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This invention relates to tluid fuel jet propulsion sys 
tems such as are useful for example in conjunction with 
rocket motors, and more particularly to improved means 
in such systems for delivering the propellant substances 
to the rocket motor combustion chamber. 

It has been established that for optimum results the 
propellant substances such as the fuel and oxidant and 
catalyst mediums must be fed to the combustion chamber 
in precise proportions, and that the best means for dis 
placing the propellants from their respective supply vessels 
for feeding to the combustion chamber is by means of 
properly controlled gas pressures supplied by suitable inert 
gassubstances. Mechanical arrangements for regulating 
the pressures of the respective propellant supply systems 
have invariably proven to be too complex in design and 
construction and insuiiiciently reliable in operation; and 
_prior arrangements for employing inert gas pressures for 
displacing the propellants from their respective supply 
vessels have also been relatively complicated and cumber 
some and ineñìcient and otherwise undesirable. 
The present invention has for its primary object avoid 

ance of the ditliculties and disadvantages above referred 
to, and contemplates a novel propellant displacement sys 
tem operating in response to gas pressures developed as 
the result of progressive decomposition of a solid sub 
stance which is adapted to evolve large volumes of gas 
at relatively low temperatures responsive to upsetting of 
the ychemical equilibrium of the solid substance. More 
particularly, another object of the invention is to provide 
novel and improved mechanisms for controlling con 
version of the solid substance charge into gaseous form 
and to control the gas evolution rate. Other objects and 
advantages of the invention will appear from the specifi 
cation hereinafter. 

In the drawing: 
Fig. 1 is a diagrammatic illustration of a rocket motor 

tiuid propellant supply system, showing one form of the 
gas generator unit of the invention in section; 

Fig. 2 is a sectional View of still another form of gas 
generator of the invention; 

Fig. 3 is a section, on an enlarged scale, taken along 
line III-III of Fig. 2; 

Figs. 4 and 5 are sectional views of still other forms 
of gas generators of the invention; and 

Fig. 6 is a sectional View, on an enlarged scale, taken 
along line 'VI-VI of Fig. 5. 
`As shown in Fig. 1, the invention is illustrated as being 

applied to a rocket motor system wherein the rocket motor 
per ­se is indicated generally at l() and is illustrated as 
comprising a combustion chamber 12 terminating in a 
reaction nozzle i4 and having a suitable type “injector 
head” 15 with fuel and oxidant nozzles 16-17 respec 
tively. Oxidant nozzle 17 is fed by means of a delivery 
tube 18 connected to the outlet port of a tank 20 which 
contains a supply of oxidizing substance as indicated at 
22 which> may be backed up by a gas separating bladder 
or a movable piston as illustrated at 24. Behind the 
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piston 24 the tank 20 is provided with connection to an 
inert gas generator unit of the invention as indicated gen 
erally by the numeral 25; intercommunication being pro 
vided by means of a pressure inlet connection 26 to 
which is connected one end of a conduit 27 leading from 
the pressure outlet connection 28 of the pressure genera 
tor unit 25. The details of the generator 25 Will be more 
fully explained hereinafter. 
The fuel supply tank may be furnished as indicated at 

30, and may be arranged to include a gas separating 
bladder 31 and a pressure inlet connection as indicated at 
32; the fuel discharge conduit 34 from the tank 30 hav 
ing connection into the rocket motor combustion chamber 
jets 16. If required, a catalyst supply vessel (not shown) 
may be similarly furnished; a pressure inlet connection 
being made with the outlet connection 28 and the dis 
charge conduit therefrom being arranged to discharge into 
the rocket motor combustion chamber as is understood 
in the art. 

Thus, it will be appreciated that gas delivered under 
pressure by the generator 25 through the manifold 28 may 
be employed to force the piston 24 in the oxidant tank 
to displace' oxidizer material therefrom into the rocket 
motor combustion chamber, while at the same time gas 
pressure from the generator 25' may be similarly em 
ployed to force fuel to be displaced from the fuel tank 
and catalyst (it employed) from the catalyst supply vessel 
into the rocket motor combustion chamber. Pressure regu 
lating valves as indicated at 42 and 44 may be employed 
to provide for selective regulation of the rates of delivery 
of the respective propellants to the rocket motor. 

