Oct. 9, 1962 C. L. LEINWEBER ET AL 3,057,149
ROCKET PROPELLANT SPARK IGNITION SYSTEM
Filed Sept. 30, 1958 2 Sheets-Sheet 1

=

E A2
o) =
E L |
g5
(&)
o ‘
g o
S . ’
8¢ / T
s ]
( / N
0
M| s
A
.
G N
L g
>
@]
INVENTORS

CLARENCE L. LEINWEBER
HOWARD E. CORBITT

D).

ATTORNEY



Oct. 9, 1962

C. L. LEINWEBER ETAL

ROCKET PROPELLANT SPARK IGNITION SYSTEM

Filed Sept. 30, 1958

3,057,149

2 Sheets—Sheet 2

36 37 14
ey SR,

30
P =2 =D 38 =
| Lo s
wy |
EcHe ———y 34 40

66 68
56 60 6l 15 4
o 5722 /s
N e
7! L-?«,mJ
! =2
64 “

Ml
-
Fim -3

INVENTORS
CLARENCE L. LEINWEBER
HOWARD E. CORBITT

?M%M

ATTORNEY



United States Patent Off

3,057,149
Patented Oct. 9, 1962

i1CC

rek

3,057,149
ROCKET PROPELLANT SPARK IGNITION
SYSTEM
‘Clarence L. Leinweber, Fort Worth, Tex., and Howard E.
Corbitt, Arcadia, Calif., assignors to Aerojet-General
Corporation, Azusa, Calif., a corporation of Chio
Filed Sept. 30, 1958, Ser. No. 765,702
5 Claims. (ClL 60—35.6)

This invention relates to ignition systems generally
ricmd to systems for igniting liquid propellants in particu-
ar.

To insure reliable starting and continuous operation
of a liquid propellant rocket motor or a gas generator,
it is essential that ignition means be applied only when
sufficient fuel and oxidizer are present in the rocket thrust
or combustion chamber in the proper proportions. Should
too large an amount of fuel be present, ignition of the
mixture will result in explosion rather than burning char-
acterized by rapid expansion of the gaseous products of

'comb'ustion. Previous ignition systems have been known
to utilize glow plugs of electricaily heated wire. If elec-

tric energization is lost or removed, the residual heat
of the mass of the glow plug and of the surrounding cham-
ber structure may be sufficient to cause explosion of fuel
which subsequently accumulates before it is possible to
prevent further flow into the chamber. To minimize
the possibility of explosion in such a sitnation it has here-
tofore been desirable to provide additional apparatus for
purging the chamber, that is, to introduce a cold, non-
combustible gas to cool the plug and chamber and sweep
out all the combustible mixture.

Spark ignition of a liquid propellant mixture minimizes

‘residual heat because of the transient nature of the spark,

thereby increasing the safety of operation. Known spark

.ignition systems have been actuated by timers or at the

will of an operator. Such operation affords application
of ignition means irrespective of actual conditions within
the ignition chamber and ignition could be premature or
tardy, resulting in the disadvantages described above.

It is, therefore, the principal object of the present in-
vention to provide an improved means for electric spark
ignition of a liquid propellant fuel mixture.

Another object of this invention is to provide an im-
proved means for automatically igniting rocket propellants

_in the liquid state.

Still another object of this invention is to provide a

“novel method of and improved means for igniting a liquid
. propellant when a proper quantity of fuel-oxidizer mix-

ture in the proper ratio is present in the rocket thrust

- chamber.

And yet another object is to provide novel means for
the prevention of accumulation of liquid propellant in

“explosive quantities in a rocket thrust chamber.

In jts principal aspect, the present invention comprises
a spark ignition system for the ignition of liquid propel-

" lants whereby ignition occurs when the optimum amount
_of fuel-oxidizer mixture is present within the chamber

in the proper ratio. An electrode is arranged within the
rocket thrust chamber, or combustion chamber in the

- case of a gas generator, to form an electric discharge or
“spark gap between the electrode and the chamber casing.
" The term “gas generator” as used hereinafter in the specifi-

cation and the claims shall be understood to include rocket
motors or any other device wherein ignition of combus-

" tible matter produces gaseous products of combustion.

