1 DEVI CE FOR REDUCI NG AEROCDYNAM C DRAG This invention relates to a
devi ce for reduci ng aerodynam c drag caused by the rocket engines of a
spacecraft such as a space plane in the flight phases where these engines
are not yet used while allow ng these engLnes to operate in the

at nospher e/ non- at nosphere transition flight phases and in the subsequent 5
non- at nospheric flight phase. In particular it finds its application
for space vehicles that conprise a traditional aerial engine for the

at nospheric flight and rocket propulsion for the flight outside the

at nosphere. A vehicle's resistance to novenent due to its rear section is
known as base 10 drag. DEVICE FOREREDUGING AERODYNAMI@ DRAGI cul ty
following the rear profiles of noving vehicles beconme turbul ent behind the
vehi cl e, which reduces pressure at the rear of the vehicle and creates a
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an inflatabl e bl adder as described for exanple in docunent DE 4 .
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based orb actonvetnsspheriefiidhtahagebi l e sl ats as described in document US 4
411 399 or an injection of fluid in the rear of the vehicle in order to
fill the depresdiioparticular it findaeits AAppligatien der pingsel vaiucles fhat eomgpiess a
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t he vehi cl dlightarrsidg tieemtimpspfdree. I n contrast an unused engi ne
creates an enornpus .ampunt of drag (up to,one third of the vehicle' s total
dr ag) . A vehigle s resistance to mgvgment due 10 its rear section is known as base

10  drag.

The fluid flows that have difficulty following the rear profiles of moving
vehicles become turbulent behind the vehicle, which reduces pressure at the rear
of the vehicle and creates a strong resistance to the vehicle's forward movement.

Passive solutions exist that reduce the rear drag of vehicles and in

15 particular solutions are known wherein a vehicle's rear profile is realized as a cone
by using an inflatable 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.

20 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

25 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).



2 That is why, for exanple, when the American space shuttle
currently in service is transported by airplane, it is equipped with a
coni cal rear cover masking the nozzles of its rocket engines. On the other
hand, this cover cannot be used when this,shuttle is |launched 5 because it
woul d be necessary to jettison it before Tgniting the rocket engine, which
woul d entail desjgning a cunbersone rel ease device ensurin%]that no debris
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proposes a device for reducing a vehicle' s 20 aerodynam c drag, equipped
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conpri ses ategi®ast witheuebesating, additionsskagghamsehast whae tharbekét dhgne is
nozzle, in resorbahle nmaterial designed to be elimnated in the nozzle's

flow once t#RI&hgiHeh osewsiigatmagpheric flighior her features and advant ages of
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drawi ngs, wanddd ghitwrvehicle, which would redugeeitd pagoadxpl oded schemati ¢
representation of g space plane 30 SRSl DL St hes Ao ROY toure
engine nozzle cowling device that is light, simple, does not hinder the starting up
of the rocket engine, poses no deployment problems and avoids projections of
debris and the risks of this debris falling towards the ground.

To do this, the present invention proposes a device for reducing a vehicle's

20 aerodynamic drag, equipped with at least one engine fitted 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

25 s ignited.

Other fealures 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:

infigure 1:  an exploded schematic representation of a space plane

30 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,



in figure 2: a half-viewin cross-section of an exanple of realization of a
devi ce according to the invention, 3 in figure 3: a table
representing the opening up by conbustion, following the ignition of the
engi ne, of the masking elenment of the device of the invention as a function
of tine; in figure 4. a schematic representation in cross-section
of the installatiqn 5 qf thelggvice of .the invention on an aircraft

fusel age. INTPUES i 'nv_éhfei rpeSEaH0 e ePRRIBGr U DY LRipPYRfions dollowing
aer odynanmi Cth@riéfﬁiti?fﬁ o@_trY@Bhgﬂn%, &f BHChadRiING SPREHt B fﬁged@xﬂéé BL&%ﬂgﬁh@%H‘ﬁQer :

The principle 0 e invention Is to use a passive device that c

el i m nat ed ®jundiienrdddike; engine itself when it is ignited. The passive
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conbustion, sublimtion, |iquefaction, pulverization or other phenonenon of
t her mal desrPFEj%tt egineand e reppiaie LIMiBAIieH o8 the sexics fter gniten; sedas 2B The

maski ng el %@Htl@ﬂﬂssﬁenﬂr ﬂ‘éﬁingqgttﬁ@&oﬂd.the nozzle, the rear part of he

nozzle 3 as represente i gur
The example represented in figure 1 is a space plane, equipped with at

15 least one engine 2 fitted with a jet pipe propelling nozzle 3 projecting beyond the
rear of the fuselage 4 of the space plane.

The jet pipe propelling nozzle of the engine géts wider the farther away it
gets from the rear of the vehicle's fuselage as it is traditionally known.

