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The first solution has the virtue of simplicity, but requires tanks capable of
withstanding high pressures, which creates problems in terms of mass and safety.
This solution is limited in practice to low-power engines, such as attitude control
engines or the upper stages of launchers for example, where installing an external
means of pressurization is less advantageous.

The second solution requires the use of specific pumps capable of producing

the substantial flow required by the engines. This flow, combined with the huge
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conventional launchers which have a short operating life that is measured in minutes.
In reusable launchers like the space shuttle, the turbopumps must be
replaced for nearly every flight, which is quite onerous in terms of maintenance costs.
One proposed solution for replacing a turbopump is described in the
document US 6,457,306.
This document describes replacing the drive turbine of the pump with an
electric motor powered by batteries or other devices such as inertia wheels.
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Preferably, the transmission means is a common shaft between the inertia
wheel and the pump.

Advantageously, the transmission means includes a device for modifying the
drive ratio between wheel and pump.

According to a particular embodiment, the device includes a clutching device
adapted for coupling and decoupling the inertia wheel and the pump.



According to a particular enbodi nent, the device

i ncludes a clutching device adapted for coupling and
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Advantageously, the wheel is disposed in a housing forming a shield between
the wheel and the tank.

The invention also relates to a device for fueling a rocket engine
characterized in that it includes at least two pumps, each driven by a device
according to the invention, and a space plane comprising a rocket engine wherein
the fuel supply system comprises at least one pump driven by a device according to
the invention, and means for starting the device while the plane is in flight.
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st ar t e inertia wheel is, as its name indicates, an object that is made to turn

around an axis and is used to store energy in a kinetic form. The stored energy
increases with the square of the rotation speed of the wheel and in proportion to its
mass.

To store the energy, the wheel is made to rotate as fast as possible, since the
extraction of the energy slowing the rotation of the wheel.

In the simplified example according to the diagram shown in Fig. 1A, the
wheel 1 is mounted on the same shaft 20 as the pump 2 it must drive. It is started
prior to the takeoff of the vehicle by a starting motor 3, which is either powered by an
external electrical source A1 as represented in Fig. 1C, or powered by an internal
electrical source A2 as represented in Fig. 1D when the vehicle has an electrical
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inertia wheel on the pitch axis will provide stability along the roli and yaw axes.

Pull-up maneuvers, on the other hand, will not be affected.

Conversely, it is possible to prevent gyroscopic effects by mechanically
coupling two identical wheels turning in opposite directions, as represented in Fig.
2B where wheels 1a and 1b are positioned on the pitch axis 101 of the vehicle 100
and are counter-rotating.
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thrust decreases, is not directly disadvantageous because the mass of the vehicle

also decreases due to the consumption of the propellants.

The decrease in the flow rate in such a case prevents a continuous increase
in the acceleration of the vehicle.

This is only a disadvantage for rocket engines designed for an optimal
operation based on a near constant flow rate.

Likewise, the decrease in the outlet pressure of the pump decreases the
pressure in the combustion chamber. This phenomenon disturbs the operation of the
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before tiﬂQhrs%r‘rﬁﬂbﬂh’erﬁ%nﬁM{ J{bgméaws fBHrQrﬁ?errrﬁd)th%‘?b‘tQ{r&l of the

t he wheel and the in or
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for gegibledivitint RRitchtq ve rati o between wheel and punp,
such as g variable speed transnmssion for [limting

the vari Hti§ 8180 maken i ppssilerinpartiovier tastait mwrr@h@eutbﬂhe motor 3
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limting the varratron wra consi
usi ﬂrght en during the flight, to couple the wheel and the pump m order to run the

latter.

The clutch may be replaced or supplemented by a device for modifying the
drive ratio between wheel and pump, such as a variable speed transmission for
limiting the variation in the flow rate over a wider range of rotation speeds of the
wheel.

A second method for limiting the variation of the flow rate consists of using
so-called "bypass” flow control, as represented by the embodiment of Fig. 1E.