Liquid fuel and oxidizer, one of which is a good elec-

- trical conductor with respect to the other, are injected
" into the chamber thereby forming an electrically conduc-

_ tive path between the electrode and the casing. An elec-
tric potential or voltage placed across the gap causes
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an electric discharge between the electrode and the casing
when sufficient propellant in the proper ratio is within the
chamber, thereby providing ignition of the fuel-oxidizer
mixture at the optimum time. Although the instant of
discharge may be determined by an external timer, in the
preferred embodiment the discharge is made to occur
automatically as external circuitry triggers the spark dis-
charge when the necessary degree of completion of the
electrical path within the chamber is provided by the in-
jected fuel-oxidizer mixture. In this manner, any ac-
cumulation of unburned fuel is prevented.

These and other objects, aspects, features and conditions
of the present invention will be apparent to those skilled
in the art from the following more detailed descriptions
taken jn conjunction with the appended drawings, where-
in:
FIGURE 1 is a cross-sectional view of a rocket motor
incorporating the propellant injector and discharge elec-
trode of the present invention;

FIGURE 2 is a circuit diagram of a typical spark gap
trigger control circuit, employing as an integral part there-
of a two-element sealed gap; and,

FIGURE 3 is an electrical circuit diagram of a typical
spark gap trigger control circuit using a three-element
sealed gap.

Reference is made to FIGURE 1 which illustrates the
present invention as incorporated in a conventional rocket
motor 10 which basically comprises a chamber casing 11
within which a fuel-oxidizer mixture is burned to form
hot gases which pass through an exhaust nozzle 12 to pro-
vide a propulsive force. When employed as a gas gen-
erator, the hot gases of combustion ejected from the ex-
haust nozzle 12 provide the force necessary to drive a
turbine, not shown. The fuel and oxidizer are introduced
into the chamber 13 by an injector 20 to form a stream of
conducting propellant (oxidizer) surrounded by a stream
of non-conducting propellant (fuel). A typical low con-
ductivity fuel that may be used is kerosene, while suitable
oxidizers include White Fuming Nitric Acid and Red
Fuming Nitric Acid. Preferably the fluid propellant
oxidizer is injected through the center conduit 22 which
may, for example, be formed by extending a tube into
the chamber 13, or be an orifice. The fuel, therefore
is injected into the chamber 13 from an annultus 24 formed
around the conducting fluid tube 22. Alternatively, the
oxidizer could be injected through the center conduit
22, and the fuel through the outer annulus 24; however,
the arrangement described herein is preferred as it enables
the fuel to vaporize more readily. Inserted into the
chamber 13 in close proximity to the injector 20 is an
electrode 14 which is introduced through a non-conduct-
ing pressure-tight seal 16 placed in one wall of the cham-
ber casing 11. The casing 11 is arranged at electrical

" ground potential while the electrode 14 is connected to

external circuitry through an electrical lead 15. A novel
feature of the electrode 14 is the provision of a splash
plate mixing device 18 to insure conversion of the fuel-
oxidizer mixture stream into droplets dispersed through-
out the chamber 13. In operation, fuel and oxidizer are
introduced into the chamber 13 through the injector 28.
Generally speaking, oxidizer fluids are relatively good

~electrical conductors relative to liquid fuels. Therefore,
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when sufficient oxidizer is introduced into the chamber 13,
the change in leakage resistance between the electrode 14
and chamber structure 11 can be sensed by external cir-
cuitry. The oxidizer and fuel are injected in predeter-
mined ratio, thus presence of sufficient oxidizer also in-
dicates presence of the proper quantity of fuel. The
change in resistance brought about by the presence of
optimum fuel-oxidizer mixture quantities within the cham-
ber 13 therefore causes external circuitry, such as shown
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in FIGURES 2 or 3, to trigger a spark discharge between
the electrode 14 and chamber casing 11, thereby igniting
the propellant mixture.

A typical circuit for automatic spark ignition of the
mixture is shown in FIGURE 2. An external source of
charging voltage is impressed across the first circuit input
terminal 30 and the second circuit input terminal 31. A
current limiting resistance 33 is connected between the
first input terminal 30 and one electrode 36 of a sealed
spark gap 35, the other electrode 37 of which is electri-
cally connected by a lead 15 to the chamber ignition elec-
trode 14. A charging capacitor 32 is connected between
the second circuit input terminal 31 and the point of
connection between charging resistance 33 and the first
gap electrode 36. Additionally, a high value resistance
34 is connected in electrical parallel across the sealed
spark gap 35, The second circuit input terminal 31, one
terminal of the charging capacitor 32 and the rocket
chamber casing 11 are all connected together and placed
at ground potential.