The masking device comprises at least one masking element 5 in

20 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 nozzie’s flow once the engine is
ighited.

25 The masking element covers at least one part of the nozzle, the rear part of
the nozzie 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.

30 The deviceg_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.



According to the exanple, the fusel age extends around a conmbusti on chanber
10 of the engine and around at |east one part of the nozzle (3) of said
engi ne. 30The devicels attached to the vehicle's fuselage at the rear
extremty of this fuselage in order to coyer the part of the nozzle not
masked by the fuselage and extend the latter via a conical shape reduci ng
the vehicle's drag in its atnospheric flight phase. gure 4
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to re-equi pdh@Bd MndaR@WoMRSHS 4l @éqwt or to replace them The masking
el enent 5 shown in cross-section in figure 2 and figure 4 is a 15 cover in

a general |y conildw fl%ﬁﬁ[@é the singry Hip fuselagshean also besehiwyeddut amsyatany of
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it gets According to the exanple of figures 1 and

4, the fusel age Fd rimovabI@fiRmganeandydtreanis iredon the vehidlidle fesghgs akead
here at | east one part of the nozzle 3 of 20 said engine, the masking

el ement surGREURiELg ohéheapasking emast AN At remoKed afiertthe sprRes afne's
return in order to re-equip them with a new masking element or o replace them.

The masking element 5 shown in cross-section in figure 2 and figure 4 is a

15 cover in a generally conical shape prolonging the vehicle’s fuselage externally
beyond the nozzle 3 and the diameter of which gets smaller the farther away it
gets from the fuselage.

According to the example of figures 1 and 4, the fuselage extends around a
combustion chamber 10 of the engine and here at least one part of the nozzle 3 of

20 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.

25 Rather than being closed behind the nozzle, the cover comprises a distal
opening 7 opposite the nozzle opening in order tc let the hotf 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

30 possible and so that the hot gases begin to burn the masking element very sgon
after the engine is ignited.

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

engine’s ignition and the drag.



It is clearly possible in the context of the invention to provide for a

| onger masking elenent if it is decided not to surround the engi ne and part
of the nozzle by the fusel age. 25Rather than being cl osed behind the
nozzl e, the cover conprises 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 bl ock the engine's ener own in flgfre 2, the
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shape of the cover conprlses ribbing 14 so as to increase its rigidity.
15The nat erP8ProadleRgdRialso that the ignition of the engine, which noreover

In a standard way in aeronautics, the interior shape of the cover comprises
ribbing 14 so as to increase its rigidity.

15 The material is chosen so that the ignition of the engine, which maoreover
benefits from a protected environment, generates a jet whereof the temperature
and the flow rate are such that they melt and vaporize the cover very quickly. In
practice this latter is preferably designed to have almost disappeared before the
stabilized propulsion speed is established.

20 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 length is around 3 m for a plane with a
length of around 20 meters.

25 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

30 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.



benefits froma protected environnment, generates a jet whereof the
tenperature and the flow rate are such that they nelt and vaporize the
cover very quickly. In practice this latter is preferably designed to have
al nost di sappeared before the stabilized @ropulsion speed i s established.
20For a fusel age rear dianeter of the 2300 mm a dianeter 15 of the nozzle
of 1500 nm and allomﬁngsa necessary margin for the displacenent of the
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The shape of the cover is Cut or molded and the block of foam is glued onto
the ring advantageously in aluminum, which provided the interface with the
structure.

15 Striations or indentations 21 are possibly provided on the ring 12 at the
interface with the cover 6 in order to increase its retention.

The device is attached to the fuselage by means of the ring, which remains
fixed on the fuselage after the masking element has disappeared so that it protects
the nozzle during re-entry.

20 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.

25 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 gkin
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.

30 . The mass of foam is thus approximately 65 kg.

The aluminum ring is estimated to be 600 mm wide and 3 mm thick,

resuiting in a mass of approximately 35 kg.



The shape of the cover is cut or nolded and the block of foamis glued onto
the ring advantageously in alum num which provided the interface with the
structure. 15Striations or indentations 21 are possibly provided on the
ring 12 at the interface with the cover 6.,in order to increase its
retention. The device is attached tZ) the fusel age by neans of the
ring, which remains fixed on the fusel age after the maskjing el enent has
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opening by time according to the application considered.

15 Taking into account the material’'s density of around 24 kg/m3, a flow of
1300 x 24 x 220 = 6900 kW/m2 must therefore be applied in order to reduce the
polystyrene at the speed of Tm/s.

In addition, the temperature of the flame on output from the nozzle is
estimated at 3000°C. This flame is in direct contact with the polystyrene. Stephens

20 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

25 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 ioses iis cohesion,
L.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 Vulcain
engines of the Ariane rocket.

