WD 2009/ 047250 PCT/ EP2008/ 063397 1 METHOD AND DEVI CE
ENABLI NG A ROCKET ENG NE PUMP TO BE DRI VEN BY AN
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The technical field to which the present invention
relates is that of high- 5 thrust rocket propul sion,
like that required for a space |auncher. For this type
of application, there are three famlies of
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~propel lants used: solid propul sion, wherein the
propellant is stored in a conbustion chanber, |iquid
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which uses a liquid propellant and a solid propellant, and wherein a liquid
propellant must be transferred to a combustion chamber in which a solid
propellant is stored.

The present invention relates more precisely to devices for transferring
15 liquid propellants to the combustion chamber and more specifically to the drive
system for this transfer.

In order to be capable of providing high thrust, rocket engines must run at
a high pressure of several tens of bar, for example from 30 to 50 bar for Ariane
engines, with a high flow of matter.
20 In the case of liquid propulsion, it is the propellant feed system that must
provide this fiow and this pressure. Two methods are commonly used to produce
this pressurized feed: direct pressurization of the propellant tanks and pumping
with pumps from a low-pressure tank.



The first solution has the virtue of sinplicity, but

requi res tanks capable of w thstandi ng high

pressures, which creates problens in terns of mass and
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very high temperatures in the turbine and very large temperature gradients in the
fransmission shafts between the turbine and the pump.
This thermal gradient effect is further accentuated when the propeliants
25 are cryogenic, the pump temperature being several tens of degrees Kelvin while
only a few centimeters away, the temperature of the driving centrifugal turbine is
more than 1,000 degrees Celsius.
Lastly, because of these extreme operating conditions, starting a

turbopump is difficult, with one part being cooled, the other being heated, and the
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started in flight, and can in
On the other hand, the energy source that powers the engine must be
20  capable of supplying a power that is measured in megawatts during the thrust
phase, which entails significant mass and size constraints for this energy source
and for the means for powering the electric motor.
The energy storage system and motor are ultimately very heavy.
The object of the present invention is to provide a system for driving a
25  propellant pump that is simple, reliable, can be started in flight, and can in
particular be used in reusable propulsion systems.
To this end, the invention proposes replacing the turbine engine of the
pump or the electric motor with a simple device, separate from the propellants,

which can be started and controlled independently of the operation of the
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20 American standard ASTM D1655 and its various revisions, and essentially as
described, for example, in Article 19 of the 2007 FIA (International Automobile
Federation) regulations, or the EN 228 standard in a second variant.

According to a first advantageous embodiment of the invention, the
internal combustion engine is a piston engine.

25 According to an alternative embodiment, said internal combustion engine
is an axial turbine-and-compressor engine.

Advantageously, said axial turbine engine is a helicopter engine.
The invention also relates to a device for driving a pump for fueling a
rocket engine that includes an electric starter for said internal combustion engine.
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According to a first advantageous enbodi nent of the
invention, the internal conbustion engine is a piston

é?l ne. 25 According to an alternative enbodi nen
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and for starting to fuel the rocket engine,

- an adjustment of the flow rate of the pumps by adjusting the rotation
speed of the internal combustion engine or engines for driving the pumps.

The invention is particularly applicable to reusable launchers and applies
in particular to a space plane, i.e. a space launcher capable of taking off from the
ground like an airplane, then leaving the earth's atmosphere to reach outer space.

In space, these space planes use a non-fuel-breathing propulsion system
of the rocket engine type. For their atmospheric flight, they use air-breathing
propulsion systems such as jet engihes.

The invention makes it bd%s"iae to drive the pumps of the rocket engine of
the space plane with a robust and proven device using an oxidizer and a fuel that



20 - an adjustnent of the flowrate of the punps by
adjusting the rotation speed of the internal
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a satellite, insofar, of course, as the replacement of a centrifugal turbopump drive
system is desired.

According to Fig. 1, the internal combustion engine 1 is coupled with the
shaft of the centrifugal pump 2 by a shaft 20 through a clutch 21 of a type known
in internal combustion engines.