In operation, a source of direct current impressed across
the circuit input terminals 30, 31 charges the storage
capacitor 32. The length of time required for the capac-
itor 32 to reach the breakdown voltage of the gap 35 is
determined in part by the values of the limiting resistance
33 and the capacitor 32. The voltage charge of the
capacitor 32 is impressed across the series circuit of the
sealed gap 35 and ignition gap 38, the latter including
the ignition electrode 14 and the chamber casing 11.
Both these gaps normally have a sufficiently high resist-
ance to preclude an electrical discharge therethrough by
application of voltages of the magnitude of the charging
voltage. The resistance of the ignition gap 38 is repre-
sented in FIGURE 1 by a dashed resistor 40. When 2
sufiicient amount of conducting fluid is injected into the
ignition gap 38 by virtue of the injector 20 of FIGURE
1, the leakage resistance 40 across the ignition gap 38
changes to low value. In effect, the voltage of the storage
capacitor 32 is thereby imposed across the terminals of
the sealed gap 35, sharply increasing the potential gradient
therein and causing an electrical discharge. This dis-
charge in the sealed gap 35 will thereby place the circuit
voltage across the terminals 14, 11 of the ignition gap 38
and similarly cause a spark therein. The high tension
spark within ignition gap 38 travels in the interface be-
tween the stream composed of conducting oxidizer and
nonconducting fuel. The resulting electrical energy is
transformed to heat and Kkinetic energy, heating and
atomizing a portion of the fuel and oxidizer at their inter~
face, that is, the region where the stream of oxidizer is
in contact with the encompassing stream of fuel. Igni-
tion is then propagated to the remainder of the propellant
mixture within the chamber 13 which has been broken
into droplets by impingement upon the electrode splash
plate 18. When the capacitor 32 is discharged below the
breakdown voltage of the sealed gap 35, it will cease to
conduct, thereby halting the electrical discharge in the
ignition gap 38. The capacitor 32 will then recharge and,
when a voltage of sufficient magnitude is reached to cause
a discharge across the sealed gap 35, another spark dis-
charge will subsequently take place within the ignition
gap 38. The system thus described is a repetitive spark
system as long as the conducting fluid bridges the igni-
tion gap 38.

FIGURE 3 illustrates in schematic diagram a typical
spark gap trigger control circuit of the non-repetitive or
“single shot” type. The external source of charging volt-
age is impressed across the first circuit input terminal 50
and the second circuit input terminal 52. A current limit-

" ing resistance 56 is connected between the first input ter-
minal 50 and the first electrode 60 of a three-element
~ sealed spark gap 58. A storage capacitor 54 is connected
between the first electrode 66 and ground. A blocking
capacitor 64 ties the first gap electrode 60 to a second
gap electrode 62 through the primary winding of a pulse
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transformer 70. One side of the secondary winding of
the pulse transformer 70 is connected to ground. The
other side is connected to a third or trigger electrode 61
within the sealed gap 58 through a current limiting resis-
tor 68 and a unilateral current conducting device 66
which, in the present embodiment, is a semi-conductor
diode. The second gap electrode 62 is electrically con-
nected by a lead 15 to the ignition electrode 14 located
within the ignition gap 38, the other electrode or casing
i1 of which is at electrical ground potential. The resist-
ance between the ignition electrode 14 and the casing 11
is represented by the dashed resistance 72. Under nor-
mal conditions, no current flows through the blocking
capacitor 64. When a mixture containing the electrically
conductive oxidizer is injected into the ignition gap 38,
the resistance 72 between the electrodes 14, 11 is suddenly
decreased, thereby causing a transient current discharge
from the capacitor 64 through the primary winding of
the pulse transformer 70 and the fluid-bridged ignition
gap to ground. A voltage pulse is thereby induced in the
secondary winding of the transformer 70 which is applied
through the limiting resistor 68 and diode 66 to the trigger
electrode 61 of the sealed gap 58, increasing the potential
gradient therein. As in the embodiment described with
FIGURE 1, the sealed gap 58 “breaks down,” as the
voltage of the storage capacitor 54 is applied thereto,
consequentially causing an electrical discharge in the igni-
ticn gap 38, hence ignition of the propellant mixture
takes place.