30 The combustion of the polystyrene (C8H8) does not lead to the emission of
pollutants, 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.



10 170C will be sufficient to nelt or sublinme the material. The
abrasive effect of the jet is not considered other than for evacuating the
gases, drops and soot due to the cover's conbustion. The graph in
figure 3 gives an estimtion of the dianef,er 20 of the cover's opening by
time according to the application considered. 15Taking into account the
material's density of around 24 kg/nB8, a flow of 1300 x 24 x 220 = 6900
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5 propul sion. The invention is useful through the reduction in drag
it enables taking into account its lowsnmass and its sinplicity, whether the
vehicle is in tw stages (carrier plane then suborbital rocket vehicle) or

a single stage. The invention can also be applied to nulti-stage
| aunch vehi cle assenblies, 10 for eXdnpMs to reduce the drag of missiles
i nstall ed onboard. The invention is not limted to the exanple

represented and in particular the cover el enent can have an oval

cr oss- sdbt ingentioh cleinedspacecraft conprised two engines or nore. 9 CLAIM
The invention clainmed is: 1. A device for reducing the aerodynam c drag of
a vehicle, equipped with at |east one engine fitted with a jet pipe
propel | ilng ndzichiec fr ojdecnd thgadredyomdictibig of earhidd, eatigped etiihel leass ofarseinage and
R e S P e
one par tvidef the rethaomely &, extehds frrmstoe rgr el tereshiclelsdmslos |t1wgiev1e<smrbva1mne alrtetsier i al
desi gnedyd Q. RS ein@m&tmﬂeagt Bnd %ﬁad}géeé8?21%rtl%lng\r%k?%&@m%g%?gﬂ%h Godofbpb@N! gg
ext er nalager lbleijcsgﬁcbdttmbe mm&é laﬁ?d ngetasdiomagice Bk leygindia paded whardesred t he
o e R R T LT S DS
t he covesodiwenizalsi shepeddo mh‘@e@mmdﬂml@n@m #idbe vebicleaway from the fusel age.
3. The device according to claim2 wherein the cover conprises a distal
openi ng opposite the nozzle opening. 4. The device according to claim3
wher ei n2t he dhsdeyiccopeniimgo hiasn hwberginisaid colicaivshaped Wi a generalbropicaltsbapchibe
openi g BRELL o g URRBEN Lo REERLER Bkl B MOBLE Tl Wi th the
axis of the cover, the channel designed to |et the engi ne be ventil ated
dur 19,8, PR i CheNSGUABA) SRy £ AR I 1ol DR SI0L B HE LB 6O and
cIa|n1|nwhéMmmnnghe resorbable material is a foammaterial. 7. The device
according to claim6 wherein the foammaterial is one of expanded

pol ystyrene, nel am ne foam expanded PVC, and pol yuret hane foam
4. The device according to claim 3 wherein the distal opening has a smaller diameter with

respect to the nozzle's opening.

5. The device according to claim 3 wherein the distal opening is part of a channel of reduced
diameter and is coaxial with the axis of the cover, the channel 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. The device according to claim 1 wherein the resorbable material is a foam material.

7. The device according to claim 6 wherein the foam material is one of expanded polystyrene,

melarmmne foam, expanded PVC, and polyurethane foam.

8. The device according to claim 1 wherein the resorbable material is covered by a skin for a

better surface condition.
9. The device according to claim 1 wherein the resorbable material is a fire-proofed material.

10. A space craft comprising a device according to claim 1 wherein the device is attached to the



8. The device according to claim1l wherein the resorbable material is
covered by a skin for a better surfacelccondition. 9. The device accordi.ng
to claim1 wherein the resorbable nmaterial is a fire-proofed material. 10.
A space craft conprising a device according to claim1l wherein the device
is attadiedgeo the 10 fuselage. 11. The space craft according to claim 10
wherein the fusel age extends around a conbusti on chanber of the engine.

12. The space craft according to claim 10 wherein the fusel age extends
around at. | edbe spppecrphrdeoding theaimofzterapf the Gisclagsregiend. aroun@ a cTilisipace craf t
accordi | wherein the masking element is secured to the rear of
t he fusgﬁgg%l%fﬁéﬂg&%ehlcle by a renovable fixing nmeans. 14. The space
craft according to claim 13 wherein the renovable fixing nmeans conprises a
ring el nt Gl Al £l