The air-breathing internal combustion engine is used in a non-atmospheric
flight phase and is fueled by means of a tank 4 placed in proximity to the engine.
lts supply of oxidizer is provided by means of a tank 5 of compressed air
equipped with a pressure reducing valve 6.

Thus, an air-breathing environment is simulated through the use of a
compressed tank and a pressure reducing valve.

The compressed air may be replaced by oxygen- or nitrous gas-enriched
air, a method which increases the available power and reduces the onboard




application of a rocket engine, be it a | auncher
stage, an interplanetary vehicle or a satellite,
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20 The use of an engine fueled by its own fuel and oxidizer tanks also makes
it possible to eliminate the complexity of the fuel supply system of a turbine,
which requires a branch in the fuel supply circuit of the rocket engine.

Moreover, internal combustion engines such as piston engines and axial
turbine-and-compressor engines by nature offer a much more stable speed than

25  centrifugal turbines driven by a hot gas generator, thus solving the problems with
the operational stability of the pump.

In addition, the use of a separately fueled internal combustion engine
makes it possible to avoid the risks of an overspeed of the turbine in the phase in

which the propellants of the rocket engines are exhausted.
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20 when these pressures are supplied by centrifugali pumps driven by a single
centrifugal turbine.

For purposes of an exemplary embodiment, the following hypotheses
corresponding to the case of a concrete embodiment in the case of a space
plane will be considered:

The rocket engine uses liquid methane (LCH4) and liquid oxygen (LOx);
the engine runs at an engine inlet pressure of 50 bar for liquid oxygen and 60 bar
for methane; it runs for a period of about B0 seconds and requires 7.5 tons of
propellants.

Furthermore, the pump speed is on the order of 15,000 rpm. This is the
usual speed for LOx and LCH4 pumps.
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10 - precise and easily variable adjustnment of the
rotati on speed of the engine, making it possible to
v np flow rate and outlet pressure as_a
fadr&% 505‘@472# the speed required, particularly at CTfE2008/063397
startup of the rocket engine, 9 whereas turbopunps are
generally capable of only one rotation speed - the
capablllty to drive the fuel and oxidizer

separ atf@Icglculgte He opesatingaarametsss of thel @aws\ﬁ&wngtme pumps, it

MiXtddE@mb@ldsOa %s&&aﬁ@é %Z%otﬁ@&s gﬁé‘lp‘tﬂel ﬁ'ﬁﬂ!mﬁh\oﬁﬁlc:ency of the

separ at el y I'n ord ferences I n
prRYSYLIS Ondhe prdes 0!‘ ﬁ@%cfpr 8 bP8-ka Iprogedlont masstotheecaragressed.

of cr y?ﬂ@%ﬁeﬁ%@rﬁ:&'ﬂég%?@u%?% gﬁgl%&ﬁ%te!yfgo‘[ [neo‘;( %g@ e flow rates

hydr ogen or ten"uséed (ofe]0)

n@!& lagsurmed 40 beecanstant mb8§3di b eof diqtiidf avaigenyandi T8 Ips of liquid
%Jﬁ?es in the engine inlet. It is difficult to

adJ us he opti mal operating point 20 when these

pr essuBessdioa thembbmﬂnélgrspembni if ugraks ol s Iquimizlvmdygbry pump,

AP BRI BInd e e B RSB IA oP Bronimtl

cﬁaoe@mmpdweg to the case of a concrete enbodinent in

t he ca e of spa ane Wl | be considered: 25 The
r ocket %ﬁaf the 'lﬁlg@”\efﬁmﬁcpm éiRn tekinasfhicifrey infupecount, the

0Xp@eN relufréd in tHeasBNEKkeMad AN xahpalls §14 'kW?oH éﬁp%mmately 698
pressure of 50 bar for Iiquid oxygen and bar

FFEREWeL.t runs for a period of about 80 seconds and

requi r?ﬁes@ éov'&é}nlév § aré’rv@l&% #’uﬂ%%\/&b@ﬁwhﬂgg sibfeh?)hconsider

punp speed 1s on t e orde rpm
3d@rivigg e Blpié@i!j&mﬂfai@@(w&‘n@enmepwnps VO 2009/ 047250

