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1

This invention relates to motors and particu-
larly to jet propulsion motors. It is concerned
especially with the production of the impelling
force for such motors. It provides a liquid which
combines -fuel and all the elements required for
" its combustion and which can safely be used with-
out exploding but with the production of great

power.

Motors of the jet propulsion type are well-
known. They ordinarily comprise a combustion
chamber in which fuel is burned and an exhaust
nozzle leading from the chamber to the atmos-
phere. There have heretofore been used in such
motors solid and liquid materials containing fuel
and other substances which make them self-com-
bustible in the motor. Such self-combustible
motor charges are advantageous in that they
permit the elimination of separate storage and
feed systems for the oxidizing elemént—a matter
of great importance in aircraft, etc., where weight
must be kept to a minimum.

As a result of our investigations we have dis-
covered that liquid nitroparaffins are particu-
larly well adapted as charges.for jet propulsion

. motors. These substances are self-combustible
and hence permit the elimination of a separate
system for the oxidizer employed. The fact that
they are liquid facilitates control of admission of
the substances to the combustion zone of the
motor. And these advantages are combined with
two other important ones, for the substances are
stable under a varlety of conditions and hence
much safer than liquid charges heretofore pro-
posed. At the same time the substances gener-
ate great power upon decomposition.

The nitroparaffins useful in the practice of the
invention should contain at least enough oxygen
for the combustion of substantially all carbon in
the molecule to carbon monoxide. Preferably
they should contain at least 42.6% oxygen by
weight. Nitroparaffins containing greater per-
centages of cxygen, provided they are sufficiently
stable. may be used, although in general a ni-
troparaffin containing more oxygen by reason of
having more than one nitrogroup per carbon
atom may tend to be unstable and easily deto-
nated. Such unstable compounds should gener-
ally be avoided as they might be unsafe for con-
tinuous injection into a jet propulsion motor un-
less suitably desensitized. Nitroparaffins con-
taining up to about 53.4% oxygen by weight are
‘suitable, although in. general, the lower molecu-
lar weight nitroparaffins are the most satisfac-
tory. ‘Thus, nitromethane or a mixture of nitro-
methane with nitroethane are for most purposes
more satisfactory than nitroethane alone or di-
nitroethane, for example.

A further feature of the invention is the provi-
sion, within the combustion chamber, of a cata-
lytic surface. Means are provided for impelling

into contact with this lining a liquid which is self-

' combustible in the presence of the catalyst. Thus
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a surface of cerium oxide in the chamber aids
in the combustion of nitromethane, ete. .

The invention will be better understood from
the following description and the accompanying
drawing in which: o

Fig. 1 is a cross section elevation view of a jet
propulsion motor in which self-combustible lig-
uid fuel may be used in accordance with this in-
vention

"PFig. 2 is an end view of the motor'

Fig. 3 shows in cross section a detail of the
cpray injectors used in the motor; ’

Fig. 4 shows a detail of the spray nozzle of Flg
3 in perspective;

Fig. 5 is a view in cross section of part of a
combustion chamber showing means for intro-
ducing oxygen or an oxidizing agent; and

Fig. 6 is another cross section view of a modi-
fication of the combustion chamber shown in
Fig. 5.

Nitromethane and mixtures of nitromethane
and nitroethane are preferred propellants for
the practice of the invention. 'These contain both
the necessary fuel and the oxygen required for
self-combustion in the motor and possess 2 high
degree of energy release upon combustion. Ni-

troethane alone is somewhat low in its energy re-

lease and furthermore is inclined to produce un-
desirable amounts of carbon. When used to-
gether with nitromethane, however, it gives a
very satisfactory performance. .