The system described herein need not be confined to
a device utilizing a liquid propellant mixture composed
of fuel and oxidizer. It will perform in an equally satis-
factory manner with a monopropellant fuel, so long as the
electrical conductivity of the fluid fuel is substantially
better than that of air. Similarly, the control circuits
illustrated are by way of example only, and numerous
variations may be employed.

It is to be understood that the form of the invention
herewith shown and described is to be taken as a preferred
example of the same and that various changes in the
shape, size and arrangement of the parts may be resorted
to without departing from the spirit of the invention and
the scope of the subjoined claims.

What is claimed is:

1. In a gas generator, an ignition system comprising,
a chamber, an ignition electrode arranged within said
chamber, said chamber and electrode together forming a
spark gap, an emergy storage capacitor, a second spark
gap, said capacitor being in series electrical connection
with said first and second spark gaps, means injecting an
electrically conductive fluid stream concentrically sur-
rounded by an electrically non-conductive fluid stream
within said chamber, and means mounted on said ignition
electrode within said chamber for converting said fluid
streams to a plurality of droplets, whereby said capacitor
discharges electrical energy into said first and second
spark gaps causing spark discharges therein.

2. In a gas generator, an ignition system comprising, a
chamber, an ignition electrode arranged within said cham-
ber and electrically insulated therefrom, said chamber and
electrode together forming a first electric discharge device,
an electric energy storage device, a second electric dis-
charge device, said energy storage device being in electri~
cal series circuit connection with said first and second
discharge device, and means for injecting within said
chamber in a predetermined ratio fuel and oxidizer in
concentric streams, at least one component of which is
electrically conductive, said fuel and oxidizer streams be-
ing intermixed within said chamber.

3. A system for igniting a liquid rocket propellant
comprising, an electrically conductive structure contain-
ing a combustion chamber, an ignition electrode arranged
within said combustion chamber and electrically insulated
from said structure, a first resistor, a two-electrode spark
gap of sealed construction having a first electrode which
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connects to said first resistor and a second electrode which
connects to said ignition electrode, a second resistor in
electrical parallel connection across the electrodes of said
spark gap, a capacitor connected between said first elec-
trode and said conductive structure, means connecting a
two-terminal source of direct current between said first
resistor and said structure, and means injecting an elec-
trically conductive liquid propellant within said chamber.

4. A fuel ignition system comprising, a combustion
chamber casing fabricated of electrically conductive
material and at ground potential, an ignition electrode
arranged within said chamber to form an electric dis-
charge gap therewith, a unidirectional source of electrical
current one terminal of which is at ground potential, a
first current limiting device, a spark gap of sealed con-
struction, a second current limiting device connected in
electrical parallel with said sealed spark gap, means seri-
ally connecting in the order named, said current source,
said first limiting device, said sealed gap, and said igni-
tion electrode, an energy storage device arranged in elec-
trical connection between ground and the junction be-
tween said first current limiting device and said sealed
gap, and means for injecting an electrically conductive
propellant in the fluid state into said chamber, whereby
said propellant is ignited by an electric discharge between
said ignition electrode and said combustion chamber cas-
ing when the proper quantity of propellant is within said
chamber.

5. A system for igniting liquid propellant comprising,
an electrically conductive structure containing a combus-
tion chamber, an ignition electrode arranged within said
combustion chamber and electrically insulated from said
conductive structure, a first resistor, a spark gap of sealed
construction containing first, second and third electrodes,
said first resistor being connected to said first electrode,
a storage capacitor connected between said first electrode
and ground, a blocking capacitor connecting to said first
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electrode a pulse transformer having primary and second-
ary windings, the primary winding of said pulse trans-
former connecting between said blocking capacitor and
said second electrode, a unilateral current conducting de-
vice, a second resistor, the secondary winding of said
transformer connecting between ground and said second
resistor, said unilateral current conducting device con-
necting said third electrode and said second resistor,
means connecting said second gap electrode to said igni-
tion electrode, means connecting said conductive struc-
ture to ground, and means injecting within said chamber
a propellant which is electrically conductive.
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