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[57] ABSTRACT

In an ion engine wherein neutral gas enters into a gas
discharge chamber in which it is fully ionized, wherein
said gas discharge chamber is a part of a high-
frequéncy resonator for effecting ionization of the
neutral gas, having an electrostatic accelerating sys-
tem closing off one end of said chamber and operating
to extract ions from the gas discharge and accelerate
same to create an accelerated ion beam and further
having means for neutralizing the accelerated ion
beam there is provided the distinctive feature of posi-
tioning the accelerating system at the open end of the
high-frequency resonator.

7 Claims, 3 Drawing Figures
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1
ION ENGINE

FIELD OF THE INVENTION

The invention relates to an ion engine having a fuel
conveying system and a gas discharge chamber into
which fuel enters in gaseous form and which is part of
a high-frequency resonator for effecting ionization of
the gaseous fuel. The engine is further provided with an
electrostatic accelerating system which in part defines
the gas discharge chamber and extracts ionized gaseous
fuel from the gas discharge chamber and accelerates
same to create an accelerated ion beam and is also pro-
vided with a device for neutralizing the accelerated ion
beam.

BACKGROUND OF THE INVENTION

This type of an ion engine is described in my copend-
ing application Ser. No. 190,981, filed Oct. 20, 1971,
now U.S. Pat. No. 3,757,518, issued Sept. 11, 1973, in
which arrangement the gas discharge chamber is closed
off by a metallic grid plate at which the electrical high-
frequency field forms a node. Thus, Lorentz forces act
on the ionized gaseous fuel in the gas discharge cham-
ber for accelerating said fuel to the grid plate whereby
through the so generated axial velocity component of
the ionized fuel on the grid plate a higher current den-
sity is achieved than is the case in conventional high-
frequency ion engines, which, for example, are de-
scribed in H. W. Loeb, State of the Art and Recent De-
velopments of the Radio Frequency lon Motors, AIAA
Paper No. 69-285. Also the ion engine according to the
aforementioned U.S. Pat. No. 3,757,518 is constructed
in a simple and sturdy manner since it can be built al-
most entirely of metal and since in addition the elec-
tronic arrangement is simple. In addition the high-
frequency losses are small in this engine because the
entire high frequency energy is contained within the
closed resonator and cannot radiate outwardly as in the
known engine which operates with an induction coil
wound around the entire discharge chamber.

Of course, Lorentz forces can become effective in

the gas discharge chamber only below a certain critical -

pressure at which the free path length of the charge
carrier exceeds at least some cycles of oscillation of the
electrical field. At higher pressures, and accordingly
also at higher gas densities, the collisions within the gas
discharge become, however, so frequent that the free
path length of the charge carrier becomes too small and
the Lorentz forces are no longer effective.

SUMMARY OF THE INVENTION

The purpose of the invention is the further develop-
ment of the described high-frequency ion engine while
at the same time maintaining the simple and sturdy
construction of the entire engine. In particular, it is the
purpose of the invention to substantially increase the
density of the gas discharge particularly adjacent to the
accelerating electrode system in order to increase the
thrust.

This purpose is attained according to the invention
by arranging the accelerating electrode adjacent to the
open end of the high-frequency resonator.

Thus the standing electrical wave within the high-
frequency resonator forms at the end of the gas dis-
charge chamber adjacent to the accelerating electrode
a loop of oscillation and not, like in the above-
described ion engine, an oscillation node. Thus the in-
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ternal acceleration effect which is based on Lorentz
forces in the gas discharge and accordingly the thereby
additionally obtainable current density on the grid
plate here intentionally is relinquished. Contrastingly,
in the case of the invention, the greatest possible en-
ergy is transmitted for the ionization of the gaseous fuel
within the gas discharge chamber at the open end of the
resonator, so that in the vicinity of the loop of oscilla-
tion, thus at the accelerating electrode, the density of
the gas discharge is at its maximum. In this manner, the
current density of the accelerated ion beam is also in-
creased so that high thrust can be produced with the
ion engine according to the invention.

The construction of the ion engine of the invention
is simple and sturdy because the high-frequency reso-
nator consists entirely of metal and is energized, for ex-
ample, by a common planar triode without requiring
any great amount of electronic components.

BRIEF DESCRIPTION OF THE DRAWING

Further details of the invention will be disclosed in
the following description in connection with the draw-
ing, in which:

FIG. 1 is a first exemplary embodiment of a high-
frequency ion engine according to the invention;

FIG. 2 is a further exemplary embodiment of an ion
engine according to the invention and

FIG. 3 illustrates the shape of the standing electrical
high-frequency wave H within the ion engine.