The drawing shows a form of jet propulsion
motor of a type useful on vehicles such as glider
bombs, torpedoes, aircraft or the like, The motor
comprises an elongated body portion {, shown in
the general form of a long frustum of a cone en-
closing a combustion chamber A. The inner sur- -
face is lined with a lining 2.of a suitable mate-
rial, preferably a refractory catalytic substance.
The two ends of the conical motor are threaded
at 3 and 4 respectively. An exhaust nozzle 5 is
applied to the threads 4. This nozzle is in the
form of a2 plug having a central opening 6 which
conforms and continues the internal opening of
the motor itself. The nozzle is constricted to a
narrowest diameter 7 and then flares to a some-
what larger diameter 8 at its exhaust opening.
The inner wall of the exhaust nozzle is lined by
a suitable refractory jacket 9, for example car-
bon, to protect it against erosion from hot ex-
haust gases.

At the opposite enlarged end of the conical mo-
tor there is threaded a closure plug 10 having a

" centrally disposed opening {1 leading into it from

the exterior, and this branches partway through
the plug to form two or more openings 2, com-
pleting the passageway through the interior of
the motor. An inlet pipe 13 is threaded into
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opening 11 and spray injectors 14 .are threaded
through the passageways 2.

The spray injectors are shown in more detail -
in Figs. 3 and 4. They comprise a threaded nip- "~

ple 15 into the front end of which there is force-

fitted a pintle 16 in the shape of a plug having .

longitudinal grooves §7 at its periphery and hav-
ing a conical deflector 18 fastened at the front
end as shown. Over the front of the spray nozzle
there is fitted a cap 19 which may be. force-
fitted or otherwise attached to the body of the
nipple. A centrally located hole 21 is located at
the front end of the cap and aligned with the cone
18. . o .
In-operation the liquid propellant, say nitro-
methane or & mixture of nitromethane and ni-
troethane, is forced through the pipe 13 at a high
enough pressure to overcome the internal pres-
sure in the combustion chamber A of the motor
during combustion. A pressure of 300 to 600
pounds-per squaré inch is ordinarily satisfactory.
The liquid propellant passes through all the spray
injectors (8 and a fine spray is formed at each
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due to the passage of the liquid through a con- -

stricted space B around the cone {8, then into
a space C in front of the cone and thence through
the opening 21. In this way a fine spray from
the injectors is spread substantially all over the
lining 2 of the motor as indicated by the spray
lines, the major amount of the spray being con-
centrated at the region close to the.injectors.

Upon striking the catalyst lining 2 spontaneous
self-combustion of the propellant ocecurs, at-
tended by the rapid production of large amounts
of gas which pass out through the exhaust nozzle
at a very high velocity at the constricted portion
1 to produce the propelling effect of the motor.

Good operating properties have been found for
both nitromethane alone and the mixture of ni-
tromethane with nitroethane. In the use of
them, temperatures created in the combustion
chamber and at the exhaust nozzle, and exhaust
jet velocities and specific impulses for the mo-
tor, have been found according to the following
tabulation for a combustion chamber operated at
about 300 1bs./sq. in. combustion pressure:

Cham- : ol
Exit Jet Specific
_ Propellant ngp. Temp. | Velocity Im;}ulse
° K. ° K. | Ft/sec. | Lbs./th./sec.
Nitromethane__....__.___ 2,640 | 1,330 6, 970 216. 5
24 mo} nitromethane-}-14
mol nitroethane..__._.. 1,840 915 6,308 195.9
14 mol nitromethane4-14 i -
mol nitroethane_._..... 1,570 767 5,813 179.0

This tabulation shows that nitromethane alone
produces the highest jet velocity and consequent-
1y the highest impulse and it also produces the
highest temperatures. If it be desired to operate
the motor at lower temperatures the mixture of
nitroethane with the nitromechane (as shown by
the tabulation) will produce the lower tempera-
tures and without serious decrease in jet velocity
and specific impulse. Thus, the use of one third
nitroethane reduces the jet nozzle temperature
from about 1330° K. to 915° K.:while incurring
a loss of impulse of only from about 216.5
1bs./1b./sec. to about 195.9 1bs./1b./sec.