This method of flow control consists of bleeding off a variable amount of flow
by means of a valve 7 on the flow leaving the pump 2 and returning it to the tank 6
via a return line 41.



so-call ed "bypass" flow control, as represented by the
enbodi nent of Fig. 1 E. This nethod of flow control

consi sts of bleeding off a variable amount of flow by
me¥YS20W04RIYal ve 7 on the flow | eavi ng t he punpPCQ7Epaes/063283
returning it to the tank 6 vign a return line 41. WO

2009/ 047218 PCTYEP2008/ 063283 9 In the case of a

speed variation from 100%to 50% half of the flowis

bl ed oflf theadast bea BpghdWHriaGen @68 100% thberdnaf bt théﬂow is bled off

decr.eased durin own to a bl eed-off
7o REF G aﬂﬁgﬁ%‘}a@ﬁ@&d E%S%Wwarﬂpéﬁé%dowrht%wged -off
c asfezercsehem the whbel regehes ity rﬁafx&ﬁl&ﬁbpéeﬁﬁ |rtm|stda§e fdoteds thes

coro BN S04 hud BB B S5 saepee

ener gy opetidree \heshown that insieed bhmmmjél?%% of tAy 8hérgPbethe wheel,

COERof 0 REPSE bl Aokl B iEbfen Ftaer mase
appr oadhw tbalingramak én hemsassiof tHelhveheeh thert app@iabites only make

Oto 40% var,j.at i in flaow,
7R T OB ol R oPhst nd BB £ 4D R 408 vafatag fow rate.
c o nt r olA thing metredfdf fow canteol eengigs ofard;ntrsll:@ihe fMarI reesusvng
/ ar f th is used

Sggbg(e 0% thgwoétgbcrjr/een&ﬁ%t ﬁ'ﬂs% r@f’ggnp'ﬂ Fig. 1 F,
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dévgﬁl\?ggroed ﬁi"b%dg Hﬂge gﬂ?ggﬁhe vari abl e head | osses
it nde§smetth h%‘s mmrmaptm bs presaurefdedieired by el putripodue to the

V\/rvaﬂatggﬁééd REsdsGt iRMiakain a constant flowrate with a

nmber pressure that decreases over tine. In fact, an
ad j ust i reveriheloss pi effastivaasolutive whenldesiriog td tneinfimp constant

MBlQSafet wafH éHa b%r E%s@%l;tl'ﬁét d%&ga{ésoo\qemg LU 1, an adiystable

creati ng
wyglye plﬁg@@at mapu@@ ol $hecpurpt mekesZi m:;slbiegtotaldﬂlspfthe flewlvéxe also

f 1ok SHihg fathgﬁd %ssﬂégﬁlﬁf@%ﬁéﬁ@ew wb%ﬁ WhIEP s%ede\gﬁg by a ratio

start O at gener at
t Redusing theviepelied &gbt,nﬂ?ﬁ messur@germraeld by the munyaatibe Start of the

{ gt BRABABPRTNA SAGSIANG fd gy rate by gradually

openi ng unt I's conpletely open at the end, the
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cont ri Py :LéJcr% ef iéﬁtbérfféd ﬂ a. nlgﬁrh{ ﬁéﬁ%ﬁn?ﬁﬁf{; FAt8 Swith a

experience ve
pressure that decreases over time, which contnbutes toa reductlon in the
accelerations experienced by the vehicle during the flight.

Thus, based cn the characteristics of the rocket engine to be fueled, the most
suitable arrangement among the different variants defined in Figs. 1A through 1F will
be used, while retaining the possibility of combining the features of these variants
depending on the circumstances.
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15 the e The chosen approach is to operate
Wi %Dﬁﬂ%e@#%@' Pa‘tgg’gf the propellant flowthat is

adj ust etbstiming & tandkt lavilt ofv 22195 8Dyypeedimsinaf (cheiedad 67 81Pa), this
pl . reamfro he , punp. The graph of Fig. 5
%ESIPS |F|l %\@;fﬁi%%ﬁ{é]ﬁ g(ﬁag]ei,rtﬂ&n %

sumari zes he wheel and the punp in
such a Azoseengiboed, ittemengiieeospatesi ala pfestire ofiie ebr ditde start of the
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pr essurfeGhopamappocddhas tpomsstevathl2flow exel opthe gsepedantftlow that
is adjusted to a constant value by means of the valve 8 placed downstream from the
pump.