PCT/ EPZGP&G/d E.rﬁgﬁgccc?rd-ﬁﬁ et eﬁgﬁt lb%&tgﬂ%mélbﬁ%f usmg internal

paraneters o
a§9@b§§l0@semlmsértheat;omaemtgqnoautemoblle mme wherem rthermperat:ng

ef.fLCl , is on the order of 60%for a

7§E%§¢gﬁ%¥%@%ﬁér§%tdj#gaﬁe'to be conpressed. Thi s0

corr FSWIIhdsa ttyp&gklod:arrmrr@tlomghf o&jgrmuméry gérl r%eggwgr hour,
ow.ra r ned to. be constant at

| BB Biere s e 455 Mo anginagy SF4 Gpegbary for orie mission.

The combustion of this quantity of fuel requires 138 kg, or 125 m3, of air.
Compressed to 200 bar, this volume is contained in two tanks of 320 liters each.

As seen above, it should be noted that the volume of air can be
advantageously reduced by using oxygen- or nitrous gas-enriched air. The use of
air in liquified form can also make it possible to reduce the onboard volume.

The power required corresponds to that of the engines used in Formula 1
competition automobiles, which have a power of 750 to 900 horsepower. These
engines are built for a minimum life of 10 hours at high power, which corresponds
- to lasting through two Grand Prix races of approximately 1 hour 30 minutes each
plus the test and preparation sessions. Compared to the periods of use



nmet hane. Based on these paraneters, when it cones to

the liquid oxygen punp, taking efficiency into

ac power required is 530 kW or

ap&%%ﬂr{a el'y 720 horsepower. 10 As for the |i §hTgP2008/063397
met hane punp, when taking effit@ency into account, the
power required in the case taken as an exanple is 514

kWoF. _aé)ltgr oxi mately 698 hors_eﬁower. These power
| eRIPaRE, QRN AR P80 s A Bianirihie makes figossiblectotaarry out 450

com(ssd@mghggrdﬁ/b,ﬁgge,t,é]ﬁe_punps separately wth identical
engines_ 15 A first solution according to the present

i nvent | bythasmeret Hisotypesohgngine drasah masariofisppmximately 95 kg,
enginidss efili tidgekplPetiti on autonobile type wherein the
operating speed and power are adjustable. Wth a

5t ypi cal Aeesidingie thmpresent iaveritionpthepese dfer Bempuie N -thpelBngine to

appraxi j for the t engi nes .

oy et B Yor fustib L Rocke ortie 8 spb veilidk Migtecossivle by

t hihe fgllewing featofesfaféhe ineentiones 138 kg, or 125 nB8, of

air. Co . £0..20Q bar. this volunme is contained

T ot BepEogFioh 24 dredf supsitiel oxRihEcalk 3589 &y 4 gompressed

sgtamlkdmbea me}sadetrbcajcirgd‘lﬁah)@ ume of air can be

advant ageousl.y reduced si ng oxygen- or nitrous
10gas-enﬂ ﬂ%tif"é?ro.? .n’ﬂgéﬂg,&dn £8haf |iquified form

can al soameldfusirheosrsing! el thfﬁﬂuﬁﬁtiéﬁﬁrl fhbeﬂeﬁ to adapt to the

volune. 25 The power required corresponds to that

t hBNYSH3 pientationofjthe epgingiand the aerateretionson

aut onohi 4 | ol 9

nor sepovey " ERdefen B e OO Ryt Sy g diapt fg ghe exteral

| i frabignt tenresaiuce fapproximatstive 0° hdtidcthegelaties pbsersce boexternal
151 agting through two Grand Prix races of approxinmately

1 hour 30 mnutes each plus the test and preparation

sessi onidie [@efareadesblution bietheeinventionab toswnkELt the original cooling

R TR RO o BB i oer 12
c aplagedoon thebed tineS09 féil theprepaianBN WhRAGh s case are cryogenic;
this also makes it possible to produce a very compact exchanger.

20 The flow rate of more than 100 Ips makes it possible to provide an amply
sufficient heat sink. The cooling liquid used for the cooling circuit of the internal
combustion engines is a liquid adapted to and compatible with the extremely low
temperatures of the propellants,

A cowling is also provided for the elements that might suffer from a loss of

25 power, the exhaust from the internal combustion engine or engines being
discharged directly at the back of the vehicie.