DETAILED DESCRIPTION

An ion engine 1 is built of two metallic hollow cylin-
ders 2 and 3 which are arranged concentrically to one
another and the lengths of which correspond to half of
the wavelength of an electrical high-frequency field.
This electrical high-frequency field is produced by
means of a coaxial planar triode 4 which is located at
one open end of the A/2-resonator formed by the con-
centrical metallic hollow cylinders 2 and 3. The planar
triode together with the A/2-arrangement of the hollow
cylinders 2 and 3 and a DC-power supply 41 forms an
oscillator circuitry, for example, the known Colpitt cir-
cuitry, and consists of a cathode 43 which is heated by
a heating system 42, a grid 44 which is connected
through an isolating capacity 45 to the inner hollow
cylinder 3 and an anode 46. Further, for cooling the
anode 46, a plurality of radiator fins 47 are arranged on
the periphery of the outer hollow cylinder 2, which ra-
diator fins 47 are used to dissipate the waste heat from
within the anode 46.

A gas discharge chamber 7 is defined on the end of
the high-frequency resonator opposite the planar triode
4 by a wall 5 of dielectric material, preferably of quartz,
and by a so-called grid plate 6 — of dielectric material,
preferably quartz — and having a plurality of openings
61. An annular anode 8 is arranged on the wall §, with
which anode is associated an accelerating electrode 9
which is electrically isolated from the high-frequency
resonator.

Anode 8 and accelerating electrode 9 are electrically
connected through a source 10 of d.c. voltage, as a bat-
tery, which delivers an accelerating high voltage.

When the thus-described high-frequency resonator is
energized, the electrical high-frequency field forms a
standing electrical wave of half of a wavelength, the
loops of oscillation of which lie each at the two open
ends of the high-frequency resonator and the oscilla-
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tion nodes of which lie in the center of the high-
frequency resonator, as shown in FIG. 3.

An evaporator 11 is arranged inside the inner hollow
cylinder 3, into which evaporator liquid mercury is fed
from any suitable reservoir, not illustrated, through a
supply line 12. The evaporator 11 and the supply line
12 are held in the inner hollow cylinder by electrically
insulating support elements 13, 14 and 15, The liquid
mercury is evaporated in the evaporator 11 and is fed
through multiple channels 16 to the gas discharge
chamber 7 wherein the gaseous mercury is ionized by
the high-frequency field. As can be seen from FIG. 3,
the alternating field forms a loop of oscillation near the
grid plate 6, so it is possible to withdraw the maximum
energy for effecting ionization of the gas particles from
the high-frequency alternating field in this region. Con-
sequently the density and the intensity of the gas dis-
charge will be the greatest at the grid plate.

Since a focusing effect is achieved in the gas dis-
charge by the grid plate 6, as is known, the positive
mercury ions are extracted from the gas discharge
chamber 7 and are accelerated forming an ion beam by
the accelerating electrode 9 which is at a negative po-
tential with respect to the anode 8. It can within the
scope of the invention be advantageous if, as is already
known, a decelerating electrode is arranged following
the accelerating electrode. This arrangement is, of
course, not illustrated in the figures.

Since only the positive mercury ions are extracted
from the gas discharge chamber 7, the electrons which
are generated during the ionization procedure and re-
main in the gas discharge chamber 7 must be removed
from the gas discharge chamber 7, in order to avoid a
negative charge on the ion engine. This is advanta-
geously accomplished by an arrangement already de-
scribed in the earlier mentioned U.S. Pat. No.
3,757,518 of applicant.

For this purpose, the gas discharge chamber 7 has
openings 17 on its end facing the grid plate 6, which
openings connect the discharge chamber 7 to a tube-
shaped hollow member 18. Same extends through an
opening 19 of the accelerating electrode 9 and is also
provided with openings 20 on its end remote from the
ion engine 1. A small portion of the mercury which is
in plasma condition in the gas discharge chamber 7 is
urged through the openings 17 into the hollow member
18 and further through the openings 20 towards the ac-
celerated ion beam leaving the accelerating electrode
9 and forms thus a plasma bridge between the gas dis-
charge chamber and the accelerated ion beam. The
electrons which remained in the gas discharge chamber
7 are drawn into the accelerated ion beam through this
plasma bridge, because said ion beam provides a posi-
tive anode for the electrons. In this manner the ion
beam is neutralized and a negative charge on the ion
engine 1 is prevented. Of course, the neutralization of
the ion beam can also take place by means of a conven-
tional hollow cathode.