Fempvabi2 11 g e RRRE LA DR e p bR OB TG oL g
means r élregiopdlnef shidxeginon t he vehlcle s fusel age after conbustion of the
maski ng el enent. 16. A device for reducing the aerodynam c drag of a
vehi cl e, equipped with at |east one engine fitted with a jet pipe

propel | ildg ndhkebrecprd] aceiding thdyiond wivesir bamagdng damonti seshiesd 4o the et elge and
gett'ngﬂ%ﬁﬁ%ﬁ@égﬁhgéﬁﬁdgﬂ éﬂ%@%mb%fﬁﬁ%?&ﬂ&;fro”‘the rear of the vehicle's
fusel age, devi ce conprisin ast one masking elenment for at |east
one part of the nozzle, the nasklng el ement conprising resorbable materi al
desi gneq4t 0 %e a&é@rﬂ?%c%&dln 1’3 Bﬁlﬂrﬂ%%lepeil§th£ }e%v%@ﬁvrif@ﬁeﬁg gé)rﬂpfrlsk a LG ted,
wherein said masking el enent is a cover in a genera coni ca

pr ol ongielsperthe vehicle's fusel age external ly beyond the nozzl e, the

di aneter of the cover decreasing as the cover extends farther away it gets
fromthe fuselage. 17. The device according to claim16 wherein he cover
conpri sé8 a dhstmate apericogingppdsintld wheeimibe rrwvapehiingneans 8 deTieddebd ce
accor di I r
wth rcanutbiE R ShbleLNIh R Reabten i Ty PRERL O I R AR R BT | 17
mherelnﬁmhembngﬂahmmpenlng IS part of a channel of reduced dianeter and is
coaxial with the axis of the cover, the channel designed to |l et the engine
be ventilated during a part of the vehicle's flight with the engi.ne not
yet ignile.ed anitvicofakddoving the agndyinmoeicshrjget a tvehids teabipped wiihtas kbt one engine

fitted with a jet pipe propelling nozzle projecting beyond the rear of the vehicle's fuselage and getting
wider the farther away it extends from the rear of the vehicle's fuselage, the device comprising at least
one masking element for at least one part of the nozzle, the masking element comprising resorbable
material designed to be eliminated in the nozzle's flow once the engine is ignited, wherein said
masking element is a cover in a generally conical shape prolonging the vehicle's fusclage externally
beyond the nozzle, the diameter of the cover decreasing as the cover extends farther away it gets from

the fuselage.

i7. The device according 1o claim 16 wherein the cover comprises a distal opening opposite the

nozzle opening.

18. The device according to claim 17 wherein the distal opening has a smaller diameter with

respect {o the nozzle's opening,.

19. The device according to claim 17 wherein the distal opening is part of a channel of reduced
diameter and is coaxial with the axis of the cover, the channel 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.



11 20. The device according to claim 16 wherein the resorbable material is
a foammaterial. 21. The device accoriding to claim20 wherein the foam
material is one of expanded pol ystyrene, nel am ne foam expanded PVC, and
pol yur et hane foam 22. The device according to claim 16 wherein the
resorbable material is covered by a skin for a better surface condition.
23. Theadlevi o ALLOLCLREAYE IThAl AL BET &bl Gl BI0! PRBLGLEr T8l 15 a
fire-proofed materrial. ]ftjl space craft conprising a device according to
claim 16 wherein the device is attached to the fuselage. 25. The space
craft aegcordi LM o24 MRS R R & :

conbust iggn cEg %{r%e g(lfcgl;dﬂ]é;% %ﬁig ] ne@l%é%&%fﬁ%ﬁgggggal ?rgg? tH ﬂ%@%@% ﬂ)é{i‘}frgmél aim
24 wher wichminydodny sepondgs I emtisphaveeand fam. | east one part of the nozzle of
said engine. 27. The space craft according to claim24 wherein the masking
el enment is secured to the rear of the fuselage of the vehicle by a
renovabl?® fi Xhedpviveagverding28claifihkd wipacietbe rapibalde watedil ngcoveed bai sipfpr dher ei n
the re - Xl ans conprises aring elenment. 29. The space craft
accor drﬁéét%?‘loll?%%a(‘:&%&g%er ein the renovable fixing neans is designed to be
det achabl e, the renovable fixing neans remaining fixed on the vehicle's

fusel ag%'af U @he &Qfgp H&:Hdﬂ{é 10 Eiai‘ith% »Ui?e%éih e rc%hx%%@hmterial is a fire-proofed material.

24. A space crafl comprising a device according to claim 16 wherein the device is attached to the
fuselage.
25, The space craft according to claim 24 wherein the fuselage extends around a combustion

chamber of the engine.

26. The space craft according to claim 24 wherein the fuselage extends around at least one part of

the nozzle of said engine.

27. The space craft according to claim 24 wherein the masking element is secured to the rear of

the fusclage of the vehicle by a removable fixing means.

28. The space craft according to claim 27 wherein the removable fixing means comprises a ring
element.
29, The space craft according to claim 27 wherein the removable fixing means is designed to be

detachable, the removable fixing means remaining {ixed on the vehicle’s fuselage after combustion of

the masking element.



