. is secured to the re r  of
E@ é?%’é’e  PREORNG K9 ﬁw BYAMBIRARREPREN f-‘Q ‘%&QHE’aﬁsthe removable
113ixm§ nl&arid gﬁ?@%‘ Jﬁq BRmHSon WitcH ﬁf@%’ﬁ@?kiﬁgfé!ém@:ﬁt is stuck or
means 11 are Si gne be renoved and, according to

t beerencided andepsetsdmutsi and baltgukde 4, the renovabl e
ok EREBer T G1a,0p b tuSoBBRfamAsa ke GeGRyedBy a system of
Mgl fibtdidrs ot 3hodRe fixing of the ring on the

fusel age can al so be achi eved by a systemof 10
t oggl eThasemovablerfixing mrans Theemairolixas! entheivehicirea figselage after

cEBRURIGh, o8 B35kt KE ey dRGrPE il e ne space planers

afdtein mftﬁdép&x:ﬁe-@d;@Eehém With Brriew Maskiley element ot @' rgplace them.
themwi th a new masking_el ement or to replace them

The mathe ﬁ@a%wasrelﬂmgnts%@mwnrfncqr@%%seemﬂ bnfigyrer2 gmdé‘lgure 4is a
5\5%9 i g %@nedfalg)? nice? sH %}’)%r fcﬂ @ﬁgr}ﬁéav%ﬂcl‘é‘%n fliage externally

ape proldngin e veh| e externa

thee nogzlz! ® ahdathe: ﬁiameieaméhrﬁnotm@et@sni“aligetthe farther away it
smaller the farther away it gets fromthe fusel age.
reRisfeamdhe fselRg®xanpl e of fi gures 1 and 4, the

fusel ages &HFW@?;&%I@ of HRURLES Y ey @r}ﬁgq’ﬁéelége l‘éfgt%nds around a

t he engi ne ard east ~one part of the no
otombustion chamber 10 of the engine and here at least one part of the nozzle 3 of

said engine, the masking element surrounding the part of the nozzle not masked
by the fuselage.

It is clearly possible in the context of the invention to provide for a longer
masking element if it is decided not to surround the engine and part of the nozzle
by the fuselage.

Rather than being closed behind the nozzle, the cover comprises a distal
opening 7 opposite the nozzle opening in order to let the hot gases escape at the
start of the engine’s ignition and not block the engine's emerging jet.

As shown in figure 2, the distal opening has a smaller diameter with respect
to the nozzle's opening in order to retain the most efficient aerodynamic profile
possible and so that the hot gases begin to burn the masking element very soon
after the engine is ignited.

Its cross-sectional area is a compromise between the requirements for the

engine’s ignition and the drag.
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20 sai d engine, the masking el ement surrounding the
part of the nozzle not masked by the fuselage. It is
clearly possible in the context of the invention to
provide for a longer masking elgenment if it is decided
not to surround the engine and part of the nozzle by

the fusel age. 25 Rather, than heing.clgsed behin

noszl off 8 RENBRCRRCL oGP S8R, g B fleh FpERlt Ry /s Fart 6Fa channet 8 of
ORRREEH idMeteIaAZhe HREO Ik Eovel dignal teelet ithe ehgine be ventilated
gases escape at the start of the engine's |gn|t| on

agdring @ part ok theneekinlg' s Bigbt withrtherngire nohyetignitadiand to allow the
f] 2 h j eni ng has a smal |l er di aneter
m#ﬁ#ﬁ?gﬁ%%éot&t?%ﬁ% eSég]gzzl e's opening in order to
r et ai NThé are8dbffabid frmaietial Gaehodemagi prefierably @ fédm material of low
possi bl e and so that the r#t,.-&fs_e_s begi n éo bur

igiepily n

neansityand Byusqery daht g@@p gidctodirari eiagroé]yga?r?ic constraints
| 90 Eﬁéjviphétﬁan%fﬁﬁ'tﬁé“ciéﬁ’gﬂirgh'i‘.f €a Is a conmprom se

bet ween e requirenents for the engine's ignition

and t hEheregprbablel matenalrdf dhé cavepisdcmoparostichythat itlis light and can

t he di st al ening i s rt_qf a.channel 8 of, reduced .

