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United States Patent Office 2,811,431 
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2,811,431 
OPERATION OF THRUST MOTORS WITH HIGH 

MPULSE AND FUEL FOR SAME 

Fritz Zwicky, Pasadena, James M. Carter, Highway High 
lands, and Frederick J. Ewing, Altadena, Calif., as 
signors, by mesne assignments, to Aerojet-General Cor 
poration, Azusa, Calif., a corporation of Ohio 

Application July 26, 1944, Serial No. 546,686 
8 Claims. (C. 52-5) 

Our invention relates to liquid fuels and more par 
ticularly to fuels useful in the operation of motors. 
The principal object of this invention is to provide a 

liquid propellant fuel capable of generating a high spe 
cific impulse in a motor at practical temperatures and 
preSSures. 

It is desirable in the operation of motors such as the 
jet propulsion type to burn fuels in them which develop 
a high specific impulse, that is, produce a high ratio of 
impulse per unit of fuel used. This quantity is expressed 
aS 

lb. sec. 
b. 

Many fuels capable of producing such impulses have 
been impractical due to the fact that their combustion 
temperatures and pressures have not been within reason 
ably workable limits. In accordance with our invention 
we provide a propellant fuel which develops the desired 
high specific impulse at temperatures and pressures well 
below 2600 K. and 300 lbs. per square inch respec 
tively. An attendant advantage of our invention is the 
elimination of the dissociation of the combustion gases 
and other unfavorable gas characteristics which would be 
encountered at temperatures above 4000 K. 
One of the most effective means of reducing the com 

bustion temperature is the introduction of H2 gas into 
the combustion chamber. Practically it is difficult to 
supply sufficient gaseous H2, and the use of liquid H2 is 
not expedient due to its low liquid density and tempera 
ture. 

According to our invention endothermic high energy 
fuels having at least 5% hydrogen by weight are dissolved 
in compounds containing nitrogen and hydrogen which 
decompose readily to release hydrogen. The preferred 
endothermic compound is acetylene and the preferred ni 
trogen-hydrogen compound is liquid ammonia. Am 
monia decomposes easily (requiring 16 K. cal/mole) at 
about 800° C. or less. The low temperature of combus 
tion of this mixture prevents dissociation of the gases 
thereby increasing the available energy supplied to the jet 
motorS. 

Endothermic compounds other than acetylene itself 
which might be used are the higher members of the acet 
ylene series, these all being referred to herein as acet 
ylenes. Thus, for the purpose of our invention, poly 
acetylenes, methyl acetylene, and ethyl acetylene may be 
used in place of acetylene itself. Endothermic olefinic 
hydrocarbons having two or more double or triple bonds 
or a combination of double and triple bonds in the mole 
cule such as butadiene, diacetylene, or vinyl acetylene 
may be substituted for acetylene. Likewise, C, H, N, 
compounds having at least 6% hydrogen by weight and 
amines with at least one amine group for every two car 
bon atoms, hydrazine, or mixtures of any of these with 
ammonia can be substituted for ammonia. 
The carburetant may be oxygen, a halogen or mix 
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2. 
tures of these elements, or an oxygen bearing halogen 
compound volatile at room temperature. Such carburet 
ants must be used rather than atmospheric oxygen as the 
Oxygen content of the atmosphere is too low to produce 
the required specific impulse. The reaction requires that 
an oxidizing atmosphere containing at least 60% by 
volume of oxygen be used before impulses above 

235 lbs. Sec. 
b. 

can be developed at temperatures below 3000 K. and 
pressures below 600 lbs. per square inch. A requirement 
of our invention is that the endothermic compounds 
must be burned with just enough oxygen so that the de 
composition stops with the formation of CO and H2, and 
under no condition must more than % of the H2 formed 
be allowed to burn to water. 
As an example of our invention 1 mole of C2H2 is 

mixed with 2 holes of NH3 and burned by 1% moles of 
O2. The reaction which occurs is substantially as fol 
lows: 

(1) 
3O2 CH -- 2NH 2 - 2CO -- H2O -- 3H -- N. 

The available specific impulse from such a mixture de 
composing in the manner indicated by Equation 1 is 

260 lbs. Sec. 
lb. 

at a combustion pressure of 300 lbs. per square inch and 
is obtained at a combustion temperature of only 2600° 
K. This compares favorably with ordinary hydrocarbon 
type of fuels such as gasoline because the maximum spe 
cific impulses available from the gasoline type of hy 
drocarbon fuel when burned with oxygen is less than 

225 lbs. sec. 
b. 

at a combustion pressure of 300 lbs. per square inch, 
even when the combustion temperature approaches 3000 
K. and usually the order of magnitude is only between 

170 and 200 lbs. Sec. 
1b. 