A second embodiment of the invention which is illus-
trated in FIG. 2 differs from the described first embodi-
ment only in that a different construction is shown for
the high-frequency resonator. At the point at which in
the first exemplary embodiment the standing wave of
high-frequency field forms an oscillation node, the
present A/2-resonator is interrupted by a metallic parti-
tion wall 21 which is arranged between the hollow cyl-
inders 2 and 3. In this manner two connected A/4-
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resonators are created; the one of the A/4-resonators
which contains the planar triode 4 serves thereby as a
high-frequency generator producing the high-
frequency energy which is coupled by means of a cou-
pling loop 22 into the second A/4-resonator which con-
tains the gas discharge chamber 7 (for coupling to cav-
ity resonators see **Electronic and Radio Engineering,”
fourth edition, by Frederick Emmons Terman,
McGraw-Hill Book Company, Inc. (1955), at Page
164.). Operation and distribution of the high-frequency
alternating field are in this exemplary embodiment the
same as in the first exemplary embodiment so-that in
the figure for same the parts are shown with the same
reference numerals.

An ion engine according to the invention is distin-
guished — as can be seen from the above — by a sturdy
and simple construction; at the same time through the
specific construction of the ion engine as a part of an
open high-frequency-resonator a high gas discharge
density is obtained in the gas discharge chamber so that
a considerable thrust can be achieved with this ion en-
gine.

Although a particular preferred embodiment of the
invention has been disclosed above for illustrative pur-
poses, it will be understood that variations or modifica-
tions thereof which lie- within the scope of the ap-
pended claims are fully contemplated.

The embodiments of the invention in which an exclu-

'sive property or privilege is claimed are defined as fol-

lows:

1. In an ion engine with means defining a fuel convey-
ing system and means defining a gas discharge chamber
into which fuel enters in a gaseous form, means defin-
ing a high frequency resonator, said gas discharge
chamber being part of said high-frequency resonator
for effecting ionization of the gaseous fuel, means de-
fining an accelerating electrode system at one end of
said gas discharge chamber for extracting tonized gase-
ous fuel from said gas discharge chamber and acceler-
ating same thus creating an accelerated ion beam and
means for neutralizing the accelerated ion beam, the
improvement comprising said accelerating electrode
being arranged adjacent to said open end of said high-
frequency resonator, said high-frequency resonator
producing a standing wave having a node in the center
of said high-frequency resonator and an oscillation
loop at said open end.

2. The improvement according to claim 1, wherein
said high-frequency resonator is a A/2-resistor wherein
\ is the wave length of standing wave.

3. The improvement according to claim 2, wherein
satd A/2-resonator consists of two coupled A/ 4-
resonators, of which only one is used for producing the
high-frequency alternating field and is connected to the
other resonator by coupling elements.

4. The improvement according to claim 1, wherein
said open end of said resonator which defines said gas
discharge chamber is closed by a grid plate made of di-
electric material.

5. The improvement according to claim 4, wherein

_-said dielectric material is quartz.

65

6. In an ion engine having means defining a discharge
chamber closed off by a perforated wall, a gaseous fuel
supply system communicating with the discharge
chamber and supplying thereto electrically neutral fuel
in gaseous form, a high-frequency generator operable
to ionize the gaseous fuel in the discharge chamber, a
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perforated acceleration electrode mounted in electri-
cally insulated relation, in outwardly spaced relation to
the perforated wall of the discharge chamber and pull-
ing the ionized fue! out of the discharge chamber and
accelerating the ionized fuel electrostatically to create
an accelerated ion beam, and means operable {0 neu-
tralize the accelerated ion beam, the improvement
comprising said discharge chamber forming part of a
high-frequency resonator having a cylindrical wall
closed at one end by said perforated wall, said resona-
tor containing said high-frequency generator and said
fuel supply system; said high-frequency generator ener-
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gizing said resonator at its given frequency and produc-
ing, in said high-frequency resonator, a standing elec-
trical wave having a node located intermediate the ends
of said resonant chamber; and dielectric means mount-
ing said acceleration electrode on said cylindrical wall
adjacent the open end of said high-frequency resona-
tor.

7. The improvement according to claim 6, wherein
said high-frequency resonator is a A/2-resonator,

wherein ) is the wave length of the standing wave.
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