e reparoerh 8hn doxihes SPEL o theyftr TG s Ba2ele! TV fyeteral can be
S} [ ALl ‘

FPRLE B SPIGS! e 54 RSP dnd bl apurica polystyrene
t inelarpingi foeing, gxpandede SVEh| paljiutetand foamTor other light and resistant

resorbaj?l e nt'at.e ial 6 chosen is preferably a foam
nigsgrhalile hateHdl- density and thus very light but

suf fi Cirealskahddrdivehy i S@dhalitis, 2R Gatefiorshase s téicovér comprises
and the vibrations fromthe craft's flight. The

r dlaing A4l 20 aateincaeass its Agidt¥ver i s chosen such that

the ; oT¥ ARRRLE Eorth SEAREERIS Blffugr” of i Enof viich moreover
chexsefits ffromm R pestested Beviforanentigenerates = jeat wheof dhé temperature
expanded pol ystyrene, nel am ne foargaj expanded PVC

pang the flpaneate (?dﬁwséﬁhoﬂ“ﬁé#hw gredt @ VABS[IsR dhe COVéf very quickly. In
[GERIBRNE JRECIS BlereldhP SLRAERIE e W BRI betore the
sstabilized propulsignespeies is iegtablished.

For a fuselage rear diameter of the 2300 mm, a diameter 15 of the nozzle of
1500 mm and allowing a necessary margin for the displacement of the nozzle for
piloting the space plane, the interior diameter 15 + 16 of the cover is around 2100
mm. For good aerodynamic efficiency, its iength is around 3 m for a plane with a
length of around 20 meters.

An example of realization is realized with a one-piece cover in molded
expanded polystyrene.

Polystyrene is a good material for this application because it presents a low
melting temperature 150°C — 170°C, it is available in blocks of sufficient size so
that prototypes can be cut at low cost and, although it is considered a closed cell
material, it resists without damage a pressure reduction of 1000 to 30 mBars in 5

minutes, which qualifies it for an altitude of 25 km.
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15 The material is chosen so that the ignition of the
engi ne, which noreover benefits froma protected

envi ronnent, generates a jet whereof the tenperature
and the flow rate are such that ggthey nmelt and vaporize
t he cover very quickly In practice this latter is

prefer desi 0_hav InD t disa eare

t he @, itﬁdﬁﬁgr@ﬁiﬂ?@ @8@8 smgg{l elc gaggégue realized and,
F%oﬁ?fsﬁﬁ'%' Asfertgaamdl B &8 thfsel enfcsd pravicusly, polystyrene foam
di ame 15 of the nozzle of 1500 mm and allow ng a

niedbe cmethatimgilts tiest. t he di spl acenent of the nozzle

12, 2§ PRt 6 B BT o i s

apbpohamag efficiency, its length is around m for a
pl ane vvlth a length of around 20 neters. .
exanpl & particulgr aalysrans knawn ﬂeeewn%cwm%mar tsfgrence “UNIMAT

C ded pol ystyrene. Polystyrene is
PUFS 4RIt Wiif Be eRER ysty! |

a goo eria |s appl i cation because it

pr esenThisafdamw isnal ﬁnengobted)enalbuae Wwhdb melaraCthatt ang debris will
avai l abl e_in_bl ocks of sufficient size so that

p?l‘ﬂ’lﬂ%b #selbn be cut at |ow cost and, although it is

consi dgréifbAntbas sgiﬁy be GddBHS thé foéﬁn tbgﬁbﬁﬁéea plume when the
W t hout damage a pressure reduction of

nBagineiis ighitedi nut es, which qualifies it for an

altitu of 25 km 6 Further, its mec Lcal .

o o 2B i The SovEb el by el SAH35b Bk offgam is lued onto
afHN Girlg %H@aﬁtépéﬁ[]&lyf AR Humiiim 2wHiGP SerovRied enednterface with the
previ ously, ystyfene foam is the one that melts

bstsucturen addltlon |t is a material that is not very

cart cob ot et i, Aol ki, o 12 at e
I pFRRCRIH the Wer $:M Brcatomicreade it eetehtioen. This

foamis a fire-proofed material, which nmeans_that ‘% )
debr i sThe devicexsiattashed tothe fuselage Ry peaps pf thesfing. which remains

fﬁ%@d Bh ¥h& ﬂ.rsae‘iigféjaﬁr?r fl#ﬁnggﬁﬂb tefeREAPNSE dRaBbEaRd EiSthat it protects

engine 1s
the nozzle during re-entry.

l-lh

As seen previously, the ring is removed after landing for recycling.