The procedure for starting the internal combustion engine is preferably
performed with the engine in the horizontal position to enable it to be lubricated,
and the startup is adapted to the low temperature conditions through the use of

30  local reheaters or by bringing the engine up to speed gradually.




Furthernore, this type of engine has a nmass of

approximately 95 kg, which is still noderate. 5

According to the present invention, the use of a
Fornﬂ’P&”‘%’”ﬁVﬁb engine to drive a punp for fueli rRFTAEP2008/063397
rocket engine in a space vehicla1is made possi bl e by

the following features of the invention: - the

provi sion of a direct supply of oxidizing air or gas

by a conprestotd massrfr sumh parpmesss padribe applivativalof @n automobile

f . th u L.ye shaft, - an
adJ us'?grreeolté%%tgt rg:aﬁjgﬁtr% F&gf %ﬁ?%&bﬁ&n y in order
to ada to the physical orientation of the engine
and theT\aQeegieeati ons, an ar r angenmem¥0 tf 190higy cool 1 ng

Ci rcui ‘Eﬁ\f as—to—adapt—te—the exte'“..?&! abblent
tenpergture (approxi mtely - 50) apn % Bhe rel ative

absenceCohpmsted aml 15 air. The pf ﬂ@k{? @ﬂthséﬂalr'é E8padhy)

t he ir"ﬂm‘inn i-s—to-connect the aorlginal caooling

circuil T copiassed ardanksl conbust ﬁ@pkﬂwgl ne or

engi ne%‘\écﬂsé’orfb.%%ta%?%!ﬂ%mcé,‘et ) E@Hg”” tte—feed
lines |14 for the propellan mﬁ| this _case are
cr yogeniwe centﬁiugabmgnpmkes it possa[bnrwmatqdyéluge a

Very Lt CXLiIdIIgCI . 2{‘1 Thc f: © T o€ L l“a“
100 Ip:mr@kes it possible to provigd ‘%5(%@%&%%/
suffidgient heat sink. The cooling anmmbrels]ﬂéc;égy 5ﬁgato
cooling circuit of the internal c 5? ustion engines is
a ligdid adapted to and conpati bl e K8 ¢ he extrenely

| ow tenperatures of the propelTants.” A’ cowing is

al so pro%i ded for the elenments that m ght suffer from
a loss o f%ﬁé?”tst%eé%ala& instligtiemof itweeiniggnal combustion

GO My ined 'of QRE iphforP En§iRg it
directly at théJ back %if t eb % prgpog)gﬂ?net t]gmk 3and a

st are$ e?@f@eﬂﬁtcélaﬁa‘]'mt&ﬁhbustl on engine is preferably
erforme

Itoo it Zh%“"t Plntegearﬁrtgé&gsg? rhdéﬂgtrf‘&%ﬁs} éfgﬁﬁstﬂér%%ﬁ' 5th8P around the

adadsdrunaingHeraugly thertpel andtee cocket engine, abmmjﬂﬂe plraps 2a, 2b

useﬂg)é“ngeedl,o%gaderﬁ&e%ers or by bringing the engine

10 The detail of Fig. 3 makes it possible to distinguish the connecting shaft 20
between the engine 1a and the pump 2a.

A second solution consists of using an engine of the helicopter turbine
type comprising a compressor, a combustion chamber, and a turbine on a
common axis in place of the two piston engines.

15 A helicopter turbine like the TM333 2B2 from the company Turbomeca is

particularly suitable for such an application.

