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The present invention relates to a reaction propulsion 
system and, more particularly to a compounded reaction 
propulsion system which makes use of three processes of 
heat addition to a working iluid. 

These processes can be used separately or in combina 
tion to obtain a range of thrust and specilic impulses when 
a working ñuid is expanded through a nozzle for the crea 
tion of thrust. In such a manner a device better capable 
of matching the propulsive requirements for several appli 
cations is obtained, resulting in an improved overall per 
formance. 

In any reaction propulsion system, it is desirable to have 
high equivalent specific impulse. This is expressed as: 

Fíf 
Wes 

The equivalent specific impulse (I) can thus be de 
fined as the product of the thrust (F) times the propulsion 
time (tf) which product is the total impulse, all divided 
by the weight of the propulsion system (Wps). In the 
more general case where the thrust is not constant the 
equivalent speciñc impulse is expressed by the integral of 
the thrust over the propulsion time divided by the pro 
pulsion system weight and expressed as: 

tf 

î=in Fai 
Wm 

To maximize the equivalent speciñc impulse i.e. to opti~ 
mize the propulsiva system for a given application, par 
ticular values of the speciiic impulse are required. Spe 
ciñc impulse is defined as the exhaust jet velocity (Vex) 
divided by the standard acceleration of gravity (go) thus: 

Vex 
I” a, 

These values of the specific impulse can be greater than 
those possible with chemical systems i.e. those systems 
making use only of the energy stored in the chemical 
bonds of the propellants or generated in an exothermic 
reaction such as oxidation or combustion. 

Other means of achieving high specific impulses for sys 
tems discharging to a vacuum can be obtained by raising 
the settling chamber temperature to levels above those 
possible by a chemical reaction process. Another pos 
sible means is that of adding energy in a form other than 
thermal to the working fluid. Of the íirst class of devices 
the electrical me reaction engine makes use of addition of 
thermal energy at a very hiUh temperature to a working 
iiuid. The range of settling chamber temperature de 
pends on the dilution of the arc by the amount of the 
working fluid injected at a given level of electrical power. 
The usable stagnation temperatures are limited basically 
by two phenomena, (l) the containment problem or the 
structural and mechanical integrity of the chamber and 
of the electrodes which have to withstand very large heat 
iluxes. And (2) the occurrence of chemical processes 
such as dissociation and physical processes such as changes 
of state and ionization. Both of these would impair the 
eiiiciency of the device, if the associated energies could 
not be recovered and converted to thrust in the exhaust 
nozzle. 

Examples of the second class of devices are the plasma 
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accelerator and the ion accelerator. They increase the 
kinetic energy of the jet by electromagnetic or electro 
static forces. These, on the other hand, face several de 
velopment problems. Furthermore their intrinsic char 
acteristics seem to indicate advantageous performance 
only for propulsive requirements resulting in optimizing 
speciiic impulses several times larger than those of chemi 
cal systems. The gap that is left in the specific impulse 
between the chemical and the second class of devices just 
described offers a specific impulse range which is required 
to optimize propulsive systems for several applications of 
earth orbiting vehicles. It is this gap in which the propul 
sion system of the present invention is designed to operate. 
The main object of the present invention is to provide 

a reaction propulsion system that will deliver a wide range 
of thrust variation with highest equivalent specific im 
pulse and with a minimum of Variable geometry and 
control complexity. 
A further object is to provide such a system which does 

not have the storage, temperature and cooling problems of 
the normal high specific electrothermal engines. 

Another object is to provide such a system wherein 
thrust augmentation is obtainable without any variable 
geometry. 

Briefly stated, the invention provides a reaction propul 
sion system with a heating chamber, electrical energy 
means in the heating chamber for heating the fuel, a 
source of exothermally decomposable fuel of the type 
which, when it decomposes produces products of a molec 
ular weight of less than 16, and a converging-diverging 
nozzle downstream of the heating chamber to discharge 
the heated products of decomposition to produce thrust. 
A further modiiication provides a thrust augmenting 
means by which an additional reactant such as an oxidiz 
ing agent is introduced into a combustion chamber to 
raise the temperature of the decomposed products and 
provide higher thrust by discharging through a second 
converging-diverging nozzle downstream of the first 
nozzle. 
While the specification concludes with a claim particu 

larly pointing out and distinctly claiming the subject mat 
ter which l regard as my invention, it is believed the in 
vention will be better understood from the following de 
scription taken in connection with the accompanying 
drawing in which: 
The drawing is a schematic sketch of a reaction pro 

pulsion system of the present invention. 
Referring to the drawing, the system consists of a heat 

ing chamber 1t?. Suitable storage means 11 supplies an 
exotherrnally decomposable compound to the chamber 
10 through line 12 under control of valve 13. For illus 
trative purposes such a compound may be diborane, pen 
taborane, hydrazine, lithium hydrate or nitro-methane. 
These compounds have the advantage of easy, stable 

and compact storage in the liquid form. Thus, the prob 
lems associated with the extremely low temperature (cry 
ogenic) storage of some other proposed working iiuid such 
as hydrogen and helium are avoided. Furthermore, the 
exothermic reaction of decomposition does away with the 
need for supplying the heat of vaporization which is re 
quired by other possible Working fluids such as water. 
Such a reaction gives the added advantage that heat is re 
leased in the decomposition in an amount that can be up 
to 15% of the total heat that must be added to the work 
ing iluid. 
The decomposition process may be spontaneous at the 

conditions existing in the heating chamber 10 or can be 
assured by appropriate decomposer devices 14 between 
the storage means 11 and the throat of the nozzle which 
may be a glow plug, a catalytic surface or the equivalent. 