A number of catalysts are satisfactory for the
lining. Some of these may be brought to incan-
descence from initial temperatures as low as 150°
C. simply by contact with the liquid or its vapor.
Among the best catalysts for nitromethane are
the oxides of multivalent metals, particularly the
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rare earths. Thus zirconium oxide, thiorium ox-
ide, cerium oxide, chromium oxide, uranium ox-
ide, and mixtures of these compounds are satis-
factory. Steel and stainless steel turnings are
also good catalysts, and platinum and other high-
melting non-oxidizing metals are very good cat-
alysts. In fact, most of the heavy metals and
particularly their oxides and also the alkaline
earth oxides give catalyst effects.

In addition there are other catalysts which give
fairly good results such as magnesium oxide,
aluminum oxide, and mixtures of these com-
pounds with the oxides hereinbefore mentioned.

In the motor shown in the drawing the cata-
lyst should ordinarily be embedded into the re-
fractory material as part of the lining 2, although
it would be possible in some cases to make the
lining 2 entirely of catalyst, for example, sheet
steel, platinum, or pressed oxides.

The nitromethane and mixtures of nitrometh-
ane with nitroethane will not ignite in a cool mo-
tor—a highly desirable safety factor.. Accord-.
ingly, suitable ignition or starting devices should
be used, This may be a heating wire 22 at lining
2 illistrated in the drawing, or some other ig-
nition mechanism such as an electric arc, a hot
filament, or an. auxiliary flame introduced at a
suitable place in the combustion chamber and
caused to operate at the moment of starting.

A small quantity of oxygen or other fluld oxi-
dizing agent may be infroduced into the combus-
tion chamber, and combustion easily initiated by
a spark or other means. Fig. 5 illustrates a com-
bustion chamber adapted for the introduction of
oxygen or a fluid oxidizing agent. Two conduits
25 and 26 are provided, and they terminate in
respective spray nozzles 27 and 28 inside the
chamber. One of these conduits 25 may for
example carry the propellant, and the other the
oxygen or fluid oxidizing agent. The catalytic
liner 29 facilitates the decomposition as explained
above and the spark plug 30 may be used to ini-
tiate the decomposition. Combustion of only a
small amount of the propellant in this manner is
sufficlent to heat up the catalytic surface to a
temperature sufficient for initiation and main-
tenance of self-combust!on. Thermal decompo-
sition of nitromethane or a mixture of nitro-
methane and nitroethane may be maintained
even in the absence of a catalyst by continuous
injection of a fluid oxidizing agent and combus-
tion of a portion of the propellant thereby, Fig. 6
illustrates a combustion chamber adapted for
doing this. The arrangement is similar to that
of Fig. 5 except that the catalytic liner 29 is
omitted. Addition of a suitable oxidizing agent
in an amount not in excess of 5% by weight of the
propellant is sufficient to cause such thermal de-
composition. '

It may be desirable in some cases to add pro-
moters of ignition or combustion to the lquid
propellant. Thus, the addition of methyl nitrate,.
ethyl nitrate, methyl oxide, and the like to the
nitromethane improves the ease of its ignition
and combustion.

When the length of time of combustion is to be
long, such as-a large part of & minute, the lining
2 should have g high melting point, although for
shorter operations high melting points are not
essential and even such materials as steel turn-
ings may be used, .

It is preferable to prepare the catalyst in the
form of a refractory material such as chromite
fire brick, zirconia combustion tubes, pressed mag-
nesig bricks, ete.
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The catalyst may be placed éither in the com-
bustion chamber or in a suitable auxillary cata-
lyst chamber as g liner, a bundle of tubes, a bed
of fragments, or the. like.

Means should be provided to hold the catalytic
elements in place so that they do not reach and
plug the exhaust nozzle.

‘To guard against possible explosion of the stor-
- age tank supplying the inlet pipe 13 due to det-
onation waves in the motor, the feed orifices 12
leading into the motor should be made of small
diameter. This will minimize the transmission
of the detonation waves back into the tank.