Such a turbine-and-compressor engine can supply approximately 1,100 to
1,200 continuous horsepower at a continuous rotation speed of 6,000 rpm, both
of which are adjustable.
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WO 2009/ 047250 PCT/ EP20081063397 11 The total mass
for such parameters and the application of an
autonnblle engi ne reveal s a mass on the order

of 500
%%?99’E4§25°Tvvo engi nes 170 to 190 kg Fuel 9 k§CT/EP2008/063397

Con'pressed air 140 kg (wth spare capacity) Two
conpressed air tanks 160 kg Accessories (starter,

el ectronics, etc.) 40 kg Two centrifugal punps

appr ox f’r@!’c‘eﬁamek@ singls: adial 3@binecergiee isgoanectad teboth pumps,

PltR& 'o??dlizlér it A d5fzgl b%pg'& thé fo%ﬁ’éteér?@% Iﬂp means of a fixed

exenpl ary. imstallaton I'nt erna
erigdundion cfeat Wwith postra) of megspeedtqwm twirbipe ergind @t welentaincrease

DB PSR sle B0t Vel R s o0 SR R
oOpposi The ealu!atlon pararastersiuf suble an axiabturbing engink k@ HY Follows:

the tank .and t ocket engi ne, above the punps 2a, 2b
fuel | n'gh?tﬁ@af%h%é{ %ngi ne 16. 10 The detail of Fig. 3

nekes i air posstiniptiontior 80 Sédondyios Bpéragoopoagt i ng shaft
20 betweEn thei gl ne la nd the punp 2a. A second
sol ut i oWetgRnsugltiof (kergseng afﬁtoe_ﬁbgne of the helicopter

t ur bi nehe tah‘l@ﬂaﬁ@ﬁ'@éﬂr‘é'vl&as%u%ﬁ&h’bﬁé&ﬁbres?e&@ﬁ%@hbl@% pressure
%A‘I‘b a‘ndaturblne on a comon axis in place o

t ReAUCRE yrlve & thagnlgbof thes campeessep@ndrthe extiarat isi @charged

tﬂﬁe&wa]e’zggcgéfqﬁégg ?lgorrpany Tur boneca is

particul arly suitab or such an application. Such a
t ur bi nkb %M@Jue%ﬁf)t’r@stgtﬁl masgiferearc axiaktupine engipe biké thet eligopter

r St 18|e tg% dg%cér?c%%o#r ggff W QI%%}? ?ﬁﬁ%ﬁitlﬂfe R 8% tdP ¥R Formula

1-type automobile engine solution.

The mass of the F1 engines and the helicopter turbine engine considered
is that of engines taken directly from their field of application and does not take
into account the reductions that are possible due to the elimination of elements
that are only required for their original application; thus, there are potential
savings in terms of mass.

In summary, the device for driving a pump 2 for fueling a rocket engine in
a space vehicle comprises at least one internal combustion engine 1 such as an
internal combustion engine running on an airfhydrocarbon mixture, a piston
engine or an axial turbine engine, and a means 20 for transmitting the rotation of
this engine 1 to the pump 2.

According to the example of Fig. 1, the transmission means 20 is a shaft
between the internal combustion engine and the pump and the transmission
means 20 includes a clutch 21.

According to a first embodiment, the internal combustion engine is a
multi-cylinder engine of the competition motor vehicle type.



of which are adjustable. WO 2009/ 047250

PCT/ EP2008/ 063397 12 In this exanple, a single axial
turbi ne engine is connected to both punps, the

oxi YGRS and fuel punp of the rocket engi nePCH{P2008/063397
means of a fixed reduction geafawith control of the

speed of the turbine engine in order to increase the
rotation speed to the value required for the

cent ri f ufatorgimgys anzif€lrative iehiboaine, ﬂhamatemadecsmbﬁstion engine 1

such X al e_.engine are as foll - unit
s ds 8 aBrtnalecat R i anF s PriRat Sl s of
gper at |_|_ Efﬁhe ]aﬁ@mleg E(s-fuéléelbyCMGWﬁﬁﬂélCﬁmdt(MImet@f Aks 4651 @hich are
e ai.r .intake r iration o
n%?dé"?%ﬂe'g of thepr 886'%”3%%3‘@335 rt@e orset &iRG- ng val ve
at t he i Mheoxidizet Bke® s PR ds@nkeBANSdted o the air inlet of
di scharged directly at the back of the vehicle. The

val e '“? Mig & presstrraeduding valye @xi al turbi ne engi ne
l'i ke thejthiglideard &cht%‘r%o%ﬁn%‘ﬁ ?r%%‘ﬁ& 'obgqlleﬁf §xc@|fan§&e12 placed on