In the instant invention it is important that the fuel 
source 11 contain fuel which is exothermally decompos 
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able and which is decomposable into products having a 
molecular weight of not more than fifteen. 

These products represent a good Working fiuid for 
the propulsive device either by direct expansion to vacu 
um or withtwo further heat addition processes. ' 
One of these processes provides heat to the decom 

posed fuel in chamber 10 by a suitable electrical energy 
discharge means 15 which is provided preferably, al 
though not necessarily, centrally of chamber 1f). This 
electrical energy discharge means may be conveniently 
an electric arc plasma generator, which is nothing more 
than a direct or alternating electrical current discharge 
of high intensity that heats the propellant, Which is di 
rected by suitable means at the end of line 12 to sur 
round the arc, and adds energy to it. The term elec 
trical energy discharge means is intended to include any 
such electric arc of this general type whether or not 
associated with electrical preheating schemes such as the 
more conventional electrical heaters of the resistance or 
inductance type. The electric arc may be suitably poW 
ered by the usual external means indicated generally at 
16 for heating the decomposed products to a tempera 
ture far above those obtainable by chemical reaction. 
The kproducts of decomposition are heated in this man 

ner to appropriately high temperatures compatible with 
the above mentioned containment and efficiency criteria. 
The'he‘ated products are then expanded (and thereby 
accelerated) through a first converging-diverging noz 
zle 17 into a combustion chamber 18 which surrounds 
the first chamber preferably concentrically. The exhaust 
of 'this first nozzle is further or continuously expanded 
to the external ambient (vacuum) by means of a second 
convergingt-diverging nozzle 19 which Vcan be considered 
as an extension of the first as far as theexpansion proc 
ess is concerned, although structurally it is attached to 
the combustion chamber. 
The propulsion system thus far described, by using 

an exothermally dec'ornposable fuel that decomposes into 
products of decomposition having a molecular weight of 
not more than fifteen, permits an engine of a high specific 
impulse without the disadvantages of the high tempera 
ture, high Weight features and 'permits easy storability 
since the monopropellant is dense and easily storable 
under ordinary conditions. 
A second feature of the instant invention is to pro 

vide augmented thrust to the propulsion system just de 
scribed. This is carried out by another heat addition 
process in which an appropriate reactant` such as an 
oxidizer in container 20 is fed to chamber 18, by means 
of a yline 21 and control valve 22. The oxidizer is di 
rected to regeneratively cool the internally placed cham 
ber 10 and nozzle 17 and, by mixing it with the products 
of decomposition, which may or may not have been 
further heated by the electrothermal device 15 in cham 
ber 10, further heat is added to the Working fluid and 
the thrust is augmented. A 
For the augmentation process the first nozzle 17 will 

behave as a torch or fiame holder insuring sure starting, 
better mixing, and more eii'icient combustion. It can be 
seen that, in this configuration, the second nozzle 19 is 
an extension of the 'iirst and preferably concentrically 
to provide a tandem arrangement. The advantages of 
this arrangement are several: 

'(1) The first 17 Vand second nozzles 19 essentially 
represent a single nozzle of very good area ratio for the 
products of the first two heat addition processes which 
are decomposition and electrothermal heat addition. 
Furthermore, an aerodynamic or self-adjusting effect au 
tomatically ensures the proper attachment of the exhaust 
jet of the first nozzle 17 to the inner surface -of the noz 
zle 19 at 23 'for the best fiuidynamic efi’iciency during 
operation of the two heat addition processes, namely, 
decomposition and electrothermal heat addition. 

(2) Small amounts of a reactant (such as an oxidizer) 
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4. 
or worlc'ng fiuid can be bled through line 21 or a bypass 
portion 24 of line 12 under control of valve 25 respec 
tively to regeneratively cool the first chamber 10 and 
nozzle 17 when needed. With the configuration shown, 
the cooling fluid is then mixed, burned to increase the 
temperature in the second chamber and expanded at high 
efficiency Vtaking advantage of the self-adjusting feature 
mentioned above. 

(3) ‘When the reactant or oxidizer fiowv is increased 
to give full augmentation, the appropriately sized and 
located throat 26 of the second nozzle 19 downstream 
of the exit of the first nozzle controls the f’low.v 

Thus, the tandem nozzle configuration actually per 
forms as a variable nozzle without requiring movable 
hardware, and will be self-adjusting for any mode of op 
eration. 

While î have hereinbefore described a preferred form 
of my invention, obviously many modiñcations and vari 
ations of the present invention are possible in the light 
of the above teachings. It is therefore to be understood 
that, Within the scope of the appended claim, the inven 
tion may be practiced otherwise than as specifically de 
scribed. 

I claim: 
A reaction propulsion system comprising, in combina 

tion: 
a heating chamber; 
electrical high temperature energy discharge means dis 

posed in the said chamber; 
a source of exothermally decomposable fuel of the 

type which upon decomposition produces products 
of a molecular Weight less than 16; 

means connecting the said chamber and exothermally 
decomposable fuel source and directing the fuel into 
said chamber for exothermal decomposition and for 
heating by said energy means, after decomposition, 
to temperatures far above those obtainable by chem 
ical reaction; 

a converging-diverging nozzle connected to said heat 
ing chamber downstream thereof to expand and 
accelerate the heated products of decomposition; 

a combustion chamber surrounding the exit from the 
said nozzle; 

a source of oxidizer; 
means connecting the said source of oxidizer with the 

said combustion chamber to introduce oxidizer 
therein to oxidize the expanded accelerated decom 
position products emerging ?'om the said nozzle to 
further increase their energy and to increase total 
mass flow; 

second nozzle means connected to the ’said combustion 
chamber to discharge, expand, and further accel 
erate the said decomposition products and oxidizer. 
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