The resorbable material 6 is covered by a skin 9 represented in figure 2 for
a better surface condition. This exterior skin, for example realized in epoxy,
increases the cover's impact resistance and allows the masking element to be
painted.

Taking into account a side load of around 20000N/m3, which is a standard
value in aeronautics, a breaking load of 200 KPa and a safety factor of 2, a skin
with a thickness of 200 mm of foam is required to withstand the bending moment
at the foam/ring interface. This thickness is reduced towards the end of the cover
opposite to the fixing.

The mass of foam is thus approximately 65 kg.
The aluminum ring is estimated to be 600 mm wide and 3 mm thick,

resulting in a mass of approximately 35 kg.
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The shape of the cover is cut or nolded and the bl ock

of foamis glued onto the ring advantageously in

al umi num which provided the interface with the

structure. 15 Striations or indentations 21 are

possi bly provided on the ring 12 at the interface

with the cover 6 in order to Increa [ r IL.on. -
The " aetpuEBIEheis .4 BateTs! Hat B8 R0k hhTe AN ¥ feat of fusion
r b8gausehof fits"orRcRgtalline edt@e. te the'seheghaad! érhasha specific heat
maski ng el enent has di sappeared so that itgﬁyotects

tawendnAhe lieratug ekclosertp. 1.3okHtkaxckh Bokstvirng pecome doughy at

rj [ ved after landing for recycling. The
bl FPED

r esor e rmaterial 6 is covered by a skin 9
repr eseolygtyreme’si onglting fempemtiret tier betwdeacei50 and 170°C. The
condition. This exterior skin, for e@npl e gsgg‘zed

elstaperatyre fdhe otEes B uting hssblockads se &y 100 and 200°C

UL ol B Tl e AR, Sorlpf s,

apelystydenalis sablined in frond wh dhé edre, avhicte aivoids ¢loggdingfthis latter. It is
200 KP. fety fact f 2 ' with .
crrsired el oBerin tsmesatrs oM e taeioht f30.009 m altitude) to
teoee Gall Y sTRTERSH: to Meli BEsUIMRe Hdmhatehr face. This

thickness Is reduced towards the end of the cover _
opposi The abrasiee effecthef. thedetisaoieonsideradather shamfer evacuating the

approximat el y .65 . Th [ um timated t
QPR s plie Saalue I VB RbIRORG 7o s of
appr oxTR&lgpaph #9filjdre 3 givdd ¥A tastinRionsofatheedigmetdr 201af the cover’s

does not have any | atent heat of fusion because of its
nepering dydime aecoeking to therapplisatiemepnsigated.it has a

<07 kolRsnaabia, Bppin. e rendIS dRuvi, 6 afafiRh dddimd, a flow of
51500 w24/ k20 S 6800 kWgmizenet tHarefore hebappimthinlofeand reduce the

170C. The tenperature of the hot wires for cutting
t PRlyBlysRNe at thessnees?fB/$- 100 and 200C dependi ng on

the cufd Eﬁgiti?)ﬁe%ert%%érﬁﬂjre’&@ﬂ’ﬁe Hafie oM Butput from the nozzle is
tenperature, the
estimated at 3000°C. This flame is in direct contact with the polystyrene. Stephens
law allows us to calculate the thermal flow, which is 5.67 10-8 x 30004 = 4600
kW/m2.

Thus, according to these data, less than 0.2 seconds will be needed to

make the cover disappear in front of the nozzle, where the thickness is around 10
cm, and 0.4 seconds to make it disappear almost completely. In practice, taking
the jet effect into account, it is probable that the polystyrene will be discharged as
soon as it reaches the point at which it becomes doughy and loses its cohesion,
i.e. after approximately 0.14 seconds. This length of time is to be compared to the
time required to establish the engine speed, for example 7 seconds for the Vuicain
engines of the Ariane rocket.