sane order of magnitude as thosSe t he Formul

1-t Pp8 %m%ﬁmqgén@rfgomlagbfe@ﬂul@ﬁs 1151h¢r¢@owwsglwt qpegating as a
F1 gp@bfegepnd the helicopter turbine engine

considered 1s that of engines taken directly from

10hei r fiAncelestriestartes at inakeant! possiblertot stagktbe intermal combustion
accq ﬁh the reductions that are possible due to the

el i mAation of elements that are only required for

their orTlg daVicelﬁnlfmemgitm rodkbtiengite repeesentedointigt 2 micludes two

7 or PHRs: tRsrEeM by A BRing FBVIoRGT o A BERE G fe01 gontigling the

spamemehcmhbuﬂmmpémghﬁ?e‘s addpm'tisforqmepelﬁj@ﬁﬂ\,ﬂk/arymg the operating
onbustl s an internal cog“?ust

18ng PREMEIRS Oﬁgawdnﬁm & Yeiogenainss 56 3 6 enengpaiadust the

engrdtgtici spydda df #le puhgd.ne engi ne, and a neans 20 for
transmtting the rotation of this engine 1 to the

punp 2. b AB@%? aehiglet acqording Xarfpe dnvsintipn gnelydes gerocket engine
LT aphBLé flePBupBfaysté dotnptise8at feast one pump driven by a device of the

invention and means for starting the device while the vehicle is in flight.

20 The invention has applications in the field of astronautics, and more
generally in all of the sectors using rocket engine propulsion with liquid
propellants and in those in which a very high fluid flow rate is required for a
relatively short time.

It is particularly advantageous when the propellants are cryogenic (liquid

25 oxygen with liquid hydrogen, methane or kerosene).

It is particularly suitable for reusable suborbital vehicle, for which a slight
increase in mass is acceptable in return for a lower maintenance cost.

The simplicity of the invention also provides many advantages, particularly
the simplicity of its design, lower development and production costs, very high

30 reliability, a stabilized pump speed, and the very important capability of reusing



bet ween the internal conbustion engine and the punp
and the transm ssion mneans 20 includes a clutch 21.
Acco%{bgw&% first enbodi nent, the internal

conmbust T on eﬁgine is a nulti-cylinder engine of PHEEP2008/063397
conpetition notor vehicle type. ™D 2009/ 047250

PCT/ EP200S/ 063397 13 According to an alternative

enbodi ment, the internal conbustion engine 1 is an
aer oEURYTBRASERNRY. ther eirrant Awbopunps belgrcapablenef. bding started no
engi Rford tHah J 16Q) §HedY its own fuel and oxidizer tanks
4, 5, which are 1 ndependent of the propellant tanks 3
of the rocket engine. 5 The oxidizer tank 5 is a
pressuri zed gas tank connected to the air inlet of

the engine via a pressure reducing valve 6. It
includes a circuit for cooling by neans of a heat
exchanger 12 placed on one or nore cryogenic
propellant feed lines 14, the cooling circuit
operating as a closed circuit. 10 An electric starter
7 makes it possible to start the internal conbustion
engi ne. The device for fueling the rocket engine
represented in Fig. 2 includes two punps, each driven
by a driving device 1, 1', and neans 8, 9 for
controlling the internal conbustion engines, adapted
for independently varying the operating 15 paraneters
of said internal conbustion engines so as to

I ndependent|y adjust the rotation speeds of the
punps. The space vehicle according to the invention

i ncludes a rocket engine whose fuel supply system
conprises at | east one punp driven by a device of the
i nvention and neans for starting the device while the
vehicle is in flight. 20 The invention has
applications in the field of astronautics, and nore
generally in all of the sectors using rocket engine
propul sion with liquid propellants and in those in
which a very high fluid flowrate is required for a
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relatively short tinme. It is particularly advantageous
when the propellants are cryogenic (liquid 25 oxygen

