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Flectric arc type propulsion is based on the trans-
formation of electric energy into kinetic energy and the
type of motor depends on the process employed to bring
about this transformation.

Tn electrothermic jet motors the ejected body, said
working fluid, is heated electrically. The conversion of
the thermal energy transmitted to the working fluid into
kinetic energy is then obtained by expansion, according
to the usual process. In this case, the electric energy
simply replaces the chemical energy usually employed in
the jet engines to bring the working fluid to a high tem-
perature. Based on this principle it is possible to design
the electric ram-jet engines, in which air is used as the
working fluid, as well as electric rocket motors utilizing
a working fluid contained in tanks. The most effective
means of heating the working fluid is to employ an elec-
tric arc, which permits attainment of very high tempera-
tures, impossible to obtain by any other way.

The problems arising in such case are the method
of supplying working fluid as well as the form of arc
discharge.

The object of the present invention is to provide a
device in which the working fluid is supplied through the
inside of the electrode or over its surface to the surface
on which it is abruptly transformed in vapor, the latter
being superheated and ejected at a high velocity.

The liquid arrives, preferably parallel to the surface
of the foremost part of the electrode, which presents a
footing of the arc; the attachment of the arc fo the sur-
face of the foremost part of the electrode is due to the
locally reduced heat of evaporation and to the lower
value of the work of entry of electrons into the liquid.

Any liquid can be utilized as the working fluid, pref-
erably however a conducting liquid, such as the mercury
or an amalgam, a liquid alloy or water acidified or con-
taining some salts.

By a convenient choice of the form of the flow pas-
sages conducting the liquid to the surface of the fore-
most part of the electrode it is possible to employ this
liquid for the cooling of the electrode and also obtain
also an initial pre-heating of the lignid.

According to the invention the liguid can arrive on
the surface of the foremost part of the electrode through
a porous zone or along several flow passages which pro-
vide for its arrival parallel to this surface.

The attachment of the arc on the surface of the elec-
trode spot can be facilitated by a rod of a refractory
material placed in the mass of the liquid and bhaving the
form e.g. of a point or ring.

The cavity by which the liquid arrives can possess the
form of a small canal disposed in the axis of the electrode
and containing a central rod surrounded by a helical spiral
forming the flow passage or a similar arrangement; it
can be also constituted by a piece of porous carbon or
carbon containing a great number of small canals.

The enclosed drawing shows—as non-limitating ex-
amples—several ways of realization of the invention.

The FIG. 1 represents a section of a simple form of
the essential part of the device.

The FIG. 2 represents a section of a form of the whole
device.

The FIGS. 3, 4 and 5 represent three embodiments of
the cavity conducting the product to the surface of the
foremost part of the electrode.

In the FIG. 1 the electrode 1 and the socket 2, provided

10

15

20

25

30

40

45

55

60

65

2

with a helical canal 3, form a helical flow passage for
the liquid which arrives, through the canal 4, to the
cavity 5. In arc chamber 6 the liquid is abruptly trans-
formed into vapor by the action of the electric arc, this
vapor then being superheated and ejected at a high velocity
through the nozzle 7 in the other electrode 7a.

Electrical energy to form the electric arc is provided
by energy source 12. As shown in FIG. 1, conducting
leads 13 and 14 connect electric energy source 12 to elec-
trodes 1 and 7a, respectively.

In the FIG. 2 the liquid—contained in a tank not shown
in the drawing—passes through the flow passage 8, then
through passage 9 constituted by the helical canal 3
formed either in the internal surface of the socket 2 or in
the external surface of the electrode 1. From the helical
flow canal 3 the liquid, passing through the canal 4,
attains the cavity 5 inside of which there is a central rod
10 surrounded by a helical spiral 11; the arrangement
composed of the last two parts forms a second helical
flow passage which conducts the liquid in such a way
as to make it emerge on the surface of the foremost
part of the electrode 1 almost parallel to this surface.
In arc chamber 6, under the action of the arc, the lignid
is abruptly evaporated, the vapor superheated and ejected
at a high velocity in the nozzle 7 made in the other elec-
trode 7a. Electrodes 1 and 7a are insulated from each
other by a suitable insulating material i5.