The_combustion of the polystyrene (C8H8) does not lead to the emission of
poliutants, which makes this material particularly suitable.

Moreover, the presence of the cover will reduce the aeronautic turbulences

in the nozzle and will facilitate the firing up of the engine.
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pol ystyrene is sublined in front of the wire, which
avoids clogging this latter. It is considered that a
rise in tenperature from-50C (anmbient at 10,000 m
altitude) to 10 170C will be s@gfficient to nelt or
sublime the material. The abrasive effect of the jet

gases, THEoBYERiER <BopSheriafy 1ilec 4 cstiorBlal Yeiclss. a schematic
T@ﬁar&F@Bf 'Whlf:h 98" given Gh iigura, e&lﬁeﬁ@tth@nﬁrﬁf gafeof the trajectory is

di ameter 20 of the cover's opening by tinme according
tensufedapwarbaemattt@abitm o prapulsign, vyth m!rmiscaar@peratmg with

BB S 5, "0 5, 3574, A1k gt 82 Foctet tpe o

| prapulisiont o reduce the polystyrene at the speed of 1

ms. In addition, the tenperature of th d%
out put The dRyantiornisygeul tirough ||?%f%‘31°é'9"3'0 ed "Tﬁr@b'es taking into

L o'y 66k B3ty ARG Rty s

f piawe thbn ghborbital ﬁYckiaOvShwlei)@ﬁMsmgle&lﬁge kW n2. Thus,
to these dat | ess. than 0,2 secqnds ,wi

R TR R ORI SN RN E A S —
nf&?éxemme% ddb% thB'cﬁhg%msﬁtes\,r.agmeéi%nbemd and 0.4

seconds 'to na di sappear al nost conpletely. In
practi the mmﬂtng |§510t limiteditodhé examiple sepresented, and in garticular the

Sé@\?earglglgp{eh ; thg@e S&X{pﬁ?s?%stvg "l@\?lﬁtlﬂﬁ' | 'tﬁ%e%%%%grgf? comprised two

dgﬁg,h)ésqjaqnd,,@ses its cohesion, i.e. after
approxi mately 0.14 seconds. Thi s length of tinme is to

be conpared to the tine required to establish the
engi ne speed, for exanple 7 seconds for the Vul cain
engi nes of the Ariane rocket. 30 The-conbustion of the
pol ystyrene (C8H8) does not lead to the em ssion of
pol lutants, which makes this material particularly
suitabl e. Mreover, the presence of the cover wl|
reduce the aeronautic turbulences in the nozzle and
will facilitate the firing up of the engine. 8 The
invention is especially suited to suborbital vehicles,
a schematic exanple of which is given in figure 1,
where the first part of the trajectory is
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ensured by an aeronautical type of propulsion, with

engi nes 17 operating wwth oxygen fromthe air and

foils 18, 19, before switching to a rocket type of 5

propul sion. The invention is usegful through the

reduction in drag it enables taking into account its

| ow mass and its sinplicity, the vehicle is in

two stages (carrier plane §%EQ§L§E§rbital rocket

vehicle) or a single stage. The invention can al so be

applied to multi-stage | aunch vehicle assenblies, 10

for exanple to reduce the drag of mssiles installed

onboargd. Thg inventi j | J7i e ;
Fopresbit o adBVE (8 rbdufith o' deibaitarhlel G s vehicle (1)
heygippad wvith at east-aree engina (2)t fitteds péthea rief pipeopropetiing nozzle (3)
WO . engi nes or nore. evi ce

t 9 CLAIMNS 1 - for . ,
- BiiesRg bREoTHb thayiear of EyChcie:s Juspiade (@1)and getting wider the

ffgl‘fh%’?%gvéyr ig gﬁ froRffile fz?il%g dfg?é %h‘c?é’sffbéélﬁ@g,v\éﬁdgaté‘therized in that it

