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10 Claims. (Cl. 60-204) 

The present invention relates to a liquid propulsion 
system and more particularly to a bi-propellant, liquid 
propulsion system wherein the melting point of the 
liquid fuel is selectively adjusted to be compatible with 
cryogenic oxidizers. 
A variety of space missions are currently being con 

sidered which will require long-residence-times in space. 
Because of their versatility and high performance, liquid 
propulsion systems are considered to be highly suited 
for such missions, the requisite conditions being that 
the oxidizer and fuel provide a relatively high speci?c 
impulse to the system and have a substantial overlapping 
liquid range in order to maintain both propellants in 
‘a liquid state at the same temperature. 

It has been found that if propellants are used in the 
propulsion system which do not have overlapping liquid 
ranges, the tanks containing the respective propellants 
must be insulated from one another or else heat transfer 
between the two propellant tanks will cause undesirable 
phase changes in the propellants, such as volatilization 
or freezing. Such insulation of the propellant tanks results 
in unnecessary bulk and weight which reduces the pay 
load of the system. 

Presently, ?uorine and various mixtures of oxygen 
and ?uorine are being considered as liquid oxidizers for 
space missions because of their high performance 
capabilities. Although hydrogen would be the highest 
performance fuel to use with these oxidizers, its low 
density and very low boiling point substantially diminish 
its space storability. It has been found, however, that 
various low molecular weight hydrocarbons make ex 
cellent fuels for use with these oxidizers, but the melt 
ing points of the most desirable hydrocarbons, methane 
and ethane, are invariably higher than the boiling point 
of ?uorine and preferred mixtures of ?uorine and 
oxygen. Consequently, if the temperature of the system 
is maintained so that the hydrocarbon fuel is in a 
liquid state, the oxidizer, at the same temperature, will 
tend to volatilize. It is undesirable to attempt to main 
tain a cryogenic propellant at any temperature sig 
ni?cantly above its normal boiling temperature. This is 
because an increase in temperature causes a marked 
decrease in density, effectively reducing tankage capacity, 
and, in addition, causes a rapid rise in vapor pressure, 
necessitating stronger and heavier tankage. In the usual 
case, tank temperature is controlled by constant pressure 
venting whereby cooling is effected by the latent heat 
of vaporization of the propellant. An increase in tank 
temperature renders this process less e?icient and can 
increase boil-off rate since heat of vaporization decreases 
with temperature, becoming zero at the critical tempera 
ture. Thus cryogenic propellants are most e?iciently 
stored at or below their normal boiling temperatures. 

It is unexpectedly discovered that certain hydrocarbons 
form eutectic compositions which have a melting point 
substantially below the boiling point of ?uorine, pre 
ferred ?uorine-oxygen mixtures and liquid nitrogen, the 
conventional coolant for cryogenic oxidizers. Accord 
ingly, by using the preferred fuels of the present inven 
tion with ?uorine or a ?uorine-oxygen mixture (FLOX), 
space systems can be devised wherein the two propellants 
may be placed in thermal contact without danger of 
one phase freezing or volatilizing; and in addition, sys 
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tems employing liquid nitrogen to maintain the oxidizer 
in a liquid state do not run the risk of freezing the fuel. 

It is an object, tehrefore, of the present invention to 
provide high performance, bi-propellant rocket systems 
using liquid oxidizers and liquid fuels which have sub 
stantially overlapping liquid ranges. 

It is yet another object of the present invention to 
provide liquid fuels which are compatible for use with 
?uorine and mixtures of oxygen and ?uorine. 

It is another object to provide fuels which do not 
‘freeze at temperatures above the boiling point of liquid 
nitrogen. 

It is a still further object of the present invention to 
provide hydrocarbon fuels which are thermally com 
patible with high-e?iciency, cryogenic oxidizers. 