The propellants provided by this invention
possess many advantages. By reason of their he-
ing single self-combustible liquids they permit
great savings in weight and consequently a great
gain in the ratio of total impulse to total weight,
due to elimination of one storage vessel, feed line,
propellant valve. and pump or pressurization unit
from the twin assemblies heretofore necessary.
They permit greatly increased simplicity of con-
struction and operation, with easy throttling con-
trol and predetermined constancy of “mixture
ratio” and available energy. They are non-corro-
sive, permitting lighter assemblies, simpler pumps,
. and so on, and are non-toxic. They are capable

of giving a higher specific impulse with lower
combustion and exhaust temperatures than other
propellants or propellant combinations heretofore
proposed, They are stable when stored and rela-
tively insensitive to detonation.

Weclaim: - :

1. In the development of thrust in a jet motor
having a combustion chamber and an exhaust
nozzle, the improvement which comprises inject-

ing into the chamber a liquid nitroparafin from..

the group consisting of nitromethane and a mix-
ture of nitromethane and nitroethane, and ig-
niting the nitroparafin therein.

2. In the development of thrust in & jet motor
having a combustion chamber and an exhaust
nozzle, the improvement which comprises inject-
ing nitromethane into the chamber, and combust-
ing it therein catalytically.

3. In the development of thrust in a jet motor
having a combustion chamber and an exhaust
nozzle, the improvement which comprises simul-
taneously injecting a liquid nitroparafin selected
from the group consisting of nitromethane and a
mixture of nitromethane with nitroethane and a
lesser quantity of a fluid oxidizer into the cham-
ber and igniting them therein.

4. In the development of thrust in a jet motor
having a combustion chamber and an exhaust
nozzle, the improvement which comprises simul-
taneously injecting into the chamber a self-con-
tained fuel and oxidizer consisting of self-com-
bustible liquid nitroparaffin selected from the
group consisting of nitromethane and a mixture
.of nitromethane with nitroethane and a fluid
oxidizer In an amount not greater than 5% by
weight of the nitroparafin, and igniting them
therein.

5. In developing thrust in a jet motor compris-
ing a combustion chamber and an exhaust nozzle,
the Improvement which comprises injecting a
liquid nitroparafin propellant selected from the
group consisting of nitromethane and a mixture
of nitromethane with nitroethane into the cham-
ber, and catalytically initiating and maintaining
self-combustion of the nitroparaffin therein.

6. A method of developing thrust in a jet motor

having a combustion chamber and an exhaust
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nozzle, which comprises combusting nitromethane
by a catalyst in such chamber.

7. A method of developing thrust in & jet
motor having a combustion chamber and an ex-
haust nozzle, which comprises igniting a liquid
nitroparaffin propellant selected from the group
consisting of nitromethane and a mixture of
nitromethane with nitroethane in said chamber
with a catalyst from the group comprising high
melting non-oxidizing metals and difficultly re-
ducible oxides of multivalent metals.

8. A method of developing thrust in a jet motor
having a combustion chamber and an exhaust
nozzle, which comprises combusting in said cham-
ber a liquid nitroparafiin propellant from the
group consisting of nitromethane and a mixture
of nitromethane and nitroethane with a catalyst
from the group consisting of high melting non-
oxidizing metals and difficultly reducible oxides
of multivalent metals.

9. A method of developing thrust in a jet motor
having a combustion chamber and an exhaust
nozzle, which comprises initiating and maintain-

- ing combustion of nitromethane in such cham-

25

ber by addition of an oxidizer in an amount not
greater than 5% by weight of the nitromethane.
10. A method of developing thrust in a jJet motor

"having a combustion chamber and an exhaust

nozzle, which comprises igniting nitromethane
in said chamber with a catalyst from the group
consisting of high melting non-oxidizing metals

" and difficultly reducible oxides of multivalent
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metals.

11. In the development of thrust in a jet motor
having a combustion chamber and an exhaust
nozzle, the improvement which comprises inject-
ing nitromethane into the chamber and igniting
the nitromethane in said chamber.

12. In the development of thrust in a jet motor
having a combustion chamber and an exhaust
nozzle, the improvement which comprises inject-
ing a mixture of nitromethane and nitroethane
into the chamber and igniting the mixture in said

chamber.
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