I Ng Nnoz proj ecting beyon e _
r eempaées At leashionkanaskingalement 43) fandit deastiong padaf the nozzle, in

the farther away.it gets fromthe rear, of .the ,

VERegr e ot {e) defiange, b Pa el e Bozzle's flow once the
CORBihk € fyried! east one masking el ement (5) for at

| east one part of the nozzle, in resorbable nmaterial

(6) dedi-gnelevisetacoordingriatedaim 1 whereio ssdid reaskirgvelement (5) is a

h . s ianited 2 . .
PSfeni 2EPelaly cofifelbaps préfontitg B EHgeS idelde (4) extemally
| BeyortP (RS Abkale (8N anal thediamesiobOwBichogéts esrgiiarcthe’ farther away it
fusel age (4) externally 10 beyond the nozzle (3) and

t getsdramdbe fusslagdi ch gets smaller the farther away it
gets from tgggﬂ‘?gfg%%qngipp% QFan’ng \ﬁﬁ&%ﬁr?'ﬂﬁ‘gn%ﬁ?%c%%r?ses a distal

whereih the ses a distal ™ “openi
Oﬁp@ﬁthTI bppdsiiezthe mizele ogenidg. Devi ce according to

claim3 wherein the distal opening has a spal|er 15
di a!rretér Wi pﬁylpggﬁé@fdlpg to glaimod W rgmdpg,d?%al_ ggenlng has a smaller
%éﬁap%ﬁgaﬁ&éw tit ﬁbf%lé‘so&pe‘hiﬂﬁ‘.er ein the distal

5-  Device according to claim 3 or 4 wherein the distal opening is part of
a channel (8) of reduced diameter in the axis of the cover designed to let the
engine be ventilated during a part of the vehicle’s flight with the engine not yet
ignited and to allow the engine’s jet to establish itself.

6 - Device according to any one of the preceding claims wherein the
resorbable material {(6) is a foam material.

7 -  Device according to claim 6 wherein the foam material is chosen
from amongst expanded polystyrene, melamine foam, expanded PVC,
polyurethane foam.

8-  Device according to any one of the preceding claims wherein the
resorbable material (6) is covered by a skin (9) for a better surface condition.

9-  Device according to any one of the preceding claims wherein the

resorbable material (6) is a fire-proofed material.

10 - Space craft comprising a device according to one of the preceding

claims wherein the device is attached to the fuselage.



10

15

a channel (8) of reduced dianmeter in the axis of the
cover designed to let the engine be ventilated during
a part of the vehicle's flight with the engine not yet
ignited and to allow the engineyg jet to establish
itself. 20 6- Device according to any one of the

preced g chabe OGSl S TR0, SR b8age extends

is af

VAR bbmbhgﬁm BRAMIbER(10)0f2heeRgind. r om anongst

expanded pol ystyrene, nelam ne foam expanded PVC,

pol yur &2 hanSpﬁ%mfafZSagml’dj@Gl te dainbr 1@ whereinathe duselage extends

iR gV st e B e HOBIEHD O g Bt o

sur f ace3 con8phc®rrafd actendiraptcacnerafiotgms Qtam? whereifi the masking
the precedi ng clains wherein ape.. rgf?{ bahl|
nﬁlﬁaﬁrﬁus serured o the 23y fonedfusglage & t ex¢ehigle. bysprpavable fixing

qqypr|5|ng a device according to one of the
precealng clainms wherein the device is attached to
t he fusélag8pad® craft acQpding to adlaimactdbrwhereirt dhel mimovable fixing

10 wherein the fusel age t ends around a conbusti on
Iengrho2

ch&Rpecomryised npa e 12 - Space craft according

to clays 1OSPQ€é eérafil aﬁcérﬁﬁ'@ qgeoﬁét B dfaind OPmdoraH4 wherein the
| east one palt of the nozzle (3) said engine. 5 13

- regpenable mgansaddoof fi mgzgttbecmasbmg elernent on the fuselage are designed

ein the Kin is . secured to.th ar._of
e by Bamdd o RemerBlET Bxipy riafrafid fyelnba e venice's
(flbblagafter SEMISUSHOR' f tAE GRAsimg eleantal m 13 wher e n
the renovabl e fixing neans conprise a ring el ement
(12). 10 15 - Space craft according to one of clains
13 or 14 wherein the renovable neans (11) of fixing
t he maski ng el enent on the fusel age are designed to
be renoved, the renovable fixing neans remaining fixed
on the vehicle's fuselage after conbustion of the
maski ng el enent. 15