Wi iqui d hydrogen, nethane or kerosene). It is
‘&&2$°E‘/ﬂ‘§F§°y suitabl e for reusabl e suborbital PERIEREES63397

for which a slight increase 1% nmass is acceptable in
return for a | ower maintenance cost. The sinplicity of
the invention al so provides nany advant ages,
particularly the sinplici®@LAfM8s design, |ower
devel opment and production costs, very high 30

reliability, a stabilized—pturp—speed, and the very
i nportant capability of reusing WO 2009/ 047250

PCT/ EP2008/ 4.t he pu ssenbly, the curren
tur bopﬁﬁ‘ps [gg‘ﬁ";’eg%éa Q’mgeadﬁmﬁl(ﬁg&s”l é‘?‘%@Heﬂ%'”er%%O‘s a space
t ehicle, tbavactemized iMEha20D BRGSO GHIFEIRRY IR TcondBustion

J l .- vice for driving a punp (2) of a rocket
ontoE (1.5, B ohiyg.La" BadlzR L moaHa i Buirorsrbon type,
t Méerein theosgpplys efoxidizer dndofieRt Dradd dBEIRRE aR@ ML B¥ht are

on an oxidi'zer/fuel mxture

) b .
gig g;'?qn{gte&"{l P #’%P'@Eél‘%@ %H'{%%%) of thp Eedehendiee-suppl y of

L di 2Bt amubd P oY . . : \ _
That are aemector GRG BIMIRS (2hof RERRIR Gy Siico venicie
t ABCq @Eﬂ P ciyi heeharactenized de thasrthel oxidizey reguinedby 2id diternal
oo A sror BT e KiUeflfed Sl oo el Jo Big enaine
b§Y 8&FeEsUrR edyaing velyebust i on engine is contained in a

pressujze ] 0 i.d engi.ne . by a .
pressure rg) ucl ﬁgpgg‘ﬂ%%ﬁwﬁ&)@%g rPBI?et(?PPWierfg 3, SRAFRyehicle
( 29c0ding: to d:!haw\;_ 1 enghﬁ,nmanéct_erizqgiapetha(he lhee |o§idiz%€ _Qg lcdhtfiuted by
t&F@ L. 2, Characterlized In that the oxidizer IS
col %ﬁﬁ%é’&&[ﬁ" 15 oxygen-enriched air 4- Device for
drivi g a Deviee(f3) ddfinda HRAHE(2) OF 8irBeke? endinBRA%Espace vehicle
vehi cl.e .
g&orcllng to claim 1 or 2, characterized in that the oxidizer is constituted by
nitrous gas-enriched air.

5-  Device for driving a pump (2) of a rocket engine of a space vehicle
according to any of the preceding claims, characterized in that the fuel is a liquid
hydrocarbon.

6-  Device for driving a pump (2) of a rocket engine of a space vehicle
according to any of the preceding claims, characterized in that the fuel is
kerosene.

7 - Device for driving a pump (2) of a racket engine of a space vebhicle
according to claims 1 through 5, characterized in that the fuel is gasoline.

8-  Device for driving a pump (2) of a rocket engine of a space vehicle
according to any of claims 1 through 5 or 7, characterized in that said internal
combustion engine is a piston engine.



according to claiml or 2, characterized in that the

oxi di zer is constituted by nitrous gas-enriched air.

5- Device for driving a punp (2) of a rocket engine of

a spHO0EH2 e 20 according to any of the precddITR§2008/063397
clainms, characterized in that the fuel is aliquid

hydr ocarbon. 6- Device for driving a punp (2) of a

rocket engine of a space vehicle according to any of

the precéu nngbiai;ﬁGr, driray apumipi (2 f & I‘odkbﬂéngih? <2)f u@Face vehicle
is ene, : vice for driving a punp. of a .
roc kée%t%%?ﬂﬁwg% %-S' gf 5%88 féﬁﬁ%‘ﬂg é*a‘c‘:’l‘%ﬁ'ﬁ‘?ﬁ@?&‘ 6%‘% faid internal
1 thlro_mkgjstign en@iae&mélfEkizlgdrtiir_ib—éh@bmhb%sﬁézheéndljl%. y
gasol i ne., .8- Vi C r.drivin punp of a rocket )
engi ne of & sﬁgg'ge \?‘ért‘f?rﬁ’l"@ a HHE‘gr@? ﬂéa m&s?@n@me ef aispace vehicle
15 t haosogiingd t®clalm @haraakbRrize®dn thaf B agig] SurbeSRbompressor
conmbusti an g_g,%l ne is a piston engine. WO 2009/047250