Referring now to the gas generator portion of the system 
of the invention, it is contemplated to employ as the gas 
developing substance any suitable solid gas generating sub 
stance. For example, one of the ammonium carbonate 
compounds such as ammonium bicarbonate (NH4HCO3) 
or the double salt of ammonium carbonate and am 
monium bicarbonate (commercially known as ammonium 
carbonate), or the like may be employed. Such com 
pounds are under normal conditions in solid form and 
adapted to decompose at elevated temperatures to volatil 
ize and thereby generate large volumes of relatively low 
temperature gas with little or no residue. Such mate 
rials are readily available, inexpensive, non-toxic, and non 
explosive; and may be used either in powder or cake 
form. The decomposition rate may be readily regulated 
by any suitable control of the application of heat to the 
compound; and the compound may be heated by any 
suitable method such as by an electrical resistance heating 
element; a heat developing powder cartridge; a combus 
tion material mingled with the gas generant substance; 
or by application of hot gases derived from any suitable 
external source, or by action of a catalyst or chemical 
compound such as hydrazine (N2H4). 

It is contemplated that in arrangements relying upon 
contact of a ­heating element (such yas an electrical resist 
ance element) with the gas generant substance, the ele 
ments may be maintained in the required proximity rela 
tion either by moving the heating element toward the gas 
generant substance or by moving the generant substance 
toward the heating element, `as the gas generating opera 
tion progresses. Thus, for example, the heating element 
and the generant substance may be disposed in relatively 
movable positions within a suitable container and ar 
ranged to be maintained in heat exchange proximity by 
¿automatic operation thereon of pressure forces derived 
from the gas produced by the unit, or from some external 
source if preferred. Hence, it will be appreciated that the 
rate of decomposition of the gas generant may be regu- ' 
lated by suitable control of relative displacements of the 
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will be appreciated that the rate of gas evolution may be 
regulated if Idesired by suitable control of the electric 
current energizing the heating element, such as by means 
of a switch manually controlled or operating automatically 
in response to variations of pressure in the generated gas 
chamber. 
By way of an exempliñcation of the invention a gas gen 

erating unit is illustrated in Fig. l at 25v as comprising 
generally a cylindrical container 50 housing therein a 
movable differential piston 52 formed with a hollow pis 
t0n rod 5&1 extending lengthwise through the cylinder 5G 
and through an aperture at one end thereof. A cake or 
powder charge of ammonium carbonate compound or 
the like as indicated at 55 is packed Within the cylinder 
behind the piston and around the piston rod. The piston 
head 52 is provided with an electrical resistance heating 
element as indicated at 56 which connects to conductors 
57-58 leading through the hollow piston rod to a suitable 
power source as indicated at 59. The conductor 58 in 
cludes a variable rheostat as indicated at 60; the arma- ‘ 
turey of which> is positionally adjustable as by means of a 
linkage 62 extending from a Sylphon bellows 64 coupled 
by means of a tube d6 into communication with the pres 
sured gas chamber portion 67 of the container 50. 

Thus, it will be appreciated that upon energization of 
the resistance device 56 the piston head 52 will become 
heated and being in heat exchange contact with the gas 
generant charge at one end thereof it will cause the heated 
portion of the gas generant substance to convert into gas 
eous form. The piston head 52 is perforated as indi 
cated at 6E to permit the generated gas to escape through 
the piston. into the pressure chamber portion 67 of the 
casing 519; and thus it will be understood that the pres 
sure chamber portion 67 of the casing will become filled 
with gas under pressure for delivery through the conduits 
27-32 for the purposes explained hereinabove. At the 
same time the development of gas pressure within the 
chamber portion 67 will operate against the piston head 52 
so as to cause the latter to be progressively displaced and 
maintained in heat contact relation with the gas generant 
substance charge 55 as the latter is progressively dissi 
pated at the zone of heat exchange relation with the piston 
head. Thus, the heated piston element of thefdevice is 
automatically maintained fat all times in heat exchange 
position with the chemical substance as a result of the 
piston area differences; and as explained hereinabove if 
automatic control of the gas evolution rate is desired they 
rheostat 6@ may be employed under control of the bellows 
6d» so that a substantially constant gas pressure `«vill be 
maintained in the pressure ‘chamber portion 67. 