These together with various ancillary objects and 
features of the invention Will become more readily ap 
parent upon consideration of the teachings as herein 
below set forth in detail and illustrated in the accom 
panying drawings wherein: 

FIG. 1 is an equilibrium phase diagram of methane 
and ethane. 
FIG. 2 is an equilibrium phase diagram of methane 

and propane. 
FIG. 3 is a schematic representation partly in section 

of a rocket motor according to this invention. 
In FIG. 1 a phase diagram is shown for methane 

and ethane at pressures which are saturation vapor pres 
sures. Superimposed thereon are the boiling points of 
?uorine, nitrogen and a 70—30 mixture of ?uorine and 
oxygen. It will be noted from the phase diagram that 
ethane has a melting point of approximately —183° 
C. Hence, when ethane is used with the 70-30 mixture 
of ?uorine and oxygen in a bi-propellant motor, there 
is a hiatus of over four degrees between the liquid ranges 
of the two propellants and consequently, it is impossible 
to design a system which will maintain both propellants 
in a liquid state at the same temperature. 
On the other hand, methane is seen to have a melting 

point of approximately —183.2” C. and consequently, 
it, for the same reasons as set forth for ethane, cannot 
be efficiently used with a 70-30 mixture of ?uorine and 
oxygen in a long-residence-time space vehicle. As pointed 
out on page 318 of the American Institute of Chemical 
Engineering Journal of September 1958, it has been 
previously thought that the melting points of mixtures 
of methane and ethane would merely fall on a straight 
line between the two melting points. However, it has 
been discovered in the present invention that, in fact, 
a eutectic composition is formed at approximately 55 
percent methane with 45 percent ethane, which melting 
point is at approximately —199° C. This melting point 
is substantially below the boiling point of —186.9° C. 
for the 70—30 mixture of ?uorine and oxygen, providing 
thereby an overlap of 12 degrees in the liquid ranges 
of the two propellants. By employing appropriate radiant 
energy re?ecting and absorbing means on the surface 
of the space vehicle, the temperature and the propellant 
storage area may be maintained within this 12 degree 
range, thereby maintaining both propellants in a liquid 
state. The 12° centigrade overlap in liquid ranges is 
broad enough to pose no di?iculties in system design 
whereby the temperature range may be maintained with 
out di?iculty. With accurate temperature control means, 
it is possible to use other than eutectic mixtures and, 
as it can be seen from FIG. 1, methane may be adjusted 
from 7 to 90 percent when used with 70—30 FLOX, or 
from 9 to 87 percent when used with liquid ?uorine. 

Referring now to FIG. 2, it will be seen that sub 
stantially the same eitect is created by using mixtures 
of propane and methane. Here a mixture of 30.3 percent 
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of methane and 69.7 percent propane produces a eutectic 
having a melting point of —198° C. Although approxi 
mately eutectic compositions are preferred to permit 
ready maintenance of both propellants in a liquid state, 
it is evident from FIG. 2 that propane in excess of 12 
percent will provide a propellant with a melting point 
less than the boiling point of 70-30 FLOX. However, 
where a liquid system is being designed to employ an 
oxidizer which must be maintained in a liquid state by 
means of liquid nitrogen, the fuel mixture of propane 
and methane will be liquid only where the propane 
content is from approximately 52 percent to 82 percent. 

It is an important aspect, therefore, of the present 
invention that no other fuels are presently known, save 
hydrogen, which are liquid below the boiling point of 
nitrogen. The present invention, however, has discovered 
two such fuels. One is a mixture of from approximately 
52 to 82 percent by weight of propane in methane, and 
the other is a mixture of from approximately 32 to 68 
percent by weight of ethane in methane. Both of these 
hydrocarbon fuel systems are highly energetic and have 
none of the serious storability problems possessed by 
hydrogen as a fuel. Consequently, the present invention 
makes available fuels which are compatible to high-effi 
ciency, cryogenic oxidizers which must be held at low 
temperatures by the conventional cryogenic medium, 
nitrogen. 
Although 70-30 mixtures of ?uorine and oxygen ‘have 

been shown as a preferred oxygen-?uorine mixture, it 
will be apparent that mixtures of 50-50 ?uorine and 
oxygen, mixtures of 35-65 ?uorine and oxygen as well 
as many other oxidizers are suitable for use with fuels 
of the present invention. 