PCT/BSR§0B ACEE3YPMEr 8RR Device for driving a punp (2)
of a rocket eDSViB@f&fdrﬂvin?fjé‘gnﬁgﬁ?ﬂ?&éing%cfo%k?i{qgr?giégﬁacording to

any of clainms 1 through racteriz
i nt @& theRrppeding slgireh ghaeacterized imthiahit includes an electric starter (7)

t ur BbMBe MEraPERHESSRR HBMene. 10- Device for driving
a punp (2) of a rocket efgihe of a space vehicle 5

Bccor di nd2to RBevcef@, drivingr apueni foe dueling tahackethengineé atcording to
turhyj 2 | ne.i s .a. hellcopter, engine. .
11 ngn B EERAS EE, FAeRT R i e, BT sBRgSton engine
eﬂgilfr(éuctﬂ&pemﬁwgg tuircuida_rqpepétir?hasparemed? ngrcath dymineans of a heat
char, [ in that ,jt includes ap electr starter .

(7 isfoeF R alhcrt 2 the pistelfoed e 14 of o Fodket Shaine.
Devi ce f 88 - driDevicefon fyrling afrockdt eabinaEhardcRsHel irPitak Réhciudes at
1g’xccerdkg\?to any oé(}he pqrecel,ng claims, )
Shargct &F f 28RS PRACTIVRR P taYie 2eomaq iterrrynefi the preceding
i ncllaties, andlﬁﬁéar&gg&‘lg)cfdrtc&ﬁ@ﬁiﬁé'tHQ iﬂt%r:?alcéoﬂﬁﬁggon engines for
circyit by means of a heat exchanger (12) placed on

t he 4BYIBR NG RHIPE cadented &y indapensenitheaningidae apsating. parameters
of these engines so as to independently adjust the rotation speeds of the pumps.

14 - Method for starting and fueling a rocket engine by means of pumps

20 (2) driven by at least one device according any of claims 1 through 12,
characterized in that it includes:

- a step for starting the internal combustion engine (1) of said at least one
device at an altitude at which the rocket engine is fired and the pump (2) coupled
with the internal combustion engine (1) is cooled,

25 - a step for opening valves (10) of propellant tanks (3) of the rocket engine
simultaneous with an increase in the nominal operating speed of the internal
combustion engine (1),

- & step for priming the pumps (2) with the pressure from the propellant
tanks (3) and for starting to fuel the rocket engine,



13- Device for fueling a rocket engine characterized
inthat it includes at 15 |east two punps, each

driven by a device according to any of the preceding

cl aveed0y8#T@tnreans (8, 9) for controlling the i nPETERLO08/063397
combustion engines for driving,the punps, adapted for

i ndependently varying the operating paraneters

these engines so as to independently adjust the

r 0t ati on apa@;dstménttdﬂfeth@mms ratddof- thbeptAgs fb?fa@&s’%rn 9) the
i ne, by neans of punp

elin 3 cket en
dr|f9 oﬁy“pg? Ioég hg Indgrea @WE'@'&BC@W%H%@" QHQ“"@?? UIfQF W'"Q the
1 tgunggegh 12, characterized in that it includes: -
step for starting the internal conbustion engine (1)
of said at |east one device at an altitude at which
the rocket engine is fired and the punp (2) coupled
with the internal conbustion engine (1) is cooled, 25
- a step for opening valves (10) of propellant tanks
(3) of the rocket engine sinmultaneous wth an
i ncrease in the nom nal operating speed of the
internal conbustion engine (1), - a step for primng
the punps (2) with the pressure fromthe propellant
tanks (3) and for starting to fuel the rocket engine,
WO 2009/ 047250 PCT/ EP2008/ 063397 17 - an adj ust nent
of the flowrate of the punps by adjusting (8, 9) the
rotation speed of the internal conmbustion engi ne or
engines (1) for driving the punps.