Another advantage of our invention will become ap 
parent when considering the combustion of acetylene and 
oxygen alone. In absence of dissociation this would pro 
ceed according to Equation 2. 

and would theoretically give combustion temperatures 
above 5300 C. Due to dissociation of products of 
combustion and other unfavorable gas characteristics, 
however, the actual temperature obtained is much less 
than 5300° C. being only in a little excess of 3000 C. 

Dissociation of the products of combustion is unfavor 
able except in some very special cases because the energy 
of dissociation is of the order of magnitude of the energy 
of combustion. The energy absorbed by the dissociation 
must be recovered during the expansion process, or it 
will be lost. Since the time available for recombination 
is extremely short, being in the order of a microsecond, 
very little of this absorbed energy is actually recovered. 
Our invention eliminates dissociation of the products 

of combustion and thereby achieves higher efficiency in 
producing a given exhaust velocity, by expanding gases 
from a fixed temperature and pressure, than can in gen 
eral be obtained when dissociation occurs. 
An advantage of our invention is demonstrated by the 



3. 
addition of NH3 to acetylene. The NH3 lowers the theo 
retical temperature of combustion when oxygen is used 
in proportions indicated by Equation 1 from 5300 C. to 
about 2300 C. Because dissociation of the gases of 
combustion becomes - negligible below 2400° C. there 
is no corresponding loss of available energy of the propel 
lant. This is indicated by the fact that the actual tem 
perature of combustion is of the same degree of mag 
nitude as the calculated value. X 
An added feature of our invention is that endothermic 

compounds such as acetylene can be liquefied and kept 
under pressure when in solution with NH3 and do not 
undergo spontaneous decomposition as is the case when 
relatively pure compounds of the class of acetylene are 
Subjected to pressure. 
The drawing shows a schematic assembly partly in 

cross section of a system comprising a motor with fuel, 
oxygen and inert gas containers, arranged to operate in 
accordance with this invention. 

Fuel in container 1 is placed under pressure by the 
inert gas in container 3 or other suitable pressurizing 
means, such as a fuel pump. Constant pressure is main 
tained by the pressure regulator 15 placed in the line con 
necting tanks 3 and 1. Oxidizer under pressure is stored 
in oxidizer container 2. This tank supplies oxidizer 
through conduit 4 and constant pressure is maintained at 
the valve by pressure regulator 5. Electromagnetic valves 
7 and 8 permit the operator to control the flow of fuel 
and oxidizer into conduits 9 and 10 which connect to jets 
11, and 12. A spark plug 4 or other suitable ignition 
means ignites the... explosive mixture. near the point of 
intersection of the oxidizer and fuel in combustion cham 
ber 13 of the motor. 
We claim: 
1. A propellant charge consisting of a mixture of a 

non-aromatic, fluid, endothermic, unsaturated hydrocar 
bon containing at least 5% hydrogen by weight; a com 
pound selected from the group consisting of nitrogen and 
hydrogen compounds containing at least one NH2 group, 
and organic compounds of hydrogen and nitrogen, con 
taining no additional element other than carbon, said car 
bon-containing hydrogen and nitrogen compounds having 
at least one NH2 group for every two carbon atoms; and 
a volatile oxidizing agent selected from the group con 
sisting of oxygen, a halogen, mixture of halogens, and 
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oxygen-bearing halogen compounds, volatile at room 
temperature. 

2. A propellant charge according to claim 1 in which 
the endothermic compound is a compound of the acety 
lene series. 

3. A propellant charge consisting of a mixture in the 
proportions of one mole of a non-aromatic fluid, endo 
thermic, unsaturated hydrocarbon having at least two 
double bonds in the molecule, two moles of ammonia 
and one and one-half moles of a volatile oxidizing agent. 

4. A propellant charge consisting of a mixture in the 
proportions of one mole of a compound of the acetylene 
Series, two moles of ammonia and one and one-half moles 
of a volatile oxidizing agent. 

5. A propellant charge consisting of a mixture in the 
proportions of one mole of acetylene, two moles of an 
aliphatic amine, said amine having at least one amino 
group to every two carbon atoms and one and one-half 
moles of a volatile, oxidizing agent. 

6. A propellant charge consisting of a mixture in the 
proportion of one mole of acetylene, two moles of am 
monia and one and one-half moles of an oxidizing agent. 

7. A propellant charge consisting of a mixture in the 
proportion of one mole of butadiene, two moles of am 
monia, and one and one-half moles of oxygen. 

8. A propellant charge consisting of a mixture in the 
proportion of one mole acetylene, two moles of ammonia, 
and one and one-half moles of a volatile halogen. 
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