The graph of Fig. 5 summarizes the behavior of the wheel and the pump in
such a configuration.

The speed 9 of the wheel has been piotted relative to the initial speed; it
decreases from 100% to 50%.

The pressures O tank pressure 9, pump outlet pressure 12, feed pressure of
the chamber 14 [ are plotted relative to the initial pump outlet pressure. It is noted
that the head loss or pressure drop 13 imposed by the controlled valve is 40% at the
start and decreases rapidly until it disappears at the end.

The feed pressure of the chamber 14 also decreases by half during

propulsion, thus providing a decreasing amount of thrust which is compensated by
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| stheBrdpRar@g der of 6,000 kg, which corresponds to a

vol unme _of approximately 7.5 nB. Since the energy
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no distinction is made between the two propellants,
and t heineadie energydeqyies totdertpregis| the peopelipblisefist and foremost
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1n such a fuel/oxidizer application, the wheel may be split in two so as to have
one wheel per pump.

For a rotation speed of 15,000 rpm, the maximum acceptable diameter of the
wheel is:

R = 1/w¥p = 0.585 m.

The energy required to compress the propellants is nominally expressed by
the integral over the flow time multiplied by the pressure differential provided by the
pump and by its efficiency. The calculation provides a value of approximately 24MJ.

It should be noted that generating this energy requires a power of 580 KW at
the start of the propelled phase.
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it should be noted that using pressurized tanks involves storing a gas for
pressurizing the propellant tanks, and that structural tanks are tanks capable of
providing the vehicle with longitudinal stability whereas other tanks must be fixed to

a support frame.
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The invention has appli catlo%s in the field of ast¥onaut|cs and more generally

in all 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

oxygen with liquid hydrogen, methane or kerosene), and particuiarly suitable for

reusable suborbital vehicles for which the total mass of the pump assembly is not

critical, and for which reliability and ease of maintenance are essential.

On the other hand, the present invention has many advantages such as the

simplicity of its design, lower development and production costs, very high reliability,

a stabilized pumping speed, and the very important possibility of reusing the pump

assembly, whereas the current turbopumps are capable of being started no more

than a few timas.
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8- Device for driving a pump for fueling a rocket engine according to any
of the preceding claims characterized in that the pump and the wheel are disposed
inside the vehicle in a position that provides gyroscopic stabilization as a result of
their rotation on at least one axis of the vehicle.

0- Device for driving a pump for fueling a rocket engine according to any
of claims 1 through 7 characterized in that it includes at least one pair of identical



speed of the wheel. 11 - Device for driving a punp for
fueling a rocket engine according to any of the
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meaos0fom7eontrol ling the flow rate of the pungoiEloosnss2ss
conprising a device for bl eedi1Eg off (7) a variable
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t hdaiml 1 robaragtarived initgdtithe valve (8) is preferably an adjustable valve placed
at the outlet of the pump (2) and adapted for maintaining a constant flow rate by
opening gradually,

14 - Device for driving a pump for fueling a rocket engine according to any
of the preceding claims characterized in that the wheel is disposed in a housing
forming a shield between the wheel and the tank.

15-  Device for fueling a rocket engine characterized in that includes at
least two pumps each driven by a device according to any of the preceding claims.

16 - Device for fueling a rocket engine characterized in that includes at
least one pump driven by a device according to any of claims 1 through 14 and low-
pressure structural tanks.

17-  Space plane comprising a rocket engine wherein the fuel supply
system comprises at least one pump driven by a device according to any of claims 1
through 14, and means (A2, 3, 21) for starting the device while the plane is in flight.