It is also apparent that the ternary mixture of methane, 
propane and ethane will exhibit freezing points desirable 
for the purposes of the present invention. 

Referring now to FIG. 3, a schematic representation 
of a liquid bipropellant rocket system according to this 
invention is shown. Such a system comprises a thrust 
chamber 10 with associated conventional feed lines 12 
and 13, control valves 14 and 15 and pumps 20 and 21 
which are supplied with the fuel and oxidizers described 
above from tank 11 which is divided into a fuel com 
partment 16 and oxidizer compartment 17 by partition 
12. Pressure relief valves 18 and 19 are associated with 
each compartment to provide for cooling of the fuel 
and oxidizer by the latent heat of vaporization of the 
fuel and oxidizer. As an alternative cooling means, liquid 
nitrogen could be circulated by means 22 around tank 
11 according to this invention without freezing the 
propellants. i 
From the aforementioned examples, it is clear, there 

fore, that various ?uorine-oxygen mixtures may be used 
in combination with fuel systems consisting of mixtures 
of methane, ethane and propane and accordingly, it will 
be understood that the aforementioned speci?c embodi 
ments are descriptive rather than limiting in nature and 
that various changes, combinations, substitutions or 
modi?cations may be employed in accordance with these 
teachings without departing either in spirit or in scope 
from this invention in its broader aspects. 

I claim: 
1. A bi~propellant motor comprising ?rst and second 

storage tanks containing ?rst and second liquid propel 
lants, a thrust chamber, means for injecting said ?rst 
and second propellants into said thrust chamber, and 
means for maintaining said propellants at a predeter 
mined temperature, said temperature being no greater 
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4 
than about ‘—186° C. said ?rst propellant being an 
oxidizer having a boiling point between about —-l86° 
C. and said predetermined temperature said predeter 
mined temperature and said second propellant being a 
high-density fuel having a freezing point below said 
predetermined temperature. 

2. The motor of claim 1 wherein said high density 
fuel is selected from the group consisting of mixtures 
of methane and ethane and mixtures of methane and 
propane. 

'3. The motor of claim 2 wherein said oxidizer is 
selected from the group consisting of ?uorine and mix 
tures of oxygen and ?uorine. 

4. The motor of claim 2 wherein said predetermined 
temperature is the boiling point of nitrogen and means 
are provided for passing liquid nitrogen in heat exchange 
relationship with said storage tanks. 

5. In method for operating a cryogenic propellant 
motor ‘wherein a cryogenic liquid oxidizer and a cryo 
genic liquid fuel are injected from separate sources into 
a combustion chamber and reacted therein to produce 
hot combustion gases, the improvement wherein the 
sources of said oxidizer and said fuel are maintained at 
a predetermined temperature no greater than about 
—l86° C.; said oxidizer has a boiling point ‘between 
about -—186° C. and said predetermined temperature, and 
said fuel is a high density fuel having a freezing point 
below said predetermined temperature. 

6. The method of claim 5 wherein said fuel is selected 
from the group consisting of mixtures of methane and 
ethane and mixtures of methane and propane. 

7. The method of claim 6 wherein said oxidizer is 
selected from the group consisting of ?uorine and mix 
tures of oxygen and ?uorine. 

8. The method of claim 7 wherein said predetermined 
temperature is the boiling point of nitrogen and said 
sources of fuel and oxidizer are cooled with liquid 
nitrogen. l 

9. The method of claim 5 wherein said fuel is a hydro~ 
carbon mixture, said predetermined temperature is the 
boiling point of nitrogen and said sources of fuel and 
oxidizer are cooled with liquid nitrogen. 

10. The method of claim 9 wherein said oxidizer is 
selected from the group consisting of ?uorine and mix 
tures of oxygen and ?uorine. 
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