Figs. 2-3 illustrate another form of gas generating unit 
of the invention wherein the unit comprises a generally 
cylindrical container 90 into one end of which is packed 
a gas generant charge as indicated at 92. The other end 
of the unit container is enlarged as indicated at 94 to corn 
prise the generated gas chamber portion of the unit, and in 
this portion of the device is mounted a helically wound 
heat exchange conduit 95 having a hot gas inlet end por 
tion 95 arranged in communication with la hot gas supply 
conduit A control valve 98 is arranged in the line of 
the conduit 97 and is coupled to a Sylphon bellows de 
vice as indicated at 99 arranged to be responsive to 
the gas pressures within the chamber portion 94, so asV 
to obtain automatic regulation of the rate lof hot gas 
ñow into the ­heating coil 95 for gas generation con 
trol purposes, as explained> hereinabove. 
The supply conduit 97 will be connected to any suitable 

hot gas supply source, such as for example the :combus 
tion chamber portion of the rocket engine which is ar 
ranged to be supplied by propellants through yoperation of 
the gas generating unit per se. A branch conduit 100 is 
connected into the heating coil 95 vand arranged to deliver 
gasîtherefrom under pressure through an aperturey at the 
rearendof the container 90 and into the space behind-a 
movable lpiston member 92;v whereby, it will be` understood 
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that the piston member may be maintained under constant 
pressure to cause it to force the gas generant charge 92 to 
be moved into constant heat exchange bearing relation 
against the heating coil 95 as the gas generant substance 
becomes progressively dissipated. An electrical resistance 
heating element as indicated at 104 may be arranged with 
in the unit if desired for the purpose of initial heating of 
the gas generant charge for “starting” purposes; it being 
understood that after gas pressures are developed and the 
rocket motor goes into operation the hot gas products of 
combustion in the combustion chamber thereof willY be 
then available in the conduit 97 to supply heat through 
the heating coil 95 to the gas generant charge. 

Fig. 4 illustrates still another form of gas generator of 
the invention wherein the unit comprises generally a cylin 
drical container 105 in which is stored a supply of gas 
generant substance 106. A heavy wire screen or per 
forated plate is provided transversely of the interior of 
the container as indicated at 103, and an electrical resist 
ance heating element as indicated at 110 is arranged. to 
be variably controlled by means of a rheostat as indicated 
at 112. The rheostat 112 is in turn connected to be regu 
lated by means ̀ of a Sylphon bellows 114. or the like ar 
ranged in communication with the gas chamber portion 
115 of the unit container. Behind the gas generant charge 
is disposed a movable piston 116 and la gas pressure sup 
ply source such as Aa nitrogen bottle or the like as indicated 
at 118 is- arranged to discharge through a conduit 11,9, a 
pressure regulating valve 1211; and a conduit 122 intothe 
unit- behind the piston 116 so- as to cause the latter to con 
stantly maintain a displacement pressure against the gas> 
generant charge so as to force it to remain in heat ex 
change bearing relation with the perforated barrier 108. 
The pressure regulator 120 is automatically controlled 
by the pressure from the gas reservoir portion 115 of the 
unit, through the conduit 124. A heat reñector screen as 
indicated at 125 may be employed to keep the heat gen 
erated by the element 110 from being undesirably dissi 
pated; the reflector 125 being porous to permit free gas 
ñow therethrough. 

Figs. 5~6 illustrate still another form of gas generator 
of the invention wherein the unit comprises generally a 
cylindrical container 125 in whichA is stored a charge of 
gas generant substance 12d. Interiorly of the gas gen 
erant charge 126 is embedded a combustible powder 
charge 12S', and electrical resistance heating elements are 
embedded in the powder charge as indicated at 129. 
Thus, it will be appreciated that upon energization of 
the heating elements 129 the powder charge will be ig 
nited so as to cause the latter to slowly burn and’to there 
by generate heat which will in turn causev the- gas gen 
erant charge 126 to decompose to provide gas evolution 
as explained hereinabove. 

I claim: 
l. A gas generator comprising a container having 

therein a mass of ammonium carbonate compound adapt 
ed to progressively decompose when heated to evolve 
large quantities of gas, said container including a gas 
accumulation chamber portion, a heating element» dis 
posed within said container, and means operable to rela 
tively displace said mass and said heating element to 
maintain them in heat exchange relation as decomposi 
tion of said mass progresses. 

2. A gas generator comprising a container having 
therein a mass of solid material adapted to decompose 
when heated to evolve large quantities of gas, and a 
gas accumulation chamber, a heating coil disposed with-­ 
in said container, and displacement piston means variably 
operable in response to pressure variations in said cham 
ber to move said mass into continued contact with said 
heating element to maintain it in heat exchange relationl 
therewith as decomposition of said mass progresses. 

3. A gas> generator comprising a container having 
therein a mass o_f solid material adapted to decompose 
when heated to evolve large quantities of gas, a> gas 
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accumulation chamber, a heating element disposed with 
in said container, differential piston means variably op 
erable in response to pressure variations in said cham 
ber to relatively displace said mass and said heating 
element to maintain them in heat exchange relation as 
decomposition of said mass progresses, and an external 
excitation means for said heating element. 
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