FIGURE 3 represents an enlarged sectional view of
the second helical flow passage according to FIGURE 2.

The FIG. 4 represents a section of a drawn rod 16,
which can be employed instead of the arrangement de-
scribed above, to form the second helical flow passage.

The FIG. 5 represents a section of an arrangement in
which the liquid arrives on the surface of the electrode
passing through porous walls 18 surrounding the central
rod 17.

Sumimary

The invention concerns:

(1) A device for electric jet propulsion characteristic
in that the working fluid is supplied to the surface of the
electrode through the interior or along the surface of
the latter, and transformed abruptly in vapor which is
superheated and ejected at a high velocity.

(2) The embodiments of the device conform to 1,
characterized by the following points which can be em-
ployed separately or in various combinations:

(@) The liquid arrives at a given place at the foremost
part of the electrode which forms the footing of the arc.

(b) The flow passages which conduct the liguid to the
surface of the foremost part of the electrode are arranged
in the manner which uses the liquid for the cooling of
the electrode and causes an initial pre-heating of the
liquid.

(¢) The liquid is supplied to the surface of the fore-
most part of the electrode through several flow passages
which cause the liquid to arrive so that it emerges on the
surface almost parallel to the surface.

(d) The flow passage conducting the liquid to the sur-
face of the foremost part of the electrode is formed by
a cylindrical rod surrounded by a helical spiral.

(e) The flow passage is formed by a drawn rod.

(f) The liquid arrives at the surface of the foremost
part of the electrode passing through a porous zone.

(g) In the cavity containing the liquid a piece of a
refractory material is placed, having, e.g., a form of a
point or of a ring.

‘What is claimed is:

1. An electrothermic jet motor comprising, in combina-
tion, an arc chamber, a first and second electrode dis-
posed in said arc chamber, said electrodes being in line
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with each other and separated by a gap to provide an arc 1,978,424 Gebhard _______________ Oct. 30, 1934
discharge therebetween, an inlet for a working fluid, a 2,052,796 Rava oo Sept. 1, 1936
cavity in said first electrode located in the foremost part 2,459,286 Rabezzana _-.__._______ Jan. 18, 1949
of said first electrode adjacent said gap, passageway means 2,587,331 Jordan . _____ Feb. 26, 1952
for transporting said working fluid from said inlet into § 2,731,079 Smits o Jan. 17, 1956
said cavity and adapted to promote heat exchange be- 2,774,216 Allen . _______ Dec. 18, 1956
tween said first electrode and said working fluid, a con- 2,819,423 Clark oo Jan, 7, 1958
centrically disposed refractory rod in said cavity, fluid 2,850,662 Gilroth . ______ Sept. 2, 1958
distribution means surrounding said rod and adapted to 2,862,099 Gage -l Nov. 25, 1958
emit said working fluid into said gap substantially par- 190 2,880,337 Langmuir - _______ Mar. 31, 1959
allel to the surface of said first electrode, said second 2,919,370 Giannini et al, —.._.__ Dec. 29, 1959
electrode having a jet nozzle therein whose axis of sym- 2,929,952 Giannini et al. . _______ Mar, 22, 1960
metry substantially coincides with the direction of propa- 3,013,384 Smith _________________ Dec. 19, 1961
gation of said arc discharge, said nozzle being adapted 3,032,978 Kunen - oo May 8, 1962
to convert thermal energy into kinetic energy. 15 3,041,824 Berbman _______________ July 3, 1962
2. The device of claim 1 wherein said fluid distribution 3,056,257 Brunkhardt oo Oct. 2, 1962
means comprises a helical spiral body. -
3. The device of claim 1 wherein said fluid distribution FOREIGN PATENTS ‘
means comprises a porous refractory material. 20,697 Great Britain o __ Sept. 17, 